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General:

Frequency Ranges:

Frequency Tolerance:

Frequency Checking:

Types of Emission:

SECTION 1. - TECHNICAL SPECIFICATION.

This radio equipment is intended for use as a ship's main trans-
mitter providing complete coverage of all frequencies in the mari-
time mobile bands for telegraphy between 405 and 535 kHz and
of all frequencies in the maritime mobile bands for telegraphy and
telephony between 1.6 and 27.5 MHz.

The transmitter complies with the relevant rules of the International
Conference on Safety of Life at Sea (London 1960) and the Radio
Regulations (Geneva 1957 and 1967), besides a number of national
regulations. It also complies with the C.C.I.R. recommendation
No.258-1 (Oslo 1966) in respect of S.5.B. equipment for maritime
mobile use.

The transmitter consists of six panel units, the medium-frequency
tuning unit, the high-frequency tuning unit, the power amplifier,
the frequency synthesizer, the S.S5.B. exciter and the power supply
unit, which are housed in a single cabinet rack. The panel units
are designed to conform to standard 19-inch rack dimensions.

All desired frequencies are derived from a digital type synthesizer
which covers the frequency range 0-30 MHz, the frequency incre-
ment being 0.1 kHz. The frequency synthesis method is based on
phase-locking the output frequency to a fixed reference frequency.
The transmitting frequencies are selected by six control knobs on
the front panel of the synthesizer.

In the 405-535 kHz range the output circuit of the transmitter is
pre-adjusted to seven different frequencies, 410, 425, 454, 468,
480, 500 and 512 kHz, which are selected by a single control
knob. The antenna circuit is fine-adjusted by a separate control
knob.

In the 1.6-27.5 MHz range the output circuit of the transmitter is
pre-adjusted to twelve different bands within the range, i.e. the
bands 1.6-1.8, 1.8-2.1, 2.1-2.4, 2.4-3.0 and 3.0-3.8 MHz in the
intermediate-frequency range, ond the 4-, 6-, 8-, 12-, 16-, 22-
and 25-MHz bands in the high-frequency range. These bands are
selected by a single control knob while fine tuning of the circuit
to the frequency in question is made by a separate control knob.

short term (15 minutes): +1Hz
long term (3 months): T 30 Hz

The reference oscillator circuit is so arranged that the reference
frequency can easily be checked against a frequency standard,

e.g. one of the 5-, 10- or 20-MHz standard frequency transmis-
sions. An ordinary receiver may be used for detecting the signals

(beat-note method).

Telegraphy: A1, A2H and F1 (externally connected tone-shift os-

cillator or telex equipment).
On A2H the modulation frequency is approximately 700 Hz and
the carrier suppression 5 to 6 dB below p.e.p.
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Qutput Power:

Power Reduction:

Antenna Impedance:

Audio~Frequency Input:

Audio-Frequency Band:

Speech Compression
and Peak Clipping:

A.F. Distortion:

Intermodulation Products:

Spurious and R.F.
Harmonic Suppression:

Carrier Suppression:

Unwanted (Lower)
Sideband Suppression:

Hum and Noise:

1-2

Telephony: A3H, A3A ond A3J.
The upper sideband is transmitted.

405-535 kHz: 400 W p.e.p. to antenna
1605-3800 kHz: 400 W p.e.p. to antenna
4-27.5 MHz: 1200 W p.e.p. to antenna

The output power can be reduced continuously from maximum output
to zero.

The transmitter is intended for use on antennas with the following
parameters:

405-535 kHz: From 1.9 Q in series with 750pF to 3.6 Q in series
with 300pF.

1605-3800 kHz: From 6 Q in series with 150pF to 40 Q in series
with 250pF and 8 uH.

4-27.5 MHz:  From 20 Q to 2000 Q {unkalonced).

Min. input voltage: 5 to 10 mV for full modulation,

The input circuit is provided with attenuators for impedance motching
and input level adiustment,

Input for carbon microphone is standard.

tf required, a dynamic microphone may be used.

350-2700 Hz within 6 dB.

The A.F. amplifier includes o compressor which maintains the output
power at an almost constant level, within 0.5 dB, for a microphone
input level variation of 26 dB. in order to limit rapid signal peaks

a clipper followed by a filter is inserted in the output circuit of the

ALF. amplifier,

Less than 10 %.

In band: At least 31 dB below p.e.p.
Out of band:

3rd order: At least 28 dB below p.e.p.
5th order: At least 38 dB below p.e.p.
7th order: At least 43 dB below p.e.p.

At least 45 dB below the mean power of the fundamental.

A3A: 162 dB below p.e.p.
A3H: 5to 6 dB below p.e.p.
A3J: At least 40 dB below p.e.p.

At least 45 dB below p.e.p.

At least 45 dB below p.e.p.



Unwanted Frequency
Modulation:

Keying Speed:

Climatic Standards:

Power Amplifier Valve:

Power Supply:

Power Consumption:

Dimensions and Weight:

Less than £ 10 Hz

Up to 30 bauds (approximately 40 words/min.)

The transmitter is designed and constructed to operate in ambient
temperatures from =15°C to +55°C and in relative humidity vp to

95 % at +40°C.
Type 4CX1500B (8660)

The transmitter is designed to operate from a 3-phase power source,
3x380V or 3x440V, 50 to 60 Hz.

Mains voltage tolerance T 10 %.

Max. 3 kVA at a power factor of 0.95.

Height: 1300 mm (incl. antenna insulator)
Width: 530 mm

Depth: 600 mm

Weight: approx. 165 kg






SECTION 2. - DESCRIPTION

2.1. Mechanical Description.
The transmitter consists mainly of six units which are housed in o standard 19-inch cabinet
rack. The arrangement of the units in the cabinet rack is illustrated below.

Medium-Frequency
Antenna Matching Network
Reference Designations A&

High~Frequency ond
Intermediate~Frequency
Antenna Matching Network
Reference Designation: A5

Power Amplifier Unit.
Reference Designation: A4
Sub-Assemblies:

A4AT and A4A2

Synthesizer Unit,
Reference Designotion: A3
Sub-Assemblies:

A3A1, A3AZ, A3A3, etc.

5.5.8. Exciter Unit,
Reference Designafion: A2
Sub~Assemblies:

A2AT, AZA2, A2AZ, etc,

Power Supply Unit.
Reference Designation: Al
Sub-Assembliess

AYAT and ATAZ

Cabinet Rack,

fine une

i

M
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(e nand sefector 22 nienna coupling
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WH: i iz distress  test

Al A Fi { A3H  ASA A3 simplex duplex
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The power supply unit is mounted on a strong chassis which rests on the bottom framework of
the cabinet rack and is fastened by two holders at the rear and two screws at the front, one
at each side. The front panel is fastened to the cabinet rack by four screws. The power sup-
ply unit can be pulled out from the cabinet rack when its front panel is removed and the
two screws at the front of the chassis are unscrewed. When the multi-conductor plug at the
rear of the chassis is taken out of its socket the power supply unit can be completely re-

moved from the cabinet rack.

The other units are designed as drawers (panel-and-chassis assemblies) mounted on telescopic
slides. The front panels are fastened to the cabinet rack by means of captive panel-mounting
screws, The telescopic slides are fitted with trigger latches which automatically and securely
fock the unit in the withdrawn position, when fully extended. The projecting latches are

pressed to release the lock so that the drawer can be closed or completely removed from the
cabinet rack as shown below. Before removing a drawer from the cabinet all plugs on cables
for connecting the unit to the cabinet wiring should be taken out of their sockets af the rear

of the chassis.

The rear of the chassis of the S5.5.B. exciter unit and the synthesizer unit is formed as a

miniature rack into which plug-in modules (sub-assemblies) of various widths are inserted. The
electrical connections between the modules and other parts of the transmitter are made by

means of printed-circuit card connectors, and for some of the modules coaxial-cable connec-
tors or multi-conductor connectors are provided on the module panels. The modules are fasten-
ed to the frame of the drawer by means of captive panel-mounting screws, Slide-out side
covers are provided on the modules for easy access to the circuit cards. See illustrations

below.

The six units are electrically connected with the wiring of the cabinet rack by means of
flexible cables with plugs and sockets at the chassis end and terminal blocks at the cabinet
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end. Some of the units are olso equipped with plug~in contacts (knife and spring clip con-
ches are provided to prevent operating personne! from accidentally

t {drawers) ware withdrawn. These interlock
switches (door switches) are located inside the cubinet rack to the left, one for each unit.
In order to be able fo carry out 'five' inspection the maintenance engineer may set an inter-

lock switch in the ‘locked~on' position, see ilustrations below.

tactsy. Interlock swit
I3 s . LR i % H M
coming in contact with high voliage when units

Pull plunger down and out for 'locked~-on® Full interlock protection is automatically
position during maintenance. restored on the first closure of the panel.

It is emphasized, however, that since the mains voltage is also dangerous fo life, the main
switch outside the transmitter must always be opened if some work is to be done inside the

transmitter.

An antenna lead-through insulator with o terminal for connecting the antenna is provided on
top of the cabinet rack and a terminal for ground connection is located on the back of the
cabinet rack near the top. A terminal block for connecting the external wiring cables to the
transmitfer is located inside the cabinet rack on the rear plate near an entering slot through
which the cables are possed. Inlet ond exhaust vents for o blower in the power amplifier
unit are provided in the rear plate of the cabinet rack. The inlet vent is equipped with an
air filter., The mounting dimensions of the transmitter are shown on the outline dimensional
drawing which is located in the drawing section af the rear of this manual.



2.2. Electrical Description.

2.2.1. Block Diagram.

A complete block diagram of the transmitter is located in the diagram section at the rear of
this manual. This block diagram shows the overall relationship between all major circuits in
the transmitter., The identification number on each block is the same as that used in the text.
The blocks are divided into groups corresponding to the assemblies and subassemblies of the
transmitter for which complete circuit diagrams are also provided at the rear of this manual.
The reference designations of the assemblies and subassemblies corresponding to the groups are
shown in the block diagram. Only the basic interconnections are shown. The power-supply

units are omitted.

2.2.1.1, Frequency Synthesizer. Reference Designation A3,

The principle of operation of a single-loop synthesizer is shown below in a simplified block
diagram. All the frequencies necessary for the single-sideband signal processing are derived
from a single frequency standard which consists of a very stable crystal oscillator. The signal
of frequency fg produced by this oscillator is applied to a phase discriminator (comparator)
via a frequency divider with a fixed division ratio M. The resulting frequency f/M, the
reference frequency, is equal to the channel spacing. A tunable voltage-controlled oscillator
can cover the desired range or can be switched in steps to cover various bands in the range.
Coarse prepositioning information is supplied when the channel is selected. A digital divider,

Frequency Fixed-Ratio
Standard e Divider
fs M
{w
Phase Low=pass Voltage-
Discrimi= g Filter o Controlled >
nator Oscillator fo
fo/N Variable- £
Ratio ©
Divider

+ N
Frequency Control Inputs
(Channel Selection)

whose division ratio N is variable, divides the frequency fo of the voltage-controlled oscil-
lator by the proper ratio to provide an output at approximately the reference frequency. This
output signal is compared with the reference frequency fs/M in the phase discriminator. Any
difference in phase between the two frequencies fo/M and fo/N will result in a d.c. error
voltage which is fed back through a low=-pass filter to the voltage-controlled oscillator. The
low-pass filter serves to filter components of the input frequencies and their harmonics from
the output in order to prevent frequency modulation of the voltage-controlled oscillator.
When the output frequency of the voltage-controlled oscillator is corrected to provide the
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proper input frequency to the phase discriminator, it phase-locks the loop "(voltage~control~
fed oscillatori~{divider = N)={phase discriminator)~{low~pass filter)-{voltage~controlled oscii-
fotor)" 4o the reference input and, since fo/N = £/M, the output frequency of the voltage-
controlled oscillator can be expressed as

fo = N /M),

From this equotion it will be seen thot uny desived multiple of the reference frequency
fs/M can be produced by selecting the necessary division ratio N in the variable-ratio di-
vider, This is done automatically by the channel selection switches. The stability of the
produced frequencies will be equal to that of the frequency standard.

One of the main odvantages of this method of synthesis is its freedom from spurious signals
in the output, and in this respect it is superior fo the conventional method in which the
signal frequency is obtained by successive mixing and filtering. However, it may be diffi-
cult to obtain sufficient filtering of the components of the reference frequency in the system
described cbove. If the time constant of the filter is long the short~term stability of the
voltage-controlled oscillator must be high, and if the time constant of the filter is short the
rejection of the components of the reference frequency will not be sufficiently effective.
Therefore o compromise between the two points of view must be made.

To encble the synthesizer to provide complete coverage of all frequencies used in the mari-
time mobile service, the reference frequency should be as low as 100 Hz. However, by
introducing on extra phase-locked loop in the actual synthesizer, it has been possible to
use a reference frequency of 500 Hz whereby the above mentioned problem has been solved.
Three signal frequencies are necessary for signal processing in this system of synthesis, i.e.
o fixed frequency of 1.5 MHz, a variable frequency in the range 33.4991 MHz to 33.5000
MHz and a veorioble frequency in the range 35 MHz to 65 MHz. The fixed frequency of 1.5
MHz is derived from a 7.5-MHz crystal=controlled oscillator (frequency standard) the output
frequency of which is divided by 5. The frequency in the range 33.4991 MHz to 33.5000
MHz is derived from a voltage-conirolled crystal oscillator and frequency multiplier circuit
with o loop feedback system by means of which the output frequency can be phase-locked
in steps of 100 Hz. The use of a crystal-controlled oscillator in this circuit makes it possible
to achieve the desired very high short-term frequency stability. The frequency in the range
35 MHz to 65 MHz is derived from a voltage~controlled oscillator circuit with a loop feed-
back system by means of which the output frequency can be phase-locked in steps of 1 kHz.

The standard-frequency signal of 7.5 MHz is produced by the crystal-controlled oscillator
shown as block 1 in the complete block diagram of the transmitter. The output frequency of
this oscillator is divided by 5 in block 2 and the 1.5-MHz output is applied to block 3 as
well as to block 4. Block 3 contains a 1.5-MHz selective amplifier the output of which is
applied to the S5.5.B. exciter. Block 4 contains a frequency divider which divides the 1.5-
MHz signal by 3, The 500-kHz output from this divider is applied to block 5 as well as to
block 6. Block 5 contains a differentiating circuit which produces appropriate multiples of
the 500~kHz signal for checking the frequency standard against one of the 5~, 10- or 20~
MHz standord-frequency transmissions, e.g. the WWV transmissions. The 500-kHz signal from
block 4 is also fed to block 6 which contains o frequency divider with o division ratio of
1000, and from this divider the required output frequency of 500 Hz, the reference frequency,
is obtained. The 7.5-MHz signal from the frequency standard, block 1, is also applied to
block 7 which contains a frequency multiplier, In block 7 the 7.5-MHz signal is multiplied
by 4 to produce an output signal of 30 MHz for signal processing in the 33.4991-33,5000
MHz loop system. Appropriate filtering of the 30-MHz output signal from the multiplier is

provided by a band-~pass filter contained in block 8.

- 33.4991-33.5000 MHz loop system:- A voltage-controlled crystal oscillator contained in block
9 is designed to produce a frequency which, by means of the loop feedback system, can be
phase-locked in steps of 100 Hz within the range 3.4991 MHz to 3.5000 MHz. The output
frequency from this oscillator is multiplied by 5 in a frequency multiplier contained in block
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10. Appropriate filtering of the output signal from the multiplier is provided by a bond-pass
filter contained in block 11, The frequency of the output signal from the filter will lie
within the range 17.4955 MHz to 17.5000 MHz, the actual frequency being dependent on
the oscillator control voltage. The output signal from the filter is applied to o variable-
ratio frequency divider which is contained in the blocks 12 and 13, Division ratios of 34991,
34992, etc. to 35000 can be selected by o 10~position switch in the decade contained in
block 14, the ist decade. The output signal from the variable-ratio frequency divider is fed
to a phase discriminator contained in block 14 where it is compared with the reference fre~
quency of 500 Hz. The output from ihe phase discriminator is fed to the control terminal of
the voltage-controlled crystal oscillator via o low=pass filter contained in block 15, thus
completing the loop. With this loop system the voltage-controlled oscillator can be phase-
focked in steps of 100 Hz within the said range, the actual frequency being determined by
the setting of the decade switch, The output signal from the voltage-controlled crystal oscil-
lator, block 9, is fed to o mixer contained in block 16 together with the 30-MHz signal
from block 8 to produce a signal which has o frequency equal to the sum of the two input
frequencies, i.e. the frequency of the output signal will lie within the range 33.4991 MHz
to 33.5000 MHz, the actual frequency being determined by the setting of the decade switch
in block 14. A band-pass filter contcined in block 17 rejects the undesired difference fre-~
quency signal from the mixer and passes the above mentioned signal, the desired signal, on
to an amplifier contained in block 18.

The output signal from the amplifier contained in block 18 is fed to the S.5.B. exciter
where it is mixed with the 1.5-MHz signal to produce a signal which will lie within the
range 34.9991 MHz to 35.0000 MHz. This signal is finally mixed with a signal in the range
35 MHz to 65 MHz to produce the desired transmitting frequency in the range 0 to 30 MHz.
It should be noted that the above mentioned frequency 34.9991 MHz, which is the lowest
frequency in the range, corresponds to the highest digit, 9, in the 1st decade, and that the
frequency 35.0000 MHz, which is the highest frequency in the range, corresponds to the low-
est digit, 0, in the 1si decade. In this respect the coding of the 1st decade differs from

that of the other decades as described later in this manual.

35-65 MHz loop system:~ A voltage-controlled oscillator contained in block 19 is designed
to produce a frequency which, by means of the loop feedback system, can be phase-locked
in steps of 1 kHz within the range 35 MHz to 65 MHz. The output signal from this oscillator
is applied to a dual-channel amplifier contained in block 20. In order to prevent transmis-
sion during frequency shift, this amplifier is so arranged that its output channel is blocked
when the loop is not phase-locked. The oscillator output signal is fed to a prescaler con-
tained in block 21 through one of the channels of the amplifier. In the prescaler the fre-
quency of the signal is divided by 2 and the resulting signal, the frequency of which will
lie within the range 17.5 MHz to 32.5 MHz, is applied to a 5-decade digitally coded fre-
quency divider system contained in the blocks 22 to 26. This frequency divider can be pre~
set to divide the frequency by any integer between 35000 and 64999 by means of 5 binary
coded switches controlling the 5 decades. The output signal from the 5-decade frequency
divider is fed to a phase diseriminator contained in block 27 where it is compared with the
reference frequency of 500 Hz, The outpui from the phase discriminator is fed to the control
terminal of the voltage-coniroiled oscillator via a fow~pass filter contained in block 28,
thus completing the loop. With this loop system the voltage-controlled oscillator can be
phase~locked in steps of 1 kHz within the range 35.000 MHz to 64.999 MHz, the actual
frequency being determined by the setting of the 5 decade switches.

Since the frequency range of the voltage-conirolled oscillator is reiatively wide in compari-
son with the capture range of the loop, special means for appropriate coarse tuning of the
oscillator circuit must be provided. In order to fulfil this requirement an 8-bit binary up-
down counter contained in block 29 and a digital-to~analogue converter contained in block
30 are introduced in the circuit, The phase discriminator is designed to produce clock pulses
when the loop is not phase-locked. These clock pulses are applied to the 8-bit binary up-
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frequency s oo low the counfer counts down, and

for I
oscitiator i’i’E:é.‘gL:‘@ﬂC}' is too high the counter counts up. The first & bits ¢ -mmi the digital-

ro-analogue converier whic L oroduces the control signal for coarse tur -E 1g of the osciliator,
k 28 where

This control *fg-ﬁci is applied to the input of the ix;w“pass filter contained in blo
f

down counier. [t the oscilla the

3

it is added to the error signal from the phase discriminator. The last two bits of the binary
up~down counter are decoded io control four swiiching diodes by means of which the proper
top on the oscillator inducior for coarse-tuning the volioge-controlled oscillator to the re-
quired frequency is selected. Thus, if the oscillator frequency is too low or too high, the

counter will count down or up, s'ﬂmmcvw«‘?yf until the oscillator frequency is brought inside
the capture range of the locp, offer which phase oc&mg is established. It should be noted
i nic means whereby extremely

that the tuning pr LAdUFe is Pempiefd} controfled by electror
is

ensured,
The exact operofing range of the fransmitfer obtained by means of the synthesizer and mixers
described above is O to 29,9999 MHz in 100-Hz steps.

high reliabiiity

2.2.1.2. Single~Sideband Exciter, Refererice Designation AZ,

The functions of the s.s.b. exciter are controiled by means of an electronic function contro
circuit which is contained in block 41 in the complete block diagram of the fransmitter.
Input informations on the following types of emission are provided by o type-of-emission se-
lector contained in block 42: A1, AZH, F1, A3H, A3A and A3J. This selector also provides
input informations on simplex and duplex cperation. lnput informations to the function contrel
circuit are also previded by the following parts of the transmitter equipment: telegroph key
contacts, press—to~talk switch contacts, "tune” switch contacts, "test" switch contacts, inter-
locking swiich comacfs and c:ppropnafe switch confacts in the synthesizer for the frequencies
500 kHz and 2182 kHz. The circuits which are controlied by the function control circuit are
described in the following.

The audio-frequency input circuit of the exciter can be connected to either a microphone,

a frequency-shift keying {f.s.k.} signal source or an 700-Hz oscillator by means of an input
selector contained in block 43. This selector is controlled by the function control circuit
mentioned above. The 700-Hz oscillator is contained in block 44, The switching on and off
of this oscillator is also controlled by the function control circuit so that the oscillator is on
only when its output is switched to the a.f. input of the exciter. If any of the types of
emission A3H, A3A and A3J are selected by the selector in block 42, the function control
circuit in block 41 causes the selector in block 43 to switch the microphone to the a.f.
input circuit of the exciter. If the type of emission Fl is selected, the a.f. input circuit of
the exciter is switched to the terminals for the f.s.k. signal. If the type of emission A2H
selected, the 700-Hz oscillator is switched on and its output is connected to the a.f. input
circuit of the exciter. When the synthesizer is set on 500 kHz the s.s.b. exciter is uncon-
ditionally adjusted for A2H operation by means of the function control circuit. Similarly,
when the synthesizer is set on 2182 kHz the s.s.b. exciter is automatically adjusted for A3H
operation with the microphone connected to the «.f. input circuit, but if the tune switch is
turned on the 700~-Hz oscillator is switched on and connected to the a.f. input circuit.
When the tune switch is turned on or the test push~button switch is pressed, the s.s.b. ex-
citer is unconditionally adjusted for operation with the 700-Hz oscillator switched on and
connected to the a.f. input circuit, and keying of the exciter takes place as long as the

switch in question is operated.

The a.f. input signal to the exciter is fed to a compressor contained in the blocks 45, 46
and 47. The compressor consists of a voltage~controlled attenuator, block 45, followed by
an amplifier, block 46, to the output of which a rectifier, block 47, is connected. The rec-
tified output signal is fed to the voltage-controlled attenuator so that the gain of the ampli-
fier is automatically controlled. By this arrangement the output signal level of the amplifier
is maintained almost constant, within 1.5 dB, for an input signal level variation of 20 dB.
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Minimum input for full modulation 10 mV. The compressor output signal is applied to an am-
plifier contained in block 48. In order to limit rapid signal peaks a clipper, contained in
lock 49, is inserted in the output circuit of this amplifier. The clipper is followed by a
low=-pass filter, block 50, from the output of which the a.f. signal is applied to the output

amplifier contained in block 51,

A sidetone oscillator contained in block 52 is switched on by the function control circuit
when the type-of-emission selector is set in the positions for Al and A2H operation. The
700-Hz output signal from the sidefone oscillator is fed to the external circuit, e.g. the a.f.
input circuit of a receiver associated with the transmitter, through an electronic keying cir-
cuit contained in block 53. This keying circuit is controlled by the function control circuit
in such a way that the sidetone signal is applied to the external circuit only when the tele-

graph key is closed.

The a.f. output signal from the amplifier contained in block 51 is applied to a balanced mo-
dulator, block 54, in which it modulates a 1.5~-MHz carrier signal to produce a double-side-
band signal with suppressed carrier. The modulator is followed by a crystal filter, block 56,
which selects the lower sideband of the output signal from the modulator and provides further
suppression of the carrier. The 1.5-MHz corrier signal, which is obtained from the synthesizer,
is applied to the modulator through a carrier distribution circuit contained in block 55. The
carrier distribution circuit, which is controlled by the function control circuit, provides means
for reinsertion of the carrier at the input of the mixer contained in block 57 along with the
l.s.b. signal from the crystal filter. In cases where carrier reinsertion is required, the func-
tion control circuit automatically sets the reinserted carrier to the desired level for the type

of emission selected by the type-of-emission selector.

A variable-frequency carrier signal of 33.4991-33.5000 MHz, which is obtained from the syn-
thesizer, is applied to the mixer, block 57, through o variable-gain amplifier, block 58. The
gain of this amplifier is controlled by a knob on the front panel and by a pulse shaper con-
tained in block 59. The pulse shaper is controlled by the function control circuit and the
keying system of the transmitter. When the keying contacts, i.e. the keying contacts of the
telegraph key, the press-to-talk switch, the tune switch, the test switch and the keying
contacts for F1 operation and duplex operation, are open, the pulse shaper reduces the am-
plification of the variable~gain amplifier to zero so that no signal appears at the output of
the mixer contained in block 57. When the type-of-emission selector is set for A1 or A2H
operation the telegraph key is switched into circuit whereas when it is set for A3H, A3A or
A3J operation the press-to-talk switch on the microphone or handset is switched into circuit.
In cases where F1 operation or duplex operation is selected the s.s.b. exciter is keyed con-
tinvously. Keying of the exciter also takes place when the tune switch or the test switch is
operated. When the synthesizer is adjusted for operation on 500 kHz the telegraph key is un-
conditionally connected into circuit, The panel-operated gain control functions as a power

control .

When the s.s.b. exciter is keyed the carrier signal from the output of the variable-gain am-
plifier is applied to the mixer contained in block 57 together with the l.s.b. signal from the
output of the crystal filter, which signal may also include a reinserted 1.5-MHz signal, to
produce a new l.s.b. signal with a carrier frequency equal to 1.5 MHz plus the actual fre-
quency of the signal from the variable-gain amplifier. A band-pass filter contained in block
60 rejects the undesired difference frequency signal from the mixer and passes the desired
l.s.b. signal mentioned above on to an amplifier contained in block 61. The carrier frequen-
cy of this l.s.b. signal will lie within the range 34.9991 MHz to 35.0000 MHz, the actual
frequency being determined by the setting of the lst decade switch in the synthesizer. In
order to remove out-of-band noise a crystal filter contained in block 62 is provided in the
output of the amplifier, block 61. The output signal from this crystal filter is applied to a
mixer contained in block 63, A variable-frequency signal of 35-65 MHz, which is obtained
from the synthesizer, is fed to this mixer through an amplifier contained in block 64. When
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of the i.s.b, input signa! to the mix filter contained in block 65 rejects the
undesired sum frequency signal from the mixer and posses the desired u.s.b. signal on to an
ampi;ﬁer contained in block 66, The carrier %E-ax;ue ncy of the u.s.b, signal will lie within

the range C fo 29.9999 Mz, the actual frequency being determined by the setting of the
decade switches in the synthesizer.

The carrier frequency of the above mentioned u.s.b. signal is equal to the transmitiing car-
rier frequency. In the case of Al operation the transmitting frequency is equal to the carrier
frequency. The output signal from the amplitier, bl
amplifier, block 68, through a low-pass filter, block é7. T?}e amplifier, block 68, is fol-
lowed by o two-stage wide-bond amplifier, block &9, the output signal of which is fed o a
driver preceding the power amplifier of the transmitter. The two-stage wide-band amplifier
provides an cutput power of approximately 1 watt p.e.p. into a load of 50 Q.

ock 66, is fed to o three-stage wide-band

2.2.1.3. Power Amplifier and Tuning Circuits. Reference Designotions A4, A5 and Ab.

The output signal from the s.s.b. exciter is applied to a wide~band amplifier contained in
block 80, This amplifier drwes a power amplifier contained in block 81, In the frequency
bands for maritime mobile service between 1.6 MHz and 27.5 MHz the power amplifier is
tuned by means of an ontenna matching network contained in block 90, while in the range
405 kHz to 535 kHz it is tuned by means of an antenna matching network contained in block
95. Changing between the two antenna matching networks is performed by means of a relay
which is controlled by the synthesizer decade switches in such a way that the network cor-
responding to the frequency setting is cutomatically selected. Similarly, an antenna relay
located in the cabinet rack automatically switches the antenna to the matching network in
question. An amplifude discriminator contained in block 82 and o meter contained in block
83 provide meons for adjusting the power amplifier for correct tuning and proper leading. The
switches in the tuning circuits mentioned above are combined with interlocking switches whick
are connected to the input of the function control circuit. When these interlocking switches
are closed the function control circuit causes the supply voltage for the wide-band amplifiers
to be switched off. By this means the signal voltage is removed from the switches in the tun-
ing circuit while switching over from one position to another.



2.2.2. Cabinet Rack Wiring.

The complete wiring diagram of the cabinet rack is located in the diagram section at the
rear of this manual fogether with the circuit diagrams of the panel-and-chassis assemblies and
subassemblies. A terminal board, TB1, for connecting the external wiring cables to the trans-
mitter is located inside the cabinet on the rear plate above an entering hole through which
the cables are passed. Radio-frequency filters are provided at all terminals for the external
wiring cables. An antenna lead-through insulator with o terminal for connecting the antenna
is provided on top of the cabinet rack and terminals for ground connection are located on

the back of the cabinet rack neor the top.

The six panel-and-chassis assemblies contained in the cabinet rack are electrically connected
with the wiring of the cabinet rack by means of flexible cables with plugs and sockets at the
chassis end and terminal strips at the cabinet end. Some assemblies are also equipped with
plug=in contacts (knife and spring-clip contacts). The reference designations for the mating
connectors (plugs, sockets or plug-in contacts) are added in parentheses (brackets) adjacent

to the connectors shown. Cable assemblies for interconnection of two panel-and-chassis assem-
blies are designated by the letter W, the designation method used for the cable connectors
being similar to that mentioned above. Interlock switches are provided to prevent operating
personnel from accidentally coming in contact with high voltage when panel-and-chassis as-

semblies are withdrawn.

The antenna is automafically switched to the antenna matching network in use by means of a
relay unit containing two relays, K2 and K3, located on the rear plate of the cabinet rack
near the top. These relays are fed from a 24-volt d.c. supply, located in the main power-
supply assembly, and controlled by the decade switches on the frequency synthesizer front
panel. Four silicon diodes, CR5 to CR8, are inserted in the control circuit. When the syn-
thesizer is adjusted for a frequency within the range 0-1 MHz, the coil of the antenna relay
K3 is fed from the 24-volt supply through the appropriate decade switches whereby the relay
is energized, thus switching the antenna to the matching network for the medium-frequency
range. The said decade switches also control the frequency-range selector relays in the power
amplifier circuit so that the antenna matching network for the medium-frequency range is con-
nected to the output of the power amplifier valve with the proper r.f. choke inserted in the
anode circuit. When the synthesizer is adjusted for o frequency within the range 1-4 MHz,
the coil of the antenna relay K2 is fed from the 24-volt supply through the diode CR6,7 and
the appropriate decade switches whereby the relay is energized, thus switching the antenna
to the matching network for the intermediate- and high-frequency range. The said decade
switches also control the frequency-range selector relays in the power amplifier circuit so
that the antenna matching network for the intermediate- and high-frequency range is con-
nected to the output of the power amplifier valve with the proper r.f. choke inserted in the
anode circuit. When the synthesizer is adjusted for a frequency within the range 4-7 MHz,
or for a frequency within the range 7-30 MHz, the antenna relay K2 and the frequency-
range selector relays in the power amplifier circuit are operated in a way similar to that de-
scribed cbove, a separate r.f. choke being used for the range 7-30 MHz.

If the transmiiter is installed in connection with an antenna switch unit with a built-in load-
ing inductor for operation in the medium~-frequency range, o« keying interlock system should
be used in order to prevent the transmitter from being operated in the intermediate- and high-
frequency range when the loading inductor is switched into the antenna circuit. The antenna
switch unit should be provided with an interlock switch which short-circuits the terminals de-
signated "H.F. interlock” on the terminal board TB1 when the antenna switch is set in a po-
sition where the loading inductor is inserted in series with the antenna. When these terminals
are short-circuited the transmitter cannot be keyed if the synthesizer is adjusted for a fre-

quency within the range 1-30 MHz.

A muting relay, K1, located on the rear plate of the cabinet rack, provides means for muting
associated receivers during transmission. When the key contacts are closed the coil of the
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relay K1 is fed from the 24-volt d.c. supply through the diode CR1, while when the press-
to-talk switch on the handset is closed the relay coil is fed from the 24-volt d.c. supply
through the diode CR2. The change-over contacts of the relay K1 are brought out to the
terminals designated "Muting” on the terminal board TB1. The output terminals of the 24-volt
d.c. supply are brought out to the terminols designated "24V" on the terminal board TB1.
This supply may be used for the external muting circuit, if required.

Two blowers are provided for forced ventilation of the transmitter, the blower Bi mounted in
the rear plate of the cabinet rack ond the blower A4B1 mounted in the power amplifier as-
sembly. These blowers are fed from a 220-volt a.c. supply located in the main power supply
assembly and are started when the transmitter is switched on by means of the switch desig-

nated “start" on the front panel of the s.s.b. exciter.



2.2.3. Main Power Supply Assembly. Reference Designation Al.

This assembly contains a 3-kV d.c. anode supply for the power amplifier stage, a 220-volt
d.c. screen-grid supply and regulator for the power amplifier stage, a 24-volt d.c. supply
for control circuits, relays, etc., a 220-volt a.c. supply, an overload-control circuit for the
power amplifier stage, two timer circuits, a push-button switch and two thermally-operated

circuit breakers.

The anode-voltage rectifier CR1, which consists of 36 silicon diodes, is fed from the mains
through the delta-star connected power transformer T2. The rectifier output voltage is smoothed
through the filter consisting of the inductor L1 and the capacitor C1. A bleeder resistor, R5,
is provided across the filter output to improve the voltage regulation and to discharge the fil-
ter capacitor when o panel-and-chassis assembly is withdrawn. The 3-kV d.c. output voltage
from the filter is applied to the anode circuit of the power amplifier stage. The resistor R4 is
used as o shunt resistor for the anode current meter.

The screen-grid voltage rectifier ATA2CR1 is fed from the mains through the power transformer
T4. The rectifier output voltage is filtered and applied to a series regulator, the output volt-
age of which can be adjusted within 200V to 250V by means of the potentiometer A1A2R7.
The stabilized output voltage is applied to the screen-grid circuit of the power amplifier stage
through the contacts on the relay ATA2K1, which contacts are shunted by the resistor A1A2R9
so that this resistor is inserted in series with the screen grid when the relay contacts are open.
The relay ATA2K1 is controlled by the overload-control circuit, which employs three transis-
tors, ATA1Q7,Q8,Q9. The coil of the relay ATATK3 is inserted in the collector circuit of
the output transistor Q9. The overload-control circuit is thermally-operated by means of a -
temperature-sensing device consisting of a thermistor, A4RT1, mounted on the anode connec-
tor of the power amplifier valve. This thermistor is inserted in a resistance bridge connected
to the differential input of the overload-control circuit, so that if the temperature of the
power amplifier valve anode exceeds the rated value, the overload-control circuit causes the
relay ATA2K1 to open its contacts whereby the resistor ATA2RY is inserted in series with the
screen grid, thus reducing the voltage -to spare the valve. An indicator lamp, designated
"overload"”, on the power-amplifier control panel is switched on by an exira contact set on
the relay ATA1K3 to indicate that the power amplifier is overloaded. The potentiometer
A1A2R7 is preadjusted for a zero-signal power amplifier anode current of 300 mA d.c. Note
that reference is made to the zero-signal anode current and not the screen-grid voltage. The
adjustment of this potentiometer should be checked if the power amplifier valve is replaced

by a new valve.

The 24-volt rectifier CR2 is fed from the mains through the power transformer T3. This trans-
former has a separate winding which provides a 220-volt a.c. "primary" supply for the power
amplifier heater transformer and other low-power transformers in the transmitter. A filter ca-
pacitor, C2, a bleeder resistor, R6, and a fuse, F1, are provided in the output circuit of
the rectifier CR2. The fuse F1 is accessible for replacement when the front panel and the
screen in front of the rectifier assembly is removed. The rectifier provides a 24-volt d.c. sup-
ply for control circuits, relays, indicator lamps, etc. in the main power supply assembly as
well as in other parts of the transmitter.

Two timers are incorporated in the circuit, a one-minute timer employing three transistors
ATA1Q1,Q2,Q8, and a relay ATAIK1, and a three-minute timer employing three transistors,
ATA1Q4,Q5,Q6, and a relay, ATATK2. These timers are inserted in the start and stand-by
confrol circuits of the transmitter in order to prevent the anode and screen-grid voltages from
being switched to the power amplifier valve before the heater is warmed up. The time delay
of the one-minute timer is mainly determined by the resistance-capacitance combination

A1AIR?,C1 while the time delay of the three-minute timer is mainly determined by resistance-

capacitance combination ATATR21,C2,C3. When the transmitter is stopped the capacitors in
the time-delay circuits are short-circuited by means of contact sets on the relays K1 and K3

whereby the output relays ATA1K1 and A1A1K2 are kept de-energized.
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The tronsmitter is started by meons of a push-bution switch assembly located on the front
panel. This switch assembly has two push-butionsdesignated “stand by" and "start'. The equip-
ment is protected by means of two thermally-operated circuit breakers, CBI1 for the low-voli-
age supplies, and CB2 for the high-voliage supplies, i.e. the anode ond screen-grid supplies.
The circuit breckers are provided with bimetal switches which break the circuit when the
current exceeds o predetermined value, 2.0 A for CBY and 4.6 A for CB2. The bimetal
switches are reset from the front panel by means of two push-buttons designated "reset™-"[t"
and "ht". The relay contacts of the circuit breakers are operated by means of coils designed
for 24-volt a.c. operation. The relay of the circuit breaker CB 1 is controlled by means of
the standby-start switch assembly. The relay of the circuit breaker CB2 is controlled by means
of the standby-start switch ossembly, the relays K1,K2 and K3, the timers, the interlock
switch S2 and the interlock switches for the other panel-ond-chassis assemblies. For these
inferlock switches, see section 2.1 in this manual. The coils of the circuit-breaker relays
and the relays K1,K2 and K3 are fed from the 24-volt secondory winding on the transformer
T1, the primary winding of this transformer being connectfed directly to the mains, i.e. to

the line voltage of the three-phase system.

When the stand-by push-button is pressed, the short-circuit connection is removed from the
capacitors ATA1C2,C3 by means of the relay K1 and power is applied to the transformer T3
by means of the circuit breaker CB1 so that the heater of the power amplifier valve is warmed
up. After a duration of approximately three minutes the relay ATATK2 is energized, but since
the relay ATATK1 remains de-energized, no power is applied to the anode and screen-grid
supplies. If the start push-button is then pressed, the short-circuit connection is removed from
the capacitor ATATCT by means of the relay K3. After a duration of approximately one min-
ute the relay ATAIKT is energized, whereby the relay K2 is also energized and power is then
applied to the anode and screen-grid supplies by means of the circuit brecker CB2. If the
transmitter is started directly by means of the stort push-button without using the stand-by
push-button, power is immediately applied to the transformer T3, ond after a duration of ap-
proximately three minutes power is also applied the anode and screen-grid supplies. When the
stand-by push-button is pressed, after the transmitter has been started by means of the start
push-button, the transmitter is switched into the stand-by condition described above. Two in-
dicator lamps are provided on the front panel, DS1, designated "stand by", and DS2, desig-
nated "on". The lamp DS1 is lighted when the transmitter is switched to the stand-by condi-
tion, and the lamp DS2 is lighted when the anode and screen-grid power supplies are switched

on.

The power transformers T1, T2, T3 and T4 are provided with taps for operation on either
380V or 440V. it should be noted that the taps on all these transformers (three taps on the
transformer T2) must be set for the correct operating voltage.
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2.2.3.  Main Power Supply Assembly. Reference Designation Al. X

This assembly contains a 3-kV d.c. anode supply for the power amplifier stage, a 220-volt
d.c. screen-grid supply and regulator for the power amplifier stage, a 24-volt d.c. supply
for control circuits, relays, etc., a 220-volt a.c. supply, an overload-contro!l circuit for the
power amplifier stage, o timer circuit, o push-button switch and two thermally-operated

circuit breakers.

The anode-voltage rectifier CR1, which consists of 36 silicon diodes, is fed from the mains
through the delta-star connected power transformer T2. The rectifier output voltage is smoothed
through the filter consisting of the inductor L1 and the capacitor C1. A bleeder resistor, R5,
is provided across the filter output to improve the voltage regulation and to discharge the fil-
ter capacitor when a panel-and-chassis assembly is withdrawn. The 3-kV d.c. output voltage
from the filter is applied to the anode circuit of the power omplifier stage. The resistor R4 is
used as a shunt resistor for the amode current meter.

The screen-grid voltage rectifier ATA2CR1 is fed from the mains through the power t:ansformer
T4. The rectifier output voltage is filtered and applied to a series regulator, the output volt-
age of which can be adjusted within 200V to 250V by means of the potentiometer ATA2R7.
The stabilized output voltage is applied to the screen-grid circuit of the power amplifier stage
through the contacts on the relay ATA2K1, which contacts are shunted by the resistor ATA2R9
so that this resistor is inserted in series with the screen grid when the relay contacts are open.
The relay ATA2K1 is controlled by the overload-control circuit, which employs three transis-
tors, AIA1Q2,Q3,Q4. The coil of the relay ATAIK2 is inserted in the collector circuit of
the output transistor Q2. The overload-control circuit is thermally-operated by means of a
temperature-sensing device consisting of a thermistor, A4RT1, mounted on the anode connec-
tor of the power amplifier valve. This thermistor is inserted in a resistance bridge connected
to the differential input of the overload-control circuit, so that if the temperature of the
power amplifier valve anode exceeds the rated value, the overload-control circuit causes the
relay ATA2K1 to open its contacts whereby the resistor ATA2R9 is inserted in series with the
screen grid, thus reducing the voltage to spare the valve. An indicator lamp, designated
"overload", on the power-amplifier control panel is switched on by an extra contact set on
the relay ATATK2 to indicate that the power amplifier is overloaded. The potentiometer
A1A2R7 is preadjusted for a zero-signal power amplifier anode current of 300 mA d.c. Note
that reference is made to the zero-signal anode current and not the screen~-grid voltage. The
adjustment of this potentiometer should be checked if the power amplifier valve is replaced

by a new valve.

The 24-volt rectifier CR2 is fed from the mains through the power transformer T3. This trans-
former has a separate winding which provides a 220-volt a.c. "primary"” supply for the power
amplifier heater transformer and other low-power transformers in the transmitter. A filter ca-
pacitor, C2, o bleeder resistor, R6, and a fuse, F1, are provided in the output circuit of
the rectifier CR2. The fuse F1 is accessible for replacement when the front panel and the
screen in front of the rectifier assembly is removed. The rectifier provides a 24-volt d.c. sup-
ply for control circuits, relays, indicator lamps, etc. in the main power supply assembly as
well as in other parts of the tronsmitter.

The transmitter is started by means of a push-butten switch assembly located on the front
panel. This switch assembly has two push-buttons designated “stand by" and "start". The equip-
ment is protected by means of two thermally-operated circuit breakers, CBl! for the low-volt-
age supplies, and CB2 for the high-voltage supplies, i.e. the anode and screen-grid supplies.
The circuit breakers are provided with bimetal switches which break the circuit when the
current exceeds a predetermined value, 2.0 A for CBl and 4.6 A for CB2. The bimetdl
switches are reset from the front panel by means of two push-buttons designated "reset"-"|t"
and "ht". The relay contacts of the circuit breakers are operated by means of coils designed
for 24-volt a.c. operation. The relay of the circuit breaker CB1 is controlled by means of
the standby-start switch assembly. The relay of the circuit breaker CB2 is controlled by means

x) See footnote on page 2-13A
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of the standby-start switch assembly, the relays K1,K2 and K3, a special timer circuit, the
interlock switch S2 and the interlock switches for the other panel-and-chassis assemblies.

For these interlock switches, see section 2.1 in this manual. The coils of the circuit-breaker
relays and the relays K1,K2 and K3 are fed from the 24-volt secondary winding on the
transformer T1, the primary winding of this transformer being connected directly to the mains,
i.e. to the line voltage of the three~phase system. The cbove-mentioned special timer cir-
cuit consists mainly of a dual-nand TTL Schmitt trigger, IC1, which operates as o multivi-
brator, three 4-bit binary counters, 1C5,1C6 and IC7, and a latching circuit, 1C2,1C3 and
[C4. The frequency of the multivibrator is approximately 17 Hz.

When the stand-by push-button is pressed, the shorf-circuit connection is removed from the
terminals "13" and "14" on the subassembly ATAT1 by means of the relay K1, the counters
are operated and power is applied to the transformer T3 by means of the circuit breaker CBI
so that the heater of the power amplifier valve is warmed up. After a duration of approxi-
mately two minutes the latch IC3 changes over and the input "11" on IC4 goes high, but
since the terminal "9" on the subassembly A1AT remains connected to ground the counter cir-
cuit is blocked again and no power is applied to the anode and screen-grid supplies. If the -
start push-button is then pressed, the short-circuit connection is removed from the terminal
"9" and ground by means of the relay K3. After a duration of approximately one minute the
relay ATATK] is energized, whereby the relay K2 is also energized and power is then ap-
plied to the anode and screen-grid supplies by means of the circuit breaker CB2. If the trans-
mitter is started directly by means of the start push-button without using the stand-by push-
button, power is immediately applied to the transformer T3, and after a duration of approxi-
mately three minutes power is also applied the anode and screen-grid supplies. When the
stand-by push-button is pressed, after the transmitter has been started by means of the start
push-button, the transmitter is switched into the stand-by condition described above. Two in-
dicator lamps are provided on the front panel, DS1, designated "stand by", ond DS2, desig-
nated "on". The lamp DS1 is lighted when the transmitter is switched to the stand-by condi-
tion, and the lamp DS2 is lighted when the anode and screen-grid power supplies are switched

on.

The power transformers T1, T2, T3 and T4 are provided with taps for operation on either
380V or 440V. It should be noted that the taps on all these transformers (three taps on the
transformer T2) must be set for the correct operating voltage.

x) See diagram No.4215. Serial No.71332 and higher.



2.2.4. Single-Sideband Exciter Panel-and-Chassis Assembly.
Reference Designation AZ.

This panel~and-chassis assembly is designed to house up to eight plug-in modules or subassem-
blies (Ref. Designations A2A2 to A2A9) which are connected to the chassis wiring of the
s.s.b. exciter through p.c. card connectors located on a common mother board. One subas-
sembly (Ref. Designation A2A1) is connected to the chassis wiring and the mother-board
wiring by means of soldered terminals and wires. Connections between the plug-in modules

or subassemblies and the cabinet wiring or other panel-and-chassis assemblies are made by
means of flexible cables and plugs and sockets on the module panels. A power transformer,
T1, providing two 10-volt a.c. supplies and one 28-volt a.c. supply is located on the chassis
frame. A push-button switch assembly, S1, used as a type-of-emission selector is mounted on
the front panel, the push-buttons being designated "A1", "A2H", "F1", "A3H", "A3J",
"simplex" and "duplex". On the front panel are also located a power-control potentiometer,
R1, designated "power", and a test key, S2, and an indicator lamp, DS1, designated "test".
The complete circuit diagram of the s.s.b. exciter panel-and-chassis assembly wiring is lo-
cated in the diagram section of this manual together with the circuit diagrams of the plug-in

modules and subassemblies.

2.2.4.1. Radio-Frequency Filter Circuits for External Wiring.
Reference Designation A2A1.

Radio-frequency filters are provided at all terminals for the external power-supply wires and
control wires to the s.s.b. exciter. The screening box containing these filter circuits is
mounted on a standard module front panel which is fastened to the chassis frame of the s.s.b.
exciter in a way similar to that used for the plug-in modules. The external wires are con-
nected to the filter circuits by means of a plug which is inserted in a socket, J1, on the
module front panel. The filter circuits are interconnected with the chassis wiring by means

of soldered terminals. Some of the filter circuits are provided with zener diodes, CR1 to CRS,
in order to protect the control circuits in question against overvoltage, especially the control
circuits in which transistor-transistor logic gates are used.

2.2.4.2. S.S.B. Exciter Power Supply. Reference Designation A2A2.

The plug-in module containing this power supply is located in the s.s.b. exciter drawer. The
complete power supply consists of a 10-volt rectifier supplying a +5-volt stabilized output, a
10-volt rectifier supplying a =5-volt stabilized output, and a 28-volt rectifier supplying a
+24-volt stabilized output. The rectifiers are fed from the transformer T1 mounted on the
s.s.b. exciter chassis, and since each voltage-stabilized power supply is fed from a separate
rectifier connected fo a separate winding on the power transformer, the positive or the nega-
tive output terminal of a power supply may be grounded at choice. In the +24-volt supply
and in the +5-volt supply the negative terminal is grounded, while in the -5-volt supply the

positive terminal is grounded.

Circuitry for the +5V and -5V supplies is identical and the description following is valid for

both supplies:

10 volts ac from the print-board connector, pins 5, 6 (3, 4) are applied to full-wave bridge
rectifier, CR101 (CR102). The ripple-DC output of the bridge is filtered by smoothing
capacitors C101, C102 (C104, C105) and fed to the input of voltage regulator IC101 (IC102).
Regulated DC output (5V) is shunted by bypass capacitor C103 (C109) and fed to pin M (pin K)
on the print board connector.
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+24V supply: 28 volts ac input to the +24V supply is drawn at pins 1 and 2 on the print board
connector and applied to full-wave bridge rectifier CR103. Output of the bridge is filtered by
smoothing capacitors C107, C108 and fed to pin 1 of voltage regulator IC103. The voltage

~ regulator's through-return is connected to 1.8 k-ohm resistar, R102 which is itself connected in
parallel with series wired zener diodes, CR104, CR105. Upon power supply activation,
approximately 5V, regulated, is developed across 300 ohm resistor, R101 resulting in a current
flow of approx. 17 mA through resistor R102 and a consequent voltage drop across the series
connected zener diodes. The zener diodes will go on (forward conduct) and pull the voltage
across R102 down to approx. 19V, Thus a total of 5V plus 19V will appear across bypass
capacitor C109 and therewith, pin 1 of the print board connector.

2.2.4.3. Audio-Frequency Signal Processing Circuits.
Reference Designation A2A3.

The plug-in module containing the audio-frequency signal processing circuits is located in

the s.s.b. exciter drawer. The complete circuit diagram is located in the diagram section at

the rear of this manual. The circuit diagram can be divided into seven sections:- A tune and

A2H-emission oscillator, an audio-frequency channel selector, an audio-frequency amplifier,
~ a clipper, a low-pass filter, and a sidetone oscillator and keyer.

The tune and A2H-emission oscillator is an R-C coupled oscillator employing two transistors,
Q1 and Q2. The oscillator frequency is approximately 700 Hz. It will be seen from the cir-
cuit diagram that the series-coupled elements in the feedback circuit are resistive, while the
shunt-coupled elements are capacitive. The feedback path is actually a low-pass filter so that
an output signal having‘_‘? relatively low distortion can be obtained from this filter at the
point where the second dnd the third sections are joined. This output signal is applied to a
buffer amplifier transistor, Q3. The output signal from this buffer amplifier is applied to a
variable attenuator consisting of the resistor R20 and the junction field-effect (J-FET) tran-
sistor Q7 which is operated as o voltage-controlled resistor. The oscillator is controlled from
the function control circuit (Ref. Designation A2A8) by means of the control line designated
"Osc.". When this line goes "high" (logic level "1") the oscillator is started, and simultane-
ously the audio-frequency channel-selector transistor Q4 is saturated. The transistor Q4 con-
trols the a.f. channel-selector gates IC1A to ICID so that when the said transistor is saturated
“the outputs of the gates ICIC and ICID go "low" (logic level "0"). These gates control the
J-FET transistors Q5 and Q6, which are analogue switches. The output signal from the ex-*

~ ternally connected microphone is applied to the varicble attenuator, R20,Q7, through the
potentiometer R13, the capacitor C7 and the J-FET transistor Q5, while the output signal
from on externally connected tone=shift oscillator (F1), if provided, is applied to the.variable
attenuator through the potentiometer R12, the capacitor C8 and the J-FET transistor Q6.
When the oscillator is started the analogue switches Q5 and Q6 are kept open, because the
outputs of the gates ICIC and ICID are low so that only the 700-Hz signal from the tune
and A2H-emission oscillator is applied to the variable attenuator.

The a.f. channel-selector gates IC1A to ICID are also controlled from the function control
circuit by means of the control line designated "Channel”. When the control line designated
"Osc." is low the transistor Q4 is cut off, i.e. the logic level of its collector is high. If
in this case the control line designated "Channel” goes high, the analogue switch Q5 will
close and switch the signal from the microphone to the variable attenuator, while if the said
control line goes low the analogue switch Q6 will close and switch the signal from the ex-
ternal tone-shift oscillator to the variable attenuator. The circuit is so arranged that only one,
of the three a.f. signal sources, the tune and A2H=emission oscillator, the microphone or the
‘one-shift oscillator, con be switched to the variable attenuator ot a time.!

“The output signal from the variable attenuator, R20,Q7, is applied to an a.f. amplifier em-
ploying three of the transistors in the integrated circuit 1C2. The fourth transistor in this cir-
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cuit is used as a detector for the output signal from the a.f. amplifier, the o.f. signal being
applied to the base of the transistor and to a rectifier, CR1. The collector of the detector
fransistor is connected to the base of a transistor, Q15, in the collector circuit of which is
inserfed a constant-current loading transistor, Q16. A capacitor, C24, is connected across
the constant ~current load in series with o resistor, R38. The d.c. voltage obtained across the
capacitor C24 is applied to the base of the transistor Q7. It should be noted that the detector
used in this compressor is not altogether a conventional rectifier circuit. The diode CR1 oper-
ates as an ordinary rectifier and is conducting when the output signal from the a.f. amplifier
has o negative amplitude. But when the signal has a positive amplitude the detector transistor
(terminals "6","7" and "8" on 1C2) is operative and provides a current amplification so that
the copacitor C24 is charged, and since the transistor Q16 provides o constant-current load
(high d.c. impedance) the resulting d.c. control voltage across the capacitor C24 will reach
a value of plus several volts even if the output signal from the a.f. amplifier is relatively
low, say one volt peak-to-peak. The function of the capacitors C21 and C22 is similar to
that of the capacitors in a conventional voltage-multiplying rectifier circuit. As long as the
a.f. signal voltage applied fo the detector is lower than the "opening voltage" for the diode
CR1 and the base-emitter diode of the detector transistor, no d.c. control voltage is produced
by the detector circuit, but as the a.f. signal is increased the said diodes become conductive
and the detector and the following amplifier will then produce o d.c. control voltage which
increases rapidly with the a.f. signal voltage. The gain of the compressor circuit depends on
the d.c. level on the base of the transistor Q7, and varies inversely at this level over the
compression range of 26 dB. Thus, the output signal level of the a.f. compressor circuit is
maintained almost constant, within 0.5 dB, for an input signal level variation of 26 dB.

The output signal from the a.f. compressor amplifier is applied to a differential amplifier,
IC3, via an a.f. amplifier, Q8. The differential-pair transistors are coupled as a voltage fol-
tower. This circuit is operated as a speech clipper, the clipping level being adjusted by
means of the variable resistor R45 in the common emitter circuit for the two transistors. Due
to the great amount of negative feedback in the circuit the function of the clipper is almost
ideal; for signal voltages below the clipping level the circuit operates as a normal amplifier
with very low distortion. The output signal from the clipper is attenuated and fed to another
differential amplifier consisting of a Darlington-pair amplifier, which is contained in the
integrated circuit 1C3, and a common-base connected transistor, Q9. A low=-pass filter, L3,
C31,C32,C33,R52,R53, is inserted between the emitters of the Darlington-pair output tran-
sistor and the transistor Q9, the relatively low terminating impedance being convenient for
the filter design. The output signal from the transistor Q9 is applied to the balanced modula-
tor (Ref. Designation A2A4), the proper output signal level being pre-adjusted by means of
the potentiometer R54.

The transmitter may be used in connection with either a carbon microphone or a dynamic
microphone. Separate input terminals are provided for the two types of microphone, the socket
contacts J1-"I1" and J1-"2" for a carbon microphone and J1-"2" and J1-"3" for a dynamic
microphone. In the case of a carbon microphone a d.c. current of approximately 50 mA for
the microphone is obtained from the +5-volt supply. The microphone signal level for the input
to the a.f. compressor circuit is pre-adjusted by means of the potentiometer R13. Input termi-
nals, socket contacts J1-"4" and J1-"5", for the connection of an external tone-shift oscil-
lator for "F1" operation are also provided in the circuit. The signal level for this input is

pre-adjusted by means of the potentiometer R12.

The sidetone oscillator is an R-C coupled oscillator employing two transistors, Q11 and Q12.
The oscillator frequency is approximately 700 Hz. The output signal from the oscillator is am-
plified by the transistor Q13 and applied to the external circuit, e.g. the a.f. input circuit
of a receiver associated with the transmitter, through the analogue switch consisting of the
J=FET transistor Q14. This transistor is controlled from the function control circuit through
the control line designated "Sidetone Key" in such a way that when this line is low, no sig-



nal is applied to the external circuit, while when this line is high the 700-Hz signal is
applied to the external circuit, i.e. the sidetone is present when the key is closed. The
sidetone oscillator is controlled from the function control circuit through the control line de-
signated "Sidetone” in such a way that the sidetone oscillator is switched on only when the
type-of-emission selector is set for A1 or AZ operation, or when the frequency synthesizer is

set for transmission on 500 kHz.

2.2.4.4. Modulator, Filter and Mixer Circuits. Reference Designation A2A4.

The plug-in module containing the p.c. card for these circuits is located in the s.s.b. exciter
drawer. The complete circuit diagram is located in the diagram section at the rear of this
manual . This diagram can be divided into ten individual circuits:= A balanced modulator cir-
cuit, a l.s.b. crystal filter circuit, a carrier reinsertion circuit, a balanced mixer circuit,

a 34.9991-35.0000 MHz amplifier circuit, a two-crystal l.s.b. filter circuit, a second bal-
anced mixer circuit, a low=-pass filter circuit, an output amplifier circuit, and a pulse-

shaping and keying circuit.

The balanced modulator employs an integrated circuit, IC1, with three transistors. in this
modulator the output signal obtained from the audio-frequency amplifier circuit (Ref. Desig-
nation A2A3) modulates a 1.5-MHz carrier signal to produce a double-sideband signal with
suppressed carrier. The 1.5-MHz carrier signal, which is obtained from the frequency stand-
ard (Ref. Designation A3A3), is applied to the modulator through a transformer, T2, the sig-
nal level being determined by the type-of-emission selector and the carrier reinsertion circuit.
The use of a centre-tapped transformer, T1, in the output circuit of the modulator allows the
1.5-MHz carrier signal to be balanced out. The modulator is followed by a crystal filter,
FL1, which selects the lower sideband of the output signal from the modulator and provides

further suppression of the carrier.

The carrier reinsertion circuit, which is connected to the secondary winding of the transformer
T2, provides means for reinsertion of the 1.5-MHz carrier signal at the input of the first bal-
anced mixer along with the l.s.b. signal from the crystal filter output. The carrier reinsertion
signal is obtained from the arm of a potentiometer, R7, which is fed from the secondary wind-
winding of the transformer T2. The level of the carrier signal applied to the potentiometer
depends on which of the two ends of the winding or which of the two taps is ground-connect-
ed. Four switching diodes, CR1 to CR4, are provided in the circuit for ground-connecting

the proper winding end or tap. These switching diodes are controlled by the function control
circuit and the type-of-emission selector. The potentiometer R7 is adjusted to provide the
correct carrier signal level when the transmitter is operated with the type-of-emission selector
on A3H, in which case the switching diode CR3 at the centre~tap of the transformer winding
is conducting. The circuit is so designed that when the carrier reinsertion signal for A3H
operation has been preadjusted for the correct level, the different signal levels for the other
types of emission will also be correct, while the peak amplitude of the resulting input signal
to the mixer is held at its proper level independent of the selected type of emission.

The first balanced mixer employs an integrated circuit, 1C2, with three transistors. In this
mixer the l.s.b. signal from the output of the crystal filter FL1, which signal may also in-
clude a reinserted 1.5-MHz signal, is mixed with o varicble~frequency signal of 33.4991-
33.5000 MHz to produce a new l.s.b. signal with a carrier frequency equal to 1.5-MHz plus
the actual frequency of the variable-frequency input signal. The variable-frequency input
signal to the mixer is obtained from the 33.4991-33.5000 MHz phase-locked loop in the syn-
thesizer (Ref. Designation A3A4). The d.c. bias on the base of the transistor in the mixer to
which this signal is applied (terminal "12") is controlled within the range -5V to OV by
means of o potentiometer, A2R1, located on the front panel of the s.s.b. exciter and desig-
nated "power control". The above mentioned transistor is used as o variable-gain amplifier,
and by means of the potentiometer the level of the output signal from the mixer can be con-
trolled within the range from zero to full output. The use of a centre-tapped transformer
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winding in the output tuned circuit, T4,C22, of the mixer allows the 33.4991-33.5000 MHz
signal to be balanced out. The carrier frequency of the [.s.b. signal from the mixer will lie
within the range 34.9991-35.000 MHz, the actual frequency being determined by the setting
of the 1st decade switch in the synthesizer.

The l.s.b. output signal from the first mixer is amplified by o transistor, Q1, and applied to
the second mixer through a two-crystal 1.s.b. filter circuit. This filter is designed as a one-
section half-lattice filter with extended bandwidth. Proper balance of the circuit is obtained
by means of the adjustable differential capacitor C29. The second mixer is a double-balanced
mixer employing two transformers and four diodes in o ring circuit, T6,CR5,T8. The l.s.b.
signal from the output of the crystal filter is mixed with a variable-frequency signal, which
is obtained from the 35.000-64.999 MHz phase-locked loop (Ref. Designation A3A6) in the
synthesizer, to produce an u.s.b. signal with a carrier frequency equal to the difference be-
tween the frequency of the signal from the synthesizer and the carrier frequency of the |l.s.b.
input signal to the mixer. The phase-locked signal from the synthesizer is applied to the
mixer via a transistor amplifier, Q2, and a transformer, T7. The carrier frequency of the
upper-sideband signal obtained from the output of the mixer will lie within the range 0-
29.9999 MHz, the actual frequency being determined by the setting of the decade switches
in the synthesizer. The output signal from the mixer is applied to on emitter follower, Q3,
through a low-pass filter, L10,L11,C36-C38, which rejects the undesired sum-frequency sig-
nal from the mixer. The output signal from the emitter follower is applied to a thres-stage
wide-band amplifier (Ref. Designation A2A5) through p.c. card-edge connectors.

The pulse-shaping and keying circuit employs three transistors, Q4, Q5 and Qé. The keying
contact in the function control circuit is connected to the base of the transistor Q4 through
the resistor R29. The "power control” potentiometer A2R1 on the front panel of the s.s.b.
exciter is connected between the collector of the transistor Q6 and the -5-volt supply lead,
so that when no current flows through the transistor Q6 the variable~gain transistor in the
first mixer is cut off. When the transmitter is keyed the keying contact in the function con-
trol circuit goes to logic level 0, whereby the base voltage on the transistor Q4 is altered
so that this transistor is saturated. The pulse-shaping capacitors C43 and C44 will then be
charged whereby the transistors Q5 and Q6 will be conducting, and the collector current of
the transistor Q6 will pass through the "power control” potentiometer and provide the proper
operating bias for the variable-gain transistor in the first mixer, thus keying the transmitter.
In order to limit the collector current of the transistor Q6 to a suitable value, a voltage-
amplitude limiter employing the diodes CR6 to CR9Y is provided in the input circuit of the
transistor Q5. The shapes of the pulse leading and trailing edges of the keying pulses are
mainly determined by the capacitors C43 and C44 and the resistors R28 and R32.

2.2.4.5. Three-Stage Wide-Band Amplifier. Reference Designation A2AS5.

This amplifier, which is contained in a plug-in module, consists of a three-stage wide-band
amplifier preceded by a low-pass filter. This low-pass filter, the input of which is connected
to the output of the modulator filter and mixer circuits (Ref. Designation A2A4) in the s.s.b.
exciter through p.c. card-edge connectors, allows signals of frequencies within the range

400 kHz to 30 MHz to be passed on to the wide-band amplifier and provides further suppres-
sion of the undesired signals from the mixer. The wide~band amplifier employs three transistors,
Q1, Q2 and Q3. The output signal from the wide-band amplifier is applied to the following
two-stage wide-band amplifier (Ref. Designation A2A7) through a coaxial cable. If required,
a special filter may be inserted in the coaxial-cable connection between these two wide-band

amplifier, see below.
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2.2.4.6. Noise Suppressor Filter Circutt. Reference Designation A2A6.

This fllter circuit is contained in a plug-in module fitted with two coaxial-cable sockets so

that it con, if required, be inserted in the coaxial-cable connection between the two wide-
band amplifiers mentioned above. The filter circuit consists of six individual circuits for sup-
pression of noise of frequencies within those parts of the 4-, 6-, 8-, 12-, 16- and 22-MHz
maritime bands for telephony on which o receiver associated with the transmitter may be

operated.

2.2.4.7. Two-Stage Wide-Band Amplifier. Reference Designation A2A7.

This amplifier, which amplifies the output signal from the three-stage wide~band amplifier
(Ref. Designation A2A5), is also contained in a plug-in module. It employs two transistors,
Q1 aond Q2. The output stage provides an output power of approximately 1 watt p.e.p. into
50Q (approximately 20V peck-to-peak). The output signal is fed through a coaxial cable to
a driver (Ref. Designation A4A1) preceding the power amplifier stage of the fransmitter.

2.2.4.8. Function Conirol Circuit. Reference Designation A2AS.

The subassembly containing this circuit is located on the wiring side of the mother board in
the s.s.b. exciter drawer, the interconnections being made by means of p.c. card-to-card

connectors. The functions which are controlled by means of the function control circuit are
listed below. The reference designations added (in brackets) to the function descriptions in
the list refer to the designations used in the circuit diagram for the gate inputs and outputs

and corresponding control lines in question.
Selection of the proper a.f. channel, ("Channel").

. Selection of the proper key, ("Key out").

On and Off switching of the sidetone oscillator, ("Sidetone act.").

1

2

3

4. Keying of the sidetone oscillator, ("Sidetone key").

5 Selection of the carrier reinsertion ratio, ("H", "A", "Jv, "J'm),
6

On and Off switching of the tune and A2H-emission oscillator, ("Osc.").

These functions are controlled in accordance with the information received from the
following control circuits:-

The inputs from the type-of-emission selector, ("A1", "A2H",6 "F1", 6 "A3H",
"A3A", "A3J", - only one of these control lines being low at a time),
and the input from the simplex~duplex switch, ("K1").

a.

b.  The input from the "tune" switch on the power amplifier panel, ("tune").
The inputs from the frequency synthesizer decade switches, ("500 kHz", "2182kHz").

d.  The inputs from the key interlocking switches located in the antenna matching
network assemblies, ("Key interlocking").

e. The inputs from the keys, ("K1", "K2").

All the gates used in the function control circuit are of the integrated-circuit type. The input
circuits which are conirolled by simple ground-connecting switches are provided with pull-up
resistors, R1 to R13, one for each input, so that these inputs are kept at a level of +5V
(logic level "1", or "high") when their control lines are not switched to ground (the grounded
control line corresponds to logic level "0", or "low"). The truth table for the function con-

trol circuit is shown on the following page, Table 2.2.4.8-1,



Truth Table for the Function Control Circuit.

Table 2.2.4.8-1.
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x) The input circuits are confrolled by simple ground-;:onnecring switches, i.e. the ground connection corresponds to logic level "0".

xx) If the input "Key interlocking” is "0" the output "Key out” is "1" (unconditionally).
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2.2.4.9. Automatic Fault Localization Device. Reference Designation AZA9.

The automatic fault localization {(a.f.1.) device is supplied on special request. The subassem-
bly containing this device is designed to be located in the s.s.b. exciter drawer and con-
nected to the mother board wiring by means of p.c. card-to-cord connectors. The complete
a.f.l. circuit can be divided into seven individual circuits, i.e. six signal-sensing circuits

and a fault-localizing circuit.

In order to check the operation of the s.s.b. exciter the six signal-sensing circuits are con-
nected to appropriate circuits contained in the plug-in modules. [f the circuit being checked
operates properly the signal-sensing circuit in question provides an output signal of logic level
1, but in case of faulty operation the signal-sensing circuit provides an output signal of logic
fevel 0. The outputs of the signal-sensing circuits are connected to the inputs of the fault-
localizing circuit through the test points designated "C", "D", “E", "F", "H" and "K" in the
circuit diagram. The signal-sensing circuits for the inputs "H" and "K" are contained in the
wide-band amplifier modules (Ref. Designations A2ZA5 and A2A7). The signal sources to be

checked are:~

Test Point: Signal source: Ref. Designation of the plug-in module:
" -5-volt regulated output from power supply A2A2
“p" +28-volt regulated output from power supply A2A2
"E" Output from a.f. signal processing circuits A2A3
"F" 0.4-30 MHz output from modulator, filter and mixer circuits A2A4
H" 0.4-30 MHz output from three-stage wide-band amplifier A3AS5
K 0.4~30 MHz output from two-stage wide-band amplifier A3A7

The fault-localizing circuit has five outputs, one for each plug-in module. To each output is
connected a transistor in the emitter circuit of which is inserted an indicator lamp. The out-
put signals from the signal-sensing circuits are applied simultaneously to the fault-localizing
circuit. If the s.s.b. exciter operates properly the outputs from the signal-sensing circuits will
all be at logic level 1, and none of the indicator lamps mentioned above will light. If the
circuit in a plug-in module fails to operate properly the output from the signal-sensing circuit
concerned will be at logic level 0, and the fault-localizing circuit will cause the indicator
lamp for the plug-in module in question to light, thus indicating in which plug-in module the
faulty circuit is localized. Similarly, if faults occur in two or more plug~in modules simul-
taneously, the indicator lamps for all the faulty modules will be lighted. The indicator lamps
for the plug-in modules are located on top of the subassembly containing the a.f.l. device so
that they are visible when the s.s.b. exciter drawer is withdrawn. An extra indicator lamp,
which is located on the front panel and designated "test", is lighted when a fault occurs in
a plug-in module, but in order to find out where the fault is localized the s.s.b. exciter
drawer must be withdrawn so that the indicator lamps for the plug-in modules are visible.

The a.f.l. device for the s.s.b. exciter is switched on by means of a push-button switch
which is located on the front panel and designated "test".

The principle of operation of the a.f.l. device for the s.s.b. exciter is similar to that of the
a.f.l. device for the frequency synthesizer, see paragraph 2.2.5.10.
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2.2.5. Frequency Synthesizer Panel~and-Chassis Assembly.
Reference Designation A3.

This panel~ond~chassis assembly (drawer) is designed to house up to eight plug-in modules or
subassemblies (Ref. Designations A3A1 to A3A8) which are connected to the chassis wiring of
the synthesizer through p.c. card connectors located on o common mother board. An extra
subassembly (Ref. Designation A3A9) is connected to the mother board wiring by means of
soldered terminals and wires. Connections between the plug~in modules or subassemblies and
the cabinet wiring or other ponel-and-chassis assemblies are made by means of flexible cables
and plugs and sockets on the module panels. A power transformer, T1, providing a 24~-volt
a.c. supply is located on the chassis frame. A switch assembly containing six decade switches,
ST to S6, is mounted on the chassis so that the switch knobs can be operated from the front
panel. This assembly also contains two indicator lamps, DS1 ("distress") and DS2 (“test")
which are visible from the front panel. The complete circuit diagram of the synthesizer chas-
sis wiring is located in the diagram section at the rear of this manual together with the cir-
cuit diagrams of the plug~in modules and subassemblies.

It should be noted that the p.c. card-edge receptacles on the mother board and the p.c.
card-edge contacts on the plug-in modules are so arranged that the row of contacts identified
with numbers, starting with number "1", on o receptacle connect with the row of card-edge
contacts on the component side of the p.c. card in the mating plug-in module, while the

row of contacts identified with letters, starting with letter "A", on a receptacle connect with
the row of card~edge contacts on the wiring side opposite the component side of the p.c.
card in the mating module. Card-to-card connectors for a subassembly containing a gate-off cir-
cuit (Ref.Designation A3A8), or an automatic fault localization device (Ref. Designation A3410),
are provided on the wiring side of the mother boord. A test-point jack, J10, and o poten-
tiometer, R1, for adjustment of the standard-frequency oscillator are located on the component
side of the mother board. These components are accessible through holes in the top cover.

The decade switch sections controlling the variable~ratio frequency dividers are binary-coded,
the switch functions being performed in accordance with the truth tables shown on the circuit
diagrams for the dividers (Ref. Designations A3A5 and A3A7). Exira switch sections are pro-
vided for other control circuits. The four control wires designated "0-1 MHz", "1-4 MHz",
"4-7 MHz" and "7-30 MHz" interconnect the decade switches with the frequency-range se-
lector relays in the power amplifier and antenna circuits, via the rectifier plug-in module,
the flexible cable and the cabinet wiring. This control circuit is so arranged that the required
switch functions for changing-over the power-amplifier and antenna circuits to the matching
network for operation in the frequency range corresponding to the frequency setting of the
synthesizer is outomatically corried out by the said relays. The two control wires designated
"0-1 MHz" and "1-4 MHz" are also connected to the 1.5-MHz signal-level control circuit

(Ref. Designation A3A9).

The two control wires designated "500 kHz" and "2182 kHz" interconnect the decade swifches
and the type-of-emission selector circuit in the s.s.b. exciter via the diodes CR1 and CR4.
This control circuit is so arranged that when the synthesizer is set for transmission on 500 kHz
the s.s.b. exciter is unconditionally adjusted for A2H operation, and similarly, when the syn-
thesizer is set for transmission on 2182 kHz the s.s.b. exciter is unconditionally adjusted for
A3H operation. The indicator lamp DS1 is lighted when the synthesizer is set on 500 kHz or
2182 kHz, the lamp being fed from the 24-volt a.c. supply through the appropriate decade
switch sections and a diode, CR2 (on 500 kHz) or CR3 (on 2182 kHz). The indicator lamp
DS2 is connected to the gate-off circuit (Ref. Designation A3A8), or the automatic fault
localization device (Ref. Designation A3A10), if provided.
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2.2.5.1. Rectifier Circuits. Reference Designation A3AT1,

The power supplies for the frequency synthesizer are contained in two plug-in modules, the
rectifier circuits being contained in one module and the voltage-regulator circuits in the
other. The two modules are located side by side in the synthesizer drawer. The complete cir-
cuit diagrams are located in the diagram section at the rear of this manual. The external
primary~supply wires ond control-circuit wires are connected to the synthesizer through the
plug and socket P3,J1. Radio-frequency filters are provided at all terminals for the external
wiring. The required supply voltages for the voltage-regulator-circuit module are provided by
the transformer T1 and the rectifiers CR1 to CR4.

An extra voltage regulator for a =12-volt supply is provided in the output circuit of the rec-
tifier CR2, It should be noted that this regulated supply of ~12V will not be produced if the
rectifier-circuit module is withdrawn from the mother board, or if the regulator-circuit module
is withdrawn, because the output circuit of the rectifier CR2 obtains its ground connection
from the regulator-circuit module so thot this ground connection will not be present unless the
said rectifier and the +12-volt regulator circuit are interconnected.

2.2.5.2. Voltage-Regulator Circuits. Reference Designation A3A2.

This plug-in module contains the voltage regulators for the power-supply rectifiers mentioned
in the previous paragraph. The regulated power supplies are:- A +17-volt supply, o +12-volt
supply, a +5-volt supply and a =5-volt supply. As mentioned in the previous paragraph a
-12-volt regulator is contained in the rectifier-circuit module.

The +17-volt regulator circuit consists of two cascaded series regulators. The first regulator is
a conventional series regulator with short-circuit protection, while the second regulator is a
special regulator in which most of the component parts are contained in the integrated circuit
IC1. This regulator, which is also a series regulator with short-circuit protection, provides
the required extra high voltage stability for the +17-volt supply. The +12-volt, +5-volt and
~5-volt regulators are conventional series regulators with short-circuit protection. Each of the
four regulated power supplies is fed from a separate rectifier connected to a separate winding
on the power transformer so that one of the output terminals of the regulator, the positive or
the negative, may be grounded at choice. In the +17-volt, +12-volt and +5-volt regulators
the negative terminal is grounded, while in the -5-volt regulator the positive terminal is

grounded.

The shunt resistors R35, R23, R24, R25 and R26 are factory selected parts. Appropriate resis-
tors are inserted in the circuits at the factory in order to obtain the correct output voltages

from the regulators.

2-23



2.2.5.3. Frequency Standard. Reference Designation A3A3.

The plug-in module containing the frequency standard is located in the frequency synthesizer
drawer. The complete circuit diagram is located in the diagram section at the rear of this
manual . The circuit can be divided into seven sections:~ A 7.5-MHz standard-frequency os-
cillator, an oven-control circuit, a pulse shaper, a fixed-ratio frequency divider, a 1.5-MHz
amplifier, o frequency multiplier, and o 1.5-MHz control circuit.

The standard~frequency oscillator is a modified Pierce oscillator employing one of the transis-
tors in the integrated circuit IC1. The principal frequency-controlling element consists of a
7.5-MHz crystal unit, Y1, with high frequency stability ond low aging rate. A trimmer ca-
pacitor, C6, for coarse tuning and o pair of varactor diodes, CR1, for fine tuning of the os-
cillator are incorporated in the capacitive loading circuit for the crystal unit. The control-
voltage for the varactor diodes is obtained from the arm of a potentiometer, A3R1, which is
located on the mother board in the frequency synthesizer drawer and is accessible for adjust-
ment by a screwdriver through a hole in the top cover. The potentiometer is fed from the
stabilized 6-volt supply for the oscillator (through p.c. card-edge connector "B"). The col-
lector of one of the four transistors in the integrated circuit, 1C1, used for the oscillator is
connected to the base fo form a dicde. This diode ond the associated collector-to=substrate
diode are connected as an amplitude limiter in the oscillator circuit. The two other transis-
tors are used as buffer amplifiers for the 7.5-MHz oscillator output signal. The output signal
from the first buffer amplifier is fed to a pulse shaper, Q1, which drives the fixed-ratio fre~
quency divider, while the output signal from the second buffer amplifier is fed to the fre-

quency multiplier.

The crystal unit and the oscillator circuitry are contained in a temperature-controlled oven
with an operating temperature of 75°C. The heater winding, R22, is inserted in the output
circuit of the oven-control output amplifier consisting of the Darlington-pair transistors Q3
and Q4. This amplifier, which is supplied directly from the unfiltered output of the 24-volt
rectifier CR4, is controlled by o differential-input amplifier contained in the integrated cir-
cuit 1C8. The 24-volt rectifier is supplied from a transformer, A3T1, in the synthesizer drawer.
The temperature-sensing device consists of a thermistor, RT1, mounted on the outside of the
inner chamber of the oven near the heater winding. The thermistor RT1 is inserted in a resist-
ance bridge connected to the differential input of the integrated circuit IC8, the internal
balanced resistor pair being used as one side of the bridge. The integrated circuit IC8 and
the external side of the resistance bridge consisting of the thermistor RT1, the potentiometer
R18 and the resistor R19 are fed from the 24-volt rectifier through o filter, CR5 and C24,
and a voltage-stabilizing circuit, R17 and CRé6. The oven temperature is preadjusted to its
correct value, 75°C, by means of the potentiometer R18. The oven takes about four to five
minutes to reach the proper temperature from 20°C ambient. Due to the time delay in heat
transfer the oven-control system operates as o form of on-off proportional control, the heater
winding normally being on for about 6 seconds and off for about 24 seconds when the am-
bient temperature is about 20°C. The oven cycle and its duty factor vary with the ambient

temperature.

The 7.5-MHz output signal from the pulse shaper, Q1, is applied to the divide-by-five fre-
quency divider contained in the integrated circuit 1C2. The 1.5-MHz output signal from this
divider is applied to the base of the transistor Q2, which is operated as o 1.5-MHz selec-
tive amplifier with o tuned circuit, L3,C16. The 1.5-MHz output signal obtained from the

secondary winding of the transformer L3 is applied to the modulator circuit (Ref. Designation

A2A4) in the s.s.b. exciter through ¢ coaxial cable.

The output signal from the frequency divider IC2 is also applied to o divide-by-three fre-
quency divider contained in the integrated circuit 1C3. The 500-kHz signal from the Q out-
put of the first J=K flip~flop in this divider is applied to a differentiating circuit, C18,R16,
which produces appropriate multiples of the 500-kHz signal (nx500kHz) for checking the
sfandqrd—frequencyz oscillator (the synthesizer frequency standard) against any suitable standard-

3
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frequency transmission. To facilitate checking of the oscillator frequency the nx500kHz sig-
nal is brought out to a socket on the mother board in the synthesizer drawer. This socket is
accessible through a hole in the top cover of the drawer. The 500-kHz output signal from
the divider IC3 is applied to a frequency divider consisting of three cascaded decade dividers,
IC4, IC5 and IC6, and a decoder gate, IC7. Most of the time during a complete division
cycle the output of the gate IC7 is high (opprox. +4.5V), but once during the cycle the out-
put goes low for about 130 nanoseconds, i.e. negative-going output pulses are produced at a
repetition rate of 500 per second. This signal is used as a 500-Hz reference signal ond is ap-
plied to the two phase and frequency discriminators for the phase-locked loops (Ref. Designa-

tion A3A4 and A3A%).

The 7.5-MHz output signal from the second buffer amplifier in the standard-frequency oscil-
lator circuit is applied to the input circuit of the frequency multiplier, which is tuned to
30 MHz. The frequency multiplier employs four transistors contained in the integrated circuit
IC9. The 30-MHz output signal from the multiplier is applied to the balanced mixer in the
33.4991-33.5000 MHz loop plug-in module (Ref. Designation A3A4),

The output signal from the 1.5-MHz selective amplifier is also applied to a control circuit in
which the signal is amplified and rectified. The rectified signal is then applied to an ampli-
fier which provides means for driving o gate in a transistor-transistor logic circuit. The tran-
sistors used for amplification of the signal are contained in the integrated circuit 1C10. The
logic state of the output of the control circuit is high as long as the 1.5-MHz signal is pres-
ent, and low when this signal disappears. The control circuit is intended for use in connec-
tion with an automatic fault localization device, which may be supplied on request.

2-25



2,2.5.4. 33.4991-33.5000 MHz Phase~Locked Loop.
Reference Designation A3A4.

The plug~in module containing this phase-locked loop circuit is located in the frequency syn-
thesizer drawer. The complete circuit diagram is located in the diagram section ot the rear
of this manual. The circuit can be divided into seven sections:~ A combined phase and fre-
quency discriminator, a low-pass filter, o voltage-controlled crystal oscillator, a frequency
multiplier, o balanced mixer, an output amplifier, ond a special conirol circuit which may
be used in connection with an automatic foult localization circuit,

The 500-Hz reference~frequency signal obtained from the divider circuits in the standard-fre-
quency oscillator assembly (Ref. Designation A3A3) is applied to the inputs of the flip~flop
IC4A and the gate IC3C in the combined phase and frequency discriminator circuit. The out-
put signal from the 33.4991-33.5000 MHz frequency divider circuit (Ref. Designation A3A5),
which is to be compared with the 500-Hz reference-frequency signal, is applied to the inputs
of the flip-flop 1C4B and the gate IC3D in the combined phase and frequency discriminator
circuit. The timing diagram of the discriminator is shown in Fig. 2.2.5.4-1,

From this timing diagram it will be seen that when o pulse (waveform B) appears at the input
B of the flip~flop 1C3C,IC3D the output C of this flip-flop goes high, while when a pulse
(waveform A) oppears at the input A the output C goes low. Consequently, the duty factor
of the rectangular wave (waveform C) at the output C is proportional to the phase difference
between the input pulses at A and B (the pulse of A lagging behind the pulse at B) so that the
average d.c. voltage obtained at the output C is also proportional to the said phase differ-
ence, i.e. the transfer function is linear. The output C is connected to the reset (clear) ter-
minal of the J-K flip-flop IC4A, the Q output of which flip~flop is indicated by E in the
diagram. The output D of the flip-flop IC3C,IC3D is connected to the reset (clear) terminal
of the J-K flip-flop 1C4B, the Q output of which flip-flop is indicated by F in the diagram.
The logic states of the Q outputs of the flip-flops IC4A and IC4B, the E and F outputs, de-
pend on the relation between the frequency, fa , of the signal applied to the input A and
the frequency, fp, of the signal applied to the input B.

If fo =fp, the Q outputs of the flip-flops IC4A and IC4B will be kept in state 1, i.e. E=1
and F=1. For instance, if a pulse appears at the input A of the flip-flop IC3C,IC3D while
the output state of this flip-flop is C =1 and D =0, the flip-flop IC4B will not change state
because D =0, i.e. it will remain in state Q=1 (F=1). But the flip-flop 1C3C,IC3D will
change state to C=0 and D=1, so that when the next pulse appears at the input B the flip-
flop IC4A will not change state because C=0, i.e. it will remain in state Q=1 (E=1). How-
ever, the flip-flop 1C3C,IC3D will change state to C=1 and D=0, so that when a pulse ap-
pears at the input A again the above mentioned function will be repeated. Consequently,
the outputs E and F will remain in state 1 as long as fA = fg.

If fA >fg , the time between the arrival of two consecutive pulses at the input A will be
shorter than the time between the arrival of two consecutive pulses at the input B. Before
long the situation will arise where two consecutive pulses arrive at the input A during the
time between the arrival of two consecutive pulses at the input B. The first pulse appearing
at the input A during this time will cause the flip-flop IC3C,IC3D to change state to C=0
and D=1. When the next pulse appears at the input A the flip-flop IC4B will change state to
Q=0, i.e. F=0, because the flip-flop IC3C,IC3D has remained in state C=0 and D=1. The
flip-flop 1C4B will remain in state Q=0 until the next pulse appears at the input B. This pulse
will cause the flip~flop IC3C,IC3D to change state to C=1 and D=0, thereby causing the
flip-flop 1C4B to change state to Q=1, i.e. F=1. In this way pulses are produced at the out-
put of the flip-flop IC4B (waveform F), the repetition rate being increased as the difference

fa - fg is increased.

If fo <fg, pulses are produced at the output of the flip-flop IC4A (waveform E) in a way
similar to that described above, the circuit being symmetrical with respect to the inputs A

and B.
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The inputs of the gate IC3B are connecied to the G outpute of the flip-flops [C4A and 1C48,
i.e. the £ and F outputs. As long as fa = fg the outputs £ ond F will remain in state 1 and
the output G of the gate IC3B will then remain in state G=0. If fpo 7 fp, pulses will appear
af the output G of the gate 1C3B as shown in waveform G. The output of the gote 1C3B
may be connected to an automatic foult localization device, if required.

The output signa!l from the phase discriminator gate 1C3C is applied to the emitter of the
transistor Q1 vie the diode CRY. The purpose of the transistor Q1, which is fed from a sta-
bilized 12-volt supply, is to provide ouiput signals the logic levels of which remain constant
even if the logic levels of the signals from the phase discriminator vary slightly. The output
signal from the collector of the transistor Q1 is fed to the varactor diodes CR3 and CR4 in

the oscillator tuning circuit through o low-pass filter.

The voltage-controlled crystal oscillator is a modified Pierce oscillator employing two transistors
connected as a Darlington pair. The crystal Y1 is loaded by the inductor L2 and the varactor
diodes CR3 and CR4 so that the oscillator frequency can be varied within the desired range
from stightly below to slightly cbove the series resonant frequency of the crystal. The oscilla-
tor is preadjusted by means of the trimmer capacifors C8 and C9 to cover the required fre-
quency range, 3.4991-3.5000 MHz, the actual frequency being determined by the d.c. volt-
age applied to the varactor diodes. The collector of one of the four transistors in the inte~
grated circuit, IC1, used for the oscillator is connected to the base to form o diode. This
diode and the associated collector-to-substrate diode are connected as an amplitude limiter

in the oscillator circuit., The fourth transistor in the integrated circuit IC1 is employed as an
amplifier for the output signal from the oscillator. The output signal from the collector cir-
cuit of this amplifier is applied to a multiply-by-five multiplier, while the output signal from
the emitter circuit is applied to o balanced mixer.

The multiply-by-five frequency multiplier employs an integrated circuit, 1C2, with four trans-
istors. Appropriate filtering is provided by the two tuned circuits, L5,C18 and L6,C24. The
output signal from the frequency multiplier, the frequency of which will lie within the range
17.4995-17.5000 MHz, is applied to the 33.4991-33.5000 MHz variable-ratio frequency
divider (Ref. Designation A3A5). Division ratios of 34991, 34992, etc. to 35000 can be select-
ed by the 1st decade switch on the synthesizer front panel. The output signal from the fre-
quency divider is applied to the combined phase and frequency discriminator as described
above and the loop is phase-locked on the frequency corresponding to the setting of the Ist

decade switch.

The balanced mixer employs an integrated circuit, IC5, with three transistors. In this mixer
the output signal from the voltage~controlled crystal oscillator is mixed with a 30-MHz sig-
nal, which is obtained from the standard-frequency oscillator assembly (Ref. Designation A3A3),
to produce a signal with a frequency equal to the sum of the two input frequencies. The use
of a centre-tapped inductor for the output tuned circuit allows the 30-MHz signal to be bal-
anced out. The modulator output signal is applied to a tuned transistor amplifier, Q2, which
is followed by an output amplifier consisting of a common-collector coupled transistor, Q3,
(emitter follower). The output signal from the emitter circuit of this amplifier is applied to
the modulator assembly (Ref. Designation A2A4) in the s.s.b. exciter via a coaxial cable. The
frequency of this output signal will lie within the range 33.4991-33.5000 MHz, the actual
frequency being determined by the setting of the l1st decade switch.

The output signal from the emitter follower is also applied to a control circuit in which the
signal is amplified and rectified. The rectified signal is then applied to an amplifier which
provides means for driving o gate in a transistor-transistor logic circuit. The transistors used
for amplification of the signal are contained in the integrated circuit 1C6. The logic state of
the output of the control circuit is high as long as the 33.4991-33.5000 MHz signal is present,
and low when this signal disappears. The control circuit is intended for use in connection
with an automatic fault localization device, which may be supplied on request.
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2.2.5.5. 33.4991-33.5000 MHz Variable-Ratio Frequency Divider.
Reference Designation A3AS.

The plug-in module containing this divider is located in the frequency synthesizer drawer.
The complete circuit diagram of the divider is located in the diagram section at the rear of
this manual. As shown in the circuit diagram the plyg-in module also contains a filter for a
+5-volt supply, L1, C4 to C7, four pull-up resistors, R6 to R?, and o pulse shaper circuit,
Q1, Q2 and ICE2D, which is inserted in the 17.4955-17.5000 MHz input to provide suitable

clock pulses for o decade divider.

The variable-ratio frequency divider can be set to divide the frequency of the input signal,
which will lie within the range 17.4955-17.5000 MHz, by any integer between 34991 and
35000, the division ratio being determined by the setting of the decade switch S1 ("0-0.9
kHz") on the frequency synthesizer front panel. The input signal is obtained from the frequen-
cy multiplier in the 33.4991-33.5000 MHz loop and mixer circuit (Ref. Designation A3A4).
The frequency divider consists mainly of o synchronous decade divider, 1CD2 to ICDé and
ICE2 to ICE4, which is controlled by the binary-coded decade switch S1 (connections "Al",
“B1", "C1" and "D1"), ond a 12-bit ripple-through binary divider, ICC4, ICB2 to ICB6, the
division ratio of which is programmed by the decoder gates ICC2 and ICC3A to ICC3D.

The counting sequence for the divider is shown in Table 2.2.5.5-1. It should be noted that
initially the Q outputs of the flip-flops in the decade divider and the Q outputs of the flip-
flops in the ripple-through binary divider are all switched to state 0, and the flip-flop D2 is
disabled by the flip-flop E2A,E2B and the gate E3C. The 8th input pulse in the count-by-ten
sequence causes the flip-flop D3 to change state to Q=1 and Q=0 whereby the flip-flops D4
and D5 are disabled, their Q outputs remaining in state 0. On the receipt of the 9th input
pulse the outputs of 'the flip-flop D3 will not change state because one J input as well as one
K input are in state 0. The 10th input pulse causes the flip-flop D3 to change state to Q=0
and Q=1 again whereby the flip-flops D4 and D5 are enabled, thus restarting the counting
sequence for the decade divider. The negative-going edge of the output pulse thus generated
_by the Q output of the flip-flop D3 triggers the first flip~flop C4A in the ripple-through bi-

nary divider.

When the ripple~through binary divider has counted the number of pulses corresponding to the
programmed division ratio, i.e. 3498 pulses if the decade switch is in one of the positions
"1" to "9" or 3499 pulses if the said switch is in position "0", the output of the decoder
gate C2 goes low and the flip-flop E2A E2B changes state, thus causing those flip-flops in
the ripple-through binary divider which are in state Q=0 to change state to Q=1. After this
the output of the gate C2 goes high again without affecting the state of the flip-flop E2A,
E2B. The flip-flop D3 is disabled by the gate E3B while the flip-flop D2 is enabled by the
gate E3C to operate instead of the flip-flop D3 when seven more input pulses -have been
counted by the decade divider. Thus, on the receipt of the next input pulse (the 34988th or
the 34998th pulse) the flip~flop D3 remains in state Q=0 and Q=1, the flip-flops D4 to D6
change state to Q=0 while the flip-flop D2 changes state to Q=1 and Q=0. The output Q=1
of the flip-flop D2 enables the appropriate decoder gates, E4A to E4D, to set the decade
divider in accordance with the decade switch position (the modified 'divider state')

and causes the output of the gate E2C to go low, thus generating a negative~going output
pulse which is applied to the phase discriminator in the 33.4991-33.5000 MHz loop and mixer
circuit. The output Q=0 of the flip-flop D2 disables the flip-flops D3 to D6 so that on the
receipt of the following input pulse (the 3498%9th or the 34999th pulse) the flip-flop D2, the
K inputs of which are permanently at state 1, changes state to Q=0 and Q=1 whereby fhe
output of the gate E2C goes high, the flip- ﬂop E2A,E2B obtains its original state and the
flip-flops D3 to D6 are enabled to count in accordance with the decade switch setting. The
last input pulse in the counting sequence resets the decade divider to zero and causes the

" flip=flops in the ripple-through binary divider to change state to Q=0, thus restarting the

counting sequence.
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The decade divider follows the 1-2-4-8 code. The 'divider state' to which it has to be set
by the decade switch in order to obtain the desired division ratio corresponds to the comple-
ment to 9 of the number of extra input pulses n which has to be counted before the appro-
priate input pulse restarting the counting sequence is received. For the decade switch settings
“1" to "9" the division ratio is equal to 3499x104n. in the case where the decade switch is
set to position "0" the ripple-through binary divider is programmed by the decoder gates C3A
to C3D to count one more pulse from the decade divider before the decade divider is set to
count in accordance with the decade switch setting, and since n=o the division ratio is equal

The principle of operation of the frequency synthesizer and the s.s.b. exciter is described in
section 2.2.1. Block Diagram. The output signal from the 33.4991-33.5000 MHz loop and
mixer circuit is mixed with a 1.5-MHz signal to produce an output signal within the frequen-
cy range 34,9991-35.0000 MHz, the actual oufput frequency being determined by the sefting
of the lst decade switch. This signal is finally mixed with a signal in the frequency range
35.0000-64.,9990 MHz to produce o difference-frequency output signal in the transmitting fre-
quency range 0-29.9999 MHz. The actual frequency of the mixer input signal in the range
35.0000-64.9990 MHz is determined by the settings of the other decade switches. It will be
seen that if the frequency in the range 34.9991-35.0000 MHz is increased the transmitting
frequency is decreased, while if the frequency in the range 35.0000-64.9990 MHz is in-
creased the tronsmitting is also increased. Therefore, the coding of the lIst decade differs from

that of the other decades.
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2.2.5.6. 35.000-64.999 MHz Phase-Locked Loop. Reference Designation A3A6.

The plug-in module containing this loop circuit is located in the frequency synthesizer drawer.
The complete circuit diagram is located in the diagram section at the rear of this manual.
The circuit can be divided into ten sections: ~ A combined phase and frequency discriminator,
an 8-bit up-down counter, a 2-bit binary to one-cof-four decoder, o digital-to~analogue
converter, a low-pass filter, o voltage-controlled oscillator, an output amplifier, and three
voltage regulators for power supplies.

The 500-Hz reference-frequency signal obtained from the divider circuits in the stondard-fre-
quency oscillator assembly (Ref. Designation A3A3) is applied to the inputs of the flip~flop
IC2B and the gate 1CID in the combined phase and frequency discriminator circuit. The out-
put signal from the 35.000-64.999 MHz frequency divider circuit (Ref. Designation A3A7),
which is to be compared with the 500-Hz reference-frequency signcl, is applied to the inputs
of the flip-flop IC2A and the gate ICIC in the phase and frequency discriminator circuit
through the interface circuit Q37,C44,R86,R88 and the driver gates IC1A and IC1B. The
timing diagram of the phase and frequency discriminator is shown in Fig. 2.2.5.6-1.

From this timing diagram it will be seen that when a pulse (waveform B) appears at the input
B of the flip-flop ICI1C,ICID the output D of this flip-flop goes high, while when a pulse
(waveform A) appears at the input A the output D goes low. Consequently, the duty factor
of the rectangular wave (waveform D) at the output D is proportional to the phase difference
between the input pulses at A and B (the pulse at A lagging behind the pulse at B) so that
the average d.c. voltage obtained at the output D is also proportional to the said phase dif-
ference, i.e. the transfer function is linear. The output C of the flip-flop IC1C,ICID is
connected to the reset (clear) terminal of the J-K flip-flop IC2A, the Q output of which
flip-flop is indicated by E in the diagram. The output D is connected to the reset {clear)
terminal of the J-K flip-flop 1C2B, the Q output of which flip-flop is indicated by F in the
diagram. The logic states of the Q outputs of the flip-flops IC2A and 1C2B, the E and F out-
puts, depend on the relation between the frequency, fa , of the signal applied to the input
A and the frequency, fg, of the signal applied to the input B.

If fpo =fg, the Q outputs of the flip~flops IC2A aond IC2B will be kept in state 0, i.e. E=0
and F=0. For instance, if a pulse appears at the input A of the flip-flop ICIC,IC1D while
the output state of this flip-flop is C=0 and D=1, the flip-flop IC2A will not change state
because C=0, i.e. it will remain in state Q=0 (E=0). But the flip-flop IC1C,ICID will
change state to C=1 and D=0, so that when the next pulse appears at the input B the flip-
flop 1C2B will not change state because D=0, i.e. it will remain in state Q=0 (F=0). How-
ever, the flip-flop IC1C,ICID will change state to C=0 and D=1 so that when a pulse ap-
pears at the input A again, the above mentioned functions will be repeated. Consequently,
the outputs E and F will remain in state 0 as long as fA = fg.

If fpo >fg, the time between the arrival of two consecutive pulses at the input A will be
shorter than the time between the arrival of two consecutive pulses at the input B. Before
long the situation will arise where two consecutive pulses arrive at the input A during the
time between the arrival of two consecutive pulses at the input B. The first pulse appearing
at the input A during this time will cause the flip-flop ICIC,ICID to change state to C=I
and D=0. When the next pulse appears at the input A the flip-flop IC2A will change state
to Q=1, i.e. E=1, because the flip-flop IC1C,ICID has remained in state C=1 and D=0. The
flip-flop IC2A will remain in state Q=1 until the next pulse appears at the input B. This
pulse will cause the flip~flop IC1C,ICID to change state to C=0 and D=1, thereby causing
the flip-flop IC2A to change state to Q=0, i.e. E=0. In this way pulses are produced ot
the output of the flip-flop IC2A (waveform E), the pulse repetition rate being increased as

the difference fA - fg is increased.

If fo <fg, pulses are produced at the output of the flip-flop IC2B (waveform F) in a way
similar to that described above, the circuit being symmetrical with respect to the inputs A

and B.
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The output signals from the flip-flops IC2A and IC2B are applied to the inputs of the flip-
flop 1C3A,IC3B which operates as an inverter. Input pulses of waveform E cause pulses of
waveform G to be produced at output G of gate IC3A, while input pulses of waveform F
cause pulses of waveform H to be produced at output H of gate IC3B. As long as the pulses
at the inputs A and B of the flip-flop IC1C,ICID do not appear simultaneously, the dis-
criminator will operate as described above. But, since the duration of the pulses is finite,
the situation may arise where the outputs of the flip~flops IC2A and IC2B go high simultane-
ously. However, only one of the outputs G and H can go low at a time because the two
gates 1C3A and IC3B are cross-coupled to form an R-S flip-flop circuit. The G and H outputs
are connected to two cascaded 4-bit binary up-down counters, the output G being connected
to the count-up terminal ond the output H being connected to the count-down terminal of

the first 4-bit counter.

The up~down counter consists of two MSI (medium-scale integrated circuit) 4-bit binary count-
ers, [C4 and IC5. The carry output of the first counter is connected to the count-up terminal
of the second counter while the borrow output of the first counter is connected to the count-
down terminal of the second counter, so that the circuit forms an 8-bit binary up-down
counter. The six least significant bits of this counter control a digital-to-analogue converter.
The two most significant bits, the 7th bit and the 8th bit, control the circuit for selecting
the proper tap on the oscillator inductor L4. A "load" (data strobe) control circuit, C45,Q38,
Q39,Q40,R89, is provided in the output circuit of the 7th stage of the up-down (U/D)count-
er. This "load" control circuit is so arranged that every time the 7th bit is changed the pos-
itive-going or negative-going output pulse edge thus produced by the 7th U/D counter stage
will cause the "load" terminal to go low for about three microseconds, and the 5th bit and
the 6th bit will then change from 0 and 0 to 1 and O, or from 1 and 1 to 1 and 0. The 7th
bit and the 8th bit will not be changed because the data inputs of the 7th and 8th stages of
the U/D counter are connected to their respective Q outputs. These stages will remain in the
states they reached when the oscillator inductor tap was selected until the 7th bit is changed
again in order to select another inductor tap. As mentioned above, the U/D counter is set

to a condition different from the full or the empty condition every time the 7th bit is
changed, i.e. when the oscillator inductor tap is selected. This is a very important function,
and the reason for using such an arrangement will be explained later. The taps on the oscil-
lator inductor L4 are selected by means of the four switching diodes CR11 to CR14, which
are controlled by the 2-bit binary to one-of-four decoder circuit. The four decoder gates
IC6A,to IC6D in this circuit are connected to the outputs of the 7th and 8th stages of the

U/D counter through the gates 1C3C and 1C3D.

The digital-to~analogue (D/A) converter is used to coarse-tune the voltage-controlled oscil-
lator. It translates the binary information obtained from the outputs of the first six stages of
the U/D counter into an analogue information, i.e. a d.c. voltage, which is applied to the
varactor diodes in the oscillator tuning circuit through a low-pass filter. All six stages in

the D/A converter are equal except for the resistance values of the resistors R35 to R41.
These values are: R35 = 2xR36, R36 = 2xR38, .. R39 = 2xR41. A simplified circuit diagram of
the oscillator control circuit in which only two D/A converter stages are included is shown
in Fig. 2.2.5.6-2. The transistors and diodes in the D/A converter circuits perform the func-
tion of connecting the resistors R35 to R41 to the 10-kQ resistor R28 in different combinations
so that the d.c. voltage, i.e. the analogue information, at the output of the D/A converter
corresponds fo the binary information at the input, see the table in Fig. 2.2.5.6-3. If the
output of the first U/D counter stage (the least significant bit) is Q=0, the current drawn by
the n-p-n transistor Q17 will cause the base voltage of the p-n-p transistor Qé to fall so
that the last-mentioned transistor will be saturated. The collector voltage of the transistor Q6
will then be approximately +12V, and since the output voltage from the D/A converter (the
voltage between the point K and the common lead in Fig. 2.2.5.6-2) is equal to or lower
than +12V the diode CR3 will be cut off. If the output of the first U/D counter stage is
Q=1 the transistor Q17 will be cut off, thereby causing the transistor Qé to be cut off, too.
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Fig. 2.2.5.6-2. Simplified Oscillator Control Circuit Diagram.
Only two D/A converter stages are shown.

The diode CR3 will then be conducting and a current will flow from the +12V lead through
the 10-kQ resistor R28, the diode CR3, and the 452-kQ resistor R35 to the -4V lead. This

current will cause o voltage drop of 0.35V in the 10-kQ resistor R28, i.e. the output volt-
age from the D/A converter will be 11.65V.

The other stages in the D/A converter will operate in a way similar to that described above
for the first stage. From the table in Fig. 2.2.5.6-3 it will be seen that a 2-bit D/A con-
verter provides means for varying the output voltage in four steps. The equivalent circuits
show that the operation performed when a bit is changed (one step) is equivalent to connect
ing, or disconnecting, a 452-kQ resistor across the "lower" part of the voltage divider in
the output circuit of the D/A converter. It will be seen that when the U/D counter counts
up, i.e. the step number is increased, the output voltage is decreased, while when the U/D
counter counts down, i.e. the step number is decreased, the output voltage is increased. A
graph representing the output voltage as a function of the step number of the U/D counter is
shown in Fig. 2.2.5.6-4. When the characteristics of the varactor diodes are taken into con-
sideration it will be seen that the graph mentioned above has the desired curvature for meet-

ing the requirements of a constant servo-loop gain.

The actual é-bit D/A converter provides means for varying the output voltage in 64 steps

(26 steps). If the oscillator frequency is not brought inside the capture range of the loop by
 means of the control voltage available within the é4-step range, another tap on the oscillo-
tor inductor will automatically be selected by means of the two last stages in the U/D count-
er as described above. Thus, if the oscillator frequency is too low or too high, the U/D
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Q Output | Q Output D/A Converter Output Circuit
of Ist U/D | of 2nd U/D
Counter Counter o
Step | Stage (least | Stage (next . vIput
No. |[significant sigr?iﬁccm’r Actual Circuit Equivalent Circuit Voltage
bit) bit) (Volts)
+12V 10kQ
0 0 0 Qutpet 119 00
-4V
+12V 10kQ
: | 0 Output 11.65
452kQ
-4V
+12v
2 0 1 11.32
452
kQ
-4V
+12V 10kQ +12V
i l o 452
utput | kQ
. . 11.02
3 ‘ ‘ 452 226 | 452
kQ kO kQ
-4V -4V

Fig. 2.2.5.6-3. Principle of Operation of D/A‘ Converter.
Only two stages are shown.

countfer will count down or up, respectively, until the oscillator frequency is brought inside
the capture range of the loop so that the phase locking can be established. A graph repre-
senting the oscillator frequency as a function of the step number of the U/D counter is shown

in Fig. 2.2.5.6-5.

The output signal from the phase discriminator gate 1C1D is applied to the emitter of the
transistor Q2 via the diode CR1. The purpose of the transistor Q2 is to provide output sig-
nals the logic levels of which remain constant even if the logic levels of the signals from

the phase discriminator vary slightly. The output signal from the collector of the transistor

Q2 is fed to the input of the low-pass filter through the resistor R6 and added to the output
signal from the D/A converter. |t should be noted that the signal from the phase discriminator
is attenuated in a voltage divider, the "upper" part of which consists of the resisior R6

while the "lower" part consists of the resistor R28 in parallel with the resistance in the output
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circuit of the D/A converter, in such a way that the loop gain is kept substantially constant.
The combined signal from the phase and frequency discriminator is applied to the varactor
diodes CR15 ond CR16 in the oscillator tuning circuit through a low-pass filter which incor-
porates a notch filter for suppressing the reference-frequency signal. A graph representing
the oscillator frequency as a function of the phase angle and the step number of the U/D
counter is shown in Fig. 2.2.5.6-6. The principle of operation of the loop system is illus-

trated by the following examples:-

Example 1. - Change of frequency from fp to f( (see Fig. 2.2.5.6-6):

The setting of the frequency division ratio is altered from that corresponding to fp to that
corresponding to fQQ , and since fQ > fp the output frequency from the frequency divider will
be too low compared with the reference frequency. The U/D counter will then count down
from step No.62 to step No.60 where the loop will be phase-locked.

Example 2. - Change of frequency from fQ to fR (see Fig. 2.2.5.6-6):
The setting of the frequency division ratio is altered from that corresponding to fQ to that

corresponding to fR , and since fg <f~ the output frequency from the frequency divider will
be too high compared with the reference frequency. The U/D counter will then count up from
step No.60 to step No.61 where the loop will be phase-locked. From the examples shown in
Fig. 2.2.5.6-6 it will be seen that in this special case fR =fp, i.e. the same frequency
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is obtained at different step numbers of the U/D counter. It should be noted that the fre-
quency is decreased when the U/D counter counts up, and increased when the U/D counter

counts down.

Example 3. - Change of frequency from fx to fY (see Fig. 2.2.5.6-5):

The frequency fx (at the point X on the curve) lies in the range covered by the step numbers
64 to 128 where tap No.2 has been selected. The frequency fy (at the point Y on the curve)
lies in the range covered by the step numbers 0 to 64 so that it is necessary to change from
tap No.2 to tap No.l in order to arrive at this frequency. When the setting of the frequency
division ratio is altered from that corresponding to fx to that corresponding to fy the U/D
counter will count down and cause the tap No.l to be selected instead of tap No.2. After
the tap on the oscillator tuning inductor has been changed the U/D counter should count
further down and reach the step number corresponding to the frequency fy , but due to the
time constant of the low-pass filter the voltage controlling the varactor diodes cannot change
quickly enough and the oscillator frequency will then be too high, it may even be so high
that, if no precautions were taken, the U/D counter would count up again and cause a
change from tap No.1 to tap No.2 after which the U/D counter would count down again,
etc. To overcome this problem the U/D counter is so arranged that every time the 7th bit is
changed, i.e. when the inductor tap is changed, the U/D counter is automatically set to a
condition which in the graphs Fig. 2.2.5.6-4 and Fig. 2.2.5.6-5 is represented by the point
Sq when the counter counts down, and by the point S, when the counter counts up. These
points are placed so many steps away from the points T4 and T, , where the change of in-
ductor taps takes place, that the U/D counter is prevented from running into the unstable
condition mentioned above. Therefore, when the tap No.1 has been selected instead of tap
No.2, as mentioned above, and the U/D counter is set to the condition represented by the
point Sq on the curve, the counter will first count up a few steps after which it will count
down and reach the point Y for the frequency fy where the loop will be phase-locked.

When changing from one frequency to another the U/D counter will at the beginning count
relatively fast in order to change the oscillator frequency in the direction of the desired fre-
quency because the repetition rate of the output pulses from the discriminator is relatively
high, but as the oscillator frequency approaches the desired frequency the U/D counter will
count slower according to the lower repetition rate of the input pulses. If, for instance, the
difference between the oscillator frequency and the desired frequency is about 10 kHz, the
difference between the output frequency from the divider and the reference frequency is only
a fraction of a Hz so that the time between two output pulses from the discriminator will be
several seconds. However, in this case the output frequency from the divider will be within
the capture range of the discriminator, which is about £3Hz from the 500-Hz reference fre-
quency, and therefore the loop will be phase-locked. The time it takes for the synthesizer
to reach the desired frequency when changing from a higher to a lower frequency is longer
than the time it takes when changing from o lower to a higher frequency. This is illustrated

by the following examples:-

Case A. - Change of oscillator frequency from 60 MHz to 30 MHz:

When the division ratio of the divider is altered from that corresponding to 60 MHz to that
corresponding to 30 MHz, the output frequency from the divider will at the beginning be
1000 Hz. This is 500 Hz above the 500-Hz reference frequency.

Case B. - Change of oscillator frequency from 30 MHz to 60 MHz:

When the division ratio of the divider is altered from that corresponding to 30 MHz to that
corresponding to 60 MHz, the output frequency from the divider will ot the beginning be
250 Hz. This is 250 Hz below the 500-Hz reference frequency.

In case A the difference between the output frequency from the divider and the 500-Hz ref-
_ 2rence frequency at the beginning of the change is twice as high as in case B. Therefore,
it will take nearly twice as long time for the synthesizer to reach the desired frequency in

case A as it will in case B.
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The output signal from the voltage-controlled oscillator is applied to a dual-channel output
amplifier. The one output signal from this amplifier is applied to the prescaler in the 35.000
64.999 MHz variable-ratio frequency divider (Ref. Designation A3A7), while the other output
signal is applied to o mixer in the s.s.b. modulator circuit (Ref. Designation A2A4). In order
to prevent transmission as the voltage-controlled oscillator searches to achieve lock-up, the
output amplifier is so arranged that the last-mentioned output channel is blocked when the

loop is not phase-locked.

Voltage regulators are inserted in the power-supply leads to the D/A converter, and to the
voltage-controlled oscillator and the output amplifier in order to provide the required high
voltage stability. Two series regulators are used for the D/A converter, while a special series
regulator with short—circuit protection is used for the voltage-controlled oscillator and the

output amplifier.
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2.2.5.7. 35.000-64.999 MHz Variable-Ratio Frequency Divider.
Reference Designation A3A7.

The plug-in moduie containing this divider is located in the frequency synthesizer drawer.
The complete circuit diagram of the divider is located in the diagram section at the rear of
this manual. As shown in the circuit diagram the plug-in module also contains filters for the
+5-volt supply and the =5-volt supply, L1, C3, C5 aond L2, C4, C6, four puli-down resistors,
R8 to R11, fourteen pull-up resistors, R12 to R25, fourteen protecting zener diodes, CR8 to
CR21, and an amplifier, ICB6, which is inserted in the input circuit to provide suitable clock
pulses for driving a divide-by-two prescaler, ICA6, preceding the veriable-ratio divider. The
gate B6B operates as o linear amplifier while the following gate B6A provides o suitable
amount of clipping. The input signal is obtained from the dual-channel amplifier in the 35-65
MHz loop circuit (Ref. Designation A3A6). The frequency of the input signal will lie within
the range 35.000-64.999 MHz, i.e. the frequency of the output signal from the prescaler
will lie within the range 17.5000-32.4995 MHz.

The variable-ratio frequency divider can be set to divide the frequency of the output signal
from the prescaler by any integer between 35000 and 64999, the division ratio being deter-
mined by the positions of the binary-coded decade switches S2 ("0-9 kHz"), S3 ("0-90 kHz"),
S4 ("0-900 kHz"), S5 ("0-9 MHz") and S6 ("0-20 MHz") on the frequency synthesizer front
panel. This divider consists mainly of a synchronous decade divider, ICA1 to ICA5 and ICBI
to ICB5, which is controlled by the decade switch S2 (connections "A2", "B2",6 "C2" and
"D2"), four cascaded asynchronous decade dividers, 1CD2, ICE2, ICF1 and ICH1, which are
controlled by the decade switches S3 (connections "A3", "B3", "C3" and "D3"), S4 (connec-
tions "A4", 6 "B4", "C4" and "D4"), S5 (connections "A5", "B5", "C5" and "D5") and S6 (con-
nections "A6é", "B&", "C6" and "D6"), a decoder gate, ICE1, a strobe-input controlling flip-
flop, ICD1, and fifteen adder gates, ICF2, ICF3, ICH2 and ICH3. Emitter~coupled logic
(ECL) elements are used in the prescaler and the synchronous decade divider circuits, while
transistor-transistor logic (TTL) elements are used in the asynchronous decade divider circuits.
The logic levels for the two different logic systems are as follows:

For ECL elements: logic 0 ~ =1.5V and logic 1 ~ ~0.7V
For TTL elements: logic 0 ~ OV to +0.8V and logic 1 ~ +2.4V to +5V

Appropriate interface circuits are inserted in the divider circuit where logic elements of dif-
ferent families are interconnected, i.e. two ECL-to-TTL circuits, Q1, CR1, R2, R5, R26 and
Q2, CR7, R4, R7, R27, and one TTL-to-ECL circuit, CR3 to CR6, R3, Ré. It should be noted
that the logic states 0 and 1 in the one logic system correspond to the respective logic states

~ 0 and 1 in the other logic system so that the interface circuits may be ignored in the divider
circuit diagram as regards the performance of logic functions.

The synchronous decade divider follows the 1-2-4-8 code. lts clock line is driven by the pre-
scaler. Most of the time the synchronous decade divider operates as a divide-by~ten divider,
i.e. for every ten input pulses it generates an output pulse which is applied to the input of
the following asynchronous decade divider D2 via the interface circuit. But once during each
division cycle of the complete 5-decade divider the synchronous decade divider counts some
number from ten to nineteen, which is controlled by the decade switch, and then returns to
count by ten again. It should be noted that initially the flip-flops in the synchronous decade
divider are all in state Q=0 and Q=1, and the flip-flop A1 is disabled by the flip-flop BIA,
B1B and the gate B2B. The 8th input pulse in the count-by-ten sequence causes the flip~flop
A2 to change state to Q=1 whereby the flip-flops A3 and A4 are disabled, their Q outputs
remaining in state 1. On the receipt of the 9th input pulse the outputs of the flip~flop A2
will not change state because one J input as well as one K input are in state 1. The 10th
input pulse causes the flip-flop A2 to change state to Q=0 again whereby the flip-flops A3
and A4 are enabled, thus restarting the counting sequence for the synchronous decade divider.
~ The negative-going edge of the output pulse thus generated by the Q output of the flip-flop

A2 triggers the input flip-flop in the asynchronous decade divider D2,
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Each of the four cascaded osynchronous decade dividers, D2, E2, F1 and H1, follows the
1-2-4-8 code. Most of the time the decade dividers DZ, E2 and F1 operate as divide-by-ten
dividers. For every ten input pulses the decade divider generates an output pulse which is ap-
plied to the input of the following decade divider. But once during each division cycle of
the complete 5-decade divider the decade divider counts some number from ten fo nineteen,
which is controlled by the decade switch, and then returns to count by ten again. The decade
divider H1 does never count by ten, once during each division cycle of the complete 5-de-
cade divider it counts some number, three, four, five or six, which is controlled by its de-
cade switch and the adder circuit. The counting sequence for the varicble-ratio synchronous
decade divider is shown in Table 2.2.5.7-1, while the counting sequence for the 5-decade
variable-ratio divider is shown in Table 2.2.5.7-2. In order to illustrate how the 'divider
state' is modified according to the positions of the decade switches, an example is given in
Table 2.2.5-7-3 for a division ratio of 26. It should be noted that in the actual divider the

division ratio will never be lower than 35000.

When the condition of full is reached in the divider circuit comprising the four cascaded
asynchronous decade dividers, i.e. the condition where these dividers are all in 'divider state'
9 (the 9999 content) and the outputs A and D are simultaneously in state 1, the output of the
decoder gate E1 goes low, thus causing the flip-flop D1A,D1B to change state whereby the
output of the gate D1A goes low while the output of the gate D1B goes high. The output of
the gate D1A is connected to the strobe inputs of the four decade dividers D2, E2, F1 and H1
so that when this output goes low the 'divider state' is modified according to the positions of
the decade switches S3, $4, S5 and S6. After this the output of the gate E1 goes high again
without affecting the state of the flip-flop D1A,D1B. The output of the gate DIB is connected
to the input of the gate BIA via the interface circuit so that when this output goes high the
flip-flop B1A,B1B changes state. The flip~flop A2 in the synchronous decade divider is then
disabled by the gate B3B while the flip-flop Al is enabled by the gate B2B to operate when
seven more input pulses have been counted by the synchronous decade divider. Thus, on the
receipt of the next input pulse, i.e. the 8th input pulse after the full condition is reached
in the four cascaded asynchronous decade dividers, the flip-flop A2 remains in state Q=0, the
flip-flops A3 to A5 change state to Q=1 while the flip-flop Al changes state to Q=1 and
Q=0.

The output Q=0 of the flip~flop A1 enables the appropriate decoder gates, B2A to B5A, to
set the synchronous decade divider in accordance with the decade switch position. It also
causes the flip-flops D1A,D1B and B1A,BI1B to change state and the output of the gate B5B
to go low, thus generating a negative-going output pulse which is applied to the phase dis-
criminator in the 35.000-64.999 MHz loop circuit. The change of state of the flip-flop DI1A,
D1B enables the four cascaded asynchronous decade dividers to count in accordance with the
decade switch positions. The output Q=1 of the flip-flop Al disables the flip-flops A3 to A5
so that on the receipt of the following input pulse, i.e. the 9th input pulse after the full
condition is reached in the four cascaded asynchronous decade dividers, the flip-flop Al, the
K inputs of which are permanently at state 0, changes state to Q=0 and Q=1 whereby the
output of the gate B5B goes high, the flip-flops D1A,D1B and B1A,B1B obtain their original
states and the flip-flops A2 to A5 are enables to count in accordance with the decade switch
setting. It should be noted that the full condition has then been reached in the complete 5-
decade divider, i.e. the 'divider state' corresponding to the 99999 content. On the receipt of
the next input pulse the division cycle for the complete 5-decade divider is restarted.

At the start of the counting sequence for the 5-decade varioble-ratio divider the synchronous
decade divider will first count some number from zero to nine, which is controlled by its
decade switch, and then return to count by ten until the condition of full (i.e. 9999 content)
is reached in the four cascaded asynchronous decade dividers. Similarly, each of the decade
dividers D2, E2 and F1 will first count some number from zero to nine, which is controlled

by its decade switch, and then return to count by ten until the condition of full is reached
in the four cascaded asynchronous decade dividers. The decade divider H1 will count some
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Table 2.2.5.7-2.
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Counting sequence repeated.

The 99999 content corresponding to full
condition in the five-decade divider.

! 9-d S TO—e;

Counting Sequence for 5-Decade Variable-Ratio Frequency Divider .

Division Ratio:

N =ax10%tbx1031cx 102 +dx 10 1e

Preset

Number:

m= (9—0);{ ] 04+(9—b)x } 03,*‘{9"(:))( } 02

Division Cycle

+(9-d)x 10+9-e

i

At the start of the counting se~
quence each decade divider
counts some number from zero to
nine, which is controlled by its
decade switch (the preset 'divi-
der state'), and then it counts by
ten until the condition of full
(i.e. the 9999 content) is reach-
ed in the four cascaded asyn-
chronous decade dividers. The
decade divider H1, however,
only counts the number determin-
ed by the position of its decade
switch,

The number of input pulses neces~
sary to change the content m (the
number preset on the divider) to
the full condition (i.e. the 99999
content) in the complete 5-de-
cade divider is equal to the di-

vision ratio, i.e.
N = 99999 -m

When the condition of full (i.e.
the 9999 content) is reached in
the four cascaded asynchronous
decade dividers a pulse is appli-
ed to the strobe inputs of these
dividers so that the 'divider state'
is modified according to the set-
ting of the decade switches S3,
S4, S5 and S6.

A pulse is applied to the strobe

line of the synchronous decade
divider so that the 'divider state'
is modified according to the set-
ting of the decade switch S2, and
a short output pulse is generated.

All decade dividers are set to
count in accordance with the posi-
tions of the decade switches and
on the receipt of the next input
pulse the counting sequence is re-
started.



Table 2.2.5.7-3. Counting Sequence for 5-Decade Variable-Ratio Frequency Divider
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number, three, four, five or six, which is controlled by its decade switch and the adder cir-
cuif, once during a complete division cycle.

Once during each counting sequence the gate B5B produces an output pulse. As mentioned
above, this output pulse is generated when the state of the Q output of the flip~flop Al
changes from 1 to 0 and then from O to 1 again. The total propagation delay time in this
divider circuit is very short, because there are only seven stages in which delays can be in-
troduced, i.e. the gates BB and B6A, the flip-flops A6 and Al and the gate B5B. This means
that in the divider circuit used here the counter jitter is greatly reduced as compared with
that which would occur in a corresponding ripple-through divider circuit containing approxi-

mately twenty stages.

The number of input pulses necessary to change the content m (the number preset on the di-
vider) to the full condition in the complete 5-decade variable-ratio divider (i.e. the 99999
content) is equal to the division ratio N, i.e. N=99999-m. Thus, it is only necessary for
the wiring of o decade switch to be arranged so that the nine's complement of each digit of
the divisor is set in the corresponding decade. If, for example, the desired division ratio is
N=76027, then the number to be preset on the divider is: m=99999 - N=99999 - 76027 =23972.
The setting of the decade switches is also explained on the page containing the table for the
counting sequence for the 5~decade variable-ratio frequency divider. ‘

The principle of operation of the frequency synthesizer and the s.s.b. exciter is described in
secfion 2.2.1, Block Diagram. It will be seen that the operating frequency of the 35.000-
64.999 MHz variable-ratio frequency divider is 35000 kHz higher than the corresponding trans-
mitting frequency, which is read on the dials for the decade switches on the synthesizer front
panel. Consequently, the division ratio of the 5-decade variable-ratio divider must be 35000
higher than the number read on the dials for the decade switches. In order to obtain this,
35000 is added to the number corresponding to the binary information on the decade switches
(i.e. the preset number m). 5000 is added to the preset number by displacing the dial for the
decade switch S5 five steps from the position corresponding to the preset number. 30000 is ad-
ded to the preset number by means of the adder circuit consisting of the gates F2, F3, H2 and
H3. When the decade switch S5 is set in one of the positions "0", "1", "2" "3" or "4",
30000 is added to the preset number, but when the said switch is set in one of the positions
not, nen, n7t, "8" or "9", 40000 is added to the preset number ("one is carried").



2.2.5.8. Ovutput Gate~Off Circuit. Reference Designation A3AS.

The subassembly containing this circuit is located in the frequency synthesizer drawer and
connected to the mother board wiring by means of p.c. card-to-card connectors. If an auto-
matic fault localization device is required for the synthesizer, the subassembly containing the
output gate-off circuit is replaced by a subassembly containing the a.f.!. device (Ref. Desig-
nation A3A10), the output gate-off circuit being incorporated in this device.

The output gate-off circuit consists mainly of o one-shot multivibrator, employing two transis-
tors Q1 and Q2, followed by a buffer~amplifier transistor, Q3, and an indicator-lamp con-
trol transistor, Q4. Normally, the transistor Q1 is cut off and the transistor Q2 saturated. If
a pulse having o positive-going or a negative-going edge is applied to the input, the multi-
vibrator will change state, i.e. the transistor Q1 will be saturated and the transistor Q2 cut
off. The multivibrator will remain in this state until the capacitor C2 has been discharged
through the resistor R5 and the base voltage on the tronsistor Q2 has reached a value of ap-
proximately +0.5V, then the multivibrator will change state again, i.e. the transistor Q2 will
be saturated and the transistor Q1 cut off. The pulse thus produced by the multivibrator will
have a duration of approximately three seconds.

The input circuit of the one=-shot multivibrator is connected to the output of the first stage of
the up-down counter in the 35.000-64.999 MHz phase-locked loop module (Ref. Designation
A3A6) so that when the up-down counter changes state, i.e. when an out-of-lock condition
exists, the one-shot multivibrator will produce a three-second output pulse. This pulse is am-
plified by the transistor Q3 and applied to the gated output amplifier, A3A6IC8, in the
35.000-64.999 MHz phase-locked loop plug-in module whereby the transmitting signal is
blocked for approximately three seconds, thus allowing sufficient time for the loop to achieve
lock-up. The oufput pulse from the buffer amplifier is also applied to the indicator-lamp con-
trol transistor Q4, which switches on the indicator lamp DS2 ("test") on the s.s.b. exciter
front panel so that this lamp will light when the loop is not phase-locked.

2.2.5.9. 1.5-MHz Signal-Level Control Circuit. Reference Designation A3A9.

The subassembly containing this circuit is located in the frequency synthesizer drawer and
connected to the mother board by means of soldered terminals and wires. The purpose of the
circuit is to provide means for adjusting the maximum level of the output signal from the
s.s.b. exciter to the desired values for transmitting frequencies in the medium-frequency range
and the intermediate-frequency range, respectively. For the high-frequency range the maxi-
mum obtainable signal level is desired. Since the balanced modulator in the s.s.b. exciter
has a linear characteristic the desired output-signal levels of the s.s.b. exciter can be ob-
tained by controlling the level of the 1.5-MHz input signal to the modulator.

As shown in the circuit diagram, the 1.5-MHz output signal from the standard-frequency os-
cillator circuit (Ref. Designation A3A3) is applied to the control circuit through a coaxial
cable connected to the socket J1, while the 1.5-MHz output signal from the control circuit
is applied to the balanced modulator (Ref. Designation A2A4) in the s.s.b. exciter through a
coaxial cable connected to the socket J2. When the frequency synthesizer is adjusted for a
transmitting frequency in the medium-frequency range, the relay K1 is energized whereby the
adjustable load resistor R1 is inserted across the terminals for the 1.5-MHz signal. Similarly,
when the synthesizer is adjusted for a transmitting frequency in the intermediate-frequency
range, the relay K2 is energized whereby the adjustable load resistor R2 is inserted across the
terminals for the 1.5-MHz signal. The resistors R1 and R2 are pre-adjusted at the factory to
provide the proper signal levels for transmitting frequencies in the medium-frequency range
and the intermediate~frequency range, respectively. The relays K1 and K2 are fed from the
output of the 20-volt rectifier in the rectifier-circuit module (Ref. Designation A3A1). It
should be noted that this supply of 20V will not be available for the relays if the regulator-
circuit module (Ref. Designation A3A2) is withdrawn, because the 20-volt rectifier obtains its
ground connection from the regulator-circuit module, see paragraph 2.2.5.1.
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2.2.5.10. Avutomatic Fault Localization Device. Reference Designation A3A10,

The automatic fault-localization (a.f.l.) device is supplied on special request. The subassem-
bly containing this device is designed to be located in the frequency synthesizer drawer and
connected to the mother board wiring by means of p.c. card-to-card connectors. If an a.f.l.
device is supplied, it replaces the subassembly containing the output gate-off circuit (Ref. De-
signation A3AB), the output gate-off circuit being incorporated in the a.f.l. device subassem-
bly. The complete o.f.l. circuit can be divided info fifteen individual circuits, i.e. fourteen
signal-sensing circuits and a fault-localizing circuit.

In order to check the operation of the frequency synthesizer the fourteen signal-sensing circuits
are connected to appropriate circuits contained in the plug~in modules. If the circuit being
checked operates properly the signal-sensing circuit in question provides an output signal of
logic level 1, but in case of faulty operation the signal-sensing circuit provides an output
signal of logic level 0. The outputs of the signal-sensing circuits are connected to the inputs
of the fault-localizing circuit through the test points designated "A", "B", "C", “D", "E",
MEM, UHY, P, ULM, UMM, UNM, "PM, "RY and "S" in the circuit diagram. Some of the signal-
sensing circuifs are contained in the plug~in modules. The signal sources to be checked are:-

Test Point: Signal source: Ref. Designation of the plug~in module:
"AY 500-Hz reference output from frequency standard A3A3
"B 500-Hz output from 33.4991-33.5000 MHz variable-ratio divider A3AS5
“ct 35.000-64.999 MHz output from phase-locked loop A3A6
“D" 500-Hz output from 35.000-64.999 MHz variable-ratio divider A3A7
ME" 30-MHz output from frequency standard A3A3
" Phase-control output from 35.000-64.999 MHz phase-locked loop A3A6
H" Phase-control output from 33.4991-33.5000 MHz phase-locked loop A3A4
K" 1.5-MHz output from frequency standard A3A3
L 33.4991-33.5000 MHz output from phase-locked loop A3A4
M1 17.4955-17.5000 MHz output from phase-locked loop A3A4
TN +17-volt regulated output from voltage-regulator circuits A3A2
“p +12-volt regulated output from votage-regulator circuits A3A2
“R" =5-volt regulated output from voltage-regulator circuits A3A2
" Unregulated outputs and -12-volt regulated output from rectifiers A3A1

The fault-localizing circuit has seven outputs, one for each plug-in module. To each output
is connected a transistor in the emitter circuit of which is inserted an indicator lamp. The
output signals from the signal-sensing circuits are applied simultaneously to the fault-localiz-
ing circuit. If the frequency synthesizer operates properly the outputs from the signal-sensing
circuits will all be at logic level 1, and none of the indicator lamps mentioned above will
light. If the circuit in a plug-in module fails to operate properly the output from the signal-
sensing circuit concerned will be at logic level 0, and the fault-localizing circuit will cause
the indicator lamp for the plug-in module in question to light, thus indicating in which plug-
in module the faulty circuit is localized. Similarly, if faults occur in two or more plug-in
modules simultaneously, the indicator lamps for all the faulty modules will be lighted. The in-
dicator lamps for the plug-in modules are located on top of the subassembly containing the
a.f.l. device so that they are visible when the frequency synthesizer drawer is withdrawn. An
extra indicator lamp, which is located on the front panel and designated "test", is lighted
when a fault occurs in a plug-in module, but in order to find out where the fault is localized
the frequency synthesizer drawer must be withdrawn so that the indicator lamps for the plug-

in modules are visible.

The principle of operation for the a.f.l. device is shown in the simplified circuit diagram
Fig. 2.2.5.10-1. The outputs from the circuits to be checked in a plug-in module are sensed
by the signal-sensing circuits Nos. 1-4, while the inputs to the circuits are sensed by the
signal-sensing circuits Nos. 5-7, these inputs being provided by circuits contained in other
plug-in modules. The outputs from the signal-sensing circuits Nos. 1-4 are fed to the gate F,
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and if the circuits being checked in the plug-in module are operating properly all these out-
puts will be high (at logic level 1) so that the output of the gate F will be low (ot logic
fevel 0). The output from the gate F is fed to one input of the gate C while the outputs
from the signal-sensing circuits Nos. 5-7 are fed to the other inputs of the gate C, and if
the circuits are operating properly these outputs will be high. The output of the gate C will
be high because the output of the gate F is low. If one of the circuits in the plug-in module
to which the signai-sensing circuits Nos. 1-4 are connected fails to operate, the output of
the signal-sensing circuit concerned goes low whereby the cutput of the gate F will go high,
and provided that the outputs of the signal-sensing circuits Nos. 5-7 are call high the output
of the gate C will go low, thus causing the indicator lamp in the emitter circuit of the out-
put transistor fo be lighted. If more than one circuit in the plug-in module fail to operate
the indicator famp will still be lighted. However, if one of the outputs from the signal-sens-
ing circuits Nos. 5-7 is low the output of the gate C wili remain high ond the indicator famp
will not be lighted, but in this case the fault, which must have occurred in one of the plug-
in modules employing the signal~sensing circuits Nos. 5-7, will be localized by means of the

fault-localizing gates and indicafor lamp for the plug-in module in question.

The signal-sensing circuit No. 1 is used for sensing the output signal from a phase discrimina-
tor. The circuit operates as a one-shot multivibrator. If a positive-going or a negative-going
pulse edge appears at the input the one-shot multivibrator circuit will be triggered and its
output will go low for approximately three seconds and then fall back to the stable state,

the time being determined by the RC time constant of the circuit.

The signal-sensing circuit No. 2 is used for sensing a 500-Hz output signal from an ECL cir-
cuit. The signal-sensing circuit employs an ECL flip-flop which is triggered by the 500-Hz
repetition rate) signal. The output signal from the flip-flop is amplified and detected. The
signal from the detector is fed to an output amplifier. The output of this amplifier is high as
long as the 500-Hz input signal is present, but if the 500-Hz signel fails the output of the
amplifier goes low.

The signal-sensing circuit No. 3 is used for sensing a high-frequency signal. The input circuit
employs a pair of ECL gates connected as « linear amplifier and detector. The output signal
from the detector is amplified by two transistors. The output of the circuit is high when the
proper input signal is present, but if the input signal fails the output goes low.

The signal-sensing circuit No. 4 operates in a way similar to that of circuit No. 2. In this
case the input signal is obtained from o TTL circuit, and a TTL flip~-flop is employed in the
input circuit.

The signal-sensing circuit No. 5 operates as a positive d.c. level detector. If the voltage ob-
tained from the voltage divider Ra,Rb, which is inserted across the supply voltage, falls below
a pre-determined value the output of the circuit goes low.

The signal-sensing circuit No. é operotes as a negative d.c. level detector. The voltage divi-
der Rc,Rd is inserted between the positive 5-volt supply lead and the negative voltage supply
lead. If the voltage between the tap on the voltage divider and ground (chassis) is correct
the output of the signal-sensing circuit is high, but if the negative supply voltage fails the
output of the circuit goes low.
The signal-sensing circuit No. 7 is used for sensing o high-frequency signal. The input signal
is amplified and detected. The signal from the detector is applied to an output amplifier. The
output of the circuit is high when the proper input signal is present, but if the input signal
fails the output goes low.

The operation of the frequency synthesizer is checked continuously by means of its a.f.l. de-
vice, while the push-button designated "test" on the front panel of the s.s.b. exciter must be
pressed in order to check the operation of the exciter.

It should be noted that the indicator lamp on the front panel of the frequency synthesizer will
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2.2.6. Power Amplifier Circuit. Reference Designations A4, A4A1 and A4A2.

The panel-and-chassis assembly (drawer) for the power amplifier also contains a wide-band

driver amplifier (Subassembly Ref. Designotion A4A1) preceding the power amplifier, and three
power supplies (Subassembly Ref. Designation A4A2) providing power for the wide-band ampli-
fier and grid bias for the power amplifier valve. A complete circuit diagram is located in the

diagram section of this manual.

The wide-band driver amplifier is o linear amplifier designed to operate in the range 400 kHz
to 30 MHz. It employs one transistor, A4ATQ1Y. The output signal from the exciter is applied
to the input of the wide-band driver amplifier through a coaxicl cable. The output signal
from the wide-band amplifier is fed to the control grid of the power amplifier valve through
a matching filter circuit comprising the inductors L1 and L2, which are pre-adjusted for max-
imum output af 25 MHz. |t may be necessary to re~adjust these inductors if the power ampli-

fier valve is replaced by a new valve.

A stabilized collector-supply voltage of +27V for the transistor Q1 is provided by the rectifier
CR7 and the voltage regulator circuit employing the transistors A4A2Q1-t0-Q5, while a stabi-
lized bias supply of 3.0V to 4.5V for the base circuit is provided by the rectifier CR2 and
the voltage regulator circuit employing the integrated circuit A4A2IC1 and the transistors
A4A2Q6~and-Q7. These voltages are pre-adjusted to the correct values by means of the po-
tentiometers A4AZR7-and-R16. A negative grid bias of approximately -32V to ~35V for the
power amplifier valve is provided by the rectifier CR4 and the voltage regulator circuit em-
ploying the transistors A4A2Q8-to-Q12. The negative grid bias for the power amplifier valve
is pre-adjusted to the correct value by means of the potentiometer A4A2R24 (typical grid bias
-34V). The dbove-mentioned potentiometers in the voltage regulator circuits are accessible

for adjustment when the cover plate for the voltage regulator underneath the chassis is removed.

The power amplifier stage employs o radial beam power tetrode type 4CX1500B (8660), which
is operated as a linear Class AB amplifier. Forced-air cooling is provided by a blower, BI,
which is started by means of the relay K5 when the push-button switch designated "start" on
the main power-supply front panel is pressed, and simultaneously the full heater voltage is
applied to the valve. The anode and screen-grid voltages are provided by rectifiers located in
the main power supply assembly (Ref. Designation Al), see paragraph 2.2.3. where instructions
for pre-adjusting the screen-grid voltage to the correct value are given. The thermistor RT1,
which is mounted on the anode connector of the power amplifier valve, is connected to the
overload-control circuit in the main power supply assembly. In the case of overload the indi-

cator lamp DS1 on the front panel is lighted.

The anode voltage is applied to the power amplifier valve V1 through the r.f. chokes L5, L6
or L7, the proper r.f. choke being selected by means of the relay K3 which is controlled by
the decode switches on the frequency synthesizer front panel. When the synthesizer is adjusted
for a frequency within the range 0.4-1 MHz all the r.f. chokes L5, L6 and L7 are series—con-
nected, while for frequencies within the range 1-7 MHz the r.f. chokes L6 and L7 are series-
connected, and for frequencies within the range 7-30 MHz only the r.f. choke L7 is used. The
said decade switches also control the relay K4 which selects the proper antenna matching net-
work, i.e. the medium-frequency antenna matching network (Ref. Designation Aé) for frequen-
cies within the range 400 kHz to 535 kHz, and the intermediate and high-frequency antenna
matching network (Ref. Designation AS5) for frequencies within the range 1.6 MHz to 27.5 MHz.

The meter M1 is switched by means of S2 to indicate the anode voltage, the control-grid volt-
age, the screen-grid voltage, the anode current and the screen-grid current of the power am-
plifier valve. See also Section 3.~ Meters and Indicators.

The meter M2, which has zero-point indication at about one fifth of the full scale length, is
used as a tuning and loading indicator. The r.f. voltage detectors comprising the diodes CRI
and CR2 are connected to the control-grid circuit and the anode circuit of the power ampli-
fier valve to sample the respective r.f. voltages. When the switch S1, which is located on
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the front panel near the meter M2 and designated "tune/power", is set in position "tune" the
detector outputs are combined to feed the meter. ‘When the correct ratio of anode signal volt-
age to grid signal voltage exists, the detector outputs are balanced and cause no meter de-
flection. As the signal level on the control grid remains constant the meter will dip when the
power-amplifier tank circuit, i.e. the antenna tuning network, is tuned to resonance. When
the degree of coupling to the antenna is increased, the dip-point reading on the meter at
resonance will move to the right on the scale and, similarly, when the degree of coupling to
the antenna is decreased the corresponding dip-point reading will move to the left on the
scale. The transmitter is continuously keyed by means of the relay K6 when the switch S1 is
in position "tune", and the AZH-emission oscillator is switched on. When the switch is set to
position "read power" the transmitter is continuously keyed with the A2H-emission oscillator
switched on as mentioned above, but the meter is disconnected from the anode circuit so that
only the detected signal from the control-grid circuit is applied to the meter. The meter de-
flection then corresponds to the output power of the transmitter if the power amplifier stage is
correctly tuned and loaded. The tuning and loading indicator circuit is pre~adjusted for proper
operation on the medium-frequency range as well as on the intermediate and high-frequency
ranges by means of the adjustable resistors R16,R23,R19 and R20, the appropriate resistors being
selected by the relays K1 and K2. These relays are controlled by the decade switches on the
frequency synthesizer front panel. When the switch S1 is set to the mid-position, "0", the
meter is ~onnected to the grid circuit as well as the anode circuit, but the fransmitter is not

kevess .
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2.2.7. Intermediate-Frequency and High-Frequency Antenna Matching Network.
Reference Designation AS.

The i.f. and h.f. antenna matching network is contained in a panel-and-chassis assembly lo-
cated above the power amplifier. The basic configuration of the antennag matching network is
a n-L filter circuit. The complete circuit diagram is located in the diagram section at the
rear of this manual. The variable capacitors C1 and C3 are controlled from the front panel by
knobs designated "tune" and "antenna coupling", respectively. The ganged 12-position induct-
ance and capacitance selector switch ST is controlled from the front panel by a knob desig-
nated "band selector”. On the front panel are also located an antenna ammeter, M1, desig-
nated "antenna current", and an indicator lamp, DS1, designated "HF/IF".

The antenna matching network is automatically switched into circuit by means of the frequency-
range selector relays in the power amplifier assembly (Ref. Designation A4) and the antenna
switching relays in the cabinet rack when the frequency synthesizer is adjusted for a frequency
within the i.f. and h.f. ranges. The indicator lamp DS1 is controlled by the synthesizer decade
switches so that it lights when o frequency within the i.f. and h.f. ranges is selected. The
selector switch S1 is combined with the interlock switch S2 which is connected to the input of
the function control circuit (Ref. Designation A2A8). When the interlock switch S2 is closed
the function control circuir inhibits the keying circuit of the transmitter. By this means the
signal voltage is removed from the selector switches in the antenna matching network while

switching over from one position to another.

The tuning of the antenna circuit depends entirely on the characteristics of the actual antenna
at the operating frequency. In order to obtain correct tuning. and proper loading of the power
amplifier at all frequencies within the bands which con be selected by the ganged "band se-

lector" switch S1, the various connections from the switch sections to the appropriate inductor
taps and capacitors must be pre-set immediately after the transmitter has been installed so that
it can be operated in connection with the actual antenna, see section 5 of this manual.

2.2.8. Medium-Frequency Antenna Matching Network. Reference Designation Aé.

The m.f. antenna matching network is contained in a panel-and-chassis assembly located above
the i.f. and h.f. antenna matching network. The basic configuration of the antenna matching
network is an L filter circuit. The complete circuit diagram is located in the diagram section
at the rear of this manual. The variometer L1 is controlled from the front panel by a knob
designated "fine tune". The 9-position inductance selector switches S1 and S2 are controlled
from the front panel by knobs designated "coarse tune" and "antenna coupling”, respectively.
On the front panel are also located an antenna ammeter, M1, designated "antenna current”,

and an indicator lamp, DS1, designated "MF".

The antenna matching network is automatically switched into circuit by means of the frequency-
range selector relays in the power amplifier assembly (Ref. Designation A4) and the antenna
switching relays in the cabinet rack when the frequency synthesizer is adjusted for a frequency
within the m.f. range. The indicator lamp DS is controlles by the synthesizer decade switches
so that it lights when o frequency within the m.f. range is selected. The function of the in-
terlock switch S3 is similar to that of the interlock switch A552 in the i.f. and h.f. antenna
matching network described above.

The tuning of the antenna circuit depends entirely on the characteristics of the actual antenna
at the operating frequency. In order to obtain correct tuning and proper loading of the power
amplifier at all frequencies, the various connections from the "coarse tune" switch S1 to the
appropriate taps on the variometer must be pre-set immediately after the transmitter has been
installed so that it can be operated in connection with the actual antenna, see section 5 of

this manual .
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SECTION 3. - METERS AND INDICATORS.

3.T.  Meters.

On the front panel of the power amplifier panel-and-chassis assembly are located the follow-
ing meters:-

The volt and milliammeter A4M1, scale: 0-100, and its five-position meter switch A452. The
voltages and currents which con be measured are:- '

Switch position "Vg1", scale range 0-100V: The control-grid voltage (negative bias) for
the power amplifier valve.

Switch position "V,", scale range 0-10000V:  The anode-supply voltage for the power am-
plifier valve.

Switch position "l14", scale range 0-1000 mA: The anode current of the power amplifier
valve.

Switch position "1g2", scale range 0-100 mA:  The screen-grid current (negative) of the
power amplifier valve.

Switch position "Vg2", scale range 0-1000V:  The screen-grid supply voltage for the power
amplifier valve.

Typical Test Data:-

It should be realized that the following readings are not exaxt values for every operating con-
dition. They were taken with the transmitter adjusted for A3J operation ("test" condition) and
full power, i.e. 375W p.e.p. for the m.f. and i.f. ranges and 1000 W p.e.p. for the h.f.

range.

Negative grid bias: Vg1 = 32V to 36V, typical value 34V
Anode-supply voltage: Va = 3000V
Anode-current, m.f. range: la = approx. 480 mA
i.f. range: la = approx. 425 mA
h.f. range: la = approx. 680 mA
Screen-grid current: Ig2 = 10mA to 20 mA

Screen-grid supply voltage: Vg2 = 220V to 250V, typical value 230V

The meter A4M2 which has zero-point. indication at about one fifth of the full scale length.
The zero point is designated " —> 0 €— " and "tune for dip”, and the scale to the right of
the zero point is designated "power": "1/16, 1/6, 1/3, 1/2, 3/4, 1". When the switch desig-
nated "tune/power" on the front panel is set to position "tune" the meter functions as a tuning
and loading indicator. When the said switch is set to position "read power" the meter func-
tions as a power meter. Operating instructions for the meter are given in Section 6 of this
manual. After the correct tuning and loading adjustments have been obtained and the power-
control knob haos been adjusted for the required output power, the "tune/power" switch A4S1
should be set to its mid-position "0".

An antenna ammeter is provided on the front pane! of each antenna matching network panel-
ond-chassis assembly, the meter A6M1 for the m.f. range and the meter ASM1 for the i.f. and

h.f. ranges.



3.2. Indicator Lamps.

On the front panel of the main power supply assembly are located the following indicator
lamps:-

The indicator lamp AIDS1, designated "stand by", which is lighted when the transmitter is
switched to stand-by condition.

The indicator lamp A1DS2, designated "on", which is lighted when the anode and screen-
grid power supplies are switched on.

On the front panel of the s.s.b. exciter panel-and-chassis assembly is located an indicator
lamp A2DS1, designated "test". This lamp is used only if the s.s.b. exciter is equipped with
an automatic fault localization device. The a.f.l. device is switched on by means of the
push-button switch to the left of the lamp. If a fault occurs in the s.s.b. exciter the indi-
cator lamp A2DS1 will light when the push-button is pressed, but in order to find out where
the fault is localized the s.s.b. exciter drawer must be withdrawn so that the indicator lamps
for the plug-in modules are visible. These indicator lamps are located on top of the subassem-
bly containing the a.f.l. device and are designated "A2", "A3", "A4", "A5" and "A7" cor-
responding to the reference designations of the plug~in modules being checked (Ref. Desig.
Prefix A2). The indicator lamps for the faulty modules will light when the said push-button

switch is pressed.

On the front panel of the frequency synthesizer panel-and-chassis assembly are located the
following indicator lamps:-

The indicator lamp A3DS1, designated "distress", which is lighted when the frequency syn-
thesizer is set on 500 kHz or 2182 kHz.

The indicator lamp A3DS2, designated "test", which is lighted when the 35.000-64.999 MHz
loop is not phase-locked. If the frequency synthesizer is equipped with an automatic fault
localization device, this indicator lamp will also light in the case of faulty operation of the
synthesizer, but in order to find out where the fault is localized the synthesizer drawer must
be withdrawn so that the indicator lamps for the plug-in modules are visible. These indicator
lomps are located on top of the subassembly containing the a.f.l. device and are designated
"ATT, "A2", "A3M, "A4M, "A5", "Ab" and "A7" corresponding to the reference designations
of the plug-in modules being checked (Ref. Design. Prefix A3). The indicator lamps for the
faulty modules will light. The a.f.l. device for the frequency synthesizer is continuously con-

nected into circuit.

It should be noted that the indicator lamp A3DS2 will light and indicate "faulty operation"
immediately after the setting of the frequency synthesizer has been cltered if the frequency
has been altered so much that the loop cannot remain phase-locked. The indicator lamp will
then be lighted for approximately three seconds, during which time proper phase-lock should

be established.

On the front panel of the power amplifier panel-and-chassis assembly is located an indicator
lomp A4DS1, designated "overload”, which is lighted when the power amplifier valve is over-
loaded.

On the front panel of the panel-and-chassis assembly for the intermediate and high-frequency
antenna matching network is located an indicator lamp A5DS1, designated "IF/HF", which is
lighted when the i.f. and h.f. antenna matching network is in use.

On the front panel of the panel-and-chassis assembly for the medium-frequency antenna match-
ing network is located an indicator lamp A6DS1, designated "MF", which is lighted when

the m.f. antenna matching network is in use.
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SECTION 4. - INSTRUCTIONS FOR INSTALLATION.

—fhe mounting dimensions of the transmitter are shown in the outline dimensional drawing lo-
cated in the diagram section at the rear of this manual. The transmitter should be so located
that there is sufficient clearance at each side for free circulation of air and for connecting
the antenna and ground. A minimum clearance of 110 mm should be left behind the transmit-
ter to offord access for the air tube and the air inlet filter. Sufficient space should also be
allowed in front of the transmitter for the panel-and-chassis assemblies to be withdrawn and
for manipulation of the control knobs and reading of meters, etc. While mounting the cabinet
rack all the panel-and-chassis assemblies should be removed from the cabinet rack, see section
2.1, and the side plates may also be removed temporarily. The external cables are passed into
the cabinet rack through an entering hole in the rear plate. The panel-and-chassis assemblies
should not be placed in the cabinet rack again until this is in position and properly bolted to
the base, and the external cables are connected to the terminal board on the rear plate.

The external wiring should be made in accordance with the installation wiring diagram. The
antenna lead-in should be provided with a grounding switch so that the transmitter may be
disconnected and the antenna grounded when not in use. The antenna lead-in and the ground
~onnection for the transmitter should be made in accordance with the drawing showing the re-
—ommended arrangement of antenna and ground connections, which drawing is located in the
diagram section at the rear of this manual together with the outline dimensional drawings of
the transmitter, the handset, and the handset socket. It is very important that the transmitter
is effectively grounded to the ship's main metal structure outside the radio cabin at the an-
tenna lead-in insulator. The terminal on the lead-through insulator on top of the transmitter
is intended for connecting an antenna conductor consisting of a é~mm dia. copper tube to
the transmitter. The ground terminal on the rear plate of the cabinet rack is intended for con-
necting a ground conductor consisting of a 0.4 mm thick and 200 mm wide copper strip to the
transmitter. The conductor cross-sectional area of the power-supply cables should be of suffi-
cient size to offer a voltage drop of not more than 2%.

The transmitter is designed to operate into the normal main antenna used aboard ship for me-
dium frequencies, i.e. for the m.f. range the antenna should have an effective resistance of
from 1.9Q to 3.6Q and an apparent capacitance of from 750pF to 300pF. Normally, this
main antenna is also used for the i.f. and h.f. ranges. One of the most simple and easily
installed types of antenna, which is suitable for operation on all frequencies within the fre-
nuyency ranges covered by the transmitter, is the inverted "L" antenna. This consists of a hori-
—ontal flat-top section with a single~wire lead-in connected to one end. The antenna length
should be considered as the combined length of the flat-top and lead-in sections. Where pos-
sible, avoid the vicinity of half-wavelength antennas or multiples thereof, since it may be
difficult to obtain proper loading on the frequencies concerned.

When the installation is completed, the panel-and-chassis assemblies should be placed in the
cabinet rack again and all the plugs inserted in their respective sockets. The equipment should
be tested and the antenna matching networks pre-adjusted as described in the following sec-
tion of this manual before the equipment is put info service.






SECTION 5. - PRE-ADJUSTMENTS OF ANTENNA MATCHING NETWORKS.

5.1. Precaution and Special Instructions.

When the equipment has been installed, the antenna matching networks should be adjusted
for correct tuning and proper loading of the power amplifier stage with the actual antenna
connected to the transmitter. These adjustments should be made with the ship's antennas
placed in their normal positions, but if the ship is alongside quay, see that no cranes, der-
ricks, etc. are near the antenna since these may interfere with the adjustments.

The capacitors and inductors of the antenna matching network cre accessible for adjustment
when the panel-and-chassis assembly containing the network is withdrawn to its stop position.
For some adjustments it may be necessary to remove the entire panel-and-chassis assembly
from the cabinet rack, see paragraph 2.1 in this instruction manual. After each adjustment
has been made, the panel-and-chassis assembly should be pushed into position in the cabinet
rack and the transmitter operated to check the adjustment. It may be necessary to try several
adjustments before the correct tuning and loading are arrived at.

The adjustment procedures for the antenna matching networks are outlined below. When the
adjustments for all the required frequencies and frequency bands are completed, the settings
of the control knobs should be recorded in a "Tuning Table" together with the corresponding
meter readings, and o copy left on the radio station for the operator.

5.2. Pre-adjustment of 1.F. and H.F. Antenna Matching Network.

The i.f. ond h.f. antenna matching network is designed to operate into the normal main an-
tenna used aboard ship for medium frequencies. A shorter antenna may be used, but it must
have sufficient length to provide a capacitance of at least 150pF at 1.6 MHz. The main an-
tenna usually consists of an end-fed long-wire antenna (inverted "L" antenna) which hes a
natural frequency considerably higher than the highest operating frequency in the medium-
frequency range, i.e. the antenna length is much smaller than a quarter wavelength. When
such an antenna is used for the i.f. and h.f. ranges, resonance is obtained whenever the total
antenna length approximates a multiple of a quarter wavelength for the frequency involved.
At frequencies on one side of a resonance point, the reactance will be inductive; on the
other side of the resonance, it will be capacitive. Typical resistance and reactance curves
for a long-wire antenna are shown in Fig. 5.2-1. The antenna length in terms of wavelength,
i the ratio of the antenna length to the wavelength, can be calculated by means of the

i.e.
following approximate formula, which allows for end effects:

Antenna length in terms of wavelength
= 0.0034 x (total length of antenna in metres) x (operating frequency in MHz).

The total length of the antenna should be considered as the combined length of the flat-top
and lead-in sections. Since ship antennas are installed near numerous metal elements of large
dimensions such as funnels, masts, rigging, etc., which influence the antenna impedance
characteristic, it is difficult to make exact calculations of the antenna resistance and reac-
tance. The formula above and the curves in Fig. 5.2-1 should be used only as a rough guide,
e.g. if it is desired to find out for a given frequency whether the antenna is operated near
a resonance point, or whether the reactance is positive or negative. The impedance charac-
teristic of @ "T" antenna, or a special ship "mast" antenna, may differ greatly from that of

a normal end-fed single-wire antenna.

The i.f. ond h.f. antenna matching network is described in paragraph 2.2.7 and the complete
circuit diagram is located in the diagram section at the rear of this manual.
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Fig. 5.2-1. Resistance aond Reactance versus Antenna Length in Terms of Wavelength
for an End-Fed Long-Wire Antenna. Typical Corves. :

5.2.1. 1.6 MHz to 3.8 MHz Range.

Normally a m-L network is used for this frequency range. It comprises the variable input ca-
pacitor C1, the fixed input capacitor C2, the topped inductor L1, the variable output capac-
itor C3, and the topped series inductor L4. A fixed capacitor, C4, C5, C6or C8, may be
inserted across the variable output capacitor C3. If a short antenna is used it may be neces-
sary fo insert a suitable part of the tapped inductor L5 across the output capacitor at the
lower operating frequencies. '

The band selector switch section S1-d selects the proper taps on the inductor L1 for tuning
the circuit to the five different bands within the i.f. range, while fine tuning to the trans-
mitting frequency in question is made by adjusting the variable capacitor C1.

The degree of coupling to the antenna is adjusted by means of the variable capacitor C3.
The required fixed capacitor, C4, C5, Cé or C8, is selected by the switch section S1-g, or
if a parallel inductance is required this switch section selects the proper tap on the inductor
L5. The switch section S1-f selects the proper tap on the antenna loading inductor L4.

In many cases the factory-adjusted "normal" network will give satisfactory matching to the
antenna at the higher frequencies within the range, so that it is only necessary to readjust
the taps on the inductor L1 at the lower operating frequencies. The natural frequency of the
antenna will usually lie between 2.4 MHz and 3.0 MHz, and at frequencies lower than the
natural frequency the antenna reactance will be capacitive so that a suitable series induct-
ance may be required. Therefore, it is often necessary also to readjust the taps on the series
inductor L4 ot the lower operating frequencies. At the higher operating frequencies it is us-
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vally necessary to insert o suitable fixed capacitor (100pF to 400pF) across the variable
capacitor C3.

If the antenna is short, e.g. a rod antenna, it may be necessary fo use parallel inductance
at oll operating frequencies and series inductance at the lower operating frequencies.

When the adjustments are completed and the transmitter is operated with the power control
adjusted for full power, the cnode current of the power amplifier valve should be approxi-

mately 450mA.

5.2.2. 4 MHz to 12 MHz Range.

The network used for this frequency range is similar to that described above, but the inductor
L1 is replaced by the inductor L2.

The band selector switch section S1-d selects the proper taps on the inductor L2 for tuning
the circuit to the four different bands, i.e. the 4-MHz band, the 6~-MHz band, the 8-MHz
band, and the 12-MHz band, while fine tuning to the transmitting frequency in question is
made by adjusting the variable capacitor C1.

The degree of coupling to the antenna is adjusted by means of the variable capacitor C3. The
degree of coupling may be decreased by means of a fixed capacitor, C4, C5, Cé or C8, which
can be switched into circuit by the switch section S1-g. For the 4-MHz, 6-MHz and 8-MHz
bands a series inductance may be required. The loading inductor L4 is-inserted in series with

the antenna by means of the tap selecting switch S1-f.

After the degree of coupling to the antenna has been adjusted, the tuning must be checked
and the tap on the inductor L2 readjusted, if required.

If the antenna is short it may be necessary to reduce the series inductance (L4) in order to
increase the degree of coupling to the antenna on the 4-MHz band. In some cases a parallel
inductance may be required on the 4-MHz and 6-MHz bands. If the tap position on the series
inductor L4 has been readjusted or the parallel capacitance altered, the tuning must be
checked again and the tap on the inductor L2 readjusted, if required. When the series in-
ductance (L4) is reduced it is often necessary to readjust the coupling capacitance by means

of o suitable perallel capacitor.
On the 6-MHz band the antenna resistance may be very high (near half-wave resonance). In

this case the series inductance L4 should be omitted (short-circuited) and proper matching be
obtained by selecting the appropriate tap on the inductor L2 and adjusting the variable ca-

pacitors C1 and C3.

5.2.3. 16 MHz to 27.5 MHz Range.

The network used for this frequency range is a m-network similar to that described above.
The inductor L2 is replaced by the inductor L3 and the series inductor L4 is omitted (short-
circuited). Fine-adjustment of the inductor L3 is obtained by means of a slug which is con-
trolled by the knob of the variable capacitor C1. On the 22-MHz and 25-MHz bands the
capacitor C1 is disconnected so that only the stray capacitance forms the input capacitance

of the m-circuit.

The band selector switch S1-d selects the proper taps on the inductor L3 for tuning the cir-
cuit to the three different bands, i.e. the 16-MHz band, the 22-MHz band, and the 25-MHz
band, while fine tuning to the transmitting frequency in question is made by adjusting the

control knob for the capacitor C1.

The degree of coupling to the antenna is adjusted by means of the variable capacitor C3. |t
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should be noticed that on the higher frequency bands, especially the 22-MHz and 25-MHz
bands, the coarse tuning of the circuit is obtained by adjusting the variable coupling capac-
itor C3, after which the fine tuning is obtained by adjusting the control knob for the tuning

capacitor C1 (slug tuning).

The following procedure should be used to tune the transmitter on the 22-MHz and 25-MHz
bands:-

Set the tuning control in the middie of its scale range (obout 45 scale divisions).

Adjust the coupling contro! for resonance in the antenna circuit, i.e. for dip on the tuning
indicator. Resonance will probably be obtained with the coupling control adjusted in a posi-
tion at the higher end of its scale range (80-90 scale divisions).

Fine~adjust the tuning control for resonance in the circuit, i.e. for dip on the tuning in-
dicator.

Repeat these tuning and coupling adjustments and find the position of the antenna coupling
control where the dip-point reading occurs ot zero on the meter scale. Finally, readjust the

tuning control .

When the power control is adjusted for full power the anode current of the power amplifier
valve should be between 700 mA and 800 mA (for all frequencies in the h.f. range).

5 3. Pre-adjustment of M.F. Antenna Matching Network.

The m.f. antenna matching network is described in paragraph 2.2.8 and the complete circuit
diagram is located in the diagram section at the rear of this manual. The basic configuration
of the matching network is an L filter circuit. In the m.f. range practical ship antennas are
always capacitive and have low resistance (high Q).

The adjusting procedure for a given frequency is as follows, see also section 6.~ Operating

Instructions:-
Set the type-of-emission selector on "A1".

Set the frequency selector knobs (decade switches) on the frequency synthesizer front panel to
the positions for the required frequency.

Set the "coarse tune" switch and the "coupling" switch on the front panel of the m.f. anten-
na matching network assembly in provisional positions, e.g. their mid-positions.

Start the transmitter. The indicator lamp designated "on" will light when the power amplifier
valve is warmed up.

Turn the power control to zero, anti-clockwise. Set the switch designated "tune/power" on
the power amplifier front panel to position "read power" and advance the power control until
the meter designated "tune/power" (tuning indicator) indicates approximately "1/6" on the
“power scale".

Set the "tune/power" switch to position "tune" and adjust the variometer knob, designated
“fine tune", for resonance in the antenna circuit, i.e. for dip on the tuning indicator, desig-

nated "“tune/power".
Find the position of the "coarse tune" switch where resonance is obtained with the variometer
knob adjusted in the middle of its scale range.

Adjust the antenna coupling control S2 in accordance with the dip-point reading. If the dip~-
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point reading occurs to the right of the zero point on the tuning indicator, the degree of
coupling to the antenna should be decreased, and if the dip-point reading occurs to the left
of the zero point, the degree of coupling to the antenna should be increased, i.e. the arrow
on that side of the zero point on the meter scale where the dip-point reading occurs in-
dicates the direction in which the antenna coupling control should be turned in order to move
the dip-point reading towards the zero point.

Adjust the antenna coupling control so that the dip-point reading occurs at zero or as close to
zero as possible on the meter scale and readjust the variometer knob for resonance. When the
power control is adjusted for full power the anode current of the power amplifier valve should

be between 500 mA and 600 mA.

It is recommended that the setting of the coupling (the choice of tap on L4) should first be made
at the highest operating frequency (512 kHz) with the antenna coupling control set in a position
near the higher end of its scale range. Then the required lower degree of coupling at the lower
operating frequency can be obtained by turning the antenna coupling control to the appropriate
position within the lower range of the scale.

The taps for the other operating frequencies on the antenna variometer should be adjusted in
a similar way to that described above, and it should be checked that the proper coupling
to the antenna at all the operating frequencies can be obtained by adjusting the antenna

coupling control .

It should be noticed that when the frequency synthesizer is set on 500 kHz the s.s.b. exciter
is unconditionally adjusted for A2H operation by means of the function control circuit.






SECTION 6. - OPERATING INSTRUCTIONS.

6.1. Starting the Equipment.

While the ship is at sea the temperature-controlled oven for the standard-frequency oscillator
should be continuously switched on and the filament of the power amplifier valve be switched
on at reduced voltage. This is done by means of the switch designated “stand by" on the
power supply panel. When the button of this switch is pressed the pilot lamp designated "stand
by" will light indicating that the "stand by" power is on.

Before starting the transmitter, see that the button designoted "simplex" on the s.s.b. exciter

panel is pressed. If duplex operation is required, the button designated "duplex" should not
be pressed until the transmiiter is properly adjusted and the desired telephone connection estab-

lished.

In order to switch on all the supply voltages in the transmitter, press the switch button desig-
nated “start" on the power supply panel and when the cathode of the power amplifier valve
is warmed up to its correct temperature the pilot lamp designated "on" will light indicating
that the supply voltages are on. If the "stand by" power has been switched on for more than
two minutes before the button designated "start" is pressed, only one minute is required for
the cathode of the power amplifier valve to warm up. If the transmitter is started directly by
~ means of the button designated "start", cbout three minutes are required for the cathode of

the power amplifier valve to warm up.

Set the type-of-emission selector on the s.s.b. exciter panel on the required type of emission:
"A]“’ “AZHH’ "Fl“f "A3HH’ “A3A“ or "A3J“'

Adjust the "power control"” knob on the s.s.b. exciter panel for a relatively low output power.

Set the frequency selector knobs (decade switches) on the synthesizer panel to the positions
for the required frequency and tune the antenna circuit as described in section 6.3 for the
medium-frequency range, or section 6.4 for the intermediate- ond high-frequency range. See

also the "Tuning Table" made on installation.
It should be noted that the frequency read on the'synthesizer is the transmitting carrier fre-

quency .

6.2. Stopping the Equipment.

When the ship is at sea, press the switch button designated "stand by" in order to keep the
equipment ready for use, see section 6.1. In order to switch off the transmitter completely,

switch off the external main switch for the equipment.

6.3. Tuning the Transmitter in the Medium-Frequency Range.

Set the type-of-emission selector on the required type of emission: Al or A2H.

Set the frequency selector knobs (decade switches) on the synthesizer panel to the positions
for the required frequency.

Set the antenna tuning switch, the antenna tuning control and the antenna coupling control
on the front panel of the medium-frequency tuning unit in accordance with the settings given
in the "Tuning Table".

Turn the power control to zero, anti-clockwise. Set the switch designated "tune/power" on
the power amplifier panel to position "read power" and advance the power control until the
meter designated "tune/power" indicates approximately "1/6" on the "power scale".

“—After this, set the switch designated "tune/power" to position "tune" and adjust the tuning con-
trol on the panel of the medium-frequency tuning unit for dip on the meter designated "tune/
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power” (funing indicator). If the dip-point reading accurs to the right of the zero point on

the tuning indicator, the degree of coupling to the antenna should be decreased, and if _
the dip-point reading occurs to the left of the zero-point, the degree of coupling to the

antenna should be increased, i.e. the arrow on that side of the zero point on the meter

scale where the dip-point reading occurs indicates the direction in which the antenno coup-

ling control should be turned in order to move the dip-point reading towards the zero point.
Re-adjust the antenna coupling control in accordance with the dip=-point reading.

Repeat these tuning and loading adjustments and find the position of the antenna coupling
control where the dip-point reading occurs at zero or as close to zero as possible on the meter
scale.

Set the switch marked "tune/power” to position "read power” and adjust the power control
for the required output power read on the "power" scale.

Finally, before working the transmitter, set the switch marked "tune/power" in position "0".

6.4. Tuning the Transmitter in the Intermediate- and High-Frequency Ranges.

Set the type-of-emission selector on the required type of emission (if f.s.k. operation is re-
quired the transmitter should first be tuned with the button for A3J emission pressed. The —~
button for F1 emission should not be pressed until the tuning and loading adjustments are

completed).

Set the frequency selector knobs (decade switches) on the synthesizer panel to the positions
for the required frequency.

Set the antenna tuning switch, the antenna tuning control and the antenna coupling control
on the front panel of the intermediate- and high-frequency tuning unit in accordance with
the settings given in the "Tuning Table".

Turn the power control to zero, anti-clockwise. Set the switch marked “"tune/power" on the
power amplifier panel to position "read power" and advance the power control until the
meter marked "tune/power" indicates approximately "1/6" on the "power scale".

After this, set the switch marked "tune/power" to position "tune" and adjust the tuning con-
trol on the panel of the intermediate- and high-frequency tuning unit for dip on the meter
marked "tune/power" (tuning indicator). If the dip-point reading occurs to the right of the
zero point on the tuning indicator, the degree of coupling to the antenna should be de-
creased, and if the dip-point reading occurs to the left of the zero point, the degree of
coupling to the antenna should be increased, i.e. the arrow on that side of the zero point
on the meter scale where the dip-point reading occurs indicates the direction in which the
antenna coupling control should be turned in order to move the dip-point reading towards
the zero point. Re~adjust the antenna coupling control in accordance with the dip-point
reading.

Repeat these tuning and loading adjustments and find the position of the antenna coupling
control where the dip-point reading occurs at zero on the meter scale.

Set the switch marked "tune/power" to position "read power" and adjust the power control
for the required output power read on the "power" scale.

Finally, before working the transmitter, set the switch morked "tune/power" in position "Q",

When the transmitter is operated on A3H, A3A or A3J and the desired telephone connection
is established, the button marked "duplex" may be pressed whereby the transmitter is continu-
ously keyed for duplex operation.

Note. Never change over from one operating frequency to another while working duplex or
F1. While changing frequency, switch over to simplex operation or Al operation.
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SECTION 7. - MAINTENANCE.

7.1.

General .

It is recommended that the user should become familiar with the contents of SECTION 2. -
DESCRIPTION before attempting the adjustment or replacement of component parts of the

equipment .

7.2.

Checking the Standard-Frequency Oscillator.

The method of checking the frequency of the standard-frequency oscillator by making compari-
sons with broadcast standard-frequency signals requires the use of a receiver covering the 5-,

10-,

15- or 20-MHz baonds. The output from the "x500 kHz" socket, J10, on top of the fre-

quency synthesizer should be loosely coupled to the antenna circuit of the receiver as shown
below in Fig.7.2-1. The socket J10 is accessible when the synthesizer drawer is pulled out to

its stop position.

A list of radio stations fransmitting standard frequencies is given in the ITU

Publication "List of Radiodetermination and Special Service Stations".

\%

D
4 Connection to socket J10 — Radio Receiver
Frequency
Synthesizer
=

Fig.7.2-1. Diagram of Connections for Checking the Standard-Frequency Oscillator.

—After allowing a warming-up period of at least 20 minutes for the frequency synthesizer and

fhe receiver, proceed as follows:-

1

2)

Select the standard-frequency broadcast station from which the reception of signals is best
and tune it in with the receiver beat-frequency oscillator switched on and adjusted for a

beat-note of approximately 1000 Hz.

Place the wire from the "x500 kHz" output, J10, on the frequency synthesizer near the
antenna input terminal of the receiver in order to provide a suitable degree of coupling
between the synthesizer and the receiver.

The audio-frequency output signal from the receiver should then be a beat-note of approxi-
mately 1000 Hz varying at a rate corresponding to the difference between the standard
frequency of the radio station and the nearest harmonic of 500 kHz (the "x500 kHz" signal
from the synthesizer). For best results the signal from the radio station and the signal from
the synthesizer output should be about the same strength. Rearrange the coupling wire if
necessary .

Wait for the transmission period during which the modulation is absent. Then adjust the
frequency of the standard-frequency oscillator by means of the potentiometer Rl in the
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voltage-conirol circuit of the oscillator until its harmonic is in zero beat with the fre-
quency of the standard-frequency radio station. The potentiometer R is located on the
mother board in the synthesizer panel-and-chassis assembly and is accessible for adjustment
by « screwdriver through o hole in the top cover plote, designated "R1 STANDARD CALI-
BRATE". The exact setting is found by observing the slow rise ond fall in intensity (not
frequency) of the beat note as the harmonic comes close to zero beat, and adjusting to
where the pulsation disappears or cccurs ¢t a very slow rate [t is advisable not to try to
set the standard-frequency oscillotor during the periods when the standard-frequency trans-
mission is fone-modulated, since it is difficult fo tell whether the harmonic is being ad-
justed to zero beat with the carrier or with one of the side bands.
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SECTION 8. - ALIGNMENT.

8.1. General.

This frequency synthesizer equipment should maintain its correct foctory adjustment over a
reasonably long period of time. No one but an authorized and competent service man equip-
ped with proper test facilities should be permitted to align the equipment. It is emphasized
that realignment must not be attempted until all other causes for subnormal performance have
been investigated. In order to gain access to the appropriate trimmer capacitors, iron-dust
cores, potentiometers, etc. the plug-in module to be tested must be mounted on an extension
plug=in board in the synthesizer panel-and-chassis Gssemb!y with the slide-out cover removed

as illustrated below.

PC edge connector
on extension plug-in board

Fig. 8.1-1. Plug-in Module mounted on an Extension Plug-in Board.

While aligning a plug-in module, all the other plug-in modules of the frequency synthesizer
must remain inserted in their proper positions in the panel-and-chassis assembly.

The test equipment must include a test oscilloscope for checking the amplitude and waveform
of the signals and an electronic counter for measuring the frequency. These instruments must
meet or exceed the following specifications:

Test Oscilloscope. Bandwidth, d.c. to 80 MHz; minimum deflection factor 5 mV/division;
accuracy within 10%; test probe, =20 dB (high impedance). Tektronix Type 454 Oscilloscope
recommended.

Electronic Counter. Max. frequency 80 MHz; accuracy ?x10“7; minimum sensitivity 25 mV
r.m.s. A lower sensitivity may be sufficient if the test oscilloscope has an output socket for
the vertical amplifier to which the electronic counter can be connected.

_ The alignment procedure for the plug-in modules having the reference designations A3 and A4
are outlined on the following pages. It should be noted that the "typical readings" are only

given as a rough guide.
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Plug-in Module for Frequency Standard.

Reference Designation, Transmitter Equipment: SI1Z50A3A3
Receiver Equipment: MI1250SYNAS

PC boards Nos. 18800 and 18809.
Alignment Procedure:
After allowing a warming up time of at least

e 7 - 20 minutes, proceed as follows:-

J1

1. Connect a 50-Q load to J1 and adjust L3
for _max. output signal across this load.

‘Qutput frequency: 1.5 MHz

cé Typical cutput level: 600 to 700 mVpp

L3 2. (For transmitter plug-in modules only).
Adjust L7 and L6 for max. ouipui signal
from P1-D.

Qutput frequency: 30 MHz
Typical output level: 300 to 500 mVpp

3. Adjust R18 for correct temperature, 75° C,
on the surface of the oven chamber. The
18 temperature should be measured by means

of an electronic thermometer, theé tempera-
rure-sensing probe being applied to the

Lé oven chamber suriace through the hole for
trimmer Cé in the heat-insulating cover.

P 4. Adjust the poientiometer R1 on the mother
-board in the synthesizer for a voltage of
3Vdc at P1-C. Adjust Cé for correct fre~
quency of the output signal from J1, i.e.

exactly 1500000.0 Hz .

Waveform of signal at P1-A: 700 mVpp
- " 4\vl
Waveform of signal at PI1-H: oV




Plug~in Module for 33.4991-33.5000 MHz Phase-Locked Loop.

Reference Designation, Transmitter Equipment:

PC board No. 18810.

ce

Lo

L8
L6
CR1

Waveform of signal at point "X":

Waveform of signal at P1-H:

Waveform of signal at PI1-F:

S1250A3A4

Alignment Procedure:

1. Adjust L6 and L5 for max. output signal
from P1-D.

Qutput frequency: 17.5 MHz
Typical output level: 500 to 700 mVpp

{Be aware that the circuit by mistake can
be adjusted for 14 MHz or 21 MHz).

2. Connect a 50-Q load to J1 and adjust L8
and L9 for max. output signal across this
load.

Qutput frequency: 33.5 MHz
Typical output level: 350 to 500 mVpp

3. Adjust C8 for min. phase shift when chang-
ing the setting of the decade switch S1 on
the front panel from "0" to "9", the phase
shift being measured on the signal of test
point "X" near CRI.

' R % ugn
I ' I Y Sl on "9

Phase shift
= =
L L ey stonor

ms !

“"—' = = +4V
2 I q A
< > >[<-- 133 ns

+4V
ey

[
'< 2 ms >l >“<‘ 57 ns
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Note 1:

Unless otherwise specified:~

All resistance values are in ohms.
All capacitance values are in
microfarads,

All inductance values are in henries.

Note 2:

Partial Reference Designations are
shown .

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.

Radio-Frequency Filter Circuits for External Wiring
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IC2 & IC3

Note 1:

Unless otherwise specified:-

All resistance values are in ohms.
All capacitance values are in
microfarads,

All inductance volues are in henries

Note 2:

Partial Reference Designations are
shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.

e = e e

Note 3:

Gates, flip-flops, etc. contained
in an integrated-circuit package
(IC) are identified by ref. designa-
tions shown on the individual logic-
circuit symbols.
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Carrier reinsertion circuit

Pulseshaping circuit

Modulator, Filter and Mixer Circuits

Ref. Designation A2A4



Note 1:

Unless otherwise specified:-

All resistance values are in ohms.
All capacitance values are in
microfarads.

All inductance values are in henries.

Note 2:

Partial Reference Designations ore
shown. .

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.
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IC1

Note 1:

Unless otherwise specified: -

All resistance values are in ohms.
All capacitance values are in
microfarads.

All inductance values are in henries.

Note 2:

Partial Reference Designations are
shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations,

S 1250 DIAG No .4058/1973-02
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Note 1:

Unless otherwise specified:~

All resistance values are in ohms.
All capacitance values are in
microfarads.

All inductance values are in henries.

Note 2:

Partial Reference Designations are
shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.

Note 3:

Gates, flip-flops, etc. contained
in an integrated-circuit package
(IC) are identified by ref. designa-
tions shown on the individual logic-
circuit symbols.

S 1250 DIAG No .4055/1974-02

©] @

F1 218

2kHz

113
6C n
12

®@

Channe

) @
I

[yz(Prass to talk sw. on handset)

T
10
B’—"
2
3
6A
'

3

—y ‘GB 12
&
5 13 scn nSD 8
14

Key out

3

1
§3A =

A2H At 500kHz

b

:

® 0

rﬂ:‘;"’ “*)
.

tune Keyt Sidetone Sidetone
k

test .

T

@ ®

[_‘ 1A 3
2

1

4
6 5
./
0—-11

2 : N
4as +r—> @

2en)
icH 12
R

Key interlocking

v
®

~

Carrier reinsertion controls

4B s A—>D (9

r 18
L ;
[—B’_“;;}N ’:m

® G—a
G—A3Y I
® a—n
G G—nran
F—Tune
: 5A3
A2H  500kHz  2182kHz

®

4
32
2

® a—¢
—

13x 4,7k

®

R1

®
L.
l

®

® @

®

@

@

@006 o
¥R3 E&i ERS aRG ||R7 ERS ERS ?Rw R1t

®@
®

kT >

Puit—up resistors

PC. card 18814

(¢]

O o1 02 03 o4 05 06

R1
R2 [
— 1c1 ics
R3
R4
-
RS
’=’Rs u U
-

Ic2 1cs

R7
-—

R8
0

Rg 3]
R10 IC3
-—-
R11
e
R12

1C6

b

O 023022 021 020 019 018 O17

70
8o
9c

100

120

130

o

.

150
160

O

Function Control Circuit

Ref. Designation A2A8



4f

-
3

500 kHz

hed -
- =S ~
P
r —
-
3
M
o~ ° 2
g gl &
o~ a -

2t

{0y
9 complement
of 1248 code

9’ complement

of 1248 code

of 1248 code

9* complement

of 1248 code

9'complement
shifted S pos.

Ref. Designation A3

s3

Frequency Synthesizer Panel-and-Chassis Assembly

x 100kHz
sS4

i

x 1MHz
Ss

1043003 " Jayiwsues

Ds2 | st

A3AS Hll

(A3A641)

. N

88

T

o

Ji
&

16
A]‘P"

T-4MHz

20V

=1
LE

0~ 1MHz

Ay,
8
C
2]

wé

(A3A7J1)

(A3A3JN
I

.
A ¥
x|
L

A — et & e = s

il

(A3AS8P:

P
0

R
O
HE:3
~O
T
sz

A3A2PY)

[

K

J

-0—.'iVD(:l !N

sb_—12v
sP _+12v0

K =5V
N

)

-
R 48V

L
R

I

e

D

Tl

- 500Hz
1. oH_500Hz Ret
J__Ground

N _H-MBWEI:
w.n. _
IM% .
M M M M_‘l.luo.mwfm‘mmum 1
L L

&
-
<
LEXE
we =9 5 3
J=
° b ° ©
4
W '
v
&
&) Y\\ a _
3!
w03
a
M .
“ 1
A
R
I
=
s |
@«
<
@ 13

1 oS
\

T

]
06
{A3ATPY)

8356 o°
i
'——Aa-l—o‘ T
IS 4
H |

(A3A8P2)

S '
1156
! [
(A3A8P1)

02—=J7 13
J7 # 14

B2—J7 #15
A2——eJ7 $ 16

C 2o

(AJAHPS)I

A3A8

"M
¢A3ABP2)

S 1250 Diagr.No.4053/1974-02



—
{PC. Card 18823

+Card edge

.""—'—l

(A3J1) =-—— P1 3 -

Note 1: 1
Unless otherwise specified:- L
All resistance values are in ohms.

All capacitance values are in

microfarads,

All inductance values are in henries.

Note 2:
Partial Reference Designations are

shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.
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Note 1:

Unless otherwise specified:-

All resistance values are in ohms.
All capacitance values are in
microfarads,

All inductance values are in henries.

Note 2:

Partial Reference Designations are
shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.
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Note 1: 1
Unless otherwise specified:- I E,
All resistance values are in ohms. — 1
All capacitance values are in | L
microfarads. .
All inductance values are in henries. |
Note 2: |
Partial Reference Designations are t
chown. L O, ————————— 1.5 MHz Output Control f
For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.
Note 3:
Gates, flip-flops, etc. contained
in an integrated-circuit package H=+5V
(IC) are identified by ref. designa- L= OV
tions shown on the individual logic-
circuit symbols. ‘
Frequency Standard
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IC1,1C2,IC5 & IC6

H=+5V
L= 0V
Note 1:

Unless otherwise specified:~

All resistance values are in ohms.
All capacitance values are in
microfarads,

All inductance values are in henries.

Note 2:

Partial Reference Designations are
shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.

Note 3:

Gates, flip-flops, etc. contained
in an integroted-circuit package
(IC) ore identified by ref. designa-
tions shown on the individual logic-
circuit symbols.
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Note 1: I _@<F » Ground=L |
Unless otherwise specified:~ | il
All resisfoncervolues are in ohms. i
All copacitance values are in ‘
. i H H
microfarads. ! ~ =
. . K O K Q
All inductance values are in henries. 1_______] r‘
i cas 2A.
Note 2: I B2A
Partial Reference Designations are
: J R Q J r Q
shown. 2
For Complete Designation prefix l "
with Assembly and Subossembly 0.1 kHz dec.
Reference Designations. Sw. S1
H H H
' Dial JAIBUCID]] Py = =
Note 3: 0 Ihloloh S1 K O K Q K
Gates, flip-flops, etc. contained 1 _Jojojojo Dial | x| y |z
in an integrated-circuit package 2 Jtjojofo ojJoJoTJo C4A B6B B6B B2B
(IC) are identified by ref. designa- 3 _jojijojo 01110fo0
y rel. designa 7 i[[ojo olol1]o
tions shown on the individual logic~ s ToloTilo o1 J r @ J R Q J g © J R Q@ J g Q J g Q
circuit symbols, e.g. s [Tlo[1]o 40| ojojo l‘
E3C is gate C contained in ICE3. 7 [o[r{ijo {0 1]ofJo
The first letter and the following 8 [T[T[1[0 $0Jo[1]1
number are also used as coordinates 9 Jojfojojt $0j1f'}!
to specify the physical location of Truth Table for IC C4 1IcBé IC BS IC B4 ICB3 IC B2
the IC on the p.c. card. the preset lines.
ripple - through divider

33.4991-33.5000 MHz Variable-Ratio Frequency Divider
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i ru—‘i nifwlyels

IC1,IC3 & IC6

SN7473N

1C8

Note 1:

Unless otherwise specified:-

All resistance values are in ohms.
All capacitance values are in
microfarads.,

All inductance values are in henries

Note 2:

Partial Reference Designations are
shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.

Note 3:

Gates, flip-flops, etc. contained
in an integrated-circuit package
(IC) are identified by ref. designa-
tions shown on the individual logic-
circuit symbols.

S 1250 DIAG No.4044/1974-05
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Note 1: @QN ] R17 decade | H38 ololi olt o1 ol o1 |u
Unless otherwise specified:- 'lc (s e ct[aTB,ClD AS' 2D 1T]ofjo ofo o 1 o]t o 1 |45
All resistance values are in ohms. GD(}C4 =5 [ ‘ Pipjo opr o o1 o 1 46
) . !13 CR15[ St 1 B2y V(210 0J0 1 0 01 0 1 |47
All capacitance values are in ®<}04 "N—l R19 pA! pB!DC!DD H3D : :: 0 0f1 0 0 o)1 o 1 |48
microfarads. Ja4 B4 104 Im Ba__— ‘ Tis g g ? g 3 ? :) g : ;Z
All inductonce values are in henries. || 116f0 0o 0 0 1|0 0 1 {5
Cwo ot -
as PP R20 — ) 8 0fo 1 1 ofo 0o 1 |53
Note 2: ®q Ny =5 [ 2o He8 : T el o 1 |3
Partial Reference Designations are @GBS R21 decade I H2D 2{1{1 1|1 1 0 oo o 1 |5
M c[ATE cTo 21291 1|0 1 0 oo o 1 |5
shown . @ch y _R22 Py 2031 111 0o 0 00 o 1 |58
For Complete Designation prefix s "N‘cjﬁ ‘s st DA:DB:DC‘IDD 2l¢|1 1lo o0 ofo o1 »
with Assembly and Subassembly [::ED ® < - 1A; lBg Ic; o 2(6l1 1jo 0 0 1|1 1 0o e
[one - . 20711 v 1 1 o1 1 o0 fe
Reference Designations. D ct of nac : 2081 1lo v 1 o1 1 o |es
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< — -
Note 3: l ® CR21 6th J
c . . . B6 R25 | TkH, 10kHz [100kHz | 1 MH.
Gates, flip-flops, etc. contained N ©ag T decade ctfATB ciD Adder circuit Truth Table dec. | dec.  |dec. | dec. frivk
in an mtfagrut.ed-cnrcmt package i - Pull-up resistors st | oH | IR N T Y
(IC) are identified by ref. designa- DA! DB! DC! DD F3A for th - 0_[T]0Jo[T|Y[o]0[T|T[0[0]T[0]0[T[0]T]O
. PR . ! . S P e e .
tions shown on the individual logic- | A6 [B6' ICG'L...L preser e ; TR T e e[o R ool
circuit symbols, e.g. ' 88> 'As 3 JoNilifoloh glox o[1]ofolo
B3A is gate A contained in ICB3. ! +1ole sloniTorsrsrtstisren
The first letter and the following 6 i 1111010111 1]0j0J0j0fo0[1
N | 7 [o[1[o]ojol1[o]ofo]1[0lo[T{T[T[0
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to specify the physical location of | 2 g=03 ofofo 0333 ojoJT]olTIe
| li=-sv 1=5v

the IC on the p.c. card.

35.000-64.999 MHz Variable-Ratio Frequency Divider
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Note 2 @ans ML mn | — e o wes HHERISPREH R
: ) . N 0 0 1 010 0 1 |55
Partial Reference Designations are ® <-BS vy decade ‘ [ 2000y 1l 1 0o oo o 1 |3
fortia j o 0 P ct[ATEe cTD H2D 2{211 1fo 1 0 oo o 1 |5
y ianati f ® < ki sl 1 oF1 2{3/1 1/1 0 0 6o 0o 1 |58
For Complete Designation prefix - b5 ,_H_ISI r23 oa ' 08 'pe |00 2 ¢ m 0 g 0 010 0 ) {»
with Assembly and Subassembly [ ®< Tas J6s [cs os 2(el1 1fo oo 1110 |a
ond - |BS | . 2{7(v 11 11 o1 v oo &
Reference Designations. 1 8 o nac 2l 1o 11 ot 1o e
] 11T V{1 0 t Of1 Vv 0O 64
i ) @t [POTT s wae [ T
21 l —
. 6th
Note 3: . . N ©<}Bs R25 decade ——— - TkHz | 10kHz ] 100 kHz | 1 MHz
Gates, flip-flops, etc. contained ——— CLfA;B,C:D Adder circuit Troth Toble dec. dec. | dec. dec. MM
in an integrated-circuit package ] - Pull-up resistors st { Hj : B‘ETASW 52 s«hsz Sw. 4| Sw. S5
. . R . I pe!DC! F3A Al T[T[0 [T[o[o[T[o[o]T{o][T
(IC) are identified by ref. designa H DA, DB, DCiDD for the preset lines. [T U
N ho he individual logi A6 186 Ic6 L olojo|1]ojolol1]ofofo[ 1| [1]o]o]0]0
tions shown on the individual logic~ | [ L ] - Z el [e[ [T [ofo[1[olo[1]1
circuit symbols, e.3. i il et ol
B3A is gate A contained in ICB3. ! o;?_n o[1[o[0]0 ]
The first letter and the following [ Sir o oLl T o ofol TTolol Yo
number are also used as coordinates ——— 8 J1jofololi]0jo[o]1]o[o[ojo[1]T]0
! 5 (0[]0 [0[0[0 0] 0[0[B[0[ 0T [0]T]0
0=0v 0=0v
1==5v 1=5v

to specify the physical location of i
the IC on the p.c. card.

35.000-64.999 MHz Variable-Ratio Frequency Dividet

S 1250 DIAG No. 4852/1980-10 Ref. Designation A3A7



(A5P1) 9) (A5P2) (J6)

J2 —» (W5P2)
UG-290 A/U T T T I
P4 P1 P2 P3
-
{IN4007
|CR3
““““““““““““““““““““““““ -TT="7 33n] 33n J F G300
e e P.C.Boal dAlga:; ; . l 25
: 3 c18 C17 =
o ! o '?,%12 ;5 i R14
p ps m |
S 4
rTTmTe Ty maogvj'
! ! i -,
! R R e e 11N4007
! ] BAV10j i ,
i i 1] <Re X K ec Board! | RS
! A 18807 | ! RB 25
1 P! L i
Ot R B - [ 1 R B4 SNVt S N . !
4] i [ ; ]
F“'""‘“"“’ c43 ; I i 4
f | :
s o ) [ [Py Sy = i P ;
| el || | | b 11
P.C.Board 19241/19721 i ;q,_u N ; i
{ 1 I l ) s i !
i L e soe Note ! o i -R26 "’:9.551':"_—_:—'_‘_-__ 8
! 1 1n I Pt lip.C.Board 20389 B 1
£1 1 1 <30 ! 1 I | R =
B s T | T ] b - 2xBax13| V5
B40C2300si 47k | [ crR2 | [
lo PR 1 33K R6 ! P
CR7 R4 BC1078 |BC1078 : » i
B [V e Ol R | ,
R3 - C R4
1Tt LT I B B | @
BC10 - I i . |
C31 } CRs ' 1 : ]
C31 CR1 RS R8 1 n
.572.9 Z200 T 015 ZF6,2 2,7k 1k | J N 1
s R9 |Q1 I -l i chﬁ'gi f "
| S i . ]
! | CZD'CH C22) th10M i
| i Hr17 !
1 | ,'
n | : e 390 &_ !ﬂms !
) ipfox _ |
470 ' ‘ i ; T s2
|
R15 , | AT U MJ
’ —
T1 1k | —e 1 Py ¢ L
R16 _.ch 5 I Mre bs1 Sy, [tesd
po H H S e — -
: 20 { I' [N R 1 P Y 3
A L b R RN i
! R17 : E! ! P.C. Board 1M ﬁé_”_,__‘]
: 330 i K5 Imy{cr10 | JENSRDUN H - JSNRNY N Y 5 0 O R12 |
2 | P19 N d007 : Re | R10 e
Note 1: : i ! 2,5 100 1
e It . ified | ) L,. [ S 5 2}220Va.c,suppﬁy.
Unless .otherwme spectiie - I ;1?‘“007 3" Relay reduced filament supply.
All resistance values are in ohms. h {CR? 4 +2avdc.
i i ! 3 5 Pos’la”
A!I capacitance values are in | ‘ j—,_ﬂ{ : I
microfarods. 14 B60CB00s i 7 Pos Vg,
All inductance values are in henries. : ; g ?;Z:"d
| CR 10 Ground
Note 2: I 11 _ Overload pilot famp.
. : 2
Partial Reference Designations are } 1N4loo7 TN E EN PR ERNPRS P O CO T3 (Tl T b } Overload control sensor.
shown. ] Py «—u | ® © ° T e oy )
For Comp'ete Designuﬂon preﬂx | be2sp Q (? °, %,% ¢, 9.0 ©° 16 1:7 MH: Relay control.
with Assembly and Subassembly h 1 Dis s N7 e %o 20 21 22 23 24 25 s Z_MMHZ
Reference Designations, e.g. { :g -30MHz
R1 of Assembly A4 is A4R1, H 2
R1 of Subassembly A4A1 is A4A1RT, g
etc. - ;3
25

Power Amplifier Circuit

S 1250 DIAG No. 4046,/1980-10 Ref. Designations A4, A4A1 and A4A2



(A3J% 1) (A3J98) (A3J911) (A3J9 "16™
'_T_m,v_, e e
E [ L L n 1¢]P1(A3S9)
: T Lk, SEUpURNPUNSVSNCNIV ISR Six S 20V
i | |
' : i
| ! i
: . !
i
| [
R7 , Dsz®
g — i
10 N
1004 4.7k 100k 4 7K 3A3411“R‘:
R3 R4 R5 [
C2
il
i e

©7

X BC107B| | Q4
CR1 CR2 J Tm 2N2102

Note 1:

Unless otherwise specified:-

All resistance values are in ohms.
All copacitance values are in
microfarads.

All inductance values are in henries.

Note 2:

Partial Reference Designations are
shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.

OQutput Gate-Off Circuit

S 1250 Diagr.No .4086/7 71 Ref. Designation A3AS8



|
o H
(A3W7P2) J1 - 68u 1 BYX10 |
UG290 A/U 50 o | 0~ 1MHz(MF)
-1y CR1
K1 c1 |
ek eeode R3 100 :
——==y © | +20V
K2 | 7«70nu ’
c3 |
20 684 |2 i :
(W3P2)J2 100n CRY i 1-4MHz(IF)
UG290AsU | R2 V iop 10004 |
i c2 BYXto
b JOEND |

Note 1:

Unless otherwise specified:~

All resistance values are in ohms.
All capacitance values are in
microfarads.

All inductance values are in henries.

Note 2:

Partial Reference Designations are
shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.

1.5-MHz Signal-Level Control Circuit

$ 1250 DIAG No.4087/1973-02 Ref. Designation A3A9



P1

P3
P.C. board
18805
L7
Q1 (A4 AT)
K4
P2 P.C. board
20389
P.C. board
19121
c9
FT1 RT1
Vi
T2
_ P.C. board
Q1 (A4A2) 19242
R8
R9, R11, R12
R10 DS1 M2
C31 M1

Power Amplifier Circuit

Top View Ref. Designations A4, A4A1 and A4A2



K3

L5
R22

C18

P.C. board
18819

RS
C19 - C26
C13

T2

P.C. board
18807
C3-Cé

P.C. board
19432

—.C. board
19721
(A4A2)

S2

Bottom View

J1

J2

P.C. board
19429

K5

B1
L8

L9, R27, R28
C41, C42

C28
CR7

T1
Q1 (A4 A2)

C43

. C31, R29

Power Amplifier Circuit

Ref. Designations A4, A4A1 and A4A2
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f e

L1

PG
Board
19844

M1

e Intermediate-Frequency and High-Frequency
Antenna Matching Network

Top View Ref. Designation AS



1.8-2.1

2.1-2.4

2.4-3.0

3.0-3.8

=

1

1
]
u
K
b |
i
&
-
&
«

i

Intermediate-Frequency and High-Frequency
Antenna Matching Network

Bottom View Ref. Designation A5



Pz P1 ——— (A4P4) P3 —— (J3)
i 1.6—3.8 MHz L1 G5u
A4 P2)
i
i
- —
!
% 1 I
S1-b
SIS S Rl RS I SRS B It § X SO B
——— T s2 :
| [band setector| T .
! L
i I St-g j ps1 _ =
i ¢ 1 HF/IF
l | 111
i
;"-—"xm /—"-j Fc2 | “-jcs 2 Ls 20
g N — 20 A b
[one] | <20 e ontenna coupling | ) 2x2a0p -
— 1200p]_#00) 2500 2x{100p .
FERRr Ty
: T 12005 3
(J8) «— P4
Note 1:

Unless otherwise specified:~

All resistance values are in ohms.
All copacitance values are in
microforads,

All inductance values are in henries.

Note 2:

Partial Reference Designations are
shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.

S 1250 DIAG No.4049/1973-02

Intermediate-Frequency and High-Frequency
Antenna Matching Network

Ref. Designation A5



Pl

P2
by —
L1
L4
S3
PiC.
S2 Board
18818
Mt

YT T e

4

Medium-Frequency Antenna Matching Network

Top View Ref. Designation A6



P13 (2} -~

s1 !

i

"5

!
I
|
!
i

(freTne]

Ds1

R2
200

L.
pre-set
tapping 2
s2 3
o P3
(97)

P.C.Card 20347

antenna current |
bkt |

Note 1:

Unless otherwise specified:~

All resistance values are in ochms.
All capacitance values are in
microfarads,

All inductance values are in henries.

Note 2:

Partial Reference Designations are
shown.

For Complete Designation prefix
with Assembly and Subassembly
Reference Designations.

P2 —»(J1)

Medium-Frequency Antenna Matching Network

S 1250 Diagr. No.4393/4.76

Ref. Designation A6



o T
{ yelaw Dynamic telephone inset KRONE No.5502-3 Kr. dyn.
| T Nominal impedance: 3001 60Q 3004000 Hz
‘ ]
! r
i i
j
| 1
l 1
l i
©
| ‘&:__‘l Handset assembly with built—in
| _‘}4——-—~— press-~to-talk switch
i | ACKi Type 4070 -hg
| 3
| ®|
| |
| ——— Carbon type microphone inset KRONE Type OB 3V 128-30 Kr.-II
; ) Nominal impedance: approx. 1000
| Wh‘-"’.ﬂ Operating current: approx. 30mA d.c.
or
' brown Dynamic microphone inset HOLMCO Type 700 BM
L — — 1 Nominal impedance: 200Q
— 8111 6~ conductor coiled handset cable
AEH AP ACKI Type 4070-30-A1- hg
brown 1
white 3012 %) 6 - conductor Handset Plug
black . . . .
1 (viewed from wire- connecting side)
red 4
green 5
yelow _ 6 ELTROMIN Series 681 Type 09-0021-00-06

or TUCHEL Type T 3400/1

%) For handsets with carbon type microphone connect the white wire to plug contact No.3
For handsets with dynamic microphone connect the white wire to plug contact No.2

Handset Type HS 1250

Diagr . No .4157/3-71 Circuit Diagram



Spring-contact assembly
for dynomic telephene inset

Hondset

Telephone
fearphone)
inset

o Foam rubber

Press-to-talk C;K -
. s
switeh \‘\
~
E S
<4
2
N el
-/ 2
T
A

Foam rubber

Microphone
inset

Spring-contact assembly
for carbon type microphone inset

When using a dynamic microphone
inset, remove the spring contacts,
pass the two wires from the micro-
phone through the holes and solder
the ends to the lugs for the white
wire and the brown wire, respectively

see Circuit Diagram No.4157

All dimensions are in mm (NTS)

Handset Type HS 1250

Drwg . No .20613/3-71 Outline Dimensions



217

Dwg No 20806/11-71

[
@©
©
[ i B
/ 121
Handset Holder / Complete Handset Type HS 1250
ACKI Type 4075~hg See also Dwg No 20613 and Diag No 4157
— ! =
/ ™~ s N
/ N I | 2 \
2 | 2%, -+ ey B }
\ ? I t i /
A= e ] e
\\ ( J/
~ - - ~ i -
112.5

All dimensions are in mm (NTS)

Handset Type HS 1250 and Handset Holder

Outline and Mounting Dimensions



59
|
|
|

T
|
|
|
|
l
]

\. _ I—
.28
85
Cover removed.
(1 1)

Showing arrangement
of holes for fixing
| screws in bottom plate.

s
P

l-—zo—af-—-z 0—
!
!
|
1
!
!
|
!
!
|

N—4mm dia.

All dimensions are in mm (NTS)

When the main receiver associated with the main transmitter is mounted together with the
auto alarm, reserve transmitter, reserve receiver, etc. in a common rack, the handset
holder and the handset socket are located on the common rack. For installations where
other arrangements for the receivers are used, the outlet box Type 20653 shown above can
be supplied on special order.

Qutlet Box Type 20653

Dwg No 20805/11-71 Outline and Mounting Dimensions
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Qutline Dimensions and Method of Mounting
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ANTENNA SELECTOR SWITCH

elekiromekano 01250s

main transmitter main transmitter main transmitter reserve transmitter
MF * MF HF/IF reserve antenna
reserve antenna main antenna main antenna S

S

reserve transmitter
main antenna

MF dummy antenna

DFIAA

ground main transmitter
main transmitter HF

MF dummy antenna reserve antenna

antenna selector

dummy main/reserve
antenna antenna




Reserve Ant.

1t

‘THATTO0)
¢ ¢

DS 2

Reserve Transm.

Auxiliary Transm.

Main Transm.

Main Ant.

[}

. |

"

t, ground /mein transmitter/Auxtransmitter.

dummy &ntenne

n

mair: / Aux. transmitter 1F dummy antenna

.reserve tranzmitter — dummy anterina

DF/7AA

(2]

A

Aux./ .
.main tranamitter

MF—resarie antenna

fu
["Izm"
-

ot
s

:1—' L :r—"‘:rq:rg:r; '
R o i :‘°&?:rs?:w i
e v A
: a 9 @ { 1 !
| ot s 8 o TB“
= EREY T auxsi
| & 58 &% 3EE
[l 27 = I35a
3 T3 g FEE ’
| “ a - 3 =87
- =

—

[
!
|
|
i
|
|
|
|
|
|

O 1250 KS Diag. No. 4240 / 09-80

oSita

Aux./

.main irangmitter

MF — main antenna

w

Aux./

.main trangmitter

HF/CT— main antenna

. reserve transmitter —reserve oantenna

~

. reserve transmitter ~ main antenna

1

Aux./ )
. main transmitter

HF —reserve antenna

Antenna Selector Switch
(Complies with SOLAS 1974)



Reserve Ant.
L2 DS 2
Reserve Transm
c2 Auxitiary Transm.
| K1
L3 R1 c1 St-d . <A
i ,
I ]
M | Main Transm
e | o

DSt I Ti

|
I
+ Main Ant.
|

L1 Il

. ground /main transmitter/Auxtransmitter.
dummy antenna

-

. »
- °
i 2. reserve transmitter —dummy antenna
i DF/AA
i Aux./ .
32 1 3.main transmitter
| MF —reserve antenna
. A Aux./ .
- 4. main transmitter
Closed in MF — main antenna
pos.'2
Aux./ .
5.main transmitter
HF/CT—main antenna
'r—
‘a 6. reserve transmitter —reserve antenna
3 9 181 7. reserve transmitter —main antenna
E 55 738 gsif Aux./
€ ] P S%g 8. main transmitter
s = =
H 53 s 33% HF —reserve antenna
o pel =
= x

O 1250K Diagr .No .4240/10-74 Antenna Selector Switch



Reserve Ant.

S1-f ? $

L2 I o S’fj

6 DS2

+ Reserve Transm.

.

|
e | qr
| S
!
c2 ‘
11 ’
113 |
L3 R1 CL S1-d } }
— T ———}| ) \ Moin
c10 ain Transm..
R2 iL ) !
—‘® — 1 o | o

DS1 I TI

Main Ant.

$

L1 S Ih

S1-b
[ -] @
. |
1y ™1
T
St1-a i

g

. ground /main transmitter

MFdummy antenna

‘e e :. 2. main transmitter IF dummy antenna
reserve transmitter MFdummy antenna

DF-AA

3.main transmitter

S

S2 - MF —reserve antenna
.—l* o- L 4. main transmitter
I} Closed in MF — main antenna
pos. 2

[£e)

: 5.main transmitter
| I I ______ , HF/CT—main antenna

! 6. reserve transmitter — reserve antenna

5 1o, TB1 7. reserve transmitter — main antenna

l 8. main transmitter
HF —reserve antenna

Antenna Selector Switch
O 1250 Diag. No. 4806 /2-80 (Complies with SOLAS 1974)
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Main Transmitter
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All dimensions are in mm ( NTS)

Foundation for Main Transmitter

Dwg.No. SX 1498 / 1976-12 Type S 1250
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i
;
MF
HF/IF
©
o~
Space PA nd
approx . 400 mm
{occess to air o
filter} 2
ISVN ! -
IEX !
Ps
z <

{ ‘Bx'» 4 fixing screws 4 mm
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S 1250 / O 1250 Drwg.No.20290/]/ 1980-11

e

—
X

o

o3 0 —dr—— eo‘.l

550 ',

598

REAR

VIEW

CONNECTOR for 6 mm dia
COPPER TUBE (Antennc connection}

CABLE LEAD-IN
— (Cable lenght inside cabinet 500 mm)

R

g

Lt

2.5M)
» | 1280 kcal/hour
54m3 /hour

NOT TO THE OPEN AR
BUT TO CORRIDOR OR
OTHER WELL-VENTILATED
ROOM (MAX. LENGTH

10 Z FIXING SCREWS (STEEL) Monufacturer
5 x 15 mm with WASHER and SPRING WASHER
9 4 FIXING SCREWS (STEEL) Manufacturer
6 x 30 mm with WASHER ond SPRING WASHER
8 ANTENNA SELECTOR SWITCH © 1250 Manufacturer
Weight approx. 25 kg)
7 CQOPPER STRIP 200 x 0.4 mm 20545 Manufacturer
H ' i H ® 6 AIR INTAKE FILTER 20546 Manufacturer
- -
= ® 5 FLEXIBLE AIR TUBE with CLAMPS 20546 Monufacturer
[ Aottt 3
/® 4 FITTINGS for FLEXIBLE AIR TUBE 20546 Shipyard
(Outside dia. 63 mm)
7 [ =
{ 5 3 10 FIXING BOLTS (STEEL) Manufacturer
) 8 x 30 mm with WASHER, SPRING WASHER
and LOCKNUTS
2 FOUNDAT ION . SX 1488/4 Shipyard
(To be placed as shown on this drawing.
Correct for camber and sheer)
@ 1 MAIN TRANSMITTER S 1250 Manufacturer
(Weight opprox. 165 kg)
& ' POS. | DESCRIPTION SEE ALSO SUPPLY
= NO. DRWG .NO.
J

’\"-\/\
qip

ALL DIMENSIONS IN MILLIMETERS

/
ht

Main Radio Telegraph and Telephone Transmitter

and Antenna Selector Switch

Outline Dimensions and Method of Mounting
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