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SECTION 1

GENERAL INFORMATION

1-1. SCOPE.

This Technical Manual is in effect upon
receipt. Extracts from this publication may
be made to facilitate the preparation of
other Department of Defense publications.

Volume I of this Technical Manual de-
scribes Radio Receiver R-1051D/URR
(hereafter referred to as the R-1051D/URR)
and covers installation, troubleshooting
procedures, maintenance procedures and a
parts list for this unit. Operating pro-
cedures for the R-1051D/URR are contained
in Volume II of this Technical Manual.

1-2. GENERAL DESCRIPTION.

The R-1051D/URR (see figure 1-1) is a
digitally tuned, superheterodyne receiver
capable of receiving lower sideband (LSB),
upper sideband (USB), independent sideband
(ISB), radio teletype (RATT), amplitude
modulated (AM), and continuous wave (CW)
transmissions in the 2.0- to 30.0-megahertz
frequency range. The ISB mode of opera-
tion allows two different types of intelligence
to be received simultaneously, one on the
LSB channel and one on the USB channel.
RATT reception is obtained by using suit-
able ancillary equipment, such as Teletype
Converter-Comparator AN/URA-17 or
AN/URA-8. The R-1051D/URR may also
receive tone-modulated continuous wave
(MCW), compatible amplitude modulated
(compatible AM), and facsimile (through the
use of suitable ancillary equipment) trans-
missions. The R-1051D/URR may be
operated, in conjunction with a transmitter,
as a transmitter-receiver in systems such
as Radio Set AN/WRC-1. In this applica-
tion, either simplex or duplex operation is
possible. The R-1051D/URR may also be
used as a separate, self-contained receiver
requiring only a headset, antenna, and
115-Vac primary power source for full
operation. The R-1051D/URR is intended
for ship and shore installations. For either

ORIGINAL

type of installation, the R-1051D/URR may
be mounted in a standard 19-inch rack, or

may be mounted to Shock Mount MT 3114/

UR.

1-3. REFERENCE DESIGNATIONS.

Reference designations of the electronic
assemblies and subassemblies of the
R-1051D/URR are listed in table 1-1. See
figure 1-2 for location of electronic assem-
blies and subassemblies inthe R-1051D/URR.

TABLE 1-1. REFERENCE DESIGNATIONS

ELECTRONIC AS-

SEMBLY OR SUB- REFERENCE
ASSEMBLY DESIGNATION

Case Al

Main Frame A2

Mode Selector A2A1

IF./Audio Amplifier A2A2 and A2A3

RF Amplifier A2A4

Frequency Standard A2A5

Translator/Synthesizer |A2A6

MC Synthesizer A2A6A1
100 KC Synthesizer A2ABA2
1 and 10 KC Synthesizer|A2A6A3

100 CPS Synthesizer A2A6A4
Spectrum Generator A2ABA5
RF Translator A2A6A6
Code Generator A2AT
Power Supply A2A8
Antenna Overload A2A9
CPS Switch Assembly |A2A1l

1-4. PHYSICAL CHARACTERISTICS.

The R-1051D/URR (figure 1-1) is housed
in a metal case. The chassis is mounted on
roller-type slides (one on each side) and is
secured to the case by six captive screws
through the front panel. When fully extended
from the case, the chassis may be tilted on
the slides at +90-degree anglesto expose the
bottom or top for servicing. All operating
controls and indicators are located on the
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Figure 1-2. Radio Receiver R-1051D/URR, Top View, Case Removed

front panel, and all power and signal input
connections are made on the rear of the
case. Handles are secured to the front
panel to facilitate withdrawing the chassis
and transporting the unit. The chassis con-
tains the chain drive mechanism for tuning,
the receptacles for the plug-in electronic
assemblies, and a power supply.

1-5. REFERENCE DATA.

The R-1051D/URR employs a digital tun-
ing scheme for automatically tuning to any

1-2

one of 280, 000 operating channels. Addition-
al vernier tuning provides continuous tuning
throughout the frequency range. All circuits
(except two rf amplification stages) utilize
solid-state devices. These circuits are
assembled into plug-in electronic assem-
blies. The frequency generation circuits,
which are referenced to an ultra-stable
frequency standard, provide a stability of

1 part in 108 per day.

a. ELECTRICAL CHARACTERIS-
TICS. - Table 1-2 provides a summary of
the electrical characteristics of the
R-1051D/URR.
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b. CRYSTAL COMPLEMENT. - The
crystal complement of the R-1051D/URR is
listed in table 1-3.

c. EXTENDER TEST CABLE DATA.-
Table 1-6 lists pertinent extender test cable
data for the R-1051D/URR.

1-6. EQUIPMENT SUPPLIED.

Equipment supplied with the R-1051D/
URR is listed in table 1-4.

1-7. EQUIPMENT AND PUBLICATIONS
REQUIRED BUT NOT SUPPLIED.

Accessory and test equipment and publi-
cations required but not supplied with the
R-1051D/URR are listed in table 1-5.

1-8. FACTORY AND FIELD CHANGES.

No factory or field changes have been
made to the R-1051D/URR.

NAVSHIPS 0967-878-3010

Paragraph
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1-9. EQUIPMENT SIMILARITIES.

Basic similarities and differences among
the R-1051/URR, R-1051A/URR, R-1051B/
URR, and R-1051D/URR are listed in
table 1-7.

1-10. PREPARATION FOR RESHIPMENT.

To prepare the R-1051D/URR for re-
shipment, proceed as follows:

a. Ensure that all electronic assem-
blies are fastened securely. Check that
electron tubes V1 (6BZ6) and V2 (BAN5WA)
in rf amplifier electronic assembly A2A4
are mounted properly, using vibration-
proof shields provided.

b. Set Mode Selector switch at OFF.

c. For reshipment, use containers
and packing material similar to those
originally used to ship the R-1051D/URR.

TABLE 1-2. ELECTRICAL CHARACTERISTICS

Frequency range

Receiver type

Frequency stability

Type of frequency control

Modes of operation

Sensitivity

2.0000 to 29.9999 MHz in 100-Hz increments, or
2.0 to 30.0 MHz with continuous vernier tuning
between 1-kHz increments

Triple-conversion superheterodyne
First IF.: 20 or 30 MHz (depending upon range)
Second IF.: 2.85 MHz
Third IF.: 500 kHz
Aggregate IF. bandwidth
SSB modes: 3.0 kHz; other modes: 6 kHz -75-dB
off-channel rejection

1 part in 108 per day
Crystal controlled synthesizer referenced to a 5-
MHz internal or external standard with 0.5-volt
to 5-volt input level.

LSB, USB, ISB, AM, CW, and RATT

0.5 microvolt for 10 dB

1 microvolt for CW and RATT modes; and
2 microvolts for compatible AM mode

S+N
N

in SSB mode;

ORIGINAL
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TABLE 1-2. ELECTRICAL CHARACTERISTICS (Continued)

Recommended antenna

Ambient temperature
limitations

Power consumption

Primary power requirements

Image rejection

Audio output

Audio distortion

Heat dissipation

50-ohm impedance

0°C to +50°C

60 watts

115 Vac +10 percent, single phase, 48 to 450 Hz
-80 dB

60 mW (minimum) into 600-ohm balanced or
unbalanced remote output load; 15 mW (minimum)
into 1200-ohm unbalanced load (local headset)

Less than 3 percent

15°C rise

Installation Shock mounted for mobile use, table or rack
mounted for fixed station use
TABLE 1-3. CRYSTAL COMPLEMENT

REF TYPE OF CRYSTAL OSC OPERATING TOLERANCE

DESIG CUuT FREQ (MHz) TEMP RANGE (PERCENT)
A2A5A3Y1 AT 5.000000 83.0°C to 87.0°C 0.001
A2A6A1A1A2Y1 AT 2.499850 0°C to 75°C 0.003
A2A6A1A1A2Y2 AT 3.499720 0°C to 75°C 0.003
A2A6A1A1A2Y3 AT 4.499640 0°C to 75°C 0.003
A2A6A1A1A2Y4 AT 5.499560 0°C to 75°C 0.003
A2A6A1A1A2Y5 AT 7.499400 0°C to 75°C 0.003
A2A6A1A1A2Y6 AT 8.499320 0°C to 75°C 0.003
A2AB6A1A1A2YT AT 9.499240 0°C to 75°C 0.003
A2AB6A1A1A2Y8 AT 10.499160 0°C to 75°C 0.003
A2A6A1A1A2Y9 AT 11.499080 0°C to 75°C 0.003
A2A6A1A1A2Y10 AT 12.499000 0°C to 75°C 0.003
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TABLE 1-3. CRYSTAL COMPLEMENT (Continued)

REF TYPE OF CRYSTAL OSC OPERATING TOLERANCE
DESIG CUT FREQ (MHz) TEMP RANGE (PERCENT)
A2A6A1A1A2Y11 AT 14.498840 0°C to 75°C 0.003
A2A6A1A1A2Y12 AT 15.498760 0°C to 75°C 0.003
A2A6A1A1A2Y13 AT 16.498680 0°C to 75°C 0.003
A2A6A1A1A2Y14 AT 17.498600 0°C to 75°C 0.003
A2A6A1A1A2Y15 AT 19.498440 0°C to 75°C 0.003
A2A6A1A1A2Y16 AT 20.498360 0°C to 75°C 0.003
A2A6A1A1A2Y17 AT 23.498120 0°C to 75°C 0.003
A2A6A2Y1 AT 4.553 0°C to 75°C 0.003
A2A6A2Y2 AT 4.653 0°C to 75°C 0.003
A2AB6A2Y3 AT 4,753 0°C to 75°C 0.003
A2A6A2Y4 AT 4.853 0°C to 75°C 0.003
A2AB6A2Y5 AT 4.953 0°C to 75°C 0.003
A2A6A2Y6 AT 5.053 0°C to 75°C 0.003
A2A6A2Y7 AT 5.153 0°C to 75°C 0.003
A2A6A2Y8 AT 5.253 0°C to 75°C 0.003
A2ABA2Y9 AT 5.353 0°C to 75°C 0.003
A2A6A2Y10 AT 5.453 0°C to 75°C 0.003
A2A6A2A3Y1 AT 17.845 0°C to 75°C 0.003
A2A6A2A3Y2 AT 27.845 0°C to 15°C 0.003
A2AB6A3A5Y11 AT 1.850 0°C't0 75°€ 0.003
A2ABA3A5Y12 AT 1.851 0°C to 75°C 0.003
A2A6A3A5Y13 AT 1.852 0°C to 75°C 0.003
A2A6A3A5Y14 AT 1.853 0°C'to 15°C 0.003
A2AB6A3A5Y15 AT 1.854 0°C to 75°C 0.003
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TABLE 1-3., CRYSTAL COMPLEMENT (Continued)

REF TYPE OF CRYSTAL OSC OPERATING TOLERANCE

DESIG CuT FREQ (MHz) TEMP RANGE (PERCENT)
A2ABA3A5Y16 AT 1.855 0°C to 75°C 0.003
A2A6A3A5Y1T AT 1.856 0°C to 75°C 0.003
A2A6A3A5Y18 AT 1.857 0°C to 75°C 0.003
A2ABA3A5Y19 AT 1.858 0°C to 75°C 0.003
A2A6A3A5Y20 AT 1.859 0°C to 75°C 0.003
A2AB6A3A6Y1 AT 5.25 0°C to 75°C 0.003
A2ABA3A6Y2 AT 5.24 0°C to 75°C 0.003
A2AB6A3A6Y3 AT 5.23 0°C to 75°C 0.003
A2A6A3A6Y4 AT 5.22 0°C to 75°C 0.003
A2ABA3A6Y5 AT 5.21 0°C to 75°C 0.003
A2AB6A3A6Y6 AT 5.20 0°C to 75°C 0.003
A2ABA3A6Y7 AT 5.19 0°C to 75°C 0.003
A2A6A3A6Y8 AT 5.18 0°C to 75°C 0.003
A2AB6A3A6Y9 AT 5.17 0°C to 75°C 0.003
A2A6A3A6Y10 AT 5.16 0°C to 75°C 0.003

TABLE 1-4. EQUIPMENT SUPPLIED

QTY *OVER-ALL
PER NOMENCLATURE UNIT DIMENSIONS (IN.) VOLUME|WEIGHT
EQUIP NAME DESIGNATION | NO. |HEIGHT|WIDTH|DEPTH| (CU FT)| (LB)
1 Radio Receiver | R-1051D/URR 1 6.97 17.38| 18.5 1.33 70
1 Kit, Connector 1
Mating
2 Technical NAVSHIPS
Manual for 0967-878-
Radio Receiver | 3010
R-1051D/URR
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TABLE 1-4. EQUIPMENT SUPPLIED (Continued)

Radio Receiver
R-1051D/URR

QTY *OVER-ALL
PER NOMENCLATURE UNIT DIMENSIONS (IN.) VOLUME |WEIGHT
EQUIP NAME DESIGNATION | NO. |HEIGHT|WIDTH|DEPTH|(CU FT) (LB)
2 Operator's NAVSHIPS
Handbook for 0967-878-
Radio Receiver | 3020
R-1051D/URR
1 Reference NAVSHIPS
Standards Book [0967-878-
for Radio 3050
Receiver
R-1051D/URR
1 Performance NAVSHIPS
Standards 0967-878~
Sheet for 3040

*Exclusive of rear connectors.

TABLE 1-5. EQUIPMENT AND PUBLICATIONS REQUIRED BUT NOT SUPPLIED

QTY
PER NOMENCLATURE EQUIPMENT
EQUIP NAME DESIGNATION REQUIRED USE CHARACTERISTICS
1 Antenna Reception of rf
signals
1 Cable Set Interconnection
1 Headset General operation
1 Teletype AN/URA-8 or RATT operation
Converter- | AN/URA-17
Comparator | (or equivalent)
1 Audio AM-215/U (or | Speaker amplifier
Amplifier equivalent)
il Kit, Ex- 666243-070 Extension of
tender A09948-004 receiver electronic
Test Cable 666243-071 assemblies for
666243-072 trouble-shooting
and maintenance
ORIGINAL 1-7
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TABLE 1-5. EQUIPMENT AND PUBLICATIONS REQUIRED BUT NOT SUPPLIED (Continued)

NAVSHIPS 0967-878-3010

R-1051D/URR
GENERAL INFORMATION

QTY
PER
EQUIP

NOMENCLATURE

NAME

DESIGNATION

REQUIRED USE

EQUIPMENT
CHARACTERISTICS

1

Speaker

Multimeter

Multimeter,

Electronic

Multimeter,

Electronic
(rf volt-
meter)

Multimeter,

Electronic

1.S-474/U (or
equivalent)

AN/PSM-4( )
(or equivalent)

AN/USM-116
() (or

equivalent)

CCVO-91CA
(or equivalent)

ME-6( )/U
(or equivalent)

Audio monitoring

Troubleshooting
and maintenance
procedures

Troubleshooting
and maintenance
procedures

Troubleshooting
and maintenance
procedures

Troubleshooting
and maintenance
procedures

Ranges:
0 to 100 Vdc, 9
ranges, 20,000 ohms/
volt

0 to 250 Vac, 8
ranges, 5000 ohms/
volt

0 to 20 megohms,
5 ranges

Accuracy: +2 percent

Ranges:
0 to 10V
0 to 30V
0 to 100V

Input impedance: 5
megohms

Input impedance:
20, 000 ohms/volt at
500 kHz

Ranges:
0to 1l mV
0 to 10 mV
0 to 100 mV
0 to 300 mV
0 to 1000 mV
0 to 3000 mV

Frequency:
20 Hz to 5 kHz

Input impedance:
100, 000 ohms/volt

Ranges:
0 to 0.1 volt
0 to 0.3 volt

1-8
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TABLE 1-5. EQUIPMENT AND PUBLICATIONS REQUIRED BUT NOT SUPPLIED (Continued)

QTY
PER NOMENCLATURE EQUIPMENT
EQUIP NAME DESIGNATION REQUIRED USE CHARACTERISTICS
1 Oscillo- AN/USM-105(A) | Troubleshooting Frequency:
scope (or equivalent) |and maintenance DC to 15 MHz
procedures
Frequency response:
100 kHz
Ranges:
0.5 volt peak-to-peak
3 volts peak-to-peak
10 volts peak-to-peak
2500 volts peak-to-
peak
Sensitivity: 2 to 10 Vdc
1 Frequency AN/USM-207( ) | Troubleshooting Frequency range:
Meter (or equivalent) [and maintenance 0 to 30 MHz
procedures
Accuracy: 0.1 Hz
1 RF Signal CAQI-606A Troubleshooting Output impedance:
Generator (or equivalent) |and maintenance 50 ohms
procedures
Frequency range: 2 to
30 MHz
Output: 0 to 3 volts
1 Frequency AN/URQ-9 Troubleshooting Outputs: 100 kHz,
Standard (or equivalent) and maintenance 500 kHz, and 5 MHz
procedures
Stability: 1 part in 108
Output: 0.5 volt
1 Voltmeter, CDAN-2005 Maintenance
Heterodyne procedures
1 Test Set, *TS-2132/ Testing rf ampli- Simulates actual op-
Amplifier WRC-1 fier electronic erating conditions
assembly

*These Test Sets are special test fixtures available only at the Special Module
Repair Facility.

ORIGINAL
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TABLE 1-5. EQUIPMENT AND PUBLICATIONS REQUIRED BUT NOT SUPPLIED (Continued)
qry NOMENCLATURE
PER EQUIPMENT
EQUIP NAME DESIGNATION REQUIRED USE CHARACTERISTICS
1 Test Set, *TS-2133/ Testing translator/ | Simulates actual opera-
Translator/ |WRC-1 synthesizer ting conditions
Synthesizer electronic
assembly
1 Test Set, *TS-2134/ Testing frequency Simulates actual op-
Frequency WRC-1 standard erating conditions
Standard electronic
assembly
1 Coaxial Tee |UG-274A/U Troubleshooting 50 ohms
Connector and maintenance
(BNC) procedures
1 Adapter, UG-201/U Troubleshooting
BNC to N and maintenance
procedures
1 AN/PSM-4( )|NAVSHIPS Trouble-shooting
Technical 91583 and maintenance
Manual procedures
1 CCVO-91CA |NAVSHIPS Trouble-shooting
Technical 0967-097- and maintenance
Manual 5010 procedures
1 ME-6( )/U NAVSHIPS Trouble-shooting
Technical 92423 and maintenance
Manual procedures
1 AN/USM- NAVSHIPS Trouble-shooting
116( ) 93808 and Maintenance
Technical Procedures
Manual
1 AN/USM- NAVSHIPS Trouble-shooting
105A 0967-085- and maintenance
Technical 3012 procedures
Manual
1 CAQI-606A NAVSHIPS Trouble-shooting
Technical 0967-186 - and maintenance
Manual 6010 procedures

*These Test Sets are special test fixtures available only at the Special Module
Repair Facility.

1-10
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TABLE 1-5. EQUIPMENT AND PUBLICATIONS REQUIRED BUT NOT SUPPLIED (Continued)

QTY NOMENC LATURE
PER EQUIPMENT
EQUIP NAME DESIGNATION REQUIRED USE CHARACTERISTICS
1 AN/URQ-9 NAVSHIPS Troubleshooting
Technical 93806(A) and maintenance
Manual procedures
1 AN/USM- NAVSHIPS Trouble-shooting
207( ) 0969-028- and maintenance
Technical 4010 procedures
Manual
1 CDAN-2005| NAVSHIPS Maintenance
Technical 0967-090- procedures
Manual 4010
1 Resistor RC42GF510J Trouble-shooting 51 ohms, +5 percent,
(or equivalent) and maintenance 2 watts, non-inductive
procedures
1 Resistor RC42GF601J Troubleshooting 600 ohms, 2 watts,
(or equivalent) and maintenance carbon
procedures
TABLE 1-6. EXTENDER TEST CABLE DATA
PART NO.* FSN* NAME MATES WITH

666243-070%* | 1N5995-021-6999 | Cable Assembly W1 | Plug P1on if /audio amplifier elec-
tronic assembly A2A2 or A2A3

666243-071** Cable Assembly W2 | Plug P1 on mode selector
electronic assembly A2A1l

666243-072** | 1N5995-021-7006 | Cable Assembly W3 | Plug P2 on mode selector
electronic assembly A2A1

A09948-002** Cable Assembly W1 | Plug P1 on transistor/synthe-
sizer electronic assembly A2A6
A09948-003*** Cable Assembly W2 | Plugs P2 or P3 on translator/

synthesizer electronic
assembly A2 A6

A09948 -004*** | IN5995-021-7003 | Cable Assembly W3 | Plug P1 on frequency standard
electronic assembly A2A5

A09948-005*** Cable Assembly W4 | Plug P1 on rf. amplifier elec-
tronic assembly A2A4
A09948-006 *** Cable Assembly Plug P2 on rf. amplifier elec-

tronic Assembly A2A4

*A set of electronic assembly extender test cables was furnished with each R=1051/URR
on early contracts. These were deleted from later contracts for economic reasons.
The cables are now issued on an allowance basis by ESO.

**Part of Kit, Extender Cables, Part No. 666243-069, which contains a total of ten cables.

***Part of Kit, Extender Cables, Part No. A09948-001, which contains a total of the above
five cables.
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TABLE 1-7. EQUIPMENT SIMILARITIES
ITEM R-1051/UR R-1051A/URR R-1051B/URR R-1051D/URR
Tuning 500 Hz 100 Hz 100 Hz 100 Hz
Increments
AGC time Fixed Fixed Fixed Fast or slow
constant
KCS controls | Incorporate stops Incorporate stops | Incorporate stops 360° Rota-
to limit rotation to limit rotation to limit rotation tion.
to 270° to 270° to 270°
Positive Not incorporated Not incorporated Not incorporated Incorporated
antenna over= '
load protection|
Interchange-
ability of
electronic
assemblies:
Mode selec- Interchangeable Interchangeable Interchangeable Interchange-
tor A2A1 with R-1051A/ with R-1051/ with R-1051/ able with
URR, R-1051B/ URR R-1051B/ URR R-1051A/ R-1051/URR
URR and URR and URR and R-1051A/
R-1051D/URR R-1051D/URR R-1051D/URR URR and
R-1051B/
URR
If./audio Same as A2Al Same as A2A1l Same as A2Al Same as
amplifier A2A1
A2A2 or
A2A3
RF amplifier | Same as A2A1 Same as A2Al Same as A2Al Same as
A2A4 A2A1
Frequency Same as A2Al Same as A2Al Same as A2Al Same as
standard A2A1
A2A5
Translator/ Not interchange-~ Not interchange- Interchangeable Interchange-
synthesizer able able with R-1051D/ able with
A2A6 URR only. R-1051B/
URR only.
1-12 ORIGINAL
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Table. NAVSHIPS 0967-878-3010 R-1051D/URR
1-7 ' GENERAL INFORMATION
' TABLE 1-7. EQUIPMENT SIMILARITIES
—

ITEM R-1051/URR R-1051B/URR R~1051D/URR R-1051E/URR
Tuning 500 Hz 100 Hz 100 Hz 100 Hz
Increments h
AGC time Fixed Fixed Fast, slow or Fast, sibw}pr
constant OFF OFF )
KCS Rotation lim- Rotation lim- 360° rotation 360° rotation
controls ited to 270° ited to 270°

ositive FC 5 installs FC 1 installs Incorporated Incorpoyﬁged
ntenna ¥
verload
rotection
nterchange-
2ility of
. lectronic
. 3semblies:
1 de selec- Interchange- Interchange- Interchange- Interchal ve-
r A2A1 able with able with able with able witl
- R-10513, R-1051, R-1051, R-1051,
R=10511), R-1051D R-10518B, R-1051B,
R-1051i/URR R-1051E/URR R-1051E/URR R-1051D/1 R
177, Jaudio Interchange- Interchange- Interchange- Interchar je-
S PDeaplifier able with able with able with able witl
Tl +2A2 or R-1051L /URR R-1051/URR R-1051E/URR R-1051D/1 0"
£2A3 )
PP Ampli- Same ay Same as Same as Same aé
i er A2A4 A2A1 A2A1 A2A1 A2A1
T requency Same at Same as Same as Same as
¢ :andard A2A1 A2A1 A2A1 A2A1
£ A5
.Translator/ Not inter- Same as Same as Same as
'S /nthesizer A2A1 A2A1




R-1051D/URR NAVSHIPS 0967-878-3010
OPERATION

SECTION 2

OPERATION

Note
This section is bound as Volume II. Refer to Volume II, Operator's Hand-

book for Radio Receiver R-1051D/URR, NAVSHIPS 0967-878-3020, for
operation of this equipment.
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R-1051D/URR
FUNCTIONAL DESCRIPTION

SECTION 3

FUNCTIONAL DESCRIPTION

3-1. OVER-ALL DESCRIPTION.

The R-1051D/URR is a triple-conversion
superheterodyne receiver, tunable over the
high-frequency range from 2 to 30 MHz.
Tuning of the R-1051D/URR is accomplished
digitally by five frequency controls (MCS
and KCS) and a switch (CPS) located on the
front panel. A display window directly
above each MCS and KCS control provides
a decimal readout of the frequency to
which the control is set. The displayed
frequency can be changed in 1-kHz incre-
ments. The CPS switch allows the opera-
ting frequency to be changed in 100-Hz
increments. This tuning provides 280, 000
discrete frequencies in which the R- 1051D/
URR is locked to a very accurate frequency
standard. Each 1-kHz increment can be
continuously tuned through by selecting the
V position of the CPS switch. When using
the vernier, the full accuracy of the fre-
quency standard is sacrificed. The
R-1051D/URR demodulates and provides
audio outputs for the following types of
received signals: LSB, USB, ISB, CW,
RATT, and AM. Over the frequency range,
the input sensitivity for an audio output
signal plus noise-to-noise ratio of 10 dB is
better than 0.5 microvolt for ISB, LSB,
USB, 1 microvolt for CW and RATT, 2
microvolts for AM. Figure 3-1 illustrates
the functional groups of circuits comprising
the electronic assemblies and subassemblies
of the R-1051D/URR.

a. MAIN SIGNAL FLOW. - A received
signal from the antenna is coupled to the rf
amplifier of rf amplifier electronic assem-
bly A2A4. Within the rf amplifier, the sig-
nal passes through a double-tuned input
circuit, two rf amplifier stages, a single-
tuned interstage circuit, and output circuits.
All of the resonant tuned circuits are
tuned by the MHz (MCS), 100 kHz (KCS),
and 10 kHz (KCS) frequency controls on the
front panel. The gain of the rf amplifier
stages ensures that the weak-signal sen-
sitivity of the R-1051D/URR is maintained.

3-0

The gain of both rf amplifier stages is con-
trolled by the application of an agc voltage
from the step agc circuit.

The output from the rf amplifiers
is applied to the mixers, which form a part
of rf translator electronic subassembly
A2A6A6 located in translator/synthesizer
electronic assembly A2A6. The mixers
consist of three linear integrated-circuit
mixer stages, with interstage coupling pro-
vided by selective filters. The output from
the first mixer is gated through the appro-
priate 20- or 30-MHz filter. This signal
is mixed in the mid frequency mixer stage
with the injection frequencies supplied from
100 KC synthesizer electronic subassembly
A2A6A2 (22.4 to 23.3 MHz). The desired
frequency band from the second mixing
action is 2.8 to 2.9 MHz. This signal is
coupled through a 2.85-MHz filter to the
third mixing action. The injection fre-
quencies for the third mixer are supplied
from 1 and 10 KC synthesizer electronic
subassembly A2A6A3 and are between
3,301 and 3.4 MHz. The output from the
third mixer is a 500-kHz if. signal. Signal
flow from the antenna input through the
output of the third mixer is identical, re-
gardless of the selected mode of operation.

The 500-kHz if. output from the
third mixer is amplified and applied to the
mode gates. Three parallel paths are
presented to the signal depending on mode
of operation selected at the front panel.

The if. output for L.SB operation is
applied to the if. amplifiers in if./audio
amplifier electronic assembly A2A3. The
if. output in USB or AM operation is applied
to the if. amplifiers in if./audio amplifier
electronic assembly A2A2. AGC voltage
from the step agc circuit controls the over-
all gain of the if. amplifiers by varying the
attenuation of the input and the gain of the
second if. amplifier stage. The input to the
step agc circuit is derived from the output
from the second if. amplifier stage.

The output from the if. ampli-
fiers is applied to the detector circuits,
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consisting of a product detector for single
sideband and an AM detector. Depending on
the mode of operation selected at the front
panel, either the balanced product detector
or the AM detector is enabled. The product
detector demodulates the USB, LSB, RATT,
and ISB signals. In these modes of opera-
tion, a 500-kHz injection, originating at a
multiplier-divider in frequency standard
electronic assembly A2A5, is applied to the
product detector for carrier reinsertion.

In the CW mode of operation, the BFO
assembly in mode selector electronic
assembly A2Al is turned on, and a variable
500-kHz output is applied to the input of the
AM detector in if./audio amplifier electronic
assembly A2A2. The output frequency from
the BFO circuit is controlled by the BFO
FREQ control on the front panel,

The audio derived from the detec-
tor circuits in if./audio amplifier electronic
assembly A2A2 is applied to the USB LINE
LEVEL control behind the front panel which
controls the audio level prior to its applica-
tion to the audio amplifiers. The LSB LINE
LEVEL control sets the audio level from
the product detector in assembly A2A3,
Each if./audio amplifier electronic assem-
bly has two outputs. One is a 600-ohm re-
mote output, which is applied to a connector
at the rear of the case. The second output
is to the L.SB or USB PHONES jack on the
front panel. The phone output passes
through the L.SB or USB PHONE LEVEL
control on the front panel, which adjusts
the phone signal amplitude without altering
the level of the remote output. Each re-
mote output may be monitored at the front
panel by the AUDIO LEVEL meter. The
meter may be switched to monitor LSB or
USB audio levels or switched to OFF,

‘ b. STEP AGC SIGNAL FLOW. - The
step agc circuit, which forms a part of
if./audio amplifier electronic assemblies
A2A2 and A2A3, controls the gain of the rf
amplifiers and if. amplifiers according to
the received rf signal strength. The output
from the if. amplifiers is applied to the step
agc circuits, where it is converted to a dc
voltage that is applied to both the rf and if.
amplifiers. The gain of the rf and if.
amplifiers may be manually controlled by
applying a dc voltage on the agc lines with
the RF GAIN control. This manual action

ORIGINAL
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operates only when the AGC switch is set
at OFF.

¢. FREQUENCY STANDARD. - The
5 mc frequency standard produces an
accurate, stable reference frequency upon
which all frequencies used in the R-1051D/
URR are based. The circuit is housed in an
oven assembly maintained at a nearly con-
stant temperature of 85° C by the oven
control circuit. The accurate output from
the 5 mc frequency standard is applied to a
switching and compare circuit. An external
5-MHz frequency may also be applied to
this circuit. The switching and compare
circuit routes the internal or external
5-MHz signal to the multiplier-divider
circuits or to the compare circuit. The
compare circuit compares the internal
5-MHz frequency with the external 5-MHz
frequency for an indication of the accuracy
of the internal frequency standard. The 5-
MHz output from the switching and compare
circuit is applied to the multiplier-divider
circuit, where it is converted to frequen-
cies of 500 kHz, 1 MHz, and 10 MHz.
These three outputs are used in the mixing
processes required to produce the injection
frequencies used in the rf conversion
process. The 500-kHz output is also
applied to the 500 kc gate circuit for in-
sertion into the product detector for de-
modulation. The 5 mc frequency standard,
oven control, multiplier-divider, and
switching and compare circuits comprise
frequency standard electronic assembly
A2A5,

d. FREQUENCY GENERATION., - The
injection frequencies used in the first
frequency conversion in the mixers circuit
are generated within mc synthesizer
electronic subassembly A2A6A1. This
circuit consists of a phase-locked crystal
oscillator that is automatically tuned to
produce one of seventeen frequencies be-
tween 2.5 MHz and 23.5 MHz. The output
is applied to the high frequency mixer. The
output frequency depends on the setting of
the front-panel MCS controls.

The injection frequencies used in
the second frequency conversion in the
mixers circuit are generated within 100 kc
synthesizer electronic subassembly
A2A6A2. This circuit consists of a crystal
oscillator, the output from which is one of
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ten frequencies spaced at 100-kHz intervals
between 4.553 and 5.453 MHz. The output
frequency is determined by the setting of
the front-panel 100-kHz (KCS) control. If

a lo-band injection frequency is required
(refer to paragraph 3-1e), the 17.847-MHz
output from the 17.847 mc mixer is addi-
tively mixed in the lo-band mixer with the
output from the 100 kc oscillator (4.553
MHz to 5.453 MHz, in 100-kHz steps) to
provide a frequency in the 22.4- to 23.3-
MHz range. If a hi-band injection frequency
is required (refer to paragraph 3-1e), the
27.847-MHz output from the 27.847 mc
mixer is additively mixed in the hi-band
mixer with the output from the 100 kc
oscillator (4.553 MHz to 5.453 MHz in 100-
kHz steps) to provide a frequency in the
32.4- to 33.3-MHz range. In either case,
the resultant frequency is applied to the mid
frequency mixer.

The injection frequencies used in
the third frequency conversion in the
mixers circuit are generated within 1 and
10 kc synthesizer electronic subassembly
A2A6A3. This circuit consists of two
crystal oscillators, each of which has ten
possible output frequencies. The output
from the 1 ke oscillator (1.850 MHz to
1.859 MHz in 1-kHz steps) is determined
by the setting of the front-panel 1-kHz
(KCS) control, and the output from the 10 kc
oscillator (5.25 MHz to 5.16 MHz in 10-kHz
steps) is determined by the setting of the
front-panel 10-kHz (KCS) control. The out-
puts from the two oscillators are subtrac-
tively mixed to provide one of 100 possible
output frequencies spaced at 1-kHz intervals
between 3.301 MHz and 3.400 MHz. The
output is applied to the low frequency mixer
resulting in a 500-kHz output.

e. ERROR CANCELLATION. - A
combination of error-canceling loops and
phase-locked loops is used in the frequency
synthesizer circuits of the R-1051D/URR
to ensure that the injection frequencies
applied to the mixers are correct. MC
synthesizer electronic subassembly A2A6A1
employs a phase-locked loop to ensure the
accuracy of the MHz injection frequencies.
The 1-MHz output from multiplier-divider
Al in frequency standard electronic assem-
bly A2A5 is applied to spectrum generator
A3 in mc synthesizer electronic subassembly
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A2AB6A1 to produce a spectrum of fre-
quencies spaced at 1-MHz intervals be-
tween 1 MHz and 25 MHz. The output from
spectrum generator A2A6A1A5 and the
output from mc oscillator A2A6A1A1A1 via
mc level control A2A6A1A4 are mixed.
Any error in output from mc oscillator
A2A6A1A1A1 is detected and an error
voltage is produced. This error signal is
applied to the mc oscillator to lock it to the
correct frequency. The accuracy of the
oscillator output is the same as that of the
5-MHz frequency standard.

In addition, 100 kc synthesizer
electronic subassembly A2A6A2 employs an
error-canceling loop to ensure the accuracy
of the 100-kHz injection frequencies. The
500-kHz output from multiplier-divider
A2ABA1 is applied to 100 kc spectrum
generator A2A6A5A1 to produce a spectrum
of frequencies spaced at 100-kHz intervals
between 15.3 MHz and 16.2 MHz. The out-
put from 100 kc oscillator A2A6A2A1
(4.553 MHz to 5.453 MHz in 100-kHz steps)
is applied to 10.747 mc mixer A2A6A2A2,
where it is mixed with that spectrum point
of the 100-kHz spectrum which will result
in an output of 10.747 MHz. The 10.747-
MHz signal is additively mixed with the
7.1-MHz output from 7.1 mc mixer
A2A6A4A3 to produce the 17.847-MHz
signal, which is used in one of two mixing
processes. It is mixed with the output of
100 kc oscillator A2A6A2A1 to cancel any
oscillator frequency error and produce the
lo-band injection frequencies, or it is
mixed with the 10-kHz output from
multiplier-divider A2A5A1. This mixing
produces a 27.847-MHz signal, which is
mixed with the output of 100 kc oscillator
A2AB6A2A1 to cancel any oscillator fre-
quency error and produce the hi-band
injection frequencies. The hi- or lo-band
of injection frequencies is determined by
the voltage level on the hi-lo-band control
line from code generator electronic
assembly A2A7. If an error was present in
the output of 100 kc oscillator A2A6A2A1,
it would be canceled in this mixing scheme.
This is accomplished as follows. Assume
that the output from 100 kc oscillator
A2AB6A2A1 should be 4.553 MHz, but is 200
Hz high (4.5532 MHz), and that the desired
frequency output is 22.4 MHz (in the lo-band).
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The subtractive mixing of the oscillator out-
put with whichever 100-kHz spectrum point
will produce an output as close as possible
to 10.747 MHz results in a 10.7468-MHz
output (15.3 MHz - 4.5532 MHz = 10.7468
MHz). This signal is then additively mixed
with the 7.1-MHz signal, producing a
17.8468-MHz output. The 17.8468-MHz
signal is then additively mixed with the out-
put of 100 kc oscillator A2A6A2A1 (17.8468
MHz + 4.5532 MHz = 22.4 MHz), resulting
in the desired 22.4-MHz output. Assume
that the output from 100 kc oscillator
A2A6A2A1 should be 4.953 MHz but is 300
Hz low (4.9527 MHz), and that the desired
frequency output should be 32.8 MHz (in the
hi-band). Subtractively mixing the 100-kHz
spectrum point (15.7 MHz) with the 4.9527-
MHz signal results in an output of 10.7473
MHz. This signal is then mixed with the
7.1-MHz signal, resulting in a frequency
of 17,8473 MHz. The 17.8473-MHz signal
is further mixed with the 10-MHz signal

to obtain a frequency of 27.8473 MHz which
is additively mixed with the 4.9527-MHz
output from 100 kc oscillator A2A6A2A1 to
obtain the required 32.8-MHz output.
Therefore, any error existing in the output
from 100 kc oscillator A2A6A2A1 will be
canceled, resulting in the exact 100-kHz
injection frequency required.

Any error existing in 1 and 10 kc
oscillators A2A6A3A2 and A2A6A3A1 is can-
celed in the following manner. The 100-kHz
pulses from 100 kc spectrum generator
A2ABA5A1 are applied to 10 kc spectrum
generator A2A6Ab5A2, producing an output
from 3.82 to 3.91 MHz in 10-kHz increments.
In addition, 10 kc spectrum generator
A2ABA5A2 produces 10-kHz pulses which
are applied to 1 kc spectrum generator
A2AB6A5A3 to produce a spectrum of fre-
quencies spaced at 1-kHz intervals between
0.122 MHz and 0.131 MHz. The output from
10 kc oscillator A2A6A3A1 (5.25 MHz to
5.16 MHz in 10-kHz steps) is additively
mixed with whichever spectrum point of the
10-kHz spectrum will result in a fréquency
of 9.07 MHz. The output from 1 kc oscilla-
tor A2A6A3A2 (1.850 MHz to 1.859 MHz in
1-kHz steps) is additively mixed with which-
ever spectrum point of the 1-kHz spectrum
will result in a frequency of 1.981 MHz.
The 1.981-MHz and the 9.07-MHz signals
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are then subtractively mixed, producing
the 7.089-MHz signal, which contains the
errors of both oscillators. In addition, 1 ke
spectrum generator A2A6A5A3 produces a
1-kHz pulse, which is applied to 1 kc pulse
inverter A2A6A5A4 to lock the output fre-
quency of 100 cps phase-locked oscillator
A2A6A4A2 when desired. With the front
panel CPS switch in the 000 position, the
output from 100 cps phase-locked oscillator
A2A6A4A2 is 110 kHz and is locked to that
exact frequency by the 110-kHz spectrum
point applied to phase detector A2A6A4A27Z1.
This 110-kHz signal is divided by 10 and
applied to 7.1 mc mixer A2A6A4A3, where
it is additively mixed with the 7.089-MHz
output from 7.089 mc mixer A2A6A3A4.,
The resulting 7.1-MHz signal is then
applied to the error loop of 100 kc synthe-
sizer electronic subassembly A2A6A2.
Therefore, if an error exists in 1 or 10 ke
oscillators A2A6A3A2 or A2A6A3A1, the
same error will exist in the 100-kHz in-
jection frequencies. This error is then
canceled in mid and low frequency mixers
A2A6A6Z3 and A2AB6A6Z3 in the following
manner. Assume that the output from 10 ke
oscillator A2A6A3A1 should be 5.25 MHz
but is actually 5.2502 MHz. Also, assume
that the output from 1 kc oscillator
A2ABA3A2 should be 1.852 MHz but is
actually 1.8521 MHz. Subtractively mixing
these two frequencies results in an injec-
tion frequency to low frequency mixer
ARABA6Z3 of 3.3981 MHz, rather than the
desired 3.3980 MHz. Therefore, a 100-Hz
error exists in the injection signal. The
additive mixing of the 5.2502-MHz signal
and the 10-kHz spectrum point (3.82 MHz)
results in a frequency of 9.0702 MHz. The
additive mixing of the 1.8521-MHz signal
and the 1-kHz spectrum point (0.129 MHz)
results in a frequency of 1.9811 MHz.
Subtractively mixing the 9.0702-MHz and
the 1.9811-MHz signals results in a
frequency of 7.0891 MHz. The 7.0891-MHz
signal is mixed with the 11-kHz signal
from divide-by-ten circuit A2A6A4A1Z4,
resulting in a frequency of 7.1001 MHz
which is mixed with the 10.747-MHz signal
to produce a frequency of 17.8471 MHz. If
the output from 100 kc oscillator
A2A6A2A1 is assumed to be 4.553 MHz,
then the 100-kHz injection frequency would
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be 22.4001 MHz. The 100-kHz injection is
then also 100 Hz high. Therefore, when
the 1- and 10-kHz injection frequency of
3.3981 MHz (which is 100 Hz high) is sub-
tractively mixed in low frequency mixer
A2ABA67Z3 with the output from mid fre-
quency mixer A2A6A6Z2 (which is 100 Hz
high), the error will be canceled. There-
fore, since any error that existed in the
1- and 10-kHz injection also exists in the
100-kHz injection, the error is canceled
during the translation process.

The R-1051D/URR can be tuned to
0.1-kHz increments by using the CPS switch,
or to any frequency in between by using the
vernier position of the CPS switch on the
front panel. When the CPS switch is in the
000 position, the phase-locked oscillator
output in 100 cps oscillator A2A6A4A2 is
locked to 110 kHz. Therefore, when the
11.0-kHz signal (after division by 10) is
mixed with the 7.089-MHz error frequency,
a frequency of 7.1000 MHz is obtained.
When the CPS switch is in the 100 position,
the output from the phase-locked oscillator
is locked to 111 kHz. Therefore, when the
11.1 kHz (after division by 10) is mixed
with the 7.089-MHz error frequency, a
frequency of 7.1001 MHz is obtained.
Therefore, the 100-kHz injection frequency
will be 100 Hz greater. Thus, the output
from mid frequency mixer A2A6A6Z2 may
be varied in 100-Hz increments from
22, 400, 000 Hz to 23, 300, 900 Hz, or from
32, 400, 000 Hz to 33, 300, 900 Hz. When _
the CPS switch is in the V position, the
output from phase-locked oscillator
A2A6A4A2Q2 can be varied between 108
kHz and 122 kHz. As a result, the
7.1000-MHz error frequency can be varied
between 7.0998 MHz and 7.1012 MHz. Thus,
the output from mid frequency mixer
A2A6A6Z2 may be varied continuously be-
tween any two 1-kHz increments.

The rf signal from the antenna is
converted to the 500-kHz intermediate
frequency as follows. Assume that the
frequency controls on the front panel are
set for a frequency of 13, 492, 500 Hz.

(See figure 3-2 for frequency translation in
the R-1051D/URR.) The 1-MHz injection
corresponding to the selected MHz digits
(13) is 16.5 MHz in the hi-band. The level-
controlled 16.5 MHz is additively mixed in
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high frequency mixer A2A6A6Z1 with .

13, 492, 500 Hz producing 29, 992, 500 Hz
which is filtered and applied to mid fre-
quency mixer A2A6A6Z2. Since the MHz
digits (13) are in the hi-band and the CPS
switch is in the 500 position, the 100-kHz
injection frequency corresponding to the
100-kHz digit (4) will be 32.8005 MHz, as
shown in figure 3-2. Mid frequency mixer
A2ABA6Z2 subtractively mixes the

29, 992, 500-Hz and the 32.8005-MHz
signals thereby producing a frequency of

2, 808, 000 Hz, which is filtered and applied
to low frequency mixer A2A6A6Z3. The

1- and 10-kHz injection is that frequency
of 10 kc oscillator A2A6A3A1 corresponding
to the 10-kHz digit (9) minus that frequency
of 1 kc oscillator A2A6A3A2 corresponding
to the 1-kHz digit (2). As shown in figure
3-2, this results in an injection frequency
(5.16 MHz minus 1.852 MHz) of 3.308 MHz.
The 3.308 MHz is subtractively mixed with
the 2, 808, 000 Hz producing the 500-kHz
intermediate frequency. Similarly, any
frequency between 2 MHz and 30 MHz may
be translated into the 500-kHz intermediate
frequency.

f. POWER SUPPLIES. - The opera-
ting voltages for the R-1051D/URR are
produced by power supply electronic
assembly A2A8. The 103.5- to 126.5-Vac
primary power is converted to dc voltages
of 110 volts (rf amplifier tubes plate and
screen supply), -30 volts (rf amplifier
tubes bias), and 28 volts (general use).
The 28 Vdc is also regulated to 20 Vdc for
use in all semiconductor circuits of the
R-1051D/URR. An additional supply of
4 Vdc is developed from the 20 Vdc line by
4 Vdc power supply and vernier control
A2A11A1,

3-2. FUNCTIONAL BLOCK DIAGRAM
DESCRIPTION.

Assemblies and subassemblies of the
R-1051D/URR are described by function in
subsequent paragraphs (according to each
servicing block diagram contained in
Section 4), and are presented in assembly
reference designation order.

a. MODE SELECTOR ELECTRONIC
ASSEMBLY A2A1l. - Mode selector elec-
tronic assembly A2A1 (figure 4-1) consists
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of three electrically unrelated printed-cir-
cuit boards, mode gate A2A1A1, 500 kc gate
A2A1A2, and BFO amplifier A2A1A3.

The if. signal from rf translator
electronic subassembly A2A6A6 is applied
to the base of emitter follower Q1 of mode
gate A2A1A1 in all of the R-1051D/URR
operating modes. The output of emitter
follower Q1 is applied to USB filter FL1,
AM filter FL2, and LSB filter FL3. The
output of filter FL3 is sent through emitter
follower Q3 and capacitor C20 to if./audio
amplifier electronic assembly A2A3. In
RATT, USB, and ISB modes of operation, a
+20-volt USB control signal from Mode
Selector switch A2S2 biases diode switch
CR1 on and biases diode switch CR2 off,
applying the output of USB filter FL1 to the
base of emitter follower Q2. In AM and CW
modes, a +20-volt AM control signal from
Mode Selector switch A2S2 biases diode
switch CR2 on and biases diode switch CR1
off, applying the output of AM filter FL2 to
the base of emitter follower Q2. Transmit/
receive relay A2K3 provides collector
voltage only during the R-1051D/URR
operation, disabling the R-1051D/URR
whenever the transmitter is keyed. The
output of emitter follower Q2 is coupled by
capacitor C18 to if./audio amplifier elec-
tronic assembly A2A2,

The 500-kHz signal from frequency
standard electronic assembly A2A5 is
passed through gate A1A2CR1 to if./audio
amplifier electronic assemblies A2A2 and
A2A3 during all modes of the R-1051D/URR
operation selected by Mode Selector switch
A2S2, except AM and CW. During AM and
CW receiver operation, gate A1A2CRI1 is
biased closed. Gate bias is controlled by
Mode Selector switch A2S2. The gate bias
is at ground for AM and CW receiver
operation and at +20 volts for all other
modes of receiver operation. Transmit/
receive relay A2K3 provides +20-volt bias
during all modes of receiver operation.

The BFO frequency dc control
voltage A2R6 on the front panel is supplied
to BFO amplifier A2A1A3 when Mode
Selector switch A2S2 on the front panel is
at CW. This circuit consists of voltage
variable capacitor CR1, variable slug-
tuned coil L1, BFO Q1, amplifier Q2, and
transformer T1. The signal emerges from
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transformer T1 as the BFO output to if./
audio amplifier electronic assembly A2A2.

b. IF./AUDIO AMPLIFIER
ELECTRONIC ASSEMBLIES A2A2 AND
A2A3. - Two identical if./audio amplifier
electronic assemblies A2A2 and A2A3
(figure 4-2) amplify the if. signal from
mode selector electronic assembly A2A1,
demodulate the if. signal, amplify the re-
sulting audio signals, and develop agc
voltages which maintain the if. signal at an
optimum level for the detectors. Either
fast or slow agc response time, or manual
gain control is provided, as selected at the
front panel.

IF. input from mode selector
electronic assembly A2A1 is amplified in
gain controlled if./audio amplifier A2A2A2
and A2A3A2 by transformer-coupled if.
amplifiers Q1l, Q4, Q5, and Q6 for applica-
tion to the product/am. detectors A2A2A3
and A2A3A3, respectively if. gain adjust-
ment R22 sets receiver if. gain for a given
input signal amplitude. A portion of the
output of if. amplifier Q4 is taken from
transformer A2T2 and applied to step agc
A2A2A1 or A2A3A1. This input to the step
agc is amplified by transformer-coupled
(A1T2) if. amplifiers Q8 and Q7 and
applied to hang detector CR4 and time
detector CR5 whenever the control signal
from the AGC switch on the front panel is
set at either SLOW (open) or FAST (+20
volts). When the AGC switch is set at OFF
(ground), preamplifier A12 holds switch
Q13 off, denying emitter supply to if.
amplifier Q7, thereby disabling the agc
circuit. When either fast or slow agc
operation is selected, agc adjustment R25
affords adjustment of the if. age signal
gradient.

The output of hang detector CR4
and time detector CR5, when coincident,
produces an output from coincidence
detector Q6. Whenever the control signal
from the AGC switch on the front panel is
+20 volts (FAST), preamplifier Q11 holds
switch Q10 off, removing capacitor C14
from between the output of hang detector
CR4 and ground, thereby reducing agc
response time. Output of coincidence
detector Q6 is isolated by emitter follower
Q4. Output of emitter follower Q4 in fast
or slow agc operation, or a control signal
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from the RF GAIN control on the front panel
in manual gain control, is placed on dc
amplifier Q3. Output from the emitter of dc
amplifier Q3 is returned as agc voltage to
gain controlled if./audio amplifier A2A2A3
or A2A3A3 and is applied through dc am-
plifier Q2 and agc amplifier Q3 to control
the gain of if. amplifier Q4. Thus, the out-

puts of if. amplifiers Q4, Q5, and Q6 remain

nearly constant regardless of received sig-
nal strength. Output from the collector of
dc amplifier Q3 in step agc A2A2A1 or
A2A3A1 is applied through dc amplifiers Q2
and Q1 and protective gate CR1 to rf
amplifier electronic assembly A2A4 as rf
agc voltage. RF agc adjustment R6 affords
adjustment of the rf agc signal gradient.
Whenever the control signal from the AGC

switch on the front panel is +20 volts (FAST),

switch Q5 conducts, connecting capacitor
C1 between the output of dc amplifier Q2
and ground to provide smooth agc action.
Output of if. amplifier Q6 in gain
controlled if./audio amplifier A2A2A2 or
A2A3A2 is applied through transformer T4
to a product detector consisting of tran-
sistors Q1 and Q2 and transformer T1 on
board A3, and to if. amplifier Q3. When
Mode Selector switch A2S2 on the front
panel is in either the RATT, USB, LSB, or
ISB position, a 500-kHz injection from mode
selector electronic assembly A2Al is
applied to the product detector as carrier
reinsertion. Audio output of the product
detectors taken from transformer T1, is
applied to either the LSB or USB LINE
LEVEL control (A2R1 for product/am. de-
tections A2A3A3 or A2R2 for product/am.
detectors A2A2A3, respectively). When the
Mode Selector switch is in the AM or CW
position, . an AM control voltage is applied
to energize if. amplifier Q3 and audio am-
plifier Q9 on board A2A2A3, only. When
these stages are energized, if. amplifier
Q3, AM detector CR2, and audio amplifier
Q9 produce audio output which is applied to
USB LINE LEVEL control A2R1. - When the
Mode Selector switch is in the CW position,
a BFO signal from mode selector electronic
assembly A2A1 is mixed in the tuned circuit
(L1 and C6) with the if. signal to produce an
audio tone whenever an unmodulated carrier
is present. When the R-1051D/URR is used
with a transmitter, the sidetone output of
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the transmitter is coupled to the LSB or
USB LINE LEVEL controls A2R1 or A2R2
enabling the operator to hear the trans-
mitter at the R-1051D/URR audio output.

Output of either the LSB or USB
LINE LEVEL control (A2R1 for product/am.
detectors A2A3A3 or A2R2 for product/am.
detectors A2A2A3, respectively) is am-
plified in gain controlled if./audio amplifier
A2A3A2 or A2A2A2, respectively, by audio
amplifier Q7, emitter follower Q8, and
transformer-coupled push-pull amplifiers
Q9 and Q10. Output is taken from trans-
former T1 for the remote audio output, and
for either LSB PHONE LEVEL control
A2R4 or USB PHONE LEVEL control A2R5
on the front panel. The output of each con-
trol is available at the respective phone
jack on the front panel. A portion of the
output of transformer T1 is fed back to
audio amplifier Q7 as degenerative feedback
to ensure over-all amplifier stability.

c. RF AMPLIFIER ELECTRONIC
ASSEMBLY A2A4. - In all receiver opera-
ting modes, rf amplifier electronic assem-
bly A2A4 (figure 4-3) supplies the rf output
signal to translator/synthesizer electronic
assembly A2A6 utilizing an agc input from
if./audio amplifier electronic assembly
A2A2 or A2A3, an rf turret control signal
from code generator electronic assembly
A2A7, +28 Vdc from power supply
electronic assembly A2A8, and antenna
input signals.

The rf input signal from the
antenna is applied through normally closed
contacts of transmit/receive relay K1 in
transmitter mixer assembly A38 to one of
megacycle assemblies A2 through A29
selected by the MCS controls on the front
panel. The MCS controls position code
generator electronic assembly A2A7, which
transmits an electrical code to turret
decoder S1. The turret decoder causes
turret drive relay K1 to step until turret
motor Bl repositions the turret decoder to
satisfy the electrical code input, thereby
positioning the appropriate megacycle
assembly. The megacycle assembly
selected consists of two transformers
coupled by a capacitor (this is replaced by
a tuned trap on assemblies A12 and A13),
and a crystal filter for increased
selectivity on assemblies A9, A10, and A19.

3-9



Paragraph
3-2¢c

Two 100 kc rotor assemblies A30 and A33
and two 10 kc rotor assemblies A31 and

A32 are provided for tuning via the KCS
controls on the R-1051D/URR front panel.
The output of the selected megacycle
assembly is applied to rf amplifier V1 whose
output is tuned by part of a different mega-
cycle assembly (A2 through A29). This part
of the megacycle assembly uses tuned trans-
former T3 for required frequency selec-
tivity, and is connected to 100 kc and 10 kc
rotor assemblies A34 and A35. The tuned
output of amplifier V1 is applied to amplifier
V2, which tunes its output by use of another
part of a third selected megacycle assembly
consisting of tuned transformer T4, which
is connected to 100 kc and 10 kc rotor
assemblies A37 and A36. The 100 kc and

10 kc rotor assemblies A37 and A36 pro-
vide for tuning via the KCS controls. The
output from T4 is applied to translator/
synthesizer electronic assembly A2A6.

d. FREQUENCY STANDARD ELEC-
TRONIC ASSEMBLY A2A5. - In all receiver
operating modes, frequency standard elec-
tronic assembly A2A5 (figure 4-4) generates
a 1-MHz output to mc synthesizer electronic
subassembly A2A6A1, a 10-MHz output to
100 kc synthesizer electronic subassembly
A2A6A2, a 500-kHz output to spectrum
generator electronic subassembly A2AG6AS5,
and a 500-kHz output toc mode selector elec-
tronic assembly A2A1, A 5-MHz output is
also applied to jack J24 on the rear panel of
the R-1051D/URR.

An external 5-MHz input from jack
J25, located on the rear panel, enters
COMP/ INT/EXT switch A2A5S1 at pin 1.
This switch is a three-pole, three-circuit
wafer switch. Switch A2A5S1 also receives
an input at pins 2 and 3 from buffer amplifier
A2Q6 which is attenuated by potentiometer
A1R22. Routing is provided via pin 4 to the
base of 10 mc amplifier A1Q4, through
variable transformer A1T4, to produce the
10-MHz output of 5 mc multiplier, dividers,
and comparator A2A5A1, '

Buffer amplifier A2Q6 is driven by
the internal 5 mc frequency standard consisting
of 5 mc oscillator A3Q5 (utilizing crystal A3 Y1)
on 5 mc oscillator circuit A2A5A3, andthe oven
circuit, which includes oven control circuit
A2A5A2 and dec amplifier A2A5Ql, heating
element A2A5HR1, and temperature sensor
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A2A5RT1. Oven control circuit A2A5A2 con-
sists of amplifiers A2Q1, A2Q2, and emitter
follower A2Q3; ambient temperature com-
pensator A2RT2; and coupling transformer
A2T1., The 5-MHz signal is also produced
at the 10 mc amplifier base junction A1Q4,
is coupled to the base of buffer amplifier
A1Q5, and coupled by tuned transformer
A1T5 to switch A2A5S1 at pin 8. Pin 7 of
wafer switch A2A5S1 produces the drive to
tuned transformer A1T6, comparator AlQ7,
and amplifier A1Q6, and enables frequency
error lamp A2A5DS1 on board Al. Pin 12
of switch A2A5S1 is connected to the output
of tuned transformer A1T5 with pins 9 and
11 providing the 5-MHz output to jack J24
on the rear panel.

The circuitry of 5 mec multiplier,
dividers, and comparator A2A5A1 also
contains tuned variable transformer A1T3.
This transformer receives an input from the
collector of 1 mc amplifier A1Q3. Trans-

- former A1T3 drives both tuned transformer

A1T1 and 1 mc amplifier A1Q2. The output
of A1Q2 drives tuned transformer A1T2.
This transformer drives the base of 1 mc
amplifier A1Q3 (to complete one loop). The
signal is also routed in a similar loop
through tuned transformer A1T1 to the base
of 500 kc amplifier A1Q1 and out the
collector, returning to A1T1 as an input.
The resultant output of A1T1 supplies the
500-kHz output signal to spectrum generator
electronic subassembly A2A6A5 and mode
selector electronic assembly A2A1. The
final output of A1T3 provides the 1-MHz
output signal to mc synthesizer electronic
subassembly A2A6A1.

e. MC SYNTHESIZER ELECTRONIC
SUBASSEMBLY A2A6A1l. - In all of the
R-1051D/URR operating modes, mc syn-
thesizer electronic subassembly A2A6A1
(figure 4-5) generates an output to rf trans-
lator electronic subassembly A2A6A6. A
1-MHz signal from frequency standard
assembly A2A5 provides the initial input.
The input signal is applied to spectrum
generator mixer A2A6A1A3. The input
signal is applied through slug-tuned coils
L2, L3, and L4, diode gate CR3, shaper
amplifiers Q1 through Q3, and gate CR5 to
the base of mixer Q4. MC oscillator
A2AB6A1A1A1 drives isolation amplifier
Q5 and emitter follower Q6, providing a
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signal to the emitter of mc error mixer
Q4. The output of mixer Q4, containing the
difference frequency between both inputs, is
coupled by tuned transformer T1 to error
detector/amplifier A2A6A1A2,

Error detector/amplifier
A2AB6A1A2 is composed of if. amplifiers
Q1 and Q2, tuned transformers T1 and T2,
crystal detector CR1, inductors L1 through
L4, and dc amplifier Q3. The signal con-
tinues from Q3 to mc oscillator
A2A6A1A1A1, which consists of voltage
variable capacitor CR3, limiters CR1 and
CR2, oscillator Q1, wideband amplifier Q2,
and emitter followers Q3 and Q4. Here,
oscillator Q1 is tuned by voltage variable
capacitor CR3 according to the output of
error detector/amplifier A2A6A1A2. MC
level control A2A6A1A4 receives the out-
put of mc oscillator A2A6A1A1A1 and
limits signal amplitude through circuitry
consisting of gain control amplifier Q1,
emitter follower Q2, crystal detector CRI1,
and differential amplifier Q3, Q4, which
supplies the agc voltage input to Q1 before
applying the 2.5- to 23.5-MHz 70-mV in-
jection signal output to the high-frequency
mixer in rf translator electronic subassem-
bly A2A6A6.

f. 100 KC SYNTHESIZER ELEC-
TRONIC SUBASSEMBLY A2A6A2, - In all
of the R-1051D/URR operating modes,

100 kc synthesizer electronic subassembly
A2ABA2 (figure 4-6) supplies the 100-kHz
injection signal to rf translator electronic
subassembly A2A6A6 utilizing a 10-MHz
input from frequency standard electronic
assembly A2A5, a 7.1-MHz input signal
from 100 cps synthesizer electronic sub-
assembly A2A6A4, and the 100-kHz
spectrum (15.3 to 16.2 MHz) from spectrum
generator electronic subassembly A2A6A5.
A stable frequency determined by
the crystal selected by S1 from among
crystals Y1 through Y10 is produced by
4.,553-5.453 mc oscillator A2A6A2A1.
After limiting provided by diodes CR1 and
CR2 in the oscillator Q1 base circuit and
filtering by C9, C10, C11, L1 and T1, the
4,553-5.453 MHz output is applied to mixers
Q1 and Q2 on hi-band/lo-band mixer/
amplifier A2A6A2A4, The 4.553-5.453 MHz
output from A1Q1 is coupled to isolation
amplifier Q2 (10.747 mc mixer board A2).
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Hi-band/lo-band mixer/amplifier
A2AB6A2A2 contains high-band mixer Q1,
high-band amplifier Q3, low-band mixer
Q2 and low-band amplifier Q4. Low- and
high-band tuned circuits and traps are used
to filter mixer and amplifier outputs. The
low-band mixer receives the applied output
of 4.553-5.453 mc oscillator A2A6A2A1 and
a 17.847-MHz signal from 17.847/27.847 mc
mixer A2A6A2A3 as inputs. After selecting
the desired mixer output frequency by the
use of slug-tuned inductors L4, L5, and
transformer T2, this signal is applied to
trap amplifier Q4 which then drives agc
A2A6A2A5. The high-band mixer also
accepts the output of 4.553-5.453 mc oscil-
lator A2A6A2A1, but mixes this signal
with a 27.847-MHz signal from 17.847/
27.847 mc mixer A2A6A2A3. The desired
high-band mixer output frequency is
selected by the use of slug-tuned inductors
L1, L2, and transformer T1. This signal
is then applied to high-band amplifier Q3
which also applies its output to age
A2A6A2A5,

Inputs to agc A2A6A2A5 are
applied to the base of emitter follower Q1.
The output of Q1 is applied to agc amplifier
Q2 and also forms the 100-kHz injection
signal to rf translator electronic subassem-
bly A2A6A6. After the Q1 output is am-
plified by agc amplifier Q2, agc amplifier
Q3 continues amplification and applies its
output to transistor detector Q4. This
detected output is applied as bias to mixer
Q1 on the 10.747 mc mixer A2A6A2A2.

In addition to this agc input,

10,747 mixer A2A6A2A2 receives the out-
put of 4.553-5.453 mc oscillator A2ZA6A2A1
and the 100-kHz spectrum (15.3 to 16.2
MHz) from spectrum generator electronic
subassembly A2A6A5. The 4.533-5.453
MHz output is first applied to isolation
amplifier Q2, and then drives tuned
transformer T1. The T1 output is applied
to mixer Q1. The 100-kHz spectrum
forms the second input to mixer Q1,

and the mixed output is applied to tuned
transformer T2, then to filter FL1,

and finally to tuned transformer T3,
assuring an output free of spurious sig-
nals on a frequency of 10,747 MHz be-
fore application to 17.847/27.847 mc
mixer A2A6A2A3.
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The 10.747-MHz output from
A2AB6A2A2 and the 7.1-MHz signal from 100
cps synthesizer electronic subassembly
A2A6A4 are applied to 17.847/27.847 mc
mixer A2A6A2A3. These signals are
applied to mixer Q1 whose output drives
tuned transformer T1 and 17.847-MHz
crystal filter Y2. The filter output is then
applied to tuned transformer T2 which
couples its output to 27.847 mixer Q2, and
to the low-band mixer of hi-band/lo-band
mixer/amplifier A2A6A2A4.

In addition, 17.847/27.847 mc
mixer A2A6A2A3 receives the 10-MHz
signal from frequency standard electronic
assembly A2A5 after gating performed by
diodes CR1 and CR3. The mixer output is
then applied to tuned transformer T3,
crystal filter Y2 (27.847 MHz), and tuned
transformer T4 before being applied to the
high-band mixer of hi-band/lo-band mixer/
amplifier A2A6A2A4.

g. 1 AND 10 KC SYNTHESIZER
ELECTRONIC SUBASSEMBLY A2A6A3. -
In all of the R-1051D/URR operating modes,
1 and 10 kc synthesizer electronic sub-
assembly A2A6A3 (figure 4-7) produces two
output signals: the 1- and 10-kHz outputs to
rf translator electronic subassembly
A2A6A6, and the 7.089-MHz error signal to
100 cps synthesizer electronic subassembly
A2A6A4.

The 1 and 10 kc synthesizer
utilizes two internal oscillators. The 1 kc
oscillator on 1.850-1.859 mc oscillator
A2A6A3A2 generates any one of ten stable
frequencies in the range of 1.850 through
1.859 MHz, with the correct frequency
crystal selected by the 1 KCS control on the
front panel of the R-1051D/URR. The
selected crystal (A5Y11, A5Y12, ... A5Y20)
is wired to the base circuit of oscillator Q1.
Limiter diodes CR1 and CR2 in the oscil-
lator base circuit prevent excessive voltage
from damaging a crystal. The output from
the oscillator is taken from the emitter
and applied to the base of buffer amplifier
Q2. The output of Q2 is tuned by trans-
former T1 and is applied to mixer Q11 on 1
and 10 kc output and blanker A2A6A3A3, and
to isolation amplifier Q7 on 1 and 10 kc
error mixer A2A6A3A4.

The 10 ke oscillator on 5.16-5.25
mc oscillator A2A6A3A1 also generates any
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one of ten stable frequencies in the range of
5.16 through 5.25 MHz, with the correct
frequency crystal selected by the 10 KCS
control on the front panel of the R-1051D/
URR. The selected crystal (A6Y1, A6Y2 ...
A6Y10) is wired to the base circuit of oscil-
lator Q1. Limiter diodes CR1 and CR2 in
the oscillator base circuit prevent excessive
voltage from damaging a crystal. The out-
put from the oscillator is taken from the
emitter and applied to the base of buffer
amplifier Q2. The output of Q2 is tuned by
transformer T1 and is applied to mixer Q11
on 1 and 10 kc output and blanker
A2ABA3A3, and to isolation amplifier Q6 on
1 and 10 ke error mixer A2A6A3A4.

The oscillator outputs are applied
to 1 and 10 kc output and blanker A2A6A3A3.
Coils L5, L6, and L7 provide tuned trapping.
The output is applied through tuned trans-
former T3 as the 1- and 10-kHz outputs to
rf translator electronic subassembly
A2A6A6. The 1 kc oscillator output is
amplified by transistor Q7, and the 10 kc
oscillator output is amplified by transistor
Q6 on 1 and 10 kc error mixer A2A6A3A4.
The resulting outputs are applied to in-
ductors L4 and L3, respectively, and then
to 1 kc error mixer Q10 and 10 kc error
mixer Q8, respectively. The 1 kc error
mixer mixes the isolated 1 kc oscillator
output with the 1-kHz spectrum signal
(0.122 to 0.131 MHz) from spectrum
generator electronic subassembly A2A6A5
and produces an output which is filtered by
FL2 at 1.981 MHz. The 10 kc error mixer
mixes the isolated 10 kc oscillator output
with the 10-kHz spectrum signal (3.82 to
3.91 MHz) from spectrum generator elec-
tronic subassembly A2A6A5 and produces
an output which is filtered by FL1 at 9.07
MHz. Both filter outputs are applied to
mixer Q9 whose output is tuned by trans-
former T1 to the 7.089-MHz error output
signal which is applied to the 100 cps
synthesizer electronic subassembly
A2A6AA4,

h. 100 CPS SYNTHESIZER ELEC-
TRONIC SUBASSEMBLY A2A6A4. - In all
of the R-1051D/URR operating modes,

100 cps synthesizer electronic subassembly
A2A6A4 (figure 4-8) generates a 7.0998- to
7.1012-MHz signal for application to 100 kc
synthesizer electronic subassembly A2A6A2.
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As input, 100 cps synthesizer electronic
subassembly A2A6A4 receives pulses from
1 kc spectrum generator electronic sub-
assembly A2A6A5, a vernier frequency
control signal from CPS vernier control
A2A11R7, a 7.089-MHz signal from 1 and
10 kc synthesizer electronic subassembly
A2A6A3, and the 100 cps tuning control
four-wire code from CPS switch A2A11S6 on
the R-1051D/URR front panel. The 100 cps
synthesizer electronic subassembly A2A6A4
consists of three electrically connected
printed-circuit boards: 100 cps oscillator
A2AB6A4A2, preset counter A2A6A4Al, and
7.1 mc mixer A2A6A4A3.

When CPS switch A2A11S6 is at
any position other than the V position, 1-
kHz input pulses from spectrum generator
electronic assembly A2A6A5, consisting of
frequencies of from 122 kHz to 131 kHz at
intervals of 1 kHz, are applied to phase
detector A2Z1 along with reset pulses ob-
tained from preset counter A2A6A4A1.
Output of the phase detector, a dc voltage
proportional to phase difference between
spectrum generator pulses and reset pulses,
is amplified by A2Q1 and applied to variable
tuning elements A2CR7, A2CR8, and A2CRS9.
These variable tuning elements are voltage-
variable capacitors which slave the output of
oscillator A2Q2 to the input from spectrum
generator electronic subassembly A2AG6A5.
Oscillator output is limited in amplitude by
CR5 and CR6, and is applied to preset
counter Al through buffer amplifier A2Q3
for isolation. When CPS switch A2A11S6 is
at the V position, frequency of oscillator
A2Q2 is slaved to the vernier frequency
control signal.

Output of buffer amplifier A2Q3 is
applied through pulse shaper A1Q5, A1Q6
which functions as a Schmitt trigger, through
decade divider A1Z4, and through amplifier
A1Q7 to 7.1 mc mixer A3. When CPS switch
A2A11S6 is at any position other than the V
position, preset counter A2A6A4A1, con-
sisting of decade dividers A1Z3, Al1Z1, in-
verter amplifier A1Q8, flip-flop A1Z2, re-
set pulser A1Q1 through A1Q4, and emitter
follower A1Q9, is preloaded to a value from
000 Hz to 900 Hz according to the particular
100 cps tuning control four-wire binary code
received from CPS switch A2A11S6 through
gates A1CR3 through A1CR10. This preload
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slaves oscillator A2Q2 to the CPS switch
frequency selected, through operation of
phase detector A2Z1.

Output of amplifier A1Q7 is applied
through emitter follower A3Q1 as one input
to mixer A3Q2. A 7.089-MHz signal from 1
and 10 kc synthesizer electronic subassem-
bly A2A6A3 is applied as the other input to
mixer A3Q2. Mixer output frequencies are
applied to 7.1 mc filter A3FL2 which passes
only the summation frequency. This 7.1-
MHz output is applied through emitter
follower A3Q3, amplifier A3Q4, and tuned
transformer A3T1 to 100 kc synthesizer
electronic subassembly A2A6A2.

i. SPECTRUM GENERATOR
ELECTRONIC SUBASSEMBLY A2A6A5. - In
all of the R-1051D/URR operating modes,
spectrum generator electronic subassembly
A2ABA5 (figure 4-9) generates a 100-kHz
spectrum signal (15.3 to 16.2 MHz) for 100
kc synthesizer electronic subassembly
A2A6A2, a 10-kHz spectrum signal (3.82 to
3.91 MHz) for 1 and 10 kc synthesizer elec-
tronic subassembly A2A6A3, a 1-kHz spec-
trum signal (0.122 to 0.131 kHz) for 1 and
10 kc synthesizer electronic subassembly
A2A6A3, and a 1-kHz pulse for 100 cps
synthesizer electronic subassembly A2A6A4.

The initial input is a 0.2-volt rms,
500-kHz signal from frequency standard
electronic assembly A2A5. The signal
enters 100 kc spectrum generator
A2ABABA1 consisting of variable inductor
L2, trigger amplifier Q1, divide-by-five
multivibrator Q2, Q3, gate amplifier Q4,
keyed oscillator Q5, tuned transformer T1,
amplifier Q6 and broadband filter L5 and
T2, producing the 100-kHz spectrum output.
In addition, an output from the collector of
Q3 drives the base of divide-by-two multi-
vibrator Q1, Q2 which drives divide-by-
five multivibrator Q3, Q4, gate amplifier
Q5, keyed oscillator Q6, and tuned trans-
former T1 of 10 kc spectrum generator
A2AB6A5A2 to produce the 3.82- to 3.91-MHz
spectrum output.

Similarly, the signal is routed
from the collector of Q4 in 10 kc spectrum
generator A2A6A5A2 to 1 kc spectrum
generator A2A6A5A3 to produce the 1-kHz
spectrum. This board consists of divide-
by-two multivibrator Q1, Q2, divide-by-
five multivibrator Q3, Q4, gate amplifier
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Q5, keyed oscillator Q6, and tuned trans-
former T1. The output of T1 supplies the
1-kHz spectrum (0.122 to 0.131 MHz) to 1
and 10 kc synthesizer electronic subassem-
bly A2A6A3. The output from Q4 of the
divide-by-five multivibrator is applied to
1 kc pulse inverter A2A6A5A4, This board
consists of inverter Q1 which supplies 1-kHz
pulses to 100 cps synthesizer electronic
subassembly A2A6A4.

jo RF TRANSLATOR ELECTRONIC
SUBASSEMBLY A2A6A6. - As shown in
figure 4-10, rf translator electronic assem-
bly A2A6A6 supplies the 500-kHz output sig-
nal to mode selector electronic assembly
A2A1, This is accomplished by use of three
mixing stages which mix the MHz injection
frequencies, 100-kHz injection frequencies,
1- and 10-kHz injection frequencies, and 2-
to 30-MHz inputs.

As input, rf amplifier electronic
assembly A2A4 feeds a 2- to 30-MHz signal
to high frequency mixer Z3 after limiting by
diodes CR19 and CR20. This signal is applied
to high-frequency mixer gate CR18, tuned
transformer T7, and mixer Z3, which also
receives the MHz injection signal from mc
synthesizer electronic subassembly A2A6A1L.
The mixed output is applied to tuned trans-
former T6 and then to gates CR15 and CR17.
The high-frequency mixer output from CR15
is applied either to 20 MHz filter FL1 or to
30 MHz filter FL2 as either gates CR12 and
CRI10 are biased on and gates CR13 and
CR11 are biased off in lo-band (20-MHz first
intermediate frequency), or gates CR13 and
CRI11 are biased on and gates CR12 and
CR10 are biased off in hi-band (30-MHz
first intermediate frequency).

The filtered output drives mid
frequency mixer Z2, which is similar to
high frequency mixer Z3 except that the in-
put signal is mixed with the 100-kHz injec-
tion signal from 100 kc synthesizer elec-
tronic subassembly A2A6A2, After mixing
and gating, the mid frequency mixer output
signal is applied to filter FL3. The FL3
output drives low frequency mixer Z1, which
is also similar to high frequency mixer Z3,
so that the input signal is mixed with 1- and
10-kHz injection signal from 1 and 10 kc
synthesizer electronic subassembly A2AG6A3.

After mixing and gating, the low-
frequency mixer output signal is applied
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through L2 to Q1, where it is amplified and

fed to tuned transformer T1 whose output is

the 500-kHz output signal.

3-3. FUNCTIONAL CIRCUIT DESCRIP-
TION.

Repairable circuits of the R-1051D/URR
are described in paragraphs a through av.

a. ANTENNA OVERLOAD. - The
antenna overload circuit (figure 3-3) consists
of diode detector CR1, amplifier Q1, relay
driver Q2, and relay K1. The rf signal from
the antenna is coupled by capacitor C1 to
divider R1 and R2 which is frequency com-
pensated by C2 and C3. The reduced rf
signal is applied to diode CR1.

Output of the detector, half-wave
rectified positive voltage proportional to
antenna signal strength, is smoothed by
capacitor C4 and applied through resistor
R3 to the base of amplifier Q1. Resistors
R2 and R3 self-bias the base of amplifier
Q1 at a level such that transistor Q1 is near,
or at, cutoff with a safe level of rf signal
applied to detector CR1. Resistors R5 and
R6 bias the emitter of transistor Q1, and
resistor R4 is the collector load. Output
voltage from the collector of amplifier Q1 is
coupled directly to the base of relay driver
Q2. With a safe level of rf signal applied to
detector CR1, the base of relay driver Q2 is
forward-biased by resistor R7 and resistors
R8 and R9 develop emitter bias for Q2. In
this state, relay driver Q2 holds relay K1
energized, passing the rf signal from the
antenna to rf amplifier electronic assembly
A2A4,

When the rf signal from the
antenna approaches an excessive level,
amplifier Q1 conducts, cutting off relay
driver Q2. This deenergizes relay K1,
removing the antenna signal from the rf
amplifier input. When the rf signal from
the antenna returns to a safe level, con-
duction of amplifier Q1 is reduced, re-
turning relay driver Q2 to conduction and
restoring the rf signal through relay K1 to
the rf amplifier. Whenever a tune ground
is applied from code generator electronic
assembly A2AT through diode gate CR2, re-
lay driver Q2 cuts off and relay K1 deener-
gizes, which grounds the rf amplifier
input.
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Figure 3-3. Antenna Overload, Simplified Schematic Diagram
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b. RF AMPLIFIER V1. - RF amplifier
V1 circuit (figure 3-4), which forms a part
of rf amplifier electronic assembly A2A4,
amplifies the rf input signal from the
antenna for application to rf amplifier V2.
The following paragraphs describe the
operation of this circuit in detail.

The signal from the antenna over-
load circuit passes through contacts 6 and
8 of relay A38K1 and is applied to the
primary of transformer T1 in the mega-
cycle assembly. The megacycle assembly
is composed of a double-tuned circuit with
capacity coupling. The secondary of trans-
former T1 forms a parallel-tuned circuit
with capacitor C2 in series with a capaci-
tance network composed of capacitors C19,
C20, and the capacitors on rotor assemblies
A30 and A31. The signal is coupled from
transformer T1 to transformer T2 by ca-
pacitor C1l. Capacitor C1 is replaced by
tuned trap L1, C1 on assemblies A12 and
A13. Transformer T2 forms a parallel-
tuned circuit with capacitor C3 in series
with a capacitance network composed of
capacitors C8, C9, and the capacitors on
rotor assemblies A32 and A33. Crystal
Y1 is used only on assemblies A9, A10,
and A19.

Megacycle assemblies A2 through
A29 are automatically switched into the
circuit for each setting of the MCS controls
(2 through 29 MHz). Transformers T4, T3,
and T2 are located on different megacycle
assemblies. The values of the components
on these assemblies are shown in chart C
on figure 5-12. For each of the ten settings
of the 100 kc (KCS) control, different
combinations of capacitors on the A30 and
A33 rotor board (C1 through C9 and C10
through C19) are switched into the circuit.
The values of these components are shown
in chart B on figure 5-12. For each of the
ten settings of the 10 kc (KCS) control,
different capacitors on the A31 and A32
rotor board (C1 through C9) are switched
into the circuit. The values of these com-

ponents are shown in chart A on figure 5-12.

The signal from the megacycle
assembly is applied through parasitic
suppressor FL1 and coupled by capacitor
C1 to the control grid of rf amplifier V1.
Screen voltage (110 Vdc) for rf amplifier
V1 is applied through decoupling resistor
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A1R4. Plate voltage (110 Vdc) for rf
amplifier V1 is applied through decoupling
resistor A1R4 and transformer T3. The
agc for rf amplifier V1 is applied to volt-
age divider A1R1, A1R2 from step agc
circuit in if./audio amplifier electronic
assemblies A2A2 and A2A3. From the
voltage divider, the agc is applied through
resistor R1 to the control grid of rf am-
plifier V1 to vary the gain of the stage
according to the strength of the received
signal. The cathode bias for rf amplifier
V1 is developed across resistors R2 and
A1R3. Capacitors C2, C3, C4, A2C1, and
A2C2 are rf bypass capacitors.

The output circuit of rf amplifier
V1 consists of transformer T3, which
forms a parallel-tuned circuit with capaci-
tor C4 in series with a capacitance network
composed of capacitors C11, C12 and the
capacitors on circuit board assemblies A34
and A35. The circuit description presented
earlier holds true for this tuned circuit,
except that the 100-kHz capacitors are.
located on the A34 assembly and the 10-
kHz capacitors are located on the A35
assembly.

The rf input signal is amplified by
rf amplifier V1, for application to rf
amplifier V2.

c. RF AMPLIFIER V2. - RF am-
plifier V2 (figure 3-5), which forms a
part of rf amplifier electronic assembly
A2A4, amplifies the signal from rf am-
plifier V1 for application to the high-
frequency mixer in rf translator electronic
subassembly A2A6A6. The following para-
graphs describe the operation of this circuit
in detail,

The signal from rf amplifier V1 is
coupled through capacitor C5 and parasitic
suppressor FL2, and is applied to the con-
trol grid of rf amplifier V2. Screen volt-
age (110 Vdc) for rf amplifier V2 is applied
through decoupling resistor A1R6. Plate
voltage (110 Vdc) for rf amplifier V2 is
applied through decoupling resistor A1RS6,
the primary rf transformer T4, and para-
sitic suppressor FL3. Capacitor C7 is an
rf bypass capacitor. The agc voltage from
the step agc circuit in if./audio amplifier
electronic assemblies A2A2 and A2A3 for
rf amplifier V2 is attenuated by a voltage
divider composed of resistors R4 and R5,
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Figure 3-5. RF Amplifier V2, Simplified Schematic Diagram

smoothed by capacitor C10, and is applied
to the control grid through resistor R3.

The agc varies the gain of the stage accord-

ing to the strength of the received signal.
The cathode bias for rf amplifier V2 is
developed across resistor A1R5. The out-
put circuit for rf amplifier V2 consists of
transformer T4, which forms a parallel-
tuned circuit with capacitor C5 in series
with a capacitance network composed of
capacitors C13, C14 and the capacitors on

rotor assemblies A37 and A36. The circuit

ORIGINAL

description in paragraph 3-3b holds true
for this tuned circuit, except that the 100-
kHz capacitors are located on the A37 as-
sembly and the 10-kHz capacitors are lo-
cated on the A36 assembly.

The amplified signal from rf
amplifier V2 is applied to high frequency
mixer Z1 in rf translator electronic sub-
assembly A2A6A6.

d. HIGH FREQUENCY MIXER. - High
frequency mixer Z1 (figure 3-6), which
forms a part of rf translator electronic
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subassembly A2A6A6, mixes the signal
from rf amplifier V2 in rf amplifier elec-
tronic assembly A2A4 with the MHz injec-
tion frequency from mc level control A4 in
mc synthesizer electronic subassembly
A2A6A1. The following paragraphs de-
scribe the operation of this circuit in detail.

The 2- to 30-MHz signal from rf
amplifier A2A4V2 is applied across a peak
noise limiter composed of diodes CR19 and
CR20 to RF GAIN potentiometer R52. A
portion of this signal is coupled from the
wiper of R52 through capacitor C63,
switching diode CR18, and transformer T7
to integrated circuit Z3. The MHz injec-
tion, 2.5 to 23.5 MHz in frequency, is
coupled by capacitor C62 to integrated
circuit Z3. Here, high-frequency mixing
occurs. The output of integrated circuit
Z3, containing both the applied frequencies
and the sum and difference frequencies, is
applied through transformer T6, switching
diode CR15, and capacitor C48 to a filter
network. In the R-1051D/URR, bias volt-
age is continuously applied to keep switch-
ing diodes CR16 and CR17 off and CR18 and
CR15 on.

The mixer output is fed to either
channel of a two-channel filter network
accordingly as bias is applied to switching
diodes CR10 through CR13 from hi/lo filter
relay A2K2. For 10-band operation, diodes
CR13 and CR11 are biased off while diodes
CRI12 and CR10 are biased on, passing the
signal through capacitor C45 and filter
FL1. The pass frequency of filter FLI1,
19.5 to 20.5 MHz, corresponds to the de-
sired output of the high frequency mixer
for lo-band operation. Chokes L13, L10,
and L8 prevent signal leakage through the
switching diode bias path. For hi-band
operation, diodes CR12 and CR10 are
biased off while diodes CR13 and CR11 are
biased on, passing the signal through
capacitor C44 and filter FL2. The pass
frequency of filter FL2, 29.5 to 30.5 MHz,
corresponds to the desired output of. the
high frequency mixer for hi-band operation.
Chokes L11, L10, and L9 prevent signal
leakage through the switching diode bias
path. For either band, output of high fre-
quency mixer Z1 is sent to mid frequency
mixer Z2.
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e. MID FREQUENCY MIXER. - Mid
frequency mixer Z2 (figure 3-7), which
forms a part of rf translator electronic sub-
assembly A2A6A6, mixes the signal from
the high frequency mixer with the 100-kHz
injection frequency from 100 kc synthesizer
electronic subassembly A2A6A2. The
following paragraph describes the operation
of the circuit in detail.

Either the 19.5 to 20.5 MHz or
29.5 to 30.5 MHz signal from high frequency
mixer A2A6A6A1Z3 and the appropriate
filter network is coupled through capacitors
C38 and C37, switching diode CR9, and
transformer TS5 to integrated circuit Z2.
The 100-kHz injection, in 100-kHz incre-
ments, either between 22.4 and 23.3 MHz
(lo-band) or between 32.4 and 33.3 MHz
(hi-band), is coupled by capacitor C34 to
integrated circuit Z2. Here, mid-frequency
mixing occurs. The output of integrated
circuit Z2, containing both the applied fre-
quencies and the sum difference frequencies,
is applied through transformer T4,
switching diode CR6, and capacitors C25
and C24 to filter F13. In the R-1051D/URR,
bias voltage is continuously applied to keep
switching diodes CR7 and CR8 off and CR9
and CR6 on. The output of filter FL3, 2.8
to 2.9 MHz, is the desired output of mid
frequency mixer A2A6A6Z2 and is sent to
low frequency mixer A2A6A6Z3.

f. LOW FREQUENCY MIXER. - Low
frequency mixer Z3 (figure 3-8), which
forms a part of rf translator electronic
subassembly A2A6A6, mixes the signal
from the mid frequency mixer with the 1-
and 10-kHz injection frequency from 1 and
10 kc synthesizer electronic subassembly
A2A6A3. The following paragraph de-
scribes the operation of this circuit in
detail.

The 2.8- to 2.9-MHz signal from
mid frequency mixer A2A6A6A1Z2 and
filter FL3 is coupled through capacitors
C18 and C20, switching diode CR4, and
transformer T2 to integrated circuit Z1.
The 1- and 10-kHz injection, between
3.301 and 3.400 MHz in 1-kHz increments,
is coupled by capacitor C6 to integrated
circuit Z1. Here, low-frequency mixing
occurs. The output of integrated circuit
Z1, containing both the applied frequencies
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and the sum and difference frequencies, is
applied through switching diode CR3 and a
500-kHz pass filter, consisting of capaci-
tors C13, C12, and C10 and choke L2, to
amplifier Q1. In the R-1051D/URR, bias
voltage is continuously applied to keep
switching diodes CR4 and CR3 on and CR2
and CR5 off. The output of amplifier Q1 at
500 kHz is the desired output of low fre-
quency mixer A2A6A6Z3 and is sent to mode
selector electronic assembly A2A1,

g. MODE GATE. - The mode gate
(figure 3-9) consists of emitter followers
Q1, Q2, and Q3, filters FL1, FL2, and
FL3, switching diodes CR1 and CR2, and
Zener diode VR1. This circuit, which
forms a part of mode selector electronic
assembly A2A1, routes the 500-kHz if. sig-
nal from rf translator electronic subassem-
bly A2A6A6, through those filters appro-
priate to the setting of Mode Selector switch
A2S2, to the if. amplifiers used for the
selected mode of the R-1051D/URR opera-
tion. The following paragraph describes
the operation of this circuit for all modes
of the R-1051D/URR operation.

The 500-kHz if. signal from low
frequency mixer A2A6A6A1Z1 is isolated by
emitter follower Q1 and applied to filters
FL1, FL2, and FL3. In all modes of opera-
tion other than STD BY, the output of LSB
filter FL3 is applied through emitter
follower Q3 to gain controlled if. amplifier
A2A3A2 as the LSB if, signal. In the RATT,
USB, or ISB modes of operation, +20 volts
is applied by the Mode Selector switch to
turn diode switch CR1 on, applying the out-
put of USB filter FL1 to emitter follower
Q2. In either the AM or CW modes of
operation, +20 volts is applied by the Mode
Selector switch to turn diode switch CR2 on,
applying the output of AM filter FL2 to
emitter follower Q2. The output of the
emitter follower, the USB/AM if. signal, is
sent to gain controlled if. amplifier A2A2A2,
Zener diode VR1 furnishes +10-volt regu-
lated bias, obtained from the positive 20-
volt supply, to diode switches CR1 and CR2.
Thus, when +20-volts is not applied by the
Mode Selector switch to either CR1 or CR2,
as in the LSB mode of operation, both diode
switches are biased off and no USB/AM
if. signal is produced. Whenever the
+20-volt receive bus is interrupted by the
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transmit/receive relay A2K3 or tune relay
A2K1, the mode gate is disabled and both
outputs fall to zero volts.

h. GAIN CONTROLLED IF. AM-
PLIFIER. - Gain controlled if. amplifier
A2A2A2 or A2A3A2 (figure 3-10) consists
of if. amplifiers Q1, Q4, Q5, and Q6, the
gain of which is controlled by variable gain
amplifier Q3 through dc amplifier Q2.
These circuits, which form a part of if./
audio amplifier electronic assemblies
A2A2 and A2A3, amplify the 500-kHz if.
signal from mode gates A2A1A1 to a level
suitable for use in the product or AM
detector circuits. Gain controlled if.
amplifier A2A2A2 is used during the USB,
RATT, AM, and CW modes of operation.
Gain controlled if. amplifier in assembly
A2A3A3 is used during the LSB mode of
operation. Both circuits are used during
the ISB mode of operation. The following
paragraphs describe the operation of the
gain controlled if. amplifier circuit in
detail,

The 500-kHz if. signal from mode
gates A2A1A1 is coupled to the base of am-
plifier Q1 by capacitor Cl. Operating volt-
ages for amplifier Q1 are developed from
the positive 20 Vdc applied to voltage
divider R1, R2, and emitter resistor R3.
The amplified output from amplifier Q1 is
developed across the tuned circuit con-
sisting of capacitor C3 and the primary of
transformer T1. Transformer T1 couples
the amplified if. signal to a voltage divider
network consisting of resistor R5 and dc
amplifier Q2. The action of the agc voltage
upon the combined circuits of amplifiers
Q2 and Q3 results in a nearly constant out-
put from if. amplifier Q4. AGC-controlled
dc amplifier Q2 acts as a variable shunt
resistance to control the if. signal input
level to amplifier Q4. Variable-gain
amplifier Q3 acts as a variable resistor in
series with emitter bypass capacitor C9 to
control the amount of degeneration in the
circuit of amplifier Q4. The agc voltage is
applied to the base of dc amplifier Q2
through voltage divider R6, CR1, and R7.
Diode CRI1 is a silicon diode used for tem-
perature compensation. An increase in
temperature that would normally increase
the rate of conduction of dc amplifier Q2
also lowers the forward resistance of
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diode CR1. This results in a lower voltage
at the base of dc amplifier Q2, thereby
compensating for the temperature change.
The collector-emitter circuit of dc am-
plifier Q2 acts as a variable shunt resistor
that varies inversely with the if. signal
strength. A strong if. signal causes an in-
crease in the agce voltage which is applied
to the base of dc amplifier Q2. This places
a larger forward bias on dc amplifier Q2,
causing a higher rate of conduction. This
reduces the level of the 500-kHz if. signal
that is coupled to the base of amplifier Q4
by capacitor C7.

The voltage dropped across re-
sistor R8 varies with the rate of conduction
of dc amplifier Q2. Therefore, increased
conduction increases the voltage drop and
decreases the voltage across voltage
divider R38, R39. This reduces forward
bias, rate of conduction, and increases
collector-emitter resistance of the variable-
gain amplifier and the degeneration in the
circuit of if. amplifier Q4. When the if.
signal disappears, the level of the agc volt-
age drops, biasing dc amplifier Q2 to cut-
off. This causes a reduced voltage drop
across resistor R8, and an increased volt-
age across divider network R38, R39. The
resulting increase in forward bias on
variable-gain amplifier Q3 will increase its
rate of conduction, resulting in a decreased
collector-emitter resistance and a decrease
in the degeneration in the circuit of am-
plifier Q4.

The output from voltage divider R5,
Q2 is coupled to the base of if. amplifier Q4
by capacitor C7. Operating voltage for if.
amplifier Q4 is developed from the positive
20 Vdc applied to voltage divider R10, R11,
and emitter resistor R12. The amplified
output from if. amplifier Q4 is developed
across the tuned circuit consisting of
capacitor C8 and the primary of transformer
T2,

The output from transformer T2 is
coupled to the base of if. amplifier Q5 by
capacitor C10 and is applied to the step agc
circuit. Resistor R13 serves as the load
resistor for transformer T2 and increases
the bandwidth of the circuit. Operating
voltage for if. amplifier Q5 is developed
from the positive 20 Vdc applied to voltage
divider R14, R15, and emitter resistor
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network R16 and R17. A small amount of
degeneration (developed by resistor R17) is
used to increase the stability of if. amplifier
Q5. The amplified output from transistor
Q5 is developed across the tuned circuit
consisting of capacitor C11 and the primary
of transformer T3.

The amplified if. signal at the
secondary of transformer T3 is coupled to
the base of if. amplifier Q6 by capacitor
C13. Resistor R18 serves as the load re-
sistor for transformer T3 and increases
the bandwidth of the circuit. Operating
voltage for Q6 is developed from the posi-
tive 20 Vdc applied to voltage divider R19,
R20 and emitter resistors R21 and R22.

IF. amplifier Q6 is the last stage of am-
plication in gain controlled if. amplifier
A2, The gain of amplifier Q6 is controlled
by the amount of degenerative feedback
developed by potentiometer R22, The
output from if. amplifier Q6 is developed
across the tuned circuit consisting of
capacitor C14 and the primary of trans-
former T4. The center-tapped secondary
of transformer T4 develops a balanced
output across load resistor R23. Trans-
former T4 couples the if. output to
product/am. detector A3.

i. PRODUCT DETECTOR. - The
product detector portion (figure 3-11) con-
sists of transistor stages A3Q1 and A3Q2
connected in a balanced mixer configuration.
This circuit, which forms a part of if./
audio amplifier electronic assemblies A2A2
and A2A3, extracts intelligence from the
USB, LSB, ISB, or RATT 500-kHz if.
signals. Product detector A2A2A3 is used
during the USB and RATT modes of opera-
tion. Product detector A2A3A3 is used
during the LLSB mode of operation. Both
product detectors are used during the ISB
mode of operation. Neither product detec-
tor is used during the AM or CW modes of
operation. The following paragraphs de-
scribe the operation of the product detector
circuits in detail,

The base operating voltage for
transistors A3Q1 and A3Q2 (developed by
voltage divider A2R24, A2R25 from the
positive 20 Vdc applied to it from relay
A2K3 on the main frame) is applied through
the secondary of transformer A2T4. Re-
sistor A2R23 is the load resistor for
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Figure 3-11. Product Detector, Simplified Schematic Diagram

transformer A2T4. The emitter operating
voltage is applied to transistors A3Q1 and
A3Q2 through bias resistors A3R2 and
A3R4 from the Mode Selector switch on the
front panel. (The emitter operating voltage
for the product detector in assembly A2A2
is present only during the USB, RATT, and
ISB modes of operation. The emitter
operating voltage for the product detector
in A2A3 is present only during the LSB and
ISB modes of operation.) Because of the
center tap (ac ground) on the secondary of
transformer A2T4, the 500-kHz if. signals
coupled to the bases of the product detector
transistors are of equal magnitude, but
180 degrees out of phase with each other.
A 500-kHz injection signal from
500 kc gate A2A1A2 is coupled to the emit-
ters of transistors A3Q1 and A3Q2 by ca-
pacitors A3C1 and A3C4, respectively.
Resistors A3R1 and A3R3 provide isolation
between the emitters of transistors A3Q1
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and A3Q2. The 500-kHz injection and
500-kHz if. signals are mixed in the two
stages, resulting in an output consisting

of the sum of the two signals, the difference
of the two signals, and the two individual
signals. Capacitors A3C2 and A3C3 bypass
the sum of the two signals to ground.

Since the circuit is balanced, the outputs
from transistors A3Q1 and A3Q2 that are
developed across transformer A3T1 are
180 degrees out of phase with each other.
This results in canceling of the 500-kHz
carrier and 500-kHz if. signals. Trans-
former A3T1 has an audio frequency re-
sponse that will attenuate (into the noise
region) any of the rf signals not previously
canceled. The difference of the two signals
is the desired intelligence, and it is devel-
oped across the primary of transformer
A3T1. The detected intelligence is coupled
to the LINE LEVEL control behind the
front panel by transformer A3T1.
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jo. AM DETECTOR. - The AM detec-
tor portion of A2A2A3 or A2A3A3 (figure
3-12) consists of if. amplifier A3Q3, diode
detector A3CR2, and audio amplifier A1Q9.
These circuits, which form a part of if./
audio amplifier electronic assemblies
A2A2 and A2A3, extract the intelligence
from the 500-kHz if. signals in the CW and
AM modes of operation. The AM detector
circuit in A2A2 is used during the CW and
AM modes of operation. The AM detector
circuit in A2A3 is not used in any mode of
operation. The following paragraphs de-
scribe the operation of the AM detector
circuit in detail.

The 500-kHz if, signal is coupled
to the base of transistor A3Q3 by trans-
former A2T4. The base operating voltage
for transistor A3Q3 (developed by voltage
divider A2R24, A2R25 from the 20 Vdc
applied to it from relay A2K3 on the main
frame) is applied through the secondary
of transformer A2T4. The emitter opera-
ting voltage for amplifier A3Q3 is the 20
Vdc applied through diode A3CR1 and re-
sistor A3R5 from the Mode Selector switch
on the front panel. Diode A3CR1 prevents
any incidental base currents in amplifier
A3Q3 from affecting the operating voltage
for the product detector when operating in
any mode other than AM or CW. The am-
plified output from amplifier A3Q3 is
developed across the tuned circuit con-
sisting of capacitor A3C6 and inductor
A3L1, In the CW mode of operation, the
BFO signal from mode selector electronic
assembly A2A1l is mixed with the 500-kHz
if, signal in the tuned circuit. The output
from the tuned circuit is detected by diode
A3CR2, Capacitor A3C7 bypasses any rf
passed by diode A3CR2 to ground. This
ensures that the ac voltages developed
across A3R36 will be the voice signals ex-
tracted from the AM signal or the audio
difference between the 500-kHz if. and the
BFO frequency during the CW mode of
operation.

The audio signals developed across
resistor A3R6 are coupled to the base of
amplifier A1Q9 by capacitor A1C12. The
base operating voltage for amplifier A1Q9
is developed by voltage divider A1R27,
A1R28 from the positive 20 Vdc applied to
it from relay A2K3 on the main frame.
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The emitter operating voltage is applied
through emitter resistors A1R29 and
A1R30 from the 20 Vdc present at the Mode
Selector switch on the front panel. De-
generation (developed by resistor A1R30)
controls the gain and improves the distor-
tion characteristics of amplifier A1Q9.
The output of amplifier A1Q9 is applied to
the USB LINE LEVEL control behind the
front panel (see figure 3-11).

k. AUDIO AMPLIFIER. - The audio
amplifier portion of A2A2A2 and A2A3A2
(figure 3-13) consists of audio amplifier
Q7, emitter follower Q8, and push-pull
amplifier Q9, Q10. These circuits, which
form a part of if./audio amplifier elec-
tronic assemblies A2A2 and A2A3, amplify
the audio signals from the USB or LSB
LINE LEVEL control to a level suitable
for driving the headset and the remote
audio output accessory. The audio am-
plifier portion of assembly A2A2 is used
during the USB, RATT, AM, and CW modes
of operation. The audio amplifier portion of
assembly A2A3 is used during the LSB
mode of operation. Both audio amplifiers
are used during the ISB mode of operation.
The audio amplifier circuits are energized
during transmit operation to allow the
operator to monitor the respective side-
tones. The following paragraphs describe
the operation of the audio amplifier circuit
in detail.

The audio signals present at the
USB or LSB LINE LEVEL control are
coupled to the base of audio amplifier Q7
by capacitor C17. (The audio signals are
applied from either the product detector,
AM detector, or connector J4 on the rear
of the R-1051D/URR.) The operating volt-
age for amplifier Q7 is developed by volt-
age divider R26, R27, R28 and emitter re-
sistors R31 and R32 from the positive 20
Vdc applied to them from the Mode Selector
switch on the front panel. Capacitor C18
and resistor R26 perform a decoupling
function to prevent any fluctuations in line
voltage from affecting the operation of
amplifier Q7. Capacitor C20 is an emitter
bypass capacitor. Negative feedback is
produced by coupling the output from
transformer A2A2T1 or A2A3T1 back to
the emitter of amplifier Q7 through
capacitor C19. Resistors R30 and R31
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Figure 3-12, AM Detector, Simplified Schematic Diagram

form a voltage divider for providing the
desired amount of feedback to the emitter
of amplifier Q7. The RC network consisting
of capacitor C26 and resistor R29 provides
high-frequency suppression to maintain the
frequency response of the circuit within the
required limitations.

The amplified audio output from
amplifier Q7 is developed across resistor
R29 and is applied directly to the base of
emitter follower Q8. Operating voltage for
emitter follower Q8 is developed by emitter
resistor R34 from the positive 20 Vdc from
the Mode Selector switch on the front panel.
Emitter follower Q8 provides the necessary
isolation and impedance matching between
amplifier Q7 and push-pull amplifier Q9,
Q10. Resistor R33 is the collector re-
sistor, which is bypassed by capacitor C22,
The output from emitter follower Q8 is
developed across the primary of trans-
former T5.

Transformer T5 couples the out-
put from emitter follower Q8 to the bases
of push-pull amplifier Q9, Q10. The base
operating voltage for the push-pull amplifier
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is developed by voltage divider R35, R36
from the positive 28 Vdc from tune relay
A2K1 (located on the main frame). This
operating voltage is applied through the
secondary of transformer T5. Emitter
operating voltage for the push-pull am-
plifier is the positive 28 Vdc from tune
relay A2K1 (on the main frame), which is
applied through resistor R37 and the pri-
mary of transformer A2A2T1 or A2A3T1.
The 28 Vdc is interlocked through relay A2K1
to enable the audio output to be shut off when
the R-1051D/URR is being tuned. This pre-
vents spurious feedback from affecting the
tuning. The amplified output from push-pull
amplifier Q9, Q10 is developed across the
primary of transformer A2A2T1 or A2A3T1.
Transformer A2A2T1 or A2A3T1 couples the
audio signals to the PHONES jacks on the
front panel for monitoring with the headset,
and to the appropriate line level control
A2R1 (LSB) or A2R2 (USB). The AUDIO
LEVEL meter is connected across the re-
mote audio output. This meter provides an
indication of the level of audio on the remote
output lines.
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Figure 3-13. Audio Amplifier, Simplified Schematic Diagram

1. 500 KHZ FILTER AND GATE. -
The 500 kHz filter and gate A2A1A2 (figure
3-14), which forms a part of mode selector
electronic assembly A2A1, gates the 500-
kHz if. signal from the 1 mc divide-by-two
circuit in frequency standard electronic
assembly A2A5 to the product detector cir-

cuit in if./audio amplifier electronic assem-

blies A2A2 and A2A3. The 500-kHz gate
circuit is used only during the LSB, RATT,
USB, and ISB modes of operation. The
following paragraphs describe the operation
of this circuit for each of the indicated
modes of operation in detail.

(1) LSB, RATT, AND ISB
OPERATION. - The 500-kHz local carrier
signal from the 1 mc divide-by-two circuit
is coupled by capacitor C2 to the anode of
gating diode CR1. To explain the bias
development for gate CR1, assume that
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gate CR1 is removed from the circuit. In
LSB, RATT, USB, and ISB modes, 20 Vdc
is applied to voltage divider R1, R5, R6
and voltage divider R2, R3, R4. This pro-
duces a voltage of approximately 18.8 Vdc
at the junction of resistors R3 and R4, and
approximately 6.7 Vdc at the junction of
resistors R5 and R6. Returning gating
diode CR1 would result in forward biasing.
Since the gate is forward-biased, the 500-
kHz if. signal is allowed to pass and is
coupled by capacitor C4 to the product de-
tector to be used in demodulating.
(2) AM AND CW OPERATION. -

In AM and CW modes, gating diode CRI1 is
reverse-biased by removing the 20 Vdc
from voltage divider R2, R3, R4, thereby
blocking the 500-kHz if. signal.

m. STEP AGC. - The step agc cir-
cuit portion of A2A2A1 and A2A3A1
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Figure 3-14. 500 kHz Filter and Gate, Simplified Schematic Diagram

(figure 3-15) consists of if. amplifiers Q7
and Q8, time detector CR5, hang detector
CR4, coincidence detector Q6, switch Q5,
preamplifier Q11 and associated switch
Q10, preamplifier Q12 and associated
switch Q13, emitter follower Q4, and dc
amplifiers Q1, Q2, and Q3. These circuits,
which form a part of if./audio amplifier
electronic assemblies A2A2 and A2A3,
produce the automatic gain control (age)
voltages, which are used in the gain-
controlled if. amplifier circuits and the rf
amplifier circuit. (Refer to paragraphs
3-3c and 3-3h.) The step agc portion of
if./audio amplifier electronic assembly
A2A2 is used during the USB, AM, RATT,
and CW modes of operation. The step agc
portion of if./audio amplifier electronic
assembly A2A3 is used during the LSB
mode of operation. Both step agc circuits
are used during the ISB mode of operation.
The following paragraphs describe the
operation of the step agc circuit in detail.
The 500-kHz if. output from gain
controlled if. amplifier A2Q4 (paragraph
3-3h) is coupled to the base of if. amplifier
Q8 by capacitor C4. The operating voltage
for if. amplifier Q8 is developed by voltage
divider R23, R26 and emitter resistor R22
from the positive 20 Vdc applied through
the Mode Selector switch on the front panel.
The output of if. amplifier Q8 is developed
across the tuned circuit consisting of
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capacitor C10 and the primary of trans-
former T2. Resistors R24 and R25 func-
tion together to increase the bandwidth of
the amplifier circuit. The gain of if. am-
plifier Q8 is controlled by potentiometer
R25. Capacitor C11 is the emitter bypass
capacitor.

The output from transformer T2
is coupled to the base of if. amplifier Q7
by capacitor C9. Resistor R21 serves as
the load for transformer T2. The operating
voltage for if. amplifier Q7 is developed by
voltage divider K20, R21 from the 20 Vdc
applied from the Mode Selector switch on
the front panel. The emitter voltage of
if. amplifier Q7 is supplied through emitter
resistor R18 with positive 20 Vdc applied by
preamplifier Q12 and associated switch
Q13 when the AGC switch on the front panel
is set at either SLOW or FAST. When the
AGC switch is set at OFF, if. amplifier
Q7 and the entire agc function are disabled.
The output from if. amplifier Q7 is devel-
oped across the tuned circuit consisting of
capacitor C8 and the primary of transformer
T1. Capacitor C7 is the emitter bypass
capacitor.

Two outputs, identical in frequency
and polarity but differing in amplitude by
20 percent, are taken from transformer T1.
The smaller of the two outputs (designated
by E) is applied to hang detector CR4,
where it is rectified and used to charge
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capacitor C3. The resistive network, con-
sisting of resistors R16, R15, and therm-
istor RT1, compensates for variations in
the input to hang detector CR4 that result
from temperature changes. The charge on
capacitor C3 is the emitter bias for coin-
cidence detector Q6. The larger of the two
outputs (designated 1.2E) is applied to time
detector CR5, where it is rectified and
used to charge capacitor C5. The dc volt-
age at capacitor C5 is the base bias for
coincidence detector Q6.

When a signal is present, coin-
cidence detector Q6 is back-biased, due to
the voltage (1.2E) on the base and the volt-
age (E) on the emitter. When the antenna
signal is removed, capacitor C5 discharges
through resistor R19, and capacitor C3
discharges through R13. The capacitors
will discharge until the voltage on capaci-
tor C5 and capacitor C3 are equal, thereby
forward-biasing coincidence detector Q6
and causing it to conduct. Capacitors C3
and C5 then discharge at the same rate to
ground, through the small emitter-to-
collector resistance of coincidence detector
Q6. If, during this process, new signal
information is received, the step agc cir-
cuit will immediately reset itself on the
new information, as described previously.

The strength of the input signal
determines the level to which capacitor C3
charges and, while discharging through
resistor R13, determines the base bias on
emitter follower Q4. The hang time of the
hang detector and time detector circuits
are of sufficient duration so that the charge
across capacitor C3 remains relatively
constant during the reception of inter-
mittent voice signals. When the AGC
switch on the front panel is set at SLOW,
preamplifier Q11 and associated switch
Q10 connect capacitor C14 in parallel with
capacitor C3, greatly increasing the agc
delay. The collector voltage for emitter
follower Q4 is applied through resistor
R31.from the Mode Selector switch on the
front panel. When a signal is present, the
charge on capacitor C3 will forward-bias
emitter follower Q4, causing it to conduct.
This places a voltage across resistor R12
(R12 is switched to ground when AGC
switch is set at SLOW or FAST), which is
the base bias for dc amplifier Q3. The
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collector voltage for dc amplifier Q3 is
developed across resistor R11 from the
positive 20 Vdc applied to it from the

Mode Selector switch on the front panel.
Since the emitter of dc amplifier Q3 is
essentially at ground (through resistor R9),
an output from emitter follower Q4 will
forward-bias dc amplifier Q3, causing it
to conduct. The resulting voltage developed
across emitter resistor R9 is applied to the
gain-controlled if. amplifiers as the re-
quired agc voltage. Resistor R9 and capa-
citor C2 constitute an RC network to filter
any leakage (500-kHz if.) signal from the
agc voltage.

With no signal output, the collec-
tor of dc amplifier Q3 is biased at 20 Vdc.
This same voltage is the base bias for dc
amplifier Q2. Voltage divider R7, R8
develops a bias of approximately 17.1 Vdc
on the anode of diode CR2 from the positive
20 Vdc applied to it from the Mode Selector
switch on the front panel. The signal
strength determines the rate of conduction
of dc amplifier Q3 and the resulting volt-
age drop across resistor R11. Therefore,
with an increase in signal strength, the
voltage drop across resistor R11 will in-
crease, and the base bias on dc amplifier
Q2 will decrease. If diodes CR2 and CR3
were not in the emitter circuit of dc
amplifier Q2, the signal strength would
have to be of such magnitude as to cause
a 3-volt drop across resistor R11 before
dc amplifier Q2 would become forward-
biased and conduct. Since the if. and rf
agc voltages are both taken from the output
from dc amplifier Q3, both circuits would
have the same agc threshold. Since the rf
circuits of a receiver determine its sen-
sitivity to weak signal reception, and the
application of an agc voltage to these cir-
cuits tends to decrease this weak signal
capability, it is desirable to delay the ap-
plication of age to the rf amplifier circuits
until the received signal strength has
reached a sufficient signal-to-noise ratio.
Therefore, diodes CR2 and CR3 are
placed in the emitter circuit of dc ampli-
fier Q2. Together, these diodes drop the
emitter voltage of the dc amplifier an
additional 0.8 Vdc. Therefore, the signal
strength must be of sufficient magnitude to
cause an additional 0.8-volt drop across
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resistor R11 before dc amplifier Q2 be-
comes forward-biased and conducts.
Therefore, the agc threshold for the rf
amplifier circuits is at a higher signal in-
put level than that of the if. amplifier cir-
cuit. The RF GAIN control is used to de-
sensitize the rf and if. amplifier circuits
when receiving strong signals when the AGC
switch is set at OFF. When the RF GAIN
control is varied, a dc voltage between 0.6
and 3 volts is applied to the base of dc am-
plifier Q2 through resistor R12, thus
forcing dc amplifier Q2 to conduct even in
the absence of if. signals.

When dc amplifier Q2 conducts,
the output voltage is developed across re-
sistors R5 and R6. This voltage serves as
the base bias for dc amplifier Q1 and is
adjusted by potentiometer R6. When the
AGC switch on the front panel is set at
FAST, switch Q5 grounds capacitor C1,
which stabilizes the rf agc circuitry,
thereby preventing oscillations. The opera-
ting voltage for dc amplifier Q1 is developed
by voltage divider R3, R4 from the positive
20 Vdc applied to it from the Mode Selector
switch on the front panel. With no age
voltage, the base of dc amplifier Q1 will be
at ground potential, forward-biased. This
saturates dc amplifier Q1, resulting in
zero or slightly positive voltage at the
collector. Diode CRI1 prevents any positive
levels from being applied to the rf amplifier
circuits. The voltage on the collector of dc
amplifier Q1 is the agc voltage for the rf
amplifier circuits. As the signal strength
increases, the output from dc amplifier Q2
increases, decreasing the forward-biasing
of dc amplifier Q1. The collector of dc
amplifier Q1 goes more negative as the
signal strength increases. When the signal
strength is of sufficient magnitude to cut
off dc amplifier Q1, the negative 30 Vdc
will be the agc voltage applied to the rf
amplifier circuit.

n. BFO AND AMPLIFIER. - BFO
and amplifier A2A1A3 (figure 3-16) con-
sists of modified Colpitts (Pierce) oscilla-
tor Q1 and amplifier Q2. These circuits,
which form a part of receiver mode selec-
tor electronic assembly A2A1, generate
and amplify a signal between 496.5 and
503.5 kHz and apply it to the AM detector

3-40

NAVSHIPS 0967-878-3010

R-1051D/URR
FUNCTIONAL DESCRIPTION

in if./audio amplifier electronic assembly
A2A2. The BFO and amplifier circuit is
used only for CW operation. The following
paragraphs describe the operation of this
circuit in detail.

The frequency of the BFO is deter-
mined by the setting of the BFO FREQ
control on the front panel. The output volt-
age of this control can be varied between
6 and 20 Vdc. This voltage is applied
across voltage-variable capacitor CR1,
producing a capacitance dependent upon the
magnitude of the voltage. The output fre-
quency of oscillator Q1 is determined by
the tuned circuit consisting of voltage-
variable capacitor CR1, inductor L1, and
capacitors C2, C3, C4, C5, and C6.
Emitter-to-base feedback sustains oscil-
lations in transistor Q1. The negative
temperature coefficient characteristic of
capacitor C3 compensates for variations in
the operating parameters of transistor Q1
that result from ambient temperature
changes.

Operating voltage for oscillator
Q1 is developed from the positive 20 Vdc
applied to voltage divider R3, R4 and
emitter resistor R5 from the Mode Selector
switch on the front panel. The output from
oscillator Q1 is coupled through capacitor
C7 and isolating resistor R6 to the base of
amplifier Q2. The operating voltage for
amplifier Q2 is developed from the positive
20 Vdc applied to voltage divider R7, R8
and emitter resistors R9 and R11 from the
Mode Selector switch on the front panel.
The output from amplifier Q2 is applied
to the tuned circuit consisting of capacitor
C9 and inductance T1. The signal from the
tuned circuit passes through isolating
resistor R10 to the product detector circuit
in if./audio amplifier electronic assembly
A2A2.

0. MC OSCILLATOR. - MC oscillator
A2A6A1A1A1 (figure 3-17) consists of
oscillator Q1, wideband amplifier Q2, and
emitter followers Q3 and Q4. These cir-
cuits, which form a part of mc synthesizer
electronic subassembly A2A6A1, provide
17 discrete frequencies (2.5 to 23.5 MHz)
for use in the high-frequency mixer. The
following paragraphs describe the opera-
tion of the mc oscillator in detail.
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Figure 3-19. 4.553 to 5.453 MC Oscillator, Simplified Schematic Diagram

the cathode bias on diode CR2 (developed by
voltage divider R3, R4) plus the drop of
diode CR2. Therefore, the peak-to-peak
amplitude of the signal is limited by the
established dc reference levels. As the
temperature of the circuit varies, the
forward drop of diodes CR1 and CR2 varies.
Without compensation, this would result in
variations in the signal amplitude. Therm-
istor RT1 varies the anode bias of diode
CR1 according to the temperature changes.
Therefore, the negative-going limit for the
signal is shifted so that the limiting region
is constant. This ensures that the ampli-
tude of the signal does not vary with changes
in temperature. Capacitors C2 and C3 are
rf bypass capacitors. Capacitor C4 is used
for dc blocking and is also used with capa-
citors C1, C5, and C6 to form the required
feedback network. Resistor R8 provides
degeneration to increase the stability of
oscillator Q1. The output of oscillator Q1
is developed across emitter resistors R6
and R8.

Capacitor C7 and resistor R10
couple the oscillator output to 10.747 mc
mixer A2A6A2A2. The oscillator output is
also fed through a filter, composed of
capacitors C9, C10, and C11, resistor R11,
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choke L1, and transformer T1, to hi-band/
lo-band mixer/ amplifier A2A6A2A4-A5,
r. HI-BAND/LO-BAND MIXER/
AMPLIFIER. - Hi-band/lo-band mixer/
amplifier A2A6A2A4 and portion of
A2A6A2A5 (figure 3-20) consists of mixers
A4Q1 and A4Q2, trap amplifiers A4Q3 and
A4Q4, and emitter follower A5Q1l. These
circuits, which form a part of 100 kc syn-
thesizer electronic subassembly A2A6A2,
produce either a high (hi) band of injection
frequencies (32.4 to 33.3 MHz) or low (1o)
band of injection frequencies (22.4 to 23.3
MHz), used in the mid frequency mixer of
rf translator electronic subassembly
A2AB6A6. The output of these circuits is
also used in 10.747 mc mixer agc circuit
A2ABA2A5 to develop the age voltage for
controlling the gain of 10.747 mc mixer
A2AB6A2A2. These circuits are used in all
modes of operation. The following para-
graphs describe the operation of the hi-
band/lo-band mixer/ amplifier in detail.
Only one-half of the hi-band/lo-
band mixer/amplifier circuits are on at
any one time, depending on whether the high
(32.4 to 33.3 MHz) or low (22.4 to 23.3
MHz) band is required for mixing in rf
translator electronic subassembly A2A6A6.
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The hi-band circuits will be discussed
first. Unless otherwise noted, all compo-
nents referenced are located on the A4
assembly.

The 27.847-MHz output from the
17.847/27.847 mc mixer is coupled to the
base of mixer Q1 by capacitor C22. The
output from the 4.553 to 5.453 mc oscil-
lator is coupled to the emitter of mixer Q1
by capacitor C1. When the hi/lo band
control line is at ground potential, base
bias will be provided for mixer Q1 and
trap amplifier Q3 by voltage divider R4,

R6 and voltage divider R13, R14, respec-
tively. Resistor Rl is the emitter resistor.
Capacitor C4 is an rf bypass capacitor. At
the same time, mixer Q2 and trap amplifier
Q4 will be rendered inoperative by the
ground potentials applied to the emitter
base-bias circuits from the hi/lo band con-
trol line. The output from mixer Q1 is a
frequency in the band from 32.4 to 33.3
MHz. All other products of the mixer, ex-
cept for a small amount of the 27.847 MHz,
are eliminated by the triple-tuned filter
composed of inductors L1 and L2, trans-
former T1, and capacitors C7, C10, C11,
C14, and C15. From the triple-tuned
filter, the signal is coupled through capa-
citor C18 to the base of amplifier Q3. The
emitter circuit of trap amplifier Q3 (capa-
citor C20 and inductor L3) is parallel-
tuned to 27.847 MHz. At 27.847 MHz, the
trap provides degeneration to eliminate
effectively the 27.847 MHz from the output
signal. Resistor R11 and capacitor C27
provide decoupling for trap amplifier Q3.
Resistor R17 is the emitter bias resistor,
which is rf bypassed by capacitor C23.

The output of trap amplifier Q3 is develop-
ed across resistor R21 and is coupled by
capacitor A5C1 to the base of emitter
follower A5Q1l. Base bias for emitter
follower Q1 is provided by voltage divider
A5R1, AS5R2. Inductor A5L1 and A5C3
provide the necessary filtering for the 20-
Vdc line voltage. The output of emitter
follower A5Q1 is developed across emitter
resistor A5R3 and is coupled by capacitor
A5C5 to the mid frequency mixer of rf
translator electronic subassembly A2A6A6.
The output of emitter follower A5Q1 is also
applied to 10.747 mc mixer agc A2A6A2A5.
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The lo-band circuits are identical
to the hi-band circuits. When the hi/lo band
control line is at +20 Vdc, operating volt-
ages are applied to the emitters and bases
of mixer Q2 and trap amplifier Q4. At the
same time, the +20 Vdc is applied to the
bases of mixer Q1 and trap amplifier Q3,
thereby providing back bias for the tran-
sistors, since the emitters are at +20 Vdc
also. The 17.847-MHz output from the
17.847 mc mixer is coupled to the base of
mixer Q2 by capacitor C6. The output from
the 4.553 to 5.453 mc oscillator is coupled
to the emitter of mixer Q2 by capacitor C2.
The output of mixer Q2 is a frequency in
the band from 22.4 to 23.3 MHz. All other
products of the mixer, except for a small
amount of the 17.847-MHz signal, are
eliminated by the triple-tuned filter
composed of inductors L4 and L5, trans-
former T2, and capacitors C9, C12, C13,
and C16, and C17. From the triple-tuned
filter, the signal is coupled by capacitor
C19 to the base of trap amplifier Q4. The
emitter circuit of trap amplifier Q4 is
parallel-tuned to 17.847 MHz to eliminate
the 17.847-MHz signal. The output of
trap amplifier Q4 is developed across
resistor R22. Resistor R23 compensates
for the difference between hi-band trap
amplifier Q3 output and lo-band trap
amplifier Q4 output. Lo-band output is
coupled by capacitor A5C2 to the base of
emitter follower A5Q1l. The output of
emitter follower A5Q1 is applied to 10,747
mc mixer agec A2A6A2A5 and the mid fre-
quency mixer in rf translator electronic
subassembly A2A6AS6.

s. 5.18 TO 5.25 MC OSCILLATOR. -
The 5.16 to 5.25 mc oscillator A2A6A3A1
(figure 3-21) consists of 10 kc (KCS) crystal
switch A2AB6A3A681, limiter circuit CR1,
CR2, oscillator Q1, and buffer amplifier
Q2. These circuits, which form a part of
1and 10 kc synthesizer electronic subassem-
bly A2A6A3, produce one of ten outputs in
10-kHz steps over the frequency range of
5.16 through 5.25 MHz for use in 1 and 10 kc
output mixer A2A6A3A3, and 9.07 mc error
mixer A2A6A3A4. These circuits function
in all modes of operation. The following
paragraphs describe the operation of the
5.16 to 5.25 mc oscillator in detail.
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Figure 3-22. 1.850 to 1.859 MC Oscillator, Simplified Schematic Diagram

into saturation, thus creating a low-im-
pedance path from the junction of capaci-
tors C52 and C54 to ac ground for the
duration of the pulse. This means that the
signal at the junction of capacitors C52 and
C54 is essentially shorted to ac ground for
the duration of the pulse.

v. MC SPECTRUM GENERATOR. -
The mc spectrum generator portion of
A2A6A1A3 (figure 3-24) consists of shaper
amplifiers Q1, Q2, and Q3. These circuits,
which form a part of mc synthesizer elec-
tronic subassembly A2A6A1, provide a
spectrum of frequencies from 1 to 25 MHz
in 1-MHz steps for use in the mc error
mixer. The following paragraphs describe
the operation of the circuits in detail.

These circuits operate from the

positive 10 Vdc derived by Zener diode
CR1 and series resistor R1 from the posi-
tive 20 Vdc. The 1-MHz input is applied to

ORIGINAL

inductor L2 through resistor R33. Resis-
tor R33 prevents loading of the 5 mc
divide-by-five circuit. Inductor L2 func-
tions as an autotransformer, raising the
level of the 1-MHz signal and applying it to
the diode clipper consisting of diode CR3
and resistor R5. Inductor L2 is tuned to

1 MHz by capacitor C3. The diode

clipper removes the positive portion of the
1-MHz signal. The remaining negative
portion is coupled through capacitor C2 to
the base of shaper amplifier Q1, driving it
into saturation. Diode CR2 protects
shaper amplifier Q1 against excessive
reverse bias on the base-emitter junction.
When the base voltage attempts to go more
positive than the emitter voltage, diode
CR2 will be forward-biased, thereby
clamping the base voltage. The emitter
voltage is determined by voltage divider
R3, R4, and by the average current drawn

3-55



Paragraph
3-3v

by the emitter of shaper amplifier Q1. The
output of the shaper amplifier, which is a
positive-going waveform with a fast rise
time, is developed across collector re-
sistor R6 and is applied through capacitor
C5 to the base of shaper amplifier Q2.
This positive-going waveform drives
shaper amplifier Q2 into saturation, pro-
ducing a negative-going waveform at its
collector. Capacitor C6 provides emitter
peaking, which results in an overshoot on
the output waveform. The output of shaper
amplifier Q2 is coupled through capacitor
C8 to the base of shaper amplifier Q3.
Due to the time constant formed by the out-
put impedance of shaper amplifier Q2,
capacitor C8, and the input impedance of
shaper amplifier Q3, the output of shaper
amplifier Q2 is differentiated at the base
of shaper amplifier Q3. The negative-
going portion of this signal drives shaper
amplifier Q3 into saturation. Diode CR4,
like diode CR2, is used as a protective
device and is also used to clamp the posi-
tive portion of the input signal. Resistor
R15 is used to limit the collector current
and to minimize the variations in the
saturation characteristics of shaper am-
plifier Q3. The output of shaper amplifier
Q3 is developed across an LR differentiat-
ing network consisting of resistor R15 and
inductor L3. The output of shaper ampli-
fier Q3 is taken across inductor L3. The
network, consisting of diode CRb5, resistor
R17, and resistor R22, forms a diode
clipper circuit eliminating the negative
portion of the output across inductor L3.
Resistors R17 and R22 also form an atten-
uator with the output taken across resistor
R22. The output obtained is a positive pulse
that provides a uniform spectrum from 1
MHz to 25 MHz. This output is applied to
the mc error mixer.

w. MC ERROR MIXER. - The mc
error mixer portion of A2A6A1A3 (figure
3-25) consists of isolation amplifier Q5,
emitter follower Q6, and mixer Q4. These
circuits, which form a part of mc synthe-
sizer electronic subassembly A2A6A1, mix
the signal from the mc oscillator with the
signal from the mc spectrum generator.
This produces an error signal which, in the
locked condition, is proportional to the
phase relationship between the spectrum
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and the oscillator. The following para-
graphs describe the operation of the cir-
cuits in detail.

The input from the mc oscillator
is coupled through capacitor C18 to the
emitter of isolation amplifier Q5. Isolation
amplifier Q5 is used in a grounded-base
amplifier configuration, which provides a
high reverse attenuation to the output pro-
ducts of mixer Q4, thereby preventing
them from appearing in the output from the
mc oscillator. Base bias for isolation
amplifier Q5 is provided by voltage divider
R27, R28. Resistor R30 and capacitor C20
are used for decoupling. The output of
isolation amplifier Q5 is taken across
collector resistor R29 and is coupled
through capacitor C14 to the base of
emitter follower Q6. Base bias for emitter
follower Q6 is provided by voltage divider
R23, R24. Resistor R31 and capacitor C12
are used for decoupling. Emitter follower
Q6 provides a low source impedance to
mixer Q4 and prevents loading of isolation
amplifier Q5. The output of emitter
follower Q6 is coupled through capacitor
C13 to the emitter of mixer Q4. The signal
from the mc spectrum generator is coupled
through capacitor C9 to the base of mixer
Q4. Base bias for mixer Q4 is provided by
voltage divider R18, R21. Resistor R20
provides a small amount of degeneration
to stabilize mixer Q4. The output of mixer
Q4 is a double-tuned circuit consisting of
inductor L4, capacitors C16, C15, and C17,
resistor R32, and transformer T1, which
is tuned to 1.5 MHz. When there is a fre-
quency error, the signal from the mc os-
cillator is mixed with the two spectrum
points that are within +1.5 MHz of the os-
cillator frequency. The output of mixer
Q4 consists of two frequencies (one less
than 1.5 MHz and one more than 1.5 MHz),
if the mc oscillator has an error. When
the mc oscillator is locked, only one fre-
quency is present, since the frequency of
the oscillator + the spectrum points is 1.5
MHz. To understand this more readily,
assume that the mc oscillator frequency is
11.499 MHz; therefore, the two closest
spectrum points will be 10 and 13 MHz,
which when mixed will produce difference
frequencies of 1.499 and 1.501 MHz. It can
be seen that when the mc oscillator
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frequency is exactly 11.5 MHz, the two
difference frequencies will be identical
(1.5 MHz). The double-tuned circuit atten-
uates all mixer products except the differ-
ence frequencies. The output of the
double-tuned filter is coupled through
transformer T1 to the error detector/
amplifier.

x. ERROR DETECTOR/AMPLIFIER. -
Error detector/amplifier A2A6A1A2
(figure 3-26) consists of if. amplifiers Q1
and Q2, and dc amplifier Q3. These cir-
cuits, which form a part of mc synthesizer
electronic subassembly A2A6A1, amplify
and detect the mc error signal, resulting
in a correction signal for application to the
mc oscillator. The following paragraphs
describe the operation of the error
detector/amplifier circuit in detail.

The signal from the error mixer
is coupled through capacitor C1 to the base
of if. amplifier Q1. The base bias for
if. amplifier Q1 is provided by voltage
divider R1, R2. Resistor R22 and capacitor
C14 are used for decoupling. Resistor R4
provides a small amount of degeneration to
add to the stability of if. amplifier Q1. The
output circuit of if. amplifier Q1 is a tuned
circuit consisting of capacitor C3 and
transformer T1, which is tuned to 1.5 MHz.
Resistor RS is used to load the tank circuit
sufficiently to ensure uniformity. The out-
put signal of if. amplifier Q1 is coupled
through transformer T1 to potentiometer
R6, which is used to adjust the gain of the
phase-lock loop. The output from the
wiper of this potentiometer is coupled
through capacitor C12 to the base of if.
amplifier Q2. The base bias for if. am-
plifier Q2 is provided by voltage divider
R7, R8. Resistor R10 provides a small
amount of degeneration to add to the
stability of if. amplifier Q2. The output
circuit of if. amplifier Q2 is a tuned circuit
consisting of capacitor C6 and transformer
T2, which is tuned to 1.5 MHz. Resistor
R11 is used to load the tank circuit
sufficiently to ensure uniformity. The out-
put signal from error amplifier Q2 is
coupled through transformer T2 and applied
to a diode detector circuit. The diode
detector circuit consists of diode CR1, re-
sistor R12, and capacitor C13. The output
of the diode detector is filtered by the
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network consisting of a composite of a
constant-k section and an m-derived sec-
tion. The constant-k section consists of
capacitor C7, inductor L1, and a portion of
inductor L2. The m-derived section con-
sists of inductors L3 and L4, capacitor C8,
and the remaining portion of inductor L2.
Inductor L4 is made variable to compensate
for the tolerance of the components used in
the m-derived section. Resistor R13 and
capacitor C9 form the termination of the
filter. The output of this filter is applied
to the emitter of dc amplifier Q3. Resistor
R14 provides a small amount of degenera-
tion to add to the stability of dc amplifier
Q3. Base bias for dc amplifier Q3 is pro-
vided by voltage divider R17, R18, R19,
R20, RT1. Thermistor RT1 varies the bias
with temperature to compensate for changes
in the base-emitter voltage of dc amplifier
Q3 that result from temperature changes.
Resistors R15 and R16, and capacitor C10
in the collector circuit of dc amplifier Q3
serve as the collector load and as a lag
network for the phase-locked loop, which
decreases the noise output and increases
the loop stability. Resistor R21 prevents
the collector voltage of dc amplifier Q3
from rising above 19 Vdc and forward-
biasing voltage variable capacitor
A2A6A1A1CR3. The error voltage is taken
from the collector of dc amplifier Q3 and
applied to mc oscillator A2A6A1A1A1.,

y. 5 MC FREQUENCY STANDARD. -
The 5 mc frequency standard A2A5A3 and
portion of A2A5A2 (figure 3-27) consist of
oscillator Q5 and buffer amplifier Q6.
These circuits, which form a part of
frequency standard electronic assembly
A2A5, provide an accurate 5.000000-MHz
signal to be used as a standard throughout
the R-1051D/URR. The 5 mc frequency
standard circuit is used during all modes
of operation. Assembly A2A5A2 is housed
in an oven, the temperature of which is
maintained at a constant 85°C by the oven
control circuit. The following paragraphs
describe the operation of the circuits in
detail.

The frequency of oscillator Q5 is
5.000000 MHz as determined by the parallel
resonant tuned circuit consisting of capa-
citor C7 and the primary of transformer
T2 and controlled by the series resonant
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Figure 3-27. 5 MC Frequency Standard, Simplified Schematic Diagram

circuit consisting of parallel capacitors
A2A5C1 and C10 and crystal Y1. To sus-
tain oscillations, feedback for oscillator
Q5 is obtained from a tap on the primary
of transformer T2 and passed through
trimmer capacitor A2A5C1, capacitors
C9 and C10, and crystal Y1 to the emitter
of oscillator Q5. The amplitude of the out-
put from oscillator Q5 is limited by diodes
CR5 and CR6. Crystal Y1 passes only a
5.000000-MHz signal, which holds oscil-
lator Q5 at 5 MHz. Stable operating volt-
ages of 15 Vdc and 7.5 Vdc are provided by
resistor R12 and two 7.5-volt Zener diodes
CR3 and CR4 in series across the 23 Vdc
supply. Base bias for oscillator Q5 is
taken from the junction of Zener diodes
CR3 and CR4 and is applied through resis-
tor R14 to the base of oscillator Q5. Capa-
citor C8 is a bypass capacitor. Resistor
R18 is an emitter load resistor.

The output of oscillator Q5 is
coupled by transformer T2 to the base of
buffer amplifier Q6. The output load of
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buffer amplifier Q3 is tuned transformer
T3. A tap on the primary of transformer
T3 supplies negative feedback to the emit-
ter circuit of buffer amplifier C6, assuring
the stability of amplifier Q6.

z. OVEN CONTROL. - The oven
control portion of A2A5A2 (figure 3-28)
consists of feedback amplifier Q1,
oscillator Q2, emitter follower Q3, dc
power amplifier A2A5Q1, and oven heater
A2A5HR1. These circuits, which form a
part of frequency standard electronic
assembly A2A5, maintain the 5-MHz crys-
tal oven at a constant temperature of 85°C
(185°F). The oven control circuit is used
during all modes of operation. The follow-
ing paragraphs describe the operation of
the circuits in detail.

The frequency of oscillator Q2 is
approximately 18 kHz, as determined by
the tuned circuit consisting of capacitor
C2 and the primary of transformer T1.
The feedback for oscillator Q2 is produced
by a bridge circuit and amplifier Q1.
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Figure 3-28. Oven Control, Simplified Schematic Diagram

The center-tapped secondary of transformer
T1 acts as two of the legs of the bridge, and
resistor A2A5R1 and thermistor A2A5RT1,
thermistor RT2, resistor R18, resistor R7
act as the other two legs. This bridge is
designed to balance when thermistor
A2A5RT1 is at a temperature of 85°C.
Thermistor A2A5RT1 is physically mounted
underneath heater A2A5HR1. Due to heat
loss to its surroundings, the bridge will
never become balanced; therefore, the
oscillator will never stop oscillating.
Emitter resistor R2 provides self-bias for
amplifier Q1. Capacitor C1 functions as an
emitter bypass capacitor. Emitter resistors
R3, R4, and R6 provide self-bias for oscil-
lator Q2. DC bias is also taken from the
junction of resistors R4 and R6 and applied
through the secondary of transformer T1
and resistor A2A5R1 to the base of amplifier
Q1. Capacitors C3 and C4 function as
emitter bypass capacitors.

ORIGINAL

The 18-kHz signal is taken from a
tap on the primary of transformer T1, and
is coupled through capacitor C5 to the base
of emitter follower Q3, where it is rectified.
Capacitor C6 smoothes the rectified signal.
The rectified signal is applied to the base
of power amplifier A2A5Q1. This controls
the amount of current through heater
A2A5HRI1 in the emitter circuit of power
amplifier A2A5Q1 and consequently the
temperature of the oven. The amount of
current flow is directly proportional to the
amount of unbalance caused in the bridge
circuit, which determines the amplitude of
the output signal from oscillator Q2. Diode
CR2 protects emitter follower Q3 against
excessive reverse bias onthe emitter-base
junction. When the base voltage attempts
to go more negative than the emitter volt-
age, diode CR2 will be forward-biased,
thereby keeping the base voltage at the
same level as the emitter voltage.
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Stable operating voltages for oscil-
lator Q2 are provided by resistor R11 and
Zener diode CRI1.

aa. COMPARATOR. - The compara-
tor portion of A2A5A1 (figure 3-29) consists
of buffer amplifier Q5, comparator stage
Q7, and amplifier Q3. These circuits,
which form a part of frequency standard
electronic assembly A2A5, compare the
5.000000-MHz signal received from the
5 mc frequency standard circuit with an
accurate external 5-MHz signal. This func-
tion is required to determine and maintain
the accuracy of the applied internal 5 mc
frequency standard signal. The following
paragraphs describe the operation of this
circuit in detail.

In the INT position of switch
A2A5S1, the 5-MHz signal from the 5 mc
frequency standard is applied to buffer am-
plifier Q5 through 5 MC LEVEL ADJ poten-
tiometer R22, contacts 2 and 4 of switch
A2A581, and coupling capacitor C19. The
amplified 5-MHz signal output of this stage
is applied to the 5 mc divide-by-five circuit
through a portion of the primary winding of
5 MC ADJ transformer T5. When switch
A2A58S1 is in the INT position, the input 5
mc frequency standard signal is also applied
to the 5 mc multiply-by-two circuit through
5 MC ADJ potentiometer R22 and switch
A2A5S1. Base bias for buffer amplifier Q5
is provided by voltage divider R19 and R21.
Negative feedback to the emitter of buffer
amplifier Q5 is provided by transformer
coupling of the amplifier 5-MHz output
through the center-tapped primary winding
of 5 MC ADJ transformer T5 and capacitor
C18. This feedback provides frequency
stability to this amplification stage. Com-
parator Q7 is cut off at this time by the
positive voltage applied through resistor
R31 and transformer T6 to the base. Re-
sistor R17 is the output load resistor for
buffer amplifier Q5. Resistor R20 is the
emitter resistor.

When switch A2A5S1 is in the EXT
position, the externally supplied 5-MHz
signal is amplified by buffer amplifier Q5
and applied to the 5 mc divide-by-five cir-
cuit in the same manner as described for
INT operation. Similarly, the signal is
coupled directly to the 5 mc multiply-by-
two circuit through gontacts 1 and 4 of
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switch A2A5S1. Since contacts 7-8 are not
closed, no internal 5-MHz signal is applied
to comparator Q7, which is held at cutoff
by bias obtained through resistor R31 from
the positive 20 Vdc supply. Comparison of
the internally generated 5-MHz signal with
an externally applied 5-MHz standard is
possible by placing switch A2A5S1 in the
COMP position. In this condition, the 5-
MHz internal signal is applied to the
secondary winding of transformer T6
through contacts 3 and 4 of switch A2A5S1
buffer amplifier Q5, transformer T5, and
contacts 7-8 of switch A2A5S1. The 5-MHz
external signal is also applied to trans-
former T6 from connector J25, on the rear
panel of the R-1051D/URR, through
isolating resistor R23. Comparator Q7 and
associated amplifier Q6 operate since both
the external and internal 5-MHz signals are
available to the circuit. The amplitude of
externally applied signals is limited to
approximately 300 millivolts peak by means
of the voltage divider network consisting
of resistors R24 and R25 and diode CRI1.
In the event that the frequencies of the two
signals are different, the resulting
difference frequency is coupled to the base
of comparator Q7. A portion of the output
from comparator Q7 is dc coupled to the
base of amplifier Q6 by voltage divider-
collector load resistors R29 and R30. The
output of amplifier Q6 is developed across
lamp DS1 in its emitter circuit, causing the
lamp to flash at the difference frequency.
Resistor R28 is the emitter bias resistor
for comparator Q7 which is rf bypassed by
capacitor C24. Capacitor C25 is an rf by-
pass capacitor. Diode CR2 in the emitter
circuit of comparator Q7 keeps the gain of
the stage constant in spite of temperature
variations. This control is effected since
the resistance of diode CR2 varies with
temperature change. Resistor R27 is the
collector-dropping resistor for amplifier
Q6. Resistor R26 is a bleeder resistor for
stabilizing the quiescent emitter bias for
dc amplifier Q6.

ab. 5 MC DIVIDE-BY-FIVE, - The
5 mc divide-by-five circuit portion of
A2A5A1 (see figure 3-30) consists of 4 mc
amplifier Q2 and 1 mc amplifier Q3.
These circuits, which form a part of fre-
quency standard electronic assembly A2A5,
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Figure 3-30. 5 MC Divide-By-Five,

derive a 1-MHz signal for use in mc syn-
thesizer electronic subassembly A2A6A1
from the 5-MHz signal from the compara-
tor circuit. (Refer to paragraph 3-3aa.)
The following paragraphs describe the
operation of the circuit in detail.

Amplifiers Q2 and Q3 form a re-
generative closed loop to provide a 1-MHz
output. At the instant that power is applied,
circuit disturbance causes noise to be pro-
duced in the tuned outputs of amplifiers Q2
and Q3. The tuned output of amplifier Q3
allows only the 1-MHz portion of the noise
to pass. This low-level 1-MHz signal is
applied to 4 mc amplifier Q2. Amplifier
Q2 is biased in a nonlinear condition so
that the fourth harmonic of the 1-MHz is
amplified. The 4-MHz is mixed with the
5-MHz input, providing a 1-MHz input to
amplifier Q3. The 1 MHz is amplified and
applied to amplifier Q2. This resultant
flywheel effect is repeated until a stable
1-MHz output is produced, which is locked
to the 5 mc frequency standard.

The 5-MHz signal, applied to the
primary of transformer T2, is mixed with
the 4-MHz signal from the secondary,
producing a 1-MHz difference frequency.
The 1 MHz signal is coupled by capacitor
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Simplified Schematic Diagram

C13 to the base of 1 mc amplifier Q3. The
base bias for amplifier Q3 is provided by
voltage divider R12, R11, R13. The output
load for 1 mc amplifier Q3 consists of the
primary of transformer T3 and capacitors
C11 and C12. This output circuit is tuned
to 1 MHz. Capacitor C12 has a negative
temperature coefficient and compensates
for changes in the 1 mc amplifier caused
by temperature changes. The 1-MHz sig-
nal is taken from a tap on the primary of
transformer T3 and coupled to the base of
4 mc amplifier Q2 by capacitor C9. Base
bias for amplifier Q2 is provided by
voltage divider R8, R9, R12. The output
load for 4 mc amplifier Q2 consists of the
primary of transformer T2 and capacitors
C6 and C7. This output circuit is tuned to
4 MHz. Capacitor C7 has a negative tem-
perature coefficient and compensates for
changes in the 4 mc amplifier output caused
by temperature changes. Resistors R7 and
R10 are emitter bias resistors, which are
rf bypassed by capacitors C8 and C10,
respectively. Resistor R12 and capacitor
C14 provide decoupling for amplifiers Q2
and Q3. The two 1-MHz outputs from the

5 mc divide-by-five circuits are taken
from the primary and secondary of
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transformer T3 and applied to the 1 mc
divide-by-two circuit and to the spectrum
generator/mixer circuit in mec synthesizer
electronic subassembly A2A6A1, respec-
tively.

ac. 1 MC DIVIDE-BY-TWO. - The
1 mc dividé-by-two circuit portion of
A2A5A1 which consists of 500 kHz amplifier
Q1 in a regenerative oscillator configuration
(figure 3-31) forms a part of frequency
standard electronic assembly A2A5. This
circuit derives a 500-kHz signal from the
1 MHz signal obtained from the 5 mc
divide-by-five circuit. The 500-kHz signal
is used as the local carrier for reinsertion
into the signal in the product detector and
serves as the trigger for 100 kc spectrum
generator A2A6A5A1, The following para-
graph describes the operation of the circuit
in detail.

With no 1-MHz signal input, the

1 mc divide-by-two circuit will not oscil-
late. When the 1-MHz signal is applied
through isolating resistor R4, the feedback
winding of transformer T1, and coupling
capacitor C4 to the base of 500 kc amplifier
Q1, the transistor is biased on. At this
time, turning on amplifier Q1 causes noise
to be produced. Since transformer T1 is
tuned to 500 kHz, the 500-kHz portion of
this noise passes through transformer T1
and mixes with the 1-MHz signal, producing
a 500-kHz difference frequency. This
difference is amplified by 500-kHz amplifier
Q1 and is again applied to transformer T1,
thereby sustaining oscillations. Resistor
R2 is the base-bias resistor. Resistor R1
is the emitter resistor, which is rf by-
passed by capacitor Cl. Resistor R3 and
capacitors C2 and C3 provide decoupling
for 500-kHz amplifier Ql. The 500-kHz
output is taken from the secondary of trans-
former T1 and applied to the 500 kc gates in
mode selector electronic assembly A2A1
and 100 kc spectrum generator circuit
A2ABABAL.

ad. 100 KC SPECTRUM GENERA-
TOR. - The 100 kc spectrum generator
A2ABABA1 (figure 3-32) consists of trigger
amplifier Q1, divide-by-five multivibrator
Q2 and Q3, gate amplifier Q4, keyed oscil-
lator Q5, amplifier Q6, and double-tuned
filter L5 and T2. This circuit, which forms
a part of spectrum generator electronic
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subassembly A2A6A5, produces a spectrum
of frequencies between 15.3 and 16.2 MHz.
These frequencies are applied to 10.747 mc
mixer A2A6A2A2 to produce the 10.747 MHz
reference frequency used for error cancel-
lation in the 100-kHz mixing frequency
scheme. This circuit also provides the
100-kHz trigger pulses to 10 kc spectrum
generator A2A6A5A2. The following para-
graphs describe the operation of the 100 kc
spectrum generator in detail.

The input to the 100 kc spectrum
generator is the 500-kHz sinusoidal output
of 1 mc divide-by-two circuit A2A5A1,
This signal is applied to autotransformer
L2, where it is stepped up and, in turn,
coupled to the base of trigger amplifier Q1
by capacitor C3. A positive 20 Vdc is
applied to the 100 kc spectrum generator in
all modes of operation from main frame
power supply A2A8. The positive 20 Vdc is
regulated to 10 Vdc by Zener diode CR1,
which draws enough current, in addition to
the current drawn by the load, to maintain
a 10-Vdc drop across R1. This regulated
10 Vdc is used to provide a stable supply
for trigger amplifier Q1 and multivibrator
Q2, Q3. The negative halves of the 500-
kHz signal applied to the base of trigger
amplifier Q1 are of sufficient magnitude to
drive it into saturation. Thus, the collector
of trigger amplifier Q1 is switched between
zero (non-conducting) and 9.0 Vdc (saturat-
ed). The small drop (1 volt) is caused by
the small forward resistance of the diode
and the collector-to-emitter resistance of
the transistor. Diode CR2 provides tem-
perature compensation for trigger ampli-
fier Q1 and aids in the shaping of the posi-
tive output triggers. Resistor R2 is the
base-return resistor, providing a dis-
charge path for coupling capacitor C3. The
output pulses from trigger amplifier Q1 are
developed across resistor R3 and are dif-
ferentiated by capacitor C4 together with
the input impedance of divide-by-five multi-
vibrator Q2, Q3. This results in a series
of positive and negative triggers to multi-
vibrator Q2, Q3 at a 500-kHz repetition
rate.

Divide-by-five multivibrator Q2,
Q3 is an astable multivibrator, which is
locked at a 500-kHz rate. The following is
a detailed discussion of multivibrator Q2,
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Q3 (see timing diagram, figure 3-33).
Multivibrator Q2, Q3 is free running until
locked by the 500-kHz input trigger pulses
from trigger amplifier Ql. Assume that a
positive trigger pulse is applied to the base
of transistor Q2, and that transistors Q2
and Q3 are both cut off. The collector of
transistor Q2 and the base of transistor Q3
are both at the voltage supply level (10 Vdc)
at this time. When the input pulse causes
transistor Q2 to conduct, a voltage drop is
developed across resistor R6, decreasing
the voltage at the base of transistor Q3.
Since the emitter of transistor Q3 is essen-
tially at the supply voltage level (when it is
cut off), transistor Q3 becomes forward-
biased and begins to conduct. Conduction
causes the collector of transistor Q3 to go
from 0 volts (no conduction) to approxi-
mately 9 volts. The 1-volt drop from the
10-Vdc supply voltage level is caused by
the small forward drop of diode CR3 and
the collector-to-emitter drop of transistor
Q3. Base voltage divider R4, R5, RT for
transistor Q2 now has 9 Vdc (collector
voltage of transistor Q3) at one end and
10-Vdc supply voltage at the other end.
This causes transistor Q2 to become sat-
urated. Therefore, transistors Q2 and Q3
are now both in saturation. Capacitor C6
now charges through two paths. One path is
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—> SPECTRUM GENERATOR
A2A6A5A|

1 MC Divide by-Two, Simplified Schematic Diagram

through transistor Q2 and resistors R4, R5,
and R6. The other path is through resistor
R8, transistor Q3, and diode CR3. As
capacitor C6 charges, the emitter voltage
of transistor Q2 increases, resulting in a
decrease of forward bias on transistor Q2.
This reduces the collector current of
transistor Q2, resulting in a decreased
drop across resistor R6. Therefore, the
base voltage on transistor Q3 will start to
go positive, resulting in a decrease of its
forward bias. The collector current for
transistor Q3 then begins to decrease as the
forward bias decreases. Therefore, the
collector voltage of transistor Q3 begins to
decrease, increasing the voltage across the
base voltage divider of transistor Q2. This
reduces the forward bias of transistor Q2
even more. This regeneration brings
transistors Q2 and Q3 out of saturation and
continues until they are both cut off.
Capacitor C6 now starts to discharge
through resistors R10, R9, and R8. During
this discharge period, the positive and
negative trigger pulses are still applied to
the base of transistor Q2, but are not of
sufficient amplitude to forward-bias and
turn on transistor Q2. When transistors
Q2 and Q3 are cut off, the base bias of
transistor Q2 is determined by voltage
divider R4, R5, R7, R9, R10. The emitter
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Figure 3-33. Divide-by-Five Multivibrator,
Timing Diagram

voltage of transistor Q2 is the charge on
capacitor C6. Therefore, capacitor C6
must discharge to such a level that a posi-
tive trigger pulse applied to the base of
transistor Q2 increases the base voltage
beyond the emitter voltage, before tran-
sistor Q2 can again be forward-biased into
conduction. The time constant of the RC
network, C6, R8, R9, and R10, is fixed
such that resistor R5 can adjust the bias on
transistor Q2 to a level which allows every
sixth positive trigger pulse, after the
initial trigger pulse, to turn transistor Q2
on. When this occurs, the collector volt-
age on transistor Q2 will again drop, -and
the regeneration process previously de-
scribed will be repeated. Thus, the pro-
cess of regeneration occurs before the
natural period has been completed and is
triggered by every sixth positive trigger
pulse on the base of transistor Q2. This
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results in an output (collector of transistor
Q3) that is exactly one-fifth of the input
trigger pulse rate. The 100-kHz signal
present on the collector of transistor Q3 is
applied to the 10 kc spectrum generator.
Capacitor C8 prevents any degeneration
that may be introduced by the small forward
resistance of diode CR3. Capacitor C5
speeds up the application of the pulses from
the collector of transistor Q3 to the base of
transistor Q2. The 100-kHz output signal
from multivibrator Q2, Q3, which is
developed across voltage divider R9, RI10,
is coupled to the base of gate amplifier Q4
by capacitor C7.

During the off time of multivibrator
Q2, Q3, gate amplifier Q4 is forward-
biased to saturation. Forward-bias volt-
age for gate amplifier Q4 is developed by
voltage dividers R12 and R14 and R12, R11,
R13 from the positive 20 Vdc supplied.
Capacitor C11 is the emitter bypass capa-
citor. When gate amplifier Q4 conducts,
the base is at approximately 10.1 Vdc and
the emitter is at approximately 10.3 Vdc;
the drop is caused by the small emitter-
to-base resistance. With gate amplifier
Q4 in saturation, the tank circuit (capaci-
tor C10 and the primary of transformer
T1) of keyed oscillator Q5 will be heavily
loaded by the small collector-to-emitter
resistance of gate amplifier Q4, prevent-
ing regeneration. When a positive pulse is
coupled to the base of gate amplifier Q4,

the transistor is reverse-biased and cut
off for the duration of the pulse. This re-
moves the load from the tank circuit of

keyed oscillator Q5, permitting it to
oscillate at its natural frequency. Resistor
R16 limits the current flow through gate
amplifier Q4 during saturation.

Bias voltage for oscillator Q5 is
developed by voltage divider R17, R18 and
emitter resistor R15 from the positive
20 Vdc supplied. Capacitor C9 is the
emitter bypass capacitor. When the load
created by the conduction of gate amplifier
Q4 is removed from the tank circuit of
keyed oscillator Q5, the tank circuit will
produce a sinusoidal burst of frequencies
0.8 microsecond in duration. This results
in a spectrum of frequencies centered
around the free-running frequency of
keyed oscillator Q5. The desired spectrum
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consists of ten spectrum points, which are
below the free-running (center) frequency
of keyed oscillator Q5 and are separated
by the 100-kHz keying rate. The sec-
ondary of transformer T1 and capacitor
C13 provide the required feedback path for
keyed oscillator Q5, so that the necessary
loop gain can be developed to sustain oscil-
lations. Capacitor C12 is an rf bypass,
for resistor R16, at the output frequency
of keyed oscillator Q5.

The spectrum output from the
tank circuit is coupled to the base of am-
plifier Q6 by capacitor C14. Operating
voltage for amplifier Q6 is developed by
voltage divider R19, R20 and emitter
resistor R21 from the positive 20 Vdc
supplied. The output of amplifier Q6 is
limited by diode CR4. The amount of
limiting is adjusted by selecting the value
of resistor R24. Resistors R23 and R24
form a voltage divider that develops the
cathode bias on limiter CR4. Capacitors
C15 and C16 are bypass capacitors. The
output of amplifier Q6 is developed across
a tuned circuit consisting of capacitor C17
and inductor L5. Resistor R22 increases
the bandwidth of the tuned circuit and en-
sures uniformity. The output from tuned
circuit L5, C17 is coupled by capacitor
C18 to another tuned circuit consisting of
capacitor C19 and the primary of trans-
former T2. Resistor R25 increases the
bandwidth of this tuned circuit. The pass-
band of these two tuned filters is sufficient
to pass the desired 15.3- to 16.2-MHz
spectrum, but has sufficient selectivity to
eliminate all the undesired harmonics and
products produced by keyed oscillator Q5.
The output from 100 kc spectrum genera-
tor A2A6A5A1 is coupled to 10.747 mc
mixer A2A6A2A2.

ae. 10.747 MC MIXER. - The 10.747
mc mixer A2A6A2A2 (figure 3-34) consists
of isolation amplifier Q2, mixer Q1, and
10.747-kHz crystal filter FL1. These cir-
cuits, which form a part of 100 kc syn-
thesizer electronic subassembly A2A6A2,
produce a 10,747-MHz output at a level
suitable for use in 17.847/27.847 mc mixer
A2A6A2A3. The following paragraphs de-
scribe the operation of the 10.747 mc
mixer in detail.
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The 4.553- to 5.453-MHz output
from 4.553 to 5.453 mc oscillator
A2AB6A2A1 is coupled to the emitter of
isolation amplifier Q2 by capacitor C7.
Operating voltage for isolation amplifier
Q2 is developed by voltage divider R4, R5
and emitter resistor R7 from the positive
20-Vdc supply line. Resistor R6 and
capacitor C6 provide decoupling to prevent
any interaction with other circuits con-
nected to the positive 20-Vdc supply line.
Capacitor C3 is an rf bypass capacitor.
Isolation amplifier Q2 is a grounded-base
amplifier, which prevents the spectrum
frequencies and mixer products of mixer
Q1 from being fed back into hi-band/lo-
band mixer/amplifier A2A6A2A4 and
portion of A2A6A2A5 circuits via 4.553 to
5.453 mc oscillator circuit A2A6A2A1.
The output of isolation amplifier Q2 is
developed across the primary of trans-
former T1. Resistor R9 ensures uniform-
ity of the signal developed across trans-
former T1.

The 4.553- to 5.453-MHz output
from isolation amplifier Q2 is coupled to
the emitter of mixer Q1 by capacitor C1.
The 100-kHz spectrum (15.3 to 16.2 MHz)
from 100 kc spectrum generator
A2ABA5A1 is coupled to the base of mixer
Q1 by capacitor C2. Base bias for mixer
Q1 is developed by voltage divider R1, R2
from the positive 20-Vdc supply line. Re-
sistor R3 and capacitor C4 provide de-
coupling to prevent any interaction with
the other circuits connected to the positive
20-Vdc supply line. The emitter bias for
mixer Q1 is developed from the output of
10.747 mc mixer agc circuit A2A6A2A3 by
emitter resistor R8. The agc voltage is a
variable voltage that controls the amount
of forward-biasing and, thereby, the gain
of mixer Q1. The output of 4.553 to 5.453
mc oscillator A2A6A2A1 is mixed with
each of the ten spectrum points applied by
100 kc spectrum generator A2A6A5A1.
The resulting mixer products are develop-
ed across a tuned circuit consisting of
capacitor C5 and the primary of transform-
er T2. This circuit is tuned to 10.747
MHz, the desired mixer product. Trans-
former T2 couples the output from mixer
Q1 to filter FL1. Filter FL1 is a crystal
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Figure 3-34. 10.747 MC Mixer, Simplified Schematic Diagram

lattice filter tuned to 10.747 MHz to elim-
inate all other mixing products. The
10.747-MHz output from filter FL1 is
developed across the tuned circuit con-
sisting of capacitors C8 and C9 and the
primary of transformer T3. The output
from 10.747 mc mixer circuit A2A6A2A2 is
coupled to 17.847/27.847 mc mixer
A2AB6A2A3 by transformer T3.

af. 10.747 MC MIXER AGC. - The
10.747 mc mixer agc circuit A2A6A2A5
(figure 3-35) consists of agc amplifiers Q2
and Q3, and detector Q4. These circuits,
which form a part of 100 kc synthesizer
electronic subassembly A2A6A2, produce
an agc voltage which is used to control the
gain of mixer Q1 in 10,747 mc mixer
A2A6A2A2. These circuits are used in all
modes of operation. The following para-
graphs describe the operation of the 10.747
mc mixer agc circuit in detail.

The 22.4- to 23.3-MHz or 32.4- to
33.3-MHz output from the hi-band/lo-band
mixer/amplifier is coupled to the base of
agc amplifier Q2 by capacitor C4. Bias
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voltage for agc amplifier Q2 is developed
by voltage divider R4, R5 from the positive
20-Vdc supply line. Inductor L2 is a
peaking coil which compensates high-fre-
quency roll-off and provides a uniform out-
put for both the hi- and lo-band mixing
frequencies. Resistor R7 develops enough
degeneration to flatten the frequency re-
sponse and provide stability. Resistor R8
is the emitter resistor, which is rf by-
passed by capacitor C6. The output of agc
amplifier Q2 is developed across resistor
R6 and inductor L2, and is coupled to the
base of agc amplifier Q3 by capacitor C7.
Bias voltage for agc amplifier Q3
is developed by voltage divider R9, R10
from the positive 20-Vdc supply line. Re-
sistors R12 and R13 develop degeneration
for increased stability and for controlling
the agc loop gain. The gain of agc am-
plifier Q3 is set by AGC LEVEL ADJ
potentiometer R13. Resistor R14 is the
emitter resistor, which is rf bypassed by
capacitor C9. The output of agc amplifier
Q3 is developed across resistor R11 and
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Figure 3-35. 10.747 MC Mixer AGC, Simplified Schematic Diagram

RT1 and is coupled to the base of detector
Q4 by capacitor C8. RT1 provides tem-
perature compensation for the purpose of
decreasing agc voltage which increases
100-kHz injection to the mid frequency
mixer.

Bias voltage for detector Q4 is
developed by resistor R15, inductor L3,
and diode CR1 from the positive 20-Vdc
supply line. Inductor L3 provides a high
input impedance and a low dc resistance to
the ac signal. This prevents loading the
output of agc amplifier Q3. Diode CRI1 is
used to compensate for temperature varia-
tions in the base-to-emitter circuit of de-
tector Q4. Resistor R17 provides a small
amount of degeneration to improve the
stability of detector Q4. With no signal
applied, detector Q4 is non-conducting.
The positive portions of the applied signal
forward-bias the base-to-emitter diode of
detector Q4, causing current to flow.
Capacitor C11 starts to charge to 20 Vdc
when there is no collector current in de-
tector Q4. When collector current starts
to flow, the collector voltage drops, causing

ORIGINAL

capacitors C10 and C11 to discharge
through transistor Q4. Once the output of
agc amplifier Q3 reaches a steady state,
each input cycle sustains the charge on
capacitors C10 and C11, preventing fluc-
tuations in the dc output voltage. Since this
circuit forms a closed loop with all the
other circuits of 100 kc synthesizer elec-
tronic subassembly A2A6A2, the gain of all
circuits will reach a steady-state condition,
thus maintaining a constant output from
detector Q4, and a constant output from
hi-band/lo-band mixer/amplifier
A2A5A2A4 and portion of A2A5A2A5.

ag. 5 MC MULTIPLY-BY-TWO. -
The 5 mc multiply-by~-two circuit portion of
A2A5A1 (figure 3-36) doubles the 5-MHz
input signal from switch A2A5S1 in the
comparator circuit for use in 17.847/
27.847 mc mixer A2A6A2A3. This circuit
consists of 10 MHz amplifier Q4 and is
part of frequency standard electronic as-
sembly A2A5. The following paragraph de-
scribes the operation of this circuit in detail.

The 5-MHz input signal from the

comparator circuit is coupled to the base of
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Figure 3-36. 5 MC Multiply-by-Two, Simplified Schematic Diagram

10 MHz amplifier Q4 by capacitor C17.
Bias for the base of 10 MHz amplifier Q4 is
provided by voltage divider R15, R16.
Emitter resistor R14 is rf bypassed by
capacitor C15. The tuned output circuit,
consisting of the primary of transformer
~ T4 and capacitor C16, is tuned to 10 MHz.
Since this stage is biased so that the am-
plification is nonlinear, the second har-
monic (10 MHz) of the 5-MHz signal will
be produced and amplified. The 10-MHz
signal is coupled through transformer T4
and applied to 17.847/27.847 mc mixer
A2A6A2A3.

ah. 17.847/27.847 MC MIXER. - The
17.847/27.847 mc mixer A2AB6A2A3 (figure
3-37) consists of mixers Q1 and Q2, gating
circuit CR1, CR3, 17.847 mc filter Y1,
and 27.847 mc filter Y2. These circuits,
which form a part of 100 kc synthesizer
electronic subassembly A2A6A2, produce
either a 17.847-MHz or 27.847-MHz fre-
quency for use in the mixing circuits of
hi-band/lo-band mixer/amplifier
A2AB6A2A4. These circuits are used in all
modes of operation. The following para-
graphs describe the operation of 17.847/
27.847 mc mixer A2A6A2A3 in detail.

The 7.1-MHz output from 7.1 mc

mixer A2A6A4A1 mixer is coupled to the
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emitter of mixer Q1 by capacitor C5. The
10.747-MHz output from 10.747 mc mixer
A2AB6A4A2 is coupled to the base of mixer
Q1 by capacitor C1l. Operating voltage for
mixer Q1 is developed by voltage divider
R1, R2 and emitter resistor R4 from the
positive 20-Vdc supply line. Resistor R3
and capacitor C6 provide decoupling to
prevent interaction with the other circuits
connected to the 20-Vdc supply line. Re-
sistor R16 is the terminating resistor for
the 7.1-MHz input signal. Mixer Q1 mixes
the two input signals and develops the re-
sulting mixing products across the tuned
circuit consisting of capacitor C7 and the
primary of transformer T1. The circuit is
tuned to 17.847 MHz, the desired additive
product.

The output of mixer Q1 is coupled
to a crystal filter consisting of transform-
ers T1 and T2, capacitors C8 and C9, and
crystal Y1. Crystal Y1 is series resonant
at 17.847 MHz to pass the desired additive
mixing product. Since the crystal can also
be parallel resonated with its own shunt
capacitance, capacitor C8 and the bottom
half of transformer T2 primary are ad-
justed to cancel the effect of this shunt
capacitance. The output of the filter is
coupled to hi-band/lo-band mixer/amplifier
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A2A6A2A4 (when the lo-band of mixing fre-
quencies is required) and to the base of
mixer Q2 (when the hi-band of mixing fre-
quencies is required) by transformer T2.
Resistor R5 is the termination for crystal
filter T1.

The 10-MHz signal from the 5 mc
multiply-by-two circuit portion of A2A5A1
is coupled to the anode of diode CR1 by
capacitor C15. Zener diode CR2 regulates
the positive 20 Vdc to 10 Vdc by drawing
enough current, in addition to the load
current, to maintain a 10-Vdc drop across
resistor R12. The regulated 10 Vdc is
applied to the cathode of diode CR3 and to
the anode of diode CR1 through isolating
resistor R11. When the lo-band output
from hi-band/lo-band mixer/amplifier
A2A6A2A4 is required, 20 Vdc is applied to
resistors R6, R10, and R14, Voltage
divider R6, R7, which biases the base of
mixer Q2, then has 20 Vdc applied to both
ends. Thus, mixer Q2 is biased off when
the lo-band of frequencies is being used.
The lo-band positive 20 Vdc is also applied
through resistor R10 to the cathode of
diode CR1. Therefore, when the lo-band of
frequencies is being used, diode CRI1 is
back-biased and blocks the 10-MHz signal.
The lo-band positive 20 Vdc is also applied
to the anode of diode CR3 through resistor
R14. Therefore, diode CR3 is forward-
biased and conducts the 10-MHz signal
through coupling capacitor C16 to 51 ohm
load resistor R13. Therefore, resistor R13
loads the 10-MHz signal when the lo-band
mixing frequencies are required.

When the hi-band mixing frequen-
cies are required, a ground is applied to
resistors R14, R10, and R6. The ground is
applied through isolating resistors R14 and
R10 to diodes CR3 and CR1, respectively.
This back-biases diode CR3 and forward-
biases diode CR1. When diode CRI1 is
forward-biased, it conducts the 10-MHz
signal through coupling capacitor C13 to the
emitter of mixer Q2.

Operating voltage for mixer Q2 is
developed by voltage divider R6, R7 and
emitter resistor R9 from the positive 20-
Vdc supply line. Resistor R8 and capacitor
C11 provide decoupling to prevent inter-
action with other circuits connected to the
positive 20-Vdc supply line. Capacitor C12
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is the emitter bypass capacitor. The
17.847-MHz output from the crystal filter
is coupled to the base of mixer Q2 by capa-
citor C10. The 17.847- and 10-MHz signals
are mixed, and the resulting products are
developed across the tuned circuit consist-
ing of capacitor C18 and the primary of
transformer T3. This circuit is tuned to
27.847 MHz, the desired additive mixer
product. Transformer T3 couples the out-
put of mixer Q2 to a crystal filter consist-
ing of crystal Y2, transformers T3 and T4,
and capacitors C19 and C20, which have the
same functions as the corresponding com-
ponents in the 17.847 mc crystal filter.
The output of this crystal filter is coupled
to the hi-band/lo-band mixer/amplifier
A2A6A2A4 by transformer T4,

ai. 10 KC SPECTRUM GENERA-
TOR. - The 10 kc spectrum generator
A2ABABA2 (figure 3-38) consists of divide-
by-two multivibrator Q1, Q2, divide-by-
five multivibrator Q3, Q4, gate amplifier
Q5, and keyed oscillator Q6. These cir-
cuits, which form a part of spectrum
generator electronic subassembly A2A6A5,
produce a spectrum of frequencies between
3.82 and 3.91 MHz. This spectrum is
applied to the 9.07 mc error mixer portion
of A2A6A3A4 to produce the reference
frequencies used in the error canceling
scheme. These circuits also provide 10-
kHz trigger pulses to 1 kc spectrum
generator A2A6A5A3. The 10 kc spectrum
generator is used in all modes of operation.
The following paragraphs describe the
operation of 10 kc spectrum generator
A2AB6A5A2 in detail.

The input to 10 kc spectrum gen-
erator A2A6A5A2 is the 100-kHz pulsed
output of 100 kc spectrum generator
A2AB6A5A1. A positive 20 Vdc is applied to
the 10 kc spectrum generator in all modes
of operation by main frame power supply
electronic assembly A2A8. The positive
20 Vdc is regulated at 10 Vdc by Zener
diode CR1, which draws enough current, in
addition to the current drawn by the load, to
maintain a 10-Vdc drop across resistor R1.
The regulated 10-Vdc is the stable supply
voltage for divide-by-two multivibrator Q1,
Q2 and divide-by-five multivibrator Q3, Q4.

Divide-by-two multivibrator Q1,
Q2 is a conventional bistable multivibrator,
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Figure 3-38. 10 KC Spectrum Generator, Simplified Schematic Diagram
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producing one output pulse for every two
input pulses. The 100-kHz input pulses are
differentiated by capacitor C4 and the input
impedance of multivibrator Q1, Q2. The
resulting positive triggers are directed to
the saturated transistor of divide-by-two
multivibrator Q1, Q2 by steering diodes
CR2 and CR3. This cuts off the saturated
transistor and starts the process of re-
generation. Resistor R6 references the
anodes of steering diodes CR2 and CR3 to
the same potential as the emitters of tran-
sistors Q1 and Q3, and provides the return
path for capacitor C4.
The output of divide-by-two

multivibrator Q1, Q2 is a square wave at
a 50-kHz repetition rate. This signal is
differentiated by capacitor C7 and the input
impedance of divide-by-five multivibrator
QR3, Q4. The resulting positive pulses are
used to trigger divide-by-five multivibrator
Q3, Q4. Divide-by-five multivibrator Q3,
Q4 is identical to divide-by-five multivibra-
tor Q2, Q3 in 100 kc spectrum generator
A2AB6A5A1 (paragraph 3-3ad), except for the
time constants. The 10-kHz output signal
from divide-by-five multivibrator Q3, Q4
is applied directly to 1 kc spectrum
generator A2A6A5A1, The 10-kHz output
signal is also divided by resistors R14 and
R15 and coupled to the base of gate am-
plifier Q5 by capacitor C11. Gate amplifier
Q5 is identical to gate amplifier Q4 in 100
ke spectrum generator A2A6A5A1 (para-
graph 3-3ad). Gate amplifier Q5 turns
keyed oscillator Q6 on and off at a 10-kHz
repetition rate. Keyed oscillator Q6 is
identical to keyed oscillator Q5 in 100 kc
spectrum generator A2A6A5A1 (paragraph
3-3ad). The output of keyed oscillator Q6
is a sinusoidal burst of frequencies about
0.7 microsecond in duration, repeated at a
10-kHz rate. The spectrum of frequencies
thus produced is 3.82 to 3.91 MHz; the
spectrum points are separated by 10 kHz.
The output of keyed oscillator Q6 is divided
by resistors R28 and R29, and applied to
the 9.07 mc error mixer portion of
A2A6A3A4.

aj. 1 KC SPECTRUM GENERATOR.-
The 1 ke spectrum generator A2A6A5A3
(figure 3-39) consists of divide-by-two
multivibrator Ql, Q2, divide-by-five
multivibrator Q3, Q4, gate amplifier Q5,
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and keyed oscillator Q6. These circuits,
which form a part of the spectrum genera-
tor electronic subassembly A2A6A5, pro-
duce a spectrum of frequencies between
0.122 and 0.131 MHz. This spectrum is
applied to the 1.981 mc error mixer
portion of A2A6A3A4 to produce the refer-
ence frequencies used in error cancellation.
These circuits also provide the 1-kHz pulse
for 1 kc pulse inverter A2A6A5A4. The 1
ke spectrum generator is used in all modes
of operation. The following paragraphs
describe the operation of 1 kc spectrum
generator A2A6A5A3 in detail.

The input to 1 kc spectrum gen-
erator A2A6A5A3 is the 10-kHz pulse out-
put of 10 kc spectrum generator A2A6A5A2,
This input signal is differentiated by capa-
citor C4 and the input impedance of divide-
by-two multivibrator Ql, Q2. The resulting
positive pulses trigger divide-by-two
multivibrator Q1, Q2. Divide-by-two
multivibrator Q1, Q2 is identical to divide-
by-two multivibrator Q1, Q2 in 10 kc
spectrum generator A2A6A5A2 (paragraph
3-3ai). The 5-kHz pulse output of the
divide-by-two multivibrator is differen-
tiated by capacitor C7 and the input
impedance of divide-by-five multivibrator
Q3, Q4. Diode CR4 provides a fast turn-
on time for transistor Q3 and holds tran-
sistor Q3 in saturation during its conductive
period. Divide-by-five multivibrator Q3, Q4
is identicalto divide-by-five multivibrator Q3,
Q41in 100 kc spectrum generator A2A6A5A1
(paragraph 3-3ad), except for the time con-
stants. The 1-kHz pulse outputis applied
directly tothe 1kc pulseinverter. The 1-
kHz pulsed output of divide-by-five multi-
vibrator Q3, Q4 is also divided by resistors
R14 and R15 and coupled to the base of gate
amplifier Q5. Gateamplifier Q5is identical
to gate amplifier Q4 in 100 ke spectrum gen-
erator A2A6A5A1 (paragraph 3-3ad). Gate
amplifier Q5 turnskeyedoscillator Q6 on and
off at a 1-kHz repetition rate. Keyed os-
cillator Q6 is identical to keyed oscillator
Qb5 in the 100 kc spectrum generator
A2AB6A5A1 (paragraph 3-3ad). The output
of keyed oscillator A6 is a 10-microsecond
sinusoidal burst of frequencies filtered by
L2 and C17. The spectrum of frequencies
thus produced is 0.122 to 0.131 MHz; the
spectrum points are separated by 1 kHz.
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Figure 3-39. 1 KC Spectrum Generator, Simplified Schematic Diagram
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ak, 1.981 MC ERROR MIXER. - The
1.981 mc error mixer portion of A2A6A3A4
(figure 3-40) consists of isolation amplifier
Z2Q7, mixer A1Q10, and 1.981 mc filter
FL2. These circuits, which form a part of
1 and 10 kc synthesizer electronic subas-
sembly A2A6A3, mix the output signal from
1.850 to 1.859 mc oscillator A2A6A3A2 with
one of the 1-kHz spectrum points to produce
the 1.981-MHz product signal used in the
7.089 mc mixer portion of A2A6A3A4. The
following paragraph describes the operation
of the 1,981 mc error mixer portion of
A2A6A3A4 in detail,

The signal from 1.850 to 1.859 mc
oscillator A2A6A3A2 is coupled through
capacitor C30 to the emitter of isolation
amplifier Z2Q7. The grounded base con-
figuration of isolation amplifier Z2QT7 pro-
vides a high reverse attenuation to the
spectrum and mixer products present in
mixer Z1Q10. Base bias is provided by
voltage divider Z2R29, Z2R27. Resistor
R12 and capacitor C13 provide decoupling
for isolation amplifier Z2Q7. Capacitor
Z2C29 provides ac ground to the base of
isolation amplifier Z2Q7. The output of
isolation amplifier Z2Q7 is applied to
inductor L4, which provides the impedance
transformation necessary to drive mixer
Z1Q10. Resistor Z2R26 is used to ensure
uniformity of the signal developed across
inductor L4. The output of inductor L4 is
coupled through capacitor Z1C43 to the base
of mixer Z1Q10. The 1-kHz spectrum is
coupled through capacitor Z1C44 to the
emitter of mixer Z1Q10. Base bias is
provided by voltage divider Z1R44, Z1R42.
Resistor R12 and capacitor C13 provide
decoupling. The mixing products at the
collector of mixer Z1Q10 are applied to
crystal filter FL2 where all the products
except the sum, 1.981 MHz, are attenuated.
Resistor Z1R41 and capacitor C9 form the
input termination of crystal filter FL2.
Capacitor C8 forms a part of the output
termination of crystal filter FL2. The out-
put of crystal filter FL2 is applied to the
7.089 mc error mixer portion of A2A6A3A4,

al. 9.07 MC ERROR MIXER. - The
9.07 mc error mixer portion of A2A6A3A4
(figure 3-41) consists of isolation amplifier
Z3Q6, mixer Q8, and 9.07 mc filter FL1,
These circuits, which form a part of 1 and
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10 kc synthesizer electronic subassembly
A2AB6A3, mix the output signal from 5.16 to
5.25 mc oscillator A2A6A3A1 with one of the
10-kHz spectrum points to produce the
9.07-MHz product signal used in the 7.089
mc mixer portion of A2A6A3A4. This cir-
cuit is similar, except for several compo-
nent values, and absence of a resistor in
series with the mixer emitter, to the 1.981
mc error mixer portion of A2A6A3A4,
Refer to paragraph 3-3ak for details of
circuit operation.

am. 7.089 MC MIXER. - The 7.089 mc
mixer portion of A2A6A3A4 (figure 3.42),
which forms a part of 1 and 10 kc synthe-
sizer electronic subassembly A2A6A3,
mixes the 1.981-MHz signal from the 1.981
mc error mixer portion of A2A6A3A4 with
the 9.07-MHz signal from the 9.07 mc
error mixer portion of A2A6A3A4. This
circuit, which consists of mixer Q9,
produces the 7.039-MHz error signal used
in 7.1 mc mixer A2A6A4A1 of 100 cps syn-
thesizer electronic subassembly A2A6A4.
The following paragraph describes the
operation of the circuit in detail.

The 1.981-MHz signal is coupled
through capacitor C7 and isolating resistor
R7 to the base of mixer Q9. The 9.07-MHz
signal is coupled through capacitor C6 and
isolating resistor R6 to the base of mixer
Q9. Since the outputs of the 1.981 mc
error mixer and the 9.07 mc error mixer
are combined at the base of mixer Q9, the
output termination for the respective filters
is located in the 7.089 mc mixer. This
termination consists of resistors R6 and
R7, capacitors C5, C6, C7, and C8, the
input impedance of mixer Q9, and the out-
put impedance of the respective filters.
Base bias for mixer Q9 is provided by volt-
age divider R9, R8. Emitter bias is pro-
vided through emitter resistor R10. Re-
sistor R30 provides a small amount of
degeneration to stabilize mixer Q9. Re-
sistor R11 and capacitor C11 provide
decoupling for mixer Q9. The output circuit
of mixer C9 is a tuned circuit consisting of
capacitor C10 and transformer T1, and is
tuned to 7.089 MHz. Therefore, all mixing
products except the difference frequency,
7.089 MHz, will be attenuated by the output
circuit of mixer Q9. The 7.089-MHz signal
is coupled through transformer T1 to the
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Figure 3-42. 7.089 MC Mixer, Simplified Schematic Diagram

7.1 mc mixer circuit in 100 cps synthesizer
electronic subassembly A2A6A4.

an. 1 KC PULSE INVERTER. - The
1 ke pulse inverter A2A6A5A4 (figure 3-43)
consists of overdriven amplifier Ql. This
amplifier is a part of spectrum generator
electronic subassembly A2A6A5 and sup-
plies the accurate 1-kHz reference pulses
required by phase detector A2A6A4A271
(integrated circuit) to phase lock 100 cps
oscillator A2A6A4A2. The 1 kc pulse in-
verter is used in all modes of operation.
The following paragraph describes the
operation of 1 kc pulse inverter A2A6A5A4
in detail.

The input to 1 kc pulse inverter
A2A6A5A4 is the 1-kHz pulse output of
divide-by-five multivibrator Q3, Q4 in
1 kc spectrum generator A2A6A5A3. The
1-kHz pulses are coupled to the base of
pulse amplifier Q1 through isolating re-
sistor R4 in order to reduce the amplifier
loading on the divide-by-five multivibrator.
Resistor R4 also forms a voltage divider in
conjunction with resistor R5 to supply the
base bias for amplifier Ql. Resistors R2
and R3 form a voltage divider to furnish a
low collector voltage and a relatively stiff

ORIGINAL

collector voltage source to ensure that am-
plifier Q1 is always driven into saturation
by the input pulses, thus improving output
amplitude uniformity and pulse waveform.
Resistor R1 and capacitor C1 form a de-
coupling network for the collector voltage
source. The output of the 1 kc pulse in-
verter amplifier is applied to 100 cps syn-
thesizer electronic subassembly A2A6A4.
ao. 100 CPS OSCILLATOR. - The
100 cps oscillator A2A6A4A2 (figure 3-44)
consists of modified Colpitts (Clapp)
oscillator Q2, dc amplifier Q1, buffer am-
plifier Q3, and phase detector (integrated
circuit Z1). The 100 cps oscillator, which
forms a part of 100 cps synthesizer elec-
tronic subassembly A2A6A4, generates the
100-Hz increments and vernier frequency.
Tuning of the oscillator from 110 kHz to
119 kHz in 1-kHz steps, and vernier
frequency control from 108 kHz to 122 kHz
is accomplished by the reactance control
circuit using voltage-variable capacitors
CR7, CR8, and CR9. When locked 100-Hz
steps are required, phase detector
A2A6A4A271 furnishes the desired fre-
quency control voltages. In vernier, phase
detector A2A6A4A2Z1 is disabled by
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Figure 3-43. 1 KC Pulse Inverter, Simplified Schematic Diagram

removing the supply voltage. The voltage
to the voltage variable capacitors CRTY,
CR8, and CR9 is then varied manually.
The oscillator output is coupled to buffer
amplifier Q3 whose input is stabilized by a
set of limiting diodes CR5 and CR6.

The positive 20-Vdc supply voltage
for all circuits of the 100 cps oscillator is
obtained from main frame power supply
electronic assembly A2A8.

The tank circuit of oscillator Q2
consists of capacitors C9, C10, C11, C13,
C14, C15, C5 and the voltage variable
capacitors CR7, CR8, and CR9. Capacitor
C14 is initially adjusted for the required
frequency range of oscillator Q2. The
voltage-variable capacitors CR7, CRS,
and CR9 provide the required pulling range
for the phase-lock loop. Capacitor C15 has
a negative temperature coefficient to com-
pensate for temperature changes in oscil-
lator Q2. The parallel and series combina-
tion of the aforementioned capacitances
results in an equivalent variable capacity
C1l. A simplified ac equivalent circuit of
oscillator Q2 is shown in figure 3-45 ds an
aid in analyzing the oscillator tank circuit.
Capacitor C1 and transformer T1 form the
parallel resonant tank circuit of oscillator

Q2.
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When operating voltage is applied
to oscillator Q2, the oscillator produces an
output of approximately 110 kHz to
to 119 kHz, depending on the setting of the
CPS switch. These output frequencies will
only approximate the desired operating
frequencies until the phase-lock loop is
closed. The output of oscillator Q2 is
amplitude-limited by diodes CR5 and CR6.
Both the negative- and positive-going limit
of the oscillator signal are established by
the diode bias voltages developed across
the secondary of transformer T1 and the
forward voltage drop of the diodes.

The output of oscillator Q2 is
applied through transformer T1 to the base
of buffer amplifier Q3 which, in turn,
develops the signal across resistor R10.
Buffer amplifier Q3 provides isolation for
oscillator @2, preventing succeeding stages
from adversely loading the oscillator. The
output of buffer amplifier Q3 is coupled to
the base of pulse shaper A2A6A4 A1Q6 by
capacitor A2A6A4A1 C13. A small amount
of degeneration is developed by unbypassed
emitter resistor R8 to increase the stability
of amplifier Q3.

The output of 1 kc pulse inverter
A2AB6A5A4 module is coupled directly to
phase detector Z1. A reset pulse from
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Figure 3-45.. 100 CPS Oscillator, AC
Equivalent Circuit, Schematic
Diagram

counter A2A6A4A1 is also coupled directly
to phase detector Z1. The output voltage
from phase detector Z1 is applied to amp-
lifier Q1 by the network consisting of re-
sistor R3 and capacitor C3. The output of
amplifier Q1 is filtered and then applied to
the voltage-variable capacitors to control
the oscillator Q2 frequency.

The phase detector is basically a
flip-flop (figure 3-46). The reset pulses
are applied to both stages of the flip-flop,
while the 1-kHz standard frequency refer-
ence pulse is applied to one side only.
Therefore, if the input frequencies are both
equal, the output will be a pulse with a
duration equal to the time between the input
reference and the preset divider output
(resetpulse). If the output is a symmetrical
waveform, the triggers are 180 degrees
out of phase. When a low-pass filter is
employed, the flip-flop output provides an
average voltage which is a linear function
of the phase difference. Thus, for the case
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Figure
3-45

where the phase detector output is a sym-
metrical waveform (180-degree phase
relationship), the average voltage from the
filter will be one-half the peak-to-peak
phase detector output. This circuit permits
up to 360 degrees of control in-phase be-
tween two signals, whereas the usual
sinusoidal type of phase detector permits
only 180 degrees of control. If the fre-
quency of one signal is different from the
other, the triggers will pass each other in
time, and the average output from the cir-
cuit will be a sawtooth. These cases are
shown in figure 3-47 for fy = fz, f2>f1, and
f1>19.

L In the feedback loop, filter net-
work FL1 is designed to have a low-pass
characteristic with a cutoff frequency at
about 250 Hz, well above the loop cutoff
frequency. Consequently, the oscillator
capture range is equal to its hold-in range.
The filtered dc output is then applied to
voltage-variable capacitors CR7, CR8, and
CR9 to vary the capacity in the tank circuit
of oscillator Q2, thus controlling the oscil-
lator frequency. This slaves the oscillator
to a frequency that is preset into the divider
chain of counter A2A6A4A1,

Assume that the output of the
oscillator is 110.2 kHz. The desired oscil-
lator frequency is 110 kHz. The oscillator
output of 110.2 kHz is coupled to the pulse
shaper circuit of the counter. This output
is then coupled to the preset dividers and
divided down by a factor of 110 to a fre-
quency of 1.02 kHz. This output is coupled
directly to phase detector Z1. A 1-kHz
pulse from the spectrum generator is also

" coupled directly to the phase detector.

The two inputs of 1 kHz and 1.02 kHz are
compared and an ac voltage (sawtooth
waveform) is developed. This ac output is
coupled to amplifier Q1 and filtered in
filter network FL1. The voltage is then
applied to voltage-variable capacitors,
CR7, CR8, and CR9, thus sweeping the
oscillator frequency. Since the feedback
loop is closed, this frequency decreases
with time due to the decrease of the oscil-
lator output frequency as it is being swept.
After this sweep frequency has been de-
creased to a frequency within the pull-in
range of the oscillator, the oscillator pulls
in and locks at the desired 110 kHz. At this
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Figure 3-47. Phase Detector Waveforms

time, the output of the phase detector is
the dc reference level. If the phase of the
oscillator begins to drift, the phase
difference is detected by the phase detec-
tor circuit and the dc output is shifted
accordingly to correct the oscillator fre-
quency.

ap. PRESET COUNTER. - The pre-
set counter A2A4A6A1 (figure 3-48) con-
sists of pulse shaper Q5 and Q6, three
decade dividers (integrated circuits Z4,
Z1, and Z3), inverter amplifier Q8, a
flip-flop (integrated circuit Z2), reset
pulser Ql, Q2, Q3, Q4, emitter follower
Q9, and amplifier Q7. These circuits form
a part of 100 cps synthesizer electronic
subassembly A2A6A4. These circuits
provide two functions. They divide the
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110-kHz to 119-kHz output from 100 cps
oscillator A2A6A4A2 by 10 to provide the
11-kHz to 11.9-kHz signal required for
mixing in 7.1 mc mixer A2AGA4A3. They
generate a reset pulse, the frequency of
which dictates whether any oscillator fre-
quency error exists from that which is
preselected. This reset pulse is coupled
to phase detector A2A6A4A2Z1 for com-
parison with the 1-kHz standard frequency.
The following paragraphs describe opera-
tion of the counter circuits in detail.

Pluse shaper Q5, Q6 is a Schmitt
trigger circuit which receives the locked
110-kHz to 119-kHz sinusoidal output from
100 cps oscillator A2A6A4A2 through
capacitor C13. This input signal is
developed into a negative output pulse with
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a sharp leading edge for each cycle of os-
cillator A2A6A4A2Q2 output frequency.
Resistors R23, R24, R25, R26, R27, and
R39 comprise resistive networks for
developing the required operating voltages
for pulse shaper Q5 and Q6. The pulse
shaper output is coupled directly to decade
divider Z4 and to decade divider Z3 of the
preset counter.

Operating voltage for decade
divider Z4 is applied from the 4-Vdc supply.
The divider provides one output pulse for
every ten input pulses applied from the
pulse shaper.

The 11-kHz to 11.9-kHz output
from decade divider Z4 is coupled to the
base of amplifier Q7 by capacitor C16. The
operating voltage for amplifier Q7 is
developed by voltage divider R38, R30 and
emitter resistors R32, R33 from the posi-
tive 20-Vdc supply line. Decoupling is
provided by capacitor C15 and resistor R31
to prevent interaction with other circuits
connected to the positive 20-Vdc supply
line. Capacitor C17 is the emitter bypass
capacitor of amplifier Q7. The amplified
output signalsfrom amplifier Q7are devel-
oped across a tuned circuit consisting of
capacitor C14 and the primary of transform-
er T1l. Resistor R34 increases the bandwidth
of the tuned circuit. The sinusoidal output
from the secondary of transformer T1 is
applied to 7.1 mc mixer A2A6A4A3.

The preset divider is a digital
device composed of integrated circuits Z1,
Z3, and Z2 and coding from CPS switch
A2A11S6 on the front panel. When a pre-
selected count is reached, a coincidence
gate triggers a circuit which resets the
dividers. The preset dividers are reset to
zero and a count is initiated by the pulses
derived from oscillator A2Q2. This count
continues until coincidence is reached at
some digitally preselected count from cps
switch A2A11S6 on the front panel, then a
reset is generated. The reset-to-zero time
of the counter must be shorter than the
time between incoming pulses. When the
counter is reset, a trigger is also generat-
ed for phase detector A2A6A4A2Z1. (This
frequency is divided by 10 for desired 100-
Hz increments.) If the oscillator frequency
is precisely the frequency for which the
preset divider is coded, the reset circuitry
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output will be exactly 1 kHz. If, however,
there is a 0.5 percent error in oscillator
frequency, the reset trigger output fre-
quency to the phase detector will contain
the same percent error or 5 Hz. When this
signal is compared in the phase detector
against the 1 kHz derived from the fre-
quency standard, a phase detector correc-
tion voltage is generated. This voltage, by
means of A2A6A4A2CR7 through
A6AB6A4A2CRY, corrects the oscillator
frequency so that the divider output is 1
kHz, thus maintaining the oscillator in lock
with the frequency standard.

Integrated circuits Z1, Z3, and Z2
and transistor Q8 form a preset divider
which may be coded to divide by any number
between 110 and 119. Therefore, any oscil-
lator frequency between 110 and 119 kHz
may be divided down to 1 kHz for phase
comparison in the phase detector
A2A6A4A271 with the standard 1-kHz
reference pulse. This produces 1-kHz
increments from 110 kHz to 119 kHz. The
preset divider chain is used to provide a
coded count that is representative of the
corresponding frequency digit.

Decade divider Z3 divides by a
maximum of 10, but may be programmed
by cps switch A2A11S6 on the front panel
to reset at any integer count less than 10.
The four flip-flops in the decade are ar-
ranged to generate a binary code. This is
accomplished by diode coding gates CR3
through CR10 which, when energized,
contribute to the generation of a reset
pulse. The table included in figure 3-49
indicates what combination of coding leads
must be energized in order to achieve the
desired count in the dividers. Figure 3-50
indicates the method of programming a
decade of the preset divider. The absence
of coding voltage on any of the four gates
effectively removes the flip-flop corre-
sponding to that gate from the coincidence
circuit. By selectively energizing 0, 1, 2,
or 3 lines per decade, the coding from 0 to
9 is accomplished.

Output of decade divider Z3 is fed
to integrated circuit Z1 transistor Q8, and
integrated circuit Z2 which are program-
med by gates CR11 through CR14 to divide
by 11. Transistor Q8 functions as a buffer
and inverter amplifier between Z1 and Z2.
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Figure 3-49. Decade Counter A1Z1, A1Z3, and A1Z4), Simplified Block
Diagram And Truth Table

The gate outputs from the decade and the
divide-by-eleven counters are summed to
provide control voltage for the reset
pulser. When the entire programmed
count is reached, the disappearance of
control voltage on the output gates (junction
of diodes CR6 through CR9) initiates a
reset pulse through emitter follower Q9.
The reset pulser consists of a pair of
overdriven amplifiers Q1 and Q2 which
shape a pulse suitable to trigger the 7-
microsecond delay multivibrator Q3 and
Q4. The delay multivibrator generates a
T-microsecond negative pulse which is
applied to the reset circuit (pin 6) of all
the integrated circuits in the preset divider

ORIGINAL

group. The count is now complete and a
new identical sequence follows.

aq. 7.1 MC MIXER. - The 7.1 mc
mixer A2A6A4A3 (figure 3-51) consists of
emitter followers Q1 and Q3, 7.1 MHz
crystal filter FL2, mixer Q2, and amplifier
Q4. These circuits, which form a part of
100 cps synthesizer electronic subassem-
bly A2A6A4, mix the 11-kHz to 11.9-kHz
output from counter A2A6A4A1 with the
7.089-MHz output from 7.089 mc mixer
A2A6A3A4 to produce a nominal 7.1-MHz
output of a level suitable for use in
17.847/27.847 mc mixer A2A6A2A3. These
circuits are used in all modes of operation.
The following paragraphs describe the
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Figure 3-50. Decade Counter Coding Scheme
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operation of 7.1 mc mixer A2A6A4A3 in
detail,

The sinusoidal output from trans-
former A2A6A4A1T1 is coupled to the base
of emitter follower Q1 by capacitor C15.
The operating voltage for emitter follower
Q1 is developed by voltage divider R2, R3.
Resistor R1 and capacitor C1 provide de-
coupling to prevent interaction with the
other circuits connected to the positive
20-Vdc supply line. Emitter follower Q1
provides a low impedance source for mixer
Q2. The output from emitter follower Q1
is developed across resistor R4 and
coupled to the emitter of mixer Q2 by
capacitor C2.

The operating voltage for mixer
Q2 is developed from the positive 20-Vdc
supply line by emitter resistor R6 and
voltage divider R7, R8. Resistor R21 and
capacitor C4 provide decoupling to prevent
interaction with the other circuits connect-
ed to the positive 20-Vdc supply line.
Capacitor C3 is the emitter bypass capa-
citor. Due to the large difference in fre-
quency between the two inputs, resistor R6
develops a small amount of degeneration to
increase the stability of mixer Q2. The
7.089-MHz output from 7.089 mc mixer
A2A6A3A4 is coupled to the base of mixer
Q2 by capacitor C5. Transistor Q2 mixes
the 11-kHz to 11.9-kHz signal with the
7.089-MHz signal to provide one of ten
fixed outputs, depending upon the position
of the CPS switch on the front panel. If
11 kHz is used (front panel CPS switch at
000 setting), the mixing products are 11
kHz, 7.089 MHz, 7.078 MHz, and 7.1 MHz.
If 11.9 kHz is used (front panel CPS switch
at 900 setting), the mixing products are
11.9 kHz, 7.089 MHz, 7.0771 MHz, and
7.1009 MHz. The mixing products are
developed across resistor R9 and applied
to filter FL2. Filter FL2 is very selective,
allowing only the 7.0998-MHz to 7.1012-
MHz signals to pass.’ Capacitor C7 and
resistor R9, and capacitor C8 and resistor
R10 form the input and output terminations,
respectively, for crystal filter FL2. The
output from filter FL2 is coupled to the
base of emitter follower Q3 by capacitor
C16.

The operating voltage for emitter
follower Q3 is developed from the positive
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20-Vdc supply line by voltage divider R11,
R12 and emitter resistor R15. Resistor
R13 and capacitor C11 provide decoupling
to prevent interaction with the other cir-
cuits connected to the positive 20-Vdc
supply line. Emitter follower Q3 isolates
filter FL2 to prevent it from being adver-
sely loaded by amplifier Q4. The output
from emitter follower Q3 is developed
across resistor R15 and is coupled to the
base of amplifier Q4 by capacitor C10.

The operating voltage for am-
plifier Q4 is developed by voltage divider
R16, R18 and emitter resistor R19. Re-
sistor R17 and capacitor C11 provide de-
coupling to prevent interaction with the
other circuits connected to the positive
20-Vdc supply line. Capacitor C14 is the
emitter bypass capacitor. The amount of
gain provided by amplifier Q4 is controlled
by adjusting the amount of degeneration
developed by potentiometer R20. The am-
plified output from amplifier Q4 is develop-
ed across the tuned circuit consisting of
capacitor C13 and the primary of trans-
former T1, and is applied to 17.847/
27,847 mc mixer A2A6A2A3.

ar. POWER SUPPLY. - Power
supply electronic assembly A2A8 (figure
3-52) consists of the positive 110-Vdc
supply, the positive 28-Vdc supply, the
negative 30-Vdc supply, and the regulated
positive 20-Vdc supply. These circuits,
which form a part of receiver main frame
A2, supply operating power to all the cir-
cuits of the R-1051D/URR. The following
paragraphs describe the operation of the
power supply in detail.

All power is derived from the
nominal 115-Vac line, which is applied
through switches A1A2S1, A1A2S2, A2S2
and fuses A2F1, A2F2 to the primary of
power transformer A2T1. Indicator lamps
which are part of A2XF1 and A2XF2 will
light if fuses A2F1 and A2F2 open. The
primary of transformer A2T1 is tapped so
that, in locations where line voltages differ
slightly from the normal 115 Vac on a
reasonably permanent basis, one can
compensate for the difference by recon-
necting to a new tap. The 6.3 Vac from
terminals 13 and 14 of the secondary of

transformer A2T1 supplies power to the
filaments of rf amplifiers V1 and V2 in rf
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amplifier electronic assembly A2A4. The
output from terminals 7 and 8 of trans-
former A2T1 is applied to a bridge rectifier
consisting of diodes CR1 through CR4; the
output of the bridge is applied to a choke
input filter consisting of choke A2L1 and
capacitor A2C1l. The output of the choke
input filter, positive 110 Vdc, is used to
supply plate and screen voltage to rf am-
plifiers V1 and V2 in rf amplifier electronic
assembly A2A4 and to light the vernier
tuning indicator. Resistor A2R20 is a
bleeder load for the positive 110 Vdc
supply. The output from terminals 9 and
10 of transformer A2T1 is applied to a
bridge rectifier consisting of diodes CR5
through CRS8; the output of the bridge is
applied to a choke input filter consisting of
choke A2L2 and capacitor A2C2. The out-
put of the choke input filter, positive 28
Vdc, is used in rf amplifier A2A4, fre-
quency standard A2A5, receiver if./audio
amplifier A2A2 and A2A3 and translator/
synthesizer A2A6, electronic assemblies.
The regulated positive 20-Vdc supply is
derived from the positive 28-Vdc supply.
Resistor A2RS8 is the bleeder load for the
positive 28-Vdc supply. When primary
power is supplied, lamps A2DS3 and A2DS4
light, illuminating the frequency display
windows above the MCS and KCS controls.
Resistors R1 and R2 are series-dropping
resistors. The output from terminals 11
and 12 of transformer T1 is applied to a
bridge rectifier consisting of diodes CR9
through CR12; the output of the bridge is
applied to a filter network consisting of
resistor R3 and capacitor C3. The output
from this network is applied to resistor
R4 and Zener diodes CR13 and CR14.
Since the Zener voltage of each diode is
15 Vdc, the output from this network is a
regulated negative 30 Vdc. Capacitor C4
is used to provide additional filtering. The
negative 30 Vdc'is used in step agc circuit
Al of if./audio amplifier electronic assem-
blies A2A2 and A2A3, and as the negative
supply for the vernier tuning indicator.
The regulated positive 20-Vdc
supply consists of series regulator A2Q1,
dc amplifiers Q1 and Q2, comparators Q3
and Q4, 12-Vdc Zener diode CR16, and
4,7-Vdc Zener diode CR17. This circuit
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provides a constant positive 20 Vdc regard-
less of the load. The input voltage of
positive 28 Vdc is applied to the collector of
series regulator A2Q1, through contacts 7
and 6 of section C front of Mode Selector
switch A2S2, in any position other than
OFF or STD BY, and contacts 8 and 6 of
relay A2K1, If the MCS controls are set in
their 00 or 01 positions, a ground is applied
to relay A2K1, causing it to energize. This
cuts off the input to the positive 20-Vdc
supply unless the operating frequency is

2.0 to 30.0 MHz. The collector-to-emitter
resistance is directly proportional to the
amount of base-to-emitter current. The
output voltage positive 20 Vdc in this case,
is selected by adjusting output voltage
control R14, which determines the bias
voltage on comparator Q4. The bias voltage
determines the amount of emitter current
flow, thereby determining the voltage
across emitter resistor R12. Since the
bias voltage on the base of comparator Q3
is held constant by Zener diode CR17, the
collector current flow will be determined by
the emitter voltage. The emitter of
comparator Q3 is connected to the emitter
of comparator Q4; therefore, collector
current of comparator Q3 will be controlled
by the bias voltage on comparator Q4.

Since the base voltage of dc amplifier Q2

is held constant by Zener diode CR16, the
collector current flow is controlled by the
collector voltage on comparator Q3. The
collector current of dc amplifier Wi is
controlled by the collector current of dc
amplifier Q2. The collector current
through resistor R5 determines the bias
voltage on the base of series regulator
A2Q1 which, in turn, determines the
emitter-to-collector resistance.

To better understand the opera-
tion of the regulated positive 20-Vdc supply,
assume that some of the load on the
positive 20-Vdc supply has been removed.
This condition causes the output voltage to
rise. This rise causes the base-bias
voltage of comparator Q4 to increase,
thereby increasing the voltage across re-
sistor R12. This increase causes a de-
crease in the base-to-emitter voltage in
comparator Q3, thereby causing an in-
crease in collector voltage. Since the
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emitter of the dc amplifier Q2 is connected
to the collector of comparator Q3, and the
base voltage is held constant by Zener diode
CRI16, the increaseincollector voltage in
comparator Q3 causes the collector current
to decrease in dc amplifier Q2. Since the
collector of dc amplifier Q2 is connected to
the base of dc amplifier Q1, the decrease
in collector current in dc amplifier Q2
causes a decrease in collector current in
dc amplifier Q1. Since the collector of

dc amplifier Q1 is connected to the base of
series regulator A2Q1 through resistor R5,
a decrease in collector current in dc am-
plifier Q1 causes the collector-to-emitter
resistance to increase, thereby causing the
output voltage to return to positive 20 Vdc.

Resistor Rb5 acts as a parasitic suppressor. .

Diode CR15 protects the circuit if the posi-
tive 20-Vdc line is accidentally grounded.
Normally, diode CR15 is back-biased by
the positive 20 Vdc on its cathode and
positive 12 Vdc on its anode. If the positive
20-Vdc line becomes grounded, the diode
will be forward-biased, dropping the base
of dc amplifier Q2 to ground potential and
preventing damaging current flow in dc
amplifiers Q1 and Q2.

as. TUNING. - The tuning circuit
(figure 3-53) consists of code generator
electronic assembly A2AT7; switch S1,
motor B1l, and relay K1 in rf amplifier
electronic assembly A2A4; and switch S1,
motor B1, and relay K1 in mc synthesizer
electronic subassembly A2A6A1, Code
generator electronic assembly A2A7 con-
sists of switches S3 and S4, which form
three parallel open-seeking tuning circuits,
each employing a five-wire coding scheme.
Two of these tuning circuits generate a
tuning code for positioning the turret
assembly in rf amplifier electronic assem-
bly A2A4 and the crystal switch in mc
synthesizer electronic subassembly A2A6A1.
The third tuning circuit is not used in
tuning the R-1051D/URR. The following
paragraphs describe the tuning circuits for
the R-1051D/URR in detail.

Switches S3 and S4 in code genera-
tor electronic assembly A2A7 are control-
led by the 10-MHz (MCS) and 1-MHz (MCS)
controls on the front panel. These two
switches are analogously represented
(figure 3-53) by sections A, B, C, D, and E;
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sections A and C form two 28-position
masters, and sections B and D form two
28-position images. For the schematic
diagram of these switches, see figure

5-2a. Section A establishes the tuning code
for turret switch S1 in rf amplifier elec-
tronic assembly A2A4, and section C
establishes the tuning code for crystal
switch S1 in mc synthesizer electronic sub-
assembly A2A6A1. The tuning code genera-
ted by section A is one of 28 series of opens
and grounds; each series represents one of
the 28 tuning positions of turret switch S1
(refer to table 3-1). Although section C is
also a 28-position switch, the tuning code it
generates is one of 17 series of opens and
grounds; each series represents one of the
17 positions of crystal switch S1 (refer to
table 3-1). Section A (master) applies the
coded information to turret switch S1-A
(master). This establishes a ground path
through the common contact of S1-A to pin
7 of turret motor relay K1; since positive
28 Vdc is applied to pin 3, the ground
causes relay K1 to energize. When turret
motor relay K1 energizes, turret motor

Bl is energized by application of positive
28 Vdc through contacts 5 and 2 of turret
motor relay KI. When energized, motor
B1 rotates turret switch S1 until the
complement of the code on section A
(master) is reflected by turret motor
switch S1-A (master). Whenever the codes
on the two masters are complementary,

the ground path to turret motor relay K1 is
broken, causing it to deenergize. Similarly,
section C generates a code to energize
crystal switch S1 motor, and to rotate
crystal switch S1 to the position established
by the 1- and 10-MHz (MCS) controls on

the front panel.

The image switches in code
generator electronic assembly A2A7 (sec-
tions B and D), turret switch S1-B, and
crystal switch S1-B always have the com-
plementary code of their respective
masters. This ensures that the ground, or
grounds, will be applied to the masters
whenever a new code is selected. This is
accomplished by the cut of the wafer, which
is the exact mirror image of the respective
master. All contacts appearing as opens at
the master appear as grounds at the image,
and vice versa.
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In figure 3-53, sections A and B
are positioned to represent the code 10100
(x2.xxx MHz). If the MCS controls on the
front panel were set at x3.xxx MHz, sections
A and B would be rotated one position
counterclockwise, creating the new code
01000 (refer to table 3-1). A ground path
would be established to pin 7 of turret
motor relay K1 through code line 2 and
turret motor switch S1-A. This energizes
turret motor relay K1 which, in turn,
energizes turret motor B1. Turret motor
switch S1 is rotated until image code 10111
is reflected by turret motor switch S1-A.
At this time, the ground path is broken,
causing turret motor relay K1 to deenergize.
Ground is then applied through contacts 2
and 4 of turret motor relay Kl to turret
motor B1l., If the MCS controls on the front
panel were set to 22.xxx MHz rather than
x2.xxx MHz, the code generated by section
A would have been 10000. As shown in
figure 3-53, there is no ground path directly
between the two masters. This time the
ground path would be through code line 1 to
turret motor switch S1-B (image), code line
3 to section B (image), and code line 2 to
turret motor switch S1-A (master). There-
fore, the ground path to turret motor relay
K1 is established using the images. In like
manner, any code can be traced, and the
tuning of turret switch S1 will be accom-
plished for any code shown in table 3-1,
Similarly, the codes shown in table 3-1 can
energize crystal switch motor B1 and tune
crystal switch S1 to the position established
by the MCS controls on the front panel.
Section E of code generator

electronic assembly A2AT generates the
hi/lo band control line codes. The wiper of
section E remains open until it is placed in
an MCS position that has a tab. At this time,
ground is applied to hi/lo filter relay A2K2,
causing it to energize. When relay A2K2 is
energized, ground is placed on the hi/lo
band control line. When hi/lo filter relay
A2K2 is deenergized, positive 20 Vdc is
applied to the hi/lo band control line.

at. CONTROL SWITCHING. - The
control switching circuits (figure 5-9) con-
sist of switches A1A2S1, A1A2S2, A2S2,
and A2S9 and relays A2K1 and A2K3. These
circuits, which form a part of main frame
A2, energize and key the applicable circuits
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according to the selected mode of operation.
The following paragraphs describe the con-
trol switching circuits in detail. Unless
otherwise noted, all components in the
following paragraphs have reference
designator prefix A2,

Primary power for the R-1051D/
URR is received via pins R and S of connec-
tor A1J4 on the rear of the R-1051D/URR.
In the NORM position of AUX-NORM switch
A1A2S1, the nominal 115 Vac is connected
through interlock switch A1A2S2. If de-
sired, primary power may be routed
directly to the R-1051D/URR by placing
AUX-NORM switch A1A2S1 in the AUX
position and connecting the primary power
to pins A and C of connector A1J3, thus
bypassing the normal input. From interlock
switch A1A2S2 one side of the 115-Vac line
A1J4-S is applied to contact 6 of the front
part of section 1 of switch S2, which is an
open circuit in the OFF position. The other
side of the 115-Vac line A1J4-R comes
from interlock switch A1A2S2 and goes
directly to contact 10 of the front part of
section 2 of Mode Selector switch S2, which
also is an open circuit in the OFF position.
In the STD BY position of Mode Selector
switch S2, one.side of the 115-Vac line is
switched through fuse F1 to terminal 6 of
power transformer T1. The other side of
the 115-Vac line is switched through fuse
F2 to terminal 1 of power transformer T1.
Therefore, the power input circuit of the
R-1051D/URR is completed, and trans-
former T1 and the 6.3-Vac positive 110-
Vdc, negative 30-Vdc, and positive 28-Vdc
power supplies are energized (refer to para-
graph 3-3ar). Power from the positive
28-Vdc supply is routed to frequency
standard electronic assembly A2A5, where
5 mc oscillator A2A5A3 and its associated
oven control circuits A2A5A2 are energized.
The positive 110-Vdc and negative 30-Vdc
power supplies are not used in the STD BY
position of Mode Selector switch S2.

In any operating position of Mode
Selector switch S2 (USB or CW, for
example), positive 28 Vdc from power
supply electronic assembly A2A8 is routed
through contacts 7 and 6 of the front part
of section 3 of Mode Selector switch S2.
This 28 Vdc is applied to rf amplifier
electronic assembly A2A4, mc synthesizer
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Table
3-1

TABLE 3-1. TUNING CODE CHART

A2A6A1
CODE LINES

A2A4
CODE LINES

MCS
CONTROLS

SETTING

10
11

12
13

14
15
16
17
18
19
20
21

22

23

24
25

26
27
28
29

ORIGINAL
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electronic subassembly A2A6A1, and con-
tact 6 of SIMPLEX/DUPLEX switch S9.
It is also applied to contact 8 and coil
contact 7 of tune relay K1, and coil con-
tact 7 of hi/lo filter relay K2. For opera-
tion of hi/lo filter relay K2, refer to para-
graph 3-3as. When tune relay K1 is
deenergized, positive 28 Vdc on contact 8
is routed through contact 6 to contacts 4
and 6 on the rear part of section D of switch
S2 and also to the regulated positive 20-Vdc
supply, providing energizing voltage (refer
to paragraph 3-3ar). The positive 20 Vdc
from power supply electronic assembly
A2A8 is routed through contacts 2 and 4 of
transmit/receive relay K3 to pin 4 of con-
nector J17 and pin 6 of connector J16 on
mode selector electronic assembly A2A1.
Tune relay K1 is energized by a ground
applied to coil contact 3 from pin 7 of
connection J8 on code generator electronic
assembly A2A7 whenever the MCS dials
are tuned to 00 or 01, or whenever the
R-1051D/URR is being tuned. Provisions
are made on pins J and K of connector
A1J4 on the rear panel of the R-1051D/URR
to receive positive 28 Vdc and a ground
keyline, respectively, from a transmitter
used with the R-1051D/URR. When
SIMPLEX/DUPLEX switch S9 is in the
SIMPLEX position, positive 28 Vdc will be
routed through contacts 4 and 5 to coil
contact 7 of transmit/receive relay K3.
When the T-827D/URT is energized, a
ground is routed through contacts 1 and 2
of switch S9 and contacts 4 and 2 of tune
relay K1 to coil contact 3 of transmit/
receive relay K3, thereby energizing it.
When transmit/receive relay K3 is
energized, the 110-Vdc path through con-
tacts 6 and 8 of K3 is broken and the 20-Vdc
path through contacts 2 and 4 of relay K3 is
broken. When SIMPLEX/DUPLEX switch
S9 is in the DUPLEX position, transmit/
receive relay K3 is energized during tuning
by 28 Vdc routed through contacts 6 and 5 of
switch S9 to coil contact 7 of relay K3, and
by a ground routed through contacts 5 and 2
of tune relay K1 to coil contact 3 of relay
K3.

au. 4 VDC POWER SUPPLY AND
VERNIER CONTROL. - The 4 Vdc power
supply and vernier control (figure 3-54)
consists of a Zener diode voltage regulator

ORIGINAL
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Paragraph
3-3at

producing positive 4 Vdc from a positive
20-Vdc input, a network which excites CPS
vernier control A2A11R7 with a dc voltage
obtained from a positive 20-Vdc input, and
a sawtooth oscillator network which causes
CPSvernierindicator A2DS5 onthe R-1051D/
URR front panel to flash intermittently
whenever CPS switch A2A11S6 is V.

The 4 Vdc regulator, consisting of
series resistor R5, Zener diode CR2, and
surge capacitance C2, receives positive
20 Vdc from power supply electronic
assembly A2A8 through translator/synthe-
sizer electronic assembly A2A6. Capacitor
C1 bypasses transients. Output of the 4 Vdc
regulator is applied to CPS switch A2A11S6
for generating frequency code signals, and
to translator/synthesizer electronic assem-
bly A2A6. The 4 Vdc regulator output is
also used internally in developing excitation
for the CPS vernier control.

Excitation for CPS vernier control
A2A11RT7 is obtained from the positive 20-
Vdc supply attenuated by a voltage divider
consisting of resistors R1 and R3 and
potentiometer R2, and from the positive
4-Vdc regulated output attenuated to
approximately positive 3 volts by a voltage
divider consisting of resistors R8 and R9.
Potentiometer R2 affords adjustment of the
gradient of the CPS vernier control. Out-
put from the wiper of the CPS vernier con-
trol is applied to control the oscillator
frequency within 100 cps synthesizer elec-
tronic subassembly A2A6A4 when CPS
switch A2A11S6 is at the V position.

When CPS switch A2A11S6 is at
V, positive 110 volts from power supply
electronic assembly A2A8 is applied
through a sawtooth oscillator network
consisting of charging resistor R7, capa-
citor C4, and discharge current-limiting
resistor R6 to neon lamp A2DS5 on the
front panel. Whenever the network is
energized, capacitor C4 charges slowly
through resistor R7 to the firing voltage of
A2DS5, approximately 90 volts. When
A2DS5 fires, capacitor C4 is discharged
rapidly through resisto