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SPECIFICATIONS

GENERAL

Frequency Range

Battery Drain (@7.5 Volts)
Standby
Receive
Transmit

406-420 and 450-470

14,5 milliamps
140 milliamps

Operable Temperature Range
Transmitter-Receiver
Rechargeable Battery Pack

Frequency Stability

680 milliamps

-30°C to +60°C (-22°F to +140°F)
-20°C to +45°C ( -4°F to +113°F)

-30°C to +60°C +.0005%
0°C to +55°C +.0002%
TRANSMITTER RECEIVER
Type Number KT-22-A Type Number ER-60-B
Power Output 1 Watt Audio Output (EIA) 500 milliwatts at less
than 5% distortion
Modulation Deviation 0 to *5 kHz
Channel Spacing 25 kHz
Spurious
Radiated -43 dB Sensitivity
Conducted -43 dB 12-dB SINAD (EIA
Method) 0.35 uv
Audio Response Within +1 and -3 dB of a 20-dB Quieting Method 0.5 pv

Audio Distortion

Crystal Multiplication
Factor

RF Load Impedance
Modulation Sensitivity
Maximum Frequency

Spacing
450-470 MHz

406-420 MHz

6-dB/octave pre-emphasis
from 300 to 3000 Hz ex-
cept for an additional
6-dB/octave roll-off from
2500 to 3000 Hz per EIA,

Less than 8%

24
50 ohms
0.8 to 3 millivolts

0.4% of highest frequency
with no degradation 5.5
MHz with less than 1 dB
degradation

0.4% of highest frequency
with no degradation 0.8%

of highest frequency with
less than 1 dB degradation

Selectivity
EIA Two-Signal

20-dB Quieting Method
Spurious Response
Intermodulation (EIA)

Audio Response

Modulation Acceptance

Squelch Sensitivity
Critical Squelch
Maximum Squelch

Maximum Frequency Spacing

-65 dB at +25 kHz

-90 dB at 125 kHz

-60 dB

-60 dB

+2 and =10 dB of a stan-
dard 6-dB per octave de-
emphasis curve from 300
to 3000 Hz (1000-Hz
reference)

+7.5 kHz

0.20 pv

Greater than 20-dB Quieting

0.4% of highest frequency
with no degradation

0.8% of highest frequency
with less than 1 dB degra-
dation

*These specifications are intended primarily for the use of the servicemen. Refer to the
appropriate Specification Sheet for the complete specifications.
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COMBINATION NOMENCLATURE

st & 2nd Digits 3rd Digit 4th Digit 5th Digit 6th Digit 7th Digit 8th & 9th Digits
Product RF Power Channel Number of Frequency
Line Output Range Spacing Control Freq. Options Range
Personal 1 Watt 25 kHz Extended 1-Freq.Xmit Standard 406-420 MHz
Series 1-Freq.Rec
2-Freq.Xmit Channel Guard 450-470 MHz
1-Freq.Rec Encoder/Decoder
2-Freq.Xmit 2-Tone Channel
2-+Freq.Rec Guard Encoder
1-Freq.Xmit Type 90
2-Freq.Rec Encoder/Decoder
3-Freq.Xmit Type 90
3-Freq.Rec 2-Tone Encoder
4-Freq.Xmit
4-Freq.Rec
5-Freq.Xmit
5-Freq.Rec
6-Freq.Xmit
6-Freq.Rec
7-Freq.Xmit
7-Freq.Rec
8-Freq.Xmit
8-Freq.Rec

iv




ACCESSORIES LBI-4445

- DESK CHARGER
BATTERY PACKS MODEL 4EP71A10 (Option 4436)

STANDARD DRY
BATTERY PACK
(OPTION 4422 & 4424)

STANDARD
RECHARGEABLE
BATTERY PACK
(OPTION 4421)

REGHHEEARLE
AT K l FAST CHARGER
MODEL 4EP73A10 (Option 4440)

BATTERY PACK
(OPTION 4427)

RF ADAP_TER CABLE MULTI-CHARGER
(Option 4466) MODEL 4EP68A10 (Option 4445)

VEHICULAR CHARGER
MODEL 4EP72A10 &11
(Options 4451 thru 4456)

(Plug-in Slave Unit Option 4446)

LEATHER CASE
(Option 4411)

SHOULDER STRAP
(Option 4407)

HAND STRAP
(Option 4406)




LBI-4445 TEST EQUIPMENT

IF GENERATOR
TEST ADAPTOR F
MODEL 4EX12A10 (Option 4384) MODEL 4EX9A10 (Option 4381)

ONAL RADIC
53 L]
Vﬁ:‘:DA"!I 45”'“10

For setting the receiver on frequency

Provides transmitter and receiver .
© & and for troubleshooting

audio connections

TEST REGULATOR

EX18 i 65
TEST SET MODEL 4EX18A10 (Option 4465)

MODEL 4EX3A10 (TM-11 & TM-12)

Used with Test Regulator M
for servicing

Extension cables for
servicing the receiver
out of the radio

Transmitter RF

Adaptor Cable
TEST AMPLIFIER VOLTAGE CALIBRATOR
MODEL 4EX16A10 & MODEL 4EX10A10 (Option 4383)
RF PROBE 19C311370-G1 (Option 4382)

For receiver front end and For setting voltages on
IF gain measurements Personal Battery Chargers

V1
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DESCRIPTION

General Electric MASTR PE Model per-
sonal radios are extremely compact, high
performance two-way FM radios designed for
one-through eight-frequency operation in the
406-470 MHz range. The radios are fully
transistorized -- utilizing both discrete
%omponents and Integrated Circuit modules

IC's).

The radio is contained in a ruggedly-
constructed, weatherproof Lexan ® case with
vinyl-covered, stainless steel front and
back covers. All operating controls ex-
cept the PTT switch are conveniently loca-
ted on the top of the radio. The accessory
jack on the top of the radio is provided
for external microphones, earphones and
other accessories.

Power for the radio is normally sup-
plied by a rechargeable nickel-cadmium bat-
tery pack that quickly attaches to the
bottom section of the case. The battery
pack can be recharged either attached or
removed from the radio.

A battery pack using dry batteries is
available whenever the rechargeable battery
pack is not required.

OPERATION

When using the collapsible antenna,
make sure that the antenna is in the fully-
extended position. If the radio is equip~-
ped with a tone option switch, disable the
option before adjusting the radio by plac-
ing the switch in the OFF or M (Monitor)
position., After adjusting the radio, place
the option switch back in the ON or N

LBI-4445

TO RECEIVE A MESSAGE

1.

2.

proper frequency.

Turn the OFF-VOLUME control about half-
way to the right.

Turn the SQUELCH (SQ) control to the
right as far as possible. A hissing
sound will be heard from the speaker,

Adjust the VOLUME control until the
hissing sound is easily heard but not
annoyingly loud.

Turn the SQUELCH control slowly to the
left until the hissing noise just
fades out.

select the
You are now ready to re-

In multi-frequency units,

ceive messages from other radios in your
system,

TO SEND A MESSAGE

1.

2.

Turn on the radio as directed in the
"To Receive a Message' section.

In two-frequency units, select the pro-
per frequency. Then listen to make
sure that no one is using the channel.

While holding the radio so that the
antenna is vertical, press the Push-to
Talk (PTT) switch and speak directly
into the local microphone (or across
the face of an external microphone) in
a normal tone of voice. Release the
PTT switch as soon as you stop talking.
You cannot receive messages when the
PTT switch is pressed.

OPERATING TIPS

The following conditions tend to reduce

(normal) position to enable the option. the effective range of Two-Way Radios, and
Refer to LBI-4229 for complete operating should be avoided whenever possible.
instructions.
ACCESSORY JACK COLLAPSIBLE
/ ANTENNA
FREQUENCY . \
SELECTOR
SWITCH
¢ VOLUME
2 ON-OFF
SPEAKER 4-2:./ SWITCH
: il g

OCAL
MICROPHONE

SQUELCH
CONTROL

TONE OPTION
SWITCH

Figure 1 - Operating Controls



LBI-4445 OPERATION

® Operating the radio in low areas of the mitter and receiver can be used by the
terrain, or while under power lines or servicemen to compare the actual perform-
bridges. ance of the unit to the specifications met

° Operating the radio inside of a vehi-
cle, or in a metal or steel-framed
building unless using an external an-
tenna,

° Obstructions such as mountains or build-
ings between the person sending and the
person receiving the messages.

In areas where the transmission or re-
ception is poor, check to see that the
antenna is fully extended. Then hold the
radio so that the antenna is vertical., If
this doesn't help, move a few yards or
turn a corner and head in another direc-
tion. Moving to a higher elevation can
help considerably.

MAINTENANCE

SERVICING THE RADIO

A complete procedure is provided in
this manual for disassembling the radio for
servicing. The procedure also contains in-
structions for replacing the different as-
semblies, Integrated Circuit modules and
transmitter PA transistors. Refer to the
Disassembly Procedure as listed in the
Table of Contents.

If the radio should begin to operate
improperly (i.e., transmitted messages
start getting weak and hard to understand,
or the receiver won't squelch properly),
the first thing to suspect is run-down bat-
teries. If a freshly recharged battery
pack or new dry batteries fail to restore
the radio to its normal operating condi-
tion, refer to the appropriate Trouble-
shooting Procedure for help in isolating
and correcting the problem.

TEST AND TROUBLESHOOTING PROCEDURES

Whenever difficult servicing problems
occur, the Test Procedures for the trans-

by the unit when shipped from the factory.

In addition, specific Troubleshooting
Procedures are available for the transmit-
ter, receiver and tone options. For best
results, the Test Procedures should be used
in conjunction with the Troubleshooting
Procedures when servicing the radio. Refer
to the Table of Contents for the applicable
procedure,

CHANGING FREQUENCIES

To change the operating frequency of
the transmitter and receiver, it is neces-
sary to replace the entire oscillator mod-
ule as directed in the Disassembly Procedure.
Always give the model number of the module
and the exact operating frequency required
when ordering new oscillator modules.

After replacing the oscillator module,
re-align the transmitter or receiver as
directed in the applicable Alignment Pro-
cedure (see Table of Contents).

BATTERY INFORMATION

Two rechargeable battery packs and a
dry battery pack are available for operat-
ing the radio. The different battery packs
are shown in Table 1.

The rechargeable battery packs are
shipped from the factory in a fully-charged
condition -- ready for immediate use. If
the radio has been stored for over 30 days,
the battery pack should be fully recharged
before using. When it is necessary to
store the unit for over 30 days, it is re-
commended that the battery pack be kept in
the appropriate battery charger.

All of the battery packs are directly
interchangeable. However, the battery
pack should be selected according to the

Battery Battery Battery
Pack Pack Part Number Equivalent

Standard Rechargeable 19D413522G1 None
19D413522G1
Dry Battery Pack Carbon-zinc Eveready 1015
19E500938G1
Dry Battery Pack Alkaline 19B200608P2 Eveready EOL
19E500938G1 (Package of 4)
Dry Battery Pack Mercury 19A116522P2 Mallory RM15
19E500938G1 (Package of 4)
Light Duty Rechargeable 19D413522G2 None
19D413522G2

Table 1 - Battery Packs



BATTERY

powver output and battery life required.
Battery life for a 10% transmit, 10% re-
ceive and 80% standby duty cycle and for a
5% transmit, 5% receive and 90% standby
are shown in Table II.

WARNING-

Do not dispose of the rechargeable
battery packs or mercury batteries
by burning them. To do so may
cause a battery to explode.

BATTERY PACK REPLACEMENT

To remove the battery pack from the
radio:

1. Turn the radio OFF,

2, Press the battery retaining latch away
from the battery pack as shown in Fig-
ure 2, and turn the battery pack one-
quarter turn to the left. The battery
pack can now be detached from the
radio.

To reconnect the battery pack to the
radio:

1. Hold the battery pack at a 90° angle to
the radio as shown in Figure 2,

2, Align the large tab marked with an
arrow on the battery pack connector
with the large cut-out marked with an
arrow on the radio socket.

3. Press the battery pack connector into
the socket on the radio and turn the
battery pack one-quarter turn to the
right until the latch clicks.

STANDARD DRY BATTERY PACK

Standard battery pack 19E500938Gl is
equipped with a removable bottom cover for
use with dry batteries. To remove the
batteries:

1. Remove the battery pack from the radio.

INFORMATION

. RETAINING

LBI-4445

BATTERY
LATCH

Figure 2 - Battery Pack Replacement

2, Press in and turn the captive screw
one-quarter turn to the left to the
OPEN position, and 1ift off the cover.

3. Rap the open end of the battery pack
on the palm of one hand over a table
or desk to dislodge the batteries.

4, Replace the batteries with the plus
(+) end pointing away from the springs
as shown on the decal in the battery
compartment.

5. Replace the bottom cover with the
white dot in corner of the cover over
the white dot in the corner of the
battery compartment.

6. Turn the locking screw one-quarter turn
to the right to the LOCK position.

BATTERY LIFE IN HOURS
Duty
Cycle Standard Standard Standard Light Duty
Rechargeable Mercury Alkaline Rechargeable
10-10-80 5.8 2 0.7
5-5-90 10 3 1.3

Table II - Battery Life
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BATTERY CHECKS

CHARGE LEVEL MEASUREMENT

The charge level of the battery packs
can be accurately measured by connecting a
voltmeter across the charging contacts and
measuring the voltage with the transmitter
keyed.

For the rechargeable battery packs, a
fully charged battery pack should provide
a reading of 7.5 to 8 Volts, A fully dis-
charged battery pack should provide a read-
ing of 6 to 5.6 Volts.

For dry battery packs, replace the bat-
teries if the reading is 5.6 Volts or less.

RECHARGEABLE BATTERY CHECK

One of the best service checks for the
PE series rechargeable battery packs can be
easily obtained by measuring the ampere-
hour capacity. The results of the measure-
ment can then be compared with the rated
capacity of the battery pack to determine
the general condition of the rechargeable
batteries.

First, it is necessary to find the
percentage of rated capacity. This is
obtained by measuring the time it takes to
discharge a fully charged battery pack un-
til the voltage drops to 6 Volts. The
proper load resistor for each of the
battery packs is shown in Table III.

Then use the formula = % where "T"
is the time in minutes re 81red to dis-
charge the battery pack to 6 Volts and %
is the percentage of rated capacity the
battery delivered to a load. For example:
assume the standard battery pack voltage
dropped to 6 Volts in 50 minutes:

g% = ,83 (percentage of capacity)

Now multiply the percentage of capacity by
its rated capacity (see Table III):

BATTERY INFORMATION

-CAUTION

As the voltage drops very fast near
the end of the discharge cycle, be
very careful to avoid discharging
the battery pack below 6 Volts.

BATTERY CHARGERS

Four different PE Series chargers are
available for recharging the Standard and
the Light Duty rechargeable battery packs.
The charging times listed are the maximum
times required. The charging time may be
less, depending on the charge remaining in
the battery pack. The different chargers
are:

e DESK CHARGER - Charges one battery pack
on or off of the radio from a 117-Volt,
50/60 Hz source in less than 16 hours.

® MULTI-CHARGER - Charges up to ten bat-
tery packs on or off the radio from a
117-Volt, 50/60 Hz source in 16 hours,
or less. Three additional slave charg-
ing units can be connected to the multi-
charger for charging up to 40 radios
or battery packs simultaneously.

e FAST CHARGER - (Standard Battery Pack
Only). Charges one radio or battery
pack to 70% of capacity in 15 minutes
(or less if the battery is not fully
discharged). Fully recharges the bat-
tery pack in additional seven hours
on trickle charge.

e VEHICULAR CHARGER - Charges one radio
from the vehicle battery in less than
16 hours.

NOTE

Due to the temperature characteristics
of the nickel-cadmium batteries, the
batteries will not accept a full charge
at temperature extremes. For maximum
capacity, recharge the batterg pack at
a room temperature of from 65° to 85°
Fahrenheit whenever possible.

All of the chargers are designed to

prevent the battery pack from being over-

.83 x 500 mA = 415 mA charged. Whenever the CHARGE light goes out
The 415 milliamperes is the actual capacity
of the battery pack.
RECHARGEABLE RATED DISCHARGE RATE LOAD END
BATTERY PACK CAPACITY (for 60 minutes RESISTOR VOLTAGE
(R})
STANDARD (6 cells) 500 mA 500 mA 15 ohms, 6 VDC
19D413522G1 8 Watts
LIGHT DUTY (6 cells) 150 mA 150 mA 50 ohms, 6 VDC
2 Watts

Table III - Capacity Measurement Data



BATTERY INFORMATION

(indicating 70% of charge), a trickle
charge is applied to the battery pack for
the remainder of the charging time, or un-
til the battery pack is removed. The bat-
tery pack may be safely left on trickle
charge as long as desired.

Refer to the applicable battery char-
ger Maintenance Manual for complete in-
structions.

Desk Charger

To use the Desk Charger, plug the
power cable into a 117-Volt AC, 50/60 Hz
source. Next, place the radio into the
charging insert with the speaker facing the
front of the charger, or place the battery
pack into the insert with the arrow on the
yellow label pointing towards the rear of
the charger. The red CHARGE light will
glow when the battery is charging.

The radio can be used to send and re-
ceive messages while charging although it
will probably take longer to recharge the
battery. Simply leave the desk Charger
turned on and use the radio as you normal-
ly would.

The Desk Charger is equipped with an
antenna connector for connecting the unit
to an external antenna., Simply placing
the radio into the charging insert automa-
tically connects the radio to the external
antenna and disconnects the internal an-
tenna. If the automatic external antenna
connection is not desired, instructions for
disabling the antenna connection are con-
tained in the Desk Charger Maintenance
Manual.

Multi-Charger

To use the Multi-Charger, plug. the
power cable into a 117-Volt AC, 50/60 Hz
source. Next, place the radio(s) into the
charging insert(s) with the speaker facing
down, or place the battery pack(s) into the
insert with the arrow on the yellow label
pointing up. Then turn the OFF-ON switch
to the ON position. The green CHARGE light
will glow when the batteries are charging.

Fast Charger

The fast charger will recharge the
Standard battery pack only. To use the
Fast Charger, plug the power cable into a
117-Volt AC, 50/60 Hz source. Next, turn
the OFF-ON switch to the ON position. Then
place the radio into the charging insert
with the speaker facing down, or place the
Standard battery pack into the insert with

LBI-4445

the arrow on the yellow label pointing up.
The red FAST CHARGE light will glow when
the battery is charging.

The battery is charged to 70% of ca-
pacity when the FAST CHARGE light turns
OFF and the amber Trickle Charge light
turns ON,

The fast charge circuit will not start
fast charging if the radio (or battery
pack) is placed into the charging insert
before the power is turned on, or if the
117-Volt power source goes off while the
unit is charging. The charger will remain
in the trickle charge mode. If this should
occur, start the fast charge cycle by lift-
ing the radio (or battery pack) off the
bottom of the charging insert for a moment.

NOTE

If the fast charger will not start
charging, the battery pack has
either been excessively discharged
or has a bad cell, Let the battery
trickle charge for 15 minutes and
then remove and replace the battery
in the charger. The battery should
start fast charging if a cell is
not defective.

Vehicular Charger

To use the vehicle charger, place
the radio into the charging insert with
the speaker facing down. Then press in
the radio against the bottom of the charg-
ing insert. Next, turn the OFF-ON switch
to the ON position., The red Charge light
will glow when the battery is charging.

Keying the microphone will cause the
charger to switch to the high charge rate
whenever the charger is in the trickle-
charge mode.

Lock the charger to secure the radio.
This also assures good contact with the
external accessory pins during periods of
severe vibration.

This charger is shipped with an exter-
nal antenna. This permits the radio to be
used to send and receive messages while
charging -- although it will probably take
longer to recharge the battery. An op-
tional external microphone is required for
this application.

To remove the radio from the charger,
simply unlock the charger and pull the ra-
dio out of the charging insert.
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CIRCUIT ANALYSIS

TRANSMITTER

Transmitter Type KT-22-A is a crystal
controlled, phase modulated transmitter for
one-through eight-frequency operation in the
406-470 MHz band. The transmitter utilizes
both discrete components and Integrated
Circuit Modules (IC-s).

The transmitter consist of the audio,
voltage regulator, oscillator, compensator
and modulator IC's, and plug-in Exciter/
PA module all of the transmitter modules
are mounted on System Board A702., Supply
voltages for the transmitter are provided
by the battery and Regulator. The differ-
ent transmitter voltages are shown in the
following chart:

Voltage Used For:
Continuous
7.5 Volts Regulator module

Keyed 7.5 Volts Regulator 5.4-Volt key-
ing, Exciter and PA
modules.

Compensator, Oscillator,
Audio and Modulator mod-
ules, and optional Com-

pressor module.

Keyed 5.4 Volts

CIRCUIT ANALYSIS

References to symbol numbers mentioned
in the following test are found on the
Schematic Diagrams, Outline Diagrams and
Parts Lists (see Table of Contents). The
typical, simplifier circuit diagrams used
in the text are representative of the
circuits in the IC modules. A block dia-
gram of the transmitter is shown in
Figure 3.

REGULATOR A2

The Regulator module operates from the
7.5-Volt from the battery, and provides a
continuous, regulated 5.4 Volts and a
switched 5.4 Volts for operating the trans-
mitter, receiver and tone options. A
typical regulator circuit is shown in
Figure 4.

Turning on the radio applies the bat-
tery voltage to Pin 2 of the Regulator,
causing Q2 and then Ql to conduct. When
conducting, the continuous 5.4 Volts at the
collector of Ql is taken from Pin 4 and
applied to the receiver Compensator and
Oscillator module.

Regulation is provided by Q2 and Q3,
which operate as a differential amplifier.
If the output of Ql starts to increase, Q3
conducts harder, causing Q2 to conduct less.
This causes Ql to conduct less, keeping its
output at 5.4 Volts. If the output of Ql
starts to decrease, Q3 conducts less,

16.9 -17.5MHZ 50.73- 525MHZ_.L

406-420 MHZ

o —in
18.75-19.58 MHZ 25-58.74MHZ | |
{

450-470 MHZ

________{L
—_————_

EXCITER / PA MODULE
Ql | Q2

(x2) | (x2) | (x2) IDRIVERI PA

RELAY
Kl

FILTER

Q3 | 04 | Q5 L48LS

XTAL FREQ: 23

'.C

|
|
|
|
N
|
k“‘ |
TTTN
|
F8 .
" osc .rJ I AUDIO
'knuz J L4 compr
- | AS0
OPERATING FREQ “‘

&

AUDIO
SWITCH
CR2-CRS

5.4v

REG
A2

RC-2420

Figure 3 - Transmitter Block Diagram
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REGULATOR CIRCUIT

iver ai-a3 5.4V SWITCH 54V
BATTERY a Q4 8 Q5 CONTINUOUS
.- — ®
y KEYED
54V
04 out

10,

Q2 Q3 7.5V

KEYED
INPUT

i : 4 O

RC-2123
Figure 4 - Typical Regulator Circuit
causing Q2 to conduct harder. This causes Modulator, and audio module, and to the op-
Ql to conduct harder, keeping the output tional Compressor module and multi-frequency
constant. switch S1.
Q4 and Q5 operate as a DC switch. Key- OSCILLATOR MODULE A5

ing the transmitter applies the battery
voltage to Pin 7 and to the base of Q5, Oscillator Model 4EG27All consists of
turning it on. This turns on PNP transistor a crystal-controlled Colpitts oscillator
Q4, so that the regulated 5.4 Volts at Pin and a Channel Guard tone modulator. The
6 is applied to the transmitter Compensator, entire oscillator is contained in a metal

KEYED ’
54V

VOLTAGE - VARIABLE
CAPACITOR
1

———¢—¢
§ T

|__

5 &

COMP VOLTAGE N
& CG TONE

RC - 1908

Figure 5 - Typical Oscillator Circuit
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Figure 6 - Typical Compensator Circuit

can with the transmitter operating frequency
printed on the top. The crystal frequency
ranges from 16.9 to 19,6 MHz, and the cry-
stal frequency is multiplied 24 times.

The oscillator frequency is tempera-
ture compensated to provide instant fre-
quency compensation, with a frequency sta-
bility of *.0002% from 0°C to +55°C and
+.0005% from -30°C to +60°C. The tempera-
ture compensation network is contained in
Compensator module A3,

A typical oscillator circuit is shown
in Figure 5.

In single-frequency transmitters, a
jumper from Hole 20 to Hole 21 on the Sys-
tem Board connects the keyed 5.4 Volt sup-
ply voltage to the oscillator module. Key-
ing the transmitter applies the supply
voltage to the oscillator, turning it on.
The oscillator output is applied to Com-
pensator A3,

In multi-frequency transmitters, ad-
ditional Oscillator Modules are mounted on
the board. The single-frequency supply
jumper is removed, and the proper frequency
is selected by connecting the keyed 5.4
Volts to the selected oscillator module
through frequency selector switch S1 on the
control unit.

For Channel Guard applications, tone
from the Channel Guard encoder is applied
to the oscillator module. The tone is
applied through Pin 3 to the voltage-vari-
able capacitor on the oscillator module,
which frequency modulates the oscillator
output.
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NOTE

All oscillator modules are indi-
vidually compensated at the factory
and cannot be repaired in the field.
Any attempt to remove the oscilla-
tor cover will void the warranty.

COMPENSATOR A3

Compensator module A3 contains a
buffer-amplifier, and the temperature
compensating network for the oscillator.
A typical Compensator circuit is shown in
Figure 6.

RF from the oscillator at Pin 7 is
coupled through a DC-blocking capacitor to
the base of buffer-amplifier Ql. This
stage isolates the oscillator from the
modulator. The output of Ql connects from
Pin 9 to the modulator.

In the compensation network, the keyed
5.4 Volts at Pin 2 is applied to a thermis-
tor-compensated voltage divider. The output
at Pin 3 (2.35 Volts measured with a VTVM)
is applied to Pin 3 and to the voltage-
variable capacitor in the oscillator module.
At temperatures below -10°C, the compensa-
ted voltage increases to maintain the proper
voltage capacitor.

Service Note: An abnormally low VTVM read-
ing (or no reading) at Pin 3 may indicate a
short or leakage path in the oscillator.
This can be checked by unsoldering Pin 3,
raising it off the printed board and taking
another reading. If this reading is normal
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Figure 7 - Typical Audio Amplifier & Limiter Circuit

the problem is in the oscillator module.
If the reading remains low (or zero) the

problem is in the Compensator,

AUDIO AMPLIFIER AND LIMITER Al

Audio from the microphone is coupled
through the audio switching circuit to Pin
1 and then to the base of audio amplifier

Q1 (see Figure 7). In Type 90 encoder ap-
plications, the encode tone is applied to
the amplifier at Pin 2,

The amplifier output is applied direct-
ly to the transistorized limiter stage (Q2).
Following the limiter is a combined post-
limiter filter and de-emphasis network.

The filter output at Pin 8 is coupled
through Mod Adjust potentiometer R8 to the
Modulator module A4,

BUFFER
Q!

LIMITER TRIPLER [~ 777
Q2 03

TO
SEXCITER
INPUT

KEYED
5.4V
AUDIO @)- I¢
IN LY
RF IN e
FROM v 'z*'
osc © -z./«.ﬁ,, 4
GND

RC-2299

Figure 8 - Typical Phase Modulator Circuit
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PHASE MODULATOR

The phase modulator circuit consists
of Modulator A4, voltage-variable capacitor
CV1l and tuneable coil L2, CV1 and L2 are
mounted on System Board A702, A typical
modulator circuit is shown in Figure 8,

With CV1 in series with L2, the net-
work appears as a series-resonant circuit
when RF from the oscillator is applied to
Pin 1. Applying audio from Audio Limiter
Al to Pin 4 of Modulator A4 varies the
bias of CV1l, resulting in a phase modulated
output.

Buffer Ql isolates the modulator from
the loading effects of the following multi-
plier stage, and also provides some ampli-
fication. Following the buffer stage is
tripler Q2. The output of Q2 is coupled
through L3 (on the System Board) to the
exciter module. L3 is tuned to three times
the crystal frequency.

EXCITER/PA MODULE

Exciter/PA Models 4EF41A10 (406-420
MHz) and 4EF41A11 (450-470 MHz) consists of
three class C doubler stages, a class C
driver stage and a class C power amplifier
stage.

All of the stages are supplied by a
type of constant-K, DC collector feed
network.,

Doubler Stages

The modulator output is coupled through
T101 to the base of 1lst doubler Ql01. T101
is tuned to three times the crystal fre-
quency. The modulator coils and the 1lst
doubler base circuit are metered at TPl.
The %;t doubler collector circuit is metered
at TP2,

The output of the 1lst doubler is
coupled through T102 (untuned) and T103 to
the base of 2nd doubler Q102., T103 is
tuned to six times the crystal frequency,
and is metered at TP2,

An impedance-matching network couples
the output of Q102 to the base of Q103 .
The network consists of C112, C113, L105/
L121, C114/C136 and C1l15, and also provides
some selectivity. L105/L121 is tuned to
12 times the crystal frequency.

3rd doubler Q103, driver Q104 and PA
transistor Q105 are tuned by measuring the
total current drain of the radio. An
ammeter with a one ampere full scale meter
is used in series with the radio's 7.5~
Volt supply. GE Test Regulator Model
4EX18A10 and Test Set Model 4EX3A10 may be
used in place of the ammeter.
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Driver & PA

Following the third doubler is an
impedance-matching network consisting of
Ll07, C118, L108, C119 and C120/C140. The
network matches the high impedance doubler
output to the low impedance driver input.
C1l19 is tuned to 24 times the crystal fre-
quency.

The driver output is coupled through
a similar impedance-matching network to
the base of class C power amplifier Q10S5.
The power amplifier output is applied to
the low-pass filter through a series-tuned
matching network (L115, L122/L113, C128,
L114 and C129).

Low-Pass Filter

Low-pass filter L118, L119, C132,
C113 and C134 provides for the suppression
of harmonics. The filter output is applied
to the antenna through system switching
relay K1 mounted on the Systems Board.

An RF adaptor cable is available for
connecting the transmitter RF output to a
wattmeter. Connecting the RF adaptor
cable to J702 opens a set of contacts on
the antenna strip line assembly. This
disconnects the antenna and connects the
transmitter output to J702-3, Connection
to chassis ground is made at J702-4,

RECEIVER

Receiver Models 4ER60B10 through
4ER60B13 are single conversion, super-
heterodyne FM receivers for one through
eight frequency operation on the 406-470 MHz
bands. The complete receiver mounts on a
single printed wiring board, and utilizes
both discrete components and Integrated
Circuit modules. The application of each
model receiver is shown in the following
chart:

Model No. Freq. Range Tone
Option

4ER60B10 406-420 MHz

4ER60B11 450-470 MHz

4ER60B12 406-420 MHz: Chan. Gd.

4ER60B13 450-470 MHz Chan. Gd.

References to symbol numbers mentioned
in the following test are found on the
Schematic Diagram, Outline Diagram and Parts
List (see Table of Contents). The typical
circuit diagrams used in the test are rep-
resentative of the circuits used in the
Integrated Circuit modules. A block dia-
gram of the receiver is shown in Figure 9.
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Figure 9 - Receiver Block Diagram

Supply voltage for the receiver in-
cludes a continuous regulated 5.4 Volts for
the compensator module, a continuous 7.5
Volts for the squelch module, and a switched
7.5 Volts for the remaining receiver stages.

OSCILLATOR MODULE

Oscillator Model 4EG28A12 (406-420 MHz)
and 4EG28A13 (450-470 MHz) consists of a
crystal-controlled Colpitts oscillator sim-
ilar to the Oscillator module used in the
transmitter (see Figure 6). The entire os-
cillator is contained in a metal can with
the receiver operating frequency printed
on the top. The crystal frequency ranges
from 19.33 to 22,38 MHz, and the crystal
frequency is multiplied 21 times.

The oscillator frequency is tempera-
ture compensated to provide instant fre-
quency compensation, with a frequency sta-
bility of *.0002% from 0°C to +55°C and
+.0005% from -30°C to +60°C. The tempera-
ture compensation network is contained in
Compensator Module A313,

In multi-frequency receivers, addition-
al oscillator modules are mounted on the re-
ceiver board. The single-frequency supply
jumper is removed, and the proper frequency
is selected by connecting the 5.4 Volts to
the selected oscillator module through fre-

quency selector switch S1 on the control
unit.

Complete instructions for multi-fre-
quency modifications are contained in the
Multi-Frequency Modification Diagram (see
Table of Contents).

NOTE-

All oscillator modules are indi-
vidually compensated at the fac-
tory and cannot be repaired in
the field. Any attempt to remove
the oscillator cover will void
the warranty.

COMPENSATOR A313

Compensator module A313 contains a
buffer-amplifier stage, and the temperature
compensation network for the oscillator
similar to the Compensator used in the
transmitter (see Figure 6).

RF from the oscillator is coupled
through a DC blocking capacitor to the
base of Ql. The output of Ql connects to
multiplier coil L1 on the Multiplier
assembly.

11
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Figure 10 - Typical IF Amplifier Circuit

In the compensation network, the re-
gulated 5.4 Volts at Pin 2 is applied to a
thermistor-compensated voltage divider.
The output at Pin 3 (2.35 Volts measured
with a VIVM) is applied to Pin 3 and to
the varactor in the Oscillator module. At
temperatures below -10°C, the compensated
voltage increases to maintain the proper
voltage on the oscillator voltage-variable
capacitor,

SERVICE NOTE-

An abnormally low VTVM reading

(or no reading) at Pin 3 may in-
dicate a short or leakage path in
the oscillator. This can be checked
by unsoldering Pin 2, raising it off
of the printed board and taking an-
other reading. If this reading is
normal, the problem is in the Oscil-
lator module., If the reading re-
mains low (or zero), the problem is

in the Compensator,

FRONT END A316/A317

The receiver Front End consists of
three tuned helical resonators and an RF
amplifier stage. The RF signal from the
antenna is coupled through RF cable W301
to a tap on L11/L16. The tap is positioned
to provide the proper impedance match to
the antenna. RF energy is coupled to the
third coil (L13/L18) through openings in
the sides of the cans. RF is then coupled
from a tap on L13/L18 through C8 to the
base of RF amplifier Ql. The output of Ql
is developed across tuned circuit C9/C1l0

12

and L3, and is applied to the base of the
mixer,

MULTIPLIER & MIXER

The output of the Compensator module
is applied to L1 in the Multiplier assem-
bly. Ll is tuned to three times the
crystal frequency and is metered at the
Mult Test Point (H8) on the receiver
board., The output of L1l is applied to the
anode of multiplier diode CR1l. The two
helical resonators following CR1l are tuned
to seven times the first multiplier fre-
quency for a total multiplication of 21
times. The output of the helical resona-
tors is direct-coupled to the emitter of
the mixer transistor. In 406-420 MHz re-
ceivers, a high side injection frequency
is used. In 450-470 MHz receivers, a low
side injection frequency is used.

The RF signal from the RF amplifier is
applied to the base of mixer Ql and the
high or low side injection voltage from the
multiplier assembly is applied to the emit-
ter., The resultant 20-MHz IF frequency is
coupled through the mixer collector tank
(L2 & C6) to Crystal Filter A303. The col-
lector tank also provides impedance matching
to the crystal filter.

CRYSTAL FILTERS A303 & A305

Filter A303 follows the Multiplier-
Mixer stage, and its output is applied to
the 1lst IF amplifier module. Filter A305
follows the IF Amplifier module. The two
Crystal Filters provide the major selectivity
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Figure 11 - Typical Limiter Circuit

for the receiver. A303 provides a minimum
of 40-dB stop-band attenuation, while A305
provides a minimum of 20-dB stop-band at-
tenuation.

IF AMPS A304 & A306

An IF Amplifier module follows each of
the crystal filters, and contain the resis-
tor-matching networks for the filters. A
typical IF amplifier circuit is shown in
Figure 10.

Each of the IF Amplifier modules con-
sists of three R-C coupled amplifier stages
that are DC series-connected for reduced
drain. The two IF modules provide a total
gain of approximately 85 dB.

LIMITER A307 & Discriminator A308

Limiter A307 consists of three R-C
coupled limiter stages that are DC series
connected for reduced drain., The Limiter
module also provides some gain., The out-
put of the Limiter is applied to the dis-
criminator. A typical Limiter circuit is
shown in Figure 11.

The receiver uses a 20 MHz, fixed-tuned
crystal discriminator (A308) to recover the
audio from the IF signal. The Discriminator
output is applied to the Audio Amplifier
module.

AUDIO AMPLIFIER A309/A310

Audio and noise from the discriminator
is applied to Audio Amplifier module A309
(A310 in Channel Guard applications). A
typical audio amplifier circuit is shown in
Figure 12,

Audio and noise is applied to the base
of Ql, This stage operates as an emitter-
follower for matching the impedance of the
discriminator to the amplifier stage (Q2)
and the VOLUME control. The output of Ql
connects from Pin 2 to the base of amplifier
Q2 (Pin 4) through the VOLUME control. The
output of Q1 is also applied to the input
of the Squelch module.

Following amplifier Q2 is an active
low=-pass filter (Q3). Audio from the fil-
ter is connected from Pin 9 to the Audio PA
module., In Audio Amplifier module A323, an
active high-pass filter is added in series
with the low-pass filter to provide the re-
quired tone frequency roll-off,

AUDIO PA A311

When the receiver is quieted by a sig-
nal, audio from the active filter is connec-
ted to Pin 1 of Audio PA module A31ll, and
then to the base of amplifier Q1. Ql feeds
the audio signal to the base of Q2, which
drives PA transistors Q4 and Q5. A typical
audio PA circuit is shown in Figure 13.

13
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Figure 13 - Typical Audio PA Circuit
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PA transistors Q4 and Q5 operate as
complementary emitter-followers, providing
a 500 milliwatt output into an 8-ohm load.
Audio from Pin 9 is coupled through capaci-
tor C302 on the receiver board to the loud-
speaker,

SQUELCH A312

Noise from Audio Amplifier A309/A310
operates the squelch circuit. A typical
squelch circuit is shown in Figure 14,

When no carrier is present in the re-
ceiver, the noise output of active high-
pass filter Q1 is coupled to the base of
noise amplifier Q2 through SQUELCH control
R708. R708 controls the gain of the noise
amplifier,

The output of noise amplifier Q2 is
detected by diodes CR1 and CR2, and the re-
sultant positive voltage turns off the PNP
squelch switch Q3. In standard radios, the
emitter of Q3 is connected to +7 Volts by
means of a jumper from Hl to H2, When
noise turns off Q3, its collector drops to
ground potential. As the collector of Q3
is connected to the base of amplifier Ql in
the Audio PA module, turning off Q3 also
turns off Ql, keeping the audio PA turned
off,

When the receiver is quieted by a sig-
nal, squelch switch Q3 turns on. This ap-
plies +7 Volts to the base of amplifier Q1

Squelch Circuit

in the Audio PA module, turning the Audio
PA circuit on so that sound is heard at
the speaker,

In tone decoder applications, the 7-
Volt jumper from Hl to H2 is removed. The
emitter of squelch switch Q3 is connected
to 7.5 Volts by a DC switch on the decoder
board.

An RF adaptor cable is available for
connecting the receiver to a signal genera-
tor. Connecting the RF adaptor cable to
J702 opens a set of contacts on the antenna
strip line assembly. This disconnects the
antenna and connects the receiver input to
J702-1, Connection to chassis ground is
made at J702-4,

. SYSTEM BOARD

System Board A702 provides system in-
terconnections for the transmitter, receiv-
er, tone options and operating controls.

In addition to the transmitter modules, the
system board contains the microphone, sys-
tem relay, and the audio and DC switching
circuitry.

Jacks J702 and J703 are connected to
the system board and provide contacts for
an external antenna, speaker, and microphone.
J702 provides contacts for the external
antenna and speaker, and J703 provides
contacts for an external microphone.
Placing the radio into the vehicular char-
ger automatically connects the jack contacts

15
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RC -2121

Figure 15 - Audio Switching Circuit

to the external circuitry. The radio is
also connected to the external antenna when
placed in the desk charger,

AUDIO SWITCHING

Audio switching for local microphone
MKl and an external microphone is control-
led by a diode network as shown in Figure
15.

Pressing P-T-T switch S701 forward
biases diode CR5, permitting audio from

CIRCUIT ANALYSIS

Figure 16 - DC Switching Circuit

MKl to be applied to transmitter audio
module Al,

Keying the external microphone forward
biases diode CR4, permitting audio to be
applied to the audio module.

DC SWITCHING

Operation of system relay Kl is also
controlled by a diode network (see Figure
16).
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Ql Q2

7.5v 75V
REC XMIT
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Figure 17 - Input Filter Circuit
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Figure 18 - Limiter

Pressing S701 forward biases CR2, com-
pleting the relay path to ground. This en-
ergizes relay K1, and switches the battery
voltage to the transmitter audio and regula-
tor modules. Energizing K1 also connects
the transmitter output to the antenna,.

Keying the external microphone for-

ward biases CR3 and energizes the relay.

TONE OPTIONS

The following tone options are avail-
able in the PE Model Combinations:
° Channel Guard Encoder/Decoder Model
4EK17A11

) Channel Guard Encoder Models
4EH21Al0, 11

) Type 90 Encoder/Decoder Model
4EK18A11

) Type 90 Encoder Model 4EH20A10, 11

Both the Channel Guard and Type 90 Tone
Options use Selective Amplifier IC's for the
frequency (tone) selective circuit. The
selective Amplifier consists of a Wien
bridge circuit with an operational amplifier

Switch Circuit

for controlling the encoder frequency sta-
bility and the decoder bandwidth.

CHANNEL GUARD ENCODER/DECODER

Encoder/Decoder Model 4EK17A1ll1 is con-
tinuous-tone encoder and decoder for opera-
tion on tone frequencies in the 71.9 to
203.5 Hz range. Both the encoder and de-
coder operate on the same frequency. The
Encoder/Decoder consists of a Tone Control
board and three Integrated Circuit Modules
mounted on a printed wiring board. The
Integrated Circuit Modules include Input
Filter A601, Limiter & Switch A602, and
Selective Amplifier A603. Typical diagrams
of the Input Filter and Limiter Switch cir-
cuits are shown in Figures 17 and 18.

The Channel Guard circuit is control-
led by CG ON-OFF switch S2 and multi-freq-
uency switch S1 on the control unit. Plac-
ing S2 in the OFF position disables the
decoder circuits to permit monitoring all
calls on the selected channel, Placing S2
in the ON position enables the Encoder/
Decoder. Multi-frequency switch S1 selects
the channel that will have Channel Guard,
and also enables the Tone Control board
circuitry.

17
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TONE CONTROL BOARD

The Tone Control board consists of
diodes CR1 through CR7, and a three-tran-
sistor switching circuit. Placing multi-
frequency switch S1 on a frequency with
Channel Guard applies 5.4 Volts to the
Tone Control board. For example, placing
S1 on the channel 1 frequency forward bia-
ses CR1 and applies supply voltage to pin
5 of the Limiter-Switch Module, and the
Selective Amplifier. In addition, the 5.4
Volts are applied to the base of Ql, turn-
ing it on. Turning on Ql turns on Q2 which
turns off Q3. Turning off Q3 removes the
7.5 Volts applied to the receiver Audio PA
module so that the radio operates in the
Channel Guard mode.

Switching S1 to a non=Channel Guard
position removes the 5.4 Volts to the Tone
Control Board. This allows Q3 to conduct,
applying 7.5 Volts to the squelch switch-
ing transistor on Audio PA module so that
the receiver operates on noise squelch.

Whenever Channel Guard is not desired
on a particular frequency, the lead to the
Tone Control board can be removed from the
appropriate frequency selector jack on the
Systems Board (J25 through J31) and taped
back, or the associated diode on the Tone
Control board can be removed.

ENCODE

Keying the transmitter applies 7.5
Volts to Pin 5 of the Input Filter module,
turning on encode switch Q5. This allows
tone from Selective Amplifier A603 to be
coupled through Q5 and applied to the trans-
mitter oscillator module.

DECODE

Releasing the PTT switch removes the
7.5 Volts at Pin 5 and applies 7.5 Volts to
Pin 3, turning on decode switch Q4. At the
same time the signal from R707-3 (Volume
HI) is coupled to Pin 2 of Input Filter
A601, where it is applied to a two-stage,
active low-pass filter (Ql and Q2) for at-
tenuating frequencies over 205 Hz. The out-
put of A601 at Pin 10 is applied to Pin 2
of Limiter-Switch A602. When no tone is
present in the signal, the random noise
output of the filter will not operate the
decoder circuitry.

Any tone present in the signal applied
to A602 is limited by the limiter diodes
and the output applied through Pin 1 to the
Selective Amplifier module., If the incom-
ing tone is of the proper frequency, the
output of the Selective Amplifier will be
just sufficient to operate the detector cir-
cuit (Ql thru Q3).

The positive half cycles of the Selec-
tive Amplifier output turns on Ql, which

18
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over-rides the diode and turns on Q2, Turn-
ing on Q2 causes its collector to drop to
ground potential, turning on the PNP tone
switch Q4. When conducting, the 7.5 Volts
at the collector of Q4 is applied to the
squelch switching transistor on the Audio
PA module. The receiver now operates on
noise squelch, permitting the call to be
monitored.

CHANNEL GUARD ENCODER

Encoder Models 4EH21A10 (one-tone) and
4EH21A11 (two-tone) operate on tone fre-
quencies in the 71.9 to 203.5 Hz range.

The two-tone encoder consists of Limiter
module A601 and two Selective Amplifier
modules A602 and A603. The single~tone
encoder assembly utilizes a Limiter module
and only one Selective Amplifier module.

The Encoder is controlled by a three
position switch on the control unit, Plac-
ing the switch in the OFF position disables
the Encoder so that no tone is applied to
the transmitter oscillator module.

Placing the switch in the Tone A or
Tone B position applies 5.4 Volts to the
Limiter-Switch module and one of the Selec-
tive Amplifier modules, causing the modules
to oscillate on the encode frequency. The
Limiter Circuit keeps the input to the
Selective Amplifier constant to maintain
the required frequency and level stability.

Whenever the transmitter is keyed, the
encoder tone at Pin 9 of the Limiter module
is applied to the transmitter oscilla tor
module,

TYPE 90 ENCODER/DECODER

Type 90 Encoder Model 4EK18Al1l Decoder
is a pulsed tone encoder/decoder assembly
for operating on standard Type 90 tone
frequencies of 1000 to 3000 Hz. The assem-
bly consists of a Tone Control board and
three Integrated Circuit modules mounted on
a printed wiring board. The Integrated
Circuit modules include Input Amplifier
A601, Limiter-Switch A602, and Selective
Amplifier A603. The Limiter Switch diag-
ram is shown in Figure 18, A typical
diagram of the Input Amplifier is shown in
Figure 19,

The Type 90 circuit is controlled by
Monitor-Normal-Reset switch S2 and multi-
frequency switch S1 on the control unit.

Tone switch S2 is a three=position
switch that must be in the Monitor position
to transmit the encoder tone or to monitor
the channel. The switch must be placed in
the Reset and then the Normal position for
the decoder to operate.

Multi-frequency switch S1 selects the
Channel that will have Type 90 tone, and
enables the Tone Control board circuitry.



CIRCUIT ANALYSIS LBI-4445
ENCODE MONITOR TONE IN
TONE OUT 7.5V (SEL AMP)
(TO XMTR)
® qv) ®
EMITTER
FOLLOWER SWITCH BURST-TIMER AMP
54V Ql Q2 Q3 - Q4 Q5
6, - °
: 3
[
b AAA—o < TONE OUT
(TC LIM-SWITCH)
S—o0
DECODE
TONE IN Skl $ 3
@—'\/\/\;—1 ] b2 > 5:
= - W?
| ;
b3 $
4’ 1
GND 1
O .
T0
6)ce02
@g— —————— T et -©
_RC-2i29 |
Figure 19 - Typical Input Amplifier Circuit
MONITOR Audio PA module so that the radio operates

Placing S2 in the Monitor position
applies 7.5 Volts to Pin 7 of the Input
Amplifier module, This turns on Q4 in the
burst-timer circuit, turning off Q3. This
removes the ground on the emitter of Q2,
allowing Q2 to turn on. Tone from the
Selective Amplifier module is applied to
Pin 5 of the Input Amplifier and is coupled
through Q2 to Pin 4 where it is capacity
coupled through C601 to amplifier Q5. The
amplifier output is applied to Pin 2 of
the Limiter-Switch module where it acti-
vates the tone switch (Q4), allowing the
receiver to operate on noise squelch.

TONE CONTROL BOARD

The Tone Control board consists of
diodes CR1 through CR7, and a three-trans-
istor switching circuit.

Placing multi-frequency switch S1 on
a channel with Type 90 tone applies 5.4
Volts to the Tone Control board. For
example, placing S1 on the channel 1 fre-
quency forward biases CR1l and applies
supply voltage to the Input Amplifier and
the Selective Amplifier., In addition, the
5.4 Volts is applied to the base of Ql,
turning it on. Turning on Ql turns on Q2
which turns off Q3. Turning off Q3 removes
the 7.5 Volts applied to the receiver

in the encode/decode mode.

Switching S1 to a channel without tone
removes the 5.4 Volts to the Tone Control
Board. This allows Q3 to conduct, apply-
ing 7.5 Volts to the squelch switching
transistor on the Audio PA module so that
the receiver operates on noise squelch.

Whenever tone is not desired on a par-
ticular frequency, the lead to the Tone
Control board can be removed from the ap-
propriate frequency selector jack on the
Systems board (J25 through J31) and taped
back, or the associated diode on the Tone
Control board can be removed.

ENCODE

Keying the transmitter removes the 7.5
Volts at Pin 7 of the Input Amplifier mod-
ule, turning off Q4 in the burst-timer cir-
cuit. Capacitor C602 is kept discharged
while Q4 is conducting. When Q4 turns off,
Q3 also remains off until C602 charges
through Rl. While C602 is charging, Q2
operates and completes the feedback path
for the Selective Amplifier, causing it to
oscillate on the encode frequency. Tone
is coupled through Encode Tone Adjust po-
tentiometer R605 and applied to the Audio-
Limiter module on the System Board. R605
is set for a tone output of +3 kHz,
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When C602 charges up, Q3 turns on
which turns Q2 off, removing the tone to
the transmitter. The burst-timer circuit-
ry provides a pulsed tone output of ap-
proximately one second.

DECODE

When the switch is in the Normal posi-
tion, the burst-timer circuit is disabled.
Audio from R707-3 (Volume Hi) is applied
to the base of emitter-follower Ql on the
Input Amplifier module. The output of Q1
is capacity-coupled to the base of ampli-
fier Q5. The amplifier output is applied
to the limiter circuit on the Limiter-
Switch module.

Any tone present in the signal is
limited by diodes CR1l and CR2, and the out-
put applied through Pin 1 to the selective
Amplifier module. If the incoming tone is
of the proper frequency, the output of the
Selective Amplifier will be just sufficient
to)operate the detector circuit (Ql thru
Q3).

The positive half cycles of the Selec-
tive Amplifier output turns on Ql, which

CIRCUIT ANALYSIS

over-rides the diode and turns on Q2.
Turning on Q2 causes its collector to drop
to ground potential, turning on the PNP
tone switch Q4. When conducting, the 7.5
Volts at the collector of Q4 is applied to
the squelch switch on the receiver squelch
module. The voltage is connected through
the squelch switching transistor to the
Audio PA module. The receiver now operates
on noise squelch so that all calls on the
channel can be monitored.

TYPE 90 ENCODER

Type 90 Encoder Models 4EH20A10 (one-
tone) and 4EH20A11 (two-tone) are pulsed
tone encoders for operating on two tone
frequencies in the 1000 to 3000 Hz range.
The assembly consists of Limiter A601 and
Selective Amplifiers A602 and A603., The
single-tone encoder consists of the Limiter
and a single selective Amplifier module.
The Limiter module contains a Tone burst
Timer circuit and a limiter circuit for each
Selective Amplifier module. The limiter
circuit keeps the input to the selective
Amplifier modules constant to maintain the
required frequency and level stability.
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Figure 20 - Repeating Oscillator Modules
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CIRCUIT ANALYSIS

The Encoder is controlled by a three-
position switch on the Control Unit. Plac-
ing the switch in the OFF position removes
the 5.4-Volt supply voltage and disables
the Encoder. With the switch in the Tone
A or Tone B position, keying the transmitter
applies 5.4 Volts to the Limiter module and
to the selected Selective Amplifier module.

Applying power to the modules causes
the Selective Amplifier to start oscillat-
ing at the desired tone frequency, and also
starts the tone burst timer circuit. The
burst timer provides a tone output for ap-
proximately one second. The encode tone
is coupled through Encode Tone Adjust R603
to the transmitter Audio module on the Sys-
tem Board. R603 is set for *3 kHz devi-
ation,

REPEATING OSCILLATOR MODULES

Both the transmitter and receiver can
be adapted to repeat the use of the same

LBI-4445

frequency without the use of additional
Oscillator Modules. The Oscillator Module
is replaced by a diode, allowing the
frequency selector switch to have the same
frequency on one or more switch positions
even though only one Oscillator Module is
used for each of the repeated channels. A
typical diagram with repeated Oscillator
Modules is shown in Figure 20.

Complete instructions for multi-fre-
quency modifications are contained in the
Multi-Frequency Modification diagram (see
Table of Contents).

For radios equipped with Channel
Guard or Type 90 Encoders/Decoders, re-
peating Oscillator Modules also permits
switching or disabling tones on the same
RF frequency with the multi-frequency
switch. Also, the tone and RF frequency
can be changed at the same time.

21



DISASSEMBLY PROCEDURE

Do not attempt to remove a module from the printed wiring board
until troubleshooting indicates that the module is bad. Remove
or replace the assemblies or modules as directed.

Caution: Always remove the battery before removing any com-
ponent board to avoid blowing the fuse.

Equipment Required

® Small Phillips-head screwdriver.

°® Pencil-type soldering iron (40-60 watts) with a fine
tip for unsoldering module leads and component leads,
and a medium tip for unsoldering module mounting tabs.

° Needlenose pliers for removing slotted nuts.
e Tuning tool 19B219079-Pl1 for removing Allen-head

(2\ ) screws in the cover, and the set screws in the
I controls and antenna tip.

STEP 1.

To remove the antenna, unscrew the antenna nut
and pull out the antenna.

STEP 2.

To gain access to the transmitter, remove the
four Allen-head screws (B) with the tuning tool,
and carefully 1lift off the front cover to avoid
breaking the speaker leads.

The exciter and PA modules can be unplugged by
pulling on lifting straps () s

STEP 3.
To gain access to the receiver and tone board,
remove the four Allen-head screws in the

back cover with the tuning tool and 1lift off
the cover. Lift the receiver board out of the

case by lifting strap . The tone board
can also be lifted out of the case.

CAUTION
Do not place either board on metal or
other conductive surface with power ap-
plied. To do so will damage the Inte-
grated Circuit modules. A small '"pancake"
of Duxseal® provides an excellent insu-
lated work surface for the receiver or
tone board.

STEP 4.

To remove the Volume or Squelch Control, remove
the set screw (A) in the side of the control
with the tuning tool. Then unscrew the slotted
nut and remove the control.

To remove the Multi-Frequency switch, remove
the set screw as directed above. Then
remove the washer, unscrew the slotted nut
and remove the control.

STEP S.

To replace the accessory jack, first remove the
tone board if present. Then unscrew the slotted
nut C) , and press down to the top of the jack
to break the waterproof seal. Apply RTV-108

(GE Part No. 19A115153P2) around the shoulder

on the new jack before inserting the jack into
the mounting hole and replacing the slotted nut.

STEP 6.

To replace the speaker, remove the four Phillips-
head screws , and 1lift off the speaker cover.
Then push the speaker out of its mounting hole
and remove any of the sealant remaining around
the edge of the mounting hole. Apply RTV-108
around the edge of the speaker mounting hole

and replace the speaker in the hole aligned

as shown. Then replace the speaker cover.

STEP 7.

To replace the PTT switch or clean the rubber
diaphragm, use a 3/32-inch diameter blade flat-
head screwdriver (GE Service Parts No. SPK-528)
and remove the two screws holding the PTT ring

to the case. Remove the PTT ring and
button. Remove the diaphragm, metal disk and
spring.

STEP 8. LBI-4445

To replace one of the modules, unsolder and
straighten up the module wire leads .
Remove any solder accumulation from the leads.

Unsolder and straighten up the module mount-
ing tabs ii and remove any solder accumulation.

If replacing the receiver front end or mixer
modules, also remove the small screws holding
the helical resonators. Replace the module
and solder down the mounting tabs and then the
wire leads. Refer to the appropriate Outline
Diagram (see Table of Contents) for the wire
lead placement, if required.

STEP 9.

To replace the antenna switch, remove the
antenna and the receiver and tone boards from
the casg. Next, remove the Phillips-head
screw and then unsolder the mounting

tabs 8

Install the new switch by replacing the
Phillips-head screw and then soldering
the mounting tabs .

WARNING

The stud mounted RF Power Transistor used in the
PA Module contain Beryllium Oxide, a TOXIC sub-
stance. If the ceramic or other encapsulation
is opened, crushed, broken or abraded, the dust
may be hazardous if inhaled. Use care in re-
placing transistors of this type.

DISASSEMBLY PROCEDURE
PE MODEL TWO-WAY FM RADIO
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MODULE LAYOUT DIAGRAM

PE MODEL TWO-WAY FM RADIO
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MODULATION LEVEL ADJUSTMENT

The MOD ADJUST (R8) was adjusted to the proper setting before shipment and should not
normally require readjustment. This setting permits approximately 75% modulation for the
average voice level. The audio peaks which would cause overmodulation are clipped by the
modulation limiter. The limiter, in conjunction with the de-emphasis network, instantan-
eously limits the slope of the audio wave to the modulator, thereby preventing overmodu-
lation while preserving intelligibility.

TEST EQUIPMENT
. Audio oscillator Model 4EX6A10
. A deviation meter

1
2
3. An output meter or a VIVM
4

. Test Adaptor Model 4EX12A10

PROCEDURE
1. Connect the equipment as shown in the Test Procedure on the back of this page.

2. Apply a 140 millivolt signal at 1000 Hz to the Test Adaptor. If the Test Adaptor is
not used, apply a 14 millivolt signal to Pin 4 (Mike Hi) and Pin 1 of Accessory Jack
J701,

3. With the signal applied, adjust Tuning Control 1 for zero modulation symmetry on the
lowest channel frequency.

4, For transmitters without Channel Guard, set MOD ADJUST R8 for a 4.5-kilohertz swing
with the deviation polarity which gives the highest reading as indicated on the
frequency modulation monitor.

5. For transmitters with Channel Guard, check the Channel Guard Modulation as shown in
Step 2 of the transmitter Test Procedure. With Channel Guard tone applied, set the
deviation as described in Step 4 above.

6. For multi-frequency transmitters, set the deviation as described in Step 4 on the
channel producing the largest amount of deviation.

MOD
ADJUST
R8

F1
ADJUST

F2
ADJUST

F3
ADJUST

F4
ADJUST

F5
ADJUST

J704

TP1

TP2

F6
ADJUST

F7
ADJUST

F8
ADJUST

EQUIPMENT REQUIRED:

TRANSMITTER ALIGNMENT

® GE Test Set Model 4EX3A10 (or 4EX8K1ll) or equivalent 20,000 ohm-per-volt meter.

® GE Test Regulator Model 4EX18A10, or an ammeter capable of measuring one ampere.

e A 50-ohm, terminating wattmeter connected to external antenna jack J702 thru RF adaptor
cable 19C317633Gl (Option 4466).

® A frequency counter.

PRELIMINARY CHECKS AND ADJUSTMENTS

1. In multi-frequency transmitters, set the channel selector switch to the lowest channel
frequency.

2. Set the slugs in Tuning Controls 1 thru 6 even with the top of the can (there is no
When properly aligned, the slugs will be between the top

slug in Tuning Control 4).
of the can and the coil.

3. 1If using Test Set 4EX3A10 and Test Regulator 4EX18A10, connect the Test Set to the

metering jack on the Test Regulator.

radio, and set the Regulator for 6 Volts.

position,

Then connect the Regulator output to J704 on the
Switch the Test Set range to the Test 1
Place the test selector switch on position "I" to check the supply voltage

(read on the 1l-volt scale as 10-volts full scale). Switch to position "G" for current
drain readings (read on the l-volt scale as 1 ampere full scale).

4, Test Point meter reading made with the (+) meter lead to TPl and TP2, and the (-) lead
to system ground.

5. All adjustments made with the transmitter keyed.

ADJUSTMENT PROCEDURE

TYPICAL METER

STEP TUNING CONTROL READING PROCEDURE
1, 1, 2, and 3 Maximum Adjust Tuning Controls 1, 2 and 3 for
(at TP1) maximum meter reading at TP1l. If no
reading is obtained, adjust Tuning
Controls 1, 2 and 3 for maximum trans-
mitter current, and then re-adjust 1,
2 and 3 for maximum meter reading at
TP1.
2. 5 Maximum Adjust Tuning Control 5 for maximum
(at TP2) meter reading at TP2.
3, 6, 7 and 8 Maximum mA Adjust Tuning Controls 6, 7 and 8 for
maximur transmitter current.
4. 9 and 10 Maximum Adjust Tuning Controls 9 and 10 for
Power Output maximum power output.
5. 2 thru 10 Maximum Re-adjust Tuning Controls 2 thru 10
Power Output until no further increase in power
output is obtained.
6. Apply 7.5 Volts and check for a power
output of one watt (minimum).
7. With nc modulation, adjust the F1 (and

F2 thru F8) crystal trimmer for
proper oscillator frequency. Next,
refer to the Modulation Adjustment.

NOTE

It is recommended that all fre-
quency adjustments be made when
the equipment is at a temperature
of approximately 75°F. 1In no
case should frequency adjustments
be made when the equipment is
outside the temperature range of

60°F to 90°F.

e
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ALIGNMENT PROCEDURE

406—470 MHz TRANSMITTER
TYPE KT-22-A
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LBI-4445 TEST PROCEDURES

These Test Procedures are designed to assist be quickly localized. Once a defect is pin-pointed,
you in servicing a transmitter that is operating-- refer to the '"Service Check'" and the additional
but not properly. Problems encountered could be corrective measures included in the Transmitter
low power output, tone and voice deviation, de- Troubleshooting Procedure. Before starting with
fective audio sensitivity and modulator adjust the Transmitter Test Procedures, be sure the trans-
control set too high. By following the sequence mitter is tuned and aligned to the proper operating
of test steps starting with Step 1, the defect can frequency.

TEST EQUIPMENT REQUIRED

for test hookup shown:

1. Wattmeter similar to: 2, VTVM similar to: 3. Audio Generator similar to:
Bird # 43 Triplett # 850 GE Model 4EX6A10 or
Heath # 1M-21 Heath # IG-72
4., Deviation Meter (with 5. GE Test Adaptor Model
a .75 kHz scale) sim- 4EX12A10.
ilar to:

Measurements # 140
Lampkin # 205A

STEP 1
POWER MEASUREMENT
TEST PROCEDURE

A. Connect transmitter output to wattmeter as shown below. GE adaptor cable 19C317633Gl
is recommended for accurate power output readings.

ADAPTOR
CABLE
19C317633G1
TO b'_/
50-OHM
LOAD

\/ PE SERIES RADIO
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B. Key transmitter and check wattmeter for desired power output.. | STEP 3

VOICE DEVIATION AND SYMMETRY
SERVICE CHECK

Refer to Service Hints on Transmitter Troubleshooting Procedure. TEST PROCEDURE

A, Connect test equipment to transmitter as shown below:

VA /lQ‘

AUDIO OSCILLATOR
STEP 2

TONE DEVIATION WITH CHANNEL GUARD

TEST PROCEDURE
A. Set up Deviation Meter and monitor output of transmitter as shown below:

Y

DEVIATION
METER

TEST ADAPTOR

~ DEVIATION \/PE SERIES RADIO
 METER
% B. Set the generator output to 140 millivolts RMS and frequency to 1 kHz, If the Test
| K\ Adaptor is not used, set the generator output for 14 millivolts,
\ PE SERIES RADIO C. Key the transmitter and adjust Deviation Meter to carrier frequency.
‘ D. Deviation reading should be +4.5 kHz., If the deviation is not 4.5 kHz, set the
B. Set'MOD ADJUST R8 fully counterclockwise. deviation as directed on the Transmitter Alignment Procedure (see Table of Contents).

C. Key transmitter and check for approximately 0.75-kHz deviation. If reading is low or ;
- high, refer to the Channel Guard Troubleshooting Procedure (see Table of Contents) NOTES --These transmitters are adjusted for 4.5 kHz deviation at the factory. The factory
adjustment will prevent the transmitter from deviating more than 5.0 kHz under the
worst conditions of frequency, voltage and temperature.

NOTES--The Tone Deviation Test Procedures should be repeated every time the Tone If the deviation reading plus (+) or minus (-) differs by more than 0.5 kHz:
- Frequency is changed.
f E. Refer to the Modulation Adjustment on the Transmitter Alignment Procedure.
F. Check Audio Sensitivity by <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>