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1.F. Ouipnt: ; o fig, 0wt dute 75 cbwe,  Following 1,F, selectivity.
P.I“.“.,’I.‘T". Tieakthrough: Bevteor ihan OUAR ralative to Stimb,
Auiio Output: Internal Loudspeaker.

Two 600 ohm headphone outputs. 15 o1 600 ohm external
line balanced or unbalanced.

Audio Output level: 150 ohm line ~ 30 mW; 600 ohm line - 10mW
Loudspeaker - 400 mW; Headphones -  OmW

Audio Fraquency Responre:  Within 4 dB from 200 Hz to 8 kHz.

BN Bee s e N

Aerial Conduction: With the aerial input socket terminated in 75 chms
less than 2 microvolts at any frequency up to 30 MHz,

Meter Indication: May be switched to 'S' or audio level to line,

I.F. Rejection: Greater than 70 dB for any of the I.F. frequencies,

Image Rejection: Not less than 70 dB.

Internally Generated Less than equivalent 0.2 pV E.M.F. all responses

Spurious Responses @ except 1 MHz + 21.4 Miz which is less than 2 pV E.M.F,

equivalent between 4C0 kHz - 30.1 MHz. The 1 MHz
rositions between 22 - 30 Miz are less than 0,25 pV
E.M.F. equivalent.

Desensitization: With the receiver tuned to any frequency, and with a
3 kHz bandwidth, a 1 uV CW signal will have its S/N
ratio reduced by 3dB. by an interfering signal spaced
10 kHz away and of amplitude not less than 200 micro-
volts. For 50 kHz signal spacing the interfering
signal shall be not less than 2 millivolts and for 500 kE
signal spacing not less than 30mV.

- EE O .
L

Cross Modulation: With a bandwidth of 3 kHz, a 1mV wanted signal will
suffer 3% cross modulation from an interfering signal
with 30% modulation, spaced 10 kHz away, and of
amplitude not less than 20mV.

Inband Intermod, 2nd and 3rd order - 26 dB at audio output.

Out of Band Intermod, 3rd order; 2 signals of 5mV each to give 20dB S/N
ratio with reference to a 10dB noise factor receiver.

A

r

Power Requirements: 100V to 125V, or 200V to 250V, 48 to 520 Hz single
phase or 24V D.C. floating supply or positive earth.

Power consumption 22W at 24V D.C. approx.

Prvirenment: Operation - ?OOC to + 50 C 05% R.H.
: Storage - 40 C to 4 70" (, 0% R.H.

Suitable for rack mounting

Dimensions and Weight: - Width c g
i Fdn. . Depthe @17 an, Keipght: 130 lbe,

Height

Iesue 4 B . st U S
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1.2 MCDULES I
A list of the modules contained within the receiver is uiven below, l
lTwelve of these are of similar construction consisting of one or two printed
circuit component boards and designed to fit into screened compartments on the
main chassis, the screening being completed bJj' an end.p'late.which also serves l
as a handle for removal of the module, To aid identification, each of the
modules is given a ngmber as indicated in the list.
i
Item ‘ Module No, Part No.
RF Amplifier 1 630/1/17780 I
18t Mixer 2 630/1/14111 [q
18t Local Oscillator 3 630/1/14112 ' I
Amplifier/2nd Mixer 4 630/1/14117
10,7 MHz Amplifier/3rd Mixer 5 630/1/14113 I
100 kHz Amplifier TA 630/1/25150
100 kHz Detector 7B 630/1/25152 I
AGC Amplifier and Detector 8 630/1/14114
Audio Amplifiers 9 630/1/14119
Spectrum Generators 10 630/1/14120 I
10.6/10.8 MHz Oscillators 11 630/1/14115
100 kHz Divider and calibrate 12 630/1/25153 [0\,2 I
Interpolating Oscillator - 630/1/14000/001
Isolating Amplifier : - 630/1/14541 Jd Oovii I
BFO - 630/1/25154  \9}~ g
Turret Assembly - 630/1/14300 (5\,\;1'
Regulator Assembly - 630/1/14608

b
o l
The turret assembly has three separate screened compartments containing
the RF filter unit, MHz selector and phase lock circuits. The RF filter and Miz
Selector Compartments (compartments 1 and 2) consist basically of rotary switch
asremblies which are coupled to the MEGAHERTZ control, The components of their
Aantociated circuits are mounted on boards in the compartments or on the switch
assemblies, Compartment 3, containing the phase lock circuits is on the under-
*ide of the module and contains three printed circuit boards, (Boards Gy H and J). I
The interpolating oscillator, BFO and isolating Amplifier modules each
cunsist of a screened box containing a printed circuit board, Tuning of the BFO
is effected by means of a variable capacitor located inside one end of the module;
the capacitor spindle protrudes through the front panel as the BFO TUNE Control,
The drive to the interpolating oscillator tuning protrudes through one end of the
module and is coupled via an Oldham coupler to the KIIOHERTZ film scale drive,

Issne § 8
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Final IF amplification and detection takes place in modules 7A and T1B.
A product detector is used for CALIBRATE and CW operation and an envelope detector
for AM. The 100 kHz signal for carrier reinsertion on CALIBRATE is obtained from
module 12 and a BFO with slow motion drive is provided for CW operation.

An AF output from the detectors is applied to the audio amplifiers in
module 9 which provide the receiver outputs.’

AGC is applied to all IF amplifiers, it is obtained from the AGC
detector (module 8).
Y
.For calibration purposes, marker pips at 100 kHz intervals, derived in
module 12 from the 1 MHz output of module 10, may be injected into the 1st mixer.

Al]l stages of the receiver operate on a -15V d.c. supply. On mains
operation, the a.c. supply is stepped down to 22V and then rectified by a bridge
rectifier, the resultant d.c. being applied to the receiver circuits via a
regulator circuit which maintains a -15V supply. For d.c. operation, the 24V d.c.
(unearthed) is applied to the regulator circuit via the bridge rectifier; this
method of connection protects all circuits against damage due to reverse polarity,
since the rectifiers ensure that correct polarity is always observed.

1.5 CONTROLS AND INDICATORS

All functional controls and the monitoring meter are mounted on the
receiver front panel, Selector links are located on the rear panel. The conirols
and their functions are detailed below :-

Control switch, S1 : A four position switch, used to switch the receiver
into one of the conditions OFF, STAND3Y, ON or
CALIBRATE.

Mode selector switch S2 : The required mode of operation is selected by the

setting of S2. Three modes are provided, CAL,
CW and AM, Extra switch positions are provided to
accommodate other modes, if required.

MEGAHERTZ control : This control is used to set the turret to operate at
the 'megahertz' appropriate to the frequency of the
received signal. Indication of the selected
frequency is given on a MEGAHERTZ film scale.

Tuning control (kHz) : Used to tune the interpolating oscillator and drive
the KILOHERTZ film scale to indicate the tuning
setting. Fast or slow motion drive is availatle
dependent upon the setting of the SLOW/FAST/SLCV
control below the tuning control. : ’

BANDWIDTH switch S3 : The appropriate bandwidth is selected by this switch
(ice. 12 kHz, 6 kHz, 3.5 kHz, 1.4 kHz, 300 Hz, 150 Hz.)

Issue 4 - 10 - F2 155



~ “Selector links 3 R 'A 1link ».i‘s fpi-gvidad.on the rear panel for . ) ‘

. F S .
R BN ) B : !
LA * L : i

AGC switch B4 s The receiver Ir #ain is controlled by the IF gain

control when 84 is set to OFF and by AGC when S4 l
is set to F or S. (i.e. Fast or Slow time
~ constant) =

BFD control 3 A alowugption;drive is used to tune the
e ‘ - 8 ‘kHz aboy

Uaed m'sconsunction with the neter (111) to

© Meter switch, 56 (AF/RF) 3
o e S baon:.tor the &ncho putput or as an 'S! neter

- selection of either a 150 ohm or a 600 ohm =~ :

“1ine output. ' Further links enable the internal
oscillator to be disabled when external
oscillators are to be used.

Indicator lamp ILP1

.0

This lamp is lit when the control switch is
turned from the OFF position. (Located in M1).

| m 155 | " L - ¥ - Iséue.-s
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2, INST%LLATION, SETTINS Up amp OI'ERATION

A INSTALLATION
2e1s1 General

When received, the PR155 should be inspected fop signs of damage, with
particular attention to the front panel meter angd the correct mechanical operation
of switches and controils, Remove the top and bottom covers by first removing

the four Becuring screws and pushing the cover forward from the back of the

receiver, and ensure that all coaxial connectors are mated correctly,

If the receiver is to be used on a desk, fit t

or, if it is to be mounted in a rack or cabinet, fit the
Suitable 8crews, with washers,

feet are to be fitted

he four feet to the case,

T are removed and tﬁe
. Extension pillars

2.1.2 Supply connections

For mains operation, the su
on the rear panel, usin
socket are :-

PPly is connected into the r

eceiver at PL1
g the mains socket provided,

The connections to the

Pole A - neutral
Pole B -~ 1line
Pole C - earth

For d.c. operation, a floating 24v supply should be connected to the
appropriately coded terminals of the terminal Strip on the rear panel,

2.1.3 Receiver terminations

y Other connections can
be made at the sockets or

the terminal strip on the rear

panel, these are all
coded according to their use,

R SETTING UP

2.2.1 Power Suvply

[}
Hn
=3
0
n
=
ke
el
[
«
<
O
et
o+
W
oy
¢
o
[¢]
[=1
[
o
Q.

panel are linked and that the mains a

nd 22V fuses are
of the correct rating (1A for 200 to 250V operation and 2A for 100 to 125v
" operation), ) | -
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2,2.3 External connections

5 Connect the aerial to the AERIAL socket and, if external oscillators
are to be used, they should be similarly connected to the sockets provided on the
rear panel. Make the necessary line output connections at the termiral block on

the rear panel,

2.3 OPERATION

2301 Normal operation

Set the receiver controls as follows:-

3; Mode selector switch ¢ to the mode of operation required
BANDWIDTH switch 1 to the required bandwidth
AGC Set to SLOW (Fast position to be used when
rapid signal fading is experienced).

BFO : to O

AUDIO GAIN : to mid-position

RF/IF GAIN : to mid-position

Meter switch : to RF

Set the control switch to STANDBY and allow 10 minutes for the
oscillators to stabilize. Switch to ON, urn the MEGAHERTZ control until the
"megahertz"” of the frequency of the signal it is required to receive is indicated
by the MEGAHERTZ film scale, Manually set the KILOHERTZ cursor to its mid-position
with the SLOH/FAST/SLOH control at FAST, turn the main tuning control until the
KILOHERTZ film scale indicates the "kilohertz", of the required frequency approx-
imately below the cursor. If required, set the SLOH/FASTVSLOH control to SLOW
and tune for maximum indication of the signal to be recsived using the tuning meter

s‘

Adjust the AUDIC GAIN control for optimum level in the phones or
loudspeaker,

If operating on CW, adjust the BFO control to obtain the tone
required.

243.2 Calibration

To calibrate the KILOHERTZ film scale, first select CALIBRATE on the
mode selector switch and then set the control switch to CALIBRATE. Calibration
pips will be heard at every 100 kHz when the receiver is tuned over the range of
the tuning control, and the adjustable cursor can then be set to the appropriate
scale marking at zero beat condition of the pips. Interpolation can be made
between the 100 kHz markings on the scale to obtain accurate indication of the
frequency of received signals., -

Note: This calibrat1on is valid for all modes but calibration pips are not -
i - obtalnable on AM.

To callbrate the BFO set both the mode selector switch and the control
switch to CALIBRATE and tune for gero beat with-a calibration marker. Change -
the mode selector switch to the CW position and adjust the BFO to obtain zero beat.
The BFO tuning control should indicate O.

lesue 6 - 14 - PR 155



3. CIRCUI'I‘ DESCRIPTION

3 mrPILTER WNIT (Pie ) 00 C

v - -~ ffhe received upnl s connected directly into the RF fil’cer unit :
(comparimt 1 of the turret assembly). - The filter unit contains eight band-
,pnl filteri tuth‘ @ass handa as tollows 3= ; e

Wnen the mmmrz control is ut to tha H{z nf the mqni 3
the filter appropriate to that frequency is automatically selected, 1% :
C . ‘being located between ‘the turret wafers C and D which serve as wslector M‘tﬁhﬂﬂ» ;
\The filter inputs are vomnected to wafer D and their outputs to wafer L. From
. wafer C the signal is fed via the filter €2, L1 and SKT3/PL3 to m& wl:i.f,
| module 1, ‘The filter €2, L1 functions as an image. rejector. i :

Yy RF AMPLIFIER MODULE 1 (Fig. 5)

The RF amplifier comprises one stage of amplification, which is preceded
and followed by a variable attenuator in which the degree of attenuation is
. controlled by an AGC system driven from the output of its associated amplifzer.
.The first attenuator controls the input to the first amplifier stages at a level
ocompatible with optimum operation despite wide variations in input signa.l atrength.
‘It thereby protects the amplifier against damage due to very high, _8ignal gtrength
;nd eliminates the necessity for a manual RF gain control. The ’»&oocmd attenua.tor,l
- gontrols the output from the module at the 1pva1 for ideal opem :
mixers - S S niem BT

B I B e
&L z Fal s PR

' ‘ The signal input to module 1 is at PL3. From PL3, the simal is routodl
‘4o the base of the first mli.fier stage ?I‘l“l; wia £1,. L3 and R3. .. The first
' BUCCHA ing om.tter tollmra' vyI2, V13

m;,ﬁ!he :lnput a‘ttumator mmpnses t)-'o hy ,t -;am. with v&rv

v dn the form of diodes D1 and D2, The impedance of the diodes DY and G2
controlled by V19, A voltage for operation of the control transistos
#d by V0, shich operates as & detector, with the signal from ?5,"3 emitter applied
“to :its base via C10, R16. S - 2

ey £ e s e o mh e e e st e wrrpere e e ———— e o - B
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Under no-signal,,br very low signal, cbnditions, VI9 ie held non-
conducting since its base and emitter is returned to -15V line; the base via
R36. Thus D1 and D2 cannot conduct and offer minimum attenuation to the input

signal,

As the signal level increases, the detector action of VT10 drives VT9
base  less negative with the result that VT9 conducts, drawing current via D1 and
D2, decreasing its impedance and thus applying some attenuation to the signal
input. With further increases in signal sirength VT9 draws increasing current
via D1 and D2, increasing }he attenuation.

The control cirguit is prevented from responding to transient changes
in signal level by capacitor C24.

The output from VT4 is applied via R19 to the second variable attenuator
circuit and via C13 to the first mixer.

Two variable shunt arms are used in the second attenuator utilising
diodes D3 and D4. The attenuation introduced by D3 and D4 is controlied by VT6
in the same manner as D1 and D2 are controlled by VT9 in the first attenuator
cirouite VT6 is controlled by the AGC voltage from the AGC Detector, module 8,
via amplifier stage VT5. RV1 is preset to maintain the output from VT4 at
approximately 40mV, and is held at this level to prevent overloading of the first
mixer,

3.3, FIRST MIXER, MODULE 2 (Fig. 6)

The signal input to module 2 is applied via a 30 MHz low pass filter
(C1 to CT and L1 to L3) to transformer T1 and the first local oscillator signal
is applied to transformer T2, Transformers T1 and T2 are connected with diodes
D1 to D4 in a differential mixer configuration, the output from which, at the
first IF of 37.3 MHz is filtered by the 37.3 Miz bandpass filter FL1 and applied
to the first IF amplifier in module 4. When the control switch, S1 on the front
panel, is set to CALIBRATE, markers at 100 kHz intervals throughout the frequency
range are applied in place of the signal input for calibration of the receiver.
Under these conditions the -15V supply to module 1 is switched off at S1,

3.4 FIRST LOCAL OSCILLATOR, MODULE 3 (Fig. 7)

The first local oscillator is a free-running oscillator employing VT1
in a Hartley type circuit. Tuning of the oscillator is effected by the preset
capacitor C5 and the varactor diodes D1 and D2 in conjunction with the saturable
reactor L1, The reactor current is controlled by the d.c. emplifier in the
phase lock loop circuit (3.8) to provide a coarse adjustment of oscillator
frequency and a finer, faster adjustment is provided by D1 and D2 under similar
control.

Issue 5 - 16 - PR 155




: pit 1e coupled via C4 to emitter follower VT2 which I
) provides drive to two further& asmitter followers VI3 and V4. VT3 prov:.des an
output %o the phase lock loop éircnits and VT4 to the first mixer,

._iug signa.le at 3 MHz intervals in the spectrum 35 Miz to 64 !Bz, and a 48 My
dleotor circui‘k ﬂhi@ eelocts ”the 48 mz output from the spectmm genemtor for

' l

»:‘tho ’aase of F&mlt ar f'ollower\VTZ ﬁhich ;}fbvxdes a 1 MHz output to the spectrum ,
o generator circuits and the 100 kﬂz d:.vlder (nodule 12). - :

‘4,‘7

ST A1 MHeignal fron v'rz, or frun an external 1 MHz oscillator if one I
,\is in use, is-applied st VI3 base. It is amplified in VT3, VT4 and VTS stages, .
" Pyt the output from V15 is sifferentiated to produce harmonics at each 1Mz . ¢
%.. . interval throughout the spectrum 35 MHz to 64 MHz. These harmonics are coupled

C ' wia emitter Tollower VT6 to the 48 MHz selector (board B) and to another emitter
» .follower VT7 which provides the spectrum output to compartment 2 of the turret
“assembly (3.7) vza ’che Iugh pass Filter 320, L1, €21, o l

The spectrum output from board A is injected at the emitter of VT2,
the first of two transistors in a 48 MHz selector circuit on board B. The
collector circuit of VT1 is tuned to 48 MHz by L1 and coupled to VI2 base. The I
feedback capacitor C2 improves the Q of the circuit such that it would oscillate
freely at very nearly 48 MHz, thus the 48 MHz of the input signal is amplified
and reproduced relatively free of all unwanted frequencies at VT2 emitters From
VT2 the 48 MHz output is filtered in L2 (tuned to 48 Miz), C4 and C5 and applied -
via VT3, an emitter follower, to a further selector circuit in module 4 (3.9)..
The d.c. supply to VT1, VT2 and VI3 ds locally stabilised by zener chode D2c R I

PR TR o 'The 15V xi.c. supphed %o the 1 mlz oscillator, the spectrum generator
' and the 48 MHz selector circuits are each independently filtered in filter
eircuits contained on board B, The supply to the 1 MHz osculator is not applla'
ﬂhen an ;‘externa,l 1 Hﬁz osclllator is used. ’

m*mtpo m oscn,wm (F;.g. 9)

,!he 11 erpwlatmg oscillator prmndas an output which is mixed with I
e selected output from module 10 to make up the first local oscillator

,raquen@ in ‘order to:control she first local oscillator at this frequency. 1t l
L tuna“ble war *the range 2.2 ﬁlz to 3.4 mzand the tuning is h.near.

: ‘I'rans:.stor VT1 operates in a tunable osc111ator clrcuit in Hlnch L1 ‘is
the variable comporient. ‘Linearity of tuning is. ‘achieved in mamufacturing by
adjustment of individual $urns of L1 coil and final trimming is provided by L2
and CT,  The output from YT1 emitter is coupled via an emitter to follower

'far }:i?ta.ga YTZ ‘to an emplifying stage VT3 and the amplified ontput is fed out

‘ : 3 (3,8)via a mécond'emitter follower VT4, -Output -amplitud
oa nonihai 400 v r.ms' The d.c. eupply to the osclllator

:?Rw"155 | s -1 R 7 1spue -3 I
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%7 Miz SELECTOR, TURRET COMPARTMENT 2 (Fig. 10)

The MHz selector circuit selects the required "megahertz" output from
the spectrum generator (module 10) for mixing with the output of the interpolating
oscillator. ' The circuit employed is identical in operation to that of the
48 MHz selector in module 10 (3.5) but the tuning coils (L1 and L2 in module 10)
are selected in pairs from 30 pairs, according to the setting of the MBEGAHERTZ
control, to enable each megahertz output (from 35 to 64 MHz) from the spectrum
generator to be selectéd. The output from this compartment of the turret is
applied to the phase lock loop circuits in compariment 3. The d.c. supply is
locally stabilised at -10V by zener dicde D2.

3.8 PHASE LOCK CIRCUITS, TURRET COMPARTMENT 3

3,8.1 General

In the phase lock loop circuits, contained in compartment 3 of the
turret, the outputs of the Miz selector and the interpolating oscillator are
mixed to obtain an output at the sum of these frequencies, and the phase relation
between this synthesized signal and the output of the first local oscillator is

detected to provide a control voltage to lock the first local oscillator accurately

to the required frequencye. A sweep voltage to tune the local oscillator within
the range of control of the phase lock circuits is generated in a multivibrator

circuit.

Three boards (G, H and J) are contained in compartment 3, the circuits
contained on each are described in 3.8.2, 3.8.3 and 3.8.4.

3.8.2 Phzse splitters and modulator, board G (Fig.11)

The output from the Miz selector (3.7) is zpplied via a matching net-
work to the base of VI5. Phase shift networks R23, C15 and R22, C13, C14 are
connected between emitter and collector of VT5 and the component values are such
that two outputs differing in phase by 90 degrees are obtained. One of these
outputs is amplified in VT4 and applied to T2 and the other is amplified in VT6
and applied to T4. The output of the interpolating oscillator is applied to.a
circuit similar in operation to that to which the Miz selector output is applied.
This circuit employs VT1, VT2 and VT3 and drives T1 and T3.

Transformers T1 to T4 and diodes D1 to D8 form two ring modulator
circuits whose outputs are connected together via RV1. Due to the 90 degree
phase difference between the modulator inputs, the difference frequency element
of their outputs is cancelled out when they are connected together whilst the
sum frequency elements are added. Thus a signal whose frejuency is the sum of
the two input frequencies is obtained at RV1 slider. Ad justment of RV1 enables
any difference frequency, resulting from inequality of the difference frequency
outputs from the modulators, to be cancelled out. The sum frequency output from
RV1 is applied as a synthesized local oscillator frequency via emitter follower
VT8 to board H. A s

3.8.3 Phzse detector, Board H (Fig.12)

The first local oscillator signal from the isolating amplifier is
transformer coupled via T1 to the base of VI1 and thence via VT2 and T2 %o VT3
bases Transformers T1 and T2 are connected to provide 2 to 1 step-up ratio.
VT3 drives transformer T3 to provide a reference signal, at the local oscillator
frequency, to the phase detector diodes D1 to D4 to turn the diodes on and off
on alternate half cycles. P g o 3
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3.9 FIRST IF AMPLIFIER AND SECOND MIXER, MODULE 4 (Fig.14)

. The 37.3 MHz first IF output from the first mixer in module 2 is applied
via C3, D1 and C5 to the base of the first of two IF amplifiers VT1 and VT2 on
board A of the module. Diode D1 has the AGC reference voltage (3.12)applied to
its cathode and the AGC voltage (3.13) applied to its anode; it therefore intro-
duces increasing impedance into the input circuits as the signal strength
increases, The AGC and reference lines are isolated from the firet IF by L1 and
L2, The overall gain of the two IF amplifiers is controlled by the preset
potentiometer RV1, which is adjusted on test for optimum output level. The out-
put from the second stage VT2 is coupled into the second mixer via a 37.3 MHz low
pass filter. Links are provided in the filter circuit to facilitate alignment,

The output of the 48 MHz selector circuit in module 10 is injected at
the emitter of VT5 on board B. This transistor, in conjunction with VT6,
operates in a similar circuit to that of VT1 and VT2 of the 48 MHz selector
circuit, except that the output from VTS is directly coupled to the next stage,
to provide a 48 MHz output which has extremely low spurious content. The signal
developed at VT6 emitter is coupled via emitter follower VT7, C30 and R34 to the
second mixer on board A.

The second mixer employs transistors VT3 and VT4 in a conventional
balanced mixer configuration. The first IF signal, at 37.3 MHz is applied to
VT3 base and VT4 emitter and the 48 MHz signal from VT7 is applied to VT3] emitter
and VT4 base. Consequently, the signals are mixed and appear across the common
collector load R23. The required second IF of 10,7 Miz is selected in the
crystal bandpass filter FL1 and coupled via C25, R28 to the second IF amplifier

in module 5.

3.10 SECOND IF AMPLIFIER AND THIRD MIXER, MODULE 5 (Fig.15)

The first stage (VT1) of the second IF amplifier in module 5 is similar
to the first stage of the first IF amplifier (3.9). It is AGC controlled in the
same manner, but no preset gain control is used. Coupling to a second amplifying
stage, VT3, ie via C6 and this stage feeds the third mixer,

The third mixer, VT4 and VT5, is similar in operation to the second
mixer in module 4 (3.9), with the 10,7 MHz second IF signal applied to VT4 base
and VTS emitter and the signal from the 10.6/10.8 MHz generator, module 11
applied to VT5 base and VT4 emitters The 100 kHz output from the common collector

" ecircuit is coupled, via C15, emitter follower VT6 and the bandwidth filter selected

by the setting of S3, to the 100 kHz amplifier in module T.
3.0 10.6/10.8 MHz GENERATOR, MODULE 11 (Fig.16)

Two oscillators with similar circuits are contained in this module.

-,One; VT1, is crystal controlled by XL1 at a frequency of 10.8 MHz, it is energised

when the mode selector switch, S2, is set to USB, to produce the input to the
third mixer necessary for USB operation. The other, VT2, is crystal controlled
by XL2 at 10,6 MHz and energised in other positions of S2 to produce the input
to the third mixer for other modes of operation. The output from the selected
oscillator is coupled to the third mixer, (module 5) via an emitter follower VT3.

NOTE: In the PR155G version the 10.8 MHz oscillator is not used.
Issuse 4 - 20 = PR 455



. Tne input circuit of VT1, the first stage of the third IF amplifier, ki
module TA, includes an AGC controlled diode similar %o the input circuits of L

“mofules 4 .(3.9) and 5, but in this case the gain of the first stage is slso.

~gontrolled by AGC. . Since the ouitterloadgﬂaf?m is considerably .gread
. she oollector load, the gain of the atage pould approach unity, however, -
... D2 is included in the circuit %o control thie gain. It is connected be

“* 3,12 .  THIRD IF AMPLIFIER AND DETECIORS, WODULES 7 and 7B (Fig.17) .~ .7 '

#he refersnce and AGC lines such $hat it i open during reception o
Mut its impedance increases with ipcrgasse in signal sirength. = Thus

‘meoeption of weak siguele, V1 smitter load jmpelsnce is reduced by
th C4, D3, RI0 and the gain of the siage is greater than when the
: an, ‘Zener diode 3, sonnected between —15V

e

inoreased by AGC -actipn. ode D34 sonnec
ries with R10 provideé”‘%‘the AGC » fear ce mltage of 4,7V with resp 3;_

La S O S T 5

:+ - . .The output from VI1 is amplified in three similar stages,
VT4 and applied to emitter follower VI5. ‘fhis stage provides an outpy

620, R46 to the AGC amplifier, module 8, and also drives a second emitter follw

“¥T10 which provides outputs to ihe detectors and the 100 kHz OUTPUT socket on th

peceiver rear panel. The gain of the amplifier is controlled by RV1 pl

“®etween VT2 and VT3, . - o

_ Mwo detectors are contained in module 7B, a product detecto: '
.operation and en -envelope detector for AM operation. The product detector, -
employs transistors VT6 and VI7 together with transformers T1 and ™ ina . . .
_conventional detector circuit. The ~15V d.c. gupply is connected to the circuit .
when CALIBRATE or CW are selected at S2, while the 200 kHz signal from module 11
{3.14) ie, after division by 2 of the flip-flop circuit (SN7472), injected into l
‘the transistor emitter circuits for carrier reinsertion on CALIBRATE operation !
and the BFO (3.15) output is similarly injected on CW operation. The detector .
-output is coupled via R44, €34 to the base of amplifier VI9. A conventional -.- I
‘detector circuit is also used for AM operation; it is energised when AM is - -
.gelected at S2. The output from VI10 is amplified in VT8, detected by D4 and -

the resulting audio frequency signal filtered and applied to VT9 base,  VI9-is . l

or,

. energised under all operating conditions to provide the AF signal output 1o the
‘smitter followers VT10 and VT11 and hence to the audio amplifiers in the module 9
{3.14) and to the AUDIO GAIN control, EV2 on 4he main chassige . .- .. oo

°3.13  AGC AMPLIFIER AND DETECTOR, MODULE 8. (Fig. 18)

¢ A 300 kHz output from VI5 in module 7.is connected into this ‘module
- -and applied across RV4Y and ‘R1. RV1 acts as a threshold control to set the -
-gignal level at which AGC action starts to be ‘affective. ‘The signal from BV1
slider is fed via the emitter follower VT1 %o 3he base of the amplifier V2. -
 «#ppansformer P1 is the vollector load of ¥T2; iis secondary winding provides .

. sgutputs to VT3 and VT8, such that the signal applied to VT8 is greater 3han that
. applied to VT3. These gignals are detected in VT3 and VT8 and the r 11ting”

,0. output used to drive the next pair of transistors VT4 and ¥19.
papacitors C9 and C10 4n the emittier circuits of VT4 and VT9 charge

40 a potential proportional -to the signal strength, but the charge on €10 is
ssgreater shan -that on C9 Pecan: e of the greater signal applied to VI8 from 4
#he negative potential mcross C9 ie Ted to.the first of three emitter follumers - .
‘which finslly provide Ahe output necessary for operation of the AGC ocontrolled
- 2@iodes in the IF amplifier modules, . The pote itials at V14 and ¥79 smmitters are '




II ' - . “ ﬁ

also appl}ed to emitter and base respectively of VTi0O, which is held cut off since
its base potential is the more negative, Thus, there is no discharge path for
C9, and, should the signal strength be reduced abruptly, the output from the
module ie maintained until C10 discharges sufficiently via F12 to reduce VT'10 base
potential below that of its emitter. The time taken for this to occur is the
Yhang" time of the circuit; it is designed to be approximately 800 milliseconds on
long and 45 milliseconds on short. When VT10 starts to conduct, discharging C9,
its emitter, and therefore the base of VT11, is driven more negative, with the
result that VT11 also conducts, discharging C10 more quickly. The cycle continues
until both capacitors are fully discharged and AGC is returned to the no signal,
or weak signal conditions. RV2 is provided to enatle the attack time of the AGC
to be adgusted.

3.14 | AUDIO AMPLIFIERS, MODULE 9 (Fig. 19)

. Two audio amplifiers are contained in module 9; one, feeding the PHONES
jacks and the internal speaker, is on-board A, and the other, providing the line
outputs, is on board B, Both boards are supplied with -15V and are aeparately
decoupled to prevent interaction.

The input to board A is from the slider of the AUDIO GAIN control on
the main chassis of the receiver, it is applied to the base of VT1 via C1, E1,
Negative feedback is applied to VT1 base, via C3. Two signals are obtained from
VT1 collector circuit to drive VI2 and VT3, the first two transistors in a
complementary, single-ended push-pull configuration of which VT4 and VTS are the
output transistors. In order to obtain the anti-phase signals for application
to VT4 and VTS5, a PNP transistor is used for VT2 and an NPN for VI3. The correct
biae for Class AB operation of the push-pull drivers is obtained by adjustment of
RV2, while RV1 is adjusted io equalise the supply voltages across the two push-
pull sections. Temperature compensation is provided by D1 and D2 in the collect-~
or load of VT1,

The input to board B is direct from module T; it is coupled to the
base of VT1 via R1, C1, VT1 operates as an amplifier, with negative feedback
introduced by R5, to provide an output at the slider of a preset gain control RV1
to drive the phase splitter VT2, One output, from VT2 emitter, is coupled via
R10, C6 to the base of VT3 and another, from the collector of VI2, is coupled via
C7 to VT4 base. Transistors VT3 and VT4 operate in a single-ended, Class A,
push~pull circuit to drive the line output transformer T1, on the main chassis,
via C8. Balance of the output stages is achieved by the setting of RV2 in VT3
base circuit,

3.15 100 kHz DIVIDER AND CALIBRATE CIRCUIT, MODULE 12 (Fig.20)

Module 12 contains the circuits which, from a 1 MHz input from module
%0 or an external oscillator, produce the 200 kHz required for carrier relnsertlon
on CALIBRATE and the 100 kHz markers used for receiver calibration,

The 200 kHz output required is derived from a closed loop circuit
employing VT2 and VT3. Transformer T1 and its associated components form an
800 kHz resonant circuit, This circuit is triggered by noise and the 1 MHz
input is coupled to it via VT1 and C2 to produce a difference frequency component
at 200 kHz which-is fed to the base of VT3, Transforamer T2, in VT3 collector
circuit provides a 200 kHz output to VT2 base to trigger the resonant circuit of
T1 and thereby maintain oscillation. The 200 kHz output from T2 secondary is fed
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3,18.2 Switching circuits

Control Switch S1

When S1 is set to STANDBY, -15V is connected via S1AF to the 1 iz
oscillator in module 10 and to the interpolating oscillator only; at the sane
time the output of the calibrate circuit in module 12 is earthed. ln the ON
pesition of 51, the receiver is operational and all circuits, with the exception
of the calibrate circuit in module 12 are supplied with -15V. When S1 is moved
to CALIBRATE, the -15V supply to module 1 is broken at S1AB the output from
module 12 calibrate circuit is applied via S1AB to module 2 and the calibrate
circuit is supplied with -15V via S1AF,

Mode selector switch, S2 f

_ Wafer S2AF switches the -15V supply to the oscillators in module 11,
Module 12 is supplied with ~15V via S2AB on CALIBRATE operation and the BFO is
similarly supplied on CW operation, The -15V supply is switched to the relevant
detector circuit in module 7B via S2BF, The fourth wafer, S2BB, is used to ewitch
either the 200 kHz output from module 12, or the BFO output, to module 7B on
CALIBRATE or CW coperation respectively.,

BANDWIDTH switch S3
This switch is used to select the filter appropriate to the bandwidth

required.

AGC switch, S4

With the a.g.c. switch (S54) set to the OFF position the 15V supply to
the a.g.c. amplifier (Module 8) is broken. The receiver gain is controlled by
RV? which is connected in parallel with R11 across the -15V supply via RS and R10,

With the a.g.c. switch set to SLOW the a.g.c. is controlled by Module 8
which now has 15V applied to it via 54. In the FAST position of 5S4 pin 2 of
Module 8 is earthed, placing R21/L3 effectively in parallel with R12, thus reduc-
ing the time constant of the "hang time" circuit,

Other switches

The loudspeaker ON/OFF switch, 55, is used to isolate the loudspeaker
when it iB not required. A dummy load, R6, is connected in place of the loud-
speaker when S5 is at OFF to maintain the loading of the audio amplifier and
prevent the level at the PHONES jacks from rising.

For metering purposes, the AGC line and the audio output are connected
via a resistor and a rectifier diode to poles of the meter switch 56, the required
rectified signal is selected by S6 and applied to the meter Mi.

3.18.3  Selector links

Selector links on the receiver rear panel are provided to enable the
required line output impedance to be selected and in order that the internal
"oscillators may be disabled when extermal oscillators are to be used. The line
output impedance selector link is used to connect an appropriate resistor (R1 or
R2) in series with the line output transformer (balanced line) or the unbalanced
line output terminal, ' '

Issue 4 - 24 - PR 155



4. SERVICING
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4.4 .~ OVERALL RECEIVER GAIN

_ The overall gain of the receiver may be tested in the following
manners-

(a) Set ACC to ON, BANDWIDTH to 6 kHz and the mode selector switch to
AM. Switch on the receiver and, with no input signal, measure and
note the voltage on the AGC line (pin 3 on module 4, 5 and 7). Set
AGC to OFF and adjust the IF GAIN control to obtain the same voltage,
as noted, on the AGC line,

(b) Terminate the 100 kHz OUTPUT socket with a 75 ohm resistive load
and connect a valve volimeter across the loads Connect the output of
a Bignal generator to the 75 ohm AERIAL socket. '

(c) Adjust the signal generator for an output of 2uV EMF at 60 kHz and
tune the receiver for maximum indication on the valve voltmeter. An
indication between 60mV and 120mV r.m.s. should be obtained.

(d) Repeat (c) with an input signal of 5uV at 29.9 MHz. An indication
between 60mV and 120mV r.m.s. should be obtained.

(e) Repeat (c) with an input signal of 2pV at 1.1 MHz. A reading between
80 and 140mV should be obtained, '

(f) 1If satisfactory results are obtained, proceed to 4.6.
4.5 STAGE GAIN

4.5.1 Measurement and adjustment

Should the overall receiver gain as measured in 4.4 not be satlsfactory,
the stage gain may be verified, and if necessary adjusted as detailed below,
without change of the test conditions.

(a) Module 74

« Break coaxial cable 16, joining module 7A to the composite filter, and
inject an unmodulated 100 kHz signal at an EMF of 300uV into the cable
attached to module 7A. Set RV1 on module 7A (accessible through the
module handle) fully clockwise and tune the signal generator for maximum
indication on the valve voltmeter, An indication of not less than 40mV
should be obtained. Failure to obtain this output would indicate a fault
in module 7A. If a satisfactory result is obtained, reconnect cable 16
and proceed. '

" (b) Modules 4 and 10 .
Break cable 11, joining modules 2 and 4, and inject an unmodulated -
37.3 MHz signal at an EXF of 6uV into module 4. Tune the input signal
for maximum indication on the valve voltmeter. By adjustment of RV1 on
module 4 (through the module handle), set the output to 38 to 43mV r.m.s,
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4-5.2
repeat 4.4.
(a)
(v)
4.6

(d) Module 1

connect a valve voltmeter across the load., Break cable 3, connecting
module 1 to the turret, and inject an unmodulated 1 MHz signal, at an..

(i) If a 15aV output is not obtainable, a fault is indicated in
module 2 or the first local oscillator circuits (see 4.11.1).

(ii) If a satisfactory result is obtained, reconnect cable 11 and
proceed, |

Terminate cable 10 from module 1 with a 75 ohm resistive load and

EMF of 1mV into module 1. Tune the input for maximum indication on the
‘valve voltmeter; this indication should be not less than 5mV. Unsatis-

factory results indicate a fault in module 1,

Final Test

If satisfactory results are obtained in all of the stage gain tests, .

t

Should the overall gain still be unsatisfactory, a fault in the RF
filter (turret compartment 1) or the aerial input circuit is
indicated.

If the overall gain is slightly high, adjust RV1 on module 4 to
obtain the correct overall gain when the receiver is tuned to 15 MHz.

PRODUCT DETECTOR AND LINE AMPLIFIER

detailed below:-

4.7

PR 155

(a)

(b)

(c)

Test the product detector and line amplifier galn in the manner I
With conditions as for overall gain testing (4. 4) connect a 600 ohm
load between the 600 ohm output terminals on the rear panel and l
connect a valve millivoltmeter across the load. Set the selector
link on the rear panel for 600 ohms output.

Select CW and switch the AGC ‘to OFF. Set Bandwidth to 150 Hz and I
the IF Gain as adjusted in 4.4 (a). Apply an input signal of 2uvV
e.m.f. at 15 MHz at the AERIAL socket and tune the receiver to give

a maximum output at 100 kHz, Adjust the B.F.0. to give an audio
output of approximately 1 kHz (using the internal loudspeaker as a
monitor). Set RV1 on Module 9 (accessible through the handle) to

the fully clockwise position, and measure the audio output voltage l
obtained, which should not be less than 2.45V r.m.s.

Repeat (b)ﬂ with the AM mode selected and the BANDWIDTH set to 6 kHz,
using a signal modulated at 1000 Hz, 30% modulation depth at 3uV e.m.

AGC TESTS : ' , ‘ l
Verify correct AGC operation as follows:~ : a
- 2] - ; ~_ Issue 4 '
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(a)
(v)
(c)

(a)

(o)

(£)

With conditions as for overall gain testing (4.4) select the AM mode
and inject a 19 MHz signal at an EHF of 2pv,

Tune the receiver for maximum 100 kHz output. Set AGC to ON and
RV1 on module 8 (through handle) fully counter-clockwise,

Monitor the AGC voltage and turn RV1 clockwise until the AGC voltage
just changes, Lock RV1,

Modulate the input signal to 30% at 1 kHz and adjust RV1 on module 9
for a convenient reading on the millivoltmeter connected across the
600 ohm line. '

Raise the input signal level in 104B étéps by 1204B, The audio
output level should not vary by more than 4dB above the reading
obtained in (d).

Set the meter switch to RF and the input signal level to 500V,

Adjust RV3 on the meter tagboard to obtain an indication at the
9 inch mark. Lock RV3,
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R mmxo PERF‘ORMANCE;

| 'ismm,/sorss Pmomsm
| ~ Measure tho lignal/noiu yerromce m‘ the rmiver as fonmx- I

{a) Set AGC to OFP, BANIWIDTH to 6 kHz snd select the AX mole. furn
| both gam Bontrols fully clockwme. |

simvn o a :
x" IR A S U A e S5 B ~'.;, o ddEE &g?

e e . i E

e R e fb') "!ﬁ;}wt " %50 mz uuhodnlatcﬁ»signal 8% e devel o W -at-the 75 ohm

aerul eoakct. Tune the me:.m at »130 kﬂz for- mmum noiae

- m st 1east 1048,

409-‘ t Output levels

o measure the amh.o outpnt 1evels, apply a 15 MHz signal at Su.V I

“f-g;t the 75 ohm aerial socket, modulate the input signal with 1 kHHz to a depth of

'30%, welect AM mode and, with AGC ON, tune the receiver to the mput signai; then
proceed as follows:- . . I

(a) Set the loudspeaker switch to OFF. Connect a valve voltmeter
across load resistor R6 (15 ohms). Set AUDIO GAIN to maximum;
the valve voltmeter should indicate not less than 2,45V r.m.s.
(400mV in 15 ohms). Remove the meter.

‘(b) Load each phone jack in turn with 600 ohms and measure the
voltage across the load; it should be not less than 2.0V ToMe B
(6.7mW in 600 ohms). .

(c) Load the balanced line output with 600 ohms a.nd measure the
voltage across the resistory it should be not less than 2.45V
~ rem.s. (wnﬂ in 500 ohms).w , -

-{d) . Remove the 500 nhm load and set the links for 150 ohms line

output,. . %oaﬁ the 1ine output with 150 ohms and measure the

voltage across the load; it should be at least 2.5V r.m.s.
(40mH in 150 nhms).
4.9.2 - ! Fre_au__encz remnse

ihth tha mnditmns as for 1.9.1 (c) ud;ust RV1 on module 9 for
- : :on the mlhvoltmeter. o

i
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(¢) Change the modulation frequency to 300 Hz and then to 3 kHz, noting
the output level in each case; this should be not less than 4dB

down on the level at 1 kHz,

4.9.3 Output adjustment

With conditions as in 4.9.2 (b) set RVi on module 9 to give 0,775V
r.m.8. on the millivoltmeter, Check that the front panel meter indicates to
1mW + 1/16 in. when the meter switch is set to AF.
4.10 CALIBRATION

4.10.1 Interpolating oscillator

Check that the KILOHERTZ film scale can be calibrated as detailed
in 2, 3;2.

4.10.2 BFO

Connect an unmodulated 15 MHz signal source, at any convenient level,
to the 75 ohm aerial socket. Switch on the receiver, with AGC ON, and USB and
the 6 kHz bandwidth selected. Tune the receiver to the signal for zero beat
in the phones or loudspeaker. Set BFO to O and select CW; zero beat should
be maintained. If no, L1 on the BFO sub-unit may be adjusted to obtain this
conditione. (The unit side cover must be removed for access to L1).

4.11 OSCILLATORS

Pl

If a fault is suspected in either the 1 MHz oscillator in module 10
or the interpolating oscillator, it can be verified by substituting the suspect
oscillator with suitable external oscillators as detailed in 2.2.2. The
activity of other oscillators should be verified as detailed in the following

paragraphs.

4.11.1 Firs*t local oscillator (module 3)

Test the first local oscillator as follows:-

(a) Set the INT. 1 Miz and INT. VFO links on the rear panel of the
receiver to OFF. Unsolder the connections to pins 2 and 3 of
module 3.

(v) Break cable 8 and terminate the cable from module 3 with a 75 ohm
resistive load. Connect a valve voltmeter across the load. The
meter should indicate approximately 6252V r.m.s. Reconneci cable A,

-(¢) Repeat (b) at cable 9. A similar reading should be obtained.
(d) With the load and meter still connected at cable 9, break cable 8

and measure, on a frequency counter, the frequency of the RF output
at cable 8 termination. ~ It should be not more than 37,000 Miz.
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(4)
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4,12

(a)

(v)

(c)

(a)

e

O it

Megahertz selector (turret compartment 2)

Verify correct operation of the megahertz selecter circuit as

Remove the bottom cover of the turret.

Locate the Miz input

connection on board G in compartment 3 (fig. 1) and connect it to
the input of the frequency counter wvia a coaxial connector,

Switch on the PR155 and set the MEGAHERTZ control to O.
that the frequency indicated is 35 Miz.

(See Note in 4.11

Verify

o3)o

Repeat (v) for each turret position, verifying that the outputi
frequency increases by 1 MHz at each successive setting of the
MEGAHERTZ control to 64 MHz at the 29 MHz setting.

Remove the frequency counter and connect a valve voltmeter in its

place,

each setting of the MEGAHERTZ control.

PHASE LOCK CIRCUITS (TURRET COMPARTMENT 3)

The meter should indicate not less than 250mV r.m.s. at

Correct operation of the phase lock circuits should be verified
as detailed below :-

s

Break cable 7, connecting the turret tc the interpolating oscillator.
Terminate the cable from the oscillator with a 75 ohm resistive load

and connect a frequency counter across the load.

Switch o

n the

PR155 and adjust the KILOHERTZ tuning to obtain a frequency of
The control must remain in this position

2.5 MHz on the counter.
throughout the following tests.

Switch off, remove the co

load and reconnect cable 7.

unter and

Disconnect pin 2 of module 3 and reconnect to pin 2 via a 100k ohms
Connect the D.C. input of an oscilloscope between pin 3
Break cable 9, connecting modules 2 and 3, terminate

the cable from module 3 with a 75 ohm resistive load and connect
the frequency counter across the load.

resistor.
and earth.

Connect oscilloscope between the reactor control lead on board J,

turret compartment 3 and earth.

Sef receiver to 28 MHz.

(Fig. 13 refers).

Adjust RV3 on board J to give the

following waveform on the oscilloscope. (Diagram (a)).

Diagram (a)
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(e) Set the internal oscillator linkc on the rear panel to ON,
Reconnect pins 2 and 3 of module 3. Set the MECAHERTZ control to
indicate 1 MHz on the scale and verify, by use of the frequency
counter, that the frequency at cable 8 is tunable by means of the
receiver tuning over the range 38.2 to 39.4 Miz.

(f) Set the MEGAHERTZ control to 29 MHz and verify that the output
frequency is capable of being tuned over the range 66.2 to 67.4 MHz.

Failure to obtain satisfactory results in (b), (c) or (d) would indicate
that module 3 is unserviceable, but failure in (e) or (f) may indicate
‘a faulty module 3 or a fault in phase lock circuit testing as detailed
in 4.12.

4e11,2 10.6/10.8 MHz oscillator (module 11)

To test the 10.6/10.8 MHz oscillator, proceed as follows:-
(a) Break cable 15 (module 11 to module 5) and terminate the cable from
module 11 with a 75 ohm resistive load. Connect a frequency

counter across the load.

(b) Calibrate the mode selector switch. The frequency as measured on
the counter should be 10.800000 MHz.

(c) Replace the counter with a valve voltmeter. The meter should
indicate not less than 100mV r.m.s.

(d) Select CW and repeat (d) and (c). The frequency should be
10,600 MHz and the meter indication, 100mV Te . 5.

4.11.3 Spectrum genera