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SECTION 1
GENERAL INFORMATION

1-1. FUNCTIONAL DESCRIPTION

General Purpose Receiver GPR-110B (figure 1-1) is a solid state, triple
conversion superheterodyne communications receiver that provides high-stability
multimode operation over a frequency range of 100 KHz to 30 MHz. It can
be utilized alone as a communications receiver for CW and voice reception,
or as part of a communications system, such as a teletype system. The re-
ceiver is operable in five modes: the three standard modes (continuous wave,
amplitude modulation, upper sideband), and two optional modes (lower side-
band and independent sideband). Symmetrical filters are included for use
in the AM and CW modes, providing .4 MHz, 1 KHz 3 KHz, 6 KHz or wide IF band-
widths. Selection of the proper filters provides optimum selectivity for the

specific mode in use.

Receiver stability is determined by a digital frequency synthesizer
and a phase detector/AFC system. The frequency synthesizer is controlled
by a high-stability, oven-controlled one MHz crystal oscillator, which pro-

vides a stability factor of one part in 108 after warmup.

The receiver operating frequency is continuously displayed, in MHz,
on a segmented-filament digital readout located on the front panel. The
first two digits indicate the tens and units of the frequency in MHz, and
the last four digits indicate the remaining .9999 MHz to the nearest 100 MHz

increment.
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Three front panel knobs are used to tune the receiver through its
operating range. The MHz switch is used to select the coarse operating
frequency in one MHz discrete steps, a frequency selector/TUNE control is
used to tune the remaining four digits to the nearest 100 Hz increment, and
the fine TUNE control is used in conjunction with the front panel meter to

tune the receiver to sync.

Complete Tocal operation is implemented by using the controls located
on the front panel of the receiver. Remote control options are also avail-

able.

The receiver has an internal speaker and audio outputs for an external
speaker and 600 ohm audio lines for each sideband. Terminations are pro-

vided on the rear panel for applicable input and output connections.

1-2. PHYSICAL DESCRIPTION

a. EXTERNAL DESCRIPTION. The GPR-110B is packaged for rack-mounting

in a standard 19 inch rack unit or a table-top cabinet. The rack-mounted
model is 19 inches wide, by 7 inches high, by 19 % inches deep; the dim-
ensions of the cabinet model are 16 3/4 inches wide, by 7 inches high, by

19 1/4 deep.

The front panel contains the controls and indicators used to operate
the unit. The rear panel has input and output connectors for routing of
various signals; a lamp test pushbutton; two fuse-holders for the power fuses;

and line gain controls for USB and LSB audio line outputs.
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b. INTERNAL DESCRIPTION. The main chassis contains two printed

circuit mother boards, mounted back-to-back and hard-wired to the receiver.
These two boards contain the printed circuit assemblies for the Digital
Logic and Control Section, and the Audio Section. Each printed circuit
assembly slides in a guide track, and plugs into one of the mother boards
to form a positive connection. The chassis also contains the Preselector

Section, Front End Section, Front Panel Assembly, and the Power Supply Section.
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Reference

Symbol

2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
111
112

2113

7114
Z115
116
1117
118
7119
2120
2121

1122
2201
2202

2301
2302
2303
2304
2305
2306
2307

TABLE 1-1

REPLACEABLE ASSEMBLIES

TMC

Part Number

A4959
A4955
A4958
A5636
A5633
A5635
A5634

A4961-2

A4962
A4963-1
AR4963-2
A4964
A4965
A4966
A5628
A5646
A5645
A5658
R4970
A4972
A4977
A5632
A4979
A4976
A4973

A5638
A4974

1-4

Description

Readout Display Assembly

Digital Counter Assembly

MHz Display/Divider Assembly
Comparator Assembly

Memory Assembly

7 MHz Generator Assembly

Sample Divide/Phase Detector Assembly
Mixer/Oscillator Control Assembly

100 Hz Synthesizer Assembly

~ Digital Logic Mother Board

Symmetrical Filter (.4 KHz, 1 KHz)
Assembly

Symmetrical Filter (3 KHz, 6 KHz,
WB) Assembly

Audio Assembly

USB Filter Assembly

LSB Filter Assembly

Sync/AFC Assembly

BFO Assembly

Audio/Filter Mother Board
Preselector Assembly

Multiband Preselector

Bypass Filter Assembly-

Power Supply Assembly

1 MHz Standard Assembly

Tunable IF Assembly

Single HF MHz Oscillator Assembly
Sample Mixer Assembly

Dual HF MHz Oscillator Assembly
IF Output Mixer Assembly

HF IF Assembly

Mixer IF Input Assembly



SECTION 2
INSTALLATION

2-1. GENERAL

The GPR-110B receiver is shipped from the factory in a crated box,
as shown in figure 2-1 (typical equipment packaging) to insure maximum
protection against damage in transit. This section outlines the unpacking,
installation, inspection and pre-operation instructions, as well as power
requirements and information which will aid the operator in the fabrication

of external cables for use with the receiver.

Paragraph 2-2 details the uncrating and unpacking instructions;
paragraph 2-3 contains guidelines for an initial visual inspection of the
receiver; paragraph 2-4 lists the power requirements of the receiver; para-
graph 2-5 gives detailed installation instructions, fabrication of external
cables, and an overall wiring diagram showing interconnections of all the
circuits of the receiver; and paragraph 2-6 contains a brief operating pro-
cedure to be used in determining if the receiver is operational and therefore

undamaged internally during shipment.

2-2. UNCRATING AND UNPACKING INSTRUCTIONS

The following procedural steps outline general unpacking methods.
These instructions should be adhered to when uncrating and unpacking the
GPR-110B receiver to insure prevention of injury to personnel or damage to
equipment. Before beginning the uncrating procedure, inspect the outside
of the crate and note any damage which may show evidence of possible damage

to the equipment during transit.

2-1



With respect to damage for which the carrier is liable, the Technical
Materiel Corporation will assist in describing methods of repair and furnish-
ing of replacement parts.

a. Cut wire straps or steel bands from around the crate with a pair

of tin snips.

WARNING
Insure that all personnel are in
proper position to avoid injury

from backlash of the straps or
bands when they are cut.

b. Carefully remove the nails from three sides of the crate.

Anticipating the possibility of reshipment
of the receiver to a new location, it is
suggested that the crate and packaging ma-
terials be retained and stored for future
use.
c. Open the outer carton and remove the inner carton. Check
for loose items before storing the outer carton. Remove the moisture-proof
paper from the inner carton.

d. Carefully open the inner carton.

Excerise extreme care not to damage or
mar the equipment while opening the in-
ner carton.

2-2
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e. Carefully remove the equipment from the inner carton. Check for
Toose items before storing the inner carton. Table 2-1 lists all loose

items which are included with the receiver.

Where applicable, remove the following:

Corrugated cardboard inserts
Barrier bags

Tape

Molded cushioning

Cellulose wadding

Tissue paper

DO WM —

f. Check off items which have been unpacked on the packing list, or

equipment supplied list.

2-3. INSPECTION

As soon as the receiver has been unpacked, it should be visually in-
spected for damage which may have occurred in shipping. Use the following
procedural steps as a guide to determine the condition of the GPR-110B, as
well as the pre-operational checkout described in paragraph 2-6.

a. Visually inspect the receiver externally for dents, broken

controls, scratches, etc.

2-4. POWER REQUIREMENT

The receiver is designed to operate from an ac power source of 115 vac
t 10%, or 230 vac t 10% single phase, with a line frequency of 50 - 60 Hz,
or a 12 volt dc source with a negative ground. The receiver requires 60
watts of continuous power when used on ac, and 40 watts continuous for dc

operation.
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The receiver is normally wired for operation on 115 vac power (see
figure 2-2A) before being shipped from the factory, unless otherwise
specified by the user. If the receiver is to be operated from a 230 vac
source, the transformer primary windings must be rewired as shown in figure
2-2B. Terminal strip TB201 referred to in figure 2-2 is located at the front
panel end of the underside of the Power Supply Section. (The cover plate
must be removed to gain access.) The dc power input Jjack J201 is Tlocated

on the rear panel of the receiver.

When operating the receiver on 230 vac,
the ac fuse F201 must be changed from
the 1.5 ampere rating to .75 ampere.

2-5. INSTALLATION

a. SITE SELECTION. In order to achieve optimum performance and ease

of maintenance of the receiver, consideration must be given, before installing
the receiver in its ultimate location, to the following factors:

(1) Accessibility. The receiver must be Tocated so that an

operator can comfortably reach all operating controls, and see all indicators,
on the front panel. Sufficient clearance must be allowed around the unit
so that the rear panel is accessible and the receiver can be removed for

servicing.
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TABLE 2-1. LOOSE ITEMS SUPPLIED

Quantity TMC Part Number Purpose
1 each PJ055 phone plug connection
6 each uGss/u coaxial BNC plugs for con-
nection to the following
connectors:

Antenna jack

VFO Input jack

250 KHz Input jack
250 KHz Output jack
1 MHz Input jack

1 MHz Output jack

(2) Ventilation. To prevent heat build-up from the power trans-
former and various power transistors, sufficient clearance must be allowed
to insure proper air circulation.

(3) Interference. To achieve optimum performance and ease of tuning,

the GPR-110B should be Tocated so the RF interference from other high-freq-
uency equipment, and strong magnetic fields such as those generated by high
power transformers, power lines, and motor-generator sets are kept to a min-
imum. Check that the third pin of the ac power line is grounded to elimin-
ate power line conducted interference and static.

(4) Antenna. The type of antenna used with the GPR-110B receiver
is dependent upon the location and the application for which the receiver is
being used. In the selection and installation of an antenna, the user should
take particular note of the sensitivity and input impedance characteristics
of the receiver, in addition to the frequency range of the signals to be

received.
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Selection of the antenna and its installation location, as well as
supervision of the installation of the antenna and its transmission lines,
should be made by an expert. This will insure that the input level to the
receiver, even on the weakest signals, will meet the .5 microvolt approx-
imate sensitivity characteristic of the receiver. A coaxial antenna plug
is provided as a loose item (see table 2-1), so that it can be assembled
and connected to the end of the coaxial line from the antenna and plugged

into ANT jack J104 on the rear panel of the receiver.
TABLE 2-2. REAR PANEL INPUT AND OUTPUT CONNECTORS

ITEM INDEX FUNCTION

Antenna jack J104 1 Coaxial receptacle for conn-
ection of 50 ohm antenna to
input of preselector assembly.

Digital Mother Board 2 Multi-pin connector for re-

Connector J102 mote frequency control inputs
and indicator outputs from
the digital logic section of
the receiver.

Audio Mother Board 3 Multi-pin connector for re-

Connector J103 mote bandwidth control inputs
to the receiver, and line au-
dio outputs to external equip-
ment.

EXT SPKR jack J105 4 2-pin polarized receptacle;
connects audio output signal
from the receiver to an ex-
ternal speaker via wired
cable.

VFO IN jack J106 5 BNC coaxial receptacle for
connection of external vari-
able frequency oscillator to
input of the Tunable IF Assem-
bly, when required.
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TABLE 2-2.

ITEM
EXT SPKR jack J105

VFO IN jack J106

250 KHz IN jack J107

250 KHz OUT jack J108

1 MHz IN jack J109

1 MHz OUT jack J110

REAR PANEL INPUT AND OUTPUT CONNECTORS (cont.)

INDEX

4

2-11

FUNCTION

2-pin polarized receptacle;
connects audio output signal
from the receiver to an ex-
ternal speaker via wired
cable.

BNC coaxial receptacle for
connection of external vari-
able frequency oscillator to
input of the Tunable IF Assme-
bly, when required.

BNC coaxial receptacle for
connection of external source
of 250 KHz signal into the
USB, LSB, and Symmetrical
Filter Assemblies, when re-
quired. During normal oper-
ation, the 250 KHz signal
from the receiver's Tunable
IF Assembly is routed to this
jack from the 250 KHz OUT jack
J108 via a coaxial jumper.

BNC coaxial receptacle for
connection of 250 KHz IF

signal output.from the re-
ceiver's Tunable IF Assembly.
During normal operation, this
250 KHz output signal is routed
to the 250 KHz IN jack J107 via
a coaxial jumper.

BNC coaxial receptacie for
connection of external 1 MHz
standard in place of the re-
ceiver's internal 1 MHz stand-
ard,

BNC coaxial receptacle for
connection of coaxial jumper
to 1 MHz IN jack J109, routing
the 1 MHz signal from the in-
ternal standard to various
circuits in the receiver.



TABLE 2-2. REAR PANEL INPUT AND OUTPUT CONNECTORS (cont.)

ITEM INDEX FUNCTION

BATTERY jack J201 10 2-pin receptacle for connection
of 12 vdc battery.

P201 11 AC power plug for connection to
AC power 1ine (115 vac or 230 vac).

b. MECHANICAL INSTALLATION. The GPR-110B table model receiver is

installed on a workbench, with sufficient workspace around the receiver for
ventilation, and any accessories which may be required for use with the
receiver. The rack-mount unit is installed in a system equipment rack by
performing the following procedural steps:

(1) Mount the slide tracks, when supplied as a loose item, on
the inside walls of the rack at the height prescribed by the system in-

stallation drawing, using the hardware (machine screws and star washers)
provided as loose items.

(2) Pull out to its full length the extendable section of each

slide track.

BEFORE ATTEMPTING TO INSTALL THE RECEIVER IN
THE SYSTEM RACK, INSURE THAT THE RACK WILL NOT
TIP FORWARD AND INJURE PERSONNEL OR DAMAGE THE
EQUIPMENT, BY BOLTING THE RACK TO THE FLOOR OR
ASCERTAINING THAT THE RACK IS SUFFICIENTLY
WEIGHTED AT THE BOTTOM BY PREVIOQUSLY INSTALLED
UNITS OF THE SYSTEM TO OFFSET THE SHIFT IN
CENTER OF GRAVITY WHEN THE RECEIVER IS PLACED
ON THE EXTENDED SLIDE TRACKS.
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(3) Position the unit-mounted sections of the slides in the
tracks of the rack-mounted sections, and slide the receiver into the rack
until the release buttons of the slides engage the holes in the tracks.

(4) Insure that one end of the coaxial jumper (located on rear
panel) is connected to the 250 KHz OUT Jack J108, and the other end to the
250 KHz IN jack J107.

(5) Insure that one end of the coaxial jumper (loacted on rear
panel) is connected to the 1 MHz OUT Jack J110, and the other end to the
1 MHz IN jack J109.

c. ELECTRICAL INSTALLATION. For electrical installation of the GPR-110B

receiver refer to figure 2-3, which locates the input and output connectors
on the rear panel, and to table 2-2, which lists the function of each connector
shown in figure 2-3. Reference should also be made to figure 2-4, the inter-
connect wiring diagram for the receiver, and to paragraph 2-5 d for fabric-
ation of cables required for specific installations. Electrically install
the receiver by performing the following procedural steps. -

(1)  Connect the antenna cable to the ANT input jack J104.
(Refer to paragraph 2-5 d (1) for cable fabrication.)

(2) If an external speaker is to be used, connect the external
speaker cable to EXT SPKR output jack J105. (Refer to paragraph 2-5 d (2)
for cable fabrication.)

(3) If remote control inputs, remote readback outputs, and/or
audio Tine outputs are to be used, connect the remote cable(s) to J102 and
J103. (Refer to paragraph 2-5 d (3) for cable fabrication.)

(4) 1If the receiver is to be operated on ac power, connect the
ac Tine cord plug P201 to the power source receptacle. (Refer to paragraph

2-4 for receiver power requirements and ac wiring details.)
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(5) If the receiver is to be operated on dc/battery power, connect
the dc power cable to BATTERY input jack J201. (Refer to paragraph 2-5 d
(4) for cable fabrication. Refer to paragraph 2-4 for receiver power require-
ments and dc wiring details.)

(6) Pass the ac line cord of the receiver through the rear
opening of the rack. Turn the knobs of the panel locks on the receiver panel
counterclockwise to their extreme CCW position. Depress the release buttons
on the slides, and push the receiver all the way into the rack until the
receiver panel is flush with the rack panel. Turn the panel lock tabs

clockwise, and turn the panel lock knobs clockwise until they are tight.

d. CABLE FABRICATION. The connectors which are required for the

fabrication of external connection cables for the GPR-110B are either supplied
in the loose items package (reference table 2-1), or supplied already connect-
ed on the rear panel to their mating jacks. When the receiver is shipped
as a modular part of system, the external connection cables made directly
to the receiver are a part of the system interconnect wiring. The technical
manual for the system itself should be used in lieu of this paragraph for
fabrication of external connection cables for the system.

(1) Remove the BNC coaxial plug (UG88/U) from loose items package
and assemble the plug to a length of RG58/U coaxial cable long enough to
reach the receiving antenna location. Connect the coaxial plug to ANT,

Jack J104.



Use one continuous length of cable from the
receiver to the antenna; splices in coaxial
cable may change the impedance, standing
wave ratio, or other characteristics of the
cabTe.

(2) External Speaker Cable. Using a screwdriver or flat blade

of a knife, carefully separate the polarized 2-pin plug from EXT SPKR
jack J105. Solder the 2-pin plug to a length of 2-conductor speaker wire
Tong enough to reach from the receiver to the location of the external

speaker.

Do not use Tow impedance cable, such as RG58/U,
to connect the receiver to the external speaker,
as it will change the reflected impedance into
the audio output transformer of the receiver,
resulting in degradation of the frequency re-
sponse.

(3) Remote Operation Cable. Using the two 22-pin connectors

(Tocated on rear panel) and multicolored insulated wires as required,
construct a cable (or cables) Tong enough to reach from the GPR-110B receiver
to the remote control/readback equipment and/or to the associated TTY
terminal equipment. Refer to table 2-3 for wire run 1ist of connections

to J102 and J103.

When wiring the connectors, be sure to con-
nect the wires listed for J102 to the upper
connector, and the wires for J103 to the low-
er connector.

2-15



The binary coded decimal (BCD) signal inputs required to tune the
receiver must be generated by external bandswitches and binary level switches,
and applied to the pins of connector J102. The signals from the remote read-
back protion of J102 must be applied to a digital readout assembly and display
readout assembly and display with six display tubes, such as the one used
in the GPR-110B receiver or an equivalent NIXIE indicator with a BCD trans-
lator.

(4) DC Power Cable. Using a screwdriver or the flat blade of

a knife, separate the polarized 2-pin plug from BATTERY jack J201 (refer to
figure 2-3). Observe polarity and solder the plug on the end of two No. 14
wires long enough to reach the 12-volt battery or dc power source for the

receiver.

2-6. PRE-OPERATIONAL CHECKOUT

Before installing the receiver in its permanent location, check that
it is operative by performing the procedure outlined below:

a. After connecting an antenna to receiver jack J104 on the rear panel,
plug the Tine cord into an appropriate power receptacle having the line voltage
specified for the receiver (see paragraph 2-4, Power Requirement).

b. Release the STBY/REC pushbutton on the front panel of the receiver
to the REC position by depressing one of the BANDWIDTH pushbuttons.

c. Apply power to the receiver by turning the AF GAIN control clock-
wise. The numeric indicators on the front panel display Tight immediately;
if they do not, press the TEST LAMP pushbutton S105 on the rear panel of the
receiver. Each of the six display an "8", indicating that all filament

segments are in proper operating condition.
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If the lamps do not 1ight when TEST LAMP push-
button is pressed, turn power off and check
fuses on rear panel.

d. Follow the procedure in paragraph 3-3, AM Operation, and AM Tuning
Procedure, of the same paragraph. Tune the receiver to any available local
AM station, if there is no station in the area transmitting on the frequency
given as an example in paragraph 3-3.

e. Turn the MHz switch to each of its 32 positions while observing the
first 2 digits of the numeric display. The numbers change from "00" through
29",

f. Depress and turn the frequency selector/TUNE control through all
of its positions while observing the numeric display. The first number
after the decimal, changes from "0" through "9". Release the frequency
selector/TUNE control and turn it through its range while observing the
numeric display. The last 3 digits each change from "0" to "9".

g. Set the MODE switch to CW, and the BFO pushbutton to the VAR
position. Tune the MHz switch and frequency selector/TUNE cont;ol to any
CW station of known frequency in the area. Vary the BFO control to produce
a tone in the speaker.

h. Shut the power off by turning the AF GAIN control to fully CCW

position.
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TABLE 2-3. WIRE RUN LIST FOR REMOTE CABLE

2-19

Receiver _
Connection Type of Signal External Connection
J102-1 8 line BCD, 1 KHz readback To a decoqer/driver IC for
J102-2 1 1ine BCD, 1 KHz readback a 1 KHz display tube.
J102-3 4 1ine BCD, 1 KHz readback
J102-4 2 line BCD, 1 KHz readback
J102-5 8 line BCD,10 KHz readback To a decoder/driver IC for
J102-6 1 Tine BCD,10 KHz readback a 10 KHz display tube.
J102-7 4 line BCD,10 KHz readback
J102-8 2 line BCD,10 KHz readback
J102-9 8 Tine BCD,100 KHz readback To a decoder/driver IC for
J102-10 1 line BCD,100 KHz readback a 100 KHz display tube.
J102-11 4 line BCD,100 KHz readback
J102-12 2 1ine BCD,100 KHz readback
J102-13 8 1ine BCD, 1 MHz readback To a decoder/driver IC for
J102-14 1 line BCD, 1 MHz readback a 1 MHz display tube.
J102-15 4 1ine BCD, 1 MHz readback
J102-16 2 line BCD, 1 MHz readback
J102-17 2 Tine BCD,10 MHz readback To a decoder/driver IC for
J102-18 1 Tine BCE,10 MHz readback a 10 MHz display tube.
J102-19 2 line BCD,.1 KHz readback To a decoder/driver IC for
J102-20 4 Tine BCD,.1 KHz readback a .1 KHz display tube.
J102-21 1 line BCD,.1 KHz readback
J102-22 8 line BCD,11 KHz readback
J102-A 2 Tine BCD, MHz control From remote MHz control,
J102-B 4 line BCD, MHz control six bit input control
J102-C 8 1line BCD, MHz control lines.

J102-D 16 1line BCD, MHz control
J102-E 32 line BCD, MHz control
J102-F +5 vdc supply output To remote equipment, if
required.
J102-H Remote preset signal line From remote preset switch
(momentary ground) for MHz control.
J102-J +9 vdc supply output To remote equipment, if

required.



Receiver

Connection

J102-K
J102-L
J102-M
J102-N
J102-p
J102-R
J102-S

J102-T
J102-U

J102-v
J102-W
J102-X

J102-Y

J102-7
J103-1
J103-2

J103-3
J103-4
J103-5
J103-6
J103-7

J103-8
J103-9
J103-10
J103-11
J103-12

J103-13

TABLE 2-3.

Type of Signal

1]

* tune high input signal
(ground)

* tune Tow input signal
(ground)

1 line BCD, MHz control

MHz switch common input
(ground)

AM mode selection input
(ground)

|

+20 vdc unregulated supply

output
Receiver disable input
(ground)

]

USB line audio output
(600 ohm)
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WIRE RUN LIST FOR REMOTE CABLE (cont.)

External Connection

From remote tune control.

From remote tune control.

From remote MHz control,
six bit input control
Tines.

From remote local/remote
switch or receiver chas-
sis ground.

From remote mode control.

To remote equipment if
required.

From remote receiver
disablce switch.

To TTY terminal equip-
ment.



TABLE 2-3. WIRE RUN LIST FOR REMOTE CABLE (cont.)

Receiver

Connection Type of Signal External Connection

J103-16 LSB/ISB mode selection From remote mode control.
input (ground)

J103-17 LSB 1ine audio input To TTY terminal equipment.

J103-18 (600 ohm)

J103-19

J103-20

J103-21

J103-22

J103-A .4 KHz bandwidth seiection From remote bandwidth control.
input (ground)

J103-B 1 KHz bandwidth selection
input (ground)

J103-C 3 KHz bandwidth selection
input (ground)

J103-D 6 KHz bandwidth selection
input (ground)

J103-E wideband selection input
(ground)

J103-F mode switch common input From remote local/remote
(ground) switch or chassis ground.

J103-H chassis ground -

J103-J chassis ground

J103-K chassis ground

J103-L

J103-M

J103-N

J103-P

J103-R

J103-S USB/ISB mode selection From remote mode control.
input (ground)

J103-T

J103-U

J103-V

J103-W

J103-X

J103-Y

J103-2
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* Refer to Service Manual

Figure 7-1, page 7-2.

* Figure 2-4. Interconnect Wiring Diagram
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SECTION 3
OPERATION

3-1. GENERAL
The procedures for operating the GPR-110B receiver are discussed in
detail in this section. In addition, two sub-sections cover both operator's
maintenance procedures and the functions of all controls and indicators.
The GPR-110B operating frequencies are selected by controls on the
front panel. The knob marked MHz controls the megahertz (MHz) increment
of the desired frequency. By rotating this control and noting the indi-
cation on the digital readout, the correct MHz frequency is obtained.
The large knob marked TUNE controls the remaining increments of the de-
sired frequency below 1 MHz. By depressing this control and rotating it,
the 100 KHz frequency position is incremented. Releasing the control and
rotating it enables tuning to the nearest 100 Hz increment. A red "SYNC"
Tight on the digital readout display turns on when the receiver is tuned
to within 40 Hz of the incoming transmitter signal. The tuning control
below the Targe tuning control is used with the front panel meter to fine
tune the receiver to an "IN SYNC" condition. The same front panel meter
is used to monitor the relative strength of both audio or RF signals.
Additional functions controlled at the front panel include:
POWER ON/OFF
AF GAIN WITH METERING
STANDBY/RECEIVE
IF BANDWIDTH SELECTION
AUDIO SQUELCH
OPERATING MODE SELECTION WITH METERING
AUTOMATIC FREQUENCY CONTROL (AFC)
BEAT FREQUENCY OSCILLATOR SELECTION AND TUNING
AUTOMATIC GAIN CONTROL (AGC)

AUTOMATIC NOISE LIMITING (ANL)
METER FUNCTION SELECTION
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3-2. CONTROLS AND INDICATORS.

A11 of the controls and indicators used in the operation of the receiver
are mounted on the front panel. The operator should be familiar with them
before attempting to operate the receiver. (Refer to Table 3-1 and descript-
jons.) The index numbers used in Table 3-1 correspond to the features
indicated in Figure 3-1. Special attention should be given to the two rows
of pushbuttons below the digital display. When any pushbutton is pressed
to the IN position, it activates the function which is marked above it.

When it is released to the "OUT" position, it activates the function marked
below it. If no function name is shown below the pushbutton, the function
is considered to be "OFF".

The display lamp test button and all output adjustment controls are
mounted on the rear panel of the receiver. (See Table 3-1 and corresponding
Tocations in Figure 3-1.) The TEST LAMP pushbutton (S105) is used only when
it is necessary to test the filament segments of the display tubes. The
USB control (R106) or LSB control (R107) is used only when adjustment of
each 600-ohm speaker Tine for remote control operation is requ{red. The

LSB control can be used only when the LSB option is included in the receiver.

TABLE 3-1. OPERATOR CONTROLS AND INDICATORS

Control or Indicator Index No. Function
Digital Readout Display 1 Indicates operating frequency
in MHz to 4 decimal places.
AFC Indicator 2 Indicates when the receijver
(LED IN DISPLAY) is tuned to within ¥ 40 Hz

of the transmitted signal.
Used in AFC to indicate
"capture” range of the
incoming carriers.



TABLE 3-1.

OPERATOR CONTROLS AND INDICATORS (cont.)

Control or Indicator

RF/Audio Level/Sync
Meter

SYNC switch

BFO control

STBY/REC switch

.4 KHz, 1 KHz,

3 KHz, and 6 KHz
BANDWIDTH push-
buttons

WIDE BANDWIDTH
pushbutton

Index No.

3

7

thru

10

respectively

11

3-3

Function

Monitors relative RF level

of receiver by measuring AGC
voltage when METER RF/AUDIO
pushbutton is set to RF, and
AFC pushbutton is set to "off".
Monitors relative audio output
level when METER RF/AUDIO push-
button is set to "off". Mon-
itors "In Sync" condition when
SYNC switch is set to on.

Connects the front panel meter
to the meter amplifier in the
SYNC/AFC circuit while the
receiver frequency is being
fine-tuned.

Varies the pitch of the audio
signal at the speaker or phones
by adjusting the frequency of
the beat frequency oscillator
+1 KHz from IF center frequency.

When set to STBY, disables
the digital display and the
12 vdc line in the power sup-
ply (crystal oven in 1 MHz
standard oscillator is not
affected). When set to REC,
activates all receiver cir-
cuits.

With any one pushbutton set
"IN" (pressed in), changes
the IF bandwidth via the
upper and lower sideband cir-
cuits. Pressing any of the
pushbuttons causes all other
pushbuttons in this row, in-
cluding the STBY/REC push-
button, to release.

With this pushbutton set to
WIDE (pressed in), provides
wide IF bandwidth via the
upper and Tower sideband
cards.



TABLE 3-1.

OPERATOR CONTROLS AND INDICATORS (cont.)

Control or Indicator

AFC pushbutton
switch

BFO pushbutton
switch

AGC pushbutton
switch

ANL switch

METER RF/AUDIO
switch

12

13

14

15

16

Index No.

3-4

Function

With this pushbutton set to
AFC, the AFC circuit locks

the receiver frequency to

that of the incoming carrier
and continuously compensates
for any drift in the trans-
mitter frequency. (Used only
with a signal which has a car-
rier.)

With this pushbutton set to
FXD, the frequency of the BFO
is fixed at 250 KHz. When it
is set to VAR, the pitch,of
the audio can be varied - 1000
Hz.

With this pushbutton set to
FAST, the response to varia-
tions in signal level 1is rel-
atively rapid (used especially
when receiving CW signals).
When set to SLOW, the slow
compensating response provides
more constant audio levels on
voice reception. -

With this pushbutton set to
ANL position, the automatic
noise limiting circuit pro-
vides a quieting effect to
background noise and pulse-
type transmission noise dur-
ing low level reception.

With this pushbutton set to
METER RF, the meter on the
front panel provides con-
tinuous monitoring of the
relative RF level of the in-
coming signal. With the push-
button set to AUDIO, the meter
indicates the relative audio
level. NOTE: The AFC and SYNC
must be in the "OFF" positions
to provide monitoring of either
level.



TABLE 3-1.

OPERATOR CONTROLS AND INDICATORS (cont.)

Control or Indicator

METER USB/LSB
switch 17

Frequency Selector/

TUNE control 18
PHONES jack 19
AF GAIN control, 20
AC OFF

SQUELCH control 21

No.

Index

3-5

Function

With this pushbutton set to

METER USB, the operator can

monitor the USB AUDIO level.

When the switch is set to METER
LSB,the audio signal from the lower
sideband circuit can be monitored.

By pressing knob in and ro-

tating the third digit of freg-
uency (100 KHz) is selected. By
releasing knob and rotating the
last 3 digits of the frequency are
tuned. The selector switch detent
hits a mechanical stop at the

last position. Turn the selector
switch in the opposite direction
to tune back through the band,

or switch to the next higher/lower
MHz frequency by rotating the MHz
control.

Used to disconnect the speaker

and monitor the audio output signal
of the receiver by plugging in
pair of low-impedance head-

phones.

Used to vary the volume of the

audio signal to the internal/
external speakers by attenuating

it before it enters the Audio
Assembly. Turning the control fully
counterclockwise to the AC OFF po-
sition shuts off all line power

to the receiver.

Adjusts the threshold voltage for
the squelch circuit. If the RF
voltage drops below the threshold
level, the audio is disabled to
avoid amplification of the resulting
noise. Turning control clockwise,
squelchs signals.



TABLE 3-1.

OPERATOR CONTROLS AND INDICATORS (cont.)

Control or Indicator

MODE selector
switch

MHz switch

22

23

Index No.

3-6

Function

Selects the appropriate circuits
for the type of signal being re-
ceived. When set to AM, activates
the amplifier and detector cir-
cuits in the USB card and applies
a ground to the BANDWIDTH push-
buttons for selection of the
appropriate symmetrical filter.
When set to CW, a ground is con-
nected to the BANDWIDTH pushbut-
tons to enable selection of the
desired filter.

When set to LSB, activates the
250 KHz amplifiers for lower
sideband reception.

When set to USB, activates the
250 KHz amplifiers for upper
sideband reception.

When set to ISB, activates the
250 KHz amplifiers for upper and
lower sideband reception.

Used to select the operating fre-
quency band in 1 MHz steps. Turn-
ing clockwise, the first switch
position (00 band) in the shaded
area is for broadcast frequencies
in the range of 00.0000 to 00.9999
MHz; the 2nd band in the shaded
area (01 band) is for broadcast
frequencies from 01.0000 to 01.9999
MHz; the remaining switch posi-
tions cover SSB (or ISB) frequen-
cies from 02.0000 to 29.9999 MHz,
except for the last position be-
fore the shaded area, which covers
SSB frequencies in the range from
00.0000 to 00.9999 (00 band). 1In
all switch positions except the 2
broadcast positions, a broadcast
filter in the preselector assembly
is switched into the circuit.



TABLE 3-1. OPERATOR CONTROLS AND INDICATORS (cont.)

Control or Indicator Index No. Function

RF GAIN control 24 Used to manually control the gain
of the amplifiers in the IF, Tun-
able IF, and Audio assemblies.

When the control is turned to the
extreme CCW position (AGC), the
switch disconnects the gain control
and connects the AGC 1ine to the
AGC inputs of these assemblies in-
stead.

Fine TUNE control 25 Used to fine-tune the receiver
frequency by varying the frequency
of the oscillator assembly on the

SYNC/AFC.
Rear Panel
TEST LAMP (S105) 26 Lights all segments of the display

lamps simultaneously (all 8's).

USB control (R106) 27 Adjusts feedback loop to provide
correct audio power level to 600-
ohm speaker distribution line for
USB channel.

LSB control (R107) 28 Adjusts feedback loop to provide
correct audio power level to 600-
ohm speaker distribution line for
LSB channel.

3-3. OPERATING PROCEDURE

a. GENERAL. To turn on and operate the GPR-110B receiver, perform
the following procedures. For best results and to prevent damage to the
receiver, perform the steps within each procedure in the order given. For
example, paragraph 3-3 d the RF and AF gain should be turned down first,
in order to avoid damage from an exceptionally strong signal to the front
panel meter in case the AFC pushbutton is already in released position

(meter connected).
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The two major visual indicators of receiver performance are the
Digital Readout Display and the RF/Audio/Sync Meter, both located on the
front panel of the receiver. A general description of each is given in this
paragraph, and a detailed description and function of each is included in
table 3-1.

(1) Digital Readout Display - The operating frequency of the re-
ceiver is continuously displayed on a direct-reading 6-digit, 7-segment
filament display. The display tubes are mounted behind a dark red plastic
faceplate causing each incandescent filament segment to appear bright red.

A light emitting diode (LED) tuning indicator is also mounted behind the

red faceplate at the extreme right hand of the digital display. The digital
readout displays frequency in Megahertz, to the nearest 100 Hz i.e., 00.0000
to 29.9999 MHz.

(2) RF/Audio/Sync Meter - The front panel meter is utilized to
monitor three separate circuit functions using three separate scales.

Top scale - indicates relative audio signal level. When
METER pushbutton is set to AUDIO, it monitors the rectified output of the
audio output amplifier circuit.

Middle scale - indicates relative RF signal strength.
When METER pushbutton is set to RF, the meter is connected to the AGC
amplifier in the Audio Assembly.

Lower scale - indicates dc null from phase detector cir-
cuit in AFC assembly. When zero is obtained on the meter, it indicates that

the receiver is tuned to the carrier frequency of the incoming signal.
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b. START-UP PROCEDURE

(1) Turn AF GAIN control (20) clockwise until the receiver
power comes one.
(2) Release STBY/REC pushbutton (6) to REC position by press-
ing in one of the bandwidth KHz pushbuttons.
c. FREQUENCY SELECTION PROCEDURE

IMPORTANT

Each type of operation requires a
different tuning procedure. Refer
to the appropriate section before
starting this procedure.

Paragraph  Type Operation Page

3-3 d. AM 3-10
e. CW 3-11
f. USB, LSB, ISB 3-13
g. AFC 3-14

(1A) For AM reception only - Rotate the MHz switch (23) clock-
wise to the first BDCST position if the frequency of the incoming carrier
is between 00.0001 and 00.9999. Rotate the switch to the secon& BDCST
position if the frequency is between 01.0000 and 01.9999.

(1B) For CW, USB, LSB and ISB reception - Rotate the MHz switch
(23) clockwise from the broadcast position until the first two digits of
the signal frequency are displayed on the first two (left-hand) display
positions to the left of the decimal.

(2) Depress and hold the knob of the frequency se]éctor/TUNE
control (18) to engage the 100 KHz frequency selector switch. Turn the
knob while observing the digital display (1) on the front panel of the
receiver until the first digit to the right of the decimal agrees with

that of the signal frequency.
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Release the knob and turn the TUNE control until all digits of

the digital readout agree with those of the signal frequency.

If no signal is present at the antenna,

the receiver may still be tuned to the

appropriate frequency. Once a signal is

received steps (3) and (4) are performed

to complete the tuning sequence.

During tuning, the RF Gain Control may be set to the AGC
position. If greater sensitivity is required, adjust the RF GAIN control
to obtain maximum signal strength on the RF meter (3) while maintaining
minimum background noise. Adjust the AF GAIN control to a comfortable
Tevel in the speaker or headphones.

(3) Turn the TUNE control for maximum reading on the middle
scale (RF) of the front panel meter. (3). Note this maximum reading, and
the approximate setting of the RF GAIN control for later comparison during
performance tests of the receiver.

(4) Set the SYNC switch (4) to SYNC. While observing the front
panel meter, turn the fine TUNE control (25) to obtain zero on the bottom

scale. The receiver is now tuned to the desired signal frequency.

d. AM OPERATION

(1) Set MODE switch (22) to AM.
(2) Turn AF GAIN control to midrange.
(3) Turn RF GAIN control (24) to AGC position or midrange.

Release AFC pushbutton (12) to "off" position.
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When tuning the receiver with AFC push-
button set to "off", the RF GAIN or AF
GAIN control must be adjusted as low as
necessary to avoid "pegging" the meter
needle.

(4) Set the SYNC switch to "off".

(5) Set the following pushbuttons to the positions indicated:

Pushbutton Position
METER USB/LSB (17) USB
METER RF/AUDIO (16) RF
BFO (5) FXD
ANL (15) of f
AGC (14) SLOW
6 KHz BANDWIDTH (10) 6 KHz

(6) Turn SQUELCH control fully counterclockwise to OFF.
(7) Tuning Procedure-AM Reception.
(a) Follow the procedure for FREQUENCY SELECTION described
in paragraph 3-3c.
(b) Turn the RF GAIN control fully CCW to the AGC position.
(c) If the noise level between signals is too h}gh, turn
the SQUELCH control CW until the audio is disabled, then CCW to the point
that enables the audio but not the noise between signals. If the noise level
is still too high, or causes interference with the incoming signal, depress
the ANL pushbutton (15) to the ANL position.
(d) Set the SYNC switch to "off". Release the METER RF/
AUDIO pushbutton to the AUDIO position. Note the relative strength of the
audio level shown on the top scale of the front panel meter and the approx-
imate settings of the AF GAIN and RF GAIN controls.
e. CW OPERATION

(1) Set the MODE switch to CW.
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(2) Turn the AF GAIN control to midrange.
(3) Turn RF GAIN control (24) to AGC position or midrange.
Release AFC pushbutton (12) to "off" position.

When tuning the receiver with AFC push-
button set "off", RF GAIN or AF GAIN must
be adjusted as Tow as necessary to avoid
"pegging" the meter needle.

(4) Set the SYNC switch to "off".

(5) Set the following pushbuttons to the positions indicated:

Pushbutton
METER USB/LSB (17)

Position

USB (LSB if optional
mode is in use)

METER RF/AUDIO (16) RF
BFO (5) FXD
ANL (15) off
AGC (14) FAST
6 KHz BANDWIDTH (10) 6 KHz

(6) Turn the SQUELCH control fully CCW to OFF.
(7) Tuning Procedure - CW Reception. -
(a) Follow the procedure for FREQUENCY SELECTION described
in paragraph 3-3c.
(b) Release BFO pushbutton to VAR. Adjust BFO control (5)
to obtain a comfortabie audio tone in the headphones or speaker.
(c) Depress the Towest frequency BANDWIDTH pushbutton which
will obtain maximum noise attenuation with minimum audio frequency distortion.
(d) Set RF GAIN control fully CCW to AGC position.
(e) Follow the procedure in paragraphs (c) and (d) of the

Tuning Procedure - AM Reception page 3-12 (Squelch and ANL).
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SECTION 4
PRINCIPLES OF OPERATION

4-1. GENERAL.

4-2.  This section details the principles of operation of General Purpose Receiver
GPR-110B as an independently operated communications receiver. The principles of
operation of the GPR-110B are presented on three levels. The first level is an
overall block diagram discussion where the function of a group of circuits (generally
a circuit board) is described, with the emphasis on an overall understanding of the
operation of the receiver. The second level is a detailed block diagram discussion,
where each circuit board is described on a block diagram level. The third level is

a circuit analysis of each circuit board which traces the signal flow through each

board.

4-3.  The GPR-110B capabilities can be expanded through the addition of certain
accessory units. This section does not include the principles of operation of the
accessory units; a full description of the accessory units is covered in the applicable

system operating manuals.

4-4. BLOCK DIAGRAM DISCUSSION.

4-5.  The receiver consists of two basic sections; the signal flow section and the
digital logic and control section. The signal flow section contains the RF, IF, and
audio circuits and the digital logic and control section contains the digital circuits

which established and maintain the receiver at the selected frequency.

4-6. The signal flow section includes the circuits shown in figure 4-1 and the
digital logic and control section includes the circuits shown in figure 4-2. Some
circuit boards function in both the signal flow and digitai logic and control circuits;

these circuit boards are shown on both figures to clarify the functioning of each section.
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4-7. The signal present at the antenna is routed through J104 to BDCST Band
preselector Z120. The preselector contains relays and a bandpass filter. The filter
rejects the broadcast frequencies from approximately 500 to 1600 KHz and is in-
serted by the relays at all frequencies except the broadcast band. The preselector
also contains a receiver disable relay which disconnects the receiver antenna and
audio when an associated transmitter is enabled. The resultant output of the pre-

selector is applied to Multi-Band Preselector Z121.

4-8. The Multi-Band Preselector (Z121) is controlled by the Megahertz dial of
the receiver and contains circuitry to divide the 100 KkHz to 29.9999 MHz coverage in-
to nine (9) bands.

A Programmable Read Only Memory (PROM) and decoder (1 C's) are used to se-
lect each band from the binary information provided by the My switch. Each band
filter is diode switched. The output of each filter is capacitively combined into
a wide dynamic range, low noise, FET type broad band amplifier. The broad band
amplifier provides approximately 6 db of gain throughout each band. The output

of the preselector is applied to RF input mixer assembly 7307.

4-9. The RF input mixer assembly is basically a balanced modulator which receives
the preselector output signal, and also receives an oscillator signal in the fre-
quency range from 163.5 to 192.5 MHz from Z304. The output frequency of 163.5-192.5
MHz oscillator assembly 7304 is always 163.5 MHz above the receiver MHz frequency

and is mixed in gf input mixer assembly Z307. As a result, the output of 7307 is in
the range of 162.5 to 163.5 MHz and is applied to differential amplifier Z306.

Differential amplifier Z306 is tuned to 163 ¥ 0.5 Myz and amplifies the signal.

4-10. - The resultant output of the differential amplifier is applied to IF output
mixer assembly Z305. Also applied to 7305 is a 160.5 MHz signal from oscillator
assembly Z302. The two signal frequencies are mixed in Z305 to produce a 3-2 MHz
output that is applied to tuned IF amplifiers and to a third mixer in tunable if

assembly Z301.
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4-11. Also applied to the mixer in tunable IF assembly Z301 is a 3.25-2.25 MHz
signal developed by an oscillator in Z301. Both the 1-MHz range between 3-2 Mz
and the 1-MHz range between 3.25-2.25 MHz are divided into 10 bands to obtain the
optinum selectivity from the varicap controlled elements, and provide tight

tracking. The result of the mixing frequencies yields a difference frequency of

250 KHz.

4-12. The 250-KHz signal from the mixer in the tunable IF assembly is the result
of the third frequency conversion and this signal is applied to USB filter assembly
Z115 (and LSB filter assembly Z116 if this optional assembly is included in the
receiver). The filters amplify and detect the 250-KHz signal. If the receiver is
set to AM, the signal is detected by the AM detector in the USB assembly. The
sideband filter assemblies have two outputs. One is a 600-ohm balanced output for
signals to auxiliary equipment such as a teletype converter input. The second out-
put is an amplified audio signal which is routed to the AF GAIN control, the USB or
LSB line adjustment potentiometer, and the METER USB/LSB pushbutton switch. The
signal level derived form the AF GAIN control is applied to audio assembly Z114.
the audio assembly amplifies the audio before it is routed to the internal speaker
and external speaker jack, the PHONES jack on the front panel, meter-adjustment cir-
cuitry, audio squelch circuitry tying into an audio disable relay located in the

preselector assembly, and a d-c bridge rectifier circuit for the front panel meter.

4-13. The preceding signal flow section discussion is fairly straight forward and is
basic triple conversion receiver, with the added feature of a high [F frequency for
good image rejection. The uniqueness of the GPR-110B 1ies in the digital and control

section and the afc circuitry.

4-14. The sync/afc assembly Z117 contains an XVCO tuned to 1.25 MHz whose output

is mixed with the 1-MHz standard signal. The resultant 250-KHz signal is applied to
a phase detector. Also applied to the pase detector is the 250-KHz output signal
from tunable IF assembly Z301 via the AFC position of the front panel AFC/SYNTH
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switch and 250 kHz 450 Hz FL1 in sync/afc assembly Z117. The FINE TUNE control is
used to adjust the XVCO for the plus and minus 50 Hz of filter FL1. The sync in-
dicator senses the output of the FL1; when the frequency is within the bandpass of
the filter, the sync indicator lights indicating that the signal is through within
50 Hz. Therefore, the sync indicator acts as a carrier indicator in this situation.
The phase detector compares the 250-KHz signal output from the XVCO mixer with the
250-KHz otuput signal of the filter. Any difference in frequency results in a

d-c output voltage from the phase detector which is applied to the 3.25-2.25 MHz
oscillator in tunable IF assembly Z301 and corrects the oscillator output in such

a manner as to bring the 250-KHz output signal of the filter IF assembly closer to
250 KHz. A second d-c output of the phase detector is applied to the sync switch
which is in a metering circuit. When in sync position it permits visually monitoring
the fine tuning as the FINE TUNE control is varied. When the meter is zeroed, the
sync indicator remains lighted on both sides of the bandwidth. This enables tuning

while the meter monitors the RF or audio levels.

4-15. Establishing and maintaining the selected frequency is a function of the
digital logic and control section which operates through memory as§emb1y 7105 to

apply a 0 to 20 volt d-c tune signal to 163.5-192.5 MHz oscillator Z304. The level

of the d-c tune signal voltage determines the frequency output of the oscillator,
thereby maintaining the receiver at the selected frequency. In turn, the memory
assembly receives various inputs from the comparator assembly Z104 which receives tune
information via sample divide/phase detector assembly Z107. A number of closed loops

are established that set and maintain the selected frequency.

4-16. Sample divide/phase detector assembly Z107 receives a signal in the range of
3-32 MHz from sample mixer assembly Z303. The 3-32 Myz frequency is the result of
mixing the 163.5-192.5 MHz oscillator output with the 160.5 MHz oscillator signal.
The sample divide circuitry of Z107 utilizes this signal frequency as one input to

programmable divider circuits. The divide factor for each programmable divider
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circuit is controlled by the binary coded signals resulting from the setting of
the front panel MHZ switch, indicating the desired operating frequency of the
receiver. The sample divide circuitry of Z107 forms a closed loop with com-
parator assembly 7104, memory assembly Z105, 163.5-192.5 MHz oscillator assembly

2304, and sample mixer assembly Z303.

4-17. The sample divide circuit divides the 3-32 MHz input from the sample mixer
by the dividing factor determined by the MHZ switch, setting, and is seeking an
output of 333333 Hz. The difference from the desired frequency output of the
sample divide circuit indicates to the comparator assembly the direction and
amount of voltage change required of the memory assembly. The d-c tune output
of the memory assembly then changes accordingly and varies the frequency of the
163.5-192.5 MHz oscillator output. A sample of the oscillator output is then
applied back to the sample divide circuit. The process continues until the out-
put of the sample divide circuit is 333,333Hz, at which point the frequency is

in Tocking range of the phase detector.

4-18. SIGNAL FLOW CIRCUITS, BLOCK DIAGRAM DISCUSSION.

4-19. BDCST BAND PRESELECTOR ASSEMBLY Z120.

4-20. Preselector assembly 7120 receives the antenna signal and controls the in-
sertion of a 500 to 1600 KHz filter in the signal path. Signal routing through

the preselector assembly is controlled by relays K1 and K2. 1In the normally de-
energized state, the relays route the antenna signal through the filter and out

of the assembly to Multi Band Preselector Z121. When the receiver is operated in

the broadcast band frequency range, relay K2 is energized by a control signal from
the front panel MHz switch via MHz display/divider assembly 7103. With K2 energized,
the filter is bypassed and the antenna signal is effectively routed through the

two relays to Z121. When operated in other than the broadcast band, the relays K2

is deenergized and the filter is inserted in the signal path. Relay K1 is energized
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by a receiver disable signal when an associated transmitter antenna ijs used in
conjunction with the GPR-110B. When energized, K1 grounds the input signal an-

removes the positive potential from the audio preamplifier.
4-21. MULTI-BAND PRESELECTOR Z121

4-22. MULTI-BAND PRESELECTOR (Z121) is controlled by binary information provided
by the MHz switch through bit lines Xo through X5. The binary information is
monitored by Programmable Read Only Memory (PROM). The output of the PROM is
connected to Z2 which is a 4 1ine to 10 line decoder (BCD to decimal). Each out-
put of the decoder is connected to a different filter section for a total of nine

(9) filters. The nine(9) bands of frequencies that are covered are as follows:

BAND FREQUENCY (MHz)

1 .1-1

2 1-2

3 2-3

4 3-4

5 4-6

6 6-10

7 10-15

8 15-20

9 20-29.9999

4-23. The first two filters (bands 1 and 2) are of the low pass type with cut-off
frequencies at 1.0 and 2.2 MHz respectively. The third filter is a double filter

unit which covers the region of 2-2MHz. The next two filters, 3-4 MHz and 4-6 MHz
are triple tuned couplied circuits. The rest of the filters employ double tuned

circuits.

4-24, Thevoutput of the filters enters a wide dynamic range, low noise, broad
band FET amplifier which provides a gain of 6 db (overall gain including residual

losses in the filters).

4-25. 163.5-192.5 MHZ OSCILLATOR ASSEMBLY Z304.

4-6



4-26. The 163.5-102.5 MHz oscillator assembly Z304 develops the first mixing fre-
quency which is 163.5 MHz above the receiver MHz frequency. The oscillator out-

put is mixed with the antenna signal output of the preselector assembly to produce

the first [IF conversion. The initial frequency output of Z304 is established

by a d-c tune signal voltage from memory assembly 7105 and places the oscillator at the
the required frequency. A sample of the oscillator frequency is applied to sample
mixer assembly Z303 where it is mixed with the 160.5 MHz output of 7302 to yield a

3-32 MHz output frequency that is applied to sample divide/phase detector assembly
Z107. The sample divide/phase detector assembly then produces a fast loop error
control signal voltage that corrects and/or maintains the required output frequency

of Z304.

4-27. The 163.5-192.5 MHz oscillator assembly Z304 contains two oscillator circuits;
one operates in the lower half of the required frequency range of 163.5-175.5 MHz
and the second operates in the upper half of the required frequency range of 176.5-
192.5 MHz_ Oscillator selection is controlled by a low and high signal from mixer/
oscillator control assembly Z109 which activates the required oscillator from the
information received from the front panel MHZ switch setting via MH; display divider

7103.
4-28. RF INPUT MIXER ASSEMBLY Z307.

4-29. RF input mixer assembly Z307 receives the preselector output signal, and also
receives the oscillator frequency from the 163.5-192.5 MHz oscillator assembly, and
mixes the two signals. The resultant difference signals are applied to difference
amplifier assembly Z306. The mixing element is a double balanced diode mixer cir-

cuit Z1 on the RF input mixer assembly Z307.
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4-30. DIFFERENCE AMPLIFIER ASSEMBLY Z306

4-31. Difference amplifier assembly Z306 receives the difference output signals
from RF input mixer assembly Z307. The difference amplifier assembly contains

a three-stage amplifier which is tuned to 163 MHz and has a bandwidth of 1.0 MHz
Two of the amplifier stages consist of triple tuned circuits. The resultant
amplified 163 * 0.5 MHz output signal is applied to IF output mixer assembly
Z305.

4-32. TF OUTPUT MIXER ASSEMBLY Z305.

4-33. IF output mixer assembly Z305 receives the 163 0.5 MHz output signal from
difference amplifier assembly 7306, mixes the signal with a 160.5 MHz signal

from oscillator Z302, and develops a resultant 3-2 MHz signal that is applied to
tunable IF assembly Z301. The 3-2 MHz IF signal is a result of the second fre-
quency conversion in the receiver. The exact output frequency in the 1-MHz range
from 3-2 MHz is determined by the operating frequency of the receiver. For
example, with an incoming signal of 100 KHz, the carrier frequency of the IF
output is 2.900 MHz, with plus and minus 3-KHz sidebands. The mixing element is

a double balanced mixer circuit Z1 on the IF output mixer assembly Z305.
4-34. 160.5 MHZ OSCILLATOR ASSEMBLY Z7302.

4-35. The 160.5 MHz oscillator assembly 7302 develops a 160.5 MHz output that is
applied to IF output mixer assembly Z305 where it is mixed with the IF signal from

difference amplifier Z306 to produce a second IF conversion frequency.
4-36. TUNABLE IF ASSEMBLY Z301.

4-37. Tunable IF assembly Z301 receives the 3-2 MHz signal from IF output mixer
assembly 7305 and mixes the signal with an internally generated 3.25-2.25 MHz
signal to develop the third frequency conversion yijelding 250 KHz. The exact

frequency output of the internally generated 3.25-2.25 MHz signal is a function
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of the receiver frequency setting and is configured in such a manner that,

when mixed with the incoming 3-2 MHz signal, produces a 250-KHz output signal.
The 3.25-2.25 MHz oscillator is voltage controlled and receives a d-c loop
signal from sync/afc assembly Z117 that corrects and/or maintians the output
of the tunable IF assembly at 250 KHz. The 250-KHz output signal is applied to
the symmetrical filters Z112, Z113, USB filter assembly 7115, and (optional)
LSB filter assembly Z116. The 250-KHz output signal is also applied to sync/
afc assembly Z117 via the AFC position of the front panel AFC/SYNTH switch.

4-38. MIXER/OSCILLATOR CONTROL ASSEMBLY Z7109.

4-39. Mixer/oscillator control assembly Z109 develops the high and low oscillator
voltage control for the 163.5-192.5 MHz oscillator assembly Z304 in response to
information received from MHz display divider assembly Z103 to activate the re-
quired high or Tow frequency oscillator section in Z304. The mixer/oscillator
control assembly also mixes the 3.25-2.25 MHz signal from tunable IF assembly

2301 with a 4.25 MHz signal derived from the 17th harmonic of the 250 KHz signal
input from display divider assembly Z103. The resultant 1-2 MHz output signal

is applied to digital counter assembly 7102 where it is counted and read out as

the exact operating frequency of the receiver.
4-40. SYNC/AFC ASSEMBLY Z117.

4-41. Sync/afc assembly Z117 develops a d-c voltage that is used to correct the
frequency of the 3.25-2.25 MHz oscillator in the tunable IF assembly. A 250-KHz
IF signal is received from the tunable IF assembly when the front panel AFC/SYNTH
switch is set to SYNTH. The signal passes through a 250-KHz filter with a band-
pass characteristic of 50 Hz and is applied to one input of a phase detector cir-
cuit. The second input to the phase detector circuit is a 250-KHz signal developed
within the sync/afc assembly by mixing a 1-MHz signal from the 1-MHz standard with

a 1.25 MHz signal from a crystal controlled oscillator (XVCO) in the aésemb]y.
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When the phase detector circuit generates a difference voltage, the XVCO oscillator
receives a d-c correction voltage, and a d-c error correction voltage is also

routed back to the oscillator in the tunable IF assembly to correct the 3.25-2.25
MHz oscillator output in such a manner as to result in a 250-KHz output from the
tunable IF assembly. The frequency of the XVCO oscillator can be shifted slightly
by adjusting the front panel fine TUNE control. When a 250-KHz signal from either
the 100 Hz synthesizer or the tunable IF assembly passes through the bandpass filter
in the sync/afc assembly, the SYNC indicator on the front panel lights to indicate

that the receiver is tuned within 100 Hz of the incoming signal (in sync).
4-42. 100 HZ SYNTHESIZER ASSEMBLY Z7110.

4-43.  The 100 Hz synthesizer assembly Z110 provides a 250-kyz signal to the
sync/afc assembly when the front panel AFC/SYNTH switch is set to SYNTH, thereby
applying the internal synthesizer output to the sync/afc assembly. The 250-KHz
signal is derived by mixing the 3.25-2.25 MHz signal from tunable IF assembly
Z301 (via mixer/oscillator control assembly Z109), with a 2-3 MHz signal derived
from harmonics of the 100-Hz input from digital counter assembly. Z102. The re-
sultant 250-KHz output is directly related to the 3.25-2.25 MHz oscillator output
and provides a phase detector lock every 100 Hz. 1In turn, the phase detector in
the sync/afc assembly (Z117) develops a d-c voltage that is applied to the 3.25-
2.25 MHz oscillator in the tunable IF assembly. Therefore, if the oscillator fre-
quency has an inaccuracy of 100 Hz, the phase detector d-c voltage derived from
the 100-Hz synthesizer output signal locks it at that frequency. For frequencies
between 100 Hz increments, the front panel FINE TUNE control varies the 1.25 MHz
XVCO oscillator in the sync/afc assembly to offset the 1.25 MHz frequency to lock

both signals at a 100-Hz incremental lock.

4-44.  SAMPLE MIXER ASSEMBLY Z303.
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4-45.  Sample mixer assembly Z303 receives a sample signal from the 163.5-192.5
and 160.5 MHz oscillators and mixes them to generate an output frequency in the
range of 3-32 MHz. Because the frequency of the 163.5-192.5-Hz oscillator varies
with the receiver operating frequency, the precise 3-32 MHz output freguency is
proportional to the operating frequency. The 3-32 MHz output frequency is applied

to the sample divide/phase detector assembly Z107.
4-46. 1 MHZ STANDARD Z202.

4-47. The 1 MHz standard assembly Z202 provides an extremely stable 1-MHz sig-
nal to the 7 MHz generator assembly Z106, MHz display/divider assembly Z103, BFO

assembly Z118. Sample divider P detector assembly 7107 and to sync afc assembly Z117.
4-48.  BFO ASSEMBLY Z7118.

4-49.  The BFO assembly 7118 receives a 1-MHz square wave, divides it by four,
and applies the resultant 250-KHz signal to the USB assembly Z115, and to the LSB
assembly Z116 (if used). In the USB and/or LSB assemblies, the 250-KHz signal is
mixed with incoming c-w signals to provide an audible tone. A front panel BFO
pushbutton switch enables a fixed 250-KHz beat frequency signal, or a variable

BFO, the control of tone approximately 1000 Hz on either side of zero.
4-50.  SYMMETRICAL FILTER ASSEMBLIES Z112 AND Z113.

4-51. The symmetrical filters provide the signal bandwidth selected from front
panel pushbuttons. The symmetrical filters receive the 250-KHz IF signal from
tunable IF assembly Z301 when operating in the a-m and c-w mode. The signal is
then passed through a narrow band filter which is designed to meet the user's
requirement. Symmetrical filter Z112 contains two filter and amplifier circuits.
with a 0.4 and 1 gHz bandpass, respectively, and 7113 contains two filters and
amplifiers, with a 3 and 6 KHz bandpass, respectively, in addition to a wideband

amplifier with approximately a 12-kHz bandwidth. The desired bandwidth is selected
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by a pushbutton switch on the front panel. The symmetrical filters are disabled

in SSB operation.
4-52. USB FILTER ASSEMBLY Z115.

4-53. During USB or ISB operation, the USB filter assembly Z115 receives a

250-KHz IF signal from the tunable IF assembly Z301 (in a-m or c-w operation,‘

the signal is received through one of the narrow band symmetrical filters), and
mixes it with a 250-KHz signal from the BFO assembly (derived from the 1 MHz
standard), to produce an audio tone. The resultant audio is amplified in the
audio circuit of the USB filter assembly and applied to the rear panel output
terminals for the USB 600 ohm0distribution line. The audio signal is also applied
via the AF GAIN control, to an audio amplifier circuit in audio assembly Z114

where sufficient audio drive is developed for the internal and external speakers.
4-54, LSB FILTER ASSEMBLY Z116.

4-55. The LSB filter assembly Z116 is similar to USB filter assembly Z116 except
for the filter bandpass range. During LSB or ISB operation, the LSB filter assembly
receives the 250-KHz signals from the tunable IF and BFO assemblies and applies the

resultant audio to the rear panel terminals of the LSB 600 ohm 1ine.
4-56.  AUDIO ASSEMBLY Z7114.

4-57. Audio assembly 7114 receives an audio signal from the output of the side-
band filter assembly via the METER USB/LSB switch and the AF GAIN control, amplifies
it to the speaker via the PHONES jack. It applies the same signal, after rectifica-
tion, to the front panel meter, via the sync switch. (The sync switch is set to off
when a relative audio reading is desired.) The audio assembly also contains a
squelch circuit, controlled by the SQUELCH control on the front panel, which operates

in conjunction with the audio disable relay in the preselector assembly.
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4-58.  DIGITAL LOGIC AND CONTROL CIRCUITS, BLOCK DIAGRAM DISCUSSION.

4-59.  MHZ SWITCH S101.

4-60. The MHZ switch controls the tuning of the receiver. The switch wafers are
constructed in such a manner as to generate a group of opens and closures to ground
for each band setting (00, 01, etc.). These opens and closures are excess three
binary codes which represent each frequency setting. A total of six binary levels
are generated by the MHZ switch, from X0 to X5. Thus, the Xo signal represents a
binary 20, the X1 signal represents a binary 21, ...... , and the X5 signal represents
a binary 25, A group of signals applied simultaneously to an assembly represents

a binary code; for example, with X3 open, X2 ground, X1 ground, and X0 open, the
group represents a binary code of 1001. The codes are applied to the multi-band
preselector assembly 7121, the MHz display/divider assembly 7103, and the sample

divide/phase detector assembly Z107.
4-61, 7 MHZ GENERATOR ASSEMBLY Z106.

4-62. The 7 Hz generator assembly 7106 develops a 7 MHz signal that is applied to
sample/divider assembly Z107. The 7 MHz signal is generated by utilizing a 1-MHz
square-wave which originated in the 1-MHz standard as a sine wave. The 1-MHz
square wave is applied to the 7 MHz oscillator through a crystal filter (7MHz).

The output is passed through a second crystal filter tuned to the same frequency.

The resultant output is applied through a logic inverter to the memory assembly Z105.
4-63.  MHZ DISPLAY/DIVIDER ASSEMBLY Z103.

4-64. The MHz display/divider assembly 7103 receives: a 1-MHz signal; a binary
coded signal X0 through X5 from the MHZ switch; and two inputs from the flip-flops
in the digital counter assembly. The binary coded signals from the MHZ switch pro-
gram logic gates in the assembly, which provide a HI/LO signal for the mixer/oscil-
Tator control assembly 7109, a true complement signal for the comparator assembly

Z104, a control signal for the preselector assembly relay, which disables the high
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pass filter during a-m operation, a preset signal for the memory assembly, and
1-MHz and 10-MHz digital logic outputs for the digital counter assemblies.

An input is also provided to receive preset pulses from a remote control in-
stallation, and an output of -8 volts dc is provided to the RF GAIN control for
distribution to the agc line of the receiver. In addition, outputs are pro-
vided for 250 KHz, 1 KHz, and Gating and control signals for the comparator

assembly 7104 and memory assembly Z105.
4-65. SAMPLE DIVIDE/PHASE DETECTOR Z107.

4-66. Sample divide/phase detector assembly 7107 receives a signal in the range
of 3-32 MHz from sample mixer assembly Z303 and utilizes it as one input to
programmable divider circuits. The divide factor of each programmable divider
circuit is controlled by the binary coded signals resulting from the setting of
the front panel MHz switch S101, indicating the desired operating frequency of
the receiver. For example, when the MHz switch S101 is set to 10 MHz, the sample

divider is programmed to divide by 13.

4-67. The sample divide circuitry of 7107 assembly forms a c]oseq loop with
assembly Z104, memory assembly Z105, 163.5-192.5 MHz oscillator assembly 7304,
and sample mixer assembly Z303. With the MHz switch set to 10 MHz the resultant
output of sample mixer assembly 7303 will be 13 MHz. The output of the sample
divide circuitry of Z107 programmed to divide by a factor of 13 will result in

a frequency of 1 MHz. Therefore, for each setting of the MHz switch S101, the re-
sulting output of the sample divide circuitry of Z107 will be 1 MHz. The 1 MHz
signal is applied to two areas. First of all the 1 MHz signal is divided by a
factor of three (333,333 Hz), and is applied to Comparator assembly Z304. The
difference from the resulting 333,333 Hz output of the sample divide circuit in-
dicates to the comparator assembly the direction and amount of voltage change

required of the memory assembly. The d-c tune output of the memory assembly then
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changes accordingly and varies the frequency of the 163.5-192.5 MHz oscillator
output. A sample of the oscillator output is then applied to the sample mixer
assembly, resulting in a 3-32 MHz frequency output that is applied back to the
sample divide circuit. The process continues until the output of the sample
divide circuit is 333,333 Hz at which point the memory assembly maintains the

d-c tune output voltage.

4-68. The 1 MHz signal is also applied to a phase detector circuit which compares
the "Toop" frequency divided to 1 MHz with the stable 1 MHz signal from 1 MHz
Standard Z202. This phase detector serves to correct the 163.5-192.5 MHz oscillator

2304 for any slight changes with a d-c correction voltage in the proper direction.

4-69. COMPARATOR ASSEMBLY Z104.

4-70. Comparator assembly Z104 receives a square wave frequency of 333,333 Hz

from the Sample/Divide Phase Detector assembly Z107 when the 163.5-192.5 MHz
oscillator is tuned to the correct frequency. The circuitry within the comparator
assembly 7104 counts the frequency from the sample divide/phase detector assembly
2107 and applies this data to four digital comparators. The comparators are set

to identify the magnitude of 3334. When the input data is greatef or less than

the stored data, the comparators activate logic circuits to generate logic levels.
and counter control for the memory assembly. They are: tune high/low - logic
levels for determination of the direction of change in oscillator retuning; fast
tune (logic 1 level) causes the memory to generate large d-c tuning steps until the
oscillator change reflects through the comparator to switch to; coarse tune (logic
1 level) causing a medium magnitude of d-c tuning steps until the oscillator change
brings about a "sync" or "locked" condition. The fast inhibit is activated when
the magnitude of 333X (X denotes any digit) is identified. The coarse inhibit is
activated when the magnitude of 3334 is identified. A two speed memory shift (p)
circuit is used which is controlled as follows: For low bands 00-09 MHz the fast

shift is used up to 3XXX and then the slow shift is used up to 3334. For high
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bands 10-29 MHz the fast shift is used up to 33XX and then the slow shift is used
up to 3334.

4-71. MEMORY ASSEMBLY Z7105.

4-72. Memory assembly Z105 receives logic levels from the comparator assembly and,
depending on whether the levels are high or low, generates a d-c tune voltage for
the 163.5-192.5 mHz oscillator. If the oscillator frequency is only slightly dif-
ferent from the frequency set by the MHZ switch, the memory receives a fast in-
hibit Tevel (low) from the comparator, and a high enable for the input gates to

the coarse and tune HI/LO circuits, The coarse tune circuit generates a relatively
small d-c tune signal which is just enough to retune the oscillator assembly.
However, if the MHZ switch is set to a new position, the memory assembly receives

a coarse inhibit (low logic level) from the comparator assembly which will inhibit
the input gate for the coarse tune circuit. The fast input receives a high Tlogic
Tevel, and the fast tune circuit generates a large d-c tune signal to bring the
oscillator frequency within capture range of the coarse tune circuit in the com-
parator assembly. When this occurs, the fast tune memory input receives an in-
hibit Tevel and the coarse tune circuit receives an enable level (Togic high).

The coarse tune circuit then generates a d-c tune signal to bring the oscillator
frequency within capture range of the phase detector and error signal voltage
circuits, at which time the memory receives an inhibit signal for the coarse tune
and tune HI/LO circuits. The DC tune signal is generating by a frequency-to-voltage
conversion performed by a discriminator circuit. The discriminator circuits for the
two tune circuits are in series, resulting in one averaged output. The memory
assembly also receives from the comparator assembly the following signals: a tune
HI/LO signal which determines the direction of the change in the d-c tune signal for
the oscillator; a "two speed" clock pulse and a preset pulse from the MHz display/

divider assembly Z103; and a 7- MHzclock pulse from the 7 MHz generator assembly
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2106 which activates the gates and counters of the memory circuits.
4-73. 1-MHZ STANDARD 2202.

4-74. The 1-MHz standard generates a high-stability sine wave, and distributes
it to the MHz display divider assembly, 7 MHz generator, BFO assembly, sample/

divider/p detector assembly, and to sync afc assembly.
4-75. DIGITAL COUNTER ASSEMBLY Z102.

4-76. Digital counter assembly 7102 receives binary coded 10-MHz and 1-MHz signals
from the MHZ switch via the MHz display/divider assembly 7103, and a 1-KHz clock
pulse directly from the MHz display/divider assembly. The binary code applied to the
10-MHz input generates outputs to the 10-MHz driver circuit in the readout dis-

play assembly, and the binary code applied to the 1-MHz input generates outputs

for the 1-MHz driver circuits in the readout display assembly. The 1-KHz clock

pulse triggers the operation of some of the decade counters and flip-flops in

the digital counter. In addition. a 1 to 2 MHz square wave signal from the mixer
oscillator assembly provides clock pulses for the counting circuits. A 100-Hz

signal for the 100 Hz synthesizer assembly is generated by passing the 1-KHz clock
pulse through a decade counter circuit. Outputs from FF-1 and FF-2 in the digital
counter are applied to the gate circuits of the MHz display divider Z103. The binary
coded decimal outputs of the 10 MHz, 1 MHz, 100 KHz, 10 KHz, 1 KHz, and 0.1 KHz

circuits are applied to the corresponding inputs of the readout display.
4-77. READOUT DISPLAY ASSEMBLY Z101.

4-78. Readout display assembly Z101 receives binary coded decimal inputs from the
10 MHz, 1 MHz, 100 KHz, 10 KHz, 1 KHz, and 0.1 KHz circuits of the digital counter
assembly and applies them to the appropriate decoder-driver circuits 10 MHz, 1 MHz,
100 KHz, 10 KHz, 1 KHz, and 0.1 KHz, respectively. The driver circuits activate

the appropriate filament segments of each numeric indicator thereby displaying the
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proper numbers for the receiver operating frequency. The blanking circuit

will blank the display when tuning below 00.0000 MHz or above 29.9999 MHz.

4-79. SIGNAL FLOW CIRCUITS, CIRCUIT ANALYSIS.

4-80. BDCST PRESELECTOR ASSEMBLY 7120. (See figure 7-35)

4-81. Preselector assembly Z120 receives the antenna signal via ANT IN Jack J2
and controls the insertion of a 500 to 1600 KHz filter in the signal path. Re-
lays K1 and K2 are in the normally deenergized state. Under these conditions,
the antenna input signal is routed through normally closed contacts of relay Kl,
through the normally closed contacts of relay K2, through the filter, and applied
to Multi-band preselector assembly Z121 via normally closed contacts of relay

K2 and RF OUT Jack J1. This signal routing is applicable only when the receiver
is tuned to any frequency not in the broadcast band range. In the broadcast band
range, relay K2 is energized with the result that the two sets of contacts of K2
bypass the filter and route the input antenna signal directly through the pre-
selector and out to the Multi-band preselector assembly. The energizing of relay
KZ is controlled by the MHZ switch setting and a signal routed via theMHz display/

divider assembly 7103.

4-82. Relay K1 is energized by a receiver disable signal at terminal 2 when an
associated transmitter antenna is used in conjunction with the receiver, and
grounds the input signal in the preselector assembly. Relay K1 also disables the

audio on the audio assembly Z114.
4-83. MULTI-BAND PRESELECTOR Z121. (See figure 7-38)

4-84. Multi-band preselector (Z121) receives its input signal from the BDCST Band
Preselector (Z120) via RF input connector P1. The input signal is capacitively
coupled into a common RF input line for each filter section. Filter selection is

accomplished by the binary coded information obtianed by the MHz switch (S101)
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through bit lines Xy thru X5. Programmable Read Only Memory (PROM) Z1 monitors
the bit 1ines and provides 4 line band information for BCD to decimal decoder

Z2. BCD to decimal decoder Z2 converts the 4 line information into band infor-
mation for the filter sections (nine 1lines). A low (logic 0) on the selected
filter section will turn that filter section ON. Consider filter 1 (.1-1 MHz)-.

A Tow from Z2 pin 2 will switch Q1 off which will provide a high at Rl to reverse
bias CR2 and CR4. The RF input signal will then flow thru C11 and CR1 into the
Tow pass filter section and out CR3, C19 into the common RF output line. When
another filter section is selected pin 2 of 72 will switch to a high (logic 1)
causing Q1 to conduct thru Rl. The level at Rl will drop to a low causing CR2
and CR4 to conduct thru L11, L12 and R3. CR1 and CR3 will be reversed biased and

no RF signal will pass through the filter section.

4-85. Bands 1 and 2 filters are of the low pass type with cut-off frequencies

of 1 and 2.2 MHz. respectively. Band 3 filter is double tuned and covers the
range of 2-3 MHz. Bands 4 and 5 are triple tuned and covers the ranges of 3-4 MHz
and 4-6 MHz respectively. Bands 6 thru 9 are double tuned circuits covering the
following ranges in order: 6-10 MHz, 10-15 Mz, 15-20 MHz, and 20-29.9999 MHz.
The output of the filters are combined and presented to Q5 which is a FET broad
band amplifier. Q6 (2N2222) acts as a constant current regulator for the grounded
gate FET circuit. The FET is transformer coupled by a broad-band transformer T6

to RF input mixer assembly Z307.
4-86. 163.5-192.5 MHZ OSCILLATOR ASSEMBLY Z304. (See figure 7-47)

4-87. The 163.5-192.5 MHz oscillator assembly Z304 develops the first mixing
frequency which is 163.5 MHz above the receiver MHz frequency. The initial fre-
quency input to Z304 is established by the oscillator d-c control input at terminal
E15 which is derived from memory assembly 7105 and places the oscillator at the

required frequency.
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4-88. The 163.5-192.5 mHz oscillator assembly Z304 contains two oscillator cir-
cuits; one operates in the upper half of the required operating range, and the
second oscillator operates in the lower half of the range. When the front panel
MHZ switch is set to any band which requires an oscillator signal in the range

of 163.5-175.5 MHz, Tow band oscillator circuit Ql, Q2 is activated by +8 volts
dc at terminal E17 from the low-band control circuit in mixer/oscillator control
assembly Z109. When the MHZ switch is set to a band which requires an oscillator
signal in the range of 176.5-192.5 MHz, oscillator circuit Q6, Q7 is activated

by +8 volts dc at terminal E16 from the high-band control circuit in the mixer/
oscillator control assembly. The output of the selected oscillator is amplified

by Q5, Q4 and applied to RF input mixer Z307 via terminal E21.

4-89. A sample of the oscillator output frequency at terminal E20 is applied to
sample mixer assembly Z303 where it is mixed with the 160.5 MHz output of Z302
to yield a 3-32 MHz output frequency that is applied to sample divide/phase de-
tector assembly 7107. The sample divide/phase detector assembly then produces
the fast loop error control signal voltage that is applied to terminal E14 and

corrects and/or maintains the required output frequency of the selected oscillator.
4-90. RF INPUT MIXER ASSEMBLY Z307. (See figure 7-51)

4-91. RF input mixer assembly 7307, is shown in figure 7-50. The RF input mixer
assembly receives the output signal of multi band preselector Z121 at pin E23 and
applied the received signal to terminal 6 of mixer Z1. Also applied to mixer Z1

is the 163.5 to 192.5 MHz oscillator signal from 163.5-192.5 MHz oscillator assembly
2304 via pin E25 and is applied to terminal 1 of Z1. Mixer Z1 combines the two
input ffequencies and applies the resulting sum and difference frequencies to dif-

ference amplifier assembly Z306.

4-92. DIFFERENCE AMPLIFIER ASSEMBLY 7Z306. (See figure 7-49)
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4-93. Difference amplifier assembly Z306 contains three stages of tuned amplifier
circuits centered at 163 MHz and a bandwidth of *0.5 MHz- In all, there are 8

tuned sections which help to achieve a 1.0 MHz bandwidth with sharp slopes, The
tuned circuits selectedthe difference output signal from IF input mixer assembly
Z307. The agc signal from USB and LSB filter assemblies Z115 and Z116, respectively
is applied to E39 and 7306 and controls the amplification of Q1, Q2, and Q3. The

resultant amplified signal is applied to pin E43 of IF output mixer assembly Z305.
4-94. IF OUTPUT MIXER ASSEMBLY Z305. (See figure 7-50)

4-95. The 163.0 ¥0.5MHz signal from difference amplifier assembly 7306 is re-
ceived at input terminal E43 and applied to input terminal 6 of mixer Z1. The
160.5 MHz signal from the 160.5 MHz oscillator assembly 7302 is applied to terminal
1 of Z1 via terminal E45. 71 mixes the two frequencies to obtain the sum and
difference frequencies. The band pass filter from output terminal 4 of Z1 passes
the difference frequency in the range of 2-3 MHz to output terminal E47 of 7305

where it is then connected to the input of the tunable IF assembly 7301.
4-96. 160.5 MHz OSCILLATOR ASSEMBLY Z302 ( See figure 7-43)

4-97. The 160.5 MHz oscillator assembly 7302 develops a 160.5 MHz-signal that is
derived from a 53.5 MHz crystal. The oscillator circuit consists of Y1, C2, and
Ql. Amplifiers Q2 and Q3 are tuned to the third overtone of the basic xtal fre-
quency on 160.5 MHz. The oscillator output is routed via terminal E3 to terminal
E45 of IF output mixer assembly Z305 to provide the second IF conversion in the
receiver. In addition, a sample of the amplified oscillator signal is applied via

terminal E4 to terminal E9 of the sample mixer assembly Z303.
4-98. TUNABLE IF ASSEMBLY Z301. (See figure 7-41)

4-99. Tunable IF assembly 7301 amplifies and mixes the 3-2 MHz input signal from IF
output mixer assembiy Z305 with an internally generated 3.25-2.25 MHz signal to

produce the desired 250 KHz IF output signal. In turn, the internal 3-25-2.25 MHz
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oscillator frequency is controlled by the front panel TUNE control, is adjusted

by a d-c signal returned from the sync/afc assembly Z117, and is divided into

10 bands, as a function of frequency change to optimize the selectivity of the
receiver. The resultant exact output frequency of the 3.25-2.25 MHz oscillator
controls a number of parameters in the receiver. The output of the 3.25-2.25 Mz
oscillator is applied to mixer/oscillator control assembly Z109 where it develops
the 1-2 MHz signal frequency for display of the exact receiver operating fre-
quency. The frequency is also applied, via Z109, to the 100 Hz synthesizer assembly
Z110. The 250-KHz output signal is also applied to sync/afc assembly Z117 via

the AFC position of the front panel AFC/SYNTH switch.

4-100. The tunable IF assembly receives a 3-2 MHz signal at pin E1 from JF out-
put mixer assembly Z305. The input signal is amplifier by dual gate fie]d”effect
transistors (FET's) Ql, Q2, and Q3. Transformers T1, T2, and T3 enable tuning
the amplifier circuits to provide a 1-MHz bandwidth for the input signal. The
resultant amplified output of Q3 is applied to FET mixer Q6. All amplifiers are
tracked with the 3.25-2.25 MHz oscillator and are tuned by the front panel tune

control.

4-101. Also applied to FET mixer Q6 is the output of 3.25-2.25 MHz oscillator Q4.
The difference frequency is selected by transformer T6 and the resultant 250-KHz
output signal is applied to the USB filter 7115, symmetrical filters 7112 and Z113
(optional) LSB filter Z116, and also to the sync/afc assembly Z117 when the front
panel AFC_switch is set to AFC (depressed). The 3.25-2.25 MHZ oscillator output
signal is also made available at pin E5 and is applied to mixer/oscillator control

assembly Z109.

4-102. The oscillator control voltage input at pin E4 is a d-c voltage derived
from sync/afc assembly Z117 and represents a correction voltage creating a closed

loop to correct the oscillator.
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4-103. The sections of TUNE switch divide the tunable IF assembly into 10 bands
as a function of frequency change to optimize the selectivity of the receiver.
Since the amplifier stages are varicap controlled, each band is individually
optimized. Similarly, the 3.25-2.25 MHz oscillator is divided into 10 bands.

This feature results in extremely tight tracking and minimum tracking error.

4-104. The voltage at E10 is routed to the 100 Hz Synthesizer assembly Z110

and is applied to the varicap controlled amplifiers.

4-105. MIXER/OSCILLATOR CONTROL ASSEMBLY Z109. (See figure 7-16)

4-106. Mixer/oscillator control assembly 7109 contains two discrete circuits.
The mixer portion of the assembly mixes the 2.25-3.25 MHz signal from tunable

IF assembly C301 with a 4.25 MHz signal derived from the 17th harmonic of the
250 kHz signal input from display divider assembly 7103. The oscillator d-c
switching portion of the assembly develops the high and low oscillator switching
voltage for the 163.5-192.5 MHzoscillator assembly as a result of receiving

information from display divider assembly Z103.

4-107. The mixer portion of the assembly receives the 2.25-3.25 MHz signal from
tunable IF assembly Z301. The exact frequency within this received frequency

range is determined by the setting of the front panel TUNE control and is corrected
by the dc loop signal from the sync/afc assembly Z117. Thus, when the last four
digits of the display are set to XX.000 (low end of band), a 3.25 MHz signal is
applied to the mixer portion. When the last four digits are XX.9999, a 2.2499 MHz

signal is applied to the mixer portion.

4-108. The 250 KHz signal from display divider Z103 is applied to tuned multiplier/
amplifier circuit consisting of Q4 and Q5. Tuned circuits, adjsutable by L2, L3,
and L4 are set for the 17th harmonic of the 250 KHz input signal, resulting in a
4.25MHz signal. The 4.25MHz signal is mixed with the 3.25-2.25MHz signal in Q6,

resulting in a 1-2 MHzoutput signal frequency. The signal is buffered by emitter
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follower Q7, filtered by L8, L9, L10, C15, C17, C19, and C21, and amplified by
Q8 and Q9 and the resultant 1-2 MHz signal is applied to digital counter assembly
Z102 where it ts counted and displayed as the exact operating frequency of the

receiver.

4-109. The oscillator d-c switching portion of mixer/oscillator control assembly
7109 receives a HI/LO (logic 1 or logic 0, respectively) signal from display/
divider Z103. When the front panel MHZ switch is set between 00 and 12 MHZ, a
logic 0 (ground) level is applied at pin C. As a result, Q1 turns on Q3 and +8
volts is applied through Q3 to pin 2 to activate the Tow oscillator in the 163.5-
192.5 mHz oscillator assembly. When the MHZ switch is set between 13 and 29 MHz,
a logic 1 (+5 volt) level is applied to pin C, Q1 turns on Q2, and +8 volts is
applied through Q2 and pin D to activate the high oscillator in the 163.5-192.5

Miz oscillator assembly.
4-110. SYNC/AFC ASSEMBLY Z117. (See figure 7-28)

4-111. Sync/afc assembly Z117 develops a d-c voltage that is used to correct the
frequency of the 3.25-2.25MHz oscillator in the tunable IF assembly. The sync/
afc assembly also provides two outputs that indicate that tuning of the receiver
is correct via a visual SYNC indicator lighting and a zero centered indication on

the front panel meter when the meter switch is set to SYNC.

4-112. The 250-KHz input to the sync/afc assembly is from tunable IF assembly
2301 when the AFC switch is in the AFC position or is from 100 Hz synthesizer Z110
when thebAFC/SYNTH switch is in the SYNTH position. The 250-KHz input at pin A is
amplified by Q1 and applied to filter FL1. The filter is tuned to 250 KHz with a
bandpass of £50 Hz. The resultant output signal is then amplified by Q2, Q3, Q4,
Q6, and Q7. The output of Q7 is applied to center tap of transformer T1 which

operates in conjunction with Q5 to form a phase detector circuit.
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4-113. The second 250-KHz input to the phase detector circuit is derived on the
XVCO (voltage controlled crystal oscillator) subassembly of the sync/afc assembly.
Crystal Y1 operates in conjunction with Q1 to develop 1.25-MHz signals that are
applied to mixer Q2. The fine tune input at pin E2 of the subassembly via ter-
minal J of the sync/afc assembly provides a means of correcting the XVCO oscil-

lator frequency 150 Hz to coincide with the 50 Hz band width of filter FLI.

4-114. Fine tuning is provided by the front panel FINE TUNE control. Also applied
to the mixer circuit Q2 is a 1-MHz signal at pin E6 of the subassembly via terminal
2 of the sync/afc assembly and is derived from the 1-MHz standard. The resultant

250-KHz output signal of mixer Q2 is the second input to the phase detector circuit

and is routed between the subassemblies and applied to the base of Q5.

4-115. The resultant phase detector output is a d-c voltage which controls direc-
tion and the frequency of the 3.25-2.25 MHz oscillator in tunable IF assembly Z301
to return to a 250 KHz output signal. The magnitude of the d-c voltage indicates
the amount of frequency correction. The d-c voltage is amplified by integrated
circuit Z1 with the resultant output of Z1 applied to the tunable IF assembly via

pin 7.

4-116. The output of Z1 is also made available at pin 3 via FET Q8 and meter adjust
potentiometer R44. The output at pin 3 is applied to the front panel meter via the

SYNC position of the meter select switch.

4-117. Two types of visual tuning are made available. Ome type is via the center-
reading meter and is derived from the d-c output at pin 3. However, since the front
panel meter is capable of monitoring a number of parameters, a sync indicator

lights to indicate proper tuning. This second indication is derived by the 250-kHz
4-118. 100 HZ SYNTHESIZER ASSEMBLY 7110. (See figure )

4-119. The 100 Hz synthesizer assembly Z110 provides a 250-KHz signal at every
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100-Hz increment to the sync/afc assembly when the AFC/SYNTH switch is set to
SYNTH.  The 100-Hz synthesizer receives the 3.25-2.25MHz signal at pin 9 which
is derived in the tunable IF assembly 7301, and also receives a 100 Hz square
wave at pin L from digital counter assembly Z102. A third input to the synthe-

sizer at pin D is the varicap input voltage derived from the TUNE selector switch.

4-120. The 100-Hz square wave input at pin L is applied to harmonic generator

Q4 which develops a spectrum of 100-Hz signals. The resultant signals are applied
through tuned circuits adjusted by T3 and T4 which extracts the 2-3 MHz frequency
range of the 100-Hz signals. The varicap input voltage at pin D is derived from

a wafer on the TUNE control and is also divided into 10 bands for increased se-
Tectivity. A voltage is selected that approximately tunes the tuned circuits in

the region required in the 2-3 MHz range.

4-121. The 100-Hz signals in the 2-3 MHz range are then mixed with the 3.25-2.25
MHz signal returned from the tunable IF assembly. The 3.25-2.25 MHz input signal
is applied to pin 9, is amplified by tuned amplifier Q3, and applied to mixer Q2.
The second input to mixer Q2 is the 2-3 MHz signal filled with 100-Hz signals.
The difference output frequency of the mixer is selected by T1, Tg, and Q1 and is
the desired 250-KHz output signal.

4-122. The 250-KHz output signal is applied to the 250-kHz filter in the sync/afc
assembly 7117 when the front panel AFC/SYNTH switch is set to SYNTH. The 250-KHz
output is directly related to the 3.25-2.25 MHz oscillator and provides a phase
detector -lock every 100 Hz in that band. The phase detector in the sync/afc
assembly develops a d-c voltage that is applied to the 3.25-2.25 MHz oscillator

in the tunable IF assembly. Therefore, if the oscillator frequency has an in-
accuracy of 100 Hz, the phase detector d-c voltage derived from the 100-Hz synthe-
sizer output signal will lock it at that frequency. For frequencies between 100-Hz
increments, the front panel FINE TUNE control varies the 1.25-MHz oscillator in

the sync/afc assembly sufficiently to offset the 1.25 MHz frequency to lock both
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signals at a 100-Hz increments lock. The FINE TUNE provides 50 Hz. This system
provides a very accurate means of controlling frequency, because only the 3.25-

2.25 MHz oscillator, a low frequency oscillator, is controlled.
4-123. SAMPLE MIXER ASSEMBLY Z303. (See figure 7-45)

4-124. Sample mixer assembly 7303 compares a sample of the 163.5-192.5 MHz oscil-
Tator output against a sample of the 160.5 mHz oscillator frequency and develops

a 3-32 MHz output. Pin E7 receives a sample voltage from the 163.5-192.5 MHz
oscillator and applies it to one input of amplifier Z1. Pin E9 receives a sample
voltage from the 160.5 MHz oscillator assembly and applies it to the other input
of amplifier Z1. The two signals are mixed, and their difference frequency in

the range of 3-32 MHz is amplified in Z1, Ql, and Q2, and then applied to output

pin E12. The signal is then routed to Sample Divide/Phase detector assembly 7107.

4-125. BFO ASSEMBLY 7118. (See figure 7-31)

4-126. The BFO assembly Z118 receives the 1-MHz standard input at pin 2 and squares
it in Q2. The squared output of Q2 is applied to divide-by-four dual J-K flip-flop
Z1. The resultant 250-kHz square wave output is applied through a NAND gate in
logic circuit Z2, to pin K and is routed from there to the USB and LSB assemblies.
In all modes except AM, integrated circuit Z1 receives an enabling voltage through
BFO control transistor Q4. In AM operation, the base of Q4 receives a ground logic
level via pinﬂH from the mode switch and Q4 cuts off, thereby disabling Z1. The
variable 250-kHz BFO signal is generated by audio oscillator Q1 via amplifier Q3
and the logic gate in Z2. The frequency is adjusted by the BFO control on the
front panel which varies the voltage on varicap CR2 from zero to +9 volts dc, re-
sulting in a *1-kHz swing. The BFO frequency is fixed at 250 KHz when the BFO

pushbutton is set to FXD by applying a ground to logic circuit X2 via pin D.
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4-127. SYMMETRICAL FILTER (0.4 KHZ, 1 KHZ) Z112 AND SYMMETRICAL FILTER
(3 KHZ, 6 KHZ, WB) Z113 ASSEMBLIES (See figure 7-22 )

4-128. Either one, or both, of these filter assemblies may in incorporated in

the receiver. If both are installed, internal circuitry and external pin con-
nections are identical, except for narrow band filters FL1 and FL2. In the 7112
assembly, the bandpass of FL1 is 0.4 KHz centered at 250 KHz and the bandpass

of FL2 is 1 KHz, centered at 250 KHz. In the C113 assembly, the bandpass of

FL1 is 3 KHz, and the bandpass of FL2 is 6 KHz. Also, in Z113, the wide band
amplifier (approximately 12 KHz bandpass) can be used instead of the narrow band
filters. Selection of the desired narrow annd filter is accomplished by pressing
one of the BANDWIDTH pushbuttons on the front panel, which applies a control ground
level via pin B, Pin L, or Pin 6 to amplifier Q2, Q4, or Q6, respectively. The
ground activates the amplifier, passing the signal applied to that circuit to the
SYM OUT line via pin 3. The input to each of the filter section is a 250 KHz sine
wave applied to all of the inputs simultaneously from terminal E9 of the tunable

IF assembly.

4-129. UPPER SIDEBAND FILTER ASSEMBLY 7115. (See figure 7-26)

-

4-130. When the receiver MODE switch is set to USB position (or ISB, if this option
is incorporated in the receiver), a USB control ground from the MODE switch, via

pin A, turns on transistors Q1 and Q2 and applies the 250 kHz signal to FET amplifier
Q3. A 3KHz bandpass filter Z115FL1 establishes the bandwidth and frequency range

of the sideband signal while it passes through the Q1, Q2, amplifier. The 250-KHz
input at pin 3 is enabled when the MODE switch is set to AM or CW position; the
250-kHz 'signal then comes from symmetrical filter Z112 or Z113 via pin 3. The

specific symmetrical filter required depends on the desired bandwidth.
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4-131. Q3 amplifies the signal and clamping diodes CR1, CR2 provide automatic
noise 1imiting when the ANL switch is set to ON and grounds pin 2. The 250-KHz
signal is then amplified by Q4 and Q5, and is applied to one of the gates of
product detector Q8. A 250-KHz BFQ signal at pin D during c-w operation is
applied to the second gate of product detector Q8, producing an audio tone. The
pitch of the tone is varied by the BFO control on the front panel. The audio is
applied to audio output amplifier Z1 which, in turn, drives the 600-ohm audio dis-
tribution Tine connected to pins J, K, and L. A second audio signal from Z1 is
applied to pin 8 where it is connected through the audio line adjust potentiometer
and back through pin 9 to the feedback input of Z1. The audio signal from pin 8
is also connected through the METER USB pushbutton to pin B of audio assembly 7114
where it is again amplified and connected to the internal speaker and the external

speaker terminals on the rear panel.

4-132. The current path for the source of product detector Q8 1s provided by

Q10; however, during AM operation, the AM control ground from the MODE switch turns
off Q10 via pin 6 and disables product detector Q8. The AM control ground from

pin 6 also turns on amplifier Q9 during AM operation, providing the 250-KHz signal
with a path to a-m detector CR6. The audio signal on the carrier is recovered by
CR6 and applied to the input of audio output amplifier Z1 (the audio signal from
the product detector is now disabled and does not interfere). The audio is applied
to the 600-ohm line and the internal speaker and external speaker jack as in c-w

operation.

4-133. In all modes of operation, AGC voltage is developed by tapping off the 250-KHz
signal at the output of amplifier Q5 through AGC level adjust potentiometer R38,
through‘amp]ifiers Q6 and Q7, with AGC detector CR3, CR4 providing the d-c voltage

for automatic gain control of the various IF amplifiers. The AGC voltage is con-
nected to the AGC distribution line through pin 7 and the AGC switch on the front

panel.
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4-134. LOWER SIDEBAND FILTER ASSEMBLY Z116. (See figure 7-26 )

4-135. Functional operation of the lower sideband filter assembly is the same as

the upper sideband filter assembly with the following exceptions:

1. Bandpass filter Z116FL1 passes 3 KHz in the lower sideband range
instead of the upper sideband range; i.e., the filter passes 247.0 to 249.7 KHz.

2. The ground signal which activates transistors Ql and Q2 via pin A
comes from the LSB control 1ine instead of the USB control line.

3. The 600-ohm Tine adjustment potentiometer, connected across pins
8 and 9, is the lower sideband 1ine adjust potentiometer instead of the upper
sideband adjust potentiometer.

4. The audio signal from pin 8 is connected to pin B through the METER
LSB pushbutton instead of the METER USB pushbutton.

4-136. AUDIO ASSEMBLY Z114. (See figure 7-24)

4-137. The audio signal from pin 8 of USB (or LSB) assembly is applied via the
METER USB (or LSB) switch and AF GAIN control to pin B. Pin B is connected to
input pin 10 of power driver amplifier Z1. The amplified outputs of Z1 are applied
to push-pull transistors Q1 and Q2 which, in turn, drive the internal speaker of
the receiver via pin A. The output is also applied through a rectifier bridge,
pins 3 and J, and the METER and AFC switches, to the RF/audio/sync meter on the

front panel to provide monitoring of the audio signal.

4-138. AGC voltage at pin 9 from the AGC line is applied to FET amplifier Q3.

The amplified output is then applied to the METER switch via pin 7 to provide
monitoring of the RF Tlevel of the signal. The AGC voltage at pin 9 is also ap-
plied to source follower Q4 which provides regulation and isolation to the AGC volt-

age.

4-139. Squelching ¢f tie audio and RF under excessively strong signal conditicns
is also accomplished on Z114.

4-30



The output voltage of source-follower Q4 is applied to the non-inverting input
of squelch amplifier Z2, and to one end of the squelch control. The output of
the squelch amplifier is connected back to its inputs in a feedback configuration

consisting of the squelch control and a network of resistors.

4-140. _DIGITAL LOGIC AND CONTROL CIRCUITS, CIRCUIT ANALYSIS.

4-141. 7 MHZ GENERATOR ASSEMBLY Z106. (See figure 7-13)

4-142. The 7 MHz generator assembly develops a 7-MHz square-wave output that is
applied to memory assembly Z105, and provides a interconnection for the 1 MHz sig-

nal that is applied to sample divider assembly 7107.

4-143. A 1-MHz input at pin 7 is squared by Q4 and is applied to a NAND gate

in Z1. The NAND gate develops sufficient drive for the output signal at pin 6

of Z1 to trigger the input of the 7 MHz crystal controlled oscillator. The 7 MHz
oscillator is resonant at a frequency determined by the input crystal Y2. A
second crystal (Y1) is tuned to the same frequency as the input crystal. The

7 MHz signal is then squared by Q3 and routed through Z1 to pin C.
4-144. MHZ DISPLAY/DIVIDER ASSEMBLY 7103. (See figure 7-6)

4-145. 1-MHZ DIGIT DISPLAY. Z103 receives the excess 3 binary coded signals X0
through X5 from the MHZ switch. Binary signals X0 through X3 are applied via in-

put pis S. T, U, and V directly to the A-inputs of 4-bit binary adder Z14. An

output level from flip-flop No. 1 in the digital counter assembly is also applied

via pin M, to the Bl input of Z14. The B3 input of Z14 is wired to the +5-volt

bus, and is therefore always at a logic 1 level. An output level from flip-flop

No. 2 in the digital counter assembly is applied via pin E and NAND gates in 76

to the B2 input of Z14. Summing outputs 1 through 4 of 714 are applied via pins

16, 13, 14, and 15, respectively, to the 1 MHz circuit in the digital counter assembly

causing the correct digit to appear on the digit display. Whenever the last four
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digits of the digital display are dialed above 9999, the logic inputs of 714
add one binary digit to its output. The 1-MHz circuit in the digital counter
therefore receives a higher binary number and the 1-MHz digit displays the next
higher number. Conversely, if the last four digits are dialed above 0000, the

1-MHz digit changes to the next lower number.

4-146. 10-MHZ DIGIT DISPLAY. Binary signals X4 and X5 are applied via input
pins W and X, respectively, to the inputs of a 2-bit binary adder consisting

of three exclusive-OR gates in Z15, and an AND gate Z13. Two inverters in Z11
provide binary carry inputs from the 1#Hz adder circuit. Whenever the 1-MHz
digit is dialed from 9 up to 0, the binary carry from the 1-MHz logic circuit
causes the 10 MHz digit to advance to the next higher number. Conversely, when
the 1-MHz digit is dialed from 0 to 9, the binary carry from the 1-MHz logic

causes the 10-MHz digit to decrease to the next lower number.

4-147. SIGNALS GENERATED BY DECADE DIVIDERS. Decade divider Z1 receives a 1-MHz
square-wave via pin B and divides it by 10. The resultant 100-KHz output is divided
by 10 in Z3 and again by 10 in Z5. The 1-KHz output of Z5 is applied to the digital
counter assembly via pin D. The 1-KHz output of Z5 also provides clock inputs for
decade divider Z4 and dual J-K fkip-flop Z2. The 10-KHz output of Z3 provides a
clock input for dual J-K flip-flop Z8, and is also used as an input power source for
low-level regulated power supply Q3, Q4, Q5. The -8 volts dc output is applied

via pin K to the RF GAIN control and to the sync/afc assembly. The output of Z4

is applied through a NAND gate in Z6 to the K input of dual J-K flip-flop Z2 and

is routed via pin 7 to the clear input of the comparator; the output of the NAND
gate is inverted in Z7 and applied to the J input of Z2. The output of pin 13 of

72 is fouted via pin 5 as a 10-millisecond positive gating pulse to pin 6 of the
sample divide/phase detector assembly and to pins 3 and C of the memory assembly.
The output at pin 8 of the second flip-flop in Z2 generates a 250KHz output by
dividing the 500 KHz clock inputs at pin 5 by 2. This signal is routed via pin 3
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to pin B of the mixer/oscillator control.

4-148. MEMORY PRESET SIGNAL. The preset pulse circuit consists of two exclusive
OR gates in 79, a dual J-K flip-flop in Z8, three inverters in Z7, and a NAND
gate in Z10. It detects any change on the X0 or X4 input lines (pins S and W,
respectively) from the MHZ switch. On the next clock pulse, after any change

in logic level on the X0 or X4 1ines, the appropriate flip-flop in 28 (inputs
connected to the exclusive OR gate in that Tine) will change state. This change
is applied from the Q output of the flip-flop into the gate which carried the
level change, and disables the gate and the flip-flop. The result is a narrow,
negative-going pulse applied through the inverters in Z7 and the NAND gate in

Z10 to pin H, where it is routed to the preset input of the memory assembly.

4-149. REMOTE PRESET INPUT. When the MHZ switch setting is changed at a remote
location, pin P of the MHz display/divider receives a ground level via pin H of'

the remote input jack J102. The ground is applied to one input of a NAND gate in
Z10, enabling the gate, even if the other two inputs (from X0 and 4 lines) are

Togic 1 levels. The output level (logic 1) of the NAND gate is then applied through
an inverter in Z7 as a logic O level (negative-going) pulse to pin_H as in memory

preset signal circuitry and activates the preset input of the memory assembly.

4-150.  PRESELECTOR CONTROL SIGNAL (BDCST BAND). When the MHZ switch is set to
any position except BCST, it generates two logic 1 levels on the X4 and X5 lines
which are received simultaneously via pins W and X, respectively, at the inputs of
a 2-input NAND gate in Z6. The gate generates an output which activates Q1 and Q2,
developing a logic O level output at Ql. This level is routed via pin 8 to terminal

E1 on the preselector assembly and applies it to the preselector filter control relay.

4-151.  HI/LO SIGNAL TO MIXER/OSCILLATOR CONTROL. The high/low oscillator signal
is generated in the NAND gate of Z10 which has its output connected to pin R of the

assembly. This NAND gate monitors the binary code lines (X0 through X5) from the
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MHZ switch via pins S through X, logic gates in Z10, Z12, and an inverter in
Z7, and generates a logic 1 Tevel at its output when any of its inputs are
logic 0 levels. This occurs when the MHZ switch is set to any position from
13 through 29 MHZ. The logic 1 level is then applied to pin C of the mixer/
oscillator control. When the MHZ switch is set to 00 through 12 MHZ, the NAND
gate in Z10 generates a logic O level at its output and this level is applied

to pin C of the mixer/oscillator control.

4-152. TRUE COMPLEMENT SIGNAL. When binary coded signals X4 and X5 at pins W

and X are dissimilar (one is a logic 1 and the other is a logic 0), an ex-

clusive OR gate in Z15 is enabled and the resultant logic 1 output level is applied
via pin 10 to the comparator assembly. This occurs when the MHZ switch is set

to any position from 10 through 29 MHZ, and causes the comparator assembly to

switch a clock frequency for the memory assembly.
4-153. SAMPLE DIVIDE/PHASE DETECTOR ASSEMBLY 7107 (See figure 7-14 )

4-154. The 3-32 MHzoutput frequency of the sample mixer assembly 2303 is applied
to switching amplifier Q1. The resulting square wave signal is routed to the
digital logic section of the sample divider where it is divided by a factor de-
termined by the MHz switch S101. MHZ switch S101 provides the sample divider with
excess three binary coded levels (X0 thru X5). Full and half adder modules Z4

and Z5 respectively convert the excess three codes to straight binary codes. The
binary codes are then presented to programmable dividers 7Z2 and Z3 and determine
the count or division factor of each divider.

4-155. Integrated circuit Z6 is a frequency extender module which enables the pro-

grammable divider to operate at higher frequencies.

4-156. The resulting 1 MHz signal obtained from the programmable dividers is divided
by three (3) by dual JK flip-flop Z1 which provides the comparator assembly 7104

with a proper signal for its operation and control of the memory assembly Z105.

4-34



Z6 is applied to the "A" inputs of the comparators. When the input data ("A"
inputs) is greater or less than the stored data ("B" inputs) the comparators will
activate logic circuits which generate the following signals that control the
memory assembly Z105.

1. TUNE HIGH/LOW - Determination of the direction of change in
memory tuning which results in the direction of the 163.5-192.5 MHz oscillator
tuning. The signal is a logic level that comes from Z7. When the incoming
frequency from the sample divider is above 333,333 Hz the TUNE HIGH/LOW signal at
pin A will be a logic high and will result in the memory tuning the 163.5 to 192.5
oscillator lower in frequency. Conversely, when the incoming frequency is below
333,333 Hz, the level at pin A will be a logic low and the memory will tune the
oscillator higher in frequency.

2. FAST INHIBIT - A logic level that comes from inverter Z11 and
is used to control the fast tune portion of the memory assembly. The fast inhibit
will be Tow when the comparator senses a 333X (X denotes any digit) and will inhibit
the fast tune portion of the memory. For all other conditions the fast inhibit
will be a logic high level.

3. COARSE INHIBIT - A logic level that is developed by 711, 714
and Z13 and is used to control the coarse tune portion of the memory assembly.
During fast tuning, the coarse tune level will remain low until the fast tune in-
hibit goes low. At this time the coarse inhibit output will go to a logic high
and allow the coarse tune section of the memory assembly to operate. Coarse tuning
will continue until the magnitude of 3334 is identified. At this time the coarse
level will switch to a logic low.

4. MEMORY SHIFT - The memory shift (P) Tine controls the speed at
which the memory operates. AND - OR - INVERT module Z12 performs the monitor func-
tions for the above control. A slow and fast speed shift signal is switched to the
memory assembly under the following conditions.

A. For the 00-09 MHz bands the fast shift operates until the mag-
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The 1 MHZ signal also goes to Single Shot module Z7 which adds pulse width

to the signal for its use in the phase detector circuit.

4-157. The phase detector section of this assembly compares the 1 MHz signal
from the sample divide thru Q2 with the 1 MHz standard frequency at pin V thru
Q3. The two signals are combined by T1, with any difference in frequency
resulting in a *DC voltage via CR3 and CR4, being provided to the fast loop
(pin Y) output. This connection voltage out of pin 4 is applied to the Dual

HF oscillator assembly Z304 and corrects the oscillator for any slight changes

that may occur.
4-158. COMPARATOR ASSEMBLY 7104 (See figure 7-8)

4-159. The Comparator assembly Z104 receives a square wave frequency of 333,333Hz
from the Sample/Divide Phase Detector assembly 7107 when the 163.5-192.5 MHz oscil-
Tator is locked to the desired frequency. Initially the output of the sample
divider is applied to pin L and then to NAND gate Z14 along with a gating signal
from MHZ display divider. The gated frequency is now counted by decade dividers
24, 73, 72, and Z1. The output of the decade dividers is then read into dual
latch modules Z5 and Z6 where the data is stored as a temporary memory for the
comparators. Reset and read pulses for the divider and latch modules are developed
in the following manner. The clear pulse and gating pulse are combined into NAND
gate Z14. RC combination C3 and R2 integrate the trailing edge of the resulting:
pulse from Z14 into Z11 where the clear and reset pulses of the counters. The
data present from the counters must be read into the latch modules before the
counters are cleared. Therefore the leading edge of the resulting pulse from Z14
is integrated by C1, Rl, and applied thru Z11 to the read or clock input of latch
modules Z5 and Z6.

4-160. Comparator modules Z7, Z8, Z9, and Z10 contain a fixed program on their

"B" inputs which is 3, 3, 3, 4 respectively. The data from the latch modules Z5 and
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nitude of 3XXX is identified then the slow shift will be switched in.
B. For the 10-29 MHz bands the fast shift operates until the

magnitude of 33XX is identified then the slow shift is switched in.
4-161. MEMORY ASSEMBLY Z105. (See figure 7-10 )

4-162. The memory assembly has two basic memory sections that are connected in
series to generate a d-c control voltage (d-c tune) for the 163.5-192.5 MHz os-
cillator assembly. These sections are fast tune, and coarse tune. Each section
consists of an input NAND gate, two or more up/down counters, two or more pro-

grammable counters, a flip-flop, and a discriminator circuit.

4-163. The up/down counters at the input of the memory assembly continuously re-
ceive direction control data from the comparator assembly tune high/low circuit

via pin 9 and Togic signals and clock pulses at appropriate times to enable the
gates and initiate counting. Preset pulses are received from the MHz display/divider
assembly whenever the MHZ switch setting is changed in order to preset the counters
to a preliminary tuning point. The outputs of the up/down counters provide control
levels for the counting of the programmable counters. The programmable counters
divide a fixed 7-MHz frequency by the divide-by-N number generated by the up/down
counters. The resulting pulses from the programmable counters are then applied to
the flip-flop which, in turn, convert the pulses to square waves. The square wave
voltages are averaged by the discriminator circuit to provide a d-c tune level for

the 163.5-192.5 MHz oscillator assembly.

4-164. FAST, AND COARSE MEMORY CIRCUIT OPERATION. The direction control inputs
(tune high/low) of the up/down counters in the memory assembly Z1 through Z5, are
received via pin 9 from the comparator assembly. This data represents the frequency
position of the oscillator in the 163.5-192.5 MHz oscillator assembly, as compared

to the desired frequency. When any one of the inhibit inputs at pins 6, or 7
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receives a logic high level from the comparator assembly, the appropriate input
AND gate is enabled, and a clock pulse is applied to the first of the up/down
counters in the appropriate circuits as soon as a clock pulse arrives from the
comparator assembly via pin 2. The up/down counter is enabled and begins to
count in the proper direction according to the tune high/low input signal. The
following events occur when the MHZ switch on the front panel is reset to select

a new frequency.

1. A preset pulse is received at pin 8 from the MHz display/divider
assembly and applied to the loading input of each up/down counter, 71 through Z75.
The outputs of each up/down counter are applied to its respective programmable
counter. The up/down counters in each section operate serially, providing binary
data for the appropriate programmable counter which, with its respective flip-flop,
generates a square-wave output for the amplifiers and discriminator in that section.
The discriminator develops a d-c level from the averaged voltages and applies it

to output pin 10.

2. The programmable counters in the fast tune section (which is usually
activated first), continues to count the last data received from its up/down
counters. This data is stored by the up/down counters even after the fast tune

inhibit Tine is disabled by a logic low level from the comparator.

3. The coarse tune inhibit input at pin 7 receives a logic high level
which gates the up/down counters data to the respective programmable counters, and
a d-c voltage is developed in the coarse tune discriminator circuit. When the coarse
tune inhibit input receives a low level from the comparator, the input AND gate is
disabled, the up/down counters stop counting up or down, and they continue to store

the data for the programmable counters.

4-38



4. The d-c outputs of the two discriminator circuits add or subtract

from each other, resulting in one d-c output at pin 10.

4-165. FAST TUNE MEMORY CIRCUIT. The tune high/low data is continuously applied
from the comparator assembly via pin 9 to the down/up inputs of up/down counters

Z5, 71, and Z2, When the MHZ switch setting is changed, a preset pulse is received
at pin 8 from the MHz display/divider assembly and applied to the loading inputs

of 75, 71, and Z2. At the same time, the fast tune inhibit input AND gate A in Z11
receives a logic high level via pin 6; and a clock pulse from the comparator assembly.
via pin 2, enables input gate A so that its output clocks up/down counter Z2. This
causes Z2 to count and provide its output pulses to programmable counter Z8. On

the next clock pulse, Z2 begins an up or down count, depending on the data received
at its down/up input from the tune high/low 1line; Z8 begins to count its 7-MHZ input
by the binary input data from Z2 as memory data. Z1 begins to count in the same
direction as Z2. Z1 also applies its output to programmable counter Z7 and generates
a clock pulse for up/down counter Z5. When further clock pulses arrive, Z2 con-
tinues to count and store data in Z8; Z1 continues to count and store the data in
Z7; and 75 applies its data to programmable counter Z6. Programmable counters 78,
Z7, and 76 receive a continuous 7 MHz clock pulse from the 7 MHz assembly, via pin

4 and input AND gate D of Z11, enalbing an output for each of these counters when-
ever they receive inputs. Their outputs operate serially (first one, and then the
second), and combine to produce a clock pulse for flip-flop A in Z12 which, in turn,
generates a square wave for application to amplifiers Ql and Q2, and discriminator
circuit CR1 through CR4. The discriminator circuit produces a d-c level which is
filtered and applied to output pin 10 as the d-c tune signal for the 163.5-192.5 MHz

oscillator assembly.

4-166. COARSE TUNE MEMORY CIRCUIT. The tune high/low data is continuously applied
from the comparator assembly via pin 9 to the down/up inputs of up/down counters

Z3 and Z4. When the MHZ switch setting is changed, the preset pulses are also re-
ceived from pin 8 by the loading inputs of up/down counters Z3 and Z4. At the same
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time, a clock pulse is applied to AND gate B and a logic high level from the coarse
tune inhibit input at pin 7 enables gate B. The output of the gate provides a
clock pulse for up/down counter Z4. This causes Z4 to count and generate an out-
put pulse for programmable counter.Z10. When the next clock pulse arrives from

pin 2, Z4 begins an up or down count, depending on the tune high/low data at its
down/up input; programmable counter Z10 begins to count its 7-MHz input by the
binary input data from Z4 as memory data; and up/down counter Z3 begins to count in
the same direction as Z4. When further clock pulses arrive, Z4 continues to count
and store data for programmable counter Z10; Z3 continues to count and now begins
to store its output in programmalbe counter Z9. Programmable counters 710 and Z9
receive a continuous 7-MHz clock pulse from the 7-MHz generator assembly, via pin

4 and gate D of Z13, enabling an output for each of these counters whenever they
receive an input. The outputs of Z9 and Z10 operate serially, as the programmable
counters in the fast tune circuit, and combine to provide a clock pulse for flip-
flop B in Z12 which, in turn, generates a square wave for application to amplifiers
Q3 and Q4, and discriminator CR5 through CR8. The discriminator circuit, connected
in series with the discriminator of the fast tune circuit, develops a d-c level
which adds or subtracts from the d-c level produced by the fast tune discriminator,

and the resultant voltage is applied to the d-c tune signal output at pin 10.
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4-167. 1 MHZ STANDARD.

4-168. The 1-MHz standard is a factory adjusted hermetically sealed unit which
contains a high stability, crystal controlled oscillator circuit. The temperature
within the unit is stabilized by a filament heated oven, powered by +12 vdc ¥ 10%
at 1.2 amperes maximum current. The oven remains heated even when the receiver

is set to STANDBY. The crystal oscillator requires a power input of +9 vdc 15%

at 30 milliamperes and generates a sine wave of 1.0 volt rms +50%, -10% into 50
ohms impedance. The stability of the oscillator reaches one part in 107 after a
4-hour warmup, and one part in 108 after a 24-hour warmup. The sine wave output

is applied to the 7 MHz generator, MHz display/divider, BFO, and AFC assemblies.
4-169. DIGITAL COUNTER ASSEMBLY Z102. (See figure 7-4 )

4-170. The digital counter receives a 1-KHz clock pulse from the MHz display/divider
which is divided by 10 in decade counter Z13. The output of Z13 provides a 100 Hz
square wave for the 100 Hz synthesizer via pin 18 and a 10 Hz clock pulse for Z14.
Decade counter Z14 divides the pulse again by 10, providing a 10-Hz clock puise for
flip-flop No. 1 in dual J-K master/slave flip-flop Z12. Flip-flop No.2 generates
gating pulses. The gating pulses from pin 12 of Z12 are applied fo NAND GATE Z10
along with the counter frequency input in the range of 1-2MHz from pin Y. This
signal (the exact freqguency is determined by the operating frequency of the receiver)
comes from pin J of the mixer/oscillator control assembly. Z9 is the first divider
in the counter chain and provides clock input signals to Z8. After dividing by 10,
the 4-bit binary outputs at pins 12, 9, 8, and 11, are applied to the input pins 22,
16, 15, and 21 of one-half of 8-bit bistable latch Z3. The data is stored at the
inputs until a clock pulse arriving at pin 12 and pin 23 from flip-flop No. 1 in

712, via the gates and inverters of Z10 and Z11, reads them into the outputs at pins
19, 17, 18, and 20. They are then applied via pins 11, 9, 10, and 12 of the assembly
to the binary coded decimal (BCD) 1, 2, 4, and 8 inputs of the 0.1 KHz digit on the

readout display assembly. Z8 applies the counting during the counting enable time
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to the clock input pin 14 of Z7, and the same sequence of events occurs as in
28, except now, the outputs of Z7 are applied to the inputs of the second half
of Z3 and its output goes to the 1-KHz digit on the readout display via pins U,
S, T, and V. Z7 applies the count to Z6, Z6 to Z5, and Z5 to flip-flop No. FF-1
in Z4, and the identical sequence of events occurs in each case as in Z7, each
set of outputs being applied to its appropriate 4-bit bistable latch and to the
appropriate digit of the readout display. The binary data for the 10 MHz digit,
however, is received via pins 1 and 2 directly from the MHz display/divider assembly
to 71, and the data for the 1 MHz digit is received for Z1 via pins 8, 6, 5, and 7.'
When the TUNE control on the front panel is set above 9999 on the last four digits
of the display, Z4 generates a binary carry 1 output, changing the 1 MHz digit to
the next higher number, For example, if the display reads 02.9999 and the TUNE
control changes the (1's to 0's, the number will change to 03.0000. If the last
three digits change from 0000 to 9999, Z4 generates a binary carry which subtracts
1 from the MHzdigit.

4-171. READOUT DISPLAY ASSEMBLY Z101. (See figure 7-2 )

4-172. Binary coded decimal inputs representing the operating frequency of the
receiver are received by the BCD-to-7 segment decoder/drivers, Z1 through Z6, via
their respective input pins, from the digital counter assembly. Four binary bits

are received by each decoder/driver corresponsing to binary 1, 2, 4, and 8, respec-
tively, except the 10 MHz decoder/driver. Z1 has only two inputs, binary 1 and 2,
since the highest number to be displayed on this digit is 2. The outputs of the
decoder/driver logic circuits cause the appropriate filament segments of the associ-
ated display lamp to glow, and the combination of the glowing segments form a Tighted
number to be displayed. The blanking circuit formed by Z7 will blank the display
when tuning below 00.0000 MHz or above 29.9999 mHz.
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SECTION 5

MAINTENANCE

5-1. GENERAL.

5-2. This section contains the procedures required to maintain General Purpose Receiver
GPR-110B in satisfactory operating condition. When performing the alignment and checkout
procedures, refer to Section 6 for the overall component location diagrams and to the

individual component location diagrams for the printed circuit board assemblies.

Note

Some of the adjustments in the GPR-110B are in high frequency cir-
cuits and require the use of suitable test equipment. These adjust-
ments have been performed at the factory and are sealed. It is not
recommended that these seals be broken unless it is definitely
ascertained that the circuit requires adjustment and the proper

test equipment is available.

5-3. PREVENTIVE MAINTENANCE.

5-4. The following paragraphs describe procedures to inspect, check, and clean the com-
ponents of the GPR-110B.In general, preventive maintenance provides a basis for recognizing
future probable causes of equipment malfunction in the early stages of deterioration. Many

such cases are apparent to the senses of sight, touch, and smell. Therefore, by adhering to

a stringent program of preventive maintenance, involving periodic inspection and checks,

the most probable causes of equipment malfunction can be avoided, thereby minimizing

equipment downtime and the possibility of compromising important schedules.

a. INSPECTION. A most important and least expensive tool in the preventive main-
tenance program is the sense of sight; a thorough visual inspection of an assembly or com-

ponent for tell-tale signs of deterioration prior to failure can save hours of test and trouble
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shooting time after a complete breakdown. Table 5-1 presents a weekly inspection check-

list for the GPR-110.

TABLE 5-1. WEEKLY INSPECTION ROUTINE

Assembly or Subassembly Check

Line Power Cord Check three-wire line power cord for cracks, nicks, or
fraying.

Main Chassis Assemblies 1. Check underside of chassis for dirt and dust.

2. Check all inter-connecting wiring for nicks, cracks, or
fraying.

3. Check all printed circuit boards for cracks; check com-
ponents for looseness and evidence of deterioration from

possible overheating.

4. Check printed circuit board jacks for tightness against
chassis.

5. Check ground connections for security.

Front and Rear Panels 1. Check panel for general cleanliness.

2. Check all control knobs for smooth action from limit-to-
limit. Check all switches for positive action.

3. Check meter face for cracks, scratches, etc.

4. Check digital readout face for cracks.

5. Remove line fuses and check for proper a-c 1. 5-ampere
or 0.75-ampere value and condition (0. 75-ampere with
230 vac line). The d-c line fuse should have an 8-ampere

rating.

6. Check all input/output jacks for security against panel.

b. CLEANING. Ingeneral, the GPR-110B should be cleaned once a month, using a
soft camel's hair brush, forced air pressure of not more than 20 psi, and a suitable clean-

ing agent such as trichloroethylene or methylchloroform.
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I WARNING l

When using toxic solvents, make certain that adequate ventilation is
provided; prolonged or repeated breathing of the vapor shall be
avoided. Avoid prolonged or repeated contact with skin. Flam-
mable solvents should not be used on energized equipment or near

other equipment from which a spark may be received.

CAUTION

Trichloroethylene contains a paint removing solvent; avoid contact

with painted surfaces.

Remove dirt or grease from wiring and chassis surfaces using cleaning solvent; dry with
compressed air. Remove dust from printed circuit boards using a soft camel's hair brush.

Blow out accumulated dust from inaccessible areas of chassis using forced air.

5-5. TROUBLESHOOTING.

5-6. Ingeneral, a malfunction of the GPR-110B will usually manifest itself by lack of, or
improper reading on the digital readout or front panel meter. If a second GPR-110B is
obtainable, or a set of spare PC boards is available, troubleshooting can be facilitated by

the board substitution method. In some instances, a particular board may require alignment

or adjustment as outlined in paragraph 5-7. Table 5-2 presents a troubleshooting chart for

the GPR-110B.

5-7. CHECKOUT AND ALIGNMENT.

5-8. The following paragraphs detail the checkout and alignment procedures for the

GPR-110B. Perform the procedures in the order presented.
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TABLE 5-2.

TROUBLESHOOTING CHART

Trouble

Probable Cause

Remedy

Receiver inoperative

AF GAIN control is not turned
clockwise.

STBY/REC pushbutton is not
released to REC position.

Power supply assembly Z201
defective.

External power inoperative.

Line fuse(s) inoperative.

Turn AF GAIN control clockwise
until receiver power comes on.

Release STBY/REC pushbutton
to REC position by pressing in
one of the BANDWIDTH KHZ
pushbuttons.

Check power supply assembly and
replace defective component(s).

Check external power.

Check a-c line fuse (1.5 ampere
for 115 vac line and 0. 75 ampere
for 230 vac line) and check d-c
line fuse (8 ampere), and replace
fuse if defective.

No receiver output
on the broadcast band.

MHZ switch in incorrect
BDCST position.

Check that MHZ switch is in
first BDCST position if frequency
of incoming carrier is between
00.0001 and 00.9999 and is in
second BDCST position if fre-
quency of incoming carrier is
between 01,0000 and 01.9999.

No receiver output
on any frequency.

Malfunctioning circuit in
signal flow section or digital
logic and control section.

1. Check for d-c tune voltage
output (0 to 40 volts) at
terminal 10 of memory
assembly Z105. If d-c tune
voltage present, proceed to
step 2. If d-c tune voltage
not present, proceed to
step 3.

2. Insert a 250-kHz signal at
approximately 150 millivolts
into J107 and check for
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TABLE 5-2. TROUBLESHOOTING CHART (Continued)

Trouble Probable Cause Remedy

loudspeaker output. If
speaker output is not present,
check symmetrical filters
2112 and Z113, audio assem-
bly Z114, and USB filter
Z115. If speaker output is
present, insert a 3-2 mHz
signal at a 0.5 microvolt
level into terminal E1 of
tunable IF assembly Z301 and
check for a loudspeaker
output. If speaker out-
put is not present, check
tunable IF assembly 2301
and replace defective compo-
nenys). If speaker output is
present, insert a 0.5 micro-
volt level signal at the antenna
input at the receiver operat-
ing frequency and signal trace
through preselector Z120, 7121
RF input mixer Z307, differ-
ential amplifier 2306, and IF
output mixer Z305 and replace
defective component(s).

3. The absence of a d-c tune
voltage indicates a malfunc-
tion in the digital logic and
control section. Proceed to

initial checkout section
paragraphs.

5-9. INITIAL CHECKOUT.
1. Connect a-c power to the GPR-110B.

2. Rotate the AF GAIN/AC OFF control clockwise and depress any one of the BAND-
WIDTH KHZ pushbuttons.
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3. Depress the TEST LAMP pushbutton on the rear panel of the unit.All six digits of

the counter display should indicate the number 8.
4. The decimal point on the display should be on at all times.
5. Monitor the +5 and +9 volt terminals on upper mother board A4960 and adjust,

if necessary. Voltage adjustments are found in the panel supply section.
6. Monitor the 1-mHz terminal on the upper mother board A4960 for a sine-wave
signal that is exactly 1 mHz.
Note
The 1-mHz standard must be on for at least 30 minutes before it
stabilizes.
5-10. AUDIO ASSEMBLY Z114.

1. Connect a 3-ohm 5-watt resistor from terminal A to ground (can be inserted into

PHONES jack).

2. Connect an audio generator to terminal B with audio gain fully clockwise (USB and

LSB removed).

3. Adjust audio level for approximately 5.6 volts peak-to-peak across a 3-ohm load

(approximately 1 watt). The input should be approximately 40 millivolts peak-to-peak.

5-11. DIFFERENTIAL AMPLIFIER ASSEMBLY Z306.
1. Adjust signal generator to 163 mHz.

2. Lift coaxial cable on terminal E27 of Z307 and connect signal generator output to

coaxial cable.
3. Set RF GAIN control fully clockwise.

4. AdjustT1,T2,T3,T4,T5,T6,T7, and T8 for maximum gain (approximately 20 dB).

5-12. COMPARATOR ASSEMBLY Z104.

1. Remove the memory assembly from Z105 and insert a variable voltage supply

(0 to +40 vdc) to terminal 10 of Z105.

5-6



2. S t MHz switch to 00 and monitor terminal R of Z107.
3. Set the frequency at terminal R of Z107 above 3 MHz using the
variable voltage supply.
4. Monitor terminal A of Z104 and observe a high level.
5. Adjust the frequency below 3 MHz and observe a low level on term. A of Z104.

6. Check fast and coarse terminals B and H respectively. As the freq-

quency is approached, the inhibit lines go low. When a sync condition is attained, lines B,
and H go low. Also, terminal J is low and terminal 2 of Z107 is high. Test points 5, 6,

8, 9, 12, 13, 16, and 17 are high and test points 7, 10, 11, 14, 15, 18, and 19 are low.

7. Insert memory assembly Z105 and monitor terminal R of Z107. Check for sync

in all positions (3-32 mHz).

5-13. 2108 NOT USED
5-14. SAMPLE DIVIDE/PHASE DETECTOR ASSEMBLY Z107.

1. Insert a variable voltage power supply (0 to +40 vdc) in place of memory assem-

bly Z105 at terminal 10.
2. Open terminal 6 of Z107.

3. Monitor terminal R with a high frequency counter and monitor terminal 3 with a

scope/counter.

4. Set MHZ switch to 00 and vary power supply voltage until terminal R indicates
3.000 mHz. Terminal 3 should indicate 3. 333.

5. Set MHZ switch to 01 and vary power supply voltage until terminal R indicates
4.000 mHz. Terminal 3 should indicate 3. 333.

6. Set MHZ switch to 02 and vary power supply voltage until terminal R indicates
5.000 mHz. Terminal 3 should indicate 3.333.

7. Adjust variable supply accordingly. Terminal R reads 3.0 mHz higher than dis-
play. Check all MHZ positions (00 through 29). Check terminal 2 for a high when frequency
is locked (ex. 3.333).

5-15. 160.5 MHZ OSCILLATOR ASSEMBLY Z302.

1. Place extender card in Z107 and ground pins 17, Y, and Z. The output at
terminal E5 of Z302 should be approximately 0.5 to 1.0 volt rms. '

2. Connect a high frequency counter to terminal E5 and adjust the oscillator coil for

a reading of 160.5 mHz.
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5-16. 163.5-192.5 MHZ OSCILLATOR ASSEMBLY Z304.
1. Monitor terminal E21 with a high frequency counter.

2. Connect a variable power supply (0-40 vdc) to terminal 10 of memory assembly Z105.

3. Set MHZ switch to 00 and monitor terminal R of sample divide /phase detector

assembly Z107 with an oscilloscope.

4. Adjust power supply for an output of approximately 3.0 vdc and adjust low fre-

quency oscillator to 163.5 mHz.

5. Adjust power supply for an output of approximately 15-20 vdc. The low frequency
oscillator output should be 175.5 mHz. The output range at terminal R should be 3-15 mHz,

6. Set MHZ switch to 13, adjust power supply for an output of 3.0 vde, and adjust
high frequency oscillator to 176.5 mHz.

7. Adjust power supply for an output of approximately 15-20 vde. The high frequency
oscillator output should be 192.5 mHz. The output range at terminal R should be 16-32 mHz.
Note

If the high end adjustments of the low and high frequency oscil-
lators cannot be made with 20 vdc maximum, shift the low frequency

end with less than 3.0 vdc.

5-17. 100 HZ SYNTHESIZER ASSEMBLY Z110.
1. Lift terminals 9 and L on the extender card.
2, Set bandswitch to band 1.

3. Measure the d-c voltage on terminal D. The voltage should increase as the band-

switch is turned clockwise. Return bandswitch to full counterclockwise position.
4. Apply 250 kHz to terminal 9.
5. Connect oscilloscope to R3 and adjust T5 and T6 for 250 kHz (minimum level).

6. Connect.signal generator (250 kHz) to R7 and connect oscilloscope to pin F.

Adjust T1 and T2 for maximum output.

7. Connect signal generator to terminal L and adjust R26 and R28 to mid range.
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8. Set signal generator to 2.060 mHz.
9. Connect oscilloscope to R7 and adjust T3 and T4 for maximum output.

10. Set bandswitch fully clockwise, set signal generator to 2.9 mHz, and adjust R26

and R28 for maximum output.
11. Check for approximately 8 vdc at terminal D.
12. Repeat steps 8 through 11 until no further improvement can be obtained.

13. Reconnect terminals 9 and L.

5-18. PRESELECTOR ASSEMBLY Z120.

1. Remove preselector assembly and connect output of an r-f signal generator to the

ANT input connector.
2. Set signal generator to 880 kHz at an output level of approximately 1 volt rms.

3. Monitor the junction of L5 and C5 on the preselector assembly. Adjust C5 for
maximum signal. Reduce the signal generator output level and tune C5 for maximum signal

using a minimum input signal.
4. Monitor the preselector assembly output.

5. Sweep the signal generator frequency from 100 kHz to 2 mHz. The filter in the

preselector assembly should cut off all frequencies from 500 kHz to 1.5 mHz.

6. Replace the preselector assembly.

5-19. DIGITAL COUNTER ASSEMBLY Z102.
1. Press the WIDE BANDWIDTH KHZ pushbutton.

2. Monitor terminal 18 of Z102 for a 100-Hz square-wave signal at approximately
+4 volts.

3. Rotate the MHZ switch clockwise until the counter display indicates the SECOND
O00OMHZ position.
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4. If necessary, adjust the MHZ knob so that the white dot on the knob indicates the
first broadcast band position as the counter display is indicating the SECOND 00MHZ.

5. Rotate the MHZ control through all of the positions. The MHZ display should

indicate the following positions in order:

00MHZ, 00MHZ, 01IMHZ, 0IMHZ thru 29MHZ
LepcsT -

6. Set the tunable IF to band 1. Adjust the frequency control fully clockwise. The

MHZ display should indicate the following positions in order:

01MHZ, 0IMHZ, 02MHZ, 02MHZ thru 30MHZ
LBDCST -

7. Set the tunable IF to band 10. Adjust the frequency control fully counterclockwise.
The MHZ display should indicate the following positions in order:

39MHZ, 39MHZ, 00MHZ, 00MHZ thru 28MHZ
“BpCcsST -

8. Check of the display digits (100 kHz, 10 kHz, 1 kHz, and 0.1 kHz) and verify each
digit from 0 through 9.

9. Press the STBY pushbutton and remove extender card A5601 from Z 102 and insert
A4955 into Z102.

5-20. MHZ DISPLAY/DIVIDER ASSEMBLY Z103.
1. Extend Z103 and press the WIDE BANDWIDTH KHZ pushbutton.

2. Monitor the signal at terminal D. A 1-kHz square wave signal at approximately

+4 volts should be present.

3. Monitor the signal at terminal 3. A 250-kHz square-wave signal at approximately

+4 volts should be present.

4. -Monitor the signal at terminals 5 and 7. A 11-millisecond period square wave
(10-millisecond positive excursion and 1-millisecond negative excursion) at approximately

+4 volts should be observed.
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5. Monitor the voltage at terminal K. The voltage should be -8 volts.

6. DMonitor the signal at terminal 8. With the MHZ switch in the BDCST position, a
low level should be observed (semiconductor virtual ground). All other positions of the MHZ

switch result in a high level of approximately +20 volts.

7. Monitor the signal at terminal R. A low level (semiconductor virtual ground)
should be observed for positions 00 MHZ through 12 MHZ. Positions 13 MHZ through
29 MHZ result in a high level of approximately +4 volts.

8. Monitor the signal at terminal 10. A low level should be observed for positions
00 MHZ through 09 MHZ. Positions 10 MHZ through 29 MHZ result in a high level of

approximately +4 volts.

9. Monitor the signal at terminal H. A negative going pulse (positive voltage to

ground) should be observed every time the MHZ switch is changed in either direction.

10. Rotate the MHZ switch through all of its positions in a clockwise direction and

then all positions in a counterclockwise direction.
11.  Ground terminal P. The level at terminal H should go from a high to a low.

12. Press the STBY pushbutton, remove extender card A5601 from Z103, and insert
A4958 into Z103,

5-21. MIXER/OSCILLATOR ASSEMBLY Z109.
1. Extend A4957 from Z109 and press the WIDE BANDWIDTH KHZ pushbutton.
2. Monitor TP5 and adjust L2, L3, and L4 for a maximum signal at 4.25 mHz.

3. Monitor terminal J using a frequency counter. The frequency on the external

counter should agree with the frequency displayed on the receiver.

Note

The MHZ digits will not agree.
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4. Monitor the signal at terminal 2. A level of +8 volts should be observed for

MHZ switch positions 00MHZ through 12MHZ.

5. DMonitor the signal at terminal D. A level of +8 volts should be observed for

MHZ switch positions 13MHZ through 29MHZ.

6. Press the STBY pushbutton, remove extender card A4984 from Z109, and insert
A4957 into Z109.

5-22. ° 7 MHZ GENERATOR ASSEMBLY Z106.
1. Extend A5635 from Z106 and depress the WIDE pushbutton.

2. Monitor the signal at terminal C. A 7-mHz Square-wave signal at approximately

+4 volts should be observed.

3. Monitor the signal at terminal E. A 10-mHz Square-wave signal at approxi-

mately +4 volts should be observed.

4. DMonitor the signal at terminal 8 for the following frequencies:

MHZ Switch Position Frequency at Terminal 8 (mHz)

06

00

BDCST[
01

01

[l
3]
© a0 3 2] [9)] S [3Y w [9V]

~ = O ©
- O © o
[l o o e
—— NN = o

5-12



MHZ Switch Position Frequency at Terminal 8 (mHz)

12 10
13
14
15
16
17
18
19
20 12
21 11
22 10

W bk U a9 o ©

23
24
25
26
27
28
29

W ok O 9 o

5. Press the STBY pushbutton, remove extender card A5635 from Z106, and insert
A5635 into Z106.
5-23 MEMORY ASSEMBLY Z105.

1. Extend A5633 from Z105.

2. Press the WIDE pushbutton.

3. It may be necessary to check the +5 -volt line because of the amount of power

used by A5633. Retest if necessary.
4. Set MHZ switch to 00MHZ.

5. Monitor the signal at terminal R of Z107 for exactly 3 mHz.

5-13



6. Step the MHZ switch through each position and observe a corresponding sync
frequency for each position.
Note
Because of frequency limitation of the test equipment used and also
the availability of test equipment, terminal R may be difficult to
cbserve at the higher frequencies. In this case, terminal X may

be used as a monitor point instead of terminal R. However, the
sync frequencies observed will be the same as shown in paragraph
5-22. For each of the frequencies checked, terminal 3 will indi-
cate a frequency of 333. 3 kHz.
7. A d-c tuning voltage should be observed at terminal 10 of Z105.
8. Press the STBY pushbutton and remove extender card. Insert A5633 into Z105.

5-24. SYNC/AFC ASSEMBLY Z117.

1. Remove Y1 (1.25 mHz crystal) and adjust R10 fully clockwise

2. Connect a signal generator set at 250-kHz with no modulation on FL1 output.
Adjust signal generator for a 2-millivolt (lowest) output possible.

3. Connect oscilloscope to junction of C12 and R15 and adjust L4 for maximum output,
keeping signal as low as possible (150 millivolts).

4. Connect oscilloscope to junction of C17 and R17 and adjust L5 input as low as
possible. Input should be approximately 220 microvolts for 150 millivolt output.

5. Connect oscilloscope to junction of C26 and R31. Keeping input as low as possible,
tune L6 to maximum. Input should be approximately 12 microvolts for 150 millivolt output.

6. Connect oscilloscope to C27. Keeping input as low as possible, tune L10 to
maximum. Input should be approximately 2 microvolts for 150 millivolt output.

7. Connect oscilloscope to C31. Input should be 15 microvolts for 1.5 volt output.

8. Carrier indicator on readout assembly should be lit with approximately
10 microvolt input.

9. With 10 microvolt input, pin 1 of Q10 should be approximately 0.6 volt. Collector
of Q11 should be 5 volts peak-to-peak. The base of Q12 should be +0. 7 volt and the collector
should be low.

10. Adjust R10 1/4 turn from full counterclockwise position. Reconnect oscilloscope

to C31 and connect 250-kHz input at 150 microvolts to pin A. Output should be approximately
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1.2 volts peak-to-peak. (Readjust R10 for 1.2 volts peak-to-peak, if necessary. Check
filter FL1 for proper #40 Hz bandwidth.)

11. Insert 1.25-mHz crystal. Remove wire going to E MOD terminal on oscillator
assembly, and ground E MOD to PC712. Set FINE TUNE to center and check output fre-
quency of XVCO (set to 250 kHz). Also check range of FINE TUNE with oscilloscope on C31.
Oscillator leakage should be no greater than 0.2 volt with 250 kHz disconnected. Connect
Hewlett-Packard 410B to P7 (1 volt scale, 0 c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>