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SECTION 1
GENERAL INFORMATION

1.1 SCOPE OF THIS MANUAL

This service manual includes servicing and align-
ment instructions for the Messenger 223 Transceiver.

Revision notices will be published as this unit is re-
vised. Insert these notices in order at the back of this
service manual.

1.2 FACTORY CUSTOMER SERVICE

A liaison between the customer and the factory is
provided by the E. F. Johnson Company Customer Service
Department. This department is available for consultation
and assistance on technical problems, parts information,
and availability of local and factory repair facilities.

If it is necessary to write to the Customer Service
Department, please include any information you feel will
help solve your problem.

For any of the above requirements contact:

E. F. JOHNSON COMPANY
Customer Service Department
Waseca, Minnesota 56093

1.3 FACTORY RETURNS

Normally, repair serviceisavailable locally through
authorized Johnson Citizens Band Radio Service Centers; a
list of these service centersis available upon request from
the factory Customer Service Department. Do not return
any equipment to the factory without authorization from the
Customer Service Department.

1.4 PURCHASE OF PARTS

The authorized Johnson Service Centers stock com=-
monly needed replacement parts. If a part is not available
locally it may be ordered from the Customer Service De-
partment. When ordering please supply the following in-
formation:

Model number of the unit
Serial number of the unit
Description of the part
Part number of the part

authorized semi
T

1.5 DESCRIPTION

The Messenger 223 is a base station only Citizens
Band transceiver. Complete 23 channel operation is pro-
vided by a 14 crystal solid state frequency synthesizer.

Electron tubes areutilized in the receiver and trans-
mitter, A 14 crystal, 23 channel solid state frequency
synthesizer generates either the transmitter frequency or
the mixing frequency for the receiver second mixer. The
synthesizer outputs are electromically switched between
transmit and receive by diodes.

Supply voltages for operating the receiver and trans-
mitter are provided by a fullwave electron tube rectifier.
A halfwave silicon diode rectifier provides operating volt-
age for the frequency synthesizer.

1.6 SERIAL NUMBERING INTERPRETATION

The E. F. Johnson Company utilizes a white adhesive-
backed cloth printed with the unit serial number and attached
to the back of the transceiver chassis rail. Each serial
number contains an alphabetical designator which indicates
a major revision. The revision letters are in alphabetical
order. For example: An A in the serial number indicates
that the unit includes all the changes specified in revision
A. The revision letter is the only part of the serial num-
ber important to servicing technicians, Units with a major
revision are referred to by their alphabetical designator
in this manual. A unit with revision A is called an A mod-
el, with revision B a B model, etc.
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2.1 GENERAL

Frequency Range
Channels

Dimensions of
Enclosure

Unit Weight
Shipping Weight

Metering
Circuitry

Antenna Impedance

Compliance

2.2 RECEIVER

Sensitivity
Selectivity
Frequency Control

Spurious Rejection

Audio Output Power

Speaker Impedance

Squelch Range

SECTION 2
SPECIFICATIONS

26.965 - 27,255 MHz
23

5 9/16" high x 11" wide x 9 1/16"
deep ‘

12 pounds
18 pounds with Mic

combination received signal strength
and relative output.

10 electron tubes, 11 diodes, 6 tran-
sistors

50 ohms unbalanced

FCC Type Accepted Rule 95
DOT Type Approved RSS 136

(Nominal unless otherwise stated)

lvl dB typical (S +N)/N radio with 1
microvolt (30% modulated 1000 Hz)

7kHz bandwidth at -6 dB
21 kHz bandwidth at -60 dB

+.005% crystal from -30° to +50°C,
(-22 F to +122 F)

50 dB except image of 30 dB

3 watts minimum at 10% distoration
0.5 VRMS

3.2 ohms

0. 3 to 500 microvolts

Squelch Sensitivity

Intermediate
Frequency

AGC

Noise Limiting

Circuitry

6dB or less signal change for 40 dB
of quieting at 1 microvolt

455 kHz

Flat within £10 dB from 50, 000 to 5
microvolts

12 dB rolloff from 5 to 0.5 micro-
volts minimum
Series-type, automatic threshold
adjustment

Single conversion superheterodyne
usingelectron tubes, solid state fre-
quency synthesizer

2.3 TRANSMITTER (Nominal unless otherwise stated)

Emission

Frequency Control

RF Power Output

RF Spurious and
Harmonic Attenu-
ation

Audio Input
Impedance

Audio Frequency
Response

Modulation

Circuitry

6A3

+0, 005%crystal from -30°C to +
500 C (-22° F to 122° F)

4 watts maximum at 117 VAC line
input

Better than FCC and DOT require-
ments
High impedance

+1 to -4 dB from 400 to 2500 Hz

High level AM, class ABl modula-
tor, audio peak clipping and audio
filtering

Electrontubes, solid state frequency
synthesizer




SPECIFICATIONS (Cont'd)

2.4 SPECIFICATIONS Minimum Performance)

2.4,1 RECEIVER

The specifications listed in this section are absolute

service minimums.

Receiver RF input values given at in-

put to a 6 dB 50 ohm pad.

Synthesizer
Qutput
Sensitivity

Output Level

AGC

AGC Rolloff

Hum Level

Squelch

S Meter

Frequency error

Diode Load Voltage

Low Voltage

80 mV minimum, 300 mV maximum

8 dB (S+N)/N ratio minimum with
1 pVinput 30% modulated at 1000 Hz.

1.0 volts minimum across voice coil
with 1 uV 30% modulated at 1000 Hz.

22 dB maximum 100k uV to 10 uV.

7dB minimum 17 dB maximum 10 to
1uv. '

-45 dB at voice coil.

Opens at 1 uV. Tight squelch range
more than 100 ¢ Vless than 31L.6kuV.

Between S8 and S9+10 dB for 100uV.
+0.0025% maximum at +25° C., cab-
inet off,

+0. 00375% maximum atend of 1 hour

£0. 005% maximum -30° to +50° C.

0. 6 volt minimum with 1 4V input.

Functions with 93.5 VAC power
source.

2.4.2 TRANSMITTER

Power Output

Modulation

Modulation
Capability

Relative Output

Frequency Error

Low Voltage

4 watts maximum, 2,3 watts min-
imum.

50% or more modulation with 5 mV
input at 1000 Hz.

not less than 80% but not more than
100% on positive and negative peaks
with 10 dB above 5 mV input at 1000
Hz.

411

+0, 0025% maximum at 25° ¢, , cab-
inet off. *0.0027% maximum after
1 hour, cabinet on.

#0. 005% maximum from -30° C. to

+50° C.

Functions with 93.5 VAC power
source.

2.5 POWER SOURCE 117 Volt AC, 50-60 Hz

Circuit Protection

Receive: 72 watts
Transmit: 87 watts
Fuse in 117 VAC line

2.6 ACCESSORIES

Model 250-887-1

Model 250-888-1

Model 250-49-1

Model 250-849

Plug, microphone
Microphone, desk, high impedance
ceramic, touch bar for SPDT push-

to-talk switch

CB Matchbox

Excitation -11 VDC minimum Antenna Meter
TABLE 2-1
ELECTRON TUBE COMPLEMENT

‘TUBE TYPE FUNCTION E.F.J. PART NUMBER,
V1 6B]6 Receiver RF Amplifier 022-1562-001
V2 12BE6 Second Mixer 022-1563-001
V3 6B]6 First IF Amplifier 022-1562-001
V4 6BJ6 Second IF Amplifier 022-1562-001
V5 6AWSA Squelch and Second Audio Amplifier 022-1565-004
vé 12AB5 Modulator and Receiver Audio Output 022-1566-001
V7 8077/7054 " Transmitter RF Amplifier 022-1619-001
V8 7061 Transmitter Power Amplifier 022-1568-001
V9 12BW4 Power Supply Fullwave Rectifier 022-1569-001
V10 12AT7 First Audio Amplifier 022-1203-001




SPECIFICATIONS (Cont'd)

TABLE 2-2
DIODE COMPLEMENT
DIODE TYPE FUNCTION E.F.]. PART NUMBER
D1 IN881 Receiver Switch 523-1000-881
D2 IN881 Noise Limiter 523-1000-881
D3 IN67A Detector 523-1000-067
D4 Relative Output Meter Rectifier 523-0006-002
D5 " Relative Output Meter Rectifier 523-0006-002
D101 IN881 Transmitter LF Crystal Switch 523-1000-881
D102 1N881 Receiver LF Crystal Switch 523-1000-881
D103 1IN881 - Synthesizer Receiver Output Switch 523-1000-881
D104 1IN881 Synthesizer Transmitter Output Switch - 523-1000-881
D105 200V 1 AMP Synthesizer Power Supply Rectifier 523-0001-002
Rectifier
DZ101 - 10.0V Synthesizer Power Supply Regulator 523-2003-100

1 Watt Zener

TABLE 2-3
TRANSISTOR COMPLEMENT
TRANSISTOR TYPE FUNCTION E.F.]. PART NUMBER
Q101, 3008 LF Oscillator 576-0003-008
Q102 3008 First Mixer 576-0003-008
Q103 3008 HF Oscillator 576-0003-008
Q104 3011 Inverter 576-0003-011
Q105 1003 Switch Driver 576-0001-003
Q06 - 1003 Switch Driver 576-0001-003
9




SECTION 3
INSTALLATION

3.1 GENERAL

The Messenger 223 is available in two models. Mod-
‘el No. 242-223-1 includes an accessory microphone plug,
Model No. 242-223-2 includes a base station microphone.
Both models include the following accessory package items:

Operating Manual

Part 95 Rules and Regulations

FCC License Application Form 505
FCC Identification Card, Form 452-C
Warranty Registration Card

3.2 MICROPHONE CONNECTOR WIRING

Refer to Figure 3-1, Microphone Connector Assem-
bly Details, and Figure 3-2, Microphone Diagram.

.

STRIP I/8IN.

TWIST AND
CORD CLAMP TIN. (SOLDER
(CRIMP WITH LIGHTLY)

FROM INSIDE, BEFORE INSERTING
TINNED, STRIPPED WIRES. REHEAT.

MICROPHONE CONNECTOR
ASSEMBLY DETAILS

FIGURE 3-1
WHITE I
AUDIO | = = T
GROUND 4 <—BrAck T
TRANSMIT KEYING 3 —BcfCK T,
RECEIVE, SPEAKER 2 =R 4R
NO CONNECTION 5§ =————NO CONNECTION
T 05 10
SWITCHCRAFT 12 CLEM — (e
CONNECTOR

E.F.J. MODEL NO. 250-887-I REAR VIEEW

MICROPHONE CONNECTIONS
FIGURE 3-2

3.3 TRANSCEIVER INSTALLATION

a. Select an operating location for the transceiver that
allows air tocirculate freely through the transceiver
cabinet,

b. Ground the transceiver for safety. Attach one end

of a #14 copper ground wire to onme of the cabinet
shell mounting screws. Attach the other end of the
ground wire to a cold water pipe or any other con-
venient grounded metallic material

c. Install the transmission line coaxial connectors.
Figure 3-3 illustrates the correct method of install-
ing connectors.

d. Insert a VSWR indicating device between the antenna
trensmission line and the transceiver antenna term-
inal, Usean E. F. Johnson Antenna Meter, Model No
250-849 or a Bird Model 43 Thruline Wattmeter or
equivalent,

e. Key the transmitter and measure the VSWR. For
best performance and range, this ratio should be 1.5
to 1 or less. If the VSWR is worse than 1.5 to 1 the
antenna should be tuned to the lowest VSWR by ad-
justing its length or by use of the E. F. Johnson CB
Matchbox Model No. 250-49. If the VSWR is worse
than 1,5 to 1, the transmitter output can be tuned to
improve the coupling to the antenna. Refer to the
transmitter alignment section.

NOTE: Refer to the Messenger 223 Operating Manual,
Part No. 002-0070-001, -for antenna and operating
information.

3.4 MICROPHONE OPERATING INFORMATION

The Messenger 223 transmitter audio has been de-
signed to provide 15 dB more gain than previous Johnson
tube type transceivers. This feature provides proper
audio level when a desk stand microphone is used at a
convenient distance. The Messenger 223 operator should
speak 8 to 12 inches away from the desk stand microphone
and 6 inches away from the handheld microphone for best
modulation.




Cut end of cableeven. Removevinyl jacket 1-1/8", except
83-1SP plug remove vinyl jacket 1-1/4",

Bare 5/8" of center conductor. Trim braided shield. Slide
coupling ring on cable. Tin exposed center conductor and
braid.

Screw the plug sub-assembly on cable. Solder assembly
to braid through solder holes, making a good bond between
braid and shell. Solder conductor to contact. Do not use
excessive heat.

For final assembly, screw coupling ring on plug sub-
assembly.

RG-58A/U

Cut end of cable even. Remiove vinyl jacket 3/4". Slide
coupling ring and adapter on cable.

Fan braid slightly and fold back as shown.

Position adapter to dimension shown. Press braid down
over body of adapter and trim to 3/8". Bare 5/8" of con-
ductor. Tin exposed center conductor. ’

Screw plug sub-assembly on adapter. Solder braid to
shell through solder holes. Use enough heat to create
bond of braid to shell. Solder conductor to contact.

For final assembly, screw coupling ring on plug sub-
assembly.

UHF COAXIAL CONNECTORS
ASSEMBLY INSTRUCTIONS
FIGURE 3-3

Reprinted by permission of Amphenol RF Division,
Amphenol Corporation.




INSTALLATION (Cont'd)

3.5 MODIFICATIONS
3.5.1 TRANSMITTER FREQUENCY RESPONSE

Early base station microphones (ones with the model
number not stamped on the base plate) have more low fre-
quency (bass) response then later modified models. The
modified models- can be identified by the stamped model
number, 250-881-1, on the base plate. If desired, trans-
ceivers used withunmodified microphones can be modified
to reduce their bass response by performing the following
procedure.

Parts Required:

Qty. Part Number Description
1 510-3004-102 0.001 uF #20% 500V ceramic
disc capacitor
1 569-1004-184 180, 000 ohm +10% 1/2 watt re-

sistor.

a. Remove the cabinet shell.

b. Replaced C35 with a 0.001 uF capacitor described
under parts required. Refer to Figure 7-3 for the
location of C35.

NOTE: C35 ischanged in all C and later model Mes-
senger 223 transceivers to a value of 0. 001
“F. This change also reduces the receiver
bass response slightly.

c. Connect one end of the 180K resistor to pin 1 of TS9.
(C24 and the shielded audio lead from pin #1 of ]9 are
located at pin 1 of TS9). Refer to Figure 7-2 for the
location of TS9. Connect the other end of the resis-
tor to the nearby ground lug of XV10,

3.5.2 TRANSMITTER AUDIO GAIN

A reduction in the transmitter audio gain can be ef-
fected by changing the plate load resistor of V10B, R26, to
a lower value. For example: the gain of V10B can be low-
ered 6 dB by changing R26 to 47, 000 ohms, or approximate-
ly 12 dB by changing it to 22, 000 ohms.




SECTION 4
CIRCUIT DESCRIPTION

4.1 GENERAL

The Messenger 223 utilizes electron tubes in the
receiver and the transmitter. Its frequency generating
source is a 14 crystal, 23 channel, solid state frequency
synthesizer. The synthesizer crystal frequency and chan-
nel frequency outputs are diode switched between receive
and transmit conditions. The synthesizer receiver output
is 455 kHz below the received frequency. The synthesizer
transmitter output is at the channel frequency. The power
supply, audio circuitry and antenna are common to both
the receiver and transmitter. A front panel mounted S-
meter indicates received signal strength and relative out-
put of the transmitter.

Refer to the block diagram and the schematic while
following the circuit description.

4.2 FREQUENCY SYNTHESIZER

4.2.1 GENERAL

The synthesizer consists of three crystal banks, two

oscillators, a mixer, a diode switch driver and two diode
switching networks. The synthesizer receiver output is
455 kHz below the received frequency and the synthesizer
transmitter output is the channel frequency. This is ac--
complished by two oscillators and one mixer operating in
a single side-step operation. There is no frequency mul-
tiplication in the synthesizer or in other circuits.

" 4.2.2 LF OSCILLATOR

The low frequency oscillator is made up of QLO1 and
its associated circuitry, and crystals Y1 through Y8 which
operate at their fundamental frequency. Switch SWiA se-
lects one of these crystals. Refer to Table 4-1, synthe-
sizer scheme, for the low crystal frequencies. The sig-
nal from the selected crystal is applied directly to the base
of Q101, which has a common collector to provide a high
input impedance. The signal from the emitter of Q101 is
coupled through C107to the base of the synthesizer mixer,
Q102, A capacitive voltage divider, C107 and C108, reduces
the voltage at the base of 0102 and provides the proper
impedance match.

TABLE 4-1
SYNTHESIZER SCHEME
RECEIVE
ICHANNEL HF CRYSTAL LFE CRYSTAL
1 32.700 6. 190
2 32,700 6.180
3 32,700 . 6. 170
4 32.700 6. 150
5 32,750 6. 190
6 32,750 . 6.180
7 32.750 6.170
8 32,750 6. 150
9 32.800 6. 190
10 32.800 6.180
11 32.800 6.170
12 . 32,800 6. 150
13 32,850 6.190
14 32,850 6. 180
15 32,850 6.170
16 32,850 6. 150
17 32,900 6. 190
18 32,900 6,180
19 32.900 6.170
20 32,900 6. 150
21 32,950 . 6.190
22 32,950 6. 180
23 32,950 6. 150

RECEIVE TRANSMIT TRANSMIT
OUTPUT LF CRYSTAL QUTPUT
26.510 5.735 26. 695
26,520 5.725 26.975
26.530 5.715 26.985
26.550 5. 695 27.005
26, 560 5.735 27.015
26,570 5,725 27.025
26.580 5.715 27.035
26. 600 5. 695 27.055
26,610 5.735 27.065
26. 620 5.725 27.075
26,630 5.715 27.085
26, 650 5,695 27,105
26. 660 5.735 27.115
26. 670 5.725 27.125
26,680 5.715 27,135
26.700 5. 695 27.155
26.710 5.735 27.165
26.720 5.725 27.175
26,730 5.715 27. 185
26.750 5. 695 27.205
26, 760 -5.735 27.215
26.770 5.725 27.225
26. 800 5. 695 27.255

NOTE: All frequencies in MHz

i3




CIRCUIT DESCRIPTION (Cont'd)

4.2.3 HF OSCILLATOR

The high frequency oscillator Q103, operates with
third overtone crystals, Y9 through Yl4. Switch SWIB
selects one of the HF crystals at the same time as SW1A
selects a LF crystal. Refer to the synthesizer scheme
for thehigh frequency crystal frequencies. The signal from
the selected series resonant crystal is applied directly to
the base of the HF oscillator, Q103. The signal from the
collector of Q102 is caupled through the oscillator trans-
former, T102, to the emitter of the synthesizer mixer,
Q102

4.2.4 MIXER

The signal from the low frequency (LF) oscillator,
Q101, is coupled to the base of the mixer, Q102, by C33.
The signal from the high frequency (HF) oscillator is
coupled by T102 to the emitter of the mixer. The mixer

output transformer, T101, is tuned for the difference fre- .

quency, i.e., the HF oscillator output minus the LF os-
cillator output. Onchannel I receive thiswould be: 32.700
MHz - 6,190 MHz = 26.510 MHz. While referring to the
crystal chart, notice that in the receive condition the syn-
thesizer output is always 455 kHz below the channel fre-
quency. In transmit the synthesizer output is the channel
frequency. '

4.2.5 DIODE SWITCHING

The synthesizer contains two diode switching net-
works. Diodes D101 and D102 switch the transmit and re-
ceive LF crystals respectively. Diode 103 switches the
synthesizer output in receive and D104 switches the output
in transmit.

Q104, Q105 and Q106 change the switching state of
the diode switches from receive to transmit. This is ac-
complished by the microphone switch placing a ground on

‘the base of Ql04 through R120 during transmit and re-
moving it during receive.

4.3 POWER SUPPLY

The power supply utilizes a 12BW4 full wave recti-
fier, V9, followed by a capacitor input filter.

4.4 MICROPHONE SWITCHING

A SPDT switch on the microphone controls transceiver
operation in the following manner:
4.4.1 RECEIVE

a. Opens cathode of first speech amplifier, V10B, so
microphone will not feed through the speaker.

b. Grounds one end of speaker voice coil to place it in
circuit.
c. Opens cathodes of transmitter oscillator and ampli-

fier (V7 and V8) to turn them off.
d. Removes the ground from the base of Q104 through

R120 which changes the state of the synthesizer diode
switches from transmit to receive.

4.4.2 TRANSMIT

a. Grounds cathode of first speech amplifier, V10B, so
microphone will feed through to second speech am-
plifier.

b. Opens speaker lead to prevent it being driven by
modulator.

c. Grounds cathodes- of V7 and V8 through the coil of
relay, RYI, to turn on the transmitter. This ener-
gizes RY1 which transfers the antenna from receiver
input to transmitter output.

d. Rectified PA grid voltage blocks the grid of the re-
ceiver's first audio amplifier, V104, to keep audio
from the receiver section out of the transmitter.
The negative-going voltage at the collector of Q106
passes through diode switch,D1, and charges the A
GC line and opens the squelch to allow the transmit-
ter audio system to operate,

e. Puts aground on the base of Q104 through R120. This
changes the state of the synthesizer diode switches
from receive to transmit.

4.5 ANTENNA SWITCHING

The relay, RYL, transfers the antenna from the re-
ceiver input to the transmitter output when the microphone
switch, SW2, is pressed. The relay is actuated by the
cathode current of the 7061 power amplifier, V8.

4.6 INDICATOR LIGHTING

The red colored light is a long life neon type con-
nected across the transmitter RF amplifier screen re-
sistor, R55, and indicates that the transmitter is turned
on. Its intensity increases with modulation.

When power is applied, the S-meter and channel in-
dicator are illuminated by three incandesent lamps, These

operate at 12 VAC instead of the rated 14. 4 volts which
prolongs their life by a factor of 10.

4.7 FACTORY TUNING

The receiver and transmitter are aligned for opera-
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CIRCUIT DESCRIPTION (Cont'd)

tion on all 23 CB channels at the factory. The transmitter
output circuit is tuned to a 50 ohm resistive dummy an-
tenna and no further adjustment should be necessary when
using antennas with a voltage standing wave ratio (VSWR)
that does not exceed 1. 3:1.

4.8 RECEIVER CIRCUITS
4.8.1 RF INPUT

With the antenna transfer relay, RYl, in the normal
position, signals from the antenna are applied to the re-
ceiver tuned input circuit made up of L1 and C2. This
circuit provides a voltage gain of approximately 8 from
the 50 ohm input to the grid of V1, the 6B]6 RF amplifier.
Signals from V1 are coupled to double-tuned transformer,
T3. .

4.8.2 MIXER

The output of T3 is applied to the signal grid of V2,
type 12BE6, which serves as the mixer. V2 receives an
additional input from the synthesizer that is 455 kHz below
the channel frequency. The synthesizer signal is coupled
by D103, C112, L3 and C8 to the oscillator grid of V2. The
difference output of V2 is 455 kHz and is selected  and
coupled to the first IF amplifier by T1.

4.8.3. IF AMPLIFIERS

The 455 kHz output from the mixer passes through
IF transformer T1 to V3, the first 6Bj6 IF amplifier;
through IF transformers T6 and T7; to V4, the second
6BJ6 IF amplifier; then through IF transformer T2 to D3,
the IN67 detector and AGC diode.

4.8.4 NOISE LIMITER

The audio output of the detector, D3, is applied to
the anode of a series type noise limiter diode, D2. When
audio peaks exceed a certain negative value of the anode
the diode momentarily stops conducting, thereby gating the
audio signal and preventing strong pulses from reaching
the speaker. The threshold of limiting is set (by the bias
taken from the AGC line) at approximately 30% modulation
of the incoming carrier. The junction of R16 and R20 is
bypassed for audio by C25 and serves as a reference for
bias of the diode. The time constant is small enough, how-
ever, that this bias changes with AGC voltage and automat-
ically adjusts the threshold of limiting for variations in
carrier level.

4.8.5 RECEIVER AUDIO
Audio output of the limiter passes through the vol-

ume control, R21, and to the 12ATY7 first audio amplifier,
V10A. When the transmitter is operating, the grid of V10A

is blocked by rectified DC grid voltage from pin 3 of the
power amplifier, V8. This is done to prevent receiver
audio from reaching the common audio system and modu-
lating the transmitter,

The other half of the 12AT7, VI10B, functions as the
first audio amplifier for the transmitter microphone input.
When the receiver is operating, the microphone switch
SW2 opens the cathode of V10B, disabling the microphone
input.

4.8,6 SQUELCH

The squelch control increases the screen voltage on
the tetrode section of the 6AWS8A tube, V5A, causing V5SA
to conduct. The resulting voltage drop across R29 blocks
the grid of triode V5B, the second audio amplifier, which
then stops conducting, hence no audio reaches the speaker.
The squelch can be opened by an incoming signal which in-
creases the AGC voltage applied to the V5A control grid,

causing V5A to stop conduction; this will allow V5B to con-*

duct and amplify the audio signal.
4,8.7 AUDIO AMPLIFIER

The type 12ABS tube, V6, functions as a class ABI
audio amplifier for the receiver output or as modulator
for the transmitter. The speaker is a PM type.

4,8.8 AGC

The negative voltage developed by D3 during detec-
tion is used for the AGC voltage. This voltage is applied
across a series dropping network consisting of R83, R19
and R16. C85, connected between the junction of R83 and
R19, provides RF bypassing. The AGC voltage is applied
to the control grid of V1, V3 and V4.

4.8.9 S-METER

To indicate the strength of incoming signals, the S-
Meter, M1, is connected in a bridge circuit between the
cathode resistorsof V2 and V4. The cathode voltage at V2
is constant and serves as a reference. The cathode volt-
ageat V4 decreases withincreasing signal because of AGC
action at the antenna since this increasing signal ultimate-
ly develops more rectified voltage at the detector, D3. This
increases the negative AGC voltage; and reduces the cath-
ode current at V4.

Potentiometer R9 functions as the S-Meter electrical
zero set and is adjusted under no signal conditions. A me-
chanical zero set adjustment is located directly under the
meter on the front panel,

4.9 TRANSMITTER CIRCUITS
4,9.1 RF AMPLIFIER

The synthesizer output in transmit condition is cou-
pled by L5 and C37 to the control grid of the RF amplifier
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CIRCUIT DESCRIPTION (Cont’'d)

V7. V7 raises the level of the synthesizer output and pro-
vides driving power for the Power Amplifier stage, V8.
V7 is neutralized by a fixed capacity bridge -to prevent in-
stability.

4.9.2 POWER AMPLIFIER

The type 7061 power amplifier, V8, operates class
C. Its plate circuit is an unbalanced Pi followed by an L
section for additional harmonic reduction. It is neutral-
ized by the capacity bridge method to prevent instability.
The neutralizing adjustment is made by C44, a tubular
ceramic capacitor. This capacitor is adjusted to intro-
duce into the grid circuit an amount of RF voltage equal
to that coupled directly from plate to grid, but 1800 out of
phase with it. The phase reversal takes place when the
neutralizing voltage passes from the bottom end of the res-
onant grid circuit to the grid end.

4,9.3 OPERATING POTENTIALS AND CURRENTS AT
FINAL AMPLIFIER TUBE, V8, TYPE 7061

Plate Voltage 270 VDC
Screen grid voltage 130 VDC
Control grid voltage -18 VDC
Cathode voltage 8 VDC

19 mA DC

Plate current
Screen grid current 6.2 mA DC
Control grid current 1.7 mA DC

4.9.4 RELATIVE OUTPUT METER

Relative output power of the transmitter is indicated
on the black scale of the $-Meter.

To accomplish this, a small sample of the RF volt-
age at the antenna terminal is rectified by diodes D4 and
D5 and the resulting negative voltage (about -15V) is ap-
plied to the AGC line. This causes a deflection of the S-
Meter from AGC action.

Calibration of power output is obtained at cne chosen
output.level by adjusting R43. This changes the negative
voltage on the oscillator grid of mixer, V2, thereby ad-
justing the cathode voltage of V2 which is the reference
voltage for the meter. The negative voltage is applied to
the oscillator grid of V2 in transmit only from the collec-
tor of Q106.

The minimum reading will occur at about one half
scale, since negative voltage (-11V) from the collector of
Q106 is also fed through D1 to the AGC line to prevent in-
teractionof the receiver with the transmitter during trans-
mitter adjustment.




SECTION 5
- SERVICING

5.1 GENERAL SERVICING INFORMATION
INTR ODUCTION

The information in this section serves as a guide for
servicing the Messenger 223 transceiver. Carefully read
this information before attempting to isolate malfunctions.,
A little beforehand knowledge is always an asset when
troubleshooting.

Refer to thecircuit description, block diagrams, and
the schematics at the back of this manual to familiarize
yourself with the transceiver circuitry.

5.1.1 IDENTIFICATION OF. PARTS

The parts list in this service manual is in alphabet-
ical and numerical order by item number, i.e., capacitors
first, chassis parts second, etc.

The parts list contains transceiver photographs with
parts call outs for ease of component identification.

5. 1.2 PREVENTIVE MAINTENANCE

The transceiver should be placed on a regular main-
tenance schedule, and an accurate record of its perform-
ance should be maintained. Important items to check are
receiver sensitivity and trdnsmitter power output. Use
the performance tests in the receiver and transmitter serv-
icing sections as guides.

5.1.3 REPLACEMENT TRANSISTORS

You will notice when referring to the parts list that
the transistorsused in thisunit are listed with E. F, John-
son house numbers. These transistors are specially se-
lected for specific parameters. They must be replaced
with transistors listed in the parts list of this service man-
ual. See Section l in this service manual for detailed in-
structions on Brdering replacement parts.

5. 1. 4. TUNING INFORMATION

1. General - Unnecessary tuning wastes valuable
servicing time and can actually degrade the performance
of a unit if not accomplished by an experienced technician.
The Messenger 223 generally requires tuning of only those
stages that have been repaired. The alignment section in-

cludes detailed tuning instructions and illustrates the tun-

ing tools required.

2. Receiver - The Messenger 223 receiver IF trans-
formers are overcoupled to produce a flat "nose" on the
selectivity curve. (See Figure 5-1 for details.) Tuning
each IF transformer for maximum audio output at the
speaker will give a selectivity curve too narrow at the

nose and too wide at the skirts. The receiver is stagger
tuned on channels 1, 12, and 23 to provide optimum re-
ceiver performance on all 23 channels. Carefully follow
the receiver alignment procedure outlined in Section 6
when tuning the receiver.

7~

/

-6 -4 -2 0 +2 +4 +6
kHz OFF RESONANCE
TYPICAL IF TRACE

FIGURE 5-1

-0 -8 +8 +l0

5.1.5 GENERAL SOLDERING INFORMATION

The same basic soldering practices used on other
printed circuit boards can be used on the Messenger 223
synthesizer circuit board. Avoid using small wattage
soldering irons. Apply the amount of heat that will cause
the solder to flow quickly. No iron smaller than 47 watts
should be used. Use a vacuum bulb desoldering device,
such as a "solder sipper", to remove excess old solder
from the circuit board.

Use a’ heatsink pliers on coaxial cable shields when
unsoldering and soldering components at fixed points where
coaxial cable shields are grounded. Do this by grasping the
tail of the coax shield with needlenose pliers when heat is
applied. This method will prevent melting the coax center
conductor insulation.

5.1.6 REMOVING CABINET SHELL

a. Disconnect-the microphone and unplug the line cord.

b. Stand the tramsceiver on its front on a flat surface.
Separate the front panel and the flat surface with a

soft cloth to avoid scratching the front panel.

c. Remove the four #8 sheet metal screws that retain
the cabinet at the rear of the chassis.
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TABLE 5-1

TEST INSTRUMENTS REQUIRED FOR SERVICING AND ALIGNMENT

TYPE

REQUIRED CHARACTERISTICS

VTVM

Oscilloscope
with RF
Pickup Loop

Audio Volrmeter
Audio Generator

Frequency
Meter

Thruline
Wattmeter

[Dummy Antenna

Crystal controlled
RF Signal Gener-
ator with 6 dB

50 ohm pad

IRF Voltmeter with
100=1 divider

A low range of 0-1.5 volts on
AC and DC

Direct connection to vertical
plates, or vertical amplifier
good to 30 MHz. Refer to
Figure 5-6 for pickup loop
fabrication details.

Measure from -40 dB to +10 dB

With variable attenuator and
frequency of 400 to 2500 Hz

Accuracy of +0,0005% Fre-
quency range of 455 kHz and
from 25 to 30 MHz

Input and output impedance of
50 ohms. 5 or 10 watts. Ac-
curacy of 5% of full scale
reading.

Power rating of at least 5 watts
50 ohms resistive

23 CB frequencies plus 455 kHz
and attenuated output of 1 to
100, 000 microvolts capable of
30% modulation at 400 and 1000
Hz

10 mV - 300 volts

USE

Measure RF, AF and DC
voltages

Check modulated waveforms
.and audio.

Measure audio

Check audio amps. Modulate

transmitter,

Measure receiver and trans-
mitter RF frequencies

Measure transmitter power
output. Measure antenna
VSWR.

Load for Thruline Wattmeter

Receiver RF source

Measure RF voltages

RECOMMENDED MODEL

Heath IM-11 with RF probes
or equivalent

Heath 10-12 or equivalent modi-
fied for direct connection to ver-|
tical plate. Precision ES-550B

Heath 1M-21 or equivalent

Heath IG-72 or equivalent

Viking Instruments
Model VFS 700

Bird Model 43 with 5A or 10A
element

Bird Model 80 coaxial resistor
or equivalent

Radio Research, Model 71-4 or
Model 72 or equivalent. Accur-
acy *0. 0005% except *.01% at
455 kHz

Millivac 38B or equivalent
Boonton 91C or equivalent

TYPE

The following is a list of instruments that can be used if the instruments in the above list are not available,

CHARACTERISTICS

USE

Frequency Meter - 23 CB frequencies,
26,965 to 27,255 MHz, with an ac~-
curacy of *0.0015%.

Measure receiver and transmitter
RF frequencies

International crystal C-12B test set
NOTE: This instrument lacks 1000

Hz modulation for signal generator
and accuracy is lower than the 0.0005%
desired, but offers a desirable com~
bination of features at low cost. It

is battery operated and portable.

RF Power Meter - 5 watts 11/4 watt Measure transmitter power output

Dummy antenna - 5 watts Load for transmitter

RF signal generator - 23 CB frequen- Receiver RF source
cies 0. 0015%, output 1 to 100 micro-
volts, 30% modulation at 400 Hz

AM modulation meter - range 0-100% Measure transmitter percent of

accuracy 3% at 400 Hz and 80% modu- modulation
lation. .
E. F. Johnson antenna meter, 50 ohms Measure antenna VSWR

Model 250-849
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d. Carefully slide the cabinet shell up and off of the
chassis.

5. 1.7 REPLACING INDICATOR LIGHTS

Three incandescent lamps mounted on an aluminum
stripareused to illuminate the meter and channel selector
dial. An E. F. Johnson red subminiature pilot lamp is
uged to indicate the transmit condition. This pilot lamp
contains a 25, 000 hour neon lamp and under normal cir-
cumstances will probably never have to be replaced. The
incandescent lamps can be replaced by performing the fol-
lowing procedure:

a. Remove the cabinet shell.

b. Locate the aluminum strip, behind the front panel,
containing the pilot lamps. The strip is easily iden-
tified by its two protruding red RIB-LOC terminals
with green wires soldered to them.

c. Remove the two #4 self tapping sheet metal screws
that retain the strip to the channel switch bracket.

d. Carefully lift the strip away from the front panel. It
should be suspended freely by one green wire.

e. Unsolder the leads of the defective lamp and slide it
out of its retaining clip.

f. Slide the replacement lamp into the retaining clip.
Solder one lead to the shakeproof ground terminal,
Solder the other lead to the RIB-LOC terminal.

g Re-install the strip and fasten the two retaining
screws.

5.1.8 GENERAL TROUBLESHOOTING INFORMATION
Most transceiver malfunctions will probably be the
result of failures of electron tube or transistors or diodes.
Always give a malfunctioning unit a quick visual check be-
fore attempting to isolate troubles. A visual check may
spot an open filament or burned resistor. Do not rely on
a tube tester for determining faulty tubes. Substitute a
tube suspected of being faulty with a tube known to be good.

Always check cathode voltages first when trouble-
shooting. They will usually give the first indications of
trouble and can improve your troubleshooting efficiency.

When the transmitter is turned on, sufficient voltage
is developed on the AGC line to cut off the squelch control
tube, V5A. Thisactionpermits the second audio amplifier,
V5B to conduct and pass the audio signal through to the
modulator. If transmit audio fails to get through, check
VS, D1 and Q106. A malfunction of any of these devices
can cause failure of V5A to be cut off,
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5.2 TRANSISTOR TROUBLESHOOTING
5.2.1 GENERAL

The following information is intended to aid trouble-
shooting and isolation of transistor circuit malfunctions.

5.2.2 TRANSISTOR OPERATING CHARACTERISTICS

For all practical purposes the transistor base-emitter
junction and the transistor base-collector junction can be
considered to be diodes. For the transistor to conduct
collector to emitter its base-emitter junction must be for-
ward biased in the same manner as a conventional diode.
In a germanium transistor the typical forward biased junc-
tion voltage is 0.2 to 0. 4 volts. A typical silicon transis-
tor will have forward biased junction voltage of 0.5 to 0.7
volts. When collector current is high the base-emitter
voltage of both germanium and silicon transistors increases
from 0.1 to 0.2 volts. The base-emitter bias voltage in
the forward biased condition is then 0.4 to 0.5 volts for a
germanium transistor and 0.7 to 0.9 volts for a silicon
transistor. High current silicon transistors may go up to
2 volts under load.

A high impedance DC voltmeter is usually the only
measuring instrument required for determining the oper-
ating status of an in-circuit transistor. The meter is used
tomeasure the transistor bias voltages. See Figure 5-2 for
the correct voltmeter connections for measuring in-circuit
transistor bias.

5.2.3 IN-CIRCUIT TRANSISTOR TESTING
a. Refer to Figure 5-2 for test connections.

b. Measure the emitter voltage. Compare your meas-
urement to the voltage listed on the schematic dia-
gram. A correct emitter voltage reading generally
indicates that the transistor is working properly. If
you are in doubt as to the condition of the transistor
after measuring the emitter voltage, proceed to the
following tests.

c. Measure the base-emitter junction bias. The volt-
age measured across a forward biased junction should
be approximately 0.3 volts for a germanium transis-
tor and 0.6 volts fora small signalsilicon transistor.

d. Check for amplifier action by shorting the base to
the emitter while monitoring the collector voltage, *
The transistor should cut off (not conduct emitter to
collector) because the base-emitter biasis removed.
The collector voltage should rise to near the supply
level. Any difference is the result of leakage cur-
rent through the transistor. Generally, the smaller
the leakage current the better the transistor. If no
change occurs in the collector voltage when the base-
emitter junction is shorted the transistor should be
removed from the circuit and checked with an ohm-

s
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meter or a transistor tester. The following section
describes the technique for testing transistorsout of
the circuit with an ohmmeter.

* Not recommended for high level étages under driving
conditions.

5.2.4 OUT OF CIRCUIT TRANSISTOR TESTING

Only high quality ohmmeters should be used to meas-
ure the resistance of transistors. Many ohmmeters of
both VOM and electronic types have short circuit current
capabilities in their lower ranges that can be damaging to
semiconductor devices. A good "rule of thumb" is tonever
measure the resistance of a semiconductor on any ohm-
meter range that produces more than 3 milliamperes of
short circuit current. Also, it is not advisable to use an
ohmmeter that has an open circuit voltage of more than
1.5 volts. The following section describes a method for
determining the short circuit current capabilities of ohm-
meters.

5.2,5 HOW TO DETERMINE OHMMETER CURRENT

When the ohmmeter test probes are shorted together
(measuring the forward resistance of a diode or the base-
emitter junction of a transistor amounts to the same thing)
the meter deflects-full scale and the entire battery voltage
appears across a resistance that we will designate as R1.
The current through the probes is the battery voltage di-
vided by the resistance of R1. A very easy method is a-
vailable for determining the value of R1. Look at the ex-
act center of the chmmeter scale. Your reading is the
value of R1 on the Rxl range.

The only other unknown required to calculate the
short circuit current of anohmmeter is the internal battery
voltage. Let's take a well known meter that has a center
scale reading on the ohms scale of 4.62 and a battery volt-
age of 1.5 volts. Its short circuit current can be calcu-
lated by using Ohm's Law. Dividing 1.5 volts by 4.62 ohms
equals a short circuit currentof 324 mA on the Rx1 range.
Obviously, the Rxl range of this meter cannot be used to
measure the resistance of semiconductors. When the
value of R1 is known for the Rxl range it can then be de-

SUPPLY VOLTAGE

DC VM

MEASURE THE COLLECTOR VOLTAGE
= WITH THE BASE-EMITTER JUNCTION
SHORTED (SEE NOTE 2)

o——_L‘

SHORT THE BASE-EMITTER JUNCTION WHILE
MONITORING THE COLLECTOR VOLTAGE

A. MEASURE THE EMITTER VOLTAGE

B. MEASURE THE BASE-EMITTER
BIAS (SEE NOTE 1)

—

TEST CONNECTIONS FOR
IN-CIRCUIT TRANSISTOR TESTING
FIGURE 5-2

NOTE L

Enough loop current is present in the leads of some electronic voltmeters to destroy transistors if measurements are

made directly across transistor junctions.
spect to the circuit voltage common.

NOTE 2:

If an electronic voltmeter is used, perform the above measurements with re-

If the collector voltage is measured with a VOM the meter leads may be comnected directly across the collector re-
sistor. The difference between the supply voltage and the collector voltage will then be indicated directly on the VOM.

NOTE 3:

Be careful when connecting test leads to in-circuit transistors. Operating transistors can be ruined by shorting the
base to the collector and, in some circuit configurations, the emitter to ground.

NOTE 4

Turn power off when removing or installing transistors.

21
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TABLE 5-2
Transistor Ohmmeter Connections Resistance
Type + lead -lead in ohms .
Germanium Power Emitter Base 30 to 50 ohms
PNP Emitter Collector Several hundred
Small Emitter Base 200 to 250 ohms
Signal Emitter Collector 10 k to 100 k ohms
Silicon Small Emitter Base 10 k to 100 k ohms
PNP Signal
Emitter Collector Very high
(Might read open)
Silicon Power Base Emitter 200 to 1000 ohms
NPN
Collector Emitter High; often greater,
than 1 megohm
Small Base . Emitter 1k to 3 k ohms
Signal
Collector Emitter Very high
(Might read open)

termined for any range by multiplying R1 by the multiplier output of receiver). Usecrystal controlled signal

value of the range. The value of R1 for the Rx10 range of generator.
a meter with an R1 value on the Rxl range of 4,62 ohms is Q
4.62 x 10 or 26.2 ohms. The short circuit current on the d. Connect audio voltmeter across voice coil.

Rx10 range can then be calculated: 1.5 volts divided by

46.2 ohms equals 32.5 mA. By using this method, the e. Adjust the transceiver volume control for a ~10dB

lowest safe range for measuring semiconductor resistance indication on the audio voltmeter,

may be determined for any ohmmeter.

f. Switch the signal generator audio off. The audio
should drop 8 dB or more (11 dB typical) as indi-
cated on the AC-VTVM.

Remember that you should not measure any semi-
conductor resistance on any ohmmeter range which pro-
duces more than three milliamperes of short circuit cur-
rent.

5.3.3 AUDIO

Table 5-2 indicates the results that should be obtained
from operational transistors measured out of circuit.

5.3 RECEIVER PERFORMANCE TEST
(With Troubleshooting information) Receiver RF in-
put values are given into 2 6 dB 50 ohm pad.

1. PerformanceTest
a. Set the squelch control fully counterclockwise.

b. Set the audio voltmeter range selector to the 3
volt scale position.

5.3.1 TEST INSTRUMENT CONNECTIONS
. Set the volume control full on.

e}

Refer to Figure 5-3 for test instrument connections

and Table 5-1 for test instruments required. NOTE: Perform the following test on channels 1, 12 and

23.
5.3.2 SENSITIVITY
d. Set the signal generator output for 1uV modulated
30% at 1000 Hz.

1. a. Set the squelch control full counter-clockwise.
b. Set the channel selector to channel 12.
c. Set the generator output for 1pV modulated 30%

at 1000 Hz on channel 12. (Generator must be
accurately on frequency - not just tuned for peak

22

e. Theaudiooutput, indicated on the audio voltmeter,
should be 1.0 volts or more on channels 1, 12 and
23 at room temperature with cabinet off. 0.5 volts
is required with the cabinet onand the transceiver
hot.
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2, Troubléshooting

The condition of the receiver audio section can be
quickly checked by signal injection. Refer to the following
procedure.

a. 1. Connect the "hot" side of an audio generator to a
0.1 uF capacitor. Connect the common side of
the audio generator firmly to the chassis with an
alligator clip. Any individual stage can be checked
using the levels indicated in Table 5-3

2, Set the volume control maximum clockwise.
Set the squelch control maximum counterclockwise.

TABLE 5-3
TYPICAL RECEIVER AUDIO LEVELS

Test Point Volts RMS
Diode Load, T2 Terminal 2 0.1
Top of Vol. . control, R21 Term. 3 0.01
V10A grid, pin 7 0. 009
V10A plate, pin 6 0.
V10B plate, pin 1 0.08
V5B grid; pin 2 0
V3B plate, pin 3 2

2

V6 grid, pin 3 75
V6 plate, pin 9 76
T4, modulator secondary, yellow 72
T4, output secondary, green 1.15

*Reference level for all other measurements listed.

IMPORTANT:

The speaker is grounded through the microphone
switch, so the microphone must be conmnected for the
speaker to operate.

MESSENGER 223 O
)+
AUDIO
VOLTMETER
TO DIODE LOAD .DC VTVM
(TERMINAL 2 OF T2)

—

BOTTOM VIEW

b. 1. The reference level for Table 5-3 is 0.1 volts
RMS of audio at the diode load, terminal 2 of T2.

2. Use an oscilloscope to check stage to stage dis-
tortion.

3. Table 5-3, Typical Receiver Audio Levels, lists
the audio gain distribution, measured with an AC-
VTVM, that should be obtained from a typical re-
ceiver audio section.

5.2.4
1. AGC Performance Test
a. Set the channel selector to channel 12,

b. Set the squelch control to the maximum counter-
clockwise position.

c. Set the signal generator output to 0.1 volt modu-
lated 30% at 1000 Hz at channel 12 (27. 105 MHz).

d. Adjust the volume control for a -10 dB indication
on the audio voltmeter.

e. Reduce the signal generator output to 10uV. The
audio output should not change more than 22 dB.
Record the value so you can reference it to the
results in Step g.

f. Re-adjust the volume control for a -10 dB indica-
tion on the audio voltmeter.

g. Reduce the signal generator output to 1uV. The
output should decrease 7 dB minimum, 17 dB max-
imum from the value with 10 uV input.

FREQUENCY METER

= ]

SIGNAL GENERATOR
455 kHz TO 30 MHZ

“T" CONNECTOR

NOTE: CHECK SIGNAL GENERATOR
OUTPUT WITH FREQUENCY
METER. DISCONNECT FRE-
QUENCY METER AT “T"
CONNECTOR FOR ALIGNMENT.

RF
VOLTMETER
(FOR ALIGNMENT)

TEST INSTRUMENT CONNECTIONS
FOR RECEIVER SERVICING AND
ALIGNMENT

FIGURE 5-3
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2. AGC Troubleshooting more negative as the signal is increased. If the
AGC voltage does not change, check the detector
AGC problems can cause: circuitry and refer to Table 5-4 for a list of typi-

cal AGC voltage readings.
- overloading on strong signals.

- erroneous voltage readings at V1, V3 and V4.
5.3.5 IF and RF Troubleshooting
a. Measure the AGC voltage at terminal 2 of T2 with

a DC voltmeter. Check the RF and IF stages by signal injection. Con-
nect a DC voltmeter to terminal 2 of T2, Table 5-5 lists
b. Increase the output of the RF signal generator the injection points and the input levels necessary to ob-
from 1pV to 0.1 V. The AGC voltage should go tain 1.0 volts at terminal 2 of T2.
TABLE 5-4
TYPICAL AGC CHARACTERISTICS
Test Conditions:
Volume control advanced for reference of 0.775. VRMS at the speaker voice coil with 100, 000 ¢V input to 50 ohm 6 dB pad
between generator output and antenna terminal. 27.105 MHz (channel 12) 30% modulation at 400 Hz.
Audio measured with an AC-VTVM connected across the speaker voice call.
RELATIVE
RF AUDIO DIODE LOAD
INPUT TO PAD OUTPUT TERM. 2, T2
(MICROVOLTS) (dB) (VOLTS)
100K 0* -16
31. 6K - 2.4 : -13.3
10K - 4.5 ~11
3, 16K - 6.2 - 8.8
1K - 8.5 . - 7.0
316 -10.2 - 5.6
100 ~-12.4 - 4.5
31.6 -15.0 - 35,
10 -18.2 - 2.5
3.16 -22,5 - 1.6
1 -32.0 -0.7
* Reference:; 0.775 VRMS
5.3.6 Squelch Threshold Performance Test e. Set the signal generator output for IuV modulated
30% at 1000 Hz.
a. Set the channel selector to channel 12.
f, Connect the signal generator cable to the antenna
terminal, The squelch should open and allow audio
b. Disconnect the signal generator (if connected) from output.
the antenna terminal. . .
g. Turn the squelch control fully clockwise.
c. Set the volume control to about 1/4 on. h. Set the signal generator attenuator to 100uV. The
squelch should not open.
d. Turn the squelch control just far enough clockwise i. Set the signal generator attenuator to 31, 600 micro-
to quiet the audio. volts. The squelch should open.
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TABLE 5-5
TYPICAL RF AND IF LEVELS IN RECEIVER

6 dB 50 ohm pad.

TEST POINT FUNCTION
T2, pin 5 Det. Diode
V4 plate, pin 5 IF AMP
V4 grid, pin 1 IF AMP
V3 plate, pin 5 IF AMP
V3 grid, pin 1 IF AMP
V2 plate, pin 5 MIXER

V2 signal grid, pin 7 MIXER

V2 signal grid, pin 7 MIXER

V1 plate, pin 5 RF AMP
V1 grid, pin 1 RF AMP

Antenna connector
NOTE: TYPICAL VALUES MAY VARY #20%

Reference: 1 volt DC at diode load (terminal 2 of T2), measured with DC-VTVM.

Input levels are given at the input to a

INPUT INPUT
FREQUENCY LEVEL

455 kHz 0. 76 volts

455 kHz 2,7 volts

455 kHz 16, 000- microvolts!

455 kHz 170, 000 microvolts

455 kHz I, 300 microvolts

455 kHz 1,200 microvolts

455 kHz 780 microvolts

27.105 MHz 1,200 microvolts|

27.105 MHz 300 microvolts|

27.105 MHz 17 microvolts|

27.105 MHz 1.7 microvolts]

5.3.7 Noise Limiter Performance Test

a. Turn squelch control full counterclockwise.

b. Connect the noise generator illustrated in Figure 5-4
to the antenna terminal. Set RF signal generator to
1 ¢V unmodulated.

c. Connect an audio voltmeter across the speaker coil
and set the volume control for an indication of -10 dB

on the meter.

d. Turn on the noise generator. The audio output should
not increase more than 5 dB.

1If the noise limiter fails the test, disconnect one end
of diode D2 and check it with an ohmmeter.

N.C. (NORMALLY CLOSED)

7, oHvs
5 WATT

i i OluF
- RELAY. oo
RELAY:
ST, e Jleol | E o
T T 290 OHMS|  op-1656-001
l b 12 vDC
12VDC_L_.OluF | OHM
lNPUTT 50V | WATT

NOISE LIMITER TEST GENERATOR
FIGURE 5-4
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5.3.8 S-Meter Performance Test

a. Mechanical zero
With power off, set the S~Meter to mechanical zero
(extreme left end of the scale). Access hole for ad-
justing the screw is in the front panel directly below
the meter.

b. Electrical zero
Perform the electrical zeroadjustment on channel 12
with the transceiver warmed up. Withno signal, adj-
ust R9 (bottom side of the chassis, left end) to give
a zero reading on the S-Meter.

c. Performance Test
Set the signal generator attenuator to 100uV. The
S-Meter should read between S8 and 10 dB above 59.
The $-Meter calibration is approximately 5 dB per S
unit.

5.4 TRANSMITTER PERFORMANCE TEST

(With troubleshooting information)

Refer to Figure 5-5 for test instrument connections
and Table 5-1 for test instruments required.

5.4.1 RF POWER OUTPUT

a. Connect the wattmeter and 50 ohm load to the anten-
na terminals.




SERVICING (Cont'd)

b. Connect a DC-VTVM to junctionof L2 and R42. (Re-
fer to Figure 6-3, bottom view of Messenger 223).

CAUTION: Meter is floating at supply voltage above
ground. Metal cases of some VTVM's may be "hot" with
DC. d

c. Connect DC voltmeter across R46, the 100 ohm me-
ter shunt, with the positive terminal at the junction
of R46 and R54. Each volt read will represent 10
mA PA plate current.

d. Key the transmitter with no modulation applied.
Check the RF power output on channels 1 through 23 f.
with no modulation. The limits are 4 watts maxi-
mum and 2.3 watts minimum. The power amplifier
plate current should be 19 mA for 5 watts power in-
put. Refer tosection 6 for the transmitter alignment
procedure.

e. Set the channel selector to channel 16.

f. ‘Adjust R43 (bottom side, front and center) to give an
indication of 4 on the black scale of the S-Meter.

g. Check meter operation on channels 1 and 23, The
limits with no modulationare 3 minimum and 5 max- h.
imum.

| i.
5.4.2 MODULATION
a. Connect the "hot" side of an audio generator to the
male (inside) side of pin 1 of the microphone jack,

(J ). Use an insulated miniature alligator clip if
available.

b. Connect the common side of the audio generator to

the male (inside) side of pin 4, ]9.

Set the audio generator output for a 5 millivolt level
at a frequency of 1000 Hz.

Couple a small sample of the modulated RF output
with an RF pickup loop or other means available to
the vertical plate of an oscilloscope. Refer to Fig-
ure 5-6 for connection details. Couple the pickup
loop to L10.

Key the transmitter with the microphone.

Use Figure 5-7 as a reference. Observe the oscil-
loscope waveform. A minimum of 50% modulation
should be obtained. The typical level of modulation
is 75% with the threshold of peakclipping at approxi-
mately 80% modulation. If these levelscannot be ob-
tained, refer to Table 5-6 for troubleshooting infor-
mation.

Increase the audio input of 5 millivolts by 10 dB,
(15. 8 millivolts input). The modulation should be a
minimum of 80% and not more than 100% on both posi-
tive and negative peaks.

Unkey the transmitter and disconnect the audio gen-
erator.

1. Key the transmitter and speak into the microphone.
Check for normal modulation as indicated in Step

g

2. Check theoperation of the pilot lamps. The three
white lamps must glow when the transceiver is
turned on. The red lamp must glow when the mi-
crophone switch is pressed and its brightness
should increase with modulation.

b

MESSENGER 223

JUNCTION C48, R46

JUNCTION R46, R55-=

L2, R4z~ “DC VTVM

1
il DUMMY
mRone |=={ Lo
O 10 WATTS
FREQUENCY METER | LWATTMETER
OSCILLOSCOPE
WITH
RF PICK UP
LOOP
O:DC VOM AUDIO
OLTMETER GENERATOR

—

BOTTOM VIEW

TEST INSTRUMENT CONNECTIONS FOR
TRANSMITTER SERVICING AND ALIGNMENT
FIGURE 5-5
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SERVICING (Cont'd)

TABLE 5-6
TYPICAL AUDIO LEVELS IN TRANSMITTER

Test Conditions:

Audio measured with AC-VTVM.

. Modulation measured with oscilloscope at RF output.
PA plate current 19 mA.

Modulating frequency 1, 000 Hz.

Reference Reference
50% Modulation 80% Modulation
Microphone input 3.4 mV 7.0 mV
V10B - Pin 2 grid 3.4mV 7.0 mV
V10B - Pin 1 plate 0.135 0.265
V104 - Pin 6 plate 0.012 0.0245
. 2T COUPLING (ALL UNSHIELDED LEADS
AS .
e | IOOK 2 00l 50 OHM MINIATURE SHORT AS POSSIBLE.)
{ [COAXIAL CABLE RGI74/U
OUTSIDE JACK
: VERTICAL (ANY CONVENIENT LENGTH) e ET
I | AMPLIFIER | DEFLECTION 5pF
! PLATES T SHIELD N
| A S “~INNER CONDUGCTOR '
(OSCLLOSCOPE _j g0k ,
NOTE: "
TERMINALS |,2,3, 4 ARE LOCATED ON THE 27T No22 WIRE ON 3 COIL FORM PLASTIC JACKET STRIPPED,

|

PES,
R o o veents Jo 5 AN 3 To 4. WITH TURNABLE IRON CORE-TUNE INNER CONDUCTOR SOLDERED
AT OF THE NORWAL JHPERS. WITH FOR MAXIMUM SCOPE INDICATION. TO SHIELD. TAPE CONNECTION
00K RESISTORS ALLOWS THE CENTERING AND VARY TURNS FOR FREQUENCY
ASTIGMATISM CONTROLS TO OPERATE, YET ISQLATES
THE RF INPUT FROM THE VERTICAL AMPLIFIER.

OSCILLOSCOPE RF PICK-UP LOOP
AND METHOD OF CONNECTION
FIGURE 5-6

UNMODULATED CARRIER 50% MODULATION 100% MODULATION OVERMODULATION

TRANSMITTER WAVEFORMS
FIGURE 5-7
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SERVICING (Cont’d)-

5.5 SYNTHESIZER tor case diagrams, if a semiconductoris suspected
of being faulty.Refer to Figures 5-10 and 5-11 for
NOTE: The following measurements are only necessary component identification.

if the synthesizer has been repaired or it is sus-
pected of functioning improperly. Refer to Tables
5-7, 5-8 and 5-9 for synthesizer troubleshooting

information. COLOR BAND INDICATES
CATHODE END

a. Couple a small sample of the transmitter power out-
put from the dummy load to a frequency meter.

b. Measure the frequency on channels 1, 6, 11, 16, 20 METAL METAL PLASTIC
and 23. ; E E B c
C c B
NOTE: The following table lists the maximum frequency I
" variations at a standard temperature of +25° Cen~
tigrade (720 Fahrenheit). RED DOT
INDICATES
c.  If the synthesizer fails to meet the limits listed in COLLECTOR
Table 5-7, refer to Table 5-8 and 5-9 and the syn-
thesizer alignment instructions in section 6.
NOTE: Refer to section 5-2 and Figure 5-8, semiconduc= SEMICONDUCTOR CASE DIAGRAMS
BOTTOM VIEWS
FIGURE 5-8
TABLE 5-7

LIMITS FOR TRANSMITTER FREQUENCY VARIATION

0. 0025% -0.0025%
ICHANNEL NO. FREQUENCY, kHz HIGH LIMIT, kHz LOW LIMIT, kHz
1 26, 965, 000 26,965, 674 26, 964, 326
6 27,025,000 27,025,676 27,024, 324
11 27,085.000 27,085.677 27,084. 323
16 27, 155.000 27,155,679 27,154,321
20 27,205. 000 27,205. 680 27,204. 320
23 27,255. 000 27,255,681 27,254. 319

TABLE 5-8
FREQUENCY SYNTHESIZER TROUBLESHOOTING

Trouble Probable Cause
Receiver completely inoperative, D102, D103 or Ql06.
Transmitter operates normally.
No output in transmit condition. Receiver operates D101, D104, QL04, Q105, or QLO6.
normally.
Receiver and transmitter completely inoperative. D105, Q101, Q102 or QL03..
'Transceiver operation intermittent. Alignment improper. Selector switch dirty.
‘Transceiver inoperative on some channels. Faulty crystal. Refer to Table 5-9 and Figure 5-8.

Operates normally on others.
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SERVICING (Cont’d)

5.6 TYPICAL RESISTANCE READINGS Resistance-Ohms
]5, antenna socket, with antenna disconnected. Red-yellow to red 151 & 144
Green to green 0.19
Resistance-Ohms
Center Pin 47,000 LS1, Speaker
Body S0 Voice coil 3

T4, output and modulation transformer.

5.7 CURRENT DRAIN MEASUREMENTS

Blue to red 206
Brown to yellow 164 The power supply current drain can be measured by
Green to black 0. 36 inserting a DC current meter in series with the cathode of

the rectifier tube, V9.
TS5, 117 VAC transformer.

Typical Current Drain

Black to black 4.3 Transmit - 118 mA
Red to Red 295 ) Receive - 86 mA -
TABLE 5-9
SYNTHESIZER CRYSTAL TROUBLESHOOTING
Receive Transmit
Channels Inoperative Inoperative Inoperative Faulty Crystal
1, 2, 3and 4 X X Y9
5, 6, 7and 8 X X Y10
9, 10, 11 and 12 X X Yil
13, 14, 15 and 16 X X Y12
17, 18, 19 and 20 X X Y13
21, 22, and 23 X X Y14
1, 5,9, 13, 17 and 21 X Y5
2, 6, 10, 14, 18 and 22 X Y6
3, 7, 11, 15 and 19 X Y7
4, 8, 12, 16, 20, 23 X Y8
1, 5, 9, 13, 17 and 21 X Y1
2, 6, 10, 14, 18 and 22 X Y2
3, 7, 11, 15, 19 X Y3
4, 8, 12, 16, 19 and 23 X Y4
YO—
Y4 —
CRYSTAL MOUNTING DETAILS
(REAR VIEW)
’ FIGURE 5-9
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SECTION 6
ALIGNMENT

6.1 GENERAL TABLE 6-1
ALIGNMENT TOOLS REQUIRED
NOTES
INOTE: All tools can be purchased from General Cement.
1. Use care and the proper tuning tool in adjusting the
various transformers to prevent coredamage. Refer ' TOOL TYPE USE
to table 5-1 for test instrument information, Figure
6-1 for tuning tools, and Figures 6-2 and 6-3 for GC 8606  Delrin Hex Tool Aligning T1, T2, T3 and
alignment points. T6.
2. Keep all coaxial cables as short as possible. Walso 0.075 hex Aligning T101, T102
. 2510
3.  All receiver RF input levels listed in the receiver General 5003 dual screw Aligning all other adjust-
alignment chart are numbers into a 6 dB pad con- Cement _ driver ments

nected between the generator and the transceiver.

; .
093 1ot
8 = — - =D

- 5
074 1- - . 3

at—1 T

=

{4

O...
9
3

o
2
3

WALSO 2510 (G-C 9300)

6" 1l

t 140 HOLE FOR "6 SCREW

.0l5 sLoT G-C 5003

ALIGNMENT TOOLS REQUIRED
FIGURE ©-I
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ALIGNMENT (Cont'd)

6.2 RECEIVER ALIGNMENT CHART

ALIGNMENT

CONNECTIONS AND SETTINGS

ADJUSTMENTS

L.

2.

3.

455 kHz IF (with IF trans-
formers completely out of
alignment)

455kHz IF (with IF trans-
formers approximately in
alignment)

Visual Presentation of IF
selectivity curve (option-
al)

a, Connect a DC-VTVM to the diode load
(terminal 2 of T2).

" b. Connectan AC-VTVM across the speak-

er voice coil (from the green wire to
the chassis). ’

g

Plug the line cord intoa 117 VAC source.

d. Turn the squelch control just enough
clockwise to turn the power on.

e. Turn the volume control fully clock~
wise.

f. Connect the microphone. Be extremely
careful not to key the mic while align-
ing the receiver, or remove V8, type
7061.

g. Apply a 455 kHz signal modulated 400
Hz at pin 1 of XV4.

h. Transfer the signal generator to pin 1
of XV3.

i. Transfer the signal generator to pin 1
of XV2.

Connect the test instruments and perform
settings as listed in steps a through g of
step 1.

NOTE:" A stable 455 kHz sweep generator
with a narrow sweep (about 24 kHz) and an
oscilloscope with linear sweep are required
for this alignment procedure,

a. Perform steps a through f of the con-

a. Adjust top cores in T2, T7, T6, and
T1 flush with top of the can.

b. Adjust the bottomcore in T2 for max-
imum audio output.

c. Adjust the top core of T2 for maxi-
mum audio output.

d. Note: on this adjustment reduce the
input and volume control as necessary.
Make the final adjustmentateach core
of T2 with input reduced to give ap-
proximately 1.0 volts at the diode
load.

e. Adjust the cores of T7 as in steps b,
c, and d.

f. Adjust cores of T6 as in steps b, c,
and d.

g. Adjust the cores of Tl as in steps b,
¢, and d.

Adjust the following transformers in or-
der, T2, T7, T6 and T1 bottom cores,
then top cores.

nections and settings in step 1.
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ALIGNMENT (Cont'd)

ALIGNMENT

CONNECTIONS AND SETTINGS

ADJUSTMENTS

4. Synthesizer Adjustment

5. Receiver RF Alignment

. Connect the sweep generator to pin  of

XV2.

. Connect the oscilloscope vertical input

to the junction of R17 and D2.

. Comnect the sweep generator sawtooth

sweep output to the sweep input of the
oscilloscope.

. Connect a 1 uF or larger paper capaci-

tor from the AGC line to the chassis.
(From the end of R2 on TS6 to thechas«
sis is convenient).

. Check the voltage across DZ101. Your

reading should be -10 0. 5 volts DC.

. Comnect an RF voltmeter or DC-VIVM

with RF probeacross the receiver coax
on the synthesizer board.

. Set the channel selector to channel 23.

. Set the channel selector to channel 12.

. Perform the comnections and settings

listed in steps a through f in step 1.

. Connect a signal generator thro‘ugh ab

dB attenuator to the antenna terminal.

. Set'the channel selector to channel 12.

. Set the signal generator to channel 12

(27.105 MHz) modulated 30% at 1000 Hz.

Adjust the top core of T2 to correspond
with the example in Figure 5-1as closely
as possible.

a. Adjust T102 until the voltmeter be-
gins to indicate the presence of RF.
Back off the core of T102 (toward the
top of the can) until the oscillator
stops then advance the core exactly
1/4 turn beyond the oscillator start-
ing point.

b. Adjust T10l and L3 for a maximum
reading on the RF voltmeter (225
mV typical). About 130 mV mini-
mum will be required to meet diode
load specifications.

Caution:

Tune on the outside peaks.

c. Check the synthesizer crystals by
setting the channel selector switch to
channels 1, 6, 11, 16, 20, and 23 and
observe the RF voltmeter. It should
approximately be the same as in step
b.

NOTE: .The 27 MHz transformer, T3,
is stagger tuned.

a. Adjust the core in L1, the antenna
input coil, for maximum audio out-
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ALIGNMENT (Cont’d)

ALIGNMENT

CONNECTIONS AND SETTINGS

ADJUSTMENTS

6. S-Meter

e. Set the channel selector to channel 1.

f. Change the signal generator frequency
to channel 1 (26.965 MHz). :

g. Set the channel selector to channel 23.

h. Change the signal generator frequency
to channel 23 (27.255 MHz).

put. Start from "core out' position
(to avoid tuning to the injection fre-
quency, 26.650 MHz, or to the im-
age frequency, 26.195 MHz). Make
the final adjustment with the input
reduced to give approximately 1 volt
at the diode load.

b. Adjust top (primary) core in T3 for

maximum audio output by starting

from the top (outside) end of the coil |
and tuning for the second peak, which

occurs when the core is positioned

near the bottom (inside) end of the

coil. (Besure to tune from the "high

frequency" side, to avoid tuning to

the receiver injection frequency,

26.510 MHz, or to the image frequen-
cy, 26.055. In this position greater

coupling will result and the frequen-
cy response of T3 will be widened.

Do not insert the top core so far that

it enters the bottom (secondary) coil

and tunes the secondary to channel 1).

The top core will be approximately

7/16" from the top of the can when

tuned properly.

c. Adjust bottom (secondary) core in
T3 for maximum audio output, start-
ing from 'core out" position at the
bottomn (outside) end and tuning for
the first peak. (Besure to tune from
the "high frequency" side to avoid
tuning to the receiver injection fre-
quency, 26.800 MHz, and the image
frequency, 26. 345 MHz).

d. Repeats steps a and c (adjustments
on channels 12 and 23) making the
final adjustment with the input re-
duced to give approximately 1 volt
at the diode load.

With 1 microvolt input, diode load
voltage should not be less than 0.6
volt, (Typical 0. 75 volt).

Refer to Section 5.3.7. for S-Meter
alignment and performance test infor-
mation,
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6.3 TRANSMITTER ALIGNMENT CHART

ALIGNMENT

CONNECTIONS AND SETTINGS

ADJUSTMENTS

1. Driver

2. Preliminary Power Ampli-
fier Adjustment

3. Neutralization

0

. Remove fhe cabinet shell.

. Connect a Bird Thruline wattmeter with

10A element, or equivalent to the an-
tenna terminal, terminate the wattmeter
into a 50 ohm load such as a Bird Ter-
maline.

. Connect a DC-VTVM to the junction of

L2 and R42. This connection measures
the PA grid voltage.

. Connect a DC voltmeter across R46, the

100 ohm meter shunt, with the positive
terminal at the junctionof R46 and R55.
Each volt indicated represents 10 mA of
plate éurrent.

. Plug the line cordintoa 117 VAC source.
. Key the transmitter with the microphone.

. Connect a DC-VTVM to the junction of

L2 and R42.

Connections and settings the same as in
steps a through f of part 1.

The same as in step 2.

a. Grid- adjust the core in LS for max-
mum PA grid voltage,

b. Plate --Adjust coil L7 for maximum
rectified grid voltage on the power
amplifier (typical -18 volts). This
will be readjusted after the power
amplifier is tuned.

a. Adjust the Pi~L network for maximum
RF current to the dummy load while
maintaining the standard value of PA
current (19 mA). Make a prelimin-
ary adjustment before neutralizing.
This is accomplished by simultaneous
adjustments of PA' plate tuning and
coupling.

b. PA Plate Tuning - Adjust L9 for a dip
in PA plate current (resonance).

c. Coupling - Adjust C49, 65 pF variable
air capacitor, for desired PA plate
current at dip, keeping L9 adjusted
for aminimum PA currentof standard
value or a little less at the dip, Cou-~
pling will increase as C49 is turned
clockwise (less capacity), as viewed
from the bottom.

NOTE rectified DC grid voltageon PA as
L9 is tuned through resonance.
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ALIGNMENT

CONNECTIONS AND SETTINGS

ADJUSTMENTS

4. Final Power Amplifier Ad-
justments

5. Final RF Drive Adjust-
ment

6. Relative *Power Output
Meter Adjustment

The same as in step 3.

The same as in step 1 except connect the

DC-VTVM to the junction of L2 and R42.

Same as in Step 1 except set the channel
selector to channel 16,

If this voltage increases in magnitude
when the core in L9 is backed out of the
coil, the value of the tubular ceramic
capacitor, C44, is too small. Increase
capacity of C44 one half turn at a time
(clockwise) and repeat test above.

If the grid voltage increases in magni-
tude when the core in L9 is inserted far-
ther into the coil, the value of C44 is too
large. Decreasecapacity of C44 one half
turnata time (counterclockwise) and re-
peat test above, A setting will be found
at which the grid voltage rises equally
but only slightly or not at all on each
side of resonance. This adjustment is
the desired one.

The setting of neutralizing capacitor C44
affects the PA plate tuning, hence the PA
tuning and coupling will be touched up in
the following step.

Repeat step 2, but make the last adjust-
ment that of detuning L9 slightly in the
counterclockwise, (core out) direction
for maximum RF output, while maintain-
ing standard power amplifier plate cur-
rent. '

Adjust plate coil, L7, for maximum rec-
tified grid voltage on the power ampli-
fier, then adjust for equal values on
channels 1and23. Minimum limits; -11
volts DC. (Typical = ~18 volts).

a. Key the tramsmitter with no mod-
ulation.

b. Adjust R43 (refer to Figure 6-3 for
location) to give an indication of 4 on
the black scale of the S-Meter.
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% BOTH CORES MUST BE TUNED
FROM TOP QF CHASSIS.

ALIGNMENT POINTS
(TOP VIEW)
FIGURE 6-2
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RELATIVE POWER
OUTPUT METER
ADJUSTMENT

SPEAKER
TERMINALS
(AUDIO_VOLTMETER
CONNECTION POINTS)

ALIGNMENT AND TEST
INSTRUMENT CONNECTION POINTS
(BOTTOM VIEW)
FIGURE 6-3
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SECTION 7

PARTS LIST
SYMBOL NoO. DESCRIPTION PART NO. SYMBOL NO. DESCRIPTION PART NO.
ASSEMBLIES D104 Same as D101
D105 Diode, rectifier 200V, 1 amp  523-0001-002
ASY2 Crystal switch assembly 583-2029-101 DZ101 Diode, zener, 10.0V £5% 1W  523-2003-100
Includes: R101 Resistor, 22KQ *10% 1/4 W 569-1002-223
Crystals Frequency R102 Same as R101 .
Y1 5,735 MHz 519-0023-004 R103 Resistor, 4.7KQ z10% 1/4 W 569-1002-472
Y2 5.725 7 519-0023-003 comp.
Y3 5,715 " 519-0023-002 R104 Resistor, 15KQ +10% 1/4 W 569-1002-153
Y4 5.695 519-0023-001 comp. R
Y5 6.190 " 519-0023-008 R105 Resistor, 3.3KQ £10% 1/4 W 569-1002-332
Y6 6,180 " 519-0023-007 comp.
Y7 6.170 " 519-0023-006 R106 Resistor, 1000 £10% 1/4 W 569-1002-101
Y8 6.150 519-0023-005 comp. .
Y9 32,700 " 519-0024-001 R107 Same as R106 ’
Y10 32,750 519-0024-002 R108 Resistor, 39KQ £10% 1/4 W 569-1002-393
Yil 32,800 " 519-0024-003 comp.
Y12 32.850 " 519-0024-004 R109 Resistor, 6.8KQ £10% 1/4 W 569-1002-682
Y13 32,900 " 519-0024-005 comp.
Y14 - 32,950 ™ 519-0024-006 R110 Resistor, 2.2KQ £10% 1/4 W 569-1002~-222
comp.
ASY3 Synthesizer poard assembly 023-2575-001 R111 Same as R110
Includes: R112 Resistor, 4709 " " 569-1002-471
BKT6 Mounting bracket 017-0671-001 comp.
Printed circuit board 035-0069-001 R113 Resistor, 2,7KQ " " 569-1002-272
c101 Capacitor, 0.047 1F, +80% 510-3007-473 comp.
-20% 16V YSU R114 Resistor, 6808 " " 569-1002-681
C102 Same as C101 comp.
€103 Same as C101 R115 Resistor, 1002 " " 569-1002- 101
C104 Capacitor, 150 pF, £5% 100V 510-000£-151 comp.
D. M. silvered mica R116 Resistor, 1KQ " " 569-1002~102
C105 Capacitor, 47 pF,- 5% 100V 510-0001-470 R117 Resistor, 39 £10% 1/2 W 569-1004-390
D.M. silvered mica
C106 Capacitor, 0.01uF, +80% 510-3003-103 R118 Resistor, 10Q +10% 1/2 W 569-1004-100
-20% 50V, Y5U R119 Resistor, 399 *10% 1/2 W 569-1002-105
c1e7 Capacitor, 68 pF 5%, N750 510-3020-680 comp.
200V ceramic disc R120 Resistor, 10Q *10% 1/2 W 569-1002-154
C108 Capacitor, 120 pF £5%, N750 510~3020-121 comp.
200V ceramic dise R121 Resistor, 1 M@ £10% 1/4 W 569-1002-221
C109 Capacitor, 0.01pF, +80% 510-3003-103 comp.
-20% 50V, YSU R122 Resistor, 150 K@ " " 569-1002-331
C1l0 Capacitor, 56 pF 5%, N750 510-3020-560 comp.
200V ceramic disc R123 Resistor, 2209 " " 569-1002~272
Clli Capacitor, 68 pF 5%, N750 510-3020-680 comp.
200V ceramic disc R124 Resistor, 1K " " 569-1002-102
Cl112 Capacitor, 0.01pF, +80% 510-3007-103 comp. :
-20% 16V, YSS R125 Resistor, 2.7KQ " " 569-1002-471
C118 Same as C112 comp.
Cli4 Same as C112 R126 Resistor, 1 KQ " v 569-1002-102
C115 Capacitor, 6.8 pF 5%, N750  510-3020-689 comp.
200V ceramic disc R127 Resistor, 4708 " " 569-1002-471
Cll6 Capacitor, 18 pF +5%, N750 510-3020-180 comp.
200V ceramic disc R128 Resistor, 3308 R 569-1002-331
Cc117 Capacitor, 22 pF 5%, N750 510-3020-220 comp.
200V ceramic disc . Qio1 Transistor, 3024 576-0003-024
C118 Capacitor, 0.01uF, +80% 510-3003-103 Q102 Same as Q101
-20% 50V, YSU Q103 Same as Q101
' C119 Same as C118 Q104 Transistor, 3011 576-0003-011
C120 Same as CL18 Q105 Transistor, 1008 576-0001-003
ci21 Capacitor, 1000uF, +100% 510~ 4006-005 Q106 Same as Q105
-10%, 16V, electrolytic T101 Transformer, 26.9 MHz 592-5008-011
D101 Diode, 1N881, 200V, 50 mA 523-1000-881 T102 Transformex, 32 MHz 592-5010-001
D102 Same as D101 L101 Inductor, 2.4 MH 022-1193-001
D103 Same as D101 L102 Inductor, 20 uH 542-3002-002




PARTS LIST (cont'd)

SYMBOL NO. DESCRIPTION PART NO. SYMBOL NO. DESCRIPTION PART NO.
ASY4 Front panel assembly 023-2577-001 Cé Same as C$
Includes:
Panel, front 015-0798-002 Cc7 22 pF +10% 500 VW, dipped 510-0005-220
Overlay, panel lower 559-2034-001 mica
Overlay, panel upper 559-2035-001
Grille, speaker 017-0672-001 Cc8 330 pF +10% 1000 VW, ceramic  510-3041-331
BKT3 Bracket, meter mtg. 017-0669-001 disc N1500
Il Assembly, lamp T1 3/4 147-2103-922
LSL Speaker, 3 1/2" PM 589-1004-001 c9 0.01uF +80% -20% 500 VW, 510-3005-103
R31 Potentiometer, 15K £10%, 022-1932-001 Y5U ceramic disc
with switch 2 W
R21 Potentiometer, 1 MQ +30%, 022-1647-001 C10 0.56 pF 5% 500 VW, com- 510-9002-568
1/8 W position tubular
Connector, microphone 515-1003-002 .
M1 Meter, 0-200pA, DC 554-0014-001 C1l 0.01pF +80% -20% 500 VW, 510-3005-103
Speednut, push-on, 5/32 dia. 022~1614-001 Y5U ceramic disc
stud
T4 Transformer, Mod. output 592-1029-002 C12 Same as C11
Window, dial 559-1007-001
Grille cloth 018-0827-006 Ci3 Same as Cl11
ASYS 1. F. Bracket assembly 023-1620-001 Cl4 Same as Cl1
(support for T6 and T7)
. C1s Same as Cl11
ASY6 Cabinet assermbly 023-2568-002
Includes: C16 Same as C11
Shell, cabinet 017-0676-002 ‘
Plate, rear chassis 017-1306-003 C17 680 pF £10% 300 VW, dipped 510-0006-681
Polethylene mounting feet 574-1005-001 mica
ASY7 Lamp bracket assembly 023-2571-001 Cci8 0.022 uF +80% -20% 500 VW, 510-3005-223
Includes: Y5U ceramic disc
Bracket, lamp 017-0680-001
Feed-thru, rib-loc 260-0202-001 Cc19 0.01pF +80% -20% 500 VW, 510-3005-103
12 Lamp, incandescent unbased 549-3001-003 ceramic disc
13 Saime ag 12
Clip, component 016-1749-001 c20 0,001 pF £20% 500 V, YSU 510-3004-102
14 Same as 12 ceramic disc
Gc21 150 pF #10% 500 VW, dipped 510-0005-151
mica
BRACKETS
Gc22 0.022 uF +80% -20% 500 VW, 510-3005-223
BKT1 Front panel, right 017-0667-001 Y5U ceramic disc
BKT2 Front panel, left 017-0667-002 c23 100 pF *10% 500 VW, dipped 510-0005-101
mica
BKT4 Switch mounting 017-0670-001
C24 0.0047 uF +20% 500 VW, YSU 510-3004-472
ceramic disc
CAPACITORS
C25 0.047 uF 200 VW, paper 510-9004-001
Cl 0.001 uF *20% 500 V, YSU 510-3004-102 tubular
ceramic disc
C26 0,022 pF +80% -20% 500 VW, 510-3005-223
c2 22 pF £10% 500 VW, dipped 510-0005-220 Y5U ceramic disc
mica
c27 0.01 uF +80% -20% 500 VW, 510-3005-103
Cc3 0.01 uF +80% -20% 500 VW, 510~3005-103 Y5U ceramic disc
Y5U ceramic disc
C28 Capacitor, dual, 4uF 350 VW 510-4051-001
C4 0.001 uF #20% 500 V, YS5U 510-3004-102 and 8 uF 150 VW, electrolytic
ceramic disc
Cc29 0.0022 uF £20% 500 VW, YSU 510-3004-222
Cs 0.01 uF +80% -20% 500 VW, 510-3005-103 ceramic disc

Y5U ceramic disc
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PARTS LIST (cont'd)

SYMBOL NO. DESCRIPTION PART NO. SYMBOL NO. DESCRIPTION PART NO.
C30 0.01 uF +80% -20% 500 VW, 510~3005-103 C60 1 pF £5% 500 VW, tubular, 510-9002- 109
YSU ceramic disc composition
C31 0.0047 uF +20% 500 VW, 510-3004-472 Ccé1 0.01 4 F +80% -20% 500 VW, 510-3005-103
Y5U ceramic disc YS5U ceramic disc
Cc32 0.0033 uF +10% 1000 VW, 510-3061-332 c62 5.6 uF +20% 15V, tantalum 510-2023-569
Y58 ceramic disc
C63 0.1 uF +20% 400 VW, paper 510-9005-001
C33 15/10/10 uF 300/150/25 VW, 022-1541-001
electrolytic C70 10 pF £10% 500 VW, dipped 510~0005- 100
. mica
C34 0.01 uF +20% 400 VW, paper 510-9005-001
C80 0.56 pF +5% 500 VW, com- 510-9002-568
C35 0.001 pF +20% 1500V 510-3158-102 position tubular
ceramic disc |
Cc81 0.01 uF +80% -20% 500 VW, * 510-3005-103
C37 330 pF £10% 1000 VW, ceramic 510-3041-331 Y5U ceramic disc
disc N1500
cs2 Same as C81
C38 0.01 uF +80% -20% 500 VW, 510-3005-103
Y5U ceramic disc C83 Same as C81
C39 0.0047 uF £20% 500 VW, 510-3004-472 C84 Same as C81
Y5U ceramic disc
C85 Same as C81
C40 22pF £10% 500 VW, dipped 510-0005-220
mica C86 150 pF +10% 500 VW, dipped 510-0005-151
mica
C4l 220 pF £10% 500 VW, dipped 510-0005-221
mica c87 0.0047 puF £20% 500 VW, YSU 510-3004-472
ceramic disc
Cc42 0.01 uF +80% -20% 500 VW, 510-3005-103
Y5U ceramic disc 88 0.01 uF +80% -20% 500 VW, 510-3005-103
Y5U ceramic disc
C43 0.001 uF £20% 500 V, YSU 510-3004-102
ceramic disc DIODES
C44 Variable, 1-7.5 pF tubular 512-1002-004 D1 IN881 Silicon 200V, 50 MA 523-1000-881
ceramic - less hardware .
D2 1N881 Silicon 200V, 50 MA 523-1000-881
C45 0.001 uF +20% 1500 VW, 510-3158-102
XSE ceramic disc D3 IN67A Germanium 60V 523-1000-067
C46 150 pF £10% 500 VW, dipped 510-0005-151 D4 Silicon 75V, 50 MA 523-0006-002
mica
. DS Silicon 75V, 50 MA 523-0006-002
C47 0.001 pF +20% 1500 VW, 510-3148-102
XSE ceramic disc
BUSHINGS
C48 Same as C47
El Shoulder 029~0218~005
C49 Variable, 3.5-65 pF 148-0009-004
E2 Shoulder 029-0218-006
C51 0.0022 uF £20% 125 VAC 510-3001-222
ceramic disc E3 Strain relief 574-0003-002
Cs2 Same as C51 FUSE
Cs5 0.0047 uF £20% 500 VW, Y5U 510-3004-472 F1 Fuse, 2 ampere 250 V 534-0003-024
ceramic disc Type AGC-2
C59 80 uF +50% -10% 450 VW 510-4019-004
electrolytic FUSEHOLDERS

FH1

Fuseholder

534-1002-001




PARTS LIST (cont'd)

SYMBOL NO. DESCRIPTION PART NO. SYMBOL No. DESCRIPTION PART NO.
LAMPS Plug, microphone Mode! No.
250-887-1
11 Transmitter pilot lamp 147-2103-922
CONNECTOR
12 Incandescent unbased 549-3001-003
15 Antenna 142-0101-002
13 Same as 12
RES RS
14 Same as 12 ISTO
R1 2200 ohm +10% 1/2 watt carbon  569-1004-222
COILS R2 10, 000 ohm %10% 1/2 watt carbon 569-1004-103
L1 Coil agsembly (14 T tapped 023-1700-021 R3 150 ohm +10% 1/2 watt carbon  569-1004-151
at 1.1 turns)
R4 1megohm £10% 1/2 watt carbon  569-1004-105
L2 R.F. Choke, 6.8 pH, £10% 022-1832-001
RS 2200 ohm *10% 1/2 watt carbon  569-1004-222
L3 Coil assembly (14T with 4 T 023-1176-020
link) R7 3.3 ohm *10% 1/2 watt carbon 569-1004-339
L5 Coil assembly (21T with 3 T 023-1176-019 R8 22,000 ohm +10% 1/2 watt carbon 569-1004-223
Link)
R9 Potentiometer, 300 ohm *30% 562-0004-301
L7 Coil assembly (16 T) 023-1700-031 1/4 watt
L8 R.F. Choke, 20 puH, +10% 022-1549-001 R10 1500 ohm 5% 1/2 watt carbon 569-1003-152
L9 Coil assembly (23 T) 023-1700-024 R11 33, 000 ohm +10% 1/2 watt carbon 569-1004-333
L10 Coil assembly, PA L 023-1700-623 R12 2200 ohm +10% 1/2 watt carbon  569-1004-222
section (17 T) :
R13 150 ohm +10% 1/2 watt carbon 569-1004-151
MECHANICAL PARTS R14 2200 ohm +10% 1/2 watt carbon  569-1004-222
MP1 Warning tag 022-1704-001 R15 Same as R14
MP2 Mounting clip for IF trans- 572-1004-001 R16 1 megohm +10% 1/2 watt carbon  569-1004-105
former : :
. R17 330, 000 ohm £10% 1/2 watt 569-1004-334
MP3 Card, serial number. 559-3007-001 carbon
MP4 Channel indicator dial 032-0154-002 R18 270,000 ohm *10% 1/2 watt §69-1004-274
carbon
R19 470, 000 ohm +10% 1/2 watt 569-1004-474
carbon
. KNOBS
R20 820, 000 ohm *10% 1/2 watt 569-1004-824
MpP7 Knob, no index less #8 547-0007-002 carbon
setscrew
R22 4.7 megohm £10% 1/2 watt 569-1004-475
MP8 Knob, no index less §-32 547-0007-00L carbon
setscrew :
R23 1 megohm £10% 1/2 watt 569-1004-105
Setscrew for knobs, 8-32 x 011-0124-012 carbon
3/8 headless hex socket cup
pt. CPS R24 220,000 ohm £10% 1/2 watt 569-1004-224
carbon
MICROPHONE AND MICROPHONE PLUG R25 10, 000 ohm *10% 1/2 watt 569-1004-103
carbon
Microphone, desk, high im- Model No. ) .
pedance ceramic, touch bar 250-888-1 R26 100, 000 ohm +10% 1/2 watt 569-1004-104

for SPDT push-to-talk switch

carbon
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PARTS LIST (cont'd)

SYMBOL NO.

DESCRIPTION

PART NO.

SYMBOL NO.

DESCRIPTION

PART NO.

R27

R28

R29

R30

R32

R33

R34

R35

R36

R37

R38

R39

R40

R4l

R42

R43

R44

R45

R46

R48

RS0

R52

R53

RS54

R35

6800 ohm *10% 1/2 watt
carbon

470, 000 ohm *10% 1/2 watt
carbon

47,000 ohm +10% 1/2 watt
carbon

2700 ohm +10% 1/2 watt
carbon

12,000 ohm =10% 2 watt
carbon

100, 000 ohm *10% 1/2 watt
carbon

470, 000 ohm +10% 1/2 watt
carbon

Same as R34
330 ohm *10% 1 watt carbon
3900 ohm 5% 7 watt W. W.

47,000 obm +10% 1/2 watt
carbon

33, 000 ohm +10% 1/2 watt
carbon

180, 000 ohm £10% 1/2 watt
carbon

10, 000 ohm £10% 1/2 watt
carbon

1 megohm *10% 1/2 watt
carbon

Potentiometer, 5000 ohm
+30% 1/8 watt

10,000 ohm *1/2 watt
carbon

150 ohm *10% 1/2 watt carbon
100 ohm #5% 1/2 watt W, W.
2200 ohm 5% 5 watt W. W,

47,000 ohm *10% 1/2 watt
carbon

4.7 ohms %£10% 1 watt carbon
43 ohm *5% 2 watt carbon

10, 000 ohm %5% 1/2 watt
carbon

56, 000 ohm +10% 1/2 watt
carbon

569-1004-682

569-1004-474

569-1004-473

569-1004-272

569-1008-123

569-1004-104

569-1004-474

569-1006-331
569-2007-392

569-1004-473

569-1004-333

569-1004-184

569-1004-103

569-1004~105

562-0004-502

569-1004-103

569-1004~ 151

569-2002-101

569-2005-222

569-1004~473

569-1006-479
569-1007-430

569-1003-103

569-1004-563

R57

R60

R80

R81

R82

R83

R84

R85

R86

R87

R88

RY!

SH1

SH3

SH4

SHS

SH6

SH8

SH9

SH11

SW1

sw2

T1
T2

T3

47,000 ohm £10% 1/2 watt
carbon

33, 000 ohm *10% 1/2 watt
carbon

2200 ohm #10% 1/2 watt carbon

10, 000 ohm +10% 1/2 watt
carbon

150 ohm *10% 1/2 watt carbon

470, 000 ohm *10% 1/2 watt
carbon

22,000 ohm *10% 1 watt carbon

10, 000 ohm *10% 1/2 watt carbon

2700 ohm 5% 1/2 watt carbon
22,000 ohm +10% 1 watt carbon

100 ohm £10% 1/2 watt carbon

RELAY

SPDT, DC coil"290 ohms

SHIELD
Power supply
Contact, 7 pin socket
Contact, 9 pin socket
Contact, 7 pin socket
R.F.
7 pin medium snap-on
9 pin 2 1/16" snap-on

Socket bottom (7 pin socket)

SWITCHES

Power (part of Squelch con-
trol R31)

PTT (on microphone)

TRANSFORMERS
1. F. 455 kHz
L.F. 455 kHz

27 MHz

569-1004- 473

569-1004-333

569-1004-222

569-1004-103

569-1004-151

569-1004-474

569-1006-223
569-1004-103
569-1003-272
569-1006-223

569-1004-101

567-0013-002

017-1122-001
016-1461-001
016-1579-001
016-1461-001
017-1268-001
022-1218-002
022-1218-004

133-0280-001

592-5019-001
592-5019-002

022-1623-001
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PARTS LIST (cont'd)

SYMBOL No. DESCRIPTION PART NO. SYMBOL NO. DESCRIPTION PART NO.
s Power 592-3033-001 V4 Same as V3
T6 I.F. 455 kHz 592-5019-003 Vs Type 6AWSA 022-1565-004
T7 Same as T6 vé Type 12ABS 022-1566-001
v7 Type 8077/7054 022-1619-001
TERMINALS
v8 Type 7061 022-1568~001
TS1 4 terminals, single mounting 586-1001-002
foot V9 Type 12BW4 022-1569-001
TS2 9 terminals 586-1004-009 20} Type 12AT7 022-1203-001
TS4 11 terminals 586~1004-011
LINE CORD
TS5 9 terminals 586~-1004-009
. Wis Line cord set, 117 VAC 597-1001-001
TS6 4 terminals, single mounting 586-1001-023
foot
ELECTRON TUBE SOCKETS
TS7 2 terminals 022-1690-002
XVi 7 pin, mica filled, shielded 515-1020-007
TS9 4 terminals 586-1004-004
Xv2 7 pin 515~1020-007
TS11 2 terminals 586-1001-019
Xv3 7 pin, mica filled, shielded 515-1020-007
TS12 4 for #8 screw 586-9002-023 :
XV4 Same as XV3
TS13 3 terminals 586-1001-020
XV5 9 pin 022-0976-001
TS14 4 terminals, single mounting 586-1001-023
foot Xvé Same as XV5
Xv7 9 pin, mica filled, shielded 022-1207-001
ELECTRON TUBES
XV8 Same as XV5
V1 Type 6B]6 022-1562-001
Xv9 Same as XV5
\Z Type 12BE6 022-1563-001
XV10 Same as XV5
V3 Type 6BJ6 022-1562-001

44




V7 L7 C44v8
1

LSl
(SPEAKER) |

7

TZ i 5 ‘v : i ; ! L3
V4 v2
Ti

SYNTHESIZER |
CIRCUIT

BOARD T3

PANEL LAMPS_ &
ENCLOSURE

4

SYNTHESIZER CRYSTAL BANKS VIO V5
AND SELECTOR SWITCH
COMPONENT IDENTIFICATION
(TOP VIEW)
FIGURE 7-1

i

V3 V6




ASYZ2 XVIO TS9 XV5 D3 TS6 XV6 XVvi

TS4
TS5
o | W) T3
TRANSMITTER PILOT ‘ : ! T2

LAMP CONNECTIONS 157

Xva

XV3
TSI
L3

Ts2

L2
L8
Xv8

Lio
Fi

L5

LSI

(SPEAKER) L7

wig
(LINE CORD)

XV9

: T4 T5 TS14 TSI

COMPONENT [IDENTIFICATION
(BOTTOM VIEW SHOWING ALL COMPONENTS
EXCEPT RESISTORS AND CAPACITORS)
FIGURE 7-2

46

@




C28 A&B CI7 C22 C87 C24 C63

: ’,’ C37
N c38
cel

ce2

Cc4a6 C39 C70 C40 C3l C59

COMPONENT IDENTIFICATION
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R52 R57 R26 R27 R25 R8

COMPONENT IDENTIFICATION
(BOTTOM VIEW SHOWING RESISTORS)
FIGURE 7-4 '




