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SECTION 1
GENERAL DESCRIPTION

1-1. INTRODUCTION.

The combined operation of the Dual-Diversity Re-
ceiver Terminal DDR-6E and a radio transmitter
torminal constitutes a high-frequency radio send-
receive terminal. As an example, consider the
DDR-6E combined with a Radio Transmitting Set
GPT-10K(H), as used in the Mercury System. Their
parameters are suchthat anumber ofthese terminals,
properly located, will afford reliable world-wide
communication. The combined send-receive terminal
is designedto operate with voice frequency communi-
cation facilities, telephone or teletype. The high
degree of reliability is obtained by using single side-
band transmission, high-powered transmitters, and
dual-diversity reception (both space and sideband).
A three-volume manual, entitled "Transmitting Set,
Radio, Model GPT-10K," describes the transmitter
terminal; this single-volume companion manual de-
scribes the receiver terminal in detail.

As shown in figure 1-1, the DDR-6E is housed in a
single 6-foot cabinet. The items of equipment com-
prising the DDR-6E are listed in table 1-1. The
DDR-6E may be supplemented by a second cabinet
that contains such auxiliary equipment as may be
specified by the customer. Several items of equip-
ment which may be housed in the auxiliary cabinet are
briefly described in the Appendix to this manual.

1-2. FUNCTIONAL DESCRIPTION OF DDR-6E
RECEIVER TERMINAL.

a. OVERALL TERMINAL. - Incoming RF signals
are applied to two Communications Receivers
GPR-90RXD, via their associated space-diversity
antennas. For reasons of optimum stability, the HFO,
IFO, and BFO circuits in the receivers are not used.
In the DDR-6E, the highly stable HFO and IFO outputs
ofa Variable Frequency Oscillator VOX-3 are applied
to the receivers. The IF output of each receiver is
routed to an associated Single Sideband Converter
(sometimes referred to as a receiving mode selector)
MSR-6 which extracts the audio intelligence contained
in the transmitted sideband. Each MSR-6 provides
the BFO circuit for the signal processed by the as-
sociated receiver. The single sideband operation of
the MSR-6's results in higher grade signals than those
which could be obtained by double sideband operation
of conventional receivers. An Automatic Frequency
Control Unit AFC-1, associated with each MSR-6,
shifts the converter irequency in siep with variaticns
inthe transmitter frequency sothat the received signal
is properly demodulated. The audio output of each
MSR-6, monitored on Loudspeaker Panel LSP-T7, may
be routed to tone multiplexing equipment via an audio
and teletype patching panel (not supplied as part of the
DDR-6E), then to phones or teletypewriters.
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Primary power (115 volts AC at 60 cps) is applied
to the GPR-90RXD's, the MSR-6's, and the AFC-1's
via a Sola Constant Voltage Regulator and a Power
Control Panel DCP-1. The AC input to the VOX-3
bypasses the main powcer switchin the DCP-1; primary
regulated power is continuously applied to the VOX-3
for purposes of frequency stability. A blower assem-
bly mounted on the rear door of the cabinet provides
forced air cooling for the DDR-6E components. Ter-
minal strips mounted on a panel at the lower rear
portion of the cabinet provide the facilities for ter-
minating telephone lines, and the like, as required.

b. COMMUNICATIONS RECEIVER GRP-90RXD.
(See figure 1-2.) - The GPR-90RXD is a general
coverage communications receiver with a frequency
range of 0.54 to 31.5 mc, distributed over six bands,
and is capable of receiving AM, CW, MCW, FS, and
SSB signals. Tuning is provided with full electrical
bandspread, and 2 100-ke crystal-controlled calibrator
provides 100-kc markers throughout the tuning range.

The 17-tube circuit of the GPR-90RXD provides a
sensitivity that averages better than one micro-volt
for a 10-db signal-to-noise ratio. Dual conversion is
employed in bands, 4, 5, and 6 for improved image
rejection. The input provides for a75-ohm unbalanced
antenna and the output may be terminated in 4-, 8-,
16-, or 600-ohm voice coils or headphones. A front
panel S-meter indicates relative signal strength and
also permits accurate tuning.

The RF SELECTIVITY switch provides six steps of
IF selectivity: 0.25 to 2 ke on crystal filter,and 7 ke
at6 dbdown innoncrystal operation. Audio selectivity
is controlled by a 3-position (NORMAL, LOW-PASS,
and 1200 PEAK) switch. When set to 1200  PEAK,
the audio bandwidth at 10 db down from the peak can
be varied from 600 to 1600 cps by means of the AUDIO
SPREAD control.

In addition to the normal local oscillator, the
GPR-90RXD permits the use 0f 10 precisely adjustable
crystal positions available from the front panel plus a
rear deck input for an external high stability control
oscillator or synthesizer. A series type noise limiter
is employed to effectively reduce ignition or other
pulse type noise. The limiter can be turned on by a

The frequency of the beat frequency oscillator is
controlled by the BFO PITCH control which varies the
audiobeat note on CW signals from zero to =3 kc. The
high stability of this BFO makes it possible to receive
SSB signals.
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When receiving SSB or ISB signals in the DDR-6E,
the BFO circuit in the GPR-90RXD is turned off. The
BFOfunctionis then provided by the associated MSR-6.

The receiver operates on115- and 230-volt, 80-cycle
AC power although provision is made for operation
from an external power supply or batteries for emer-
gency service inareas where AC power is not available.

General descriptive characteristics of the
GPR-90RXD are presented in table 1-2-a.

c. VARIABLE FREQUENCY OSCILLATOR VOX-3.
(See figure 1-3.) - The VOX is a precision, direct-
reading, variable-frequency device which is designed
to provide HF and MF oscillator injection with ex-
tremely high stability.

The VOX provides the following:

(1) HF output voltage, continuously variable over
the range of 2 to 64 mc.

(2) Crystal-controlled HF output voltage over the
range of 2 to 64 mc (frequency dependent on crystals
used).

(3) Crystal-controlled BFOvoltage over the range
of 300 to 1000 ke (frequency dependent on crystals
used) for dual-conversion superheterodyne receivers
such as the GPR-90RXD.

(4) Crystal-controlled IFO voltage over. the range
of 3.2 to 3.9 mec (frequency dependent upon crystals
used) for dual-conversion superheterodyne receivers.

Sufficient output is available from any of the foregoing
to control as many as three receivers in diversity.
The VOX incorporates a highly stable variable-
frequency oscillator, (1) above, with an extremely ac-
curate counter-type dial. Master oscillator frequency -
determining elements are contained in a temperature-
stabilized oven, the components of which are carefully
selected for high-stability operation. In addition to
the variable-frequency feature, provision is made for
as many as three crystal-controlled positions for HF
injection, (2) above. Additional crystal oscillators
provide crystal-controlled BFO voltage, (3) above,
and a 3.2 to 3.9-mc crystal-controlled RF output,
(4) above, for dual conversion receivers. General
descriptive characteristics of the VOX are presented
in table 1-2-b.

d. SINGLE SIDEBAND CONVERTER MSR-6. (See
figure 1-4.) - The MSR-6 is used in the DDR-6E to
sharpen the overall skirt selectivity of the GPR-90RXD
greatly, thus rejecting unwanted adjacent signals or
interference without degrading the desired signal. A
mechanical and electrical bandspread tunes through
the IF bandpass of the signal provided by the
GPR-90RXD, greatly simplifying the tuning of single
sideband signals since final tuning is accomplished at
the MSR-6 rather than at the GPR-90RXD. This ef-
fective vernier permits precise tuning of single side-
band or exalted carrier amplitude~modulated signals
within cycles of correct tone. Either sideband may be
selected; either with the bandpass tuning feature or by
inverting the oscillator separation. CW, MCW, and

1-2

frequency-shaft signals may be easily tuned with the
bandspread feature. The use of two MSR-6 units with
either one or two GPR-90RXD's also provides in-
dependent sideband reception,

For purposes of extreme stability, the frequency of
the first oscillator of the MSR-6 is referenced to a
17-kc crystal-controlled oscillator in an AFC-1 unit.
As a result, demodulation is such that the required
audio is always translated into the correct audio fre-
quency spectrum.

The VFO feature of the MSR-6 permits operation
with any GPR-90RXD whose IF circuits are tuned to a
center frequency of455 kc. However, when the oscil-
lator is switched to crystal control and the proper
crystals inserted, almost any GPR-90RXD IF may be
accommodated.

The audio output of the MSR-6 is available in three
levels:

(1) 2 watts for 600-ohm line or 8-chm loudspeaker.

(2) 150 milliwatts for 600-ohm line or 8-ohm
loudspeaker.

(3) 0dbm/1 milliwatt for 600-ohm telephone line.

General descriptive characteristics of the MSR-6
are presented in table 1-2-c.

€. AUTOMATIC FREQUENCY CONTROL UNIT
AFC-1. (See figure 1-5.) - The AFC-1 comprises a
feedback loop which effectively locks the carrier output
ofthe first mixer inthe MSR-6 to that of the AFC-1 17-
ke crystal-controlled oscillator. The AFC-1 circuits
compare the carrier output of the MSR-6 with the
AFC-1's 17-kc crystal-controlled oscillator output
frequency. Should either oscillator drift, the AFC-1
circuits develop a DC level whose amplitude corres-
ponds to the amount of frequency change. This DC
level is fed back to the MSR~6 where the frequency of
the first oscillator is shifted in the proper direction
to offset the detected drift. Simultaneously, the fre-
quency change or drift is indicated on the A. F. C. IN-
DICATOR meter of the AFC-1. If the carrier signal
fades during the frequency correction period, a memory
circuit in the AFC-1 retains the drift information for
apredetermined interval, thus holding the first oscil-
lator at the corrected frequency. Without this feature,
the MSR-6 first oscillator frequency would shift to
such a degree that the received signal would be lost.
Analarm circuit goes ona FADE ALARM lamp during
signal fade conditions, alerting operating personnel
to this situation.

The AFC-1 also provides an AVC voltage for the
GPR-90XRD during reception of single-sideband sig-
nals. The attack time of this voltage can be set to the
desired speed (slow, medium, or fast) in order to suit
a particular reception condition. In order that the
AFC-1 may function properly, it is necessary that the
transmitter contain a carrier 10, 20, or 30 db below
the level of the intelligence being transmitted. This
carrier is the locking mechanism for the receiving
system. General descriptive characteristics of the
AFC-1 are presented in table 1-2-d.

Original



f. LOUDSPEAKER PANEL LSP-7. - As shown in
figure 1-1, the LSP-7 is the uppermost panel in the
DDR-6E. The LSP-7 contains two 4-inch permanent
magnet speakers which are matched to the outputs of
the MSR-6's in the cabinet. Connectionto each speaker
is made through an associated terminal strip mounted
adjacent tothe speakerat the rear of the LSP-17 panel.
A resistive pad associated with each speaker permits
output level adjustment without mismatching.

g. POWERCONTROL PANEL DCP-1.- TheDCP-1,
shown in figure 1-1, occupies the bottom position of
the DDR-6E cabinet. The DCP-1 controls the 115-volt

AC output of a Sola constant voltage regulator. This
regulated AC output is applied to the GPR-90RXD's,
the MSR-6's, and the AFC-1's in the cabinet. (AC
input to the VOX-3 is not controlled by the DCP-1.
The VOX is always connected to the regulated AC output
of the voltage regulator.) The front panel of the DCP-1

_contains a single switch and power indicator lamp.

1-3. REFERENCE DATA.

Tables 1-3, 1-4-a, 1-4-b, 1-4-c, and 1-4-d contain
reference data pertinent to the items of equipment
comprising the DDR-6E.

TABLE 1-1. DDR-6E, EQUIPMENT SUPPLIED

QUANTITY
PER DIMENSIONS* NET*
EQUIPMENT NAME OF UNIT TMC DESIGNATION |WIDTH| HEIGHT |DEPTH WEIGHT
2 Communications Receiver GPR-90RXD 19 10-1/2 15 -—
2 Automatic Frequency Control AFC-1 19 4-3/4 13 —_
Unit
2 Single Sideband Converter MSR-6 19 5-1/4 13-1/2 24
1 Variable Frequency VOX-3 19 10-1/2 | 16 70
Oscillator
1 Power Control Panel DCP-1 19 5-1/4 4 —
1 Loudspeaker Panel LSP-7 19 5-1/4 - —_
1 Fan Assembly —_ —_ - - —_
1 Constant Voltage Regulator — - —_ —_ —_
(Sola Type CV)

*Unless otherwise stated, dimensions are in inches, weight in pounds.

Original
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TABLE 1-2-a. ELECTRICAL CHARACTERISTICS OF THE GPR-90RXD

ITEM CHARACTERISTIC
Frequency range: 0.54 to 31.5 mc in six bands.
Type of reception: AM, CW, MCW, FS, and SSB.
Tuning system: Accurately calibrated main tuning dial plus full electrical bandspread.
Input impedance: 75 ohms unbalanced.
lOutput inpedance: 4, 8, 16, and 600 ohms plus headphones.
Output level: 2-watt high quality audio output.
Sensitivity: Better than 1 microvolt for 10 db signal-to-noise ratio.
Noise figure: Better than 6 db.
Image ratio: Averages 85 db.
Selectivity: Variable in six steps from 250 cps to 5 ke, 5 crystal and 1 noncrystal
position.
AVC characteristic: With and 80-db change in the input signal, the output remains constant

within 12 db.

Audio selectivity: Specially designed audio selectivity control with variable bandwidth.

Noise limiter: A highly effective series type noise limiter is provided.

Metering: Calibrated S-meter.

VFO stability: Better than 0.002 percent on first three bands and 0. 003 percent on
three bands.

Crystal stability: Dependent upon crystal being used.

Crystal calibrator: Provides 100-kc markers throughout tuning range.

BFO circuit: Variable frequency BFO.

Hum level: Better than 60 db.

Primary power: 115 or 230 volts, 50 or 60 cycles, approximately 90 watts.

TABLE 1-2-b. ELECTRICAL CHARACTERISTICS OF THE VOX-3

ITEM CHARACTERISTIC
HF OSCILLATOR
Frequency range: 2 to 64 mc continuous.
Output impedance: 75 ohms coaxial.
Output level: 2 watts throughout basic range of 2 to 4 mc and 0.5 watt, 4 to 64 mc,
adjustable.
Output connections: Three BNF RF connectors.
Crystal frequencies: 2 to 4 mc for output frequencies of 2 to 64 mc.
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TABLE 1-2-b.

ELECTRICAL CHARACTERISTICS OF THE VOX-3 (C nt.)

ITEM

CHARACTERISTIC

Crystal unit:

CR-18/U

Three each, available on front panel switch.

Output voltage:

Sinusoidal with no spurious frequencies.

Stability: 20 cycles per mc for 0- to 50- degree change in ambient termperature.
5 cycles per mc at 20 £5°C.

Calibration: Dircet reading calibration in cycles per second from 2 to 4 mc.

Readability: 20 cycles per mc.

Resetability: 20 cycles per mc to a calibrated frequency.

Line voltage change effects:

10 cycles for +10% change in line voltage.

Humidity effects:

No appreciable change for 50- to 95-percent humidity.

[HF oscillator calibration:

Against 100-kc crystal oscillator at 50-kc points.

Frequency range:

300 to 1000 ke

Output level:

6 volts across 1000 ochms with output level control.

Output connections:

Three BNC RF connectors.

Crystal holders:

CR-45/U

Crystal position:

Two each, available on rear panel switch.

OSCILLATOR

Frequency range:

3.2 to 3.9 mc (crystal oscillator).

Output level:

2 volts in 75 ohms.

Crystal type:

CR-18/U

iOutput connections:

Three BNC RF connectors.

[Primary power:

110 or 220 volts, 50 or 60 cps. Approximately 100-watt average or
250-watt peak, depending upon cycling of oven heating elements.

TABLE 1-2-c. ELECTRICAL CHARACTERISTICS OF THE MSR-6

ITEM

CHARACTERISTIC

Input frequency range:

452 to 458 kc when MSR-6 oscillator is variable or normal crystal is
used. 0.225 to 1.5 mc when MSR-6 oscillator is crystal-controlled only.

Input voltage range:

0.1 to 10 volts RMS.

Input impedance:

240K ohms.

2 ndl e
L

Filier chiaracteristics

2.9 ke at 3 dh points: 5.2 ke at 45 db points.

AVC characteristic:

With a 40-db chan he signal, the output remains constant within

9 db.

d%
m
e
=
5
ct

AVC speeds:

Slow or fast.

Original
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TABLE 1-2-c. ELECTRICAL CHARACTERISTICS OF THE MSR-6 (C nt.)

ITEM

CHARACTERISTIC

Output:

High: 2 watts, 8 and 600 ohms;Low: 0 dbm, 600 ohms; 150 milliwatts,
8 and 600 ohms.

Output impedances:

Loudspeaker, 8 ohms; Line, 600 ohms;Headphones, high or low.

Primary power:

110 or 220 volts, 50 or 60 cycles, 65 watts.

Operating modes:

AM, CW, MCW, FSK, SSB, and ISB. Selectable upper or lower
sidebands.

TABLE 1-2-d. ELECTRICAL CHARACTERISTICS OF THE AFC-1

ITEM CHARACTERISTIC
Frequency correction range: +1000 cps.
Input impedance: 75 ohms.

Output impedance;

10, 000 ohms.

Output level:

Approximately 0.25 volt.

Prin.ary power:

115 or 230 volts, 50 or 60 cycles.

Carrier filter bandwidth:

25 cycles at 3-db points.

Alarm features:

Carrier fade alarm provided by front panel FADE ALARM lamp. Rear
terminals provide remote alarm indicator signal.

Stability:

Follows transmitted carrier within +4 cps.

Memory characteristics:

Remains at last detected carrier position for minimum of 1 minute in
event of deep fade.

Carrier suppression:

Operates with pilot carriers supressed 10, 20 and 30 db below any tone
of two tone test.

Reset feature:

Reset circuit permits zeroing of carrier drift indication.

Input and output connections:

BNC connectors and terminal strip.

TABLE 1-3. ELECTRON TUBE COMPLEMENT

MSR-6 | AFC-1 | GPR-90RXD | VOX-3 | TUBE MSR-6 | AFC-1 | GPR-90RXD | VOX-3 | TUBE

2 1 3 |12AU7 2 1 6AU6

1 12AT7 2 1 12AX7

1 6J6 1 6U8

1 3 6AG5 1 1  |6AB4

1 1 5 6BA6 1 6DC6

2 1 1 [6BES 1 6V6

1 1 6AL5 1 6CB6

1 6 |6AG5 1 5U4G

1 5Y3 1 ]6C4

1 2 1 1 |oA2 1 |5V4G
1-6 Original



TABLE 1-4-a. FRONT PANEL CONTROLS OF THE GPR-90RXD

CONTROL

FUNCTION

Selects local oscillator mode.

TAL PHASE control:

Adjusts center frequency of crystal filter.

RF SELECTIVITY switch:

Adjusts bandpass width of crystal filter.

AUDIO GAIN control:

Adjusts audio output level.

CAL switch:

Applies power to 100-kc oscillator.

MAIN TUNING control:

Tunes receiver to desired frequencies.

SEND-REC switch:

Applies B+ to receiver circutis.

MANUAL-AVC switch:

Permits application of AVC voltage to approprate circuits.

ANT. TUNE control:

Tunes receiver input to antenna.

RANGE SELECTOR switch:

Selects tuning range.

LIMITER switch:

Permits reduction of impulse-type noise.

BFO switch:

Applies power to beat frequency oscillator.

BAND SPREAD control:

Permits fine tuning of receiver.

AUDIO SPREAD control:

Adjusts audio bandwidth when AUDIO SELECTOR switch is in 1200
PEAK position.

RF GAIN control:

Adjusts gain of RF and IF amplifiers.

Power switch (part of RF
GAIN control):

Applies primary power to receiver.

BFO PITCH control:

Varies frequency of beat frequency oscillator.

AUDIO SELECTOR switch:

Adjusts audio bandwidth.

XTAL ADJ. control:

Adjusts crystal frequencies in local crystal oscillator.

S-meter:

Indicates relative signal strength of carrier signals.

PHONES jack:

Permits headphone monitoring of audio signal.

TABLE 1-4-b. FRONT PANEL CONTROLS OF THE VOX-3

CONTROL

FUNCTION

POWER switch (compartment
behind door):

Applies line voltage to or disconnects line voltage from power supply
circuit.

HFO switch (compartment
behind door):

Applies DC plate voltage to HFO vacuum tubes.

IFO switch {(compartment
behind door):

Applies DC plate voltage to IFO vacuum tube.

BFO switch (compartment
behind door):

Applies DC screen voltage to BFO vacuum tube.

Original
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TABLE 1-4-b. FRONT PANEL CONTROLS OF THE VOX-3 (C nt.)

CONTROL

FUNCTION

BEAT ON-OFF switch (com-
partment behind door):

Applies 100-kc oscillator to one of mixer (V103) vacuum tube grids.
Other grid receives output of VMO (cathode V302).

METER selector switch
(compartment behind door):

Enables meter to measure output of HFO, IFO, BFO, and VMO.

PHONES jack (compartment
behind door):

Enables plugged~in receiver to receive beat tones.

TUNING selector switch:

Tunes HFO output circuit. Used to maximize meter reading with
METER selector switch in HFO position.

OUTPUT potentiometer:

Controls level of output of HFO circuit.

BAND-MCS selector switch:

Controls tuning elements in HFO circuit.

XTAL FREQ padding capacitor:

Enables small changes in crystal frequency. Used only when VOX uses
a crystal for RF output.

CALIBRATE potentiometer:

Calibrates VMO with 100-kc oscillator at check points.

MASTER OSCELLATOR
FREQUENCY knob:

Controls output frequency of VMO.

XTAL selector switch:

Determines whether VOX's output is produced by crystals in positions
1, 2, 3, and by its VMO.

MASTER OSCILLATOR
FREQUENCY dial:

Registers output frequency of VOX and tunes main oscillator,

OUTPUT Meter:

Registers level of VOX's RF outputs in line with position of METER
selector switch located in compartment behind door.

ZERO BEAT indicator:

Indicates beat tones when calibrating VMO with 100-kc oscillator at
check points.

OUTER OVEN indicator:

Goes on when outer oven is receiving heat.

INNER OVEN indicator:

Goes on when inner oven is receiving heat.

MAIN POWER indicator:

Goes on when VOX is receiving 60-cycle power.

BFO ADJ potentiometer (chassis
mounted at top).

Controls BFO output level.

BFO XTAL SW (chassis mounted
at rear):

Determines which of two crystals is used for BFO beats.

TABLE 1-4-c. FRONT PANEL CONTROLS OF THE MSR-6

CONTROL

FUNCTION

POWER switch:

Applies AC power to MSR-6.

SIDEBAND switch:

Selects either upper or lower sideband.

SIDEBAND U indicator:

Goes on when unit is operated in upper sideband mode.

SIDEBAND L indicator:

Goes on when unit is operated in lower sideband mode.

1-8
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TABLE 1-4-c. FRONT PANEL CONTROLS OF THE MSR-6 (C nt.)

CONTROL

FUNCTION

MANUAL-XTAL switch:

In MANUAL position, permits manual setting of bandspread oscillator
frequency. In XTAL position, bandspread oscillator frequency is
fixed to frequency of internal crystal.

BANDSPREAD control:

Enables incoming signals to be tuned across the band of the bandpass
filter.

AVC ON-OFF switch:

When set to ON, permits AVC control of IF amplifier.

AVC FAST-SLOW switch: Permits selection of appropriate AVC speeds for various signal
conditions.

BFO switch: When set to ON, permits second oscillator of MSR-6 to reinsert carrier
for suppressed carrier operation or provide tone for CW operation.

PHONES jacks: Permits headphone monitoring of audio output.

AUDIO GAIN control:

Permits adjustment of audio output level.

OUTPUT LEVEL switch
(rear apron):

Permits selection of high or low audio output.

TABLE 1-4-d. FRONT PANEL CONTROLS OF THE AFC-1

CONTROL

FUNCTION

CARRIER COMPENSATOR switch:

Adjusts degree of 17-kc carrier input attenuation for different values
of carrier suppression.

A.G.C. SELECTOR switch:

Provides different levels of AGC attack for the GPR-90RXD.

A.F.C. RESET switch:

Disables AFC circuit to permit tuning.

POWER switch:

Applies AC power to AFC-1.

A.F.C. INDICATOR meter:

Indicates degree of frequency drift and degree of correction already
applied.

FADE ALARM indicator:

When on, indicates signal fade condition.

CARRIER LEVEL meter:

Indicates relative carrier level.

FADE ALARM LEVEL control:

Adjusts level at which alarm operates and memory circuit assumes
control.

Original



Figure

reiver GPR-90RXD
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Figure 1-3.

Variable Frequency Oscillator VOX-3



Figure 1-4. Single Sideband Converter MSR-6

Figure 1-5. Automatic Frequency Control Unit AFC-1
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SECTION 2
INSTALLATION

2-1. GENERAL.

This section outlines the procedures for the instal-
lation and interconnection of the various components
of the DDR-6E. These components are shipped in
four wooden packing cases. Table 2-1 lists the con-
tents, dimensions, and weight of each case. The
weights listed are for fully packed units, including
equipment and packing material.

2-2. UNPACKING.

Transport the packing cases to the installation site
prior to unpacking. Select a location where the equip-
ment may be unpacked without exposure tothe elements.
When selecting a site, allow sufficient area around
the cabinet for ventilation. Outline dimensions of the
DDR-6E are shown in figure 2-1.

Carefully unpack the largest wooden container first.
Figure 2-2 illustrates the packaging method utilized
for the VOX-3; the method is typical of the various
DDR-6E components. The equipment should be un-
packed at the site where it is to be used.

The unpacking procedure is as follows:
(1) Placethe packing case nearthe operating site.

(2) Cut and fold back the steel straps at the top
of the case.

(3) Remove the nails with a nail puller. Remove
the cover and one side of the packing case. Remove
the two pieces of lumber nailed to the wooden box near
the top.

(4) Remove the spare parts carton on top of the
waterproof outer carton. Check the contents of the
spare parts carton against the packing slip.

(5) Carefully remove the waterproof outer carton
from the packing case. Open the top of the carton and
then the moisture-vaporproof barrier.

(6) Open the top of the inner carton and remove
the technicai manual, the corrugated filler, the degic-
cant, and the acid-free tissue.

(7) Remove the unit from the inner carton.

(8) Inspect the equipment for possible damage
incurred during shipment.

Original

2-3. INSTALLATION OF DDR-6E RECEIVER
TERMINAL COMPONENTS.

Each major component in the DDR-6E is equipped
withtwo slides, oneon eachsideof the chassis. These
slides have been designed to fit into grooves in cor-
responding slides secured to the inner side surfaces
of the cabinet. (See figure 2-3.)

To install a major component in the DDR-6E cabinet,
withdraw the appropriate pair of cabinet slides by first
depressing the spring-loaded cabinet locks which lock
them into the cabinet. Pull the cabinet slides out to
their fully extended positions. Carefully fit the tongued
slides on the sides of the unit to be installed into the
grooved cabinet slides and slide the unit in until it
hits the stops. Depress the spring-loaded unit locks
on each unit slide so that the unit may be pushed into
the cabinet. Pushin the unit as far as it will go. With
the unit in place inthe cabinet, insert the panel screws
and tighten in place.

2-4. CABINET INTERCONNECTIONS.

a. INITIAL INSPECTION. - Inspect the cases and
their contents immediately for possible damage. Un-
pack the equipment carefully. Inspect all packing
material for parts that may have been shipped as
"oose items.' Although the carrier is liable for any
damage in the equipment, Technical Materiel Corpo-
ration will assist in describing and providing for repair
or replacement of damaged items. Each major com-
ponent is shipped with tubes and crystals installed.
Check that all such components are properly seated in
their sockets.

b. INTERCONNECTING PROCEDURE. - All cable
assemblies are mounted inside the cabinet and are
properly marked. After the cabinet is installed, in-
terconnect the units as shown in figure 2-4. Refer to
the overall schematics of the major components in-
cluded in Section 8. Notice that two 1200-ohm, 1-watt
resistors must be connected across the 600-ohm
speaker terminals on the rear of each GPR-90RXD.
It should be particularly noted that main power for the
VOX-3 is taken from the convenience outlet on the
rear of the DCP-1 and not from the power strip on
the side of the cabinet. This particular arrangement
is necessary so that main power to the VOX-3 oven
elements is not removed when the main power switch
on the DCP-1 is set to OFF,

Figure 2-5 shows two cabling arrangements between
various sections of the VOX-3: short cable intercon-
nections under normal operating conditions (when the
VOX's assemblies are closely associated physically),
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and extended cable interconnections used under servic-
ing conditions (when the VOX's power supply section
is physically remote from its other two sections).

2-5. INITIAL ADJUSTMENT.

a. GPR-90RXD. - The GPR-90RXD's have been
factory tested and aligned. After unpacking and in-
stallation in the cabinet, these units are ready for
use. No adjustments other than the normal setting of
operating controls are necessary.

b. VOX-3. - Afterunpacking and installation in the
cabinet, the VOX-3 should be warmed up and adjusted.

CAUTION

The VOX-3 is a high stability precision in-
strument and requires an initial warm-up
period of at least 48 hours of continuous duty.
Thereafter, the unit should never be turned
off unless detailed repairs become necessary.
Failure to comply with this procedure results
in degradation of the instrument's accuracy.

NOTE

Since AC power for the VOX-3 bypasses the
DCP-1, the main power switch on the DCP-1
does not affect the operation of the VOX-3.

NOTE

After the 48-hour warm-up period, the
POWER switch (open front panel door) should
be ON and the ovens should have reached a
stable condition.

The VOX-3 is calibrated at the factory before ship-
ment. However, it is necessary to check the cali-
bration after installation. This is done by checking
the calibration at 2, 000, 000 and 4, 000, 000 cycles on
the zero beat indicator. If calibration at either of
these points is in error by more than 500 cycles,
calibrate the oscillator as follows:

(1) Set theBEAT ON - OFF switch (open front panel
door) to ON.

(2) Plugheadphones intothe jack marked PHONES
(open front door panel).

(3) Turn the BAND-MCS switch on front panel to
2-4,

(4) Turnthe XTAL switch on front panel to VMO.

(5) Turnthe MASTEROSCILLATOR FREQUENCY
dial to 2000 KCS 000 CPS.

2-2

(6) Tune the CALIBRATE dial for zero beat on
the phones and also on the ZERO BEAT indicator.
The VMO's 2, 000, 000-cycle output now coincides in
frequency withthe 100-kc calibrating oscillator's 20th
harmonic.

(7) Turnthe MASTEROSCILLATOR FREQUENCY
dial to 4000 KCS 000 CPS.

(8) Adjust thetrimmer capacitor, behind circular
disc (located on the front panel) between the CALI-
BRATEdial and the VOX-3's meter, to give zero beat
on the phones and also on the ZERO BEAT indicator.
The VMO's 4, 000, 000-cycle output now coincides in
frequency with the 100-kc calibrating oscillator's 40th
harmonic.

(9) Repeatsteps (5) and (6) to compensate for the
newly adjusted position of the trimmer capacitor.

(10) Repeat steps (7) and (8) to compensate for
the newly adjusted position of the CALIBRATE dial.

(11) Readjust the trimmer capacitor to optimum
zero beat condition at the two extremes of the 2- to
4-mc band.

NOTE

After calibration the error at 2,000,000 and
4,000,000 cycles should not exceed 500 cycles.
The error for all intermediate frequencies
then falls within limits also.

Since other frequency bands are obtained by multi-
plication of the 2- to 4-mc band, the oscillator is
adjusted throughout its entire frequency.

¢. MSR-6. - The MSR-6's have been factory tested
and adjusted. After unpacking and installation in the
cabinet, turn the TONE THRESHOLD control on each
chassis fully counterclockwise and set the OUTPUT
LEVEL switch (on the rear apron) to LOW position.
The MSR-6's are then ready for use.

NOTE

The audio output of the MSR-6 may be set for
low or high levels. If the output of the MSR-6
istobefed into telephone lines, the OUTPUT
LEVEL switch must be set to LOW, HIGH is
used only when 2.0 watts is required in a
600-ohm load.

d. AFC-1. - The AFC-1's have been factory tested
and adjusted. After unpacking and installation in the
rack, each AFC-1 is ready for use after the following
checkout is performed:;

(1) Set the CARRIER COMPENSATOR switch on
the front panel to 0 DB.
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(2) Apply a 3.3-microvolt signal within the 5.4- (3) Adjust the AGC control on the AFC-1 chassis

to 9.7-mc band to the antenna input jack on the rear until a VITVM indicates a 0.3-volt level at input jack
apron of the associated GPR-90RXD. This should be J1 on the MSR-6.
done with RANGE SELECTOR switch in the 5.4- 9.6
position. Tune the VOX-3 and receiver so that the (4) Repeat steps (1), (2), and (3) for the other
applied signal generator frequency is received. AFC-1.

TABLE Z-1. SHIFFING CONTAINERS AND CONTENTS

CONTENTS DIMENSIONS
(inches)
L w H

WEIGHT
(pounds)

One TMC Model RAK 25-1/2 x 23-1/2 x 79-1/4
with one TMC Model
DCP-1 and one

TMC Model

LSP-"7.

390

Two TMC Model 37x23 x23
MSR-6's and two
TMC Model
AFC-1's.

235

Two TMC Model 43 x 25-1/2 x 17-1/2
GPR-90RXD's.

210

One TMC Model 24-1/2 x 16 x 27
VOX-3.

122

Original
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SECTION 3
OPERATOR'’S SECTION

3-1. GENERAL.

This section contains detailed instructions for the
operation of the DDR-6E. The operating procedures
presented below for the DDR-6E and for its principal
units make frequent reference to table 3-1 and figure
3-1. Close coordination between the operating pro-
cedures and these references will facilitate anunder-
standing of the procedures. In this section, operation
of the VOX-3 is presented first, (paragraph 3-2),
since effective operation of the DDR-6E is dependent
upon a complete understanding of the VOX-3's use in
this system. In the overall operation of the DDR-6E
for single sideband reception, GPR-90RXD, MSR-6,
and AFC-1 units are operated as described in para-
graph 3-3. More general modes of operation are
presented in paragraphs 3-4 through 3-6. These in-
structions will permit the operator to make maximum
use of the system elements.

It must be kept in mind thatthe DDR-6E is basically
a dual-diversity (space or tone frequency) system. As
such, it consists of two GPR-90RXD's, two MSR-6's,
and two AFC-1's. Since all these units must be
operated to receive one RF signal, it is necessary
to drive both GPR-90RXD's from a common local
oscillator. This requirement is fulfilled by the inclu-
sion of the VOX-3 in the system. The VOX-3 simul-
taneously provides local oscillator input to both
GPR-90RXD's, thus ensuring that both will demodu-
late the same incoming signal.

The operation of the DDR-6E is similar toa standard
communications receiver. However, in the DDR-6E,
the local oscillator does not automatically track the in-
coming RF signals. The VOX-3 providesthe HFO and
IFOsignals. Tworeceiving groups (each consistingofa
GPR-90RXD, an MSR-6, and an AFC-1) must be adjusted
separately and similarly for dual-diversity reception.

There are two methods of tuning the system. In the
first, the GPR-90RXD dials are set to the signal
frequency; in the second, the GPR-90RXD dials are
tuned approximately 2 kc off the signal frequency.
The former method is referred to as normal tuning
and the latter as off-center tuning. Off-center tuning
is utilized when the maximum bandwidth of the DDR-6E
is desired on a single sideband. Whichever method is
used, the two tuning procedures are common to all
modes of operation.

3-2. VARIABLE FREQUENCY OSCILLATOR VOX-3.

a. GENERAL INSTRUCTIONS. - Foroscillator sta-
bility, the VOX-3 must be left turned on continuously
and should be turned off only in the event of failure,
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In the DDR-6E, the primary power input to the
VOX-3 bypasses the power switch on the DCP-1 so
that when any of the associated panel assemblies are
turned off, the VOX-3 will continue to operate. Inter-
connection between the VOX-3 and associated units
is accomplished through the use of BNC-type con-
nectors and terminal strips.

The following calibration assumes that the initial
adjustments, described in Section 2 of this manual,
were previously carried out.

b. CALIBRATION. - The VOX-3 is the master os-
ciflator for the two GPR-90RXD's. For maximum
accuracy, the VOX-3 must always be calibrated before
use as close as practical to the frequency desired.
For this purpose, the VOX isprovided with a calibrat-
ing circuit. Located with the VOX'sovenis a VMO and
a 100-kc crystal-controlled calibrating oscillator. At
numerous check points, harmonics of the VMO and the
100-ke oscillator correspond; consequently, at these
check points, a zero-beat indicating device (headphones
and/or indicating lamp) may be used to adjust the VMO
to its proper frequency. At a VMO frequency of
2,200,000 cps, for example, a check point exists;
namely, the fundamental of the VMO and the 22nd
harmonic of the 100-kc oscillator. At a VMO fre-
quency of 2,214,286 cps, a check point also exists;
namely, the seventh harmonic of the VMO and the
155th harmonic of the 100-kc oscillator. Again at a
VMO frequency of 2,216,667 cps, another check point
exists; namely, the sixth harmonic of the VMO and
the 133rd harmonic of the 100-ke oscillator. Table
3-2 shows a number of check points in the 2.2- to
2.3-mc frequency range. The 100-kc check points
automatically cover 50- and 25-kc check points.
(A 100-kc crystal will generate not only harmonics
of the 100-kc fundamental but alsc harmonics of the
50- and 25-kc subtones,) The subtone harmonics,
however, are considerably weaker than the funda-
mental harmonics. Similar check points to those
indicated in the 2.2- to 2.3-mec range exist in the
2.3- to 2.4-mc range and in each higher 0,1-mc range.

To make these checkpoint calibrations, the operator
should perform the following procedure:

Step Operation

1 Set POWER switch 41 to ON position. MAIN
POWER indicator 49 should go on.

2 Set BEAT ON-OFF switch 42 to ON
position.

3 Plug headphones into PHONES jack 46.
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Turn BAND-MCS switch 55 to the desired
band and XTAL switch 57 to VMO position.
The operator should set MASTER OSCIL-
LATOR FREQUENCY dial 59, which is
marked directly in CPS, and turnthis control
until the dial reads to the nearest 50-kc
point of the desired frequency. In order to
calculate the correct dial reading, the oper-
ator must remember to divide the desired
frequency by 2 for the 4- to 8-mec band, by
8 for the 16- to 32-mc band, etc. For
accurate calibration and resetability, care
must be taken to rotate the dial in the same
direction (preferably from a lower dial read-
ing to the higher) in order to prevent any
error due tu backiash, Then, by varying
CALIBRATE control 48, a zero-beat indi-
cation will be obtained in the headset and on
ZERO BEAT indicator 52. With a little ex-
perience, the operator will find that the visual
indication alone is adequate, although he may
continue touse the phones as an added conven-
ience. The VOX has now been properly cor-
rected for the dial region to be used and should
bereturned to the required frequency setting.

When the calibration procedure has been
concluded, the operator must be certain that
he sets BEAT ON-OFF switch 42 to OFF
position. At the same time, METER switch
44 should be turned to HFO and HFO switch
43 set to ON position.

The operator should now rotate T UNING knob
54 to a position roughly approximating the
master oscillator frequency dial, at which
point he will obtain a reading on the front
panel milliammeter with OUTPUT control 58.
TUNING knob 54 will have been set properly
when the highest milliammeter reading is
obtained.

In the event that a HFO crystal is used in place
of the variable master oscillator, proceed as follows:

Step

1
4

2

|0

Turn DPOWER gwitch 41 to ON pogition,
Turn HFO switch 43 to ON position.

Turn METER switch 44 to HFO position.
Turn XTAL switch 57 to proper position.
Turn BAND-MCS switch 55 to proper band.
"Trim" the crystal by tuning XTAL FREQ
trimmer 56 until the exact frequency is set,

and peak with TUNING knob 54 as described
above.

. OPERATING INSTRUCTIONS AFTER CALIBRA-
TION.

Panel Designation Operation Result
POWER (41) ON MAIN POWER indicator 49 goes on.
HFO (43) ON INNER OVEN/OUTER OVEN indi-

cators indicate a long warm-up
period. Refer to CAUTION below.

METER (44) HFO, IFO, BFO,
VMO
XTAL (57) VMOorl, 2, 3 Selects the source for VOX's 2- to

64-mc output, namely, VOX's
master oscillator (VMO) or an al-
ternate VOX oscillator whose fre-
quency is controlled by crystals
1, 2, and 3.

BAND-MCS (55)

Proper band

Selects proper multiplier for VOX's
master oscillator.

MASTER OSCILLATOR
FREQUENCY (60)

Desired oscillator
frequency

OUTPUT (58)

Desired level

TUNING (54)

Maximize meter
reading

May require a decrease in OUTPUT
potentiometer.
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CAUTION

The VOX-3 is a high stability precision
instrument and requires an initial warm-up
period of at least 48 hours of continuous
duty. Thereafter, the unit should never be
turned off unless detailed repairs become
necessary. Failure to comply with this pro-
cedure results in degradation of the instru-
ment's accuracy.

d. APPLICATION OF VOX-3 AS MASTER OSCIL-
LATOR IN THE DDR-6E. - The DDR-6E is ready to
be tuned after it has been installed in the cabinet,
connected, and the VOX-3 has completed its initial
warm-up period of 48 hours. Whenever it is desired
to tune up to a particular frequency, the VOX must

be set according tothe operating frequency determined
by the operating bands of the receivers, The VOX dial
settings are different for the lower three bands and
the higher three bands because the receivers use
single- and double-conversion, respectively, for these
bands. Below 5.4 mc, the HFO must be set 455 kc
above the signal frequency. Above 5.4 mc, the HFO
must be set 3,955 me above the signal frequency. The
following chart will serve to minimize the small
amount of arithmetic involved:

NOTE

For frequencies below 5.4 mc, the IFO switch
on the VOX-3 must be set to off; for fre-
quencies above 5.4 mec, to ON. A 3.5-mc
crystal is already installed in the VOX-3
to provide the IFO output.

Received Signal VOX - VMO
Frequency VOX-HFO Output* VOX Band Dial Setting*

Fr + 455 ke 2-4 mc Fr + 455

Below 5.4 mc
Fr + 455 ke 4-8 mc (Fr + 455)/2
Fr + 3.955 kc 8-16 mc (Fr + 3.955)/4

Above 5.4 mc Fr + 3.955 ke 16-32 mc (Fr + 3.955)/8
Fr + 3.955 ke 32-64 mc (Fr + 3.955)/16

*Fr signifies GPR-90RXD frequency.

3-3. SYSTEM OPERATION.

a. NORMAL TUNING.

Step Unit Operation Purpose
1 DCP-1 Set circuit breaker 61 to ON position. Applies primary power to
AC strip in cabinet and
energizes cabinet fan.
2 Both Set HFO switch 24 to EXT. Selects VOX-3 as the
GPR-90RXD's local oscillator.
3 Set RF SELECTIVITY switch 28 to Selects widest IF
NON XTAL. response.
4 Adjust AUDIO GAIN control 29 fully
counterclockwise.
5 Set CAL switch 30 to OFF. Disables 100-kc oscillator.
6 Set MANUAL-AVC switch 33 to AVC. Permits AVC operation.
7 Set LIMITER switch 35 to OFF. Disables noise limiter.
8 Set BFO switch 36 to OFF. Disables BFO.
9 Set BAND SPREAD control 37 to 100. Maintains main tuning
dial calibration.
10 Set SEND~-REC switch 32 to REC, Applies B+ power to unit.
11 Set XTAL PHASE control 23 to 0. Sets crystal filter to
nominal center frequency.
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Step Unit Operation Purpose

12 Set MAIN TUNING control 31 to desired signal Tunes receiver to desired signal

frequency (Fr). frequency.
13 Set RANGE SELECTOR switch 34 to band de~ Selects appropriate tuning range.
termined by step 12.

14 AUDIO SPREAD control 38, BFO PITCH control
40, AUDIO SELECTOR switch 27, and XTAL
ADJ. control 26 may be left in any position.

15 Adjust RF GAIN control 39 fully clockwise. Applies primary power to the
receiver and adjusts RF gain to
maximum,

16 Both Set SIDEBAND switches i and i3 to MANUAL Permits manual tuning ui vscii-

MSR-6's and either U or L (depending upon sideband being lator and selects desired side-
received). band for detection.

17 Set AVC switches 16 and 17 to OFF and SLOW. Disables AVC control of first
MSR-6 amplifier.

18 Set POWER switch 21 to on position. Applies primary power to MSR-6.

19 Both Turn CARRIER COMPENSATOR switch 7 to the Provides proper amount of

AFC-1's amount of carrier suppression utilized by the carrier attenuation for optimum
transmitter. If this value is not known, set this AFC-1 operation.
control for best reception (30 DB).

20 Set A.G.C. SELECTOR switch 3 to SLOW, Selects proper amount of AGC
attack for the GPR-90RXD
during SSB reception.

21 Set POWER switch 10 to the on position. Applies primary power to the
AFC-1.

22 VOX-3 Set BAND-MCS switch 55 to position determined Selects appropriate multiplier to

by the desired signal frequency. obtain desired output frequency.

23 Set XTAL switch 57 to VMO. Selects the variable frequency
oscillator as the frequency source.

24 Set BFO switch 47 to the OFF position. Disables BFO.

25 Set IFO and HFO switches 45 and 43 to ON, (If Enables IFO and HFO circuits.

received frequency is less than 5.4 mc, IFO
switch 45 may be left in off position.)
26 Set BEAT switch 42 to off position. Disables 100-kc oscillator.
27 Set MASTER OSCILLATOR FREQUENCY dial Determines required output
59 to frequency determined by desired signal frequency.
frequency. Refer to chart in paragraph 3-2d.

If the desired signal frequency is known, set
MASTER OSCILLATOR FREQUENCY dial 59 on the
VOX to the appropriate frequency before tuning the
GPR-90RXD's. With BAND SPREAD control 37 log
scales set at 100, tune the receivers around the
signal frequency until the clearest audio signal is
heard. \Tune the BAND SPREAD controls on the
GPR-90RXD's and MSR-6's until the best audio is
obtained,

The position of FADE ALARM LEVEL control 9
on each AFC-1 is determined by the existing noise
level, To adjust this control to the correct position,
tune the GPR-90RXD's to a no-signal frequency and
adjust FADE ALARM LEVEL control 9 until FADE
ALARM lamp 5 flickers on and off. This effect is
caused by the varying random noise level.
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The position of CARRIER COMPENSATOR switch 7
determined by the amount of carrier suppression
utilized at the transmitter site. For 30-db suppression,
CARRIER COMPENSATOR switch 7 should be set to
30 DB; for 20-db suppression, to 20 DB; for 10-db
suppression, to 10 DB; for AM, to 0DB. If the amount
of suppression is not known, the operator should
adjust the CARRIER COMPENSATOR switch for
best reception.

If the A.F.C. INDICATOR meter indicates other
than O, depress A.F.C. RESET pushbutton 8 and
adjust the tuning controls on the GPR-90RXD's and
MSR-6's as necessary to obtain a zero reading. This

should be done without losing intelligibility.

If it is desired to receive a station whose exact
frequency is not known, some of the controls on the
GPR-90RXD's should be temporarily repositioned
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from the positions indicated in paragraph 3-3a. This
procedure will quickly locate the particular station.
Set the following controls to the positions indicated;
HFO switch 24 to VAR, BFO switch 36 to on position,
BAND SPREAD control 37 to 100, All the other front
panel controls on the GPR-90RXD's should remain as
indicated in paragraph 3-3a.

The GPR-90RXD's are now utilizing their ownlocal
oscillators., Set SEND-REC switch 32 on one of the
GPR-90RXD's to SEND and tune the other GRP-90RXD
until the particular station is located. Tune until the
best audio is heard, Now, set SEND-REC switch 32
just tuned to SEND and reset the corresponding
switch on the other GPR-90RXD to REC. Tune the
second GPR-90RXD in the same manner as the first.
After tuning the GPR-90RXD, set the following con-
trols to the positions indicated: HFO switch 24 to
EXT, BFO switch 36 to OFF, SEND-REC switch 32
to REC.

Set the VOX frequency according to the chart in
paragraph 3-2d. Adjust the VOX and the GPR-90RXD
simultaneously until the best audio is heard. The pro-
cedure from this point on is identical with that
outlined in paragraph 3-3a. Adjust controls 1 and 2
for desired volume, -

b. OFF-CENTER TUNING. - Set the controls on
all units in the positions indicated for normal tuning,
Refer to paragraph 3-3a. The only difference between
the two tuning methods is the tuning procedure.

If the desired signal frequency is known, set the
MASTER OSCILLATOR FREQUENCY dial on the VOX
according to the following chart. This chart differs
from the one in paragraph 3-2d inthatthe corrections
for off-center tuning have béen taken into account.

Received VOX-HFO
Signal Output * |VOX Band VOX-VMO
Frequency Dial Setting
Below5.4mc|Fr + (455+2)[2-4 mc  |Fr+(455+2)**
kc kK
Fr + (455+2)[4-8 mc  |Fr+(455+2)/2 **
ke *x*

Above 5.4 mcjFr + (3,955 {8-16 mc |(Fr+3955+2)/4 **
+2) ke **

Fr + (3,955 {16-32 mc |(Fr +3955+2)/8 **
+2) ke **

Fr+ (3,955 [32-64 mc |(Fr + 3,95542)
£2) ke ** /16 **

*Fr signifies GPR-90RXD frequency.

** Plus for upper sideband reception and minus
for lower sideband reception.

After the VOX has been set, tune the GPR-90RXD's
2 kc above the signal frequency for upper sideband
reception or 2 ke below the signal frequency for lower
sideband reception, until maximum S-meter deflection
is observed. Tune the BAND SPREAD controls on the
GPR-90RXD's for any fine adjustments., Tune MSR-6
BAND SPREAD control 15 for intelligibility, the
direction of rotation depending upon which sideband
is being transmitted. The appropriate SIDEBAND
lamp should glow,

3-4. COMMUNICATIONS RECEIVER GPR-90RXD.

a. AM RECEPTION.

Step : Operation Purpose

1 Set SEND-REC switch 32 to REC, Applies B+ power to unit.

2 Set RF SELECTIVITY switch 28 to NON XTAL. Selects widest IF response.

3 Set MANUAL-AVC switch 33 to AVC. Permits AVC operation.

4 Set BFO switch 36 to OFF, Disables BFO.

5 Set CAL switch 30 to OFF, Disables 100-kec oscillator.

6 Set RANGE SELECTOR switch 34 to desired band. Selects appropriate tuning
range.

T Set HFO switch 24 to VAR, Selects local oscillator,
withinthe unit, to beat
against the incoming RF to
produce the IF,

8 Adjust RF GAIN control 39 fully clockwise. Applies primary power to
the unit and adjusts RF gain
to maximum.

9 Set RADIO-PHONO switch (on the rear apron) Connects audio amplifier

to RADIO. to detector.

10 Set SSB switch (on the rear apron) to OFF. Permits normal operation
of detector.
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When the received signal is accompanied by exces-
sive background noise (other than ignition or pulse
type), increasing the RF selectivity of the GPR-90RXD
will improve the signal-to-noise ratio. The selectivity
should be increased up to the point where a phone
signal becomes unintelligible. An almost obliterated
signal can sometimes be pulled through the noise
hash and received perfectly by the combined use of
the RF and audio selectivity controls.

If the signal being received is interfered with or
heterodynes with an adjacent carrier, adjust XTAL
PHASE control 23 to reduce the interference.

Turning HFO switech 24 in any of the 10 crystal
positions permits the GPR-90RXD to receive 10
channels, utilizing a crystal-controlled local oscil-
lator to produce the intermediate frequency. If it is
desired to obtain reception on frequencies not covered
by the 10 crystals, turn HFO switch 24 to EXT and
connect an external synthesizer to EXT jack JS.

b. CW RECEPTION. - To place the GPR-90RXD in
operation for the reception of CW signals, the controls
and switches are set to the same positions as those
outlined in paragraph 3-4a for AM reception except
that BFO switch 36 is set fo ON.

After turning on the BFO, tune in a CW signal.
Adjust the BFO PITCH control for a pleasing tone.

NOTE

CW reception may be accomplished with the
AVC switch in the ON or OFF positions.
However, best reception is usually obtained
by turning the AVC off, retarding the RF
gain and increasing the audio gain.

¢. SSB RECEPTION. - To place the GPR-90RXD in
operation for the reception of single-sideband signals,
the controls and switches are set to the same posi-
tions as those outlined in paragraph 3-4a for AM

reception except that BFO switch 36 and SINGLE
SIDEBAND switch S9 (on rear apron) are each set
to the ON position,

Single sideband signals are characterized by the
lack of a carrier, unintelligibility, and fluctuations of
the S-meter. To obtain proper reception, the carrier
must be reinserted by turning on the BFO,

Tune in the single sideband signal for maximum
S-meter deflection. Turn the RF GAIN control down
until the signal is barely audible. Turn on the BFO
and tune the BFO PITCH control very slowly until the
reception becomes intelligible, If intelligibility cannot
be attained, rotate the BFO PITCH control in the
opposite direction. The direction of rotation is depen-
dent upon which sideband the transmitting station is
utilizing. In all cases, the BFO PITCH control should
be turned very slowly.

NOTE

Because of the slow tuning rate on the BAND
SPREAD dial, it is often possible to tune SSB
signals by retarding the RF gain, boosting
the audio and setting the BFO pitch to zero.
Rotating the BAND SPREAD dial slowly will
then bring in the station.

d. S-METER. - The S-meter pertforms a dual func-
tion; it provides a visual means of accurately tuning
the GPR-90RXD to the incoming signal, and it indi-
cates the relative signal strength. The AVC switch
must be in the ON position for the S-meter to operate
correctly,

3-5. SINGLE SIDEBAND CONVERTER MSR-6.

a. NORMAL TUNING OF GPR-90RXD TO SIGNAL
FREQUENCY.

(1) SINGLE SIDEBAND RECEPTION,

received).

Step Operation Purpose

1 Tune the GPR-90RXD to the desired signal frequency.

2 Set GPR-90RXD MANUAL-AVC switch 33 to the AVC Permits automatic volume
position, control of GPR-90RXD by

AFC-1.

3 Set MSR-6 AVC switches 16 and 17 to OFF and SLOW. Prevents AVC operation.

4 Set MSR-6 BFO switch 19 to ON,

5 Set MSR-6 SIDEBAND switches 18 and 13 to MANUAL Permits manual tuning of

and either U or L (depending upon sideband being

MSR-6 and selects desired
sideband for detection.

[« ]

Tune MSR-6 and/or GPR-90RXD for intelligibility.
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Step

Operation

Purpose

For crystal operation, set MSR-6 to XTAL. Depress
pushbutton for desired sideband.

Selects crystal for desired
sideband detection.

NOTE

A 472- and a 438-kc crystal must be in sockets
42 and 41, respectively.

Tune the GPR-90RXD for intelligibility.

(2) AM RECEPTION,

Step Operation Purpose
1 Tune the GPR-S0RXD to the desired signal frequency.
2 Set the GPR-90RXD MANUAL-AVC switch 33 to the
AVC position.
3 Set MSR-6 AVC switches 16 and 17 to ON and FAST. Enable AVC operation on
first MSR-6 amplifier.
4 Set MSR-6 BFO switch 19 to OFF.
5 Set MSR-6 to MANUAL or XTAL.
6 Tune GPR-90RXD for intelligibility.

(3) EXALTED CARRIER OPERATION. - For
exalted carrier operation, set MSR-6 AVC switch 17
to FAST. After this is done, operation is identical
with single sideband reception.

(4) CW AND FS RECEPTION. - Set the
GPR-90RXD for CW reception and operate the MSR-6

for AM reception. This may be accomplished in
MANUAL or XTAL mode.

b. OFF-CENTER TUNING OF GPR-90RXD TO
" SIGNAL FREQUENCY.

(1) SINGLE SIDEBAND RECEPTION.

Step Operation

Purpose

reception.

1 Tune the GPR-90RXD 2 kc above the signal
frequency for upper sideband reception or 2 kc
below the signal frequency for lower sideband

AVC position.

2 Set GPR-90RXD MANUAL-AVC switch 33 to the

Permits automatic volume
control of GPR-90RXD by
AFC-1,

3 Set MSR-6 AVC switches 16 and 17 to OFF and Disables AVC operation of
SLOW. first MSR-6 amplifier.
4 Set MSR-6 BFO switch 19 to ON,
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Step Operation Purpose

5 Set MSR-6 SIDEBAND switches 18 and 13 to Permits manual tuning of
MANUAL and either U or L (depending upon MSR-6 and selects desired
sideband being received). sideband for detection.

6 Tune MSR-6 and/or GPR-90RXD for intelligibility.

7 For crystal operation, set MSR-6 to XTAL. Selects crystal for desired
Depress pushbutton for desired sideband. sideband detection

NOTE
A 472- and a 438-kc crystal must be in sockets
42 and 41, respectively.
8 Tune the GPR-90RXD for intelligibility.
(2) AM RECEPTION.
Step Operation Purpose

1 Tune the GPR-90RXD 1.6 k¢ above or below the
signal frequency, the choice depending upon the
sideband desired.

2 Set GPR-90RXD MANUAL-AVC switch 33 to the
AVC position.

3 Set MSR-6 AVC switches 16 and 17 to ON and Enable AVC operation on
FAST. first MSR-6 amplifier.

4 Set MSR-6 BFO switch 19 to OFF.
Set MSR-6 to MANUAL or XTAL.
Tune the GPR-90RXD for intelligibility.

(3) EXALTED CARRIER OPERATION. - For
exalted carrier operation, set MSR-6 AVC switch 17
to FAST. After this is done, operation is identical
with single sideband reception.

(4) CW AND FS RECEPTION. - Set the
GPR-90RXD for CW reception and operate the MSR-6
for AM reception. This may be accomplished in
MANUAL or XTAL mode.

3-6. AUTOMATIC FREQUENCY CONTROL UNIT
AFC-1.

Since operation of the AFC-1 is intimately related
to operation of the overall DDR-6E, it cannot be
treated as a separate operational unit. Operation of
the AFC-1 as part of the DDR-6E is covered in
paragraph 3-3.

3-7. OPERATOR'S MAINTENANCE.

a. COMMUNICATIONS RECEIVER GPR-90RXD. -
There are several maintenance operations which can
be performed on the GPR-90RXD by the operator when
trouble is encountered. If normal operating procedures
produce unsatisfactory results, the operator should
proceed as follows:
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(1) Check the power supply by noting whether
dial lamp is on, indicating whether power is being
applied to the GPR-90RXD.

CAUTION

Never replace a fuse with one of higher
rating. If a fuse burns out immediately after
replacement, DO NOT replace it a second
time until the cause has been corrected.

(2) If no power is evident, check fuse on rear
apron. Replace bown fuse with fuse of equal value.

(3) Check the tubes since the most common cause
of operational failure is usually tube failure. Checking
the tubes will often save many hours of unnecessary
trouble-shooting. The location of tubes in the
GPR-90RXD is shown in figure 5-2.

b. VARIABLE FREQUENCY OSCILLATOR VOX-3. -
The operator should make minor adjustments of tuning
controls to verify precise oscillator output frequency
and level, note general condition of panel switches,
observe whether panel indicator lamps go onproperly,
and check the condition of the oven and power fuses
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as well as the condition of the tubes. Operators should
not perform any emergency measuresunlessproperly
authorized to do so. If such authorization is given, it
shot*1 be preceded by a short course of instruction.

(1) REPLACEMENT OF FUSES.
CAUTION

Never replace a fuse withone of higher rating
unless continued operation is more important
than probable damage to the equipment, If a
fuse burns out immediately after replace-
ment, DO NOT replace it a second time until
the cause has been located and corrected,

Two separate fusing systems are incorporated in
the VOX, one to protect the ovens, and the other to
protect the power supply proper. If the front panel
pilot light marked MAIN POWER (control designated
49 on figure 3-1) fails to go on when the unit is turned
on, then the fuse marked POWER, on the rear of the
power supply chassis, must be changed. (There is a
remote possibility that the pilot lamp itself is faulty,
but this is rare.)

In the event of an oven fuse failure, both pilot lights
referring to the ovens do not go on., The ovens, then,
also begin to cool. In this case, the oven fuse, which
is on the power supply chassis rear, must be replaced.

(2) REPLACEMENT OF TUBES. - The location
of all tubes in the VOX is indicated infigures 5-4-a
and 5-4-b. The tubes may be checked visually to see
if they are on or warm. The VOXhas been so designed
that the power chassis can be completely withdrawn
in a matter of seconds. A set of tracks has been
provided for this purpose and the operator can slip
the unit out by simply half turning four snap fasteners,
two of which are located on the front panel and two
of which are located under the rear of the power
supply chassis. Tube replacement is accomplished by
disconnecting the power supply as described above.
Such disconnection, which automatically removes
power from the oven, should not last for more than
approximately 5 minutes if good oven stability is to
be maintained, If more detailed repairs become
necessary, 6-foot extension cables must be used to
maintain oven power. Tubes should be carefully
removed and tested, and when replaced, care should
be taken to install tube shields,

c¢. SINGLE SIDEBAND CONVERTER MSR-6. - If
normal operation procedure produces unsatisfactory
results, the operator should proceed as follows:

(1) Check the power supply by noting whether
pilot lamp is on, indicating whether power is being
applied to the MSR-6.

(2) I pilot lamp fails to go on, operate the
SIDEBAND switch and observe sideband switching
action. This serves as an alternate means of checking
since the sideband switching relay operates directly
from the 110-volt line.
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CAUTION

Never replace a fuse with one of higher
rating. If a fuse burns out immediately after
replacement, DO NOT replace it a second
time until the cause has been corrected.

(3) If no power is evident, check fuse on the rear
apron, Replace blown fuse with fuse of equal value.

(4) Check the tubes since the most common
cause of operational failure is usually tube failure.
Checking the tubes will often save many hours of
unnecessary trouble-shooting. The location of tubes
in the MSR-6 is shown in figure 5-6.

d. AUTOMATIC FREQUENCY CONTROL UNIT
AFC-1, - If normal operation procedure produces
unsatisfactory results, the operator should proceed
as follows:

(1) Check the power supply by noting whether
the pilot lamp is on, indicating whether power is
being applied to the AFC-1.

CAUTION

Never replace a fuse with one of higher
rating. If a fuse burns out immediately after
replacement, DO NOT replace it a second
time until the cause has been corrected.

(2) If no power is evident, check fuse on the rear
apron, Replace blown fuse with fuse of equal value.

(8) I the fuse is intact, check input power cables
and associated connectors for an open conductor or a
loose or broken connection at connector.

(4) Check the power supply silicon rectifiers.

(5) Check the tubes since the most common cause
of operational failure is usually tube failure. Checking
the tubes will often save many hours of unnecessary
trouble-shooting. The location of tubes in the AFC-1
is shown in figure 5-8.

NOTE

Often a tube tested in a tube checker will
test good but malfunction under actual circuit
conditions. Therefore, substitution with a
known good tube is recommended.

e. LOUDSPEAKER PANEL LSP-7, - There is no
operator's maintenance associated with the LSP-7,

f. POWER CONTROL PANEL DCP-1, - The oper-
ator should observe that the power indicator lamp on
the DCP-1 goes on properly when the ON-OFF switch
is set to ON. Thereisnoother operator's maintenance
required.
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TABLE 3-1. TABLE OF EQUIVALENT CONTROL DESIGNATIONS

SERIAL DESIGNATION

(SEE FIGURE 3-1)

PANEL DESIGNATION

(SEE FIGURE 3-1)

COMPONENT DESIGNATION ON

OVERALL SCHEMATIC DIAGRAM

LOUDSPEAKER PANEL LSP-1

[

2 Attenuator (No designation) T Pad R102
AUTOMATIC FREQUENCY CONTROL UNIT AFC-1
3 A.G.C, SELECTOR Knob (4-position) selector
switch 52
4 A F.C. INDICATOR Meter M1
5 FADE ALARM Indicator I2
6 CARRIER LEVEL Meter M2
7 CARRIER COMPENSATOR Knob (4-position) selector
switch S1
8 A.F.C. RESET Push-button switch S3
9 FADE ALARM LEVEL Knob potentiometer R53
10 POWER Toggle switch S4
11 Power on lamp (no designation) Indicator I1
SINGLE SIDEBAND CONVERTER MSR-6
12 L Indicator I1
13 SIDEBAND Push-button switch S6
14 U Indicator 12
15 BANDSPREAD Knob capacitor C28
16 AVC ON-OFF Toggle switch S2
17 AVC FAST-SLOW Toggle switch S1
18 MANUAL-XTAL Knob (2-position) selector
switch S4
19 BFO Knob (2-position) selector
switch S5
20 Power on lamp (No designation) Indicator I3
21 POWER Toggle switch S7
22 AUDIO GAIN Knob potentiometer R30
COMMUNICATIONS RECEIVER GPR-90RXD
23 XTAL PHASE Knob capacitor C42
24 HFO Knob (12-position) selector

switch S12
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TABLE 3-1. TABLE OF EQUIVALENT CONTROL DESIGNATIONS (Cont.)

SERIAL DESIGNATION PANEL DESIGNATION COMPONENT DESIGNATION ON
(SEE FIGURE 3-1) (SEE FIGURE 3-1) OVERALL SCHEMATIC DIAGRAM
COMMUNICATIONS RECEIVER GPR-90RXD (Cont.)
25 S-meter (No designation) Meter M1
26 XTAL ADJ. Knob capacitor C149
27 AUDIO SELECTOR lsisnob (3-position) selector switch
28 RF SELECTIVITY é(ZHOb (6-position) selector switch
29 AUDIO GAIN Knob potentiometer R68
30 CAL Toggle switch S11
31 MAIN TUNING Knob capacitor C9
32 SEND-REC Toggle switch S9
33 MANUAL-AVC Toggle switch S3
34 RANGE SELECTOR IS(;lob (6-position) selector switch
35 LIMITER Toggle switch S4
36 BFO Toggle switch S8
31 BAND SPREAD Knob capacitor C8
38 AUDIO SPREAD Knob variable resistor R71
39 RF GAIN Knob potentiometer R81
40 BFO PITCH Knob capacitor C99
63 ANT. TUNE Knob capacitor C140
VARIABLE FREQUENCY OSCILLATOR VOX-3
41 POWER Toggle switch S101
42 BEAT ON-OFF Toggle switch S104
43 HFO Toggle switch S103
44 METER Knob (4-position) selector switch
S107
45 IFO Toggle switch S102
46 PHONES Telephone jack J105
47 BFO Toggle switch S106
48 CALIBRATE Knob (slug inductance) L301
49 MAIN POWER Indicator 1302

3-10
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TABLE 3-1. TABLE OF EQUIVALENT CONTROL DESIGNATIONS (C nt.)

SERIAL DESIGNATION PANEL DESIGNATION COMPONENT DESIGNATION ON

(SEE FIGURE 3-1) (SEE FIGURE 3-1) OVERALL SCHEMATIC DIAGRAM

VARIABLE FREQUENCY OSCILLATOR VOX-3 (Cont.)

50 INNER OVEN Indicator I301

51 OUTER OVEN Indicator 1304

52 ZERO BEAT Indicator I303

53 Output meter (No designation) Meter M301

54 TUNING Knob (5-position) selector switch
C225, A, B, C, and D

55 BAND-MCS Knob (5-position) selector switch
$202, A, B, C, and D

56 XTAL FREQ Knob variable capacitor C210

57 XTAL Knob (4-position) selector
switch S201, A, B, C, and D

58 OUTPUT Knob potentiometer R215

59 MASTER OSCILLATOR

FREQUENCYV (dial)
FREQUENCY (dial)

60 MASTER OSCILLATOR Knob variable capacitor C301
FREQUENCY (knob) and C302

POWER CONTROL PANEL DCP-1

61 Power switch (No designation) Circuit breaker CB1

62 Power on lamp (No designation) Indicator I1

TABLE 3-2. VOX'S CHECK-OUT POINTS; VMO VS 100-KC CALIBRATING OSCILLATOR

VMO VMO 50-KC

FREQUENCY HARMONIC 100-KC FUNDAMENTAL HARMONIC HALF-TONE HARMONIC
2,200,000 5 110 220
2,205,000 10 - 441
2,210,000 10 221 442
2,212,500 4 - 177
2,220,000 5 111 222
2,225,000 4 89 178
2,228,571 1 156 312
2,230,000 10 223 446
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VOX'S CHECK-OUT POINTS; VMO VS 100-KC CALIBRATING OSCILLATOR (C nt.)

TABLE 3-2.
VMO VMO 50-KC
FREQUENCY HARMONIC 100-KC FUNDAMENTAL HARMONIC HALF-TONE HARMONIC

2,233,333 3 87 134
2,240,000 5 112 224
2,245,000 10 - 449
2,250,000 4 89 178
2,255,000 10 - 451
2,260,000 5 113 226
2,266,667 3 68 136
2,271,428 7 159 318
2,275,000 4 91 182
2,280,000 5 114 228
2,283,333 8 137 274
2,285,714 7 160 320
2,290,000 10 229 458
2,295,000 10 - 459
2,300,000 1 23 46

3-12
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SECTION 4
PRINCIPLES OF OPERATION

4-1. GENERAL.

This section covers the principles of operation of
the overall DDR-6E, as well as each of the rack-
mounted components contained therein.

4-2. DDR-6E RECEIVER TERMINAL, BLOCK
DIAGRAM ANALYSIS.

Basically, the DDR-6E constitutes a highly stable
extremely reliable dual-diversity receiving system.
Each of the dual receiver sections consists of a
GPR-90RXD, an MSR-6, and an AFC-1., The common
local oscillator input requiredfor simultaneousopera-
tion of the two receiver sections is derived from the
highly stable VOX-3. This arrangement permits both
receiver sections to receive the same RF signal.

Ag chown in figure 4-1; the two RF inputs to the
DDR-6E may be applied to the two GPR-90RXD's
from either separate antennas or from a common
antenna via an antenna multicoupler. Although basic-
ally stable in design, the frequency stability of the
GPR-90RXD circuits is further enhanced by using the
extremely stable HFO and IFO outputs of the VOX-3.
The oscillator signals are simultaneously injected
into both GPR-90RXD's, thus providing master oscil-
lator control of the dual-diversity receivers. The
455-kc outputs of the two GPR-90RXD's are applied
to respective MSR-6's which contain facilities for
sideband selection, tuning, and demodulation.

The AFC-1 associated with each MSR-6 compares
the frequency of the oscillator in the MSR-6 with its
own crystal-controlled 17-kc oscillator frequency and
generates a DC control signal which effectively
prevents carrier-to-oscillator drift, thus preventing
sideband carrier drift. Each AFC-1 also controls the
AVC action of its associated GPR-90RXD, preventing
signal level changes. The audio output of each MSR-6
may be applied to an audio patch panel or tone con-
verter, as required by the installation,

4-3. COMMUNICATIONS RECEIVER GPR-90RXD.

a. INTRODUCTION., (See figure 4-2.) - The
GPR-90RXD is capable of receiving AM, CW, MCW,
FS, and SSB signals over a 0.54- to 31.5-mc range
in six bands. The RF signal, derived trom either a
75-ohm unbalanced antenna or an antenna coupler,
is applied to two-stage RF amplifier V1 and V2.
The RF gain of these stages is controlled by the
setting of RF GAIN control R81, the cathode bias
resistor for IF amplifier V6. Thereafter, the am-
plified RF signal is converted by V3 and V4toa
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455-kc intermediate frequency for use by the MSR-6.
For improved image rejection, double conversion is
used on the upper three bands.

Three methods of producing the intermediate ire-
quency are available. Local oscillator V12 may be
used in conventional fashion. Second, 10 channels
may be received with 10 precisely adjustable crystals
controlling a second local oscillator, V17. Finally,
provision is made for the use of an external high
stability control oscillator, or synthesizer. In the
DDR-6E, the first and second oscillator inputs are
normally supplied by the HFO and IFO outputs, re-
spectively, of VOX-3,

The 455-kc IF signal developed as a result of
either single or double conversion passes through
an IF crystal filter which permits variation of the
bandwidth from 250 cps to 5 ke. XTAL PHASE control
C42, used in conjunction with this circuit, reduces

heterodyne and interfering signals.

The IF signal level is raised by IF amplifiers V6,
V7, and V8 and is then routed through IF OUT jack
J1A to the MSR-6 where single sideband intelligence
is selected and detected. The IF output of amplifier
V8 is also applied to diode detector V9A inthe
GPR-90RXD where it is demodulated. Diode V9B, a
series noise limiter, effectively reduces impulse
type noise. An AVC stage, V10A, in conjunction
with an AVC control circuit in the AFC-1, provides
AVC control for the IF and RF stages of the
GPR-90RXD,

A Hartley-type BFO, V13, is used for detection of
CW signals; its output is injected into the detector
plate circuit, Provision is made in the GPR-90RXD
for an externally generated BFO signal.

The detector output is amplified by an audio
amplifier consisting of voltage amplifier V10B and
power amplifier V11, The audio output circuit provides
the means for matching voice coil impedances of 4,
8, 16, and 800 ohms, as well as headphones. The
ADUIO SELECTOR and AUDIO SPREAD controls
provide variation of the audio response of the audio
amplifier, The response may be varied between one
which is essentially flat to one whose bandwidth is
1200 cps at a center frequency of approximately
1100 cps.

For calibrating the GPR-90RXD, the output of 100-
ke calibration oscillator V16 is injected at the
GPR-90RXD input. The harmonic output of the oscil-
lator permits calibration of the GPR-90RXD through-
out its frequency bands.
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The power supply consists of a full-wave rectifier,
the output of which is heavily filtered by a pi-type
filter for effective hum reduction. Hum produced by
the filament supply is minimized by a hum balancing
potentiometer. Voltage regulator V15 provides 150-
volt regulated DC power.

b. RF AMPLIFIERS. (See figure 4-3.) - The RF
voltage delivered by the antenna is inductively coupled
to first RF amplifier V1 via RF transformers L28
through L33 and wafers S154 and S1p of the RANGE
SELECTOR switch. ANT, TUNE control C140 peaks
the RF input circuit to the particular antenna used
with the GPR-90RXD. The RF output of V1 is coupled
to V2 via separate coupling networks (depending on
the band selected) and wafers Slpg and S1C of the
RANGE SELECTOR switch. Inductive coupling isused
in bands 1 through 3; RC coupling is used for bands
4 through 6. The amplified output of V2 is applied
through coupling networks and wafers S1p and Slg
of the RANGE SELECTOR switchto first converter V3.

The gain of both RF stages is controlled by RF
GAIN control R81 in the common cathode return
circuit. The RF amplifiers are tuned by MAIN TUNING
capacitor C9, sections of which are connected across
the selected tuned circuits by the RANGE SELECTOR
switch. BAND SPREAD control C8 provides electrical
bandspread for the RF circuits.

¢. HIGH FREQUENCY OSCILLATOR. - Oscillator
V12 is a Hartley type which provides an RF signal
455 kc above that of the incoming signal. (See figure
4-4A.) When switch S13 is turned to position 4 and
HFO switch S12 is turned to VAR, oscillator V12
receives 150-volt plate voltage and is tuned by two
sections of MAIN TUNING capacitor C9. The tank
circuits for the oscillator are selected by RANGE
SELECTOR switch S1. This is accomplished simul-
taneously with the selection of the coupling circuits
used in the RF amplifiers, Figure 4-4A is a simpli-
fied schematic diagram which shows the HFO circuit
elements arranged for band 1 operation. As shown
in this figure, the bandspread feature of the
GPR-90RXD is not used in band 1 operation. The
HFO circuit elements in figure 4-4B are arranged for
band 2 operation and typify the circuit arrangement
for the next four bands: 3, 4, 5, and 6. The circuit and
its function is identical with band 2 operation except
for the addition of BAND SPREAD capacitor C8,
component values, and contact position of RANGE
SELECTOR switch S1.

Crystal oscillator/amplifier V17 is used when the
GPR-90RXD is tuned for operation in 1 of the 10
crystal-controlled channels or when an external syn-
thesizer supplies the HFO input. (See figure 4-5.)
The latter is the normal operating condition for the
DDR-6E; VOX-3 supplies the HFO input at jack J5.
When operating this way, HFO switch S12 is turned to
the EXT position, causing switch S13 to be turned
automatically to position 5.

When operating with a crystal-controlled channel,
switch S13 is also turned to position 4 while HFO
switch S12 is turned to the desired crystal position.

4-2

The frequency generated by the selected crystal can
be slightly adjusted by rotating XTAL ADJ. control
C149,

d. FIRST AND SECOND CONVERTERS. (See figure
4-8.) - The signal output from RF amplifier V2 is
applied to the control grid of first converter V3, and
the output of the local oscillator in use (V12 or V17)
is applied to the cathode of V3. These signals mix
to produce an IF signal, the frequency of which is
dependent upon the band in use. When operating in
bands 1, 2, or 3, the IF signal is 455 ke. This signal
is applied through buffer IF amplifier V5 and IF trans-
former T5 to IF amplifier V6 through a crystal
filter. When the GPR-90RXD 1is operated in these
bands, single conversionisused. The gainis extremely
high at this time since second converter V4 is not
used. (Second converter V4 is a pentagrid converter,
the gain of which is usually less than unity.) Since
the attenuating property of the second converter is not
available during single conversion, the gain of the
first converter is substantially reduced by injecting
a positive voltage into the cathode circuit of V3.
In this way, the gain of the GPR-90RXD is kept fairly
constant on all bands and stability is assured on the
lower three bands.

In the three higher bands, double conversion is used.
In this case, the frequency of the IF produced in first
converter V3 is 3.955 mc. First converter V3 is
permitted to operate at high gain for operation in these
bands. The output of V3is mixed witha 3.5-mc voltage
developed in second converter oscillator V4. The
oscillator portion of V4 is crystal controlled. The
output of this tube is a 455-kc voltage which is applied
to first IF transformer T5.

When the GPR-90RXD is used as a dual-diversity
receiver (as intheDDR-BE), an external oscillator
is connected to EXTERNAL IFO INPUT jack J8.
This action ensures that the oscillator portions of
the second converters and oscillators of both
GPR-90RXD's are synchronized at 3.5 mec. At this
time the crystal oscillator portion of V4 is disabled
by permitting diode CR1 in the cathode circuit of V4
to conduct,

e. IF AMPLIFIERS. (See figure 4-17.) - The output
of first IF transformer T5 is applied to a crystal
filter, RF SELECTIVITY switch S2 determines the
selectivity of the IF amplifier. In the NON XTAL
position, crystal Y1 is shorted out. In the remaining
positions, crystal Y1 is utilized, AsRF SELECTIVITY
switch S2 is rotated clockwise, more and more re-
sistance is put in series with the crystal bridge circuit.
This action effectively raises the Q of the circuit,
producing a more selective filter reponse. XTAL
PHASE control C42 is used to eliminate or reduce the
effects of heterodyne or interfering signals.

The IF amplifier consists of three transformer
coupled stages: V6, V7, and V8. The gain of the am-
plifier may be varied by two controls; IF GAIN
control R106 and RF GAIN control R81, When RF GAIN
control R81 is varied, the RF amplifier is also
affected. IF GAIN control R106 is left undisturbed
after the desired IF gain is achieved.
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S-meter M1 is connected in the screen grid circuit
of the second IF amplifier. This meter responds to
changes in signal level, as controlled by the AVC input
to IF amplifier V6. The meter may be adjusted by
varying S-METER ADJ control R50.

In the DDR-6E, the IF outputof V8is routed through
IF OUT jack J1A to the MSR-6.

f. AUTOMATIC VOLUME CONTROL. - The AVC
detector is a triode connected in the diode configura-
tion, (See figure 4-7.) The IF output at the plate of
the third IF amplifier V8 is coupled to the plate of
AVC detector V10A, The intermediate frequency is
rectified and the resulting DC voltage, which is pro-

nwAantinnal +a tha cional atvenath 1o the AUV eional
g the AVO signal,

PULLULLas U Wil Dapliaa wud Vaiguaa

This signal is fed back to the grids of the RF and IF
amplifiers. Variations in signal strength thus cause
the gain of these stages to vary, stabilizing the output
of the GPR-90RXD.

As used in the DDR-6E, the AVC output of AVC
detector V10A is routed through the AFC-1 prior to
application to the IF and RF amplifiers. The AFC-1
contains facilities for varying the attack time of the
AVC voltage as required for particular reception
conditions.

g. BEAT FREQUENCY OSCILLATOR. (See figure
4-8,) - The BFO, which is centered at 455 ke, is
injected at the detector plate. The BFO stage, V13,
is made operable by applying 150 voltsto the plate and
screen circuits with BFO switch S8 inthe ON position.
The output frequency may be varied +3 ke by adjusting

BFO PITCH control C99.

An external BFOmay be inserted at EXTERNAL BFO
INPUT jack J7. The BFO output of the VOX-3is
applied to the GPR-90RXD at this jackinthe DDR-6E.

h. DETECTOR AND NOISE LIMITER, (See figure
4-9.) - The output of the third IF transformer is
coupled through IF transformer T8 to detector VIA,
The IF signal is demodulated and filtered; the re-
maining audio information is applied to audio ampli-
fier V10B,

When LIMITER switch S4 is set to the ON position,
series noise limiter V9B is inserted across the
detected output. The noise limiter effectively reduces
impulse type noise, With LIMITER switch S4 set to
the OFF position, the noise limiter diode is short
circuited and becomes inoperative.

i. AUDIO AMPLIFIERS, (Seefigure4-10.) - Triode
V10B is the first audio amplifier. Three inputs may
be applied to the grid of this amplifier. With RADIO-
PHONO switch S6 in the PHONO position, the output
of a high impedance phonograph cartridge may be con-
nected to PHONO INPUT jack J1 and the audio ampli-

fier mav be utilized, (See figure 4-9) For full output
.} For tall ourpnt,

savi dlaay

0.15 volt is required. When RADIO-PHONO switch S6

operate normally. When SSB switch S7 is set to the
ON position, the audio output of the detector is shorted
to ground. (For SSB operation, the MSR-6 provides
audio signals.)
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By means of AUDIO SELECTOR switch S5 and AUDIO
SPREAD control R71, the response of the audio am-
plifier may be controlled from an essentially flat
response to a 1200-cps wide response (at -10 db) at
a center frequency of approximately 1100 cps. (See
figure 4-10.)

Volume is controlled by rotating AUDIO GAIN con-
trol RE8. The output of V10B is applied to second
audio amplifier V11, a power pentode. This amplifier
is capable of delivering 2 watts of audio to 4-, 8-,
16-, or 600-ohm voice coils. Provision is also made
for the use of headphones at PHONES jack J2, When

headphones are used, the speaker is disabled.

j. 100-KC CALIBRATOR. (See figure 8-1.) - The
GPR-90RXD may be calibrated with the crystai-
controlled 100-kc oscillator V168, When CAL switch
S11 is set to ON, power is applied to the oscillator,
At this time, the oscillator output applies 100-kc
harmonics to the GPR-90RXD input. The output of the
oscillator is of sufficient amplitude to provide 100-
ke markers throughout the entire tuning range of the
GPR-90RXD.,

k. POWER SUPPLY. (See figure 8-1,) - The power
supply is a heavily filtered full-wave rectifier which
supplies 250 volts of unregulated power and 150 volts
of regulated power to the various GPR-90RXD circuits.
The 150-volt regulator, V15, is a gas tube.

Provision is made for the use of external DC power
by placing a battery plug (with the connections shown
in figure 8-1) into AUXILIARY POWER socket Xl.
When the GPR-90RXD is to be used with the normal
115-volt, 60-cps power at plug P2, AC plug P11 must
be placed in AUXILIARY POWER socket X1.

When external DC power is used, the requirements
are 180 to 300 volts DC at 100 milliamperes and 6
volts at 5 amperes. Power for external accessories
is available at ACCESSORY POWER SOCKET X2
(250 volts DC at 10 milliamperes and 6.3 volts AC
at 0.6 ampere).

4-4. VARIABLE FREQUENCY OSCILLATOR VOX-3.

a. INTRODUCTION. (See figure 4-11,) - As shownin
figure 4-11, the VOX consists of a power supply (sec-
tion 1), an RF chassis (section 2), andthe VMO (section
3). The schematic diagram of the VOX-3 is shown in
figure 8-2, Electrically, the VMO is a precision,
variable frequency device that provides 2 to 4 mc to
the HFO chain (whose elements are located on the RF
chassis) as well as to the mixer in the calibrating
chain (whose elements are located on the power
supply chassis), The VMO also supplies a standard
calibrating frequency of 100 ke to the aforementioned
mixer,

The RF chassis extends the 2- to 4-mc oscillator
frequencies by multiplication to the 2-to 64-mc range:
it also provides an oscillator circuit (with a socket
for Crystal CR-18/U that operates in the 3.2- to

3.9-mc IF range) for HF injection.

o=

The power supply chassis provides a calibrating
chain containing the aforementioned mixer, a 300-

4-3



to 1000-kc beat frequency oscillator circuit (for dual
conversion superheterodynes), and the VOX's power
supply (+300 volts unregulated, +150 volts regulated,
and 6,3 volts filament).

The VMO 1is a highly stable frequency-determining
device due to its enclosure in a finely engineered
double oven, (Seefigure 4-12,) As an added precaution,
the resonant portion of the circuit is very lightly
coupled to its associated vacuum tube element and
this, in turn, is isolated from external influences by
a cathode follower.

b. VMO SECTION. (See figure 4-13.) - VMO tube
V301 oscillates at frequencies between 2 and4 mc and
is tuned by capacitors C301, C302, and C303. R320
provides the necessary tube bias; L302 is an RF
choke to ground; R301 and C307 provide the necessary
decoupling actionfor V301, Twin-triode V302 performs
the double function of a cathode follower (to impose
less shunting effect on the preceding stage) and a
crystal-controlled 100-kc oscillator. R302 is the un-
bypassed cathode resistor across which the output is
taken, L303 and C308 provide filtering action to keep
the RF out of the power supply by bypassing it through
C308 and offering as high as impedance in L303 as
practicable for the 300-volt B+ supply. The output
from the second part of V302 is taken across R305,
R306 supplies the necessary grid bias. Crystal Y301
resonates near 100 kc and may be '"pulled" by means
of capacitor C311 (a screwdriver control mounted on
the rear of the oven chassis), which is not to be
disturbed after its initial factory setting. R304 is the
plate load and C309 is a coupling capacitor.

As shown in figure 4-12, the oven itself is enclosed
within an inner and outer shell, each of which is a
temperature-controlled entity. The outer shell is
maintained, within smalllimits, at a giventemperature
by the combination of 8303, which is a bimetallic
temperature-sensitive switch, and heating elements
R309 and R310, The inner shell is a vernier on the
outer shell. R307 and R308, the inner shell heating
elements, are controlled by an accurate mercury
thermostat (S301). The entire assembly contains a
large mass of metal and insulating materials dis-
tributed throughout its cross section so that its heat
inertia is high and, consequently, the oventemperature
is extremely stable.

Functions of front panel controls that apply to this
section are as follows:

(1) MASTER OSCILLATOR FREQUENCY knob
C301 and C302, Variable capacitor control designated
60 on figure 3-1, Varies the output frequency of the
master oscillator within its operating range of 2 to
4 mc. The associated dial, designated 59 on figure
3-1, indicates the oscillator's output frequency. It
is important to observe the requirement that at all
times the operating range of 2000 to 4000 kc is not
exceeded. The dial can be turned beyond these limits
but, if the departures are appreciable, variable capa-
citors C301 and C302 may not reset properly with
dial indications and the oscillator may require partial
disassembly in order to effect proper readjustment.
Due to frequency multipliers in the VOX's RF section,
the VOX's outputs are as follows:

4-4

BAND-MCS Selector MASTER
Switch (Figure 3-1, OSCILLATOR VOX's
designation 55) FREQUENCY Frequency
2-4 f f
4-8 f 2f
8-16 f 4f
16-32 f 8f
32-64 f 16f

(2) Small cover plate at left of meter M301,
Screwdriver control undesignated on figure 3-1.
Refer to (3) below.

(3) CALIBRATE L301. Slug inductance control
designated 48 on figure 3-1. These two controls, (2)
and (3), are used in "zero beating' the output of the
master oscillator (2 to 4 me) against the 100-kc
standard oscillator. For example, at 2 mc, the 2-mc
fundamental of the master oscillator will ""zero beat'
with the 20th harmonic of the 100-k¢ standard
oscillator.

(4) ZERO BEAT 1303, Indicator designated 52 on
figure 3-1. During calibration of master oscillator vs
100-kc standard oscillator, the indicator goes off
when a harmonic of the 100-ke oscillator matches a
harmonic of the 2- to 4-mc master oscillator.

(5) INNER OVEN I301. Indicator designated 50
on figure 3-1, Refer to (6) below,

(6) OUTER OVEN 1304, Indicator designated 51
on figure 3-1,

These indicators, (5 and 6), are on when the ovens
are being heated by resistors R307 and R308 and
R309 and R310, respectively. This requires closing of
switches S301 and S302 and S303, respectively.

(1) MAIN POWER I302. Indicator designated 49
on figure 3-1, Indicates filaments of tubes V103,
V104, and V105 contained in power supply chassis
are receiving 6,3-volt filament supply.

(8) Meter M301. Meter designated 53 on figure
3-1. In conjunction with METER selector switch desig-
nated 44 on figure 3-1, indicates output level of HFO,
IFO, BFO, or VMO.

The chassis-mounted control that applies to this
section is 100KC ADJ vernier capacitor C311 located
on rear oven chassis.

c. RF SECTION,

(1) HFO CHAIN. (See figure 4-14.) - The output
of cathode follower V302, located in the VMO section
(figure 4-13), feeds triode V202 which is used either
as an amplifier or as a crystaloscillator; the position
of XTAL switch S201 is the controlling factor. When
it is tuned to VMO, the tube operates as an RC ampli-
fier; when it is tuned to 1, 2, or 3, the stage is a
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conventional crystal-controlled oscillator having three
crystal positions. Crystals Y202, Y203, and Y204 may
be inserted into the circuit according tothe necessary
operating conditions required. XTAL FREQ capacitor
C210 is a crystal trimmer and R207 provides the
necessary grid bias. C243 is a blocking condenser to
prevent DC from entering the crystal. R208 isthe load
resistor while C211 and R209 provide decoupling
action. This stage is capacitively coupled by C212 to
the grid of tetrode V203,

Tube V203 is also an RF amplifier which features
a peaking coil (L202) designed to produce uniform
gain over the 2- to 4-mc range. The output of this
tube is controlled by variable OUTPUT potentiometer
R215 which changes the screen grid bias, R214 and
R217 are dropping resistorstoprovide correct biasing
voltage on the screen grids of V203 and also V204,
C215 and C216 are bypass capacitors, R213 and C213
provide decoupling action while R212 is the plate load
resistor. R210 and R211 provide the necessary bias
on the grid and cathode, respectively, while C214 is
the conventional cathode bypass to ground. C217 is
the coupling capacitor between stages.

Tubes V204, V205, V206, and V207, used in conjunc-
tion with BAND-MCS switch 5202, are voltage multi-
pliers of the second harmonic of each preceding stage.

BAND-MCS 8202 is a four-section, five-position,
rotary-type switch. The "A'" wafer of the switch con-
trols the screen voltage bias on tubes V203 and V204,
R216 and R233 are the dropping resistors involved.
The "B" wafer of the switch connects either coil
1203 and L205 to be used for the proper tank circuit
with variable air dielectric tuning capacitor C225
containing four sections, the former for 2-4 mc and the
latter for 4-8 mc. The coils, L206, L207, and L208,
are also used with variable tuning capacitor C225
to produce outputs of 8-16 me, 16-32 mc, and 32-64
mc, respectively,

The output in milliamperes is metered by the
detector circuit built in around crystal CR202, This
crystal rectifies the RF current; C238 is a coupling
capacitor; capacitor C237 provides filtering action;
resistor R232 acts as the load resistor ofthe crystal.
C220, C221, and R220 are all decoupling devices while
1.204 is an RF choke to prevent RF from flowing
through the DC power lines, Wafer "C'" adds more
B+ voltage to each successive multiplier whenever
called for in use. The "D" wafer isthe output selector.
The HFO band may be picked off from 2-4, 4-8,
8-16, 16-32, and 32-64 mc from positions marked A
through E, respectively.

Functions of front panel controls that apply to this
section are as follows:

{a) XTAT. 8201. Switch contrnl designated 57
on figure 3-1, Selects circuit determining VOX's
master frequency oscillator. In position VMO, the
VOX's 2- to 4-mc oscillator (located in the oven) is
the master oscillator; in positions 1, 2, and 3, the
VOX's crystal oscillator stage (V202) is the master
oscillator,
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(b) XTAL FREQ C210, Variable capacitor con-
trol designated 56 on figure 3-1, When VOX's crystal
oscillator stage (V202) isused asthe master oscillator,
it "pulls' the crystal frequency a limited amount to
obtain the desired output frequency.

(g) OUTPUT R215., DPotentiometer control
designated 58 on figure 3-1. Controls RF output level
of VOX.

(d) BAND-MCS S202, Switch control designated
55 on figure 3-1. Controls RF multiplying factor of
VOX's 2- to 4-mc oscillator, namely 1 for 2-4 mc
output; 2 for 4-8 mc output; 4 for 8-16 mc output; 8
for 16-32 mc output; 16 for 32-64 mc output.

(e) TUNING C225. Switch control designated 54
on figure 3-1. Tunes HFO output circuits; should be
used in conjunction with meter designated 53 onfigure
3-1 during tuning operation; that is, maximizing meter
deflection,

Chassis-mounted controls that apply to this section
are as follows:

(a) Coaxial jacks J208, J209, J210 are located
at the rear of the RF chassis.

(b) Coaxial jacks J202 and J203 are located at
the rear of the RF chassis.

(2) IFO CIRCUIT, (See figure 4-15.) - The IFO
uses an oscillator circuit having a socket for a Crystal
CR-18/U for the range of 3.2 to 3.9 mc (nominally
3.5 me). C202, C203, and R203 provide alow bandpass
filter while C242 is the crystal-coupling capacitor.
The second half of the tube is a class C amplifier
whose tuned plate circuit is link-coupled to the
output jacks., The tank circuit is tuned by L201 near
a nominal frequency of 3.5 mc. A germanium-diode
rectifier, CR201, and its associated filter network
produce a DC level proportional to the RF output
voltage, This DC levelisfedto front panel meter M301
so that the output indicationis available to the operator
or technician, (Full-scale deflection is approximately
equivalent to 10 volts RMS of RF voltage.)

Chassis-mounted controls that apply to this section
are coaxial jacks J205, J206, J207 located at the rear
of the RF chassis.

d. POWER SUPPLY CHASSIS,

(1) CALIBRATING CHAIN, (See figure 4-16,) -
A high stable 100-kc crystal oscillator against which
the VMO is calibrated is contained within the oven
enclosure of the VMO section (figure 4-13). When the
100-kc oscillator is turned on, both the 100-ke¢ and
the VMO oscillator voltages are fed to mixer V103.
Here the difference frequency between one of the 100-
ke oscillator's harmonics and the VMO's harmonics
is passed by filter action of capacitors C111, C112,
and resistor R108. This is a low-pass {filter with a
rising characteristic at very low frequencies. The
audio signal is then amplified successively by the first
and second halves of V104, BEAT ON-OFF toggle
switch S104 turns on or off the 100-kc oscillator's
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plate supply. This switch is designated 42 on figure
3-1, ZERO BEAT indicator I303 on the front panel
(control designated 52 on figure 3-1) is connected
into the plate circuit of the final amplifier so that the
zero beat may be seen by the flickering of the neon
lamp. Headphones may be plugged in at the output
of the final amplifier, at jack J105, in order to pick
up the zero beat frequency audibly. The circuit,
built around crystal CR101 containing C105, C106,
and R102, is for metering the VMO output,

(2) BFO CIRCUIT. (See figure4-17,) - This stage
is also a crystal oscillator but it has two crystal
positions, either one of which maybe chosenby means
of BFO toggle switch S106. The output jacks are
capacitively coupled to the tank through an output
control. The output voltage is controlled by poten-
tiometer R116 mounted on the rear of the power
supply chassis. Metering of the outputs is accom-
plished in the same manner as described in para-
graph 4-4c(1).

(3) POWER SUPPLY. (See figure4-18,) - Trans-
former T101 supplies the necessary power and fila-
ment voltages, V101 is a full-wave vacuum tube
rectifier with choke (L101) filter output. C104 provides
low impedance paths to grounds for any RF current
while R101 is used to limit the current passing
through tube V102, This tube is a glow discharge
regulator type whose output voltage is held constant
and provides +150 volts.

Functions of front panel controls that apply to this
section are as follows:

(a) POWER S101, Toggle switch control desig-
nated 41 on figure 3-1. Applies power to the VOX.

(1_)) PHONES J105. Jack designated 46 onfigure
3-1. Audible monitor of '"zero beat" between VOX's
100-kc and master frequency oscillators.

(c) BEAT ON-OFF S104. Toggle switch control
designated 42 on figure 3-1. Supplies B+ to VOX's
100-kc oscillator so that mixer V103 in calibrating
chain receives 100-kc and VMO oscillator voltages
for production of beat tones.

(_q) HFO S103. Toggle switch control designated
43 on figure 3-1. Connects B+ to HFO tubes V202
through V207.

(e) IFO S102. Toggle switch control designated
45 on figure 3-1, Connects B+ to IFO tube V201.

(£ ) BFO S106. Toggle switch control designated
47 on figure 3-1, Connects B+ to BFO tube V105,

Chassis-mounted controls that apply to this section
are as follows:

(a) Coaxial jacks J102, J103, J104 are located
on the rear of the power supply chassis,

(b) Toggle switch S105 (on.the rear of the power
supply chassis) selects one of the two crystals (Y101
or Y102) in BFO stage.
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(E) Jones-type jack J101 is located on the rear
of the power supply chassis.

(d) Potentiometer R116 is located on the rear
of the power supply chassis.

4-5. SINGLE SIDEBAND CONVERTER MSR-6.

a. INTRODUCTION, (See figure4-19,) - The MSR-6
is designed to improve the performance and simplify
the operation of the GPR-90RXD in the reception of
single sideband, carrier wave, modulated carrier
wave, or frequency-shift signals. This attribute ofthe
MSR-6 greatly sharpens the overall skirt selectivity
of the GPR-90RXD, increasing the rejection of un-
wanted adjacent signals or interference without detri-
mental effect on the desired signal. The resulting
signal-to-noise ratio is thus greatly increased. In
addition, tuning of single sideband signals is greatly
simplified since the final tuning is done atthe MSR-6,
not the GPR-90RXD, One of the features that con-
tributes to the simplification of tuning single sideband
signals by the MSR-6 is its electrical and mechanical
bandspread. This tuning feature permits tuning over
the IF bandpass, thus enabling single sideband or
exalted carrier amplitude modulated signals to be
tuned within cycles of correct tone. Either sideband
of a received signal can be selected, either with the
bandpass tuning feature or by inverting the oscillator
separation. Frequency shift, carrier wave, and modu-
lated carrier wave signals are easily tunable with the
bandspread feature. The operational controls of the
MSR-6 are similar in function and effect as those on
the GPR-90RXD and may be operated from the front
panel of the MSR-6 or from a remote source.

As shown in figure 4-19, the MSR-6 contains its
own IF amplifier, local oscillator, demodulators, AVC,
and audio circuits, all of which operate from a self-
contained power supply. Sideband selectionis achieved
by varying the frequency of the first oscillator which
may be either manually or erystal controlled. Sideband
carrier drift is minimized during "manual' oscillator
control by referencing the frequency of first oscillator
V7T (as sampled at the output of first mixer V3) to
that of BFO oscillator V5A by means of the AFC-1
and reactance control V8 in the MSR-6. Sideband
switching and BFO selection canbe controlled remotely
from the MSR-6 if so desired. The audio circuits in
the MSR-6 provide high- or low-power audio outputs
which may be matched to loudspeakers or headphones,
as required,

b. SINGLE SIDEBAND RECEPTION. (See figure
4-20.) - The undetected 455-kc¢ IF output of the
GPR-90RXD is the input to the MSR-6. Figure 4-20A
illustrates typical upper sideband receptionofa 10-mc
single sideband transmission; typical reception lower
sideband is shown in figure 4-20B. The output of the
GPR-90RXD is a normal 455-kc IF signal with the
positions of the sidebands reversed because the
oscillator operates above the signal frequency. The
455-kec IF signal is applied to the first mixer of the
MSR-6 where it is mixed with an oscillator signal,
the frequency of which is 17 ke higher than the IF
carrier (472 kc). The output of the first mixer contains
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the upper and lower sidebands distributed in their
original position about a 17-kc carrier. This output
is applied through bandpass filter Z1 which effectively
removes the undesired sideband, The remaining single
sideband intelligence is heterodyned in the second
mixer and passed to the audio circuits.

The methed shown in figure 4-20 isnotthe optimum
arrangement because half of the bandpass space of
the GPR-90RXD IF is not used. A more desirable
method is achieved with GPR-90RXD shifted operation
as shown in figure 4-21, For reception of the upper
sideband, the GPR-90RXD is detuned to 10.002 mc,
resulting in a first oscillator frequency of 13.957 mec.
(See figure 4-21A.) Since the bandpass of the first
mixer stage is centered about 3.955 mc, the received
signal is shifted by 2 ke, placing the upper sideband
within the bandpass and sliding the lower sideband
off the response curve. After passing through the
second mixer, the upper sideband appears in the IF
bandpass and is applied to the first mixer of the
MSR-6. The MSR-6 first oscillator is also detuned
by 2 kc to accommodate the shifted IF input signal,
and the upper sideband information is passed through
Z1 to the second mixer. The reception of lower side-
band signals i8 accomplished in a similar manner
with the GPR-90RXD and MSR-6 detuned 2 kc below
the incoming signal. (See figure 4-21B.)

c. OTHER MODES OF OPERATION. - Slight modi-
fications of procedure imay be made to enable the
MSR-6 to detect other forms of modulation. The
MSR-6 detects normal CW signals if the GPR-90RXD
or MSR-6 bandspread is detuned approximately 1 ke
to provide a beat signal with the 17-kc BFO in the
AFC-1. Frequency-shift signals are received in a
similar manner, except that the degree of detuning
is so chosen that a space is produced at 2125 cps
and a mark is produced at 2975 cps. Normal AM
modulation will also be accepted by the MSR-6 by
removing the 17-kc¢ BFO, the incoming carrier being
converted to 17 ke by the MSR-6. In order to accom-
plish this, the GPR-90RXD or MSR-6 bandspread
must be detuned by approximately 400 cps to allow
the 17-kc carrier to pass through bandpass filter
Z1, The use of the MSR-6 sharpens the overall skirt
selectivity of the receiving system by providing, in
effect, vernier control of the IF bandpass.

d, FIRST MIXER. (See figure 4-22,) - The incoming
IF signal is applied to V2, which provides a stage
of AVC controlled amplification, The IF output of
V2 is RC coupled to first mixer V3 where it is hetero-
dyned with the output of firstoscillator V7, The center
frequency of this oscillator is determined bytheposi-
tion of sideband switching relay K2 which causes the
oscillator tank circuit to be tuned to either 438 or
472 kec. The type of oscillator control depends upon
the setting of MANUAL-XTAL switch S4, When S4
is set tc XTAL, sideband switching relay K2 provides
either a 438-kc crystal for lower sideband reception
or a 472-kc crystal for upper sideband reception.
When 54 is set to MANUAL, the crystals are removed
from the oscillator circuit and the oscillator frequency
is changed by adjusting BANDSPREAD capacitor C28,
When operating in the MANUAL position, the first
oscillator is automatically referenced to that of the
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second oscillator, V5A, by the combined operation of
an external AFC-1 and reactance control V8.

Reactance control V8 is connected across the tank
circuit of first oscillator V7. The dual-triode stage
introduces a reactive impedance the maximum ampli-
tude of which causes the frequency of first oscillator
V7 to vary as much as +3 kc, The maximum DC input
{applied from AFC-1) necessary to produce a 3-kc
change is 4.5 volts DC. If the frequency of second
oscillator V5A drifts, the DC input to V8 shifts, caus-
ing the reactance of V8 to change, and shifting the
frequency of oscillator V7 accordingly. This arrange-
ment ensures that the sideband carrier does not drift.,

e, AUTOMATIC VOLUME CONTROL, (See ficure

TOMATIC LUME CONTROL, (See figure
4-23.) - The gain of IF amplifier V2 is controlled by
AVC amplifier and rectifier V1. The IF signal is
amplified by V1A and detected by V1B. The time con-
stant of the output circuit of V1B may be changed by
a factor of 10 with AVC FAST-SLOW switch S1.
Switch S1 is set to FAST for normal reception of
signals having a carrier, The SLOW position provides
a longer time constant for SSB, CW, or frequency-
shift IF inputs. IF amplifier V2 may be operated at
full gain by setting AVC ON-OFF switch S2 to OFF,

f. SECOND MIXER, (See figure 4-24.) - The pur-
pose of the second mixer stage is to provide reinser-
tion of the carrier during SSB reception, and to
provide an audible beat note for CW and frequency-
shift signals, The ouiput of bandpass [iiter Z1i is
applied to second mixer V4 via BFO relay K1. Relay
K1 may be energized by setting BFO switch S5 to
ON or by reception of a remote ground signal. When
S5 is in the OFF position, relay Kl is deenergized
and no plate voltage is applied to BFOoscillator V5A.
Mixer V4 detects AM signals and passes its output
to audio filter Z2. When a beat frequency is desired,
or a carrier must be reinserted for single sideband
detection, BFO relay K1 switches the incoming signal
to the control grid of second mixer V4 and applies
plate voltage to oscillator V5A. BFO oscillator V5A
is a crystal type circuit with a fixed output of 17 ke.
The oscillator output is also coupled through a trans-
former and cabled to the AFC-1 as a reference fre-
quency for the AFC control circuit.

g. SIDEBAND SWITCHING. (See figure4-25.) - The
selection of upper or lower sideband reception may
be made locally atthe MSR-6 by depressing SIDEBAND
pushbutton S6 or remotely by driving relay driver
VIA into cutoff. In either case, sideband relay K2 is
energized, This action changes the center frequency
of first oscillator V7 as previously described. In addi-
tion, K2 changes the fundamental frequency of tone
generator V9B and energizes the proper panel lamp
on the MSR-6 to indicate which sideband is being
received.

When the system is being controlied remotely, some
means must be provided to indicate which sideband has
been selected within the MSR-6, This is accomplished
by the use of tone generator V9B which provides a
500-cps tone in the audio output when K2 is in the
upper sideband position and a 2.5-kc tone when K2 is
in the lower sideband position. The tone is generated
by oscillator VOB whose plate voltage is present only
when BFO relay K1 is energized.
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When used (during remote operation only), tone
oscillator V9B operates in conjunction with relay
driver V9A. Relay driver V9A isnormally conducting,
with its plate current energizing relay K3. The bias
provided to the cathode of tone oscillator V9B via
TONE THRESHOLD control R60 prevents V9B from
oscillating so that no sideband tone is heard. If an
increasingly negative DC voltage from a remote source
is applied to the control grid of relay driver V9A,
the plate voltage of V9A rises, When this voltage, which
is coupled to the control grid of V9B, is sufficient to
overcome the oscillator bias, a sideband identification
tone is generated by V9B and applied to second mixer
V4. If the remote DC voltage is reduced still further,
sufficient negative voltage is applied to the grid of
V9A to cut off its plate current. Relay K3 is then
deenergized. This action applies 120 volts AC to side-
band relay K2, switching the center frequency of first
oscillator V7 and tone generator V9B, If the remote
DC input is restored to its original level, relay K3 is
reset to the energized position. For local operation,
K2 is energized directly by depressing SIDEBAND
pushbutton S6.

h., AUDIO OUTPUT CIRCUIT. (See figure 4-26.) -
Audio amplification is provided by audio amplifiers
V5B and V6. When OUTPUT LEVEL switch S8 is set
to the HIGH position, two stages of amplification
provide a power output of 2 watts at an output impe-
dance of either 8 or 600 ohms, When OUTPUT LEVEL
switch S8 is set to LOW, degenerative feedback
reduces the audio output to 150 milliwatts at 8 or 600
ohms. Voltage dividers also provide a 1-milliwatt out-
put for a 600-ohm telephone line. The MSR-6 output
may be monitored with headphones connected at
PHONES jack J3.

i. POWER SUPPLY. (See figure 8-3.) - The MSR-6
is "a self-powered unit that uses a full-wave rectifier
and a 150-volt gas type voltage regulator tube. The
power transformer may be operated from a 110-
or 220-volt AC 60-cycle input. A 6 foot electrical
power cable assembly is used to match a standard
male power plug to power input jack J2.

4-6. AUTOMATIC FREQUENCY CONTROL UNIT
AFC-1.

a. INTRODUCTION. (See figure 4-27.) - The AFC-1
contains several unique circuit features specifically
designed for use with the MSR-6, The AFC-1features
include frequency control of the MSR-6 oscillator,
visual indication of both applied carrier level and
carrier frequency drift by front panel meters, visual
lamp indication when the carrier signal fades due to
atmospheric conditions, and a unique memory circuit
which enables the AFC-1 to hold the MSR-6 oscillator
on frequency regardless of signal fade conditions,

Frequency control of the MSR-6 oscillator by the
AFC-1 is accomplished by comparing the 17-ke carrier
output of the MSR-6 to a 17-kc reference signal gener-
ated in the AFC-1. If the two signals do not coincide,
a control voltage developed in the AFC-1 is fed back
to the reactance control in the MSR-6. The reactance
control in turn corrects the MSR-6 oscillator fre-
quency, thereby maintaining the desired IF frequency
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of 17 kc in the MSR-6. The AFC-1 also maintains
this function when a loss of the carrier signal occurs
due to fading caused by atmospheric conditions. By
providing this function, the AFC-1 eliminates the
necessity for continuous retuning of the MSR-6 each
time the MSR-6 oscillator drifts or when the carrier
signal fades. The AFC-1 corrects the 17-kc carrier
developed in the MSR-6 for variations in frequency as
high as 1000 cps.

Front panel controls, CARRIER COMPENSATOR,
A.G.C., SELECTOR, FADE ALARM LEVEL, and
A.F.C, RESET, are provided for carrier level adjust-
ment, selection of agc attach time or action, fade
alarm adjustment, and AFC defeat, respectively.
Carrier level, AFC drift voltage, and signal fade con-
dition are visually indicated by front panelindicators,
CARRIER LEVEL meter, A.F.C. INDICATOR meter,
and FADE ALARM indicator, respectively.

b. CARRIER AMPLIFIER CIRCUITS. (See figure
4-28,) - The 17-kc carrier output of the MSR-6 is
coupled to the AFC-1 through transformer TF 138
and applied to first carrier amplifier V1 via CARRIER
COMPENSATOR switch S1. This switch provides a
means by which the input level to V1 can be adjusted.
First carrier amplifier V1 operates in class A to
amplify the carrier signal to a level of sufficient
amplitude to overcome the losses incurred by the 17-
ke carrier filter into which the output of V1 is fed.
This interstage 17-kec carrier filter removesthe side-
band frequencies, leaving only the 17-kc carrier fre-
quency to be further amplified by second carrier
amplifier V2, Amplifier V2 also operates in class A
and develops its output across an LC circuit which
is resonant at 17 ke, The signal developed across the
LC circuit is applied to carrier rectifier V6A and V6B,
and to limiter V3.

c¢. LIMITER. (See figure 4-28.) - Limiter V3 is a
dual-triode, cathode-coupled limiter. Its functionisto
limit the amplitude of the carrier signal to a pre-
determined level to provide a near-constant carrier
level and to remove noise pulses. The relatively con-
stant output of limiter V3 is fed to the grid of phase
detector amplifier V4A.

d. CARRIER RECTIFIER AND AVC CIRCUIT. (See
figure 4-29.) - Carrier rectifier V6A and V6B is a
dual diode, with V6A providing the AVC voltage and
V6B the carrier level voltage. The rectified AVC
voltage developed at the plate of V6A is routed to the
GPR-90RXD and to first carrier amplifier V1 in the
AFC-1 via the agc level potentiometer and the A.G.C.
SELECTOR switch. The AGC level potentiometer
permits the AVC voltage to be adjusted to a predeter-
mined level. The A.G.C. SELECTOR switch selects
the desired agc attack time or action. When turned to
the MANUAL position, the A.G.C. SELECTOR switch
removes the AFC-1 developed AVC voltage from the
GPR-90RXD. and restores the GPR-90RXD AVC.

The rectified carrier-level voltage at the plate of
V6B is applied to the CARRIER LEVEL meter and to
memory lock and fade alarm V7. The magnitude or
level of the carrier is indicated on the CARRIER
LEVEL meter.
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e. MEMORY LOCK AND FADE ALARM. (See figure
4-29.) - Memory lock and fade alarm V7 is essen-
tially a Schmitt trigger with V7A controlling the
current flow through V7B. This action is necessary
in order to energize or deenergize relay Kl. The
memory lock and fade alarm V7, in conjunction with
relay K1, provides the following functions:

(i) Places memory follower V5 into memory
operation when the carrier fades.

(2) Lights FADE ALARM indicator I2 when the
carrier fades,

Dual triode V7 operates as follows: Whenthe carrier
signal is present, a negative voltage is applied to the
grid of V7A from carrier rectifier V6B. So biased,
V7A draws a minimum of plate current, Since the grid
of VTB is directly coupled to the plate of V7A, mini-
mum bias is applied to the grid of V7B. This bias
causes V7B to draw plate current, energizing relay
K1. Consequently, the fade alarm power source is
removed from the FADE ALARM lamp and the output
of the phase detector is applied to the grid of memory
follower V5. If the carrier signal should fade as a
result of atmospheric conditions, a zero voltage con-
dition exists at the grid of VTA, causing its plate
current to increase. The increase in VTAplate current
causes a large negative bias to be applied to the grid
of VB, cutting it off. Once cut ofii, relay K1 is de-
energlzed As a result, the fade alarm power source is
applied to the FADE ALARM lamp causing it to go
on, and the output of the phase detector is removed
from the grid of V5. With the output of the phase
detector removed from the grid of V5, the memory
follower is placed into memory operation. The point
of cutoff for V7B is made adjustable by the FADE
ALARM LEVEL potentiometer and is arbitrary dueto
the fact that signal conditions vary from one site to
another. To provide correct action, the operating para-
meters of memory lock and fade alarm V7 must be
adjusted to suit a particular condition at the equipment
location,

f, 17-KC CRYSTAL OSCILLATOR AND AMPLI-
FIER. (See figure 4-30.) - The 17-kc crystal oscillator
V9 provides a highly stable frequency output to which
the MSR-6 carrier frequency output is compared. The
oscillator is essentially a series mode Butler-type
oscillator circuit in which the frequency determining
element, the crystal, is sustained in oscillation by
substantial positive feedback provided by amplifier
V9A. The 17-kc output of VOB is developed across
the LC circuit and applied simultaneously tothe 17-ke
amplifier V4B and via transformer TF 138 to the
MSR-6 as the 17-kc reference input, The amplified
17-kc output of V4B is RC-coupled to the phase
detector,

g. PHASE DETECTOR. (See figure 4-31.) - The
17-kc carrier output of the limiter is applied to the
phase detector via amplifier V4A, The phase detector
diodes and associated resistors and capacitors com-
prise a Wheatstone bridge. The bridge configuration
is balanced out by means of the balance potentiometer.
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The phase detector provides a meansby which a phase
or frequency difference can be detected between the
carrier and 17-kc reference signal. The phase de-
tector operates as follows: If both signals are in phase
coincidence, no phase difference is detected, and a
zero-volt condition exists at the output of the phase
detector. If a phase difference occurs, the phase shift
is sensed by the phase detector, the bridge becomes
unbalanced, and a DC voltage is developed with the
amplitude proportional to the phase difference. This
voltage is applied to memory follower V5 grid via the
closed contacts of relay K1.

h. MEMORY FOLLOWER. (See figure 4-31.) -
Memory follower V5 provides a control voltage which
is fed to the reactance control in the MSR-6 during
no-signal fade and signal fade conditions, V5, in con-
junction with constant current pentode V8, comprises
a bootstrap amplifier. The signal is applied between
grid and cathode of the amplifier and the output of
V5 is taken from between cathode and ground. The
bootstrap amplifier has the desired characteristics
for reproducing rapid level changes such as from the
phase detector output without distortion or phase
reversal. In addition, a low impedance output is pro-
vided without the usual signal loss that is experienced
if a cathode follower were utilized in its place.
Constant current pentode V8, because of its relatively
high plate resistance, maintains a nearly constant
current through V5, thus assuring linear operation of
V5. During no-signal fade conditions, the closed con-
tacts of relay K1 apply the drift signal from the phase
detector output to the grid of V5. As a result, the 4-
microfarad capacitor in the grid circuit of V5 charges
to the ievel ofthe drift signal and a voltage correspond-
ing to the drift signal is developed across the cathode
load of V5. This potential is applied asa control volt-
age to the MSR-6 reactance control via terminals 5
and 6 of terminal board E1. The reactance control
then corrects the MSR-6 oscillator frequency corres-
pondingly, maintaining the same frequency difference
between the two signals prior to the frequency drift.
If the carrier signal fades, the contacts of relay K1
open, removing the phase detector output from the
grid of V5. During carrier fade periods, memory
follower V5 functions as its name implies. This stage
retains the drift signal voltage applied to it prior to
the carrier signal fading. This is accomplished bythe
charge developed acrossthe 4-microfarad capacitorin
its grid circuit. This voltage now biases V5 instead of
the actual drift signal voltage. As a result, V5 con-
tinues to operate and provides a control voltage at its
output that corresponds to the original drift signal
voltage. By this action of V5, the oscillator in the
MSR-6 is continually corrected for drift regardless of
carrier signal fade conditions. Otherwise, each time
the carrier signal faded, the MSR-6 oscillator would
drift, making it necessary to retune the MSR-6 con-
tinuously. Once the carrier signal is again received,
the circuit functions as described for normal no-signal
fade condition.

The A.F.C. RESET pushbutton provides a means by
which the AFC action canbe disabled when it is neces-
sary to tune to another signal. When depressed, the
A.F.C. RESET pushbutton grounds the grid of the mem-
ory follower, preventing a control voltage to be devel-
oped across the cathode load of memory follower V5.
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The A,F.C. INDICATOR meter is a center scale
indicator utilizing a three-color scale left and right
of its center, The function of the meter is to provide
an indication by color of the extent of frequency drift
detected by the phase detector. The colors on the
A F.C, INDICATOR meter scale and the range of fre-
quencies each color represents are as follows:

(1) Green - 0 to 500 cps
(2) Yellow - 500 to 1000 cps
(3) Red - 1000 to 1250 cps

The A.F.C. INDICATOR meter indicates the above
by measuring the output of memory follower V5.
Initially, by means of the DRIFT ADJ potentiometer,
the meter is adjusted to a zero-volt reference from
which it operates. Otherwise, a false AFC voltage
would be indicated by the meter and a true drift
voltage indication could not be produced. The polarity
of the voltage across the V5 cathode load with respect
to the zero reference causes the A.F.C, INDICATOR
meter pointer to swing either left or right of its
center scale reading whenever frequency correction
is made.

i. POWER SUPPLY CIRCUIT. (See figure 8-4.) -
The power supply, consisting of a universal power
transformer, bridge rectifier, and voltage regulators,
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provides the AFC-1 with the required AC filament
source and regulated +150 and - 150 volts DC for opera-
tion, Rectification is provided by the bridge rectifier
and the DC voltage regulation by regulators V10 and
V11. The output of the bridge rectifier is LC-filtered
to assure a minimum of ripple.

4-7. LOUDSPEAKER PANEL LSP-7.

As shown in figure 8-5, the LSP-7 consists of two
8-ohm permanent magnet loudspeakers and associated
resistive pads. When driven by the audio outputs of the
associated MSR-6's the speakers permit monitoring
of the received signals,

4-8. POWER CONTROL PANEL DCP-1.

As shown in figure 8-6, the 115-volt regulated AC
output of the Sola voltage regulator in the DDR-6E
cabinet is applied to ON-OFF switch S1. With the
switch set to the ON position, lamp DS1 goes on and
primary power is applied throughthe convenience out-
let strip in the DDR-6E cabinet to the GPR-90RXD's,
the MSR-6's, and the AFC-1's, The regulated AC input
to the VOX-3 is not controlled by the DCP-1; AC
power is wired directly to the VOX-3 sothat the latter
can be maintained in standby for purposes of frequency
stability.

Original



FROM ANTENNA

OR ANTENNA ——ee——

MULTICOUPLER

AVC CONTROL

GPR-90 RXD
RECEIVER

——

HFO

VOX-3
OSCILLATOR

|F
° 1l e
BFO

FROM ANTENNA

OR ANTENNA ——————

MULTICOUPLER

NOTE:!

IN THE OFF POSITION,

2.IF 600-0HM OR 8-OHM QUTPUT IS

. IN DDR-6E SYSTEM, WHERE MSR-6
AND AFC-! ARE USED, IT IS NOT
NECESSARY TO INJECT BFO
FREQUENCY FROM VOX-3. IN THIS
ARRANGEMENT, THE BFO OSCILLATOR
SWITCH ON THE VOX-3 SHOULD BE

GPR 90RXD
RECEIVER

AFC-|
LOCAL
17 KC 17 KC OSCILLATOR
REFERENCE CARRIER CONTROL
455 KC IF MSR-6
CONVERTER 600 OHM
| QUTPUT
600 OHM
OuUTPUT __ AUDIO
Aottt NUILE <}
LSP-7
LOUDSPEAKER
PANEL
600 OHM AUDIO
QUTPUT
(SEE NOTE 2)
:ﬁ 600 OHM
MSR-6 OUTPUT
455 KC IF CONVERTER
LOCAL
17 KC 17 KC OSCILLATOR
REFERENCE CARRIER CONTROL
AFC-1

AVC CONTROL

REQUIRED FROM GPR-90 RXD
RECEIVERS, IT IS NECESSARY TO REMOVE

600-0HM AUDIO OUTPUT LOAD AND CONNECT

A SHIELDED AUDIO PAIR IN EACH CASE.

Original

Figure 4-1. Block Diagram, DDR-6E

AUDIO

TO AUDIO PATCH
PANEL OR TONE
MULTIPLEX
CONVERTERS
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