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1.4. SPECIFICATIONS

The technical characteristics of the radio-
telephone are listed in table 1.1.

GENERAL

Frequency range

Channels

Emission classifi-

cation

Channel spacing

Mode of operation

Crystal

Temperature range

Frequency stability

Supply voltage

Current drain
at 13,8 V DC

Dual watch

: 156,0

:+10x10°

-157,425 MHz
160,625-162,025 MHz

(162,050-163,0 MHz optional)

: 58 Synthesized

5 Optional (with
extra plug-in board)

: 16F3

: 25 KHz

: Simplex, semiduplex

: 1 crystal per AUX channel

: - 209 C to + 55°C

- 4% F to + 131°F

6

: 12 V Battery (test voltage
13,8 EIA) Optional: 24 V/32 V
battery with external power

pack
110/220 V AC with external
power pack

Transmit high power
(25 W) 5 A

Transmit low power
(T W 1.1TA

Receive 0.4 A

: Channel 16 (safety and

calling) and any other
channel selected.

HMax,

RECEIVER

Dual conversion

Selectivity EIA

Intermodulation EIA

Squelch

Noise
Limiter

Audio output

STR 25 SU
STR 25 SUR

Audio distortion

TRANSMITTER

S&&h) o Cw_,,‘( YV\‘

Deviation
Noise

Distortion

: 1F. 10,7 MHz/455KHZ’
0,7uv EMF 12 dB sinad

: 80 dB

: 70 dB

: Adjustable from - 2 + 6

At

dB relative to 0,7 uV EMF

/ Y
o

.40 dB | sen @R
Se )ANe

~ S )
»; N R ,'(,‘v{]_‘p n/

‘ay 4

: 1 dB (input up to 100 dB

above sensitivity)

2 W into 8 ohm int. speaker
2 W into 8 ohm ext. speaker

max 7 W into 2 ohm

(with speaker disconnected)

: 10% at 7 W

25 - 22,5 W simptex
o semiduptex -

1 W reduced power

: 45 KHz

: 40 dB

: 5%

7

Ln



NOTE: Failure to apply the following instructions,

Chapter
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INSTALLATION

— particularly those involving cables, could

result in loss of warranty.

2.1 GENERAL

For trouble free, efficient operation it is

essential to follow the installation instruc-

tions listed below.

2.2 UNPACKING and INSPECTION

Remove the radiotelephone from the shipping

container.Inspect carefully for signs of

damage. If any is evident, save the packing
material and notify the carrier immediately.

306

296

—

0% lIE,

_

340

210

40

ANy

16

28

125

125

28

2.3 SITING

The equipment should be located on the bridge,
in the chartroom or another suitable place
where it is readily accessible and reasonably
protected from splashwater. The antenna should
be located as high as practicable and in an
area which is free from obstructions.

For a typical marine installation, the following
suggestions will aid in making an efficient in-
stallation.

a. Mount the set with its Mounting Wedge hori-
zontally ontopof atable or a bench. The
Mounting Bracket on the remote unit can be
mounted either vertically beside a bulk-
head or horizontally on top of a table or
a bench.

296

065 e
I

75 75

25

I

140

256

<

150 (min)

390(min)

The figure 2.1 shows the mounting positions and
outline dimensions of the set.

2-1



b. Utilize the external loudspeaker facility
to improve watchkeeping, especially in
noisy localities. For outdoor use a water-
tight model is availalble.

c. The antenna should preferably be located
on top of the mast, but other alternatives
could be considered. When the antenna site
has been decided upon, make the coaxial
cable run as short as possible.

d. Full remote control from a remote control
box can be included as an option.

2.4 MOUNTING

When the siting of the radiotelephone has been
fixed secure the set to the bulkhead with three
SCrews.

6 mm (1/4") screws with a nut and lock washer
are recommended.
wood, provided the treated section penetrates
to a deapth of a least 1".

Screws may be fixed onto hard

2.5 EXTERNAL CONNECTIONS

2.5.1 COAXIAL CABLE

The type of coaxial cable between the radio-
telephone and the antenna should be RG-213/U
or similar 50 ohm cable.

Keep the cable length as short as possible -
on these frequencies the attenuation is 3 dB
per 30 meter (or 100 Ft.), which means a loss
of 50% of the available power output.

Fit the coaxial cable with an UHF plug PL-259

or similar type at the equipment end and also at
the antenna end when appropriate. Refer to figure
2.2.A for mounting instructions.

To protect the coaxial cable from mechanical
damage in exposed surroundings, it is recom-
mended that the cable is placed inside a steel
pipe. Alternatively an armoured cable such as
RG-215/U could be employed.

3

Coupling

Plug sub-assembly
Plug type PL-259

I 32
Coaxial cable RG-213/U (formerly RG-8A/U)
Cut end of cable even.
Remove vinyl jacket 32 mm.
” 1,5mm
o

E

Bare 16 mm of center conductor.

Trim braided shield. Slide coupling ring
on cable. Tin exposed center conductor
and braid.

e 5=

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.

FIG 2.2A MOUNTING INSTRUCTIONS FOR COAXIAL CABLE CONNECTOR



FIG. 2.2B EXTERNAL CONNECTIONS AND CABLING

NOTE: See section 4.4.7 for further details on
external speaker connections.

UNGROUNDED (FLOATING) MAINS

THE SET DESIGNED WITH FLOATING CONNEC- EXTERHA -
TIONS FOR ANTENNA AND POWER LEADS, AND L LOUDSPEAKER
THE SET ITSELF WILL NOT GROUND ANY SIDE OF

WHEN FU AD
A GROUND FREE SHIP'S MAINS. LL VANTAGE IS TO BE TAKEN OF THE

POWERFUL 7 WATT AUDIO AMPLIFIER, THE LOUD-
SPEAKER TYPE H44 MAY BE INSTALLED.

THE H44 LOUDSPEAKER IS COMPLETELY WATER-
PROOF AND CAN BE USED FOR OUTDOOR APPLI-
CATIONS UNDER EXTREME WEATHER CONDITIONS.

CAUTION

WHEN INSTALLING POWER SUPPLY PS 220 OR
ANY OTHER AC SUPPLY, THE SUPPLY CASE AS
WELL AS THE VHF RADIOTELEPHONE MUST BE
SECURELY GROUNDED FOR SAFETY REASONS.
THE SCREEN OF THE 2-CORE CABLE SHOWN
FOR VHF LINE CONNECTION IS INTENDED FOR
THIS PURPOSE.

ANTENNA EA 15

OPTIONAL EXTRA LOUDSPEAKER

D
ANTENNA BASE, FITS ON (OUTDOOR WATERPROOF)

1" THREADED PIPE (NOT
SUPPLIED WITH ANTENNA)

COAX
2 X 4 SQ MM AWG 11, SCREENED RG8A/U
D
(SCREEN IS FOR SAFETY GROUN ) (RG213/U)

Iﬁ (RG58/U)

REMOTE CONTROL

AWG 18

10m 37 X 0,25 SQ MM (__—______________________-»——————-—"\
SCREENED
>
: 13,6 VDC or 12 V BATTERY (DIRECT)
pS 24
pS 220

4 SQ MM — 24,0 VDC or 24 V BATTERY (WITH 24 V SUPPLY)
A 11 32,0 VDC or 32 V BATTERY (WITH 24 V SUPPLY)

110/220 VAC - 10%

50-60 Hz + 25%

t j09



2.5.2 CONNECTION OF SUPPLY VOLTAGE

F] 8 amps fuse

F, 15 amps fuse

2

The battery voltage is connected as shown

in figure 2.3
37 POLE FEMALE CONNECTOR

(D-CONNECTOR) FOR REMOTE CONTROL
FUSE HOLDERS (ITT CANNON DC-375 USA OR SIMILAR)

FOR STANDARD US TYPE
(1/8" X 11/4")
(SCHURTER FEP 031 2010) 2 POLE AMP OR MOLEX SOCKET

\\\\\\\\iif EXTERNAL LOUDSPEA{ER

~\\~\\\\\\\\\ 8A
15A

0,2 UHF=CONNECTOR FOR ANTENNA
ST (50 239) "

12 V BATTERY +

GROUND ~

3 POLE MOLEX PLUG

FOR POWER 24 v DC

from battery .~
POWER CABLES COMING

OUT OF THE SET

Fig. 2.3 .CONNECTION OF SUPPLY VOLTAGE

NOTE:
Connect the power supply cables directly to
the battery terminals to avoid damaging

transients from ignition switch etc.

The conductor size of the battery leads is to
be calculated from the table 2.1 below

12 V Battery

Cable Area Distance to battery in
Sq. mm  AWG meter and feet
Meter Feet

1,0 17 2,5 7,5

1,5 15 4,0 12,0

2,5 13 6,0 20,0

4,0 n 10,0 33,0

6,0 9 16,0 55,0
10,0 7

24/32 V Battery

1,5 15 0-30 0-100

connect screens from
power cables to this
terminal

12 v DC

- to transceiver
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2.5.3 CONNECTION OF EXTERNAL HANDSET JND'SPEAKER

As shown in Fig. 2.4

JMie

See also Motherboard diagram 10.7

P WED

02 -

&

HANDSET /M (¢

2.5.4 CONNECTION OF LOCAL MICROPHONE

As shown in Fic. 2.5A for standard version

As in Fig. 2.5B when using extended Mic. or handset

FTT SWITCH \/

.
X/

MICROPHONE )

MICROPHONE (standard version)

Fig. 2.5A

PTT SWITCH X

MICROPHONE

L

ad

MICROPHOME (for use with extended microphone)

Fig. 2.58

Fig. 2.5 A,B Connections for local Microphone

2.5.5 CONNECTION FOR LOCAL HANDSET

As shown in Fig. 2.5C for standard version

As in Fig. 2.5D when using extended mic. or handset

TELEPHONE I

PTTSwitTch N~ 1

2

0% 1
\O

MICROPHONE I )

MICROTELEPHONE (standard version)

Fig. 2.5C

TELEPHONE D’i

PTT SWITCH

L°———0

¢ 1
S0

MICROPHONE

MICROTELEPHONE (for use with extended

Fig. 2.5D

microtelephone)

Fig. 2.5 C,D Connections for local Microtelephone



Chapter 3
OPERATION

5 OPERATION

IN "DUAL POSITION, CHANNEL 16 IS SAMPLED,
INDICATED BY FLASHING DIAL LAMP, WHILE
LISTENING TO THE CHANNEL SHOWN IN THE DIAL
WINDOW. A SIGNAL ON CH 16 WILL EXTINQUISH
DIAL LAMP AND LOCK THE RECEIVER TO CHANNEL
16. POSITION "CH 16 ONLY" WILL DISABLE CHAN-
NEL SELECTORS AND LOCK BOTH TRANSMITTER AND
RECEIVER TO CH 16.

6 MODE
3 CHANNEL SELECTORS

LEFT SETS FIRST CHANNEL DIGIT,
RIGHT SETS SECOND DIGIT. FIVE
AUXILIARY CHANNELS (WE 1, WE 2,
AND THREE SPARE POSITIONS) ARE
SET BE LEFT KNOB.

3 TRANSMIT LAMP 7 MIKE PRESSEL SWITCH
INDICATES TRANS- PRESSING THIS SWITCH WILL AC-
MITTER "ON“ TIVATE TRANSMITTER, RELEASE TO LISTEN
LISTEN.

e
AL .

SELECTS SINGLE OR TWO-FREQUNCY
OPERATION (SIMPLEX OR DUPLEX
CHANNEL). LEFT POSITION DISCON-
NECTS LOCAL CONTROL TO ENABLE
REMOTE OPERATIONS.

“‘ﬂh;gE} E%
o B

I

|
1

.

1 MIKE RECEPTACLES

L
RECEPTACLES FOR LOCAL AND EX- + VOLUME

TENSION MICROPHONES/HANDSETS. 2 SQUELCH LOUDSPEAKER AUDIO VOLUME. IN

CORPOR
WILL SILENCE RECEIVER NOISE ORATING ON/OFF SWITCH.

IN NO-SIGNAL PERIODS. PUSH
KNOB FOR 25 W ANTENNA POWER,
PULL FOR REDUCTION TO 1 W.

3-1



3.2 OPERATING INSTRUCTIONS

3.2.1 RECEIVE ONLY

Switch on the equipment by turning the volume control clock-
wise, pull squelch knob for REDUCED POWER.

Select the channel to be monitored. Turn the
squélch knob fully anticlockwise to make squelch
inoperative. Turn volume control for appropriate
audio level (noise is heard). Turn the squelch
knob slowly clockwise intil the noise stops.'The
selected channel is now being monitored.

3.2.2 RECEIVE ONLY, DUAL WATCH

Follow procedure given in 3.2.1 and set select
switch to position "DUAL".

Channel 16 and the channel selected on the
dial are now monitored.

The dial lamp will 1indicate scanning. If a
signal is received on the channel selected on
the dial, the watch function will interrupt
the signal for 1/10 of a second every second,
but not disturb the readability.

If a signal is received on channel 16, the
receiver locks on to this channel until the
transmission is finished. The dial lamp is
switched off -during reception on channel 16.

3.2.3 RECEIVE AND TRANSMIT

Switch on the equipment, power switch in po-
sition low. Use low power for transmissions
unless conditions warrant high power.

Select the desired channel. Be sure others are not
using the channel.

To transmit, remove the handset from the cradle,
.depress the pressel switch and speak into the
microphone in a normal voice. Address call to
appropriate coast station or vessel, giving
complete station identity. On—duplex—channets—
—the—transmitter can—be-operated continiously,
qu»ﬁ%mp+ex1ﬂﬁnﬂuﬂsd;he pressel switch must be

released during reception.

3.2.4 COMMUNICATION PRECEDURE

The user of the radiotelephone is obliged to
follow the rules and regulations issued by the
Administrative Authorities.

Following are some basic rules, which should be
observed when communicating:

a. Before using a particular channel, be sure
that it is designated for the intended use.

A list of channels is published in the User's
Handbook.

b. Before initiating a channel 16 call, be sure
to pre-determine a working channel that is
not occupied.

c. Before initiating any call, be sure that the
selected channel is not occupied.

d. Keep all transmissions short and to the point.
Avoid unnecessarily long transmissions.

e. After completion of communication, return
to channel 16 - safety and calling.

3.3 OPTIONS

3.3.7 REMOTE CONTROL

For remote controlling the set can be supplied with a re-
mote control unit, including a 37 core multicable, which
makes it possible to control all the functions of the set
except the ON/OFF switch. Furthermore, the remote box rear
panel contains sockets. for external loudspeaker and remote
loudspeaker for channel 13 receiver (if installed). On the
front plate a LED indicator shows when there is a carrier
on the channel 13 receivers. One limitation occurs when the —
channel 13 remote Toudspeaker is connected directly to the
remote box, that is the omission of two positions for pri-
vate channels on the left hand dial knob (2 P and 3 P).
Actuation of those channels can be done easily by connect-
ing the remote loudspeaker directly to the channel 13 re-
ceiver and by making two strap connections on the switch-
ing unit, see par. 4.4.12 page 4-14.

3.3.2 CHANNEL 13 RECEIVER

For operation of the optional channel 13 receiver,
reference is made to appendix 1.

<



THEORY

4.1 GENERAL

In this chapter the principles of operation are
discussed, starting from the functional block
diagram, figure 4.1. Then the signal flow is

analysed with the aid of figure 4.2, the signal

flow block diagram, The frequency stabilisation
system is analysed separately and with reference

to figure 4.3. The principles of the channel

scanning are discussed in connection with figure 4.4.

The operation of individual circuits is discussed
with reference mainly to the circuit diagrams.

4.2 FUNCTIONAL DESCRIPTION

The radiotelephone equipment is a double-
conversion receiver and a frequency-modula-
ted transmitter for voice communications in
the 160 MHz marine VHF band. It transmits

and receives on channels allocated for this
service. These may be either single-frequency
(simplex) or two-frequency (duplex) channels.
The transition from receive to transmit is
controlled from the pressel switch of the
handset.

The frequency control of the set is achieved by
a frequency synthesizer or optional crystals,
one quartz crystal per private channel, through
a synthesizer type, phase-locked generator.

Another characteristic of the set is the ability
to scan channel 16 while the set is tuned to any
one of the channels available, and under these
conditions lock the receiver to channel 16 when
a transmission is received.

Refer to the block diagram 471 (SEMI-
DUPLEX), which describe the functional blocks of
the radiotelephone. Theblocks are mainly housed
on eight jseparate printed circuit boards.see fig.4.0

On transmit, the microphone of the handset de-
livers audio signals to the microphone amplifier,
which is followed by Timiter and filters. The

audio signals frequency-modulate two rf oscillators-
one of these is in operation on simplex channels
(10.7 MHz) while the other. operates when a duplex
channel has been selected, on 15.3 MHz.

Chapter 4

OF OPERATION

The frequency-modulated rf signal of 10.7 MHz or
15.3 MHz is applied to the phase discriminator or
the frequency generator. The second input to the
phase discriminator is derived from the mixer and
the mixer output frequency is exactly the same

as the signal from the FM oscillator when phase
lock had been obtained.

The phase discriminator controls and modulates
the VCO, which is followed by an amplifier. The
output rf signal is further amplified in the
driver of the power amplifier and in the final
power amplifier. A low-pass filter for atte-
nuation of harmonic signals follows before the
antenna relay switches the transmitter output
(through the duplex filter when fitted) to the

antenna.

On receive, the antenna connects via the duplex
filter (when fitted) and duplex-semiplex switch

to the rf amplifier, which is tuned to the re-
ception bands for simplex and duplex by matched
varicap diodes. The first mixer produces a diffe-
rence frequency of 10.7 MHz - the channel oscillator
(multiplied) frequency is F tx * 10.7 MHz on simplex
channels and F 4, + (10.7 + 4.6) MHz on duplex
channels.

The 1st amplifier is followed by the 2nd mixer,
which is fed by a 2nd oscillator.signal of 10.245
MHz to obtain the 2nd IF on 455 KHz.

The 2nd IF amplifier with limiter circuits and
detector, (discriminator) is in one IC unit.

The audio output frqm the detector is squélch
controlled before being amplified in the audio
amplifierwhich drives the internal Toudspeaker
(also handset receiver) and external speakers
when fitted.

The system for frequency stabilization was partly
descr%bed above in conjunction with the transmitter
operaticn. Starting from the synthesizer, frequencies
are selected to suit the requirements imposed by the
receiver 1st mixer:

The 1st oscillator injection frequency is to be

10.7 MHz above the frequency received.

The frequency stabilization system utilizes the fact
that the synthesizer output is 15.7 MHz above the
transmitter on simplex and duplex channels.






The aux oscillator output (multiplied) is 10.7 MHz
above the transmitter on simplex (one-frequency)
channels, and 10.7 + 4.6 = 15.3 MHz above the
transmitter on duplex (two frequency) channels.

When the output of the aux oscillator is applied
to the mixer stage of the frequency generator,
together with a sample of the transmitter VCO-con-

The mixer-stage is followed by a controllable frequency divider
which is connected to the phase-frequency detector. The ratio

of division of the controllable frequency divider is selectable
from n = 98:1 to n = 42:1. This accomplishes the sélection of any
one of the 57 frequencies.

The selection of a channel (frequency) is accomplished by selec-
tion of the right ratio of division in the controllable frequency
divider. Only seven wires are required to the control board to

trolled frequency, a difference of 10.7 MHz (simplex)
or 15.3 MHz (duplex) is obtained, The synthesized
channels give 15.3 MHz on simplex and duplex. This
frequency is one of the input signals to the phase
discriminator - the other one is the modulated 10.7
or 15.3 MHz signal from the FM oscillator. Differences
between the two signals generate an error voltage,
which causes the VCO to tune to another frequency

and ultimately reduce the frequency error to zero,
when phase lock occurs.

A search oscillator is incorporated in the circuit
to serve as a coarse tuning device before the phase
discriminator fine tuning takes over.

A switching unit, essentially contains three relays
for distributing the control possibilities to either
the main control unit or the remote control unit, can
be installed inside the transceiver unit as an option.

4.2.1. Frequency Synthesizer

The analysis principle is used for the Frequency-Synthesizer.
The Frequency-Synthesizer can be phaselocked to any of the

57 discretefrequencies (25 KHz spacing) within the range
171.325 to 172.725 MHz. Basically the Phase-frequency detector
compares the phases of the signals derived from the VCO and
the crystal controlled Reference-Oscillator.

The instantaneous difference between the phasing of the two
voltages causes the phase-frequency detector to produce a
voltage which controls the VCO so that the difference of
frequencies of the two oscillators becomes zero.

In the simplified diagram synchronisation is possible for one
frequency only. However, synchronisation is required on any
of the 57 possible frequencies.

Before going into details it should be mentioned that the
frequencies to be compared in the phase-frequency detector

have to be transposed to 25 KHz. By means of a divider of fixed
dividing ratio (n 256:1) the frequency of the reference-
oscillator (6.400 MHz) is transposed to the required.25 KHz.

The frequency of the VCO is mixed with 169.175 MHz on simplex
or 173.779 MHz on duplex and transmit, which is the 7th harmonic
of .the crystal controlled frequency of 24.167857 MHz (RX simpl.)
or 24.825 MHz (RX dupl. and TX). By this means the VHF-range of
the VCO is transposed into the yF-range of 2.450 to 1.050 MHz.

1A 4-2

select any one of the 57 channels.

4.3 Radiotelephone Signal Flow.

The analysis of the signal flow will first
cover the receive path, the transmit path and
the frequency control system. Then in addition
to these basic circuits, the channel scanning
circuits and the rf power control circuits will
be discussed.

4.3.1 RECEIVER SIGNAL PATH

Refer to figure 4.2.

The antenna signal passes the duplex filter
(when fitted) and duplex-simplex switch before
it is applied to the rf amplifier V301 and then
brought to the 1st mixer V302 Both stages are
tuned to the simplex or duplex frequency band
through varicaps D301 to D304.

The first oscillator frequency is 10.7 MHz above
the received signal and the 1st mixer produces a
1st IF of 10.7 MHz which is passed through a
crystal. filter (not shown) and amplified in
cascade amplifier V303/V304,

The output from the cascade feeds the integrated
circuit IC301 which at the same time serves as

2nd crystal-controlled oscillator and 2nd mixer.
The frequency of the 2nd oscillator is 10.245 MHz
and the 2nd IF is therefore 455 KHz, which is
passed through a ceramic filter. The filtered
signal is then applied to integrated circuit 1C302,
which operates as 2nd IF amplifier, limiter and FM
discriminator. The recovered audio signals is
available at the output of IC302.

The audio signals passD216 ,a diode switch con-
trolled from the squelch circuits V209,0214 and V210.

The audio signal is amplified in the integrated
circuit amplifier 1C201.
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SIGNAL FLOW DIAGRAM

FIG. 4.2



4.3.2 TRANSMITTER SIGNAL PATH

Refer to figure 4.2 for the discussion below.
The voice signals from the microphone are ampli-
fied in V410 and y409and then limited inVA408/407.
Required audio filtering is carried out in the
active filter V406.

Two outputs are arranged to the FM modulators D401
and D40z respectively. This first one is effective
when the simplex/duplex switch (V4C2/403/D403/404/
D405 has placed oscillatory40l in operation on one-
frequency channels. For two-frequency (duplex)
operation modulator varicap D402 frequency modu-
Jates the 15.3 MHz output from oscillator V404.

Phase discriminator n505-08 is provided with two
inputs:

- fromys503 FM signals centered at 10.7 MHz or
15.3 MHz,

- from V502, mixer D501-04 output which is the
difference betweeny101 channel oscillator
multiplied frequency and V508 transmitter vari-
able oscillator frequency.

Conditions for frequency locking are satisfactory
when both input terminals get the same frequency.
The implication is that the phase discriminator
then locks the frequency of variable oscillator
V508 with varicapD512 and the modulation from V503
input is reproduced on the VCO signal.

The VCO signal is amplified in V502 before being
applied to the 1st rf driver V601, which is followed
by 2nd RF driver V60z,and the RF amplifiers V604/V6C6.
The rf output passes a harmonic filter and reaches
the antenna over closed contacts on the energized
antenna relay. (Through the duplex filter when
fitted).

4.3.3 FREQUENCY CONTROL SYSTEM

Refer to figure 4.2 and figure 4.3 for the
discussion below.
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Aux. ch.crystal oscillatorVi0lis connected to
either of the two sets of crystals over switch
diodes D109 and D108 respectively. The individual
quartz crystals in the two sets are selected via
diode switching from the channel switch. When
simplex channels are installed, the simplex gate
is armed by connecting required number of diodesd117-
119-121-123-125 The existence of a diode on a
specific channel sets the simplex/duplex switches
in simplex niode:
- V204/D203/204/ 205 - tunes the receiver rf
stages V301, and 2nd doubler V202.

- V402/403/D403/405 select the duplex FM
oscillator V404.

The aux oscillator output is doubled, then
quadrupled by V201 and 202 in turn, and the multi-
plied signal applied to the first receiver mixer
and the Tx mixer D501-D504.

The synthesizer output is applied to the first RCVR
mix,and the Tx mix D501-504 after amplification by
V202 . '

The transmitter employs a variable oscillator V508,
the output of which is amplified in the driver and
a sample of the frequency is brought to the mixer
D501-504 The mixer thus receives the VCO frequency,
and the shannel oscillator "frequency".

The phase discriminator D505-508 compares the
frequency and phase of the frequency-modulated
10.7 or 15.3 MHz signal and the mixer difference
frequency 10.7 or 15.3 MHz. An error voltage is
generated as long as there is a frequency and
phase defference. The error voltage is fed to the
VCO to reduce the error, ultimately to zero, then
the VCO is precisely 10.7 MHz (or 15.3 MHz on du-
plex channels) lower than the multiplied channel
oscillator frequency, so the modulation frequency
deviations have been simultaneously transferred
to the VCO automatically.

A protective circuit prevents the radiaton of
Refer to figure 4.2 phase
discriminator and search oscillator V502/V504.
Prior to locking the frequency of the VCO, the

"non-lock" frequencies.

search oscillator sweeps with a frequency of about
100 Hz.
The sweep voltage at the discriminator output is
sensed by amplifier V505, amplified and rectified in
D529/0510 . The rectified voltage makes V06 con-
duct heavily, which in fact implies that the an-
tenna relay circuit through switch v5n7 is switced
off. Because of this, transmission is not possible
when the search oscillator is sweeping the VCO fre-
quency - i.e. the VCO has not locked. Also the an-
tenna relay does not connect the battery.

The sweep stops when phase lock is obtained.

4.3.4 CHANNEL SCANNING

Refer to figures4.2 and 4.4.

When the channel scanning facility is selected, the
receiver automatically listens to the channel se-
lTected by the channel selector switch, for approx-
imately 0.9 second, and then changes over to channel
16, the distress, safety and calling channel, for
about 0.1 second. If a signal is present on channel
16, the receiver stays locked on this channel. If
no signal is present on channel 16, the receiver
reverts to the other selected channel, for an-

other 0.9 second listening period and a repetition
of the scan cycle.

Transistor V419 under normal conditions is conducting
and when the function switch is set to scanning, the
scanner start-gate V208/D213 changes to "0" (low vol-
tage) from "1" (high voltage). This starts the multi-
vibrator V206/2G7/D211/D212, which has two frac-
tionat periodes. During the first period, when the
selected channel is received, the multivibrator
output is "1",and scanner switch diode D209 is
not conducting. Then the multivibrator switches

and the output becomes "0", and the signal is in fact
brought back to switchV418 which is cut off. The
channel gate D412-413 input is also set to "0" to

open transistor switchV41g, and in this way dis-
coinects the synthesizer or crystal selected.

At the same time channel 16 scanner control line
gets "0" and the synthesizer or crystal changes
to channels 16.

The scanner stops on the channel provided that a
signal is received, i.e. the squelch is open. The
output from the squelch is high ("1") then, and
the high output fromV205 blocks the scanner
repeat gate D207/D208.

ch xy ch xy |ch 16:signal |ch xy
signal received
Feceive: nessage end

o signal

ch 16 no sign.
eceivsd}
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ON — - ———
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i

FIG. 4.4 SCANNER SYSTEM SIGNAL DIAGRAM
If no signal is received on channel 16, the reply
from the squelch is "0". Because of this the repeat
gate is opened. At the end of the last fractional
period, the scanner output becomes "1" again,
switch V419 closes to ground,and because the feedback
via the repeat gate is closed, the cycle starts to
repeat itself.



4.4 CIRCUIT DESCRIPTION

4.4.1 SYNTHESIZER BOARD UNIT 20

NOTE: A11 components numbers should be prefixed with
the above unit number.

Refer to circuit diagram and assembly drawing 10-1

The synthesizer is a single phase-lock-loop type where
the VCO consists of a field effect transistor (FET)
V01, tuned circuit components L 02, C 07, C 10,

C 11 and the vari-cap diode D 02. For side step tun-
ning of 4,6 MHz the additional components C 12, C 16,
C 17, and the PIN diode D 03 are used.

The output from the VCO is coupled through the capacitor
C 03 to the output amplifier V¥ 02. C 20 and L 26 are
adjusted to provide the required inputs for the amplifier
V 02 (biased through D 04, R 16 and the RF signal
cable) on the AF scanner board and the two buffer stages
formed by two dual gate transistors V 03 and V 04 in
conjunction with the tuned circuit C 26 and L 07.

The mixer (V 05) inputs from VCO,V 04 and the 7th
harmonic from the crystal oscillator V 10, (tuned by
L 12 and C 56) result in a mixer output in the fre-
quency range 1 to 2,5 MHz which is fed to a Tow pass
amplifier chain consisting of the filter ¢ 37, L 09,
C 39 and the transistors V 06, V 07, and V 08.

The basic signal is fed from V 08 collector to

the monostable multivibrator IC 04 which provides

the required input pulses for the variable divider

IC 03 and IC 02 used in the up-counting mode over
the selectable range n=42:1 to n=98:1 (controlled by
the channel selector via pins 14, 15, 16, 18, 19, 20,
and 21). See channel code on circuit diagram 10.1

The output from the variable divider (25KHz when the
VCO is locked) is then compared with the 25KHz refe-
rence in the frequency phase detector IC 01. The
25KHz reference is generated by the 6,4 MHz crystal
oscillator V 22, amplified by V 21 and divided by 256
to 25KHz by V 06 and V 25.

The advantage of using the phase-frequency detector is
that it cannot go out of lock, because as soon as the
incoming frequencies are different, the "0" output pe-
riod from the detector(br "1", depending on wether the
difference in frequency is postive or negativ@ increases
until phase-lock is established again.

4-7

From the detector IC 01 the DC voltage is amplified
and filtered in the loop amplifier consisting of C 20,
V 19, R 70, C 68, and C 69. The remaining 25KHz in
the output from the loop amplifier is filtered by a
bridged T filter R 07, R 08, R 12, C 08, C 09,

C 14, and C 15 before the DC is fed to VCO tuning
diode D 02 via R 09. The tuning capacitors C 07 and
C 11 are used for setting the simplex tuning range and
the trimmer capacitor C 17 for setting the

duplex and Tx range of the vari-cap D 02 which com-
pletes the synthesizer loop.

In order to keep the frequency of the synthesizer within
the prescribed stability, the 7th harmonic of two crystals
is used. One for simplex Y 02 (24,167857 MHz) and one
for duplex Y 01 (24,825MHz). The diodes D 10 and D 09
handle the simplex-duplex crystal switching and together
with the side-step tuning of the V{0, make it possible

to operate the synthesizer in two bands of 58 channels
each.

The control line pin 5, which is directly connected to
the duplex diode D 09 via L 10, will on duplex have the
state "0" potential and thereby the diode D 09 conducts
and D 10 and V 09 are non-conducting. In state "1" the
opposite happens V 09 and D 10 conduct while D 09 is
non-conducting. An output is taken from the collector of
V 09 tothe side step tuning circuit. When the collector
voltage is in state "1" the pin-diode D 03 is non-con-
duct%ng,in which case the tuning capacitor C 17 is effec-
tive (in the duplex and Tx mode). When V 09 conducts

D 03 also conducts and short-circuits the capacitors

C 16 and C 17 (in the simplex mode).

When transmitting,V 18 conducts irrespective of the state
of pin 5, due to the state "1" level on pin 9. When aux
channels are being used the above function is inhibited
due to the absence of the synthesizer +8,5 voltage which
causes the inhibiting transistor V 17, to remain in a

non-conducting state.

The synthesizer + 8.5 voltage is removed in the following
manner when an aux. channel is selected. Pin 7 is supplied
with a positive voltage from pin 8 on the crystal board,

V 16 conducts and drives V 14

cuts off and thereby switches off the +12V supply (pin 1)
to the synthesizer voltage stabilizer.

15 into saturation, V

The 5 volt stabilizer, IC 07 which supplies all inte-
grated circuits is also used as a reference for the 8,5V
stabilizer, consisting of series regulator V 13 with

sense amplifier V. 11 and amplifier V 12.

The output is normally +8,5V and can be accurately adjusted
by selecting resistor R 50. Diode D 12 protects the sta-
bilizer in the event of a short-circuit across the out-
put. In this condition the diode conducts and cuts off the
5 volts bias reference for V. 12. When V 12 is cut off,

the implication is that V 13 is also switched off.



4.4.2 AF-SCANNER AND MULTIPLIER BOARD UNIT 22

NOTE: A1l components numbers should be prefixed with

the above unit number.

Refer to circuit diagram and assembly drawing 10-2.

MULTIPLIER

The oscillator output from the crystal board Pin 4 is
applied to Pin 3. The oscillator output is multiplied
by two in the Tst multiplier V 01 and once more doubled
in the 2nd multiplier V 02, while the output from the
synthesizer board Pin 3 is applied to Pin 8 and ampli-
fied in V 02. This stage is tuned to the center of two
bands, separated by 4.6 MHz, through matched varicaps

D 01 and D 02. The frequency of the duplex channel band
is higher, and therefore a large bias is applied to the
varicaps on duplex V 04.

Trimmer potentiometer R 15 adjusts the increase of ca-
pacitance on simplex, by setting the lower voltage

level associated with higher varicap capacitance. Trans-
istor V 03 separates the outputs to the receiver and
the transmitter.

CHANNEL SCANNING

The scanner is essentially a multivibrator
with two fractional periods of 0.9 and 0.1
second duration, respectively. When the scan-
ner is non-operative, the input to start gate
D 13/Vv 08 on Pin 21 is at 1-state (high).
Therefore, V 08 output is low and multivi-
brator transistor V 06 is permanently cut-
off. The collector voltage of V 06 is at 1-
state and the high voltage is coupled via
diode D 08 to the base of V 07 to keep this
transistor saturated.

06 is connected to three
10, which are wired to
04, channel 16 crystal and

the squelch function.

The output from V
diodes D 08 to D
control switch V

Transistors V 18 and V 19, on the VCX0 board fig lo.4,
are normally saturated because the base bias is high.
V 18 provides ground return for the channel selector
switch and V 19 performs the same function for the
scanning mode switch. The gate controlling the base
bias for V 18 is wired to scanner output diode D-09,
and 1-state from this will not affect switch V 18.

Closing the scanner switch places the base
of V 08 at O-state. The collector assumes
1-state and starts to charge C 20 - V 07
is still saturated. When the voltage across
C 20 becomes high enough, V 06 is switched
on. The scanner output from the collector

V 06 falls to O-state, this causes switch

V 18 cut off and simultaneously transis-
tor V 07 is switched off. The implication
is:

- the channel selector is disabled because
V 18 is cut-off,

- channel 16 control line - which is wired
to diode D 10 - is placed on O-state and
the crystal is switched to the oscillator
circuit.

When the receiver is tuned to receive chan-
nel 16, two distinct possibilities can oc-
cur:

1. No transmission is received. Under these
circumstances the squelch control voltage
is “0" and inverter amplifier V 05 output
is "1". The high output is coupled by diode

D 07 to the base of non-conducting multivi-
brator transistor V 07, which starts to
pass current after a time set by capacitor

C 19, and affects cut-off V 06 via C 20/
D 11. The multivibrator period therefore
repeats itself. The 1-state output from the
scanner makes switch V 18 close: the speci-
fic channel selected is again connected to
the oscillator.

2. A channel 16 transmission is received. Now
the squelch output is at l-state and inverter
V 05 output is "0", D 07 is non-conducting
and the multivibrator stops on this state
because the base of V 07 is kept at O-state.
The condition holds as long as a transmission
is received on channel 16.

Under the conditions that a signal is received
during the scanning period of the selected
channel - i.e. inverter output is "0" - the
cycle repeats normally as the output 1-state
transfers to V 07 to saturate this transistor.
The circuit R 19/D 06/C 18 serves to

operate the squelch for a short while when

the scanner switches to channel 16, In the
event that a transmission is received on the
selected channel (not 16), the squelch 1-state
builds up and is not immediately removed when
channel 16 is scanned. This would cause a noise
burst when channel 16 was unoccupied.

The capacitor is connected between two 1-sta-
tes when the normal transmission is being re-
ceived, and no charge is accumulated, The tran-
sistion to O-state of the scanner output im-
plies that the voltage at the junction D 06/

C 18 goes negative and temporarily removes

the forward-biasing voltage of D 16 (D 06
conducts). Then C 18 charges and after a short
while D 06 is cut-off and the squelch output
resumes control of D 16 (reverse-biasing if

no signal, otherwise forward biasing).



SQUELCH CIRCUIT

Capacitor C 21 essentially passes noise sig-
nal to amplifier V 09 which is praoyided with
a tuned circuit L 06/C 23 in the collector,
The voltage across the tuned circuit is recti-
fied in D 14 and a positive voltage appears
at the output, charging capacitor C 25,

Transistor V 10 is a pnp transistor whose
base~emitter voltage - in the absence of
noise - is determined by the voltage drop
across trimmer potentiometer R° 36, The
voltage drop is caused by the current which
always flows through transistor V 09. Be-
cause of this V 10 conducts under normal
conditions, i.e. when a signal is received
and its noise content is minute. Consequent-
ly the voltage across coliector resistor

R 37 is high (1-state), and forward-biasing
switch diode D 16, the cathode of which is
at approximately + 3 V from the emitter fol-
lower output of IC-302, Audio signals are
thus passed to the audio amplifier's.

When the amount of noise increases, due to

a weak transmission or no signal being re-
ceived, the positive output voltage from

D 14 counteracts the negative base-emitter
voltage of V 10, and finally affects a com-
plete cut-off, This implies a low voltage
across R 37 and D - 16 becomes reserve-bia-
sed -~ no audio signals are passed to the
audio amplifier. The squelch trip point is
set by R 36 to a convenient level,

Means are provided to adjust the squelch function. Re-
sistor R49 in series with the variable squelch adjust-
ing resitor R50,bypassed with capacitor C46, is brought
to pc board terminal 20, to where the squelch control
via the dual watch switch is connected.

AUDIO POWER AMPLIFIER

The audio signals from the detector are brought to
Pin 12 and pass the squelch diode switch D 16 (now
assumed to be conducting) to blocking capacitor C 31,
to telephone preset potentiometer R53. The 0C-03 is
a DC controlled attenuator controlled on Pin 2 con-
nected to the volume control. Capacitor C 63 and R
62 provides the 6db/octave de-emphasize response.

The power amplifier is an intergrated circuit type
with 7 W output into 2 ohms. The amplifier is boot
strapped to allow ground reference for the loud-
speaker.

To allow telephone audio level independent of the
volume control an amplifier IC-02 is added controlled
from R53. Normal setting of R53 gives 1 mW into the
telephone.

4.4.3 RF BOARD UNIT 3

NOTE: A1l components numbers should be prefixed with
the above unit number.

Refer to circuit diagram and assembly drawing
10-3.

The rf amplifier V 01 is a field-effect tran-
sistor with double-tuned circuits at the input
and at the output. The tuned circuits are pro-
vided with trimmers for alignment. Tuning bet-
ween the simplex channel and duplex channel
bands is achieved through varicaps D 01 to

D 04, which are matched as a quartet.

The varicaps are biased + 8 V on duplex chan-
nels via resistor R 08 and trimmer potentio-

meter R 01. On simplex terminal Pin 7 is closed

to ground from the si/du switch (transistor

V 04 on the AF-scanner board), reducing the
bias to a value set by potentiometer R 01.
Bias reduction is associated with an increase
of capacitance, and the combination C 08 +

D 01, therefore, tunes L 01 to a lower fre-
quency (the differential variation is 4.6 MHz).
The operation is similar on all four tuned
circuits.

Field effect transistor V 02 operates as 1st
mixer with signal input to the gate terminal
and the 1st oscillator signal injected across
the source resistor R 10. The tuned circuit
at the drain terminal consists of coil L 05
and capacitors C 18/C 19. Capacitor C 19
matches to the 10.7 MHz crystal filter input.

The 1st amplifier employs cascade amplifier
V 03/V 04 in the first stage. The collector
circuit consists of coil L 07 and capacitors
C 30 -C 31 to match the input to integra-
ted circuit IC O01.

IC 01 operates as IF amplifier, 2nd oscilla-
tor and 2nd mixer. As an oscillator, the in-
jection frequency is controlled by quartz
crystal Y 01 with frequency adjusting trim-
mer capacitor C 05. 2nd IF frequency is 455
KHz and is taken from terminal 6 to L 14
which is a matching inductance to the 455 KHz
ceramic filter.

The ceramic filter adds to the selectivity of
the receiver and drives the 2nd IF amplifier,
integrated circuit IC 02, This block simul-

taneously performs the task of a limiter and
a frequency discriminator, The discriminator

function requires external tuned circuit

L 15/C 38, tuned to 455 KHz,

Audio output is taken from terminal 1 to Pin

6 via R 23, The IC circuit is actually an em-
mitter follower at the output, and because of
this the dc potential is about + 3 V - this is
of importance for the squelch function.



4.4.4 V.C.X.0. BOARD UNIT 4

NOTE: A1l components numbers should be prefixed with
the above unit number.

Refer to circuit diagram and assembly drawing
10-4,

MICROPHONE AMPLIFIER

The input from the dynamic microphone arrives
at Pin 4 and is coupled to amplifier V 10

via capacitor C 40. Output is taken at the

collector and drives emitter follower V 09
with pre-set gain control R 42 at the out-

put.

The signal from R
tor V. 08, amplified and then applied to the
base of V 07. 08 and V 07
operates as a limiter to prevent overmodula-
The bias of V 08 is set by R 37 and
dc feedback, to obtain a symmetrical clip-

42 is applied to transis-

Transistors V

tion.

ping of voice peaks.

Following V 07 is an active filter employ-

ing transistor V
sis of 6 dB/octave in the audio band, a 12
dB/octave attenuation above the audio band

06 to obtain a pre-empha-

and splatter attenuation.

The output signal from V 06 is applied to
potentiometers R 28 and R 29, which
the audio signal level to the FM modulators

set

to obtain specified frequency deviation.

FREQUENCY MODULATORS

There are two almost identical modulators:
one operating on 10.7 MHz transistor V 01,
01 and varicap diode D 01, and
04, crystal Y
02, operating on 15.3 MHz.

crystal Y
another with transistor V 02
and varicap D
Only one modulator operates at a time and
this is controlled from simplex/dupliex in-
formation applied to gated transistors

V 03 and V 02.

If the optional crystal board is installed , the
following describes the operation of both oscilla-
tors (10,7 and 15,3) but when the transmitter is
operating from the synthesizer (i.e. on a main
channel) only the 15,3 MHz oscillator is used, the
gate input being maintained in the 0-state for both
simplex and duplex operation.

Starting with the switch the si/du information
(from the selected channel) appears at the cat-
hode of diode D 03. On simplex channels input
is at 1-state, and V 03 is saturated. The out-
put being low, implies that oscillator tran-
sistor V 04 is cut-off and simultaneously

V 02 is cut-off. Accordingly the 10.7 MHz

01
bias and is operating. Conversely, on duplex
the gate input is at O-state, V

oscillator transistor V is given a high
03 is nen-
04 (15.3 MHz)
is in operation. The high bias drives V 02
into saturation and V 01 is cut-off.

conducting and oscillator V

The oscillator proper employs a tuned col-
lector circuit with a capacitive veltage
divider and a feed-back path to the emitter.
In the feedback path the varicap and quartz
are incorporated and variable inductances

L 01 (L o04). 01 (L 04)
affect the center frequency of the oscillator,
02 (L 06) enables ad-
justment of the modulator linearity, to ob-

Adjustments on L

while manipulating L

tain minimum distortion.

The varicap diodes are dc biased from zeger
diode D
from the frequency deviation control potentio-
meters R 28 and R

17 and audio signals are superimosed

29 of the microphone
amplifier.

VOLTAGE STABILIZER AND CONTROL GATE SWITCHES

The voltage stabilizer consists of a series
11 13,
12 and reference zener diode

regulator V with sense amplifier V
amplifier V
D
and can be accurately adjusted by selecting

61, Diode D 07 protects the sta-

if a short-circuit occurs at the out-

18. The output voltage is nominally +8,5 V

resistor R
bilizer
put.

In such an event the diode conducts and cuts

off the bias of V 12. Then when V 12 is cut
off, the implication is that V 11 is also swit-
ched off.

14 and V
to make the output voltage available to recei-

Transistor V 15 operate as switches

ver or transmitter circuits alternatively.

Switch V 15 is controlled from the handset
pressel switch via transistor V 17 over gated
input R 65 - R 66. Transistor V 17 is nor-

mally conducting because base bias is high from
R 68.
vented,

However, when transmission is to be pre-
the transistor can be set non-conduc-
ting by setting the base to the O-state.

The collector of V 15 is high on transmit in
simplex operation. This affects the base gate
of transistor V 14 - base-emitter voltage
goes towards 0 and recejver circuits are not
supplied voltage via blocked transistor V. 14.
In duplex operation V 16 opens and both trans-

mitter and receiver are supplied with 8,3 V.



When the pressel switch is opened, current
through V 17,is cut-off and the collec-
tor goes towards +8 V. This cuts off V 15
and in turn causes V 17 to conduct.

Gated switch V18 controls the grounding of
the channel selected, the scanner takes con-
trol of V 18 which is held non-conducting

during the time channel 16 is being scanned.

Gated switch V 19 is for control of the
squelch, and scanning functions. A1l these
functions are effective when their circuits
are terminated to ground via common switch
Y .18. Diode D 19 blocks the squelch and
scanner function during transmitting. The
bias on transistor V 29 is then low and
the transistor is then open.

4.4.5 G-DETECTOR BOARD UNIT 5

NOTE: A11 components numbers should be prefixed with
the above unit number.

Refer to circuit diagram and assembly drawing

10-5.
The two input signals to the phase discrimi-

nator across transformers L 01 and L 02 are
either 10.7 MHz or 15.3 MHz. The signal from
the FM oscillator/modulator is first amplified
by V 03 before being applied to the discrimi-
nator. The other input signal is derived from
the channel oscillator and the VCO-controlled
transmitter signals. Mixer D 01-D 04 diffe-
rence frequency output is amplified in V 01
and feeds the phase discriminator second in-

put over L 02.

The output signal from the phase discrimina-
tor is an ac voltage unless both input fre-
quencies are equal. The output then becomes

a dc level and the phase and frequency con-
trol loop has closed. Now only phase differen-
cies can occur. However, the discriminator is
very sensitive to phase differencies - the
output changing 1 V/radian - and therefore
dc-coupled transistor V. 02 is very accurate-

1y controlled.
The base network on V 02 provides a PIP-cha-

racteristic (PropertionaT-Integrating—Propor-
tional), i.e. for dc and low frequencies, at-
tenuation is constant and very low, for high
frequencies the two resistors determine the
attenuation and for frequencies in between an
integrating characteristic is obtained. A
similar network is part of the collector load
and controls the VCO varicap diode. As a re-
sult of these networks, a frequency-dependent
gain has been obtained, with a maximum at

zero-frequency.

Now first assume that phase lock has been
established. The dc amplifier V 02 is very
heavily feedbacked because the loop gain is
of the order of 135 dB for d¢ (and about 95
dB for 100 Hz signals). Therefore the equiva-
lent collector impedance is very low and the
collector voltage closely controlled from the
base dc voltage. Any phase deviation changes
the discriminator output and causes a VCO
response in such a way that the deviation is
entirely compensated. The amount of control
is at a maximum under the locked condition
because gain feedback is at maximum. When the
loop has not closed, conditions are quite
different. Transistor V 02 with V 04 forms
a Wien bridge oscillator which oscillates
with a frequency of about 100 Hz. This is due
to the reduced or non-existant feedback in
the control loop to the base of V 02, which
cannot eliminate the oscillator loop gain of
10 to 15 dB. The 100 Hz oscillation is de-
termined by the series-parellel RC networks

¢ 07/R 21 - C 09/R 22, and the amplitude
is sufficient to sweep the frequency of the
VCO about 6-8 MHz. The beat frequency signal
which results from the discriminator appears
at the base of V 02, and high frequencies
are consijderably attenuated in the PIP network.
Therefore the beat frequenéies will appear as
a superimposed ripple on the 100 Hz oscilla-
tion, with a level which is Tow on high fre-
quencies and increasing when the beat frequency
approaches zero.

Oscillations of the search oscillator will
continue , because the negative feedback is not

sufficient to stop the oscillator.

/502 COLLECTOR PHASAERCLHOCOKSCESLTI_‘>\BTLOIRSHSETDOPS
SE 1

VOLTAGE \/ ~ 2

DC LEVEL FOR
PHASE LOCK

7 <
//& 100 Hz 0SC.

T

FIG 4.5 PHASE DISCRIMINATOR AND SEARCH OSCILLATOR SIGNALS
However, because the correct VCO frequency
corresponds to a certain collector voltage,
this voltage will be reached on ripple peaks
before the 100 Hz wave itself attains that vol-
tage, and the implications is that the range
for catching control of the swept VCO becomes
about 200 KHz. The beat hote is reduced to-
wards zero, and when zero the phase discrimi-
nator takes over and the associated negative
feedback stops the oscillation of the search
oscillator.

b-1
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08 in the
05 and vari-
12 for tuning. The PIP network

37 forms the dynamic charac-

The VCO itself employs transistor V
oscillator circuit with coil L
cap diode D

R 29/C 18/R
teristics for control. The frequency of the
the oscillator is the same as the transmitted
frequency, and the frequency modulation from
the 10.7 (or 15.3) MHz FM modulator 1is preser-
ved via the phase discriminator and VCO con-
trol.

Therefore amplifier V 09 and subsequent
amplifiers are straight amplifiers, because
both frequency and modulation are as requi-

red when the signal leaves the vco.

The VCO is carefully screened to prevent un-
It must be provided with
the screens on both sides of the printed cir-
cuit card for proper operation.

Transistors V 05, V 06, and V 07 form a
guard circuit against non-locked frequency
overation by the antenna relay. The coil of
the relay is connected to the collector of

desired radiation.

V 07 and is closed to ground when the
transistor conducts, which characterizes
transmit conditions.

When a transmission is ordered (the pressel
switch on the handset is closed), +8 V is
applied to the circuit and a positive pulse
is obtained over differenting network C 15/
R 31 to the base of V 06, turning the tran-
Transistor V 07 base voltage is
35/

sistor on.
obtained from integrating network R

C 17, and therefore V 06
06 takes the base of V
ground giving a prolonged cut-off.

is much faster

- turned on V 07 to

The initial pulse of V
and V 06 then returns to the non-conducting
state. The clamp of V 07 base bias
ved simultaneously, and V

06 will not last long,

is remo-
07 conducts. Any
15

11

07 is saturated. Previosly, before
V-507 saturates, C 15/R 32 had provided for
a 50 ms delay of the antenna relay.

charge which may remain in capacitor C
is discharged by regenerative diode D
when V

However, under the conditions that the search
oscillator, oscillates a positive bias is de-
livered from V 05 over voltage doubler recti-
fier D 09/D 06. In this
way the initial positive pulse is prolonged,

10 to transistor V
until oscillations cease, and the antenna
relay switch transistor V 07 is accordingly

kept in its non-conducting state.

4.4.6 RF POWER AMPLIFIER UNIT 6

NOTE: A1l components numbers should be prefixed wi

the above unit number.

Refer to circuit diagram and assembly draw

10-6.

The amplifier is a straight amplifier throughout
with transitors V 01, V 02, and V 04 acting as
drivers, while V 06 is the final amplifier. The
resonant circuits are fitted with trimmer capa-
citors for tuning. The RF output from V 06 is
passed through the antenna relay and a 3-section
low-pass filter to efficiently attenuate harmo-
nics from the amplifier. From the collector of
V 02 a sample of RF signal is taken out and

fed back to the mixer on the VCO board. Capa-
citor C 21 couples the RF signal to diode D 01
for peak rectification. The rectified output

is a negative DC voltage, which is applied to
the base of V 05 via the variable resistor

R 16, V 05 is also connected to the +8 V, and
consequently the base bias is made dependent

on the rectified D.C. level, i.e. the RF power
level. When Pin 6 is closed to ground, the re-
lay 02 leaves R19 open,and V 05 controls the
series transistor V 03, which provides the
collector voltage for the two driver ampli-
fiers V 01 and V 02. Pin 6 is connected to

the high-low power switch and is grounded on
Tow power, and open on high power.

R 16 is controlling the low power level by
controlling the driver amplifier's collector
voltage. The peak rectifier D 02 coupled to
the collector circuit of V 06, together with
zener diode D 03 forms a circuit to provide
almost constant RF output level if the supply
voltage is raised above normal Tevel.

The transmit indicator is coupled to the input
collector circuit of VOL through the capaci-
tors C 58 and C 01. When RF is present, the
output of rectifier D 01 is a positive DC
voltage, which is applied to the base of V 01
whose turn on point is controlled by the vari-
able resistor R 03. The DC voltage which acti-
vates the transmit lamp switch transistor is
taken from terminal 10 on the RF power ampli-
fier.



4.4.7 MOTHER BOARD UNIT 27

Refer to assembly drawing 10-7

The mother board provides the connections

between the plug-in P.C. boards.

This board also provides two possibilities for connect-

ing the external loudspeaker. By moving the wire going =9
to socket for external speaker from terminal :Z¥8; where
internal and external speakers are in parallel (when
switching unit is insta]]e@)to terminal :Z¥9 vhere the Z {3
output is constant i.e. independent of the position of

the remote switch. In case the switching units are

left out, the wire has to be connected to:Zlgg‘

4.4.8 CONTROL BOARD UNIT 28

NOTE: A1l components numbers should be prefixed with
the above unit number.

Refer to circuit diagram and assembly drawing
10-8.

The control board mainly houses all external controls
1ike channel switches, volume controls, dimmer control,
squelch swifeh, dial lamp, and signal indicators.

javave S

-Fhe--contrel--tamp current-passes- throwgh-transistor.V.02-
...Which.is.biased via the variable dimmer potentiometer- -
--R..07,..and..consequentlythe Tight emission-is -controlled
=by-R-07. The built-in loudspeaker and the optional ex-

ternal loudspeaker audio level is controlled by volume

control R p&f/
2.Y

The dial lamp is controlled via the transistors V 01
from the channel selectors. The diodes D 03 and D 53
protect the set against (reversed polarised) supply

voltage.

h-13

4.4.10 CRYSTAL BOARD UNIT 21 (OPTIONAL)

NOTE: A1l components numbers should be prefixed with
the above unit number.

Refer to circuit diagram and assembly drawing 10-10.

The oscillator VO1 operates with grounded collector,
and a series resonant quartz crystal in a network
from base to ground. Feedback from emitter to base

is obtained via C15. The frequency of the quartz
crystal in the base-to ground path can be pulled by
trimmer capacitor adjustment, and an inductance coil
(LO1 or LO2) in series provides compensation for the
frequency offset, which is associated with the series
capacitor. Oscillator output is taken from the
emitter resistor B2% to Ist doubler VO1, on the Af-

scanner and multipliter board unit 2.
v2T

The transistors V 02 and V 03 form a DC switch for the
supply voltage to the oscillator V 01. On AUX channels
the grounding of Pin 10 is removed,and V 02 and VO3
are conducting, and from Pin 8 a blocking voltage is
applied to Pin 7 on the synthesizer board.
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4.4.11 SWITCHING REGULATOR 24/32-13,6 V UNIT 11

NOTE: A1l components numbers should be prefixed with
the above unit number.

Refer to circuit diagram and assembly drawing
10-11.

The highly efficient regulator reduces input
supply voltages between 20 and 40 V to a re-
gulated voltage of 13,8 V at the output termi-
nals. Both input and output terminals are fil-
tered for efficient suppression af radio fre-
04 protects the
regulator against wrong supply voltage polari-

ty.

quency noise and the diode D

The switching regulator is self-oscillating
at a frequency around 30 KHz mainly determined
by the coil L 03 and the capacitor C 08

10 and
06 serves to minimize out-

The output voltage is preset on R
the capacitor C
put ripple by causing the full ripple to ap-

pear on the feedback terminal of the IC 01.
The IC 01 controls the switching transistors
v 01 and V 02 and during off periods the

allows the cur-
03.

fast recovery diode D 01
rent to continue to flow in the coil L

The transistors V 03 and V 04 together
02 and D 03

provide short circuit protection of the out-

with the zener diodes D

put terminals controlled from the voltage
03. Diode D-
increase a too low short
It must be higher than 5 A.

drop across sense resistor R
05 is used to
circuit current.

4.4.12 SWITCHING UNIT 12 (OPTIONAL)

NOTE: AT1 components numbers should be prefixed with
the above unit number.

Refer to circuit diagram and assembly drawing 10-12.

The switching unit is mainly a P.C. board containing
the relays R 01, R 02, and R 03, which switch-on 17
of the 37 wires going to the multiconnector Z05, for
the remote control box (Z06), if the lever switch

SW 03 on the transceiver control unit is in position
"REMOTE". The rest of che wires (i.e. 17) going to
the remote control unit, are connected in parallel
with the wires going to the transceiver control unit.
The remained ones of the wires are used for remote
carrier indicator and remote loudspeaker, both for
the channel 13 receiver. The diodes D 01 - D 07
together with the zener diode D 08, series resistor
R 01 and de-coupling capacitor C 01 provide over-
voltage protection for the seven synthesizer channel
code Tines.

b-14

The connectors Z01 and Z02 are plugged into the
mother board connectors Z06 and Z09 respectively,
corresponding to connection to the control board
Z01,and Z02 is done by Z03 and Z04. The two single
connectors Z06 and Z07 serve as input terminals for
the channel 13 remote loudspeaker connector Z04 on
the remote box.

When the connectors Z06 and Z07 are used,the two
straps electically going from the Pins 16 and 15
(AUX crystal coptract lines for channel 2P and 3P)
on Z01 have to be removed.

Otherwise, if the channel 13 option is not on, it
enables the used one of the wire for connecting the
last two auxiliary channels 2P and 3P on the remote
box, by strapping the two points on the switching
board. Then re-connect the blue/brown wire and the
yellow/red wire to terminals 16 and 15 on Z01

(silk screened only) on the remote control board.
Finally, move the stop screw of the front of the
index of SWO1 two steps clockwise. See par. 7.2.6
removal of control board, and 8.5 installing auxi-
liary channels.

4.4.13 REMOTE CONTROL UNIT 90 (OPTIONAL)

NOTE: A11 components numbers should be prefixed with
the above unit number.

Refer to circuit diagram and assembly drawing 10-13.

The remote control unit contains a control board si-
milar to the control board on the main set (see par.
4.4.8), but without the fuse Fol, the supply switch,
and "remote" position on mode switch. Additions are
carrier indicator for channel 13 receiver, connec-
tors for external Toudspeaker, and remote loudspeaker
for channel 13 receiver. The remote control unit is
connected to the transceiver unit through a 37 cores
screened cable (max 30 feet) fitted with the multi-
connector Z06 for insertion to Z05 placed on the
rear side of the transceiver unit.

NOTE: For installation of auxiliary channels see
also par. 4.4.12 and par. 8.5.

Cevbfe’



Chapter 5

ROUTINE MAINTENANCE

5.1 GENERAL

This chapter contains information about
service test equipment and routine mainte-
nance procedures which can be carried out
by anyone with a good general knowledge of
radio equipment.

Should troubles occur which are outside the
scope of this chapter, consult a qualified
technician, familiar with VHF equipment and
solid-state circuitry. He will be able to
troubleshoot, repair and align the set with
the aid of the following chapters of this

manual.

Paragraph 5.9 describes the general procedures
for performance tests. On-board tests cannot
usually be carried out to the same extent as
service lab. test, so the serviceman will have
to use his experience to compensate for lack

of available equipment e.g.

- testing modulation properties with voice
and another station listening-in,

- evaluating receiver sensitivity from out-
put noise level with open squelch.

NOTE

Following chapters are for service work:

TROUBLESHOOTING - how to locate the fault,

REPAIR - how to dismantle and reassem-
ble internal assemblies,
ALIGNMENT - how to restore the set to

original performance.

5.2 PARTS REPLACEMENT

Common items listed in the parts list should

be obtained locally or from a service agent.
Special components used should be ordered from
the manufacturer. Identify components by Part
Numbers as given in the part list. When in doubt
or when ordering parts which are not listed,
order by complete description, model of equip-
ment, serial number or date when unit was de-

livered.

5.3 TEST EQUIPMENT AND SPECIAL TOOLS

Following is a list of test equipment and
special tools necessary for maintenance of the
radio equipmert.

Equivalent substitutes are acceptable.

NOTE

Item a. to c. contain the basic setup for main-
tenance in situ. The remaining items should be
available at the workshop for maintenance pro-
cedures of a more comprehensive nature.

a. General purpose ac/dc testmeter sensivity
20K ohm/volt or better - METRIX MX 202 A.

b. RF directional wattmeter. BIRD Thruline
model 43 with plug-in element 25 W.
Also 40 dB directional coupler type 4274.

c. Frequency counter, minimum 200 MHz -
ELDORADO model 1460.

d. RF vtvm for Tow level measurements -
BOONTON ELECTRONICS model 91C or MAR-
CONI TF2604 - complete with T-connector
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