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BASIC THEORY
F.M, vs AM,

Intelligence can be recovered from « frequency modulated signal by applying
it to a device which is sensitive only to differences in applied frequencies:
this device is not dependent on amplitude changes for its output, and may be
preceded by another device (called a limiter) which deliberately removes all
variations of amplitude, Most forms of interference (atmospheric and man-
made) and receiver noise are variations of amplitude , and this process of
limiting removes nearly all extraneous noise, provided that the signal is
large enough.

LIMITERS

The limiters used in the receiver are pentode amplifiers running with
grid current bias but no auto-cathode bias., A large signal is applied (of
the order of 50 volts), which produces ncarly that much grid-current bias;
this means that the stage is working in Class C, and the grid-base is
shortened (by reducing the anode and screen voltages) in order to reduce the
operating angle still further, (The operating angle is defined as the number
of degrees per cycle of the applied voltage during which anode current flows),
Thus only the peaks of positive half-cycles are amplified. As the amplitude
of the applied signal is increased, the grid-current bias increases, and
although a larger absolute amount of signal is omplified, the peaks appearing
in the anode circuit are a smaller percentage of the applied voltage, and are
narrower — that is, they flow for a shorter time. The net result is a larger
current pulse flowing in the anode circuit for a shorter time, and so a
roughly equal auount of energy is applied to the anode tuned circuit, whose
¥lywheel effect" converts this into o signal of roughly equal amplitude,

TRIPIE DETECTION

The requirements of good image regjection (freedom from second chonnel
interference) and adjacent channel selectivity conflict because they require,
respectively, o high and a low intermediate frequency. The double superhet
(triple detection) provides the answer; the first frequency conversion to a
comparatively high I, F, gives good image rejection and a second conversion to
a lower I.P, provides adjacent channel selectivity.

POSITIVE AND NEGATIVE TEMPERATURE CCEFFICIENT CONDENSERS

In a sealed set like the W,S5. C42, the internal temperature can rise
35°C above the ambient (the initial) temperature, which mecans thut the set has
to cope with large variations, To prevent detuning of the set when the
temperature rises, all tuned circuits except the driver and P,4A, anode
circuits are provided with temperature~compensating condensers; these have
varying coefficients, both positive and negative, and it is important to
replace these condensers, when necessary, with on exact equivalent,

FERRITE EEADS

In order to prevent troublesome spurious oscillations, a number of anode
and screen leads have been fitted with ferrite beads, These are made of a
high permeability material, and function in two distinct ways:-

(1) The "skin effect" is increased, i.e., the tendency of R.F. currents
to flow on the surface of the wire is enhanced, ond the same current

flows in a smaller cross—section of the wire, which then appears to have
a higher resistance to R.F., especially to V,H.F. Thus the bead simulates
a parasitic stopper,

(3i) The inductance of even a straight picce of wire becomes appreciable
at these frequencies, and maoy resonate in the band in use, In this case
the higher permeability of the bead raises the inductance of the wire,
and lowers the resonant frequency out of the band in use.

DN 4153/1(5) 1



DECIBELS

FPower levels can be expressed absolutely (in terms watts or milli-watts),
or relatively (in terms of ratio to a given reference power level), If this
ratio is expressed logarithmically (to base 10), the units of the resultant
expression are Bels; so if the given power is 100 times greater then the
reference level, it is said to be 2 bels above the reference level, because log
10 of 100 is 2, The Bel is too large a unit for most practicel purposes, and
so the decibel is more commonly used; 10 decibels are equdal to 1 Bel, so the

- above ratio could be expressed as 20 decibels (20 DE)., This method of
expression applies only to power ratios, but voltage ratios and current ratics
can be expressed in decibels on the basis of the power ratios which those
voltages would produce in a given resistor (the resistor being of the same
value. in the case of both the voltages or currents being compared, Thus a 2:
1 voltage or current ratio would be equivalent to a power ratio of 4: %1 in
any given resistance (since W equals I“R and V4, so this voltage or current -

: R
ratio could be expressed as 6 DB (log 4 Bels, or 0.6 Bels)

Reference to a graoph of field strength ¥ against flux density B shows the
phenomenon of hysteresis, or an initial reluctance to change the flux density
in o changing field strength. Thus an alternating field strength produces a
flux density as shown below:-

The flux density in the ocore
is not directly proportional
to the field strength
during a cycle of change

of field strength; this -
ratio of B:H therefore
varies according to the
variations of field
strength, and is defined

as the permeability (B/H).
If the core is used as

the core of the ocoil in

an oscillator, these
variations cause changes

in the frequency of the
oscillator, since the
inductance of the coil is

a function of the
permeability of the core,

In practice, the "secondary” coil is not used indirectly as the
oscillator coil, but is tapped across the part of the actual oscillator coil,

The "primary" coil carries the anode current of the modulator valve,
variation of which causes variations in the field of strength.

- 13
Osens, T 3
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GENERAL INTRODUCTION TO W.S. Ci2

W.S.19 and some other wireless sets are to be replaced by newer equipment,
such as the C42, Long-range communications will continue to be carried out by
High Frequency equipment, but short-range, front-line communications are more
suited to Very High Frequency equipment; +this is because V,H.,F, has several
characteristics which suit it well for this purpose:- short range, making for
security; surer communication at night; absence of long~range interference;
the ability to use frequency Modulation, giving a low interference level (duc to
the use of limiters) and the advantages of a squelch circuit (receiver silenced
in the absence of a signal), In addition, much-nceded H,F, channels arc lcfi
clear for long-range communications; V,H,F, provides, in effect, very many
channels, for any onec frequency can be shared by a number of nets, provided
these are separated by comparatively few miles,

In operation, the C42 might be used in the control wvehicle of, say, an
armoured unit, working to tank squadron HQs: the O45 (a similar set with a
different frequency range) would be used to work with supporting artillery; each
tank squadron HY would work to the tank troops with C42s on another net; inter-
tank and tank-to-infantry communication is carried out by B45 and BL7 respect—
ively, these sets having different frequency ranges but being otherwise similar,

The C42 and its P.S,U, are built into die cast steel cases designed to f£it
into special racks in the vehicle, The cases are sealed and secured by Allen
Screws, one of which is fitted with a cap, showing if the seal has been broken,
An external Aerial Tuning Unit is located at the aerial base, and the set is
controlled (apart from the tuning-up procedure) via a Comtrol Harness., In its
simplest form, this harness takes the form of a single Junction Box, called J,.1,
to which are comnected an L.T. supply, one or two headsets and remote control
cables, if this facility is required, But in a typical tank installation, a more
complicated harness is used, controlling two other wireless sets (Bl;.5 and Blﬂ)
and giving full facilities to three crew members, with a fourth in inter-
cormunication at all times; in addition, a tank telephone may be connected to
the harness, remote control of any one set is available (up to 1000 yards awa.y),
rebroadcast is possible between any two sets, and a loud~speaker-amplifier system
can be connected to the harness, leaving a crew member unhampered by a headset,

The tuning-up procedure is extremely simple, and is as follows:-
Switch on the P,S,U, (Power, Wireless Set, and Standby/Traffic), and wait at
least half a minutc (15 minutes, if possiblel turn the system switch to Cursor
A just, set the R.F. tuning dial to near the required frequency and set the
Channel tuning dial to the nearest even number of megacycles, Adjust this latter
control to give a null reading on the centre~zero meter and alter the Cursor
Adjuster to bring the cursor over the appropriate mark on the scale, Switch to
Channel Adjust, alter the Channel tuning control to bring the required frequency
opposite the cursor, and finally tune accurately for zero meter reading, ¥then
lock the Chammel tuning control, Switch to R,F. Tune, and adjust the R.F. tuning
control for zero meter reading ¥then lock this control, Switch to Operate;
adjust the squelch control in the usual manner: turn the knob clockwisc till the
signal lamp lights, and then turn it slowly anti-clockwise till the lamp just goes out,
Finally switch to High Power, press the pressel and adjust the Aerial Tuning Unit
for maximum meter reading, returning the switch to Low Power unless High Power
is required,

*® In these cases, the meter needle must move in the same direckion as the

scale on the top of the knob; there are two wrong null points which give
reversed meter movements,

DN 4153/1(8) L
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TECHNIGAL INTRODUCTION T0 SET AND P,S.U., INCLUDING FACILITIES

The C42 is a VHF FM RT transmitter—receiver providing 241 chamnels each
100 Ko/s wide between 36 and 60 Mc/s, and has a built-in audio amplifier for
intercommunication between members of a crew, The complete equipment consists
of the set itself, a P.S.U. (24 volts input at 8 amps or 12 volts at 18 amps),
an aerial tuning unit and a number of conmgctors; in addition, a control harness
is necessary, The set is built on a number of sub-chessis which are bolted to
two main chassis and electrically comnected to a wiring harness which connects
the units together and to the components on the front panel, Generally specaking,
servieing consists on localising a fault to a particular sub-unit and then
replacing the unit, The transmitting range varies between a guarantced minimum
of 3 or 4 miles and a maximum of about 35 miles depending on atmospheric
.corditions, power used, and aerial height, type and siting;. the high Power
output is at least 15 watts, while Low Power gives between § and § watts, Two
built-in erystal calibrators enablc the station to be set up on any specified
chamnel without netting, with an error not greater than 0.01% Automatio
frequency control of the transmitter is provided, and an automatic gain control
system in the modulation amplifier section keeps its output fairly constant
regardless of the microphone input, thus keeping the deviation closc to 15 Ko/s
for both soft and lowd speech, A squelch circuit in the receiver silences it
when there is no signal, and lights a "signal" lamp on arrival of a signal;
this circuit can also be used to operate an automatic rebroedcasting system,

The receiver is a double superhet, consisting of an R.F,A,, a first mixer
and local oscillator, a first I,F.,A, working at 6 Mc/s, a second local oscillator
and mixer, two I,F,As, working at 2,4 Mc/s together with two limiters, and a
Bord (or Weiss) discriminator, which feeds two A, F.As. and the Squelch cirecuit,
whioch consists of a noise amplifier, a noise rectifier and a D.C, amplifier
feeding the squelch relay, The first local oscillator is a very stable V,F.0.,
fitted with an 8 foot long tuning scale (channel tuning) s and the second is
crystal=controlled; thus the receiver is altogether very stable.

The transmitter is modulabed by a two-stage amplifier, the first stage also
feeding another amplifier and a rectifier which biascs the first stage, these two
stages constituting the modulation control section; the modulator valve
modulates the master oscillator by means of a Ferrite reactor, The R.F, stages
of the transmitter consist of the Master Oscillator, a Buffer-Driver and a
Power Amplifier, Side~tone and automatic frequency control are effected by
leaving the receiver rumning while sending, and epplying any D.C. output from
the receiver disariminator to the reactor; because of the selectivity of the
discriminator, this system can only deal with deviations less than sbout 80 ko/s,
and greater deviations (up to 40O Ko/s) are dealt with by sidechain; this
consists of a limiter fed by the 1st I.F.A., and a "wide" diseriminator which
is connmected in series with the "narrow" receiver diseriminator, the two outputs
in series being applied to the grid of the reactor valve, bringing the M.O.
frequency to within 10 K¢/s of its correct value. The R.F, tuning knob controls
all the tunable circuits in both transmitter and receiver with the exception of
the first local oscillator,

The inter—communication amplifier is a simple two-stage amplifier; both it
and the AF,As, in the receiver have negative feedback to stabilise the oubput
voltage regardless of the number of headphones comnected; this will also
minimise the distortion in these stages.

DN 4153/1(10) 6
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TECENICAL INTRODUCTION TC CONTROL HARNESS, INCLUDING FACILITIES

The basic function of the control harnesses is to mske connections between
the operators' headset or handsets and the wireless set; in addition, they
contain a voltage-sensitive relay which, with the P.S,U., forms a simple system
for compensating for varying input voltages.

The training harness consists of one junction box, J.1. This hox selects
either the wireless set or the i/c amp for the two operators, controls their
headphone volume, and ensbles them to call the remote cperator, who can call the
local operators and employ whichever service they have selected. There are also
other facilities available when the J,1 is used in conjunction with other
apparatus. i

Armoured Fighting Vehicle installations will normally contain the Harness,
Type A. This involves two other wireless sets (BL5 and BL47) comprises a system
of control boxes and juncticn boxes, and provides facilities for 4 crew members:—
‘the commander can select any of the three sets or i/c amp, can put the other
crew members on to i/c in an emergency (over-ruling their service selection

VsWitghes), can monitor any or all of the wireless sets and, by means of a thirty
foot cable, can have these facilities outside the stationary vehicle if required;
the driver is permanently connected to the i/c amp., and can call the commander;
the other two members can select and use any of the four services and can call
the commander, In addition, a tank telephone (for infantry use) can be
connected to the i/c amp., and a remote operator (up to 1000 yards away) can
operate whichever facility the local operator has selected, and cancall and be -
called.

It is possible to connect a loudspeaker system to the harness so that the
load-operator (for example) may not be hampered by a headset.

There is also a rebroadcast unit, which extends the facilities of the
harness’ so far described. Rebroadcasting is possible between any two of the sets
cormected to the harness; if both sets have "rebroadcast" lines from their
squelich reélays, the change of direction of traffic will be automatic, but if
either or both have not this facility, then the direction of traffic will have to
be changed manually. The third set can be controlled normally. - The other
special facility provided by this unit is called "break-in"; the operator can
speak or listen to both the two stations on a rebroadcast limk. If none of
these special facilities are required, the "normal" facility can be selected and
the threc sets can be controlled and operated normally,

Junction  Box 31

g

CALL RE GAIN

r o ars. f\
SET ‘:::::>

; Corp
oFrl N ‘RN o

Fuse DESSICATOR
-2.0AMP + ]
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HEADSET HEADSET
FiGuRE . @.
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Valve Table

C.V. 21228 ECH 81
C.V. 329 or CV 2209
C.V. 469 EA76
C.V. 850 65
C.V. 133 6CL
C.V. 2243 PSG8
C.V. 2220

C.V. 4051 9p6
C.V. L6Y EA76
C.V. 850 64K5
C.V. 850 65
C.V. 469 EAT6
C.V. 850 6AK5

TECHNICAL SUMMARY

Frequengy range:—
Freguency accuracy:-—
Frequency stability:-

Triode-heptode
R.F, Pentode ¢
Diode

R.F. Pentode

Triode
Pentode
Tetrode

Pentode
Diode
Pentode

Pentode
Diode

Pentode

Automatic Frequency control:-

Trensmitter deviation:-

Automatic modulation control:=-

Deviation due to hum:~
Receiver sensitivity:-

Receiver selectivity:—
Second channel rejection:-~

I.F. rejection:-
Limiting:~

Receiver and i/c A.F.Agw -

Power Supply Unit:-

Pre—~emphasis:~
De~emphasisi~

DN 4153/1(13)

Second mixer & local OSC
Constant freguency OSC
Discriminator, ncise rect.
all other receiver stages

Master Oscillator
Driver
Power Amplifier

Microphone amplifier
AM.C. rectifier

' Modulator, a.m.c. amp{, mad q/p

Sidechain.limiter )
Sidechain discriminator ..

1/C amplifiers

36 - 60 Mo/s in one band

0.01%

30 ¢/s per Mc/s per degree C.

7.5 o/s per Mo/s for 10k change.
© of input

Transmitter drift of 400 ke¢/s
corrected to within 10 ke/s

15 ko/s maximum

Output is substantially constant
for input variation from 10 mv
to 200 mv.

Less than 100 ¢/s : _

Less than 4% wv produces 10dB ’
quieting T

6l ke/s at 3dB dswn; 250 kq/s
at 60dB

Better than 70 dB

Better than 80 dB -

1dB change in output for input
change from 2 pv to 100 pv

250 mW into 50 ohm load for an
input of 1 wolt (Rx) or 1/15
volt (i/c amp) -

24 volt input-at 8 amps or

12 volt input at 18 amps: approx
180 watts '

6dB/octave

3 - 6 dB/octaye
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CALTBRATING CRYSTAL OSCILLATCRS

These are both electron-coupled Pierce crystal oscillators: the screens
of the valves (which are C,V. 850, 6AK5) are used as the anodes of the '
oscillators, and the anodes of the valves are used for coupling between the
ogeillatory circuit and the load being the electron strean of the valve.

R1) and R17 are the grid leaks, giving grid current bias with the
capacity of the crystal as the "grid condenser". R13 and R16 are the screen
load resistors for developing the output, which is coupled via C23 and C26
to "the Calibrate" relay (2-1). The pairs of condensers comnected between
earth and either side of the crystals (€20, 022, and C24, C25) result in a

- phase change of 180° across the crystal (as in the Colpitts oscillator);
being in parallel with the crystal, they also affect the frequency slightly,
and C22 is made semivariable so that the frequency of the 100 kc/s oscillator
may be set exactly to the nominal value. Unlike the normal Colpitts
oscillator, the pairs of condensers are not of equal capacity; if the grid
condenser is small compared with the screen condenser, the amount of feed~
back is reduced, and if the ratio is very large the circuit stops oscillating,

In normal Pierce crystal oscillators, a blocking condenser is used
between the oscillator anode (which is nearly at H,T, potential) and the
crystal, which has its other end at D,C. earth potential (or less, if grid
current bias is being developed); in these cases, however, since the screen
potential is much less than the full HT,, the blocking condenser is
wmecessary,

IN 4153/1044 ) 10
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R.F, Amplifier

The grid circuit consists of two tuned circuits, tcp—inductlvely
coupled to give a bandpass effect; the response curve is double-humped, the
size of the coupling inductor deteminmg the depth of the trough (actually
3 dB down) and separation between the humps (about 400 ko/s at 36 Mc/s,
rising to 900 ko/s at 60 Mc/s). The tuned circuits consist, respectivély,
of 14 and L3, the inductors; C3A and C3B, the variable 'sectlons of the six~
gang tuning condenser; C1 emd 05, fixed trinmers C2 and Cl, pre-set trim-
ners, The inductanoes are located in screened comparhments (to prevent any
stray inductive coupling) and are coupled together by L2 and a length of
coaxial cable; the tapping points on I1and L3 are chosen to have a suitable
impedance to mtch this 80 ohm coaxial cable,

The input'f‘rom the aerial tuning unit comes via a coaxial lead, and is
also at a low impedance; it is therefore applied to the grid circuit at a
point of low impedance, namely at the same points as the coupling inductor
and its length of coaxipl coble, since the impedances are the same in both
cases, The signal passes through the aerial change-over relay and the crystal
calibrator relay, both<of which will be described later,

The grid of the R.F,a., is fed from a high impedance point, namely, the
top of the second tuned circuit, C7 is the grid coupling ccmdenser, and R1
the grid leak; these components provide grid-current bias for the valve
when a signal greater than the auto-cathode bias reaches the grid, such as
when the receiver monitors the transmitter while sending,

R4 is the auto-cathode bias resistor, decoupled by C8 and C27; this
stage is very prone to osecillate; the cathode is brought out to two pins on
the base, and both are decoupled to earth,

R5 is the screen dropping resistor; the screen is de-—coupled directly
to the cathode in order to increase the stability of the stage (the require-
nent for stability is a low impedance between screen and cathode, not
‘nccessarily between screen and earth), The Ferrite bead on the screen lead
prevents parasitic oscillations. (see page 1).

~ ... ..R2.is the anode load; the R,F,A, is resistance—capacity coupled to the
following tuned circuit, in-which Lk is the tuned inducter, C3c is the tuning
condenser, C14 is the pre-set trimmer and C12 is the fixed trimmer, the whole
being darped by R6, which reduces the "Q" to about a half of its natural
value, The anode of‘ the R,F.A, and the grid of the following stage are
natched to this tuned circuit by tapping down on the coil,

The bandwidth of this 3rd circuit is about 400 kc/s at 3 db down (at 36
Mc/s) and so the overall response (of this together with the input circuits
of the R,F.4,) is approximately flat for a bandwidth of about 400 ko/s, and
the R.F.A, has o uniform goin over this bandwidth. The large bandwidth in
the receiver input circuit means that the tuning of these circuits is not
critical, and the frequency of the master oscillator (whichis tuned at the
sanie time) can be passed to the automatic frequency control system, which
corrects the frequency to within 30kc/s,

DN 4153/1(16) , 12
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The grid of this stage is coupled to the tuned circuit following the
R.F.A, by C13; R8 is the grid leak., R7 is the screen dropper: the screen
is decoupled by C11, and has a ferrite bead., Auto-cathode bias is provided
by R32, which is decoupled by C18: R31 is the load resistor for the
secondary of the output transformer of the st local oscillator: C49 in
parallel with it bypasses harmonics from the local oscillator. The anode
H.T. supply is filtered by R10 and C17; the tuned anode circuit consists of
the primary of Tr9, C16A, CH6B (which is o negative temperature coefficient
condenser), and R9, a d;mp:mg resistor; the low impedance secondary forms
part of the tuned gm.d circuit of the i1st I,F.A,

. During initial aligmment, when Tr9 has not yet been tuned, R10 is used
as an anode load; the link between TP1 and TP2 is broken (in pra.ctxce it

is never nade) and a diode detector circuit is inserted instead, to neasure
the overall response of the R,F.A. the lower end of the detector TP2 is
returned to the cathode rather than to earth so as to measure only the signal
from the R.,F.A, which has been further amplified, without including the
voltage from the 1st local oscillator which is injected into the cathode
circuit,

The input signal is coupled from the R,F.A., which is on the same
chassis: the input from the ist local oscillator comes via a coaxial
socket and plug (Sk5, PL5) and a Coaxial cable; the 6 Mc/s signal to the
1st I.F.4. passes via PL7 & Sk7, a length of twin flex and Ski & PLL.
These latter signals are conveyed at low impedance to minimise the effect
of stray capacitance on the tuned circuits,
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1sT LOCAL OSCILLATOR: THE CONSTANT FREQUENCY O5CILLATOR
— == e S

cle7 RIZ PLGB
0 | WA : oML PN 95,
T c162
: g L 1000
16T MIXER

Pw\gl LARGE PIN

6-3v -

FIGURE . 10.

The 1st local oscillator (or C,F.0.) is an electron ~oupled Colpitts
oscillotor: the screen of the valve functions as the oscillator anode, while
the output is taken fron the valve anode the load being coupled to the
frequency-detemining circuit, L40O, the variable "Inductuner" controlled by
the "Channel" control, G161, a pre-set trimmer, G163, a fixed trimmer, C16l4
and G165 in series With thm.r centre point earthed (these are the "Colplt‘bs
condensers"), and C166 in series with the Grid-to-screen capacitance of the
valve; the inequ&li‘by of C16l and C165 results in rather less feedback than
if they were equal (reversed inequality would increase the feedback). Grid
current bias is developed by C166 and R172; this is the only bias on the
stage. L4 is the screen load, for developing feedback,

R173 and C167 filter the H.T. to the stage, and R173 together with C162
filter the screen H.T. supply.

The andle load is the primary of Tri2; it is untuned for two reasons:-
firstly, because variable tuning would present tracking difficulties and
would spoil the isolation betvween the load and the frequency-determining
circuit (which might result in "pulling"); and secondly because the present
tuning demanded for good isolation would necd to have an impracticably wide
response. The secondary of Tr 12 is comnected via P15 to a length of coaxial
cable terminating in the R, F. chassis R14, its load resistor (which is also
the D.C, path to earth for the 41st mixer cathode circuit),

This stage is contained in a separate chassis which is almost totally
enclosed, the only connections to it (beside the coaxial plug already
nentloned) are the three power input lines : H.T., L.T. and earth; these
are conveyed by a two-pin plug and socket, PL6, which has a clip for the
earth return,

The valve used in this stage is a CV,2209 type pentode using 6.3 volt
heaters.

DN 4153/1(18) 1
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The tuned grid circui$ of the1st IF.A. consists of the low impedance
secondary of Tr9, C181a, C181b (negative temperature coefficient condenser)
and 116, damped by Ri41: although it appears to be series—tuned, it is
really parallel-tuned, with the junction of the two conponents of the coil
(116, Tr9 secondary) earthed; this steps up the impedance to match the grid
of the 1st I.F.4,and incidentally chonges the phase (after the manaer of the
Hartley's oscillator circuit). RA3 is the grid leak, and C185, is tne grid
condenser; these components give grid current bias when a large sipnal is
applied (as during "transnit")., This tuned circuit, together with the tuned
anode circuit of the 1st mixer, constitute an over—coupled pair; thus the
frequency response between this grid and the previous anode is double-humped,
with 200 ko/s peak separation, This wide response, together with the wide
response of the R.F,A, enables the automatic frequency control system to cope
with frequency errors as large as 400 ko/s. After amplification by the valve,
some of the signal is fed via C187 to the sidechain, which completeés part of
the A, P,C, system; the remaining I.F, circuits, which are more selective,
are not included in the 4,F,C. circuit.

RL45 provides autocathode bias, and is Gecoupled by C186. The screen
(which has a bead) is filtered and decoupled by RL2 & C183, The H,T. supply
to the whole stage is filtered by R43 & C182.,

The anode is coupled to the grid of the 2nd mixer by a chain of three
tuned circuits in cascade, in order to obtain the required response curve -
narrow, since only the signal and its sidebonds have to be accormodated (They
are no longer concerned with 4.F,C.). The first of the circuits includes the
primary of Tri0, tuned by C184b (n.t.c,) C1842, and domped by RiL; the
gsecond includes the secondary of Tr10, the primary of Tril, Ci150b (n.t.c.),
C1902; the third includes the secondary of Tril, L22, (to balance the small
secondary of Tri1l) C195b (n.t.c.) and C195a,

The valve used in this stage is a CV.850 type pentode using 6.3. volt
heaters,

Note

n.t.c, indicates negative temperature co-efficient.,
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These two stages are incorporated in one valve, a triode heptode, type
No., C.V.2128, heated by 6.3 volts 4.C,

The 2nd mixer consists of the heptode section; auto cathode bias for
the control and signal grids of this part is provided by R58 which is
decoupled by C204, The control grid is coupled by C197 to the tuned circuits
following the first I,F.A, R53 forms the grid leak resistor, These two
components give protective grid current bias when the receiver nonitors a
relatively large input from the transmitter on "send". The signal grid is
transforner-coupled by TR7 to the anode of the 2nd Local Oscillator, The
screen dropping resistor is RBL and its decoupler is C199. The anode supply
is filtered by R57 and C200, together with C21)4 which also affects the screen
supply. The onode load is the primary of TR6, tuned to 2.4 Mc/s by C201A and
C201B,

The 2nd Local Oscillator uses the triode section of the same valve.
It operates as a Pierce Crystal type working at 8,4. Mc/s, C207 keeps H.T.
off the crystal while C205 deteimines the amount of feedback., R62 in
conjunction with the capacitance of the crystal produces grid current bias
(the auto cathode bias on the stage does not affect the triode section
since R62 is returned to the cathode). The anode H.T, supply is filtered
by 0210 and R61, again in Conjgunction with C2414. The anode load is the
primary of TR7 tuned to 8.k4. Mc/s by C206, The secondary of TR7 is
connected to the signal grid of the heptode section, and to earth by R63
and €211 which give grid current bias on the signal grid,

The 2nd intermediate frequency is 2.4 Mc/s aad this is obtained from the

previous 6 Mc/s I.F, by mixing with an 8,4 Mc/s output
This is because there is less possibility of hamonics
upsetting reception over the working range of the set,
three harmonics of 8.4 Mc/s in the range whercas there
of 3.6 Mc/s.
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This is a two stage amplifier, using two C.V. 850 type pentodes, both
with 6.3 volt heaters.

" The grid of the first stage is fed from the anode of the 2nd mixer by
TR6 which has o small secondary; to balance this 129 is added in series, the
whole is tuned by C72a and C72b (negative temperature coefficient), The
screen of the first stage is fed from the H,T. filter R72 & C75 together with
C73, and via R71 & C71, the screen dropping resistor and decoupling condenser,

s,

auto-cathode bias is provided by R73 and C76.

The pr:i.xﬁary of Tr8 forms the anode load and is tuned to the Intermediate
Frequency of 2,4 Mc/s by C74a & C74b (N.T.O.‘).

The secondary is again small and with L32, is tuned by C78a and C78b
(N.T.C,) and the voltage developed across it is applied directly to the
next stage, '

This second stage is identical ' to the last: R78 & C82 provide auto

- cathode bias, R75 & C77 are the screen dropping resistor and decoupling

condenser and as in the first stage there is a ferrite bead, R76 & C80
form the H.T. filter together with C73. The anode load consists of L33
tuned by C79a & C79b (N.T.C.). :

The output from the anode is capacity coupled to the grid of the first
Jimiter, by C81,
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Liniters are put into an F.M. set to ensure that a signal of constant
cuplitude is fed to the discriminator,

This is done by operating the valves with low anode and screen voltages,
thus shortening the grid base. The volves start with zero bias but, when a
signal arrives, grid current flows and the valves are biased back., By using
srid current bias in this way the positive peaks of a large amplitude signal
are cut off. The short srid base will ensure that no very large negative peak
~~£8es through, Thus o constant amplitude output is obtained. 4 tuned circuit
is wlaced in the anode of the second stage to ensure a sinusoidal input to the
«iserininator,

The 1st Liniter

This is a C.V. 850 pentode. R79 and R8Y are the grid leaks which with
C81 give arid curreant bias when o signal arrives., R80 and C83 are the screen
dropping resistor and decoupling condenser, The anode is run at a low
voltage and its supply is filtered by R82 and C84. The output is resistance-
capacity coupled to the sccond limiter grid, There is a Ferrite bead on the
screen lead,

The 2nd Limiter

R85 is the grid leak and with C85, the coupling condenser, gives grid
current bias in the presence of & signal, R8L. and C86 are the screen Jropping
cresistor and decoupling condenser. R86 and R87 and C88 filter the H.T. supply
to the anode which is run at a low value, L3, and C87 are the tuned anode
load, the output being directly coupled to the Bond (or Weiss) discriminator,
There is alsc a Ferrite bead on the screen lead of this stage., Tp 7 is
attached to the anode of the second stage of the 2nd I,F,n, From this point
we can get overall readings of the performmnce of the receiver (bandwidth,
sensitivity etc.) up to this stage. 4t Tp 8 we can measure the limiter
agrid current and thus obtain a measure of the signal strength. Tp 8 is
brought out to the front of the set to Sk2h so that the set can be shown to
be working as far as the limiters without opening it.
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The R,F, input is applied across the parallel tuned circuit (which
consigts of L1, C4, C2) and C3 in series. In fact it is applied to a tapping
on the tuned circuit rather than to the upper end of C1 so that DT & R4 nay
not damp the previous circuit (the anode load of the limiter), and the tapping
is capacitive to provide a D,C. block for the limiter anode potential.

The R.F. voltage applied to the diode detector D1R1 is V4, and since the
point "X" is put at R.F. earth potential by CL, the R.F, voltage applied to
D2R2 is V2, Now RT is equal to R2, so the D,C. potentials developed across
R1 & R2 will be proportional to the applied voltages, V1 & V2, and their
polarities will be as shown, Since these potentials are connected "back—
to-back" through L1 (which has negligible 0,C, resistance), the resultant
output will be the difference between them, and will be positive or negative
according to whether V1 or V2 is greater,

In order to determine how this discriminator operates when a frequency-—
modulated signal is applied, we must consider the vector relationships
between V1, V2 and V3, Consider first the circuit consisting of L1, C3, C2,
& C3: the parallel tuned circuit comprising Li, CT & C2 has a resonant
frequency F which is higher than the rest frequency Fr; it is therefore
partly inductive, and the voltage across it, V3, leads the current I taken
from the generator. The voltage across C3 of course lags I, and these
quantities, together with their resultant Vi, can be represented in a vector
diagram as shown below:—

In order to get zero output at Fr,

V1 and V2 must be equal in
VB magnitude and to achieve this the
phase angle of V3 is adjusted by
altering the amount of detuning
cf the tuned circuit: the
following diagram shows how the
phase angle of a tuned circuit
alters on each side of its
resonant frequenocy.

Ve

Vi

v FIGURE 16
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Diagram illustrating the relationship
between applied frequency and phase angle
(current leading voltage or vice versa),

If FC is raised, the vector diagram in Figure 16 has to be modified in
two respects:~ since $he tuned circuit in the discriminator is more nearly
resonant, thc magnitufle of V3 is increased somewhat relative to the other
voltages, and the phase angle is reduced. Both these changes tend to increase
the magnitude of the resultant, V1, as shown below:-

V3

— g —— i —

Fo GREATER THAN Fp

FIGURE 18

Thus V1 exceeds V2, and the resultant output from the diodes is negative,
Note that since FC is approaching FO, the current I decreases (tending to
decrease V2), and the reactance of C3 decreases (also tending to reduce V2);
these factors increase the difference between VI and V2 (thus increasing the
sensitivity of the discriminator) but are too small to have any appreciable
effect in practice.

Similarly, when the applied frequency is lowered, the reverse changes
take place, and a positive output is obtained.

Note, in Figure 1, that the cathode of D1 is differently connected in
the two discriminators used in the set; in the receiver it is directly
carthed, while in the sidechain it is earthed for R.F. by the first condenser
of the pi-shaped filter (as is the cathode of D2), the other end of the
filter being connected to the receiver discriminator (via an L-plus-T-shaped
filter), so that their D.C. outputs add together,

DN 4153/1(2y) 20
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The above block diagram, together with the ocircuit diagram on the previous
page, shows how the reactor stage is fed with D,C., and A.F, When transmitting
and receiving, the receiver is always working, and so both discriminators are
being fed with R.F. at the appropriate frequency and are therefore producing
D.C. & A.F. oubtputs according to the amount of drift and A,F, deviation on the
applied signal, The receiver discriminator produces its output with respect to
earth (one of the diode cathodes is directly earthed), and the sidechain
discriminator produces its output with respect to whatever woltage is produced
by the other discriminator:— since the receiver discriminator is comnected to
this ocircuit via a low-pass filter, only its D.C., output reaches the "earthy"
cathode of the sidechain discriminator, together with the A.F, ocutput from the
modulation amplifiers, and thus the net output is the sum of the D,C. outputs
from the two discriminators together with the output from the modulation
amplfiers,

Since this circuit inwlves four different types of voltage ~ D,C., A.F.,
NOISE VOLTAGE (which is A,F, of about 10 Ko/s), and R,F, — the filtering system
has to be fairly comprehensive in order to prevent interaction,

(A) R.F. Filters:- the output lines of the two discriminators are filtered by
means of the three filters which include R90, R59, and R6O,

(B) D.C. Filters:— D.C, is isolated from the three A,F, stages which are
cormected to this system (the modulation amplifiers, the AF.As. and the noise
amplificr in the squelch circuit) by €153, C101 and C122, respectively.

(C) A.PF. Filters:— A T-shaped filter consisting of R65, R57 and €213 is backed
at cach end by Leshaped filters consisting of R92, 095 and €212: +this combina—
tion effectively prevents the output from the modulation amplifiers from
reaching the A.F.As, and also isolates the A.F, and noise output produced by
the receiver discriminator from the reactor stage, V.5.

(D) Noise Filters:- the A.F, filters mentioned sbove also functior as noisec
filters: in addition, R91 and C9Lk block noise from the A,F.As.

(E) R21 and €32 filter stray R.F. signal from the reactor grid lead, thus
preventing feedback and instability,

On "tune R,F." the lower end of R66 is
[ earthed, This bypasses the high

impedance due to the receiver

S/c DisC discriminator (164 K) and the A,F,
filter network (Rél.,65,67,0212,213
R92,095) (746 X). The meter reading

L

SAF is thus increased, The output from
}FN.TER Re6 the receiver discriminator is
y negligible as it is attemuated by
Py the filter, On the first two
SwA4 LI 40 positions, this output is taken from
Rx Disg, * 35, Mg, bbe other side of the filter; it

is therefore not attenuated,

FiaURE. 2!,
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P, M, Sets produce a noise output in the hcadphones in the absence of a
signal, which is reduced when a signal arrives, This has been found, by
experiment, to arise in the SECOND MIXER, a heptode, The squelch circuit mutcs
the receiver whencver this noise is produced ard the arrival of a signal causes
the receiver to operate normally, and the signal can then be heard,

THE NOISE AMPLIFTER

The noise signal from the discriminator passes through N5 and through a
coupling condenser C122 to RV2: a pre~set control, which applics a pre-
determined amount to the grid of the amplifier., R122 and G124 provide auto
cathode bias, R121, C121 and a ferritc bead filter the H.T. supply to the anode
and screen, L39 forms the anode load tuned to 10 Kc/s, by €123, (the majority
of the noise signal occurs around this frequency), The output is copacitively
coupled to the next stage.

THE NOISE RECTIFIER

This is a shunt-comnected diode, with a variable delay voltage between
40 and 100 wolts on its cathode determined by the potentiometer network; R125,
R126, and RV4 which can be switched in and out of cipcuit by SwhAe, C126
decouples the diode cathode and the bottom of R125 which drops the H.T. to the
delay voltage. Any noise output from the previous stage in excess of this
voltage is rectified and developed across R123, the load rcsistor, It is then
filtered by two 'L' shaped filters R124 and C127 and C188, and applied directly
as negative D,C, to the grid of the next stage.
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THE D.C. MMPLIFIER

Any negative voltage on the grid of this stage due to an output from the
rectifier will reduce the anode current, which will then become insufficient to
hold the squelch relay in its rest position, that is, closed, The relay
(RLL./Z) will therefore open, and with one contact earth the anode of the 1st
Aol e thus muting the headphones while the other extinguishes the signal lamp
on the front panel. R128 and R129 filter the.anode and screen circuits, ~nl lso
set the standing anode current in the absence of a signal on the gri. .

When any signal arrives the noise ceases, there is no noise v '4-.2 So
rectify and hence there is no voltage on the grid of the D.C. amplitricr, The
anode current once more increases and operates the relay reconnecting the anole
of the 1st AP.A. to the H.T, supply. The signal can then be heard in the
headphones and the signal lamp relights.,

Swic on the system switch reduces the delay voltage on the noise rectifier
on "cursor" and "channcl" adjust by shorting out RVL in the potentiometer
network (the variable resistor which is the front panel as the "squelch" control),

The squelch circuit is also used in connection with automatic rcebroadcast
operation which will be cxplained later.

The two amplifier wvalwves used in this section are C.V, 850 type pentodes
using 6.3 volt heaters, while the noise rectifier is a small pencil diode
C.V. 469 which is also the type used in both discriminators and in the Automatic
modulation control circuit, These are heated by L4 volt supplies which are, in
most cases taken from the 6,3 volt line through o series resistor (but not in
the case of the sidechain discriminators),

A high impedance squelch relay is used to match the high anode impedance of
the D.C. amplificr which operates it.

THE FPRE-EMEHASIS AND DE-EMPHASIS NETWORKS

The De—ecmphasis network is situated in the receiver on the input line from
the discriminator to the 1st AFA. This network consists of a system of filters
arranged so that the network as a whole has a frequency response curve which
drops at the high end,

The network is put in to improve the signal to nolse ratio of the higher
speech frequencies (where there is more noise); It cuts down the rcsponse at
higher frequencies (at 3Kc/s it is 12 Db below that at 300 ¢/s). To compensate
for this, as far as the signal is concerned another network is provided on the
input line from the microphone to the st modulation amplifier, known as the
Pre—~emphasis network, which has a rising characteristic, thus emphasising the
higher specch frequencics by having greater rcspense at the top end of the spcech
Tonge.

In this way the noisc is cut down at the high end of the speech band
whereas the signal remains constant. Thus the signal to noise ratioc is
increased at these frequencies,

Both these networks are contained in their own separate screening cans,
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Tt is not necessary to account for frequencies outside the range Ke/s down
to 300¢/s since very nearly all speech frequencies lie within this range.
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The signal is applicd to the de-emphasis nelwork, which has just been
explained, The terminating resistor of the network is the grid leak of this
stage; C111 removes any R.F. which rcaches this part of the circuit, during
"transmit", or at any other time, R107 and C105 are the autocathode bias
components, The screen has a Territe bead and is decoupled by C10L4, R105 being
the dropping resistor, The ancde is resistance—capacity coupled to the next
stage by the load resistor R106 and the coupling condenser (106, The anode is
also fitted with two ferritec beads,

2rd AF Amplifier

The signal from the first stage is coupled to the grid leak, R109, by
G106, R111 is the autocathode bias resistor, which is undecoupled to give
current negative fecdback on this stage. The screen has a bead, and is
decoupled by €108, R110 being the dropping resistor, the anode load is the
primery of Tr,.1, whose secondary feeds the headphones via the distribution box,
R108 provides voltage negative feedback across this stage; this, rcduces the
output impcdance of the stage, improving the regulation of the output voltage
when varying numbers of phoncs arc connccted.

Squelch Operation

In the absence of signal, the squelch relay rcleases and the carth
connection via SwC is transferred from the rebrosdcast line (Sk2E) to the
anode of the first AFA. When a signal arrives, the squelch relay operates,
un-muting the AFAs ard carthing Sk3E; but on "transmit" (when the squelch
relay again operates) this earth conncetion is broken by the send/receiver
relay; thus the carth conncetion is made only while a signal is being reccived,
and is uscd for automatic rebroadcasting.

Both valves in this section are type C,V. 850,
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THE MODULATION AMPLIFIERS
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1st Modulation Amplifier

This stage is fed by the microphone input transformer Tri, via the
Pre—~emphasis network, This network is terminated by Ri43. C159 blocks the
negative voltage on the grid of the 1st modulation ampllfler from the D,C, path
to earth through the Pre-emphasis network. R145, R148 and G144 form a T shaped
filter to keep any AP output from the automatic modulation control detecctor from
the grid of the modulation amplifier, where it might cause instability. R1LE
prevents the microphone signal from being passed tc earth by Clid. The cathode
and suppressor are directly earthed, The screen is supplied from the potentio-
meter network R146 and R147, which stabilises the voltage supplied to the screen,
which is decoupled by CI43 and C156, C145 and R149 filter the anode cirecuit and
the anode load is R150, The output is capacitively coupled, .via C150, to the
grid of the 2nd modulation amplifier and to the automatic modulation control
amplifier by Cl14é. The valve is a CV 4015 type pentode whose heater is fed with
D.C. to reduce hum,

2

2nd Modulation Amplifier

RV3 is a preset gain control, which aprlics a certain amount of the signal
to the grid of this stage. R159 and C1B4 provide auwto-cathode bias, The screcn
dropping mesistor is R158 and the decoupling condenser is C151; there is a
ferrite bead, The ancde H.T. supply is filtered by R160 and 0152 R161 is tho
anode loead dcveloplng the output voltage which passes througn C153, a D.C. block
to the Junction of the discriminators. C157 acts as a top cut Filter.

SwAc earths the top of R66 on "tune R.F.". This serves as an
attenuation network for the output of the receiver discriminator, which has %o
be reduced on this position of the system switch, as only the sidechain
discriminator is being used to produce the meter reading,

The AF ard DC signals from the modulstors and receiver discriminator are
‘applied in series with the DC output from the sidechain discriminastor, which
adds its own DC component, to the grid of the reactor, This loop results not
only in automatic frequency control, but alsc in negative feedback in the
modulator, which keeps its percentage deviation lincar, and also constant at
all frequencies.,

The 2nd modulation amplifier is a CV 850 type pentode, fed with 6,3 volts
to its heaters, These are only on when the Stardby/traffic switch is at
traffic, as are those of the 1st mod amp, H.T, is only on when the system
switch is set to "tune RF" or on "operate" with the presscl pressed,
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AUTOMATIC MODULATION CONTROL
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This circult ensurcs that the deviation of the master oscillator is never
greater than the specified 15 Ko/s.

AUTOMATIC MODULATION CONTROL AMFLIFIER

This is a CV 850 type pentode, R151 is the grid leak, R152 is a parasitic
stopper, The cathode is directly carthed and only grid current bias is
provided, by R151 and C146, R153 is the screen dropping resistor amd C147 is the
decoupling condenser, The anode is resistance capacity coupled by R155 and
0148, to the primary of Tr5 which steps up the voltage applied to the rectifier,

AUTOMATIC MODULATTION CONTROL RECTIFIER

This is a pencil diode, type No CV L69 with a 4 volt heater, It is [
connected as a series diode detector with a delay voltage of network formed by
R156 and R157. R1I44 acts as the load resistor, the D.C. developed across it
being smoothed by C149., This DC is fed via the *T' shaped low pass filter R1L5,
R148 and CiLk to the grid of the first modulation amplifier (which is a varisble
mu pentode) thus reducing its gain, Thus if a large signal reaches the anode
of the first modulation amplifier which would eventually produce a deviation of
the master oscillator greater than the required meximum of 15 Ke/s, it is
amplified and rectified by these two stages and produces a negative DC output
which reduces the gain of the modulation amplifier terding to keep constant
the output of the modulation amplifiers, and thereforc the deviation of the
master oscillator,

Both A.M.C, valves and the 2rd modulation amplifier are fed with balanced
heaters to reduce hum,
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THE MODULATOR & MASTER OSCILLATOR
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The valve used is a CV 850 type pentode using 6,3 volt heater,

The D,C. and AF signals from the discriminators and the modulator are
applied to the grid via the filter R21 and C32 which removes R,F. from a
physically long wire, R23 provides auto~cathode bias and is not decoupled.

R33 increases the current through R23 so that the required auto-cathode bias can
be obtained with a smaller value of R23 thus reducing the curremt negative feed—
back, The screen supply is dropped and filtered by R22 and C31 in conjunction
with a ferrite bead, The primary of the ferrite reactor is conneoted directly in
the anode circuit, while the secondary is tapped across the bottom turn of the
Master Oscillator tuning woil,

(The theory of the ferrite reactor is discussed oa Page 2).

THE MASTER OSCILLATCR

This is an inverted Hartley type, using a CV 133 type triode with 6.3 volt
heaters, L10 is the buning coil, C55a and C55b (the latter a negative temperature
coeffioient condenser) are fixed trimmers, while C35 is a pre-set trimmer and
C3f is a section of thc main tuning 6 - gang gondenser, R25 ard C3L4 provide
grid currcent bias,

L9 and 117 are VHF chokes to kcep the heater circuit from being at RE
earth potential. (If these were not present the heater—cathdde mapacitance of
the valve woul€ be shunted across the lower part of the MO coil), The anode
HT supply is filtered by R24 ard C33 together with C36, There is no anode load
on the valve since the output to the driver is taken from the grid cirauit,

H.T, is only switched to thesec valves when the standby/traffic switch is

set to "traffic" and the system switch at "Tunc RF", or at "Opcrate" with the
pressel pressed,
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THE DRIVER
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The master Oscillator tuned circuit is coupled to the dAriver by C38, R26
being the grid leak, Auto cathode bias is provided by R28 ard CL1,

The screen HT supply is filtered by CLO and R27., L1171 is the anode load
which is not tuned. The output is passed via C43 (which blocks H.T.) to the
grid of the power amplifier,

The valve is a CV. 2243 type pentode fed with 6.3 volts A,C. but only when the
Standby/Traffic switch is set to "Traffic", It is only fed with H.T. when on
"tune RF", or on "Operate® with the pressel pressed,

TP3 'is in the cathode circuit and thus at this point we can measure the

cathode current ard test that the transmitter is functioning correctly up to this
stage. 'See page 7.
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THe POWER AMPLIFIER
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The valve is a C,V,2220 type tetrode fed with 12 volts A,C., for its heaters,
This supply, as in all the other transmitter valves, is only switched on when
the Stardby/Traffic switch is set to Traffic,

The tuned grid is double erded, the tap on L12 being earthed for R.F, by
Cy2, CbBL4 is a fixed trimmer, CL9 a preset trimmer and C3e a section of the
6—gang main tuning cordenser,

One end of this tuned circuit is coupled to the grid of the P.A, by L16 and
R32, which act as a parasitic stopper and also to the previous stage by CL3, The
other end is comnected to the anode of the P,A, by C3g, the neutralising
cordenser, A certain amount of R,F., is fed back from the anode to the grid
capacitively, through the valve itself, This is undesirable, so R.F, is fed
back from the anode to the opposite end of the grid coil so that its phase is
reversed by the time it reaches the grid, This is known as neutralising and is
effected by C3g. This condenser is not part of the main 6 gang tuncr but only
given this number owing to its position near the ganged set,

CL3, R25 and R30 prcvide grid current bias, which is the only bias that
the P.A, hag, Tp 9 provides a means of measuring the grid current and thus the
drive, C45 decouples R.F, from this test point,R371 is the soreen dropping
resistor, ChL the main screen decoupling condenser; this was found to be
physically too large to be wired as close to the pin as is desirable and GL6
was added to complete the decoupling.

The anode H.T. supply is filtered by L13 and C48, This supply is only on
the valve when the system switch is set to operate ard the pressel is pressed.
(The Master oscillator and the driver only have H.T. switched on when the system
switch is in the "fune' R,F." position). On high power the supply to the P.A.
is 350 volts and on low power the anode is comnected to the normal 175 volt line
ard a dropping resistor R182 is switched into circuit by SwBa on the High/Low
power switch on the front panel.
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The output is developed across the anode load Li4, which is untuned, and
then capacitively coupled to the aerial tark circuit by C51. This circuit
~consists of L15 (which has a low impedance tapping for coupling the output to

the merial via 80 Ohm coaxial cable), C50, a fixed trlmmer, C53, a preset trimmer,
and C3d, a scction of the main 6 gang tuning condenser, The output from this
circuit is directly coupled through the cable to the aerial tuning unit,

The rvlay contact 1 - 1 is on the aeridl change—over relay and connects the
aerial to thc tank circult when the pressel is pressed and the system switoh is
at "operatel,

THE SVDEGHMN L‘MIT'ER AND DISCRIMINATOR
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AUTOMATIC FREQUENCY CONTROL

A small fraction of the transmitter oubtput is fed by stray capacitance to
the receiver, although its input line is earthed (in fact, to the 1st mixer),
This signal passes normally through the receiver until it reaches the narrow
discriminator; from here the A.F. portion will pass on through the headphoncs
and give sidetone, and, if the transmitter has drifted for any reason from the
set frequency, the dlscrlmlnator will also produce a D,C. potential which is
positive or negative according to whether the transmitter frequency has drifted
upwards or downwards, This output is fed through the wide discriminator, which
is itself fed through a limiter with part of the signal from the anode of the
1st I,P.A,, and hence will add its own component to that of the narrow
discrininator if the transmitted signal is off tune. The two outputs arc
together fed to the grid of the modulator valve and vary the anode current
passing through the reactor which proceeds to correct the Master Oscillator
frequency drift, leaving an error not greater than 10 Ko/s., The correct
polarity of the D C. is obtained by connecting the "offset" condenser to the
appropriate side of the discriminator tuning coil,

The wide discriminator has 1/6th of the sensitivity of the narrow one, and
is about 30 times as wide; so its output for all normal smounts of drift will
be so small as to be quite negligible, It will however help to bring the
Master Oscillator back to a frequency where the receiver discriminator can
correct it if the drift has been very great. In this way a swing of up to
2 Mc/s either side can be accounted for zrd the M.0, frequency corrected,
Another use of the wide discriminator, is for tuning the 1.0, on to the receiver
frequency, when tuning up, The meter is used %o give an indication of zero
output from this discriminator., The narrow one produccs too sharp a null point
for casy tuning, and so R66 and SwAc are used to reduce its output to 62% and
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eliminate any rapid changes in potential, The wide discriminator is fed via a
limiter (which is analogous to the 2nd receiver limiter except for having auto
cathode bias, prcduced by R50 and C191) from the anode of the 1st T.F.A. (a
point of reasonable signal strength and not too great selectivity)., The limiter
uses L21 as an anode load, tuned by €192, The anode and screen H,T., supplies
are filtered by R51, C188 and R4L9, C189 respectively, The screen has a bead
RL7/8/R48 form the grid leak, The discriminator is of the Bord type.

Tp 4 gives the receiver performance up to the 1st I.F,A, anode and Tp 5
gives the side~chain limiter grid current,

THE INTER- COMMUNICATION AMPLIFIER
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Inter-Communication Amplifier

This is a two stage resistance—capacity coupled amplifier with input and
output transformers and using two CV 850 typec pentodes with 6,3 volt heaters,

The input transformer works into a load resistor R132 which also scrves to
damp any resonant responses in the transformer, R139, C13k and C135 form a
pi-shaped filter to keep R.F. off the grid of the stage, R134k is the auto-
cathode bias resistor, which is not by-passed, giving current ncgative feedback,
0131 is the screen dropping resistor; there is also a Ferritc bead on the scrcen
lead. R133 is the anode load and C132 couples the anode to the next stage.

R137 is the grid leak resistor of the second stage. R138 is the auto-
cathode bias resistor, again not bypassed, The screen is decoupled by C133 and
R136 is the screen dropping resistor., R135 provide voltage negative feedback
across the stage, being connected between the anodes again to improve the
regulation of the output, The anode load is the primary of TR3, whose
secondary feeds the headphones.
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THE POWER SUEPLY UNIT

This is a supply unit vibratory No.12, 24 volt input, It consumes a
meximum of 7 amps at 24 volts. There is also a 12 volt input type, which takes
a maximum of 17.8 amps and is, therefore, less efficient..

The output of the 24 volt unit is: 12 wolts D,C, for the sidechain valves and
1st modulation amplifier, (dropped to 6,3 volts in the set), 6.3 volts centre~
tapped for the rest of the modulation amplifier, 6,3 wolts for the inter—
communication amplifier, 6,3 wlts for the receiver valves and for the
transmitter, except the P,A. and 1st modulation amplifier and 12 volts for the
P.A. (2ll these latter voltages are A,C.). It also supplies.the H.T. voltages;

175 volts for the main line and 350 volts for the Power amplifier on "High power
send",

A voltage sensitive relay in the harness type 'A' connects the 24 volt input,
after chopping by the vibrator, to high or low voltage tappings on the transe
former primary, according to whether the nominally 24 volt input is above or
below its stated value,

On the unit there are 4 switches:—

The Main POWER on/off switch which starts the vibrator,

The SET on/off switch which starts the rcceiver by supplying 6.3 volts to
the receiver heaters,

The STANDBY/TRAFFIC switch which starts the transmitter by supplying the
heaters of the transmitter wvalves,

The I/C on/off switch which allows 6,3 volts to pass to the heaters of the
intercommunication amplifier valves,

There is one fuse, Fsl, which is rated at 10 amps and cach unit ocarries
two spares,

The meter is unusual in that it reads from 15 volts to 30 volts,

This gives greater accuracy for a given scale length,

Some sets are designed to that they can be used with either a 24 volt P.S.U.
or with a 12 volt type. They have a switch for changing from one to the other,
The more recent models however can only be used with one type of supply unit,

HASH FILTERING

All vibrators create a lot of R.F. interference due to sparking at the
contacts, Very exacting standards were laid down for the performance of this
supply unit, and so 21 hash filters and three spark suppression devices are
incorporated in it, These hash filters each consist of two feedthrough
cordensers and one R.F, choke, Ten of these L3 ~ 12 and C9 ~ 28 are contained
in a screening can, The spark control devices consist of two in comnection with
the voltage control relay (R7 & 8) and one across a relay contact in the 350 volt
H.T. line (C8 & R9).

The two screening cans round the filters and round the vibrator itself
form a complete screen round the whole vibrating system,
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input circuit

Twenty four volts from the 2 pin inpus plug Js applied through the fusc Fsl,
rated at 7 or 10 amps, and the pi-shaped filter L13, C30 and C29 to the power
on/off switch Sw A which, when closed, allows the 24 volts to flow to the meter,
to the battery homing terminal, and, via the "L" shaped filter, L1, C1, to the
heater of the {st modulation amplifier, This line goes via two dropping resistors
R11a and R11b (which drop 12 volts) and another resistor R163 (placed in the
set) ard which drops 6 volts giving an output of 6,3 volts at 0.3 amps D,C, The
line through L1 and C1 passes through a hash filter (Lk, C11, C12) to the
vibrator energising coil and also through R2 and another filter o the
transformer primary, the blower motor and the relay circuits. Twenty four volts
is also applied, via L1 and C1 to the Traffic/Standby switch so that the relay
RL3/L will operate when this switch B is set to Traffic,

So far only the power on/off switch has been switched on, As a result, the
vibrator ard transformer are working, and generating the heater and H,T.
voltages, the H.T, is passing on to the set but the A.C. heater voltages arc only
applied to switches and relays, and are not yet comnected to the sct, The
cooling fan is also supplied with 24 volts and will start, Throwing the SET
on/off switch to "on" completes the hoater circuit of the receiver and connccts
R3 isl parallel with R2 (to keep the input voltage up despite the increased
lead),

Throwing the Traffic/Standby switch to traffic puts 24 volts on the top end
of RL3/k which will then operate provided the lower cnd is earthed by having
the SET switch to "on". It also connects R4 in parallel with R2 instead of
R3 (again to account for the increased load). Three of the contacts of the
relay RL3/l connect the transmitter heator windings to the sct while the fourth
puts 24 volts on the top end of the low/high power relays so that they will
operate when their other ends are earthed by switching the LOW/HIGH switch on
the front of the set to "high'",

Contaot 1 -~ 1 is a conmtact of this H.P/L.P. relay and it is used to short
out Rk, again to account for the increase of load,
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~ PowgR SuppLY UNIT
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The Vibrator action

The vibrator is of the synchronous type and is shunt driven, It takes a
supply of 2L volts, When this voltage is applied, by throwing the power switch
to "on", current flows through the energising coil, via pin 7 of the vibrator,
across the contacts, through pin 5 and then down to earth, Since the coil 'is
energised the vibrator reed is attracted (down in this diagram), thus breaking
the energising circuit, The reed then contacts onto pin 4 thus sarthing the
lower end of the transformer primary, causing current to flow through that half,
Since the energising currcnt is broken, the reed is released and moves back to
its original position, remaking the energising circuit, It will also move
slightly past its former position, and earth the top end of the primary, thus
reversing the direction of current flow, since the input circuit is remade the
cycle will start again; the leads going off to the primary of the transformer,
and which are earthed as described, cach have a hash filter on them to remove
stray R.F, interfercnce (these consist of twin "L" shaped filters, L18, L21,
C37, C40O, C43 and L19, L22, 038, CL1 and CLk4), The line to the input also has a
hash filter on it (LiL, L16, C31, C33, and C35),

C2 quenches the sparks across the energising coll contacts and R5 gives the
correct time constant, C3 ard C4 are buffer condensers to prevent any sudden
changes of voltage across the primary, which might cause a peaky and uneven
output, R6 gives the correct time constant and prevents a short circuit in the
case of a faillure of C3 or ChL.,

The Voltage Control Relay

When the input voltage to the PSU drops below 23,5 volts a voltage
sensitive relay in the control harness is released, and by so doing removes the
earth line from SK1C, This will cause RL2/lL to release and operate to introduce
the input across a smaller primary as follows:-

RL 2-2 and RL 2-4 open, thus putting R7 and R8 in the primary circuit,
RL 2-1 and RL 2-3 close, effectively applying the input to the tappings on the
primary. By the autotransformer effect there will be a voltage across the
cuter ends of the primary, now out of the main circuit, which will cause =&
current to flow through R7 and R8., This circuit is broken by the movement of
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RL2—~1 and RL2-3 past their rest positions causing the contacts A & B to open,
Thus the change over compensating for low voltage input is effected without
breaking the heavy primary current and then remaking it.
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The H.T. winding, 81, produces 175 volts A.C, This is used in a voltage
doubling circult to produce 350 volts D,C, for the anode of the P.A, on "high
power send", It is also used in a half wave rectifying circuit to produce 175
volts D.C, for all the other valves and for the P,A, on low power, O6 and C17 are
the reservoir condensers; L12 and C5 form a filter to smooth the 175 volts lines.
R10 sets the output to 350 volts (the load on this line being light, the voltage
will tend to rise), RL4~1 is a combact on the high power relay to switch the
350 volts to the anode of the P.A, 08 quenches any sparks across the gap ard R9
gives the correct time constant., The L.T. sccordaries are straight forward and
produce the heater voltages for all the valves, (12 volts for the P,A, and
6.3 volts for all the others, The 4st modulation amplifier is fed with D.C. from
another part of the PSU), The AM.C. and 2nd modulation amplifier heaters are
fed with a balanced voltage to reduce hum,

RL4/1 and RL1/1 are the two relays which operate on high power, RL4/1
complctes the 350 volt H.T. line and RL1/1 shorts out the resistors in the input
lead to the wvibrator, giving moximum input for the maximum load, If it were not
for the contact RL3-1 on RL3/L, (which is only actuated when the set is "on" and
the standby/traffic switch is to traffic) these latter relays could be actuated
and all resistors removed from the input circuit with the set "off", and HT fed
to the P.A, without the rest of the transmitter working,

DN 4153/1 (1) 37




The switch SWB is required to complete the receiver heater circuit, to
conncct R3 across R2, and to make possible the actuation of RL}/L,.. These latter
two functions could be performed by two scparate sections of switch, but it is
more convenient to use a single scetion for both purposes, and simply to switch
the 24 volts from the carthy cnd of the rclay., This voltage is developed across
R1, which during operation carries the rclay current to R3.

The heater voltage to the intercommunication amplifier is switched directly
by SWC the i/c "on/off" switch on the front panel of the unit,

Noto: (F) in the diogram denotes a hash filter, consisting of
an R.F, choke and two feedthrough condenscrs,

WIRELESS CONTROL HARNESS TYPE 'A!

This is the harness normally used in tanks; it compriscs threc wireless
sets (the CL2 together with the B45 and BL47, which are short-range sets
(identical except for their frequency ranges) uscd for inter-tank and tank-to—
infantry comnmnication), and provides facilities for four crew members, The
harness consists of a central junction box (Junction, Distribution, No, 9 or
J.D.9) to which all other units arec comnected, a Rebroadcast Unit (Control Unit
No, 30), provision for attaching a Tank Telephonc (for infantry intercommunica-
tion) ard a Remotc Control Station (up to 1000 yards away, as a gumery
observation point, for cxample), a control unit cach for the gunner and the
losder-operator (C,U.31) and a control unit for the commander (C.U.ﬁl;.), together
with a control unit for the driver (J.D.8), to which the Tank Telephone is
attached, In addition cach crew member has a headset connected to his control
unit; the loader—operator mey, alternatively, use an amplifier and a set of
loudspeakers so that he may be unhampered by a headset, Provision is also made
for any member to call the commander and he is given a facility wherc, by pressing
an emergency pressel, he puts everyone onto i/c so they can hear him whatever
they are doing. This is known as the emergency i/c.

Previous types of control harnessecs (such as those including the C,U, No. 2
Mk,II) distribute the phone, microphone and prossel leads from all the sets
connccted to the harness to all the crew-menbers! control boxes; the desired
scrvice i1s then selected by the crew-wmember at that location, Due to the
capacitive effects between these many wires (being close together) in the cables
of the harness, a certain amount of break-through is experienced between the
various services, This drawback is avoided in the type A harness because the
three "live" leads from cach set are connected to centraliscd distribution
switches situated in the J,D.9, which arc controlled by cach crew-member's service
selection switch and distribute only the required service along the cables of the
harness, Thus cach cable from J.D.9 to the crew-member!s carries only 4 D.C,
leads from the service selection switch to the J.D.9 and 3 "signal" leads to the
crew-member, instead of 12 "signal' leads; +this not only prevents break-through
but alsc results in fewer wires in the cables,

SERVICE DISTRIBUTION IN THE J.D.9

The facilities available to the driver and to the Tank Telephone include
intercommunication and the ability to call the commander, and are distributed from
the J.D,9 via another control box, the J.D.8; this unit contains the calling
switch and gain control for the driver, the calling bubtton for the tank telephone
being mounted on that unit: there is no gain control for the tank telephone, The
facility of calling the commander, which is available to all other persomnel,
will be described in detail below,

The loader=operatcr and the gumer can select any one of the four services
(intercommunication and three wireless sets), The selection is made in both
cases by means of rotary switches actuated by Ledex motors, These arc electro-
magnetic devices which stop in a certain pre-determined position; a variety of
positions means that the rotary switch wafers can be set in any desired position,
as determined by a remotely situated selecbor switch, This is one of the two
methods of having remote control over a central switching system, the other
being the relay system by the comander,
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LEDEX MOTORS

These are remote operated devised for rotating the selector switches of the
gumner and the loader-operator. The motor consists of an electromagnet with a
rotary action, together with a pair of contacts which open when the elcctro-
magnet reaches the end of its travel; these conmtacts arc connected in scries with
the D.C., supply to it so that the opening of the contacts de-cnergiscs it; on
returning to the rest position the electromagnet is re-cnergised ard the cycle
is repeated as long as the D.C, is applied, This alternating action is converted
into rotation of the switch by means of a rotary ratchet mechanism,

D.C. is supplied to this mechanism via a wiping contact and a slip-ring
which has a gap in it; the mechanism repeats, rotating the gapped ring and the
selector switching, and stops when the gap is opposite the wiper (breaking the
D.C. supply). If more than one wiper is fitted, the mechanism will stop when the
gap is opposite whichever wiper was supplying the D.C. It is the crew-member's
selector switch which selects the wiper to be used and this detcrmines the
position in which the mechanism stops and the service selected,

In this particular mechanism, there are two gapped slip-rings, Onc is
fitted with four wipers for selecting the four services, and the other is fitted
with only one; normally, the first is used, but for "emergency 1/c¢" the second
is brought into action, the change—over being effeccted by a scction of the
"emergency i/c" relay, RL.D/2,

The switch positions arc separated by 30°, so therc are 12 positions per
revolution of the shaft; as therc arc only four services to be sclected, the
scrics "A~-B~I-C" is repcated threec times per revolution,

For details of motor and switch wiring and contacts sce E.M,E.R., TELS L772
Pt.II.

CUT-QUTS

The Ledex motors, consume a considerable amount of current, although normally
the current flows for only a short time. If a motor jams, the continued current
operates a thermai cut-out (a bi-metallic strip), and the D.C, supply is switched
across to the "call" linc, removing the D,.C. supply from the lamps in the
CeUu31's as well as from the Ledex motors; this position of the cut—out is also
stable, If the calling switch is now held over, earthing the "call™ line,
another bi-metallic strip resets the cut~out, and if the "jom" is clear, normal
operation continues; but if the motor is still jammed, the continucd heavy motor
current operates the cut-out again, and the bi-metallic strips are altcrnately
excited by the motor current and the current short-circuited call line; this
cycle causes the lamps to go on and off, indicating to the gumner or the loader-
operator that the motor has jammcd,

The commanders selection of services is achieved by means of relays instead
of Ledex motors and rotary switches, The relays arc RLG/3, RLH/3, RLJ/3 and
RIK/3, and when the J,D,9, is switched on they are supplied with 24 volts D.C,
via RL,F-1, which is closed whenever the remote control and calling facility is
not in usec,

RIG/3 is the monitoring relay, its earthy end is carthed (and the relay
operated) by one pole of the monitor on/off switch on the commander's headset,
while the other pole switches one of the carpieces from the headphone line of the
normal set to the "monitor" line, When this relay operates, its three contacts
close, connccting the headphone line from the three sets to the monitor selection
switches, via the connecting cable and the resistars R1, R2, R3; the signals
passing through them to the commander arc attenuated comparatively little, but
brcok~through between the sets (since they can be comected in parallel) is
considerably reduced by these isolating resistors, When any or all of the
monitor sclection switches are closed, the signal to be monitored passes to the
monitor gain control, RVZ, and then via the sccond pole of the monitor on/off
switch (already described$ to the monitaring carpiece.
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The other three relays are used in the selection of the main facility
required, The Commander's service selection switch, S-Db, S-Dc causes the K
relay, the H & J relays and all three relays to operate when the switch is sct
to B sct, A set and C set, respectively; when I/C is selected, none of the
relays is energised., Iach of the threec contacts of each relay works in the same
way, the "1" contacts switching the pressel lead, the "2" contacts the headphone
lecad and "3" the microphone lead; the functioning of the groups of contacts is
straightforward. In the diagram below, it can be 'scen that the H & J contacts
(which move togcther) go to four different points, corresponding to the four
scrvices, and the K contact selects onc or other of the H or J contacts; +thus
with these two groups of relays, it is possible to select any one of the four

G

® O ® ®

FIGURE. 35

Pressing the commander's pressel completes the microphone circuilt on all
four scrvices, but ecarths the "send/recceive relay" line only on 4, B, C, because
the 1/C amp, has no send/rcceive relay, In the I/C position, the send/receive
linc from the pressel switch is comneccted to the earthy end of RL,D/2; the
operation of these conbacts brings into action the second set of gapped slip-
rings ard brushes, which comncect the loader—operator and gunncr to the I/C amp,
This can only happen when the emergency pressel is used (by-—-passing S—Da}. Note
that the earthing of the lower end of RL.D/2 also entails earthing the input
side of the I/C amp, via the fecdback condenscr C2, which recsults in the loss
of some of the higher frequencies; when RL F-2 is closed (thus completing the
feedback loop from output to input of the I/C amp via 02), this earth conncction
at the lower end of RID/2 directly carths the input of the I/C amp so that it
cannot function at all: +this means that calling is not possible when the
commander is using "emergency i/c"., Pressing the calling switch when the
commander's normal pressel is pressed puts the commander on to i/c, and again
puts an earth cormection on the I/C amp input so a caller can tell that the
commander has not hcard the call because there is no sidetonc,

CALLING

When the call linc is carthed, either by a crew-member's calling switch or
by RE.B-1 (the remotc calling rclay), RL.F-2 operates: RL,F-1 thon opens and all
the commander's sclection relays return to their rcst positions (putting him on
to i/c) and RL,F-2 closcs: this connects C2 between the input and output of the
1/C amp,, which then oscillates and is audible to the commander, and also
conneets the ecarthy end of RL.D=2 to carth via the primary of the microphone
transformer of the I/C amp: this operatcs RL.D-1 and RL.D-2, which sclect the
other gapped slip-ring on the two Ledex motors; +thus the loader-operator and
the gumner arce also on i/c and hear the calling tone,
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Should the commander be using his pressel at the same time as a crew-
member calls, the ecarth connection on the pressel line short-circuits the
microphone transformer of the I/C amp., preventing oscillation; in practice,
the carth comncetion has some resistance, and the result is that the I/C amp,
oscillates at a higher frequency. This rcsult is true of the emergency presscl,
and of the normal presscl when switched to onc of the sets, but when switched to
i/c the oscillation is not affected,

REBROADCAST FACILITIES

If the "Normal/Rebroadcast" switch in the J.D.9. is set to "Rebroadcast",
the pressel lines of the threc sets arc disconmccted from the sclector mechanisms
of the thrce crew-members, and then controlled solely by the rcbroadcast unit,
the C.U.30,, which gives various facilitics.

C.U. 30,
The following four facilitics are provided:-—

(1) Normal working: the thrce pressel leads arc re-comnccted to the scts.
Note that this switching is in parallel with the "Normal/Rebrosdcast"
switch in the J.D.9.

(2) Break-in: any two sets can be connccted in parallcl and uscd for
simultancous rcception and transmission, the headphone, microphone
and pressel leads being correspondingly paired.,

(3) Manual recbroadcast: any two sets can be sclected for rcbroadcasting;
the microphone l=ads of the one arc connccted to the headphone lcads
of the other, and one of the pressel leads is carthed according to
the dircetion of traffic (set by another switch),

(4) Automatic rebroadcast: any two sets can be selected, and are
connected together as for manual operation cxcept that the pressel
lead of one is comnected to the "re-broadcast" line of the other,
This line is carthed by the squelch relay of the sct concerncd
whenever a signal is being rcceived (provided that the squelch system
is properly adjusted), and the dircction of traffic is determined
by the fact that one or other set is rcceiving,

Note that in Break—in operating the two pressel lines arce cach connccted to
the "Operator's presscl" via rectifiers; this is becausc, when receiving, cach
presscl linc has a D,C. woltage on it, and if thesc voltages arc uncqual the
larger voltage will discharge into the smaller,

Note also that for rebroadcast the break-in operation, the third sct
(the one not seleccted can be controlled normally by the crew-menbers, and that
on brecak—in the pair of scts sclected can be controlled only by the loadcr—
operator (or by the remote operator, whosc headphonc, microphone and pressel arc
connected in parallcl with the loader—operator's).

C.U, 31

This is used by the gunner and the loader, It includes an input plug and
two output sockets, to which are comected the J.D.9. and two headscts
respectively (though normally only one hcodset is used), There is an indicator
lamp which lights whenever the J.D.9. 1s switched on a volume control which sets
the level in the hcadphones, a calling switch (which is spring-biasscd) and a
four way service sclection switch,

J,D,8,

This box distributes intercommunication and calling facilitics to the driver
and to the Tank Tclephone, It has an input plug (to the J.D.9.), a socket for
the driver's hcadsct, and a socket for the tank tclephone, which is connected
via a six-woy cable (normally part of the vchicle wiring). The box itself has
a calling switch and gain control for the driver; the tank tclephonc has its
own calling buttcon, but no gain control is fitted,
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C. U, 3k

This unit selects which of the wireless sets is to be monitored by the
commend 2r, and controls the heasdphones level of both monitored set or sets and
also the main facility chosen, It is commected between the J,D.9 and the
commander's headset; it transmits the main headphone lead (via the gain control),
RV1), ard the thrce monitoring leads (via the three "monitor on/off" switches
and the monitor gain control, RVZ), and also the following leads, which pass
through uninterrupted:~ leads from the three service scleotion relays and from
the monitor on/off rclay, a microphone lead and two earth leads.,

Commander's handset

In addition to the normal pressel which completes the microphone circult

and also operates the seyreceive relay where applicable, there arc three other
controls: the monitor on/off switch, which operates the monitor on/off relay and
also changes one of the earpieccs from the main set to the monitoring line; the
service selection switch, which controls the relays in the J,D.92,; and the
emergency intercommunication pressel, which completes the microphone circuit and
also operatcs the emergency relay RL,D/2, having first rondercd the service
sclection relays inoperative (by S.Bb).

Tank telephone

This is really part of the tank itself rather than the harness; it is
connected into the harness at the J.D.9., which also supplies the driver, It
consists of a self-winding drum of cable at the far end of which is a hard-set
comprising an carphonc, a microphone and a pressel, together with a calling
button and a five-way terminal board for comnection to the harness,

Remote control telephone

This is designed to give rccelving and transmitting facilities to a remote
operator, together with the ability to call the crew, The calling and sending
facilities are obtained by placing high and low resistance bridges across the
line, completing the D.C., circuit of two relays in the remote control section of
the J.D.9 or the J.1.

Circuit diagram of the
remote control telephonc:—

Terminals are put on both
JD.9 and J1, to take remote
lines,
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THE TRAINING STATION

For tiaining purposes and other indosor uses, the harness type A is modified.
The J.D.9 and other control units are replaced by a single junction box, Jl.
This has two sockets for headsets and combines the facilities of normal working,
remote working, remote rebroadcast, and "break in". It also enables the i/c
amplifier to be used and has a buzzer for calling.

The aerial tuning unit is replaced by an asrial tuning simulator, This is
fitted with a meter msasuring the R.F. output of the set which enables the set
to be loaded. The output is fed into a dummy lsad so that, without an aerial,
the P.A. will not uverheat on "high power". A small piece o>f copper wire about
8 inches long fitted to the "AE" terminal on the simulator will increase
transmission range, although the unit is primarily designed for practice in
loading and not for set-to-set transmission.

The D.C. input to the P.S.U. comes in via a terminal batten from where also
is taken the power for the J.1, This junction box will take about 1.1 amp at
2L vol%s.

The J,1. is fitted with three switches. One selects either the set or the
I/C amplifier or. on its third position works the buzzer call, The second is
a five position switch selecting the required facility of those mentioned above.
The third is a gain control. Apart from tnese it is also fitted with + and -
terminals for use with a remote line, a pilot lamp, a 2 amp fuse and a further
12 print socket, to the two for headséts which is not used in the training
station but can be in other arrangements >f the control harness.

A silica gel dessicator, with cobalt colouring, is also fitted.
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Thd remote control system

When the remote call switch is pressed, a high impedance bridge is
connected across the remote line, The current which now flows is sufficient to
operate the relay 5/1 but not enough to operate 6/1., (5/1 has a resistance of
about 140 ohm, while 6/1 has only 8.8 ohms.) When 5/1 operates the call line is
earthed and thus the buzzer sounds,

When the presscl is pressed at the remote station a low resistance bridge
is placed across the remote linc, and thus the current flowing will be greater
than in the case of calling, This cuwrrent will now be sufficient not only to
operate 5/1 but 6/1 as well, This will cause contacts 5-1 and 6~1 to change.
The carth is.removed from the call line by 6=1 and placed instead onto the
lower cond of RL2/3, this has 2. volts on its upper end provided that the system
switch is an any of the last three positions, If this is so relay RL2/3 will
operate when thc rcmote pressel is prcssed,

Contact 2-1 switchcs one primary of the transfarmer out of circuit,contact
2~2 conncets the microphone to the other primary, and RL2~3 connects the pressel
to the remote terminal, The set may now be completely remote controlled.

Bince the microphones now used in the remotc headscts arc morc sensitive than
those for which the transformer was designed, the input was found to be too great.
R1 and R2 were thereforc put in to reducce this modulating voltage to the right
magnitude,

The rcmote headsets and pressel arc connected in parallel with those of the
loader operator, and function on the sct that he sclects,

The remote control system is the same in the type A harness as in the
Training Harness, It is incorporated in the J.D.9.
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Vawve Pin Connecmions.

€V850

CV40i5

Cvez243

CV 2220
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VALVE Pin ConnecTions

Cv 13

Cv 2209

Cv 2128

Fs’m\l. 46
M ————
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FUNCTIONS OF PANEL CONTROLS

Swi: System switch, Cursor adjt. Channel adj. R.F. Tune Operate
Section a Switches 12 volts A.C. to dial lamp -
b Operates "Calibrate" relay -
c Reduces delay voltage Atteruates -
on squelch rectifier Rx disc O/P

d HT to 2 Mc/s HT o 100 - -

Osc. kc/s osc
e - - - HT to PA
f Meter to Rx discrim. Meter to -
S/C disc
g - - Operates 8/R relay
/R relay to pressel

h - - - Ae ¢o/o re-
lay to
pressel

SwB: High/Low power switch.
On "High Power": Section a earths PLle via S/R relay at "sond".

Section b changes P.a. HT. suprly from 175 volits
(via R182) 1o 350 wolts.

SWC: Noise on/off switch.
at "Off" it earths the 1st AJF.A. anode via the squelch relay.
RV4: Squelch control.
Varies the delay voltage on the squelch rectifier.
Cursor Adjust: moves the cursor across scale of 1st I..0.
Chamnel: The INDUCTUNER, a variable inductance which tunes the 1st LO.

R.F.: a 6 gang condenser which tunes the R.F.A. grid and anode circuits and
all the transmitter circuits.

Two LOCKING CONTROLS which lock the 6-gang condenser and inductuner, leaving
their knobs to rotate.
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Switck Diagrams

Hp/LP. SwB Rear View.
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(oraneE)
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(When Orr — Rear View)

(BrLack)

Figure 47,
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V/SET RELAYS

RL 1/2 AE c/0 1-1 AR from earth to P.4. ¢/p.

1-2 Earth stray unconnected coax
in aerial cct.

RL 2/2 Calib. 24 Calib. o/p to R.F.A. grid cct.
2-2 Earth 'on AE.
RL 3/4 S/R 31 175V. to sender valves.

3.2 Discornnects battery homing line
from front panel X 2F.

3.3 Earth X1e turning relays RL1-1
and RL4~1 in PSU.

3l Disconnects Rebro line.

Noise on/off to off
SWC
RL4/2 Squelch 41 Earth anode of st A.F.A,

L2 Light signal lamp.
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POINT TO POI
CONNECTION COLOUR
FRQM TO - MAIN HARKER WIRE
PIl-A SWBb6 S - Z
B SWAAS R W Z
c SK2=K G = Z
D 35 BN G %
E SWBa0 BN B Z
F L2 BN W Z
B PLI-L BN Z
G U BN R Zz
H 50 - - v
J No connection
X No connection
L L0 BN W Z
L PLi~Q BN Z
M -38 - o BN - -V Z
N PIA-H - - v
0 No camection
P No conncction
Q- 39 BN W Z
Q PLi-V BN Z
R ShiA-11 S BN Z
SPId -N - - v
T No connection
U No connection
v 13 T W A
W 37 B S Z
X iy BN - Z
h's t 15 BN - Z
Lo ioBN Bk 7
3 i BK G ¥
[ Braiding of SK2-A
i | BK T B Y
Swiind G W Z
3 S G Z
L3 B ! BN Z
10 Braiding of SK2. X
C 8 S W Z
.6 BK W Y
L PLi~C G e Z
L 22 R - Z
M 9 BK 3 Y
SKOmA 13 BN 7 7
B 6 I R W Z
clip 51 BK - Z
IP1wa SWAa9 B - A
B M1B U
LP2wly He _ - BK %
B R84 b
R181 i 53 |- Direct
Mgy | SWAPD :
B F 52 s U
RV bpemss | BwCwb i BK Z
A | SWAg-9 i BK 2
B | SwAc-8 é ]
R182 | SWBb=2
R182 | BWBb=5
DN 4153/478) S

" WIRING. Front panel and 'A' bracket terminals.

Colcur Key
R - RED

W~ VHITE

0 =~ ORANGE
B - BLE

Bn ~  BROWN
Bk ~ BLACK -

¥ - VIOIET

P - TPINK



POINT TO POINT WIRING (Coutd.,)
CONNECTION COLOUR
FRQM TO MATN MARKER WIRE
1 SKOmA BK G Y
2 SK2~B Braiding of 1 X
3 SK2-E S G Z
4 SK2=C Bk B Y
5 Braiding lof 4 X
6 SK2eJ BK W Y
7 Braiding |of 6 X
8 SK2=H S W Z
9 SK2-M B S Y
10 SK2-G Braiding of 9 X
11 SwaAR BK - Y
12. Braiding of 11 X
13 SKéa BN W 2
13 PIAY BN W Z
14 PLAwX BN - Z
15 PLd-Y BN - Z
16 SK6B R W Z
16 SwAamb R W Z
17 SWC6 BK - Z
18 Braiding of 19 X
19 SWACO BK R Y
20 Braiding of 21 X
21 SwAL3 BK 0 Y
22 SK2~L R Z
23 No connection
2l 53 BN - Z
25 SwAb3 BN 0 Z
26 No connection
27 SwAc7 P - z
28 Swad?2 'R G Z
29 Swadi R v Z
30 SwAeld R 0 Z
31 SwBb2 R BK Z
32 Swagid G B Z
33 SwAh5 G - Z
3L SwC7 0 BK Z
35 Pid-D BN G Z
36 SwBal2 BN B Z
37 PuA-N BN S Z
38 PLA-M BN v Z
39 PLi~Q BN W Z
40 PId =L BN W Z
11 PL1-Z BN BN Z
L2 PLi-F BN W Z
43 SK2~F B B Z
N PLi-G BN R Z
45 S Aa 1
46 No connection
50 PLi~H . 2
51 SK6mclip BK z
52 SwAbbH U
52 Mi-B U
52 LP{-A BK Z
52 24 BN Z
53 R181 Direct

Bl 41 53/1(79)
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POINT TO FOINT WIRING (Coutdy)

CONNECTLON _COLOUR

FROM TO MAIN - MARKER WIRE
Swaa7 SwAa8 - - U
SwAaB SWA9 - b U
Swias LP1~4 B Z
Swhail L5 S BN Z
Sl PL1-R
Swabid SwAb2 - - U
SwAb2 SWAb3 - - U
SwAb3 25 BN 0 Z
Swib5 ‘Swict 1 BK - A
SwAbS 52 - - U
Swic? Swhc8 - - U
Swic? 27 P - Z
Swic8 RVL-B P - Z
SiwrAcY 19 BK R Y
Swactll SwAbb BK - Z
Swhctd Swig9 BK - Z
Swadd 29 K v Z
SwAd2 28 k G Z
Swidb 16 R W Z
Swadh PLi-8 R W Z
Swhe 10 SwBbd 0 - Z
Swhe 11 30 R 0] Z
Swrafl SWAF2 - - 1)
SwAfA 14 BK - Y
SwAf2 SwAT] - - U
SwAf3 21 BK Q Y
SWALS M1-A 0] - Z
SAEY RVLA B - z
gl SWAnL G - Z
Siragl G BN z
Swahl G - Z
SwAnk G W Z
Swakh G - Z
ciBall FL1-E BN B 7
Swpal2 36 BN B Z
SwEbe R182 Direct - -
BLe 31 R BK Z
SWBbLS r182 Direct
SBb6 FL1-A S - Z
5106 RVL4-4 BK - 7
SiC6 17 BK - Z
cwC'y 34 0 BK Z
FLB-A B16 W
FLE-B 50 v
FL8-B - Braiding of PL8-A

TN 4153/ 80)
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Perminal Receive L.P, Send H,P. Send Remarks
No, Volts Current |Volts Current [Volts | Current '
A1 180V LO1A 175V L0094 | 175V .009A |D.C,
A2 22V - 22v JO29A | 22V .029A |D,C,
A3 22V - - L0294 | = .029A |D,C,
AL 22V - 22v - 22v - D.C,
A5 6.7V 0,84 6.7V | 0,84 6.7V 0,84 A.C,
A6 6.7V 0.768 6.7V | O,76A 6.7V 0.76A |[A,C,
A7 12,5V | 0.534. 12,5V | 0,53A |12, 0.53A |A.C,
n11 - - 55v L0154 | 350V 0.124 |D,C,
Bi2 - - 175V LOLA 175V 044 |D,C,
15 6.8V | 0.54A | 6,8V | 0,544 | 6,8V O.544 |A,C,
E ‘ ket - 175V .0065A 175" c0063A D.C-
E7 180V 154 175V L0124 | 4757 .0124 [D,C,
E8 18,5V JA54 H2,5V JA5A 2.5V .154 |D,C,
H1 - - -4V - A - D,C, (120 Range)
J6 6.6V 1,054 [6,6V. | 1,054 6.6V 1,054 |A,C,
J7 180V L0184 475V | ,028 | 175V ,024 |D.C,
L5 8v - L8y - 8v - D.C. (120 Range)
L6 180V 00954 175V 084 175V 0654 |D,C,
L7 6,74 | Ou4h [ 6.7V | C.4A 6.7V Ou.4A  |A,C,
- 18 180V - - - - -
M9 22V W224 0 22V | G244 22V .2,A |D,C,
Mo 22V - - L034 - L,03A |D,C,
M1 22V(on HP)| = - - - J06A |D,C, With switch
on HP only.
M12 - - 175V LJOTA | 175V .0584 |D,C,
M5 2LV - 24V - 24V - D.C.
mé 25V - - - - - D.C.
N2 6.6V 0,64 6,6V | 0.6A 6.6V 0,64 A.C,
N3 180V L0054 | 175V L0106A 175V ,01074|D.,0C,
P7 137 200064 13V JO006A; 13V ,O0064|D,C, 212\7 Range)
: | LV on 10603
P9 8v - 8v - 8v - D,C. (120V Range
P10 8v - - - - -
QL 180V L0094 | 175V L0094 | 175V <0094
1 6.8V JIBA | 6,8V . 784 6,8V . 78A ; A,C, Volts across
szg 81 to S2,
) Current in S1.
T5 - - 1 75V 00065-A. 175V 00065A D. C.
T6 12,5V W354 12,5V .354 112,57 +354 | D.C,

- All measwrements made with Instrument testing, iAvometer, universal
40 range,

7



. Volts
Telgr;:':.nal Remarks
Receive Send L,F, - Send H,P,

8 wly -l D,C. Measured on 120V Range
13 6.8 6,8 6.8 A.C, :
‘}i;g 7 7 7; A,C, across 14 and 15
16 180 175 175 D.C,

22 180 - -

25 22 22 22 D.C.

27 13 13 13

30 - 55 350 D.C,

31 - 175 175 D.C.

32 22 - - D,C.

33 22 - - D.C.

3, 8 - - D.C. 120V Range

%5 22 22 22 D,C,

36 23 - - D.C. Only when set switched
: to High Power (Receive]

37 7 7 7 A.C,

28 13 13 13 AC.

39 7 7 7 A,C,

40 7 7 7 A,C,

L1 7 7 7 4,C,

42 7 7 7 4,0,

43 2l - - D.C.

Ly 2L 2 2, D.C.

46 12,5 12,5 12,5 D.C.

411 measurements made with Instrument testing iAvometer,

DN 4153/1(82)
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TEST POINTS

Throughout the set certain points in the circuit are brought up as terminals
onto the top of the respective chassis, To these can be connected meters which
will give an indication of the performance of the set (bandwidth, selectivity,
etc.). Some are R,F, points at which measurements are made with a valve-volt-
meter, whereas an Avometer can be used on others, They are also very important
for initial alignment.

Ip1 &2

In the cathode circuit of the 1st mixer these are usually connected together
but can be opened and a Valve-Voltmeter put between them, This will give a
reading of R,F, on the mixer anode, Thus the scnsitivity and bandwidth can be
measured with a suitable input (VFO), For this the anode dropper R10 is used as
a load,

The larger signal on Transmit causes excess grid current bias (C13, R8)
which will reduce the mixer cathode current. This can be detected by using an
AVO between Tp {1 and 2 (connected) and earth thus testing the set up to the mixer
grid,

Ipk

This is effectively on the anode of the 1st I.F, and a meter between here
and earth gives readings of R,F. at this point. It is again used for measurement
of selectivity etc.

Ip6_

This is a similar point on the anode of the 2nd Mixer, It ic uscd in the
same way but also serves as a point for injection of a 2,4 Mc/s signal to align
the 2nd I,F, strip.

s A

This is on the anode of the second stage of the 2nd I, F..i, It is again used
in the same way for R.F, measurements,

Ip 8

This is in the grid circuit of the 1st receiver limiter. 4An Avo between here
and earth measurcs grid current, The limiters start with zero bias, any incoming
signal causes grid current to flow, the size of which is proportional to the
amplitude of the incoming signal, Thus the reading at Tp 8 is a measure of
signal strength and shows how the set is working up to that point, It is
congidered a very important point and is brought out onto the front panel at Sk2h,

o

This is in the grid circuit of the s/c limiter and gives a similar reading to
Tp 8 for signal on the anode of the 1st IFA,

s3]

This is in the driver cathode circuit so that an Avo between here and earth
measures cathode current, Thus the transmitter can be seen to be operating up to
the driver grid. When the grid is earthed the reading on Tp 3 should go up.

2

This is in the grid circuit of the P,.i. and measures grid current of the
#inal stage, thus giving a drive reading.

By means of these test points both transmitter and receiver are split up
mnd faults can be located to any one section between points,

B153/1(83) 79



LOGICAL FAULT FINDING C42

Attempt to set up on a frequency. Possible faults under certain conditions are
indicated in enclosed squares. A

A.” Cursor Adj.
B. Channel Adj.
i

0.K. No rébult No rebult No Pésult
' A&B A B,
Tune R.F. System smtch System sw:.tch
hd 2Me/s Osc. | | 10K o/s
OK. No Fesult | ,
| |Meter, 1st Mixer, C.F.0., 1st I.F.A.
Avo on
\{?p 8
v %
Reading No reading
} , Avo on L1, L2(o/p Trxfmr), note reading.
{-m{terS! Take sut XL3. :
: No reduotlon Redugtion
4»—-~—--—~——~f/ “““““ AL
l2ra .0. | | 2ra Mixer, 20d T.F.A}
3 S
C. Tune R.F.
-
0X. No reading

| | s/c Limiter or Discriminator, M.O.|
\l!/ s Myt
D+ Operate, Noise "On"

N

¥ 3,

Noise Silence

| De-emphasis, RV 1, A.F.A. |

\Y
Noise "Off". Squelch
control anticlockwise
|

Silence no lamp Noise\:iamp on Noise no\ylamp
| RV 2, Noise Amp.% tMu*t'.::.ng t:me 1
; ' Noise Recte |
A4
Sguelch control
clockwise
g- . N s N7
Noise, lamp on Noise“no lamp SJ.lenc.ei no lamp
i — ! ! "
| ‘ |Lamp cct. | |D.C. Amp. RV 2 |

Check for A.F.C.
Detune C.F.0., till
moise is audible in
phones

{

Mc/s detuning , Less tha,n Ric/s
each way

Modulator (This may also cause 1ow§
power o/p) g

L.P. press pressel

|

|
\r

DN 4153/1(84) 80



N
Low power. press pressel
|

Deflection on A.T.U. meter
(Tune for Max.)

|-
No A.T.U. deflection

at Tp 9 1

No A.T. I} deflection

Switch t» H.P.

Check for Avo reading

~ve rééding Tp 9
I P.A

N
Siritch to H.P.

a!

1
A.T.U.!deflection

i ]
i

[P.A. H.T. supply on L.P.
' R. 182

!

No Tp 9 reading
i

| Driver |

3

A.T.U, reading

=

No rea&ing

|
H.P. relay!

A Hele rlEY
Speak into Miec. -
| S .
Sidetone No sidetone Strong sidetone with
! i“”“‘“f““”“] extinction >f signal lamp
{ gmﬁfémnmpiL. when blowing hard into Nic.
ittt A,
\ | 4,.C. loop !
Check external
leads
O.K.
BB AL53/1( 85) 81



Inter o e ;
Commercial selector switch v v v A Anode la
Seevioe equiv. setting Tester | 'yl ‘g= | A | s6 | seir |¥8V | m
V850 6AK5 L12365100 a 6 100 | 100 L
L12365100 b 2.3 1150 | 150 4,3 7
[4]
cv133 60l 602364100 a 6 100 | = 3
602364100 b 6| 8,5 | g5 - 2.2 1055
[+]
cvezl3 PSG8 0L1230651 a 6 200 | 125 8
0Lk1230651 b 6f 2 200 | 125 8.4 14
]
cv2220 215144130 a 12 100 | 100 5
215144130 b 12| 20 300 | 250 5.5 50
c
cv2209 h12361500 8 6 200 | 200 3
c
cva128 ECH81 541237164 a 6 100 A2 2.3
Hexode
541237164 b 6| 2 250 | 100 | A2 2,4 6.5
c
cva128 ECHB81 541237164 a8 6 150 | 100 | & 2.4
Triode
541237164 b 6! 3 100 | = A 2,3 5
c
cVL69 EAT6 281380000 a 6! - - - - - -
281380000 b 61 = - - - - 5
c
cvhols 9p6 L123261500 & 6 - 100 | 100 - 2.5 -
L12361500 b 6, 2,5 {25 {20 | - 2,5 8
c
Notes:~ 1!a! refer to Tester, valve, Avo No. 1, Mk. 1 or 2

DN 4153/1( 86 )/ (1)275 1m 5/57 DIB

tb! refer to Tester, valve, Avo, No. 3

tc! refer to Tester, valve, XT160 (to be published later).
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