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TRANSMITTER/RECEIVER, RADIO, Ak, NO, 1

IV TRODUCTION

1« The radio set A41, No 1 is a manpack set intended for infantry use in forward
areas, It is a v.h.f., f.m. transceiver, continuously tunable over the frequency
range from 38-55Mc/s, with 171 channels spaced at 10qu/s intervals, The set is

similar to the US AN/PRC 10A and Canadian AN/PRC 510.

2. A superheterodyne receiver is used, and a 2.15lc/s crystal controlled
oscillator provides check points for dial calibration. The r.f. power output is
about 750m:/ and provides a nominal range of about five miles,

3. The following antenna systems may be used: -
(a) L4 ft whip type sectional rod.
(b) 10 ft whip type sectional rod.
(¢) 4 ft vertical rod, with a counterpoise earth wire.
(d) Remote half-wave antenna which includes a matching unit.,

(e) Portable homing loop.

4., The audio equipment normally used with the set is:-

(a) Officer's headset: Telephone, hand, SI, Lo 4G

(v) Operator's headset: Microphone and receiver headgear assembly, SI, Mo 1A.
BRIEF TECHIIICAL DESCrI FTION

5« A complete block diagram is given in Fig 1,

Princinles of operation

6. The headset pressel suitch carries oul the send-receive switching by connecting
the 1.,t., to the required valve filaments. The mixer (V5), oscillator (V412), i.f,
stases (V6, 7, 3, 9) and a.f. amplifier (V10) filaments are in use on both receive
and send,

Receiver ‘

7o The receiver is a single supeiheterodyne with an intermediate frequency of

L Mc/s and is fed by a common antenmma circuit used for both send and receive cond-
“itions. The receiver has two stages of r.f . aiplification (V3 and V4) vith accom-
panyins tuned circuits feeding a mixer (V5). These tuned circuits together with
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the sender tuned circuits and mixer oscillator circuit zre ganged; a special five
section capacitor being uscd for this purpose. The local oscillator (V12), which
operates at u.ﬁJc/s above the signal frequency, is mixed with the signal in the

mixer (V5). The resulting L.3ic/s is then applied to V6 which is the first stage

of 1.f. amplification,

8. The amplifier V6 is followcd by three further stages of amplification (V7, V8,
V9). Limiting of the signal takes place in these circuits by increasing celf bias
of each stage and the output is then fed to the discriminator, cmploying two ger-
manium diodes (i1, IIR2)., The output frem the discriminator is applied to an a.f,
amplifier (V10) thence via a transformer coupling to the headgear.

9. When the set is in the yeccive condition the filament circuits of Vi, V2, V11
and V13 (the modulator, m.o./y.a., crystal calibrator oscillator and sweep oscil-
lator respectively) and the h.t. supply to V1 and V2 (the modulator and m.o./y.a.
respectively) arc broken,

Calibrator

10. A crystal calibrator operating at E.iSHC/S, when on the switch position CAL
(5-A), fceds harmonics infto thie second r.f. stage, and the second harmonic into the
first i.f. stage ol the set. In this way the r.f. signal is converted by the mixer
and local oscillator (V5, V12) to u.jlc/s, and teats with the second harmonic frcm
the calibrator oscillater (V11) in the i.f. stages of the set. Calibration points
arc marked on tle dial every Z.1%Mc/s, =nd thue by listening to audible beat notes
and geroing, calibration can be carried out accurately every 2.15Ac/s at the points
mentioned, In the CAL position of 3-A, the dial is illuminated by lamp ILP1.

sender

n

11. The sender consists of a crash limiter or specch clipper (I5R3, 1iRL) fed from the
microphone output, A high frequency pre-emphasicz netvork is also included in thic
circuit. The output from the crash limiter is then fed to the modulator (V1) and is
frequency modulated by a ferrite reactor (X1) in the anode of the modulator, The
output from the ferrite reactor is then fed via a tuned circuit to the m.o./p.a. (ve)
and hence to the antenna circuilt,

12, Vhen the set is in the send condition the supply to the filaments of the two
r.t. stages (V3, V4) is removed, Sufficient r.f. couplin;, however, exicsts to allow
for sidctone to be deliverecd at the output of the receiver.

13. Automatic freguency control is obtained in two wayo:-

(=) ‘uhen the sender oscillator drift ic within the liwits of control
of the receiveor discriminator (avproximately 8BCke/s deviation)
a frequency control voltage is developed in the <iscriminotor
(1iR1, 1iR2) which changes the bias of the modulator (V1). The
currcnt of the wodulator, therefore, changes and counes the
tran:mittoer oscillator (V2) to change in a divection opposite to
the drift by virtue of the ferritce reactor (X1).

(vt} ihen the sender oscillator drift ic outside the limits of control
of the receiver discriminator, the pulse generator or swecep
oscillator (V13) operates with the hth i.f. (V9) as a multi-
vibrator. The cutyut from the multivibrator is applied tc the
modulator (V1) and sweeps the sender oscillator through i1Mc/s
until the discriminatoi can take control, as in sub-para (a),
when the multivibrator action ceaces,
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Power sunplicse

th. The et operates frem a dry battery having a 1life of approximately 20 hours ani
giving thic following nominal voltagess—

f L.T. 1.5V
H.T.1 67.5V
H.T.2 135V
G.B. -6V

BRIEF HECHANICAL DESCRIFTION
(Fig 3 and 4)

15. The set consists of a wain chassis and several sub-chassis and panels. The
plug-in units (Fig 4) are situated on one of these sub-chassis and can be removed
easily on undoing thie plug-in unit panel cover. The wired-in units are situated

on another chassis and are removed by screws. The adjoining valves, V12, V5, Vi
and V3, plug into the wired-in units and arc held by a cover panel screwed to the
main chassis. The otier main components (main tuning capacitor, valves V1, V10, V11
and crystal) arc situatced in the wain chassis. The set is contained in an aluminium
alloy case. The battery is contained in an aluminium battery box which attaches to
the set casc by means of spring loaded clamps. The set is approximately 17.7/8 in,
high, 2.15/16 in. deep and 9.3/, in. wide. The weight of the wireless set and
battery case (with no battery) is approximately 10.1/2 1b. The set is fully sealed
and can be used anywhere in the world.,

16. The cquirment, when mounted on its appropriatc harness, is capable of being
operated in whecled and tracked vehicles at altitudes up tc 10,000 f+., The equip-
ment may be transported by air at altitudes up to 25,0C0 ft and paruchute dropped,
using standard dropping eqyuipment.

17. A short 8-wirec cable and plug (PL2) connects the battery to the set power socket,
when it is assembled into its case,

18. Plug-in units are employed for the 1st i.f., 2nd i.f., 3rd i.f., 4th i,f.,
discriminator und sweep oscillator (sce Fig 4). Each of these stages is built into
a can 2 in. X j/L in, x 5/& in,, containing a subminiature valve with its associated
wiring and components. These units are fitted with BTG valve bases which locate in
a main chassis.,

19. ired-in units arc employed for the rcceiver oscillator, mixer, 1st r.f., 2nd
r.f. and transmitter oscillator (seec Fig 4 ). The first four have their associated
miniature valves connected by miniature plugs and sockets, and held by a rctaining
plate. Each of these stages is built into a can approximately 2.4 in, x 1.3 in. x
0.5 in. The receiver oscillator, mixer, 1st r.f. and 2nd r.f. units have a socket
for miniaturc plug-in valves V12, V5, V3 and V4 respectively.

20. Thec rcmaining three miniature valves are held in position by plugs and sockets,
and a mctal retaining platc. The m.o./p.a. valve (V2) is situated on a sub—chassis

next to thie main tuning capacitor.:

21. The S5-gang tunin., capacitor and dial are driven by a set of brass anti-backlash
gears.,

22. The desiccator is situated on the base of the chassis nearest the battery plug.

Issue 2, 16 Oct 64 Page 5
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CAL-ON-OFF SWITCH
FRONT PANEL VOL CONTROL  1wg 5PN AUDIO PLUGS

1AL LIGHT |
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Fig 3 - General view of set and battory case
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VALVES
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Fig I, — Construction of set
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23. Retaining plates over the plug-in units and the wired-in units and valves are
all clearly marked showing the stage covered by them.

SET CURSOR

Fig 5 - Front panel layout, No 1 set

Controls and connections eto
(Fig 5)

24, The controls and connections etc mounted on the front panel are as follows:—

S-4 CAL-ON-OFF switch. . (Set on, off or for calibration)

SKT1 Antenna socket for use with long antenna

SKT2 Antenna soocket for use with short antenna

KT3 Antenna socket for use with coaxial cable and auxiliary antenna
SKT5 AUDIO socket for connection of microphone and headgear

RV4 VOL - controls set audio cutput

ILP1 Cap covering dial 1light

Page 8 Issue 2, 16 Oct 64
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A SET CURSOR -~ cursor adjustment
B LOCK - locks tuning knob in any position
C TUNING - main tuning capacitor

Interchangeability with'US or Canadian sets and the TR ALOQ

25. The British TR AL1 can be worked with, and is physically similar to the
Camdian AN/PRC 510 and US AN/PRC 10A. Physical dimensions are all identical.
The head_ ear, antennae and batteries can be used with any of these sets.

26. The TR AL1 uses the same headgear and antennae aé those for the TR ALO (Tels
F 460). Tke TR £41 uncs the same i, f. amplifier plug-in units as the TR AL2.

DETAILED TECHNICAL DESCRIPTION
(Fig 6 to 13 and Fig 2501a and b)

LONG
SKT !
SHORT
SKT 2 AUX V3
@ SKT 3
A Ces
( =
. L7ﬂo -
L8 -
| !
1Y Vs Y e /
L6 r- cu Ci2A = Cl2 SRIO
- /
00— |
e /
________ v e e e e e e e e e e e —
whe

Fig 6 - Antenna tuning circuit

Antenna circuit
(Fig 6)

27. The antenna circuit is used for both sending and receiving. Any one of three
antennae may be used. The long 10 ft antenna plugs into SKT1 (Fig 3) and brings Ci
and C4 (thc latter driven mechanically from the main tuning shaft) into circuit with
L6, for tuning the antenna circuit, The short 4 ft battle antenna plugs into SKT2
(Fig 3) and is tuned by L8, which iz ganged to the main tuning control. An auxi-
liary coaxial socket SKT3 (Fig 3) is provided and can be used for an auxiliary
antenna.

28. The antenna coil L7 is the anode coil of the sender m.o./p.a. (V2) and the grid
coil for the first r.f. stage, and is tuned by capacitor C12, a section of the main
tuning; gang. C12A in parallel with C12 is a trimmer for high frequency tracking.
The r.f. signal is capacitance coupled from the antenna coil L7 to the grid of the
first r.f. amplifier stage (V3) by C68.
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Receive
1st and 2nd r.f. amplifiers

29. The input tuned circuit to the first r.f. amplifier (V3) is shown in Fig 6.
C68 is the coupling capacitor and R1C provides a d.c. path to earth. The tuned
anode circuit consists of L10 in parallel with C18, which iz a section of the main
tuning gang, and trimmer C18A, L10 is adjustable for low frequency alignment.
C16 is a fixed trimmer setting the wuppsr resonant frejuency.

30. The screen ¢rid is connected to the end of coil L10 remote from the anode, to
give souwe measure of negative feedback, and prevent oscillation of the amplifier.

31. The bh.t. is supplied from the 67.5V line via R11 and 110 to the anode of V3,
and, via 11 and a small portion of L10, to the screen. C17 in conjunction with
M1 decouples the h.t. supoly from r.f., and is tapped off coil L10.

32, The heater of V3 1s supplied vith 1.5V via svitch SAc =nd 2LA2 contact 21 and
22, bthe CAL-ON-OFF switch and scrd-receive rclay respectively, L9 in the filament
circuit acts as an r,f. choke, and €19 as an r.f. bypass for the filament. In the
send condition RLAZ2 contacts 21 und 22 arc open, breiking the heater circuit of V3
and renderin;; the gstage inoperative, Conscquently the first r.f. stage as well as
the cecond stage (V4) operates only vhen the radio set is in the receive condition.

53. The r.f. signal, amplificd by V3, is then fed from a tapping on L10 through C14
to the grid of the second r.f. amplifier (vy). This stage is similar to the first

r.f. stagje described in para 29-32, The amplified signal from V4 is then fed from

a tapping on Lt3 through C20 to the grid of the mixer stage (V5).

Local oscillator

34, The recciver local oscillator (V12) supplies a signal L.%ic/s above the inccming
signal, and beats with the latter to rroduce the i.f. frequency. When sending, the
oscillator beats with a portion o tho transmitter oscillator signal which is capaci-
tance coupled to the wixer by C63 and the inoperative r.f. stages, This produces a
frequency control signal frow the diseriminator.

3. The oscillator is an invoerted fartley circuit in which anode to grid f{cedback
occurs acrostt L1L, the tuned circuit being C50 and L1l in parallely C50 being a
section of the main tuning gang, CH1 is 2 padder in series with €50, and €52 (in
parallel wvith €51 and €50) has a nesative temperaturce coefficient teo &ive the
required tomperature compensation, CO0A is a trimmer for adjusting the high
frequency ranges =hile the core of L1k is adjustable for low frequency alignment.

36. Tlc r.l. feodback path is from the anode of V12 throuzh C56 to earth and the
lower portion of Li1L to the cathoda. Voltages in the anode section of L1}, are
induced into the grid section of Ly, The grid circuit is via C54 and R39 in paral-
lel and through the upper scetion of 14 to the catlode,

57. & portion of the oscillator voltage is trancferred from the filament of V12 to

the mixer ctage. The filanent of V12 i supplicd with 1.5V from the mixer filament
circuit, H.T. of 67.5V is supplied to the anode of V12 via RL1. RYO and C55 form
a decoupling filter between the grid and test societ (S1T, - vin 7).
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Mixer

38. The incoming signal from the sccond r.f. stage is coupled to the grid of the
mixer stage (V5) via C20, at the same time the local oscillator produces a signal,
u.ﬁic/s higher than the incoming signal at the filament of V5. These two signals
beat to produce an i.f. of h.}ﬁc/s. R14 is a grid leak for the pentode V5, The
oscillator signal across Lt15 is decoupled to earth by C27.

67-5v

| 306 - 42:3M¢/s

43Mcfs TO |
ARST F

[
|
! fcsoa] \
SIGNAL I i
FREQUENCY l
26-3-38Mc/s [ 50 Lia
1
FaR2P) [ )
T 53 - 5V i
i !
o g g g

Fig 7 = Mixer and local oucillator circuites - simplified

39. The i.f. signal of L. 3ic/s appears in the anade of V5 and is passed through the
tuned circuit C25 and the transformer T1, to the grid circuit of the first i.f.
amplifier V6.

LO, The filament voltagc of 1.5V is applied to V5 via L17 and portion of 115, while
C27 and L17 decouple the heater line from r.f., L16 keeps the filament from r.tf.
earth. H.T., voltage of 67.5V is supplied via R15 to the screen of V5 and through
the primary of T1 to the anode. C28 decouples the main supply from r.f.; C24 in
conjunction with R15, decouples the screen and C26 provides the required neutralizing
between grid and cathode,

I.F, amplifiers V6, 7, 8, 9

L1, Therc are four i.f. stages, all identical, The signal from the secondary of
T1 in the anode circuit of the mixer, resonates at 4. 3lc/s in the series tuned
circuit T1, L18, C304 and the voltage is transferred to the grid of V6. R16A and
C31A provide self bias for the stage, and in each succeeding stage the bias becomes
greater, This, coupled with the lower anode voltage of V9, produced by additional
decoupling resistor R22, provides the required limiting action for the discriminator,
No external decoupling resistor is used in the case of VT. In the anode circuit of
V6, C32A and the primary of T2 resonate at L4.3Mc/s, and R18A broadens the response
to the desired bandwidth. The output signal is passed from the secondary of T2 to
the next i.f. stage.

42, The h.t. supply of 67.5V is applied through R20, R194 and T2 to the anode and,
via R20, R19A and R17A, to the screen. The latter is decoupled by C33A and the
former by C29A. The 1.t. of 1.5V is supplied via 119, C3%A and 119 form an r.f.
filter for the filament. Inductor L20 prevents unfiltered r.f. in the 3rd and 4th
i.f. stages from getting into the supply circuit. C60 prevents regenncration.

Issue 2, 16 Oct 64 Page 11
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43, The 2nd, 3rd and Lth i.f. stages are all cxactly similar to the 1st 1.f, stage
wvith the exception of the decoupling resistor to the Lth stage (Para L1). In the
Lth i.f. eta_e Re3 shunts the grid resistor 116D and permits this stage to operate
as a multivibrator in conjunction with the sweep oscillator stage V13, Test socket
pin 3 (SKT4) is connected via R24 to the grid of the Lth i.i. stage V9. 48 in
conjunction with C63 provides a filter for the beat note appezring at the control
grid of V9 as a result of crystal calibrator haruonics fed into the 2nd r.f. and 1st
i.f. stages, on calibration, The signal is then passed via SAbL, 149, C6L and RV{
to the a.f. amplifier.

- 1
EROM g‘:T # Ll
t

T3
4vn |F
l R2S
C40 L28 it

RLAL -6y T g
X

g:/

10, AF
. s TO.
VWA AMP VIO

1___
<
2
~
~

—
2

Cai

v AFC VOLTS
1O GRID VI

F4R2 Pt

T 2-8

Fig 8 - Discriminator

Discriminator

(Fig 8)

L. The discriminator converts f.m., signals into audio sisnolc. When the i.f.
centre frequency (u.jﬂc/s) voltage is applied, there is no output from the discrimin-
ator. The amount of frequency deviation determines the magnitude of the discrimin-
ator output voltage and since thesc deviations occur at a.f. then the output voltage
varies similarly, '

L5. The input from the 4th i.f. is applied across T6 and appears in the tuncd
circuit, T6 secondary and C35. The voltage developed across C35 is applied to the
centre tap of coil L28 and tuned circuit L28, Cu0. C39 unbalances the network for
frequencics above and below the centre i.f. and crystals MR1 and HR2 rectify the
voltases developed in R25 and R26. CL1 bypasses the i.f. across these resistors
and C65 decouples to earth. K51 and CG6 form a de—emphasis network and the signal
is fed via 127, switch SAb, RL9, C64 and RV1 to the grid of the a.f. amplifier V10.
(For further details of the Dond discriminator see Tels A 013).
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%Rm

SWEEP R44
OSCILLATOR

+18v —
T F482 Pi ; —I-

2-9 REC

Fim 9 - AI'.C, sweep oscillator

Automatic frequency control - sueep oscillator
(Pig 9 and 11)

46. The swecp oscillator circuit V13 operates ith the 4th i.f. stage V9 a3 a multi-
vibrator to provide a.f.c. and bring the wodulator within the range of the discrimin-
ator a.f.c. circuit (para 49). This oscillator then becomes inoperative. It cnly
works when on send becausc the filament is fed via the send/%eccive relay.

LT. On send, V13 conducts and the voltage drop in the anode circuit is coupled via
R4l and C61 to the grid circuit of the 4th i.f. (V9) and cuts off this stage. The
charge lecaks from C61 via R16D and R23, and V9 conducts. The voltage drop at the
anode of V9 is coupled back via C9H9 to the grid of V13 and cuts off this valve.

The charge leaks from CH9 via 43, BL2, K23 and R16D, and V13 again begins to con-
duct, thus couwpleting the multivibrator cycle. RLZ couples the negdative bias
developed by the signal in the grid of V9 to cut. off V13 and stop nultivibrator
action,

48. The multivibrator has a rectangular voltage wavetform at the anode of V13, which
is couplecd via €62, R4G and it5 to Vi grid., = Tlie resultant outvut waveform is a
voltage of slowly varying amplitude, and coniinuouszly varies the modulator bias to
swecp the transmitter oscillator over a wide frequency range., Af'ter a second or
two the transmitter oscillator is sufficicrntly stabilized and operatings at its cor-—
rect centre frequency. An a,f.c. signal then coming through the i.f. stages will
be of sufficient strenglh to produce enoush bias on the grid of V) to cut off Lhe
svieep oscillator Vi3, The multivibrator action can only resumc when the a.f.c.
signal at tho 3rd i.f. output falls enourh to remove the cut off bias from V13.
Resistor 123 shunts the ¢rid resistor (R16D) of the 4th i.f, stage V), and permits
the wultivibrator action vith Vi3,
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Autonatic frequency control - dizceriminator
(Fig 8 and 11)

49. The discriminator also provides an a.f.c. voltage for tue transmitter. On gend
RLA1 operates and a ncgative biac voltage is developed at the junction of R34, R50
and fed to the low side of RZ26. On send the i.f. coming through the receiver, as g
result of the scnd signal being picked up in the receiver, is fed into the discrimin-
ator. The f.m. deviation of this signal develops a discriminntor output voltage,
centred about the negative hias voltage. This bias voltage is fed via R27, RLT,
decoupled by C4?2, to the srid of the modulator (v1). t‘hen the transmitter frequency
is beyond the control rance i’ tle diseriminator, then the Lth i.f. (vo) operateg in
conjunction with the swecp oscillator (V1§) as a slow cycling multivibrator (sec para

4L6 - L8B).
audio amplificr

50. The audio signal frowm the discriminator 1s fed via RX2T, switch SAb, RL9, C6y
and V1, the volume control, to the grid of V10, Grid bias of -6V is applied via
V1 and decoupled by C5%. The cutput appears across T7 and through OKT5S, pins 4
and 5, to the headsect, CL3 flattens the response curve.

TO GRID- 2nd RF
HARMONICS OF 215 Mch

- 4
'Icw
TO FIRST (F -~ SECOND HARMONIC

Tc49 4-3Mc/s

F482P¢
T 20 vt

Fig 10 - Crystal calibrator, No 1 sct — simplified circuit
Crystal calibrator (Fig 10)

51« 135V h.t. is applied to V11, the crystal calibrator oscillator (2.15Mc/§),
through the anode load i35, CLT couples feedback to the crystal, maintaining
oscillation. C46, CLY, CLE provide for proper loading of the crystal and €13
couples the 2nd harmonic output for the first i.f. stage. R36 is the grid leak
and L11 acts as an r.f. choke., A 2.15Mc/s s3ignal developed across L29 in the
filament of V11 is also fed to the grid of Vi by C53 and C71, C53 being variable
to give a good audible beat note, The dial lamp ILP1 illuminates the dial for
tuning during calibration,
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4TH (F STAGE D K STAGE SWEEP OSC. MODULATOR
(PART)
+67-8V
R21
-

—_—— e e = — ) — -

————--9q

§mgmmm =

RLA 3

—
3

e

l c3
RI6D LO:L R23 02y »
100 00, 270%
T RLA2 CLOSED ON SEND
22
- - +i5V
J ‘ICRASH
FOED] | MTER
VIBIAS m—— === —-E?;——————~———_
-l ° W’ I
1y
T
| 1\ 6 Tg::s ]
o i MR} | R27
il 1 ' TO
[ i AF AmP -6V MIC ENERGISING
| |
! |
|
R32
| 0
|
I MIC, INPUT
|
| R‘g3
»
w—
-
v

Fag2 PI
2-144

T

Te22

Fig 511 - AJF.C, by discriminator and sweep oscillator -~ simplified circuit
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©57 MODULATOR
CRASH LIMITER i : l l_
-6V —— R3O ’
R37
R32 MR
PRESSEL L30 e cas
Lo > g0
v —

iil-4, ]
T 2-1T: e

o
<
MIC R33 ‘—1 R3
+- 20 (o] tox faadd
Fa8Zm | oo
¢ w4

Figz 12 - Crash limiter
Send

Cracsh limiter
(Fig 12)

52. On scnd the input fran the microphone is fed via L30 to the crash limiter., R32
and R33 act as a potential divider and are fed by -6V. The microphone is thus ener—
gized and the o.T, is fed ~cross the frequency equalizing network R37, C69 and CL5

to the rectificrs MR) «. 2 RL wiich act as speech modulation clippers. 1.5V is fed
via 130 across the rectiri g's and through R29 and R31, thus each rectifier is posi-
tively biased between the ‘vad R30 and the rectifier. Negative and positive modula-—
tion voltage peaks grestor than this bias voltage are prevented from passing through
the rectificrs, and the clipped modulation is fed via matching impedance R28, CLl

and RS, an r.f. stopper; to the grid of the modulator (V1). C70 acts as a storing
capacitor znd C57 decouples the 1.5V line to the rectifiers.

Modulator
(Fig 11)

53. The modulator (V1) frequency modulates the transmitter oscillator (Vv2) and
controls iss centre frequency. These functions are accomplished by the reactor X1
which changes its inductance inversely as the current (or flux) passing through it.
An increase in flux decreases the inductance and vice versa.

SL. Reactor X{ primary is directly connected to the anode of V{. Resistors R1, R2
and R3, with the anode resistance of V1, form a bridge network with the primary of
X1 across it, in an unbalanced state. Uith an increase in the anode current of Vi,
ie when the grid becomes more positive, the current in X1 decreases and this
increascs its inductance, Similarly the inductance of X1 decrcases when the grid
of V1 becomes more negative. The control grid of V1 is kept biased on send by the
voltage frem the resistors R34, 50 across -6V through the discriminator and via R27
and R4T, dcecoupled by CL2 (see para 49).

55. On usend speech is fed frcm the crash limiter to the grid of V1. This a.f.
voltage produces changes of inductance in the secondary of X1 (para 53, 54) and
hence in the tunecd circuit of the trancmitter oscillator. These changes of
inductance in turn produce changes in transmitter frequency at audio rate.
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56. Anode voltage of 135V is fed via RLA3 and R3, and R4 supplies the screen.
Filament voltage of 1.5V is supplied via RLA2.

MASTER OSCILLATOR/ POWER AMPLIFIER

b TO AERIAL CIRCUITS

FROM MOD REACTOR Xi -
s
co
ce7 co8
TO GRID
1t ) j--
_ 1] e W FirsT RFV3
Ilg
;écz C24 L7y -
Le :: {
on CQA#ééQ
F482 Pt 1
k= % T 1 '
e /
,/
% iy GANG — —
SKT
44
Fig 13 - l.aster oscillator/power amplifier - simplified circuit

Transmitter oscillator
(Fig 13)

57. The oscillator section of V2 consists of its filament, control grid and screen
grid, The tuned circuit is €2, L1, and reactor X1 secondary is connected to a tap
on L1, Therefore, changes in inductance of X1 produce changes in transmitter frequ-
ency. C2A is a trimmer and L1 is adjustable for low frequency alignment. C67
couples the signal from this circuit through the filter L3, R7 to the grid of V2.

R9 and C6 form 2 decoupling filter for test socket SKT4, pin 4. R6 is the grid leak
and C8 and L4 form an r.f. filter for the -6V filawment supply while C7 is an r.f. by-
pass. The h.t. supply ic fed to the screen via R8 aud is decoupled by C5. The
anode is fed via L5 and ¢y decouples the h.t. line.

58. The signal developed across L5 is coupled by C10 to the tuned circuit L7, C12 by
a tap on L7. C12A is a trimmer and L7 is adjustable for low frequency alignment.
C11 provides partial ncutralization and a tap on L7 couples the signal from the tank
circuit to the antenna sockets.

59. The long antenna is tuned by L6, C1 and C4; the latter being mechanically con-
nected to the main tuning shaft, The short antenna is tuned by L8, its slug con-
nected to a gear on the main tuning assembly. The auxiliary socket is not tunable
(see I'ig 6). ’

60. The voltage across L7 is coupled by (68 to the grid of the first r.f. amplifier
V3.

fatomatic trequency control and sidetone

(Fig 8)

61. The transmitter oscillator circuit is controlled by two circuits so thai its
centre frequency is constantly A.}Hc/s below that of the receiver oscillator. These

two circuits arc fully described in para 46 - 49 (Fig 8, 9 and 11).
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62. The sweep oscillator operates
off centre frejuency.
in turn varying the transmitter frequency.

i.f, signal developed stops the multivibrator operation.

circuit then takes over.
63.
to the grid of the modulator (V1).
sweep oscillator.

64. Crn send the output from the transmitter

although not operating, allow for sufficient
to be demodulated and fed as sidetone to the

TRANSUITTER /RECELIVER,

This latter circuit uses the discriminator to provide an a.f.c.
sating for small transmitter frequency deviations,
biased negatively, and the correction voltages are centred on this

ENGINEERING  REGULATIONS

vhen the transmitter oscillator is relatively for
The varying voltage is applied to the grid of the modulator

Yhen the centre frequency is found, the
The discriminator a.f.c.

voltage compen-
On send the discriminator is
bias and applied

This bias is still present on operation of the

is coupled to the r.f. stages, which
coupling to the mixer and i.f. stages,
output and headphcne.

IO, AL, Ti0 2

AL ONLY
FIRST RF
v3

REC ONLY

SECOND R F
vi4

TRANSMIT
AND
RECEIVE
AE CCT

CRYSTAL

0sc. DIVIDER
SEND ONLY HARMONICS 50 ke/s
MASTER 05C IMe /s LOCAL 0SC

POWER AMP
v2

vi2

C AL(CHAN JONLY
DIVIDER

—-20=50hc/s
VTio2 V1105

SEND ONLY

MODULATOR
A

CALIBRATE ONLY

CRYSTAL 0SC
vT ol

IMc/s

MODULATOR VOLTAGE

AFC  BIAS

SEND ONtY

T F482 PI
2-14

2466 /7

ig 14 -

Page 18

AFC CONTROL VOLTAGE ! FINF CONTROL )

CRASH . AFC  SWEEP VOLTAGE ( COARSECONTROL ) MUTING
CIRCUIT
LIMITER Mic
VTI04 vTI05
MR3 MR4 AF INPUT VT 101

DISCRIMINATOR

MR
MR2

MULTIVIBRATOR
"\ CONNECTION

SEND ONLY
SWEEP 0SC

Vi3

AF
ouTPUT

A PHONE S ’

idock diagram, No 2 sct
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INTRODUCTION

65. The radio set A41, No 2 is basically thc same as the Mo 1 with the addition of
a muting facility and the provision of SOkc/s calibration points. Handset and
headset terminations have been changed. .

66. In the description that follows, the differences are described and the relevant
paragraphs relating to the No 1 set are given in brackets. Component changes and
additions can be identified by the fact that they have had 1C0 added to the original
number eg CL47 becomes C147 on change of value and R161 is additional.

67. The number of channels is increased to 341 spaced at 50kc/s intervals (para 1).
Check points zarc provided every 50kc/s. The dial is marked at SOkc/s intervals and

dial reading is assisted by the provision of a magnifying lens.

68. The audio equipment normally used is similar to that used with the No 1 set
(para 4) but the terminations have been changed to 6-pin type 105 (Bendix Thorn).

MECHANTCAL DESCRIFTIOHN

69. The test socket UET10QL4 is a miniature T-pin type mounted approximately in the
same place as SKTZ. The adjacent component board has been enlarged to accommodate
the muting circuit. The component board on the reverse side of the chassis has also
been changed. The calibrator panel, mounted in place of the desiccator, has a
removable cover through which access can be gained to V102 and RV103, These boards
now contain printed wiring. The desiccator has been removed from the chassis and
replaced in a similar position inside the case.

RLAS
135v @ ’D/A HT FOR MODULATOR (V1) AND MO. PA (V2)
6757 @ HT FOR V3-10,vii-13
RLA2
-6V A = TO HEATERS FOR V2 AND MIC ENERGISING VOLTS
O\3§ﬂl
OFF
SEND ON
f o
BIAS FOR RLA v MUTE/AND CAL
AF AMP MUTE CCT(V104-8)
) PomTaonsl CAL.CCT
vTI0l
oFF VT I0z-3oNCHAN | 7.5
NLY FOR
O ANDMUTE yo yEaTERS FOR V3 CALCCT.
OS85 10 HEATERS FOR Vit AND VT 1013 (CAL CCT)
RLAI - TG HEATERS FOR v4
+] 5v .___—___())
a TO HEATERS FOR VI VI3
Tra82 P TO HEATERS FOR V5-(0 AND VI2
2-1s 140819

Fig 15 - Power supvlies, No 2 set
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70. The main function switch S101 is a miniature wafer type in which suitching is
effected between two adjacent wafers by shorting contacts., An exploded view of the
switch is shown in Fig 2519.

Controls and connections
(Fig 16)

71« The controls and connections etc, mounted on the front panel are as follows:-

5101 OFF-ON-MUTE~-CURSOR CAL-CHAN switch
SKT1 Antenna socket for use with long antenna
SKT2 Antenna socket for use with short antenna
KT3 Antenna socket for use with coaxial cable and auxiliary antenna
SKT105 Audio socket for connection of microphone and headgear
SKT106 Audio socket for connection of microphone and headgear
RV1 VOL-controls se¢t audio output
RV10L YUTE-controls muting threshold
ILP1 Cap covering dial light
A SET CURGOR-cursor adjustment
B LOCK - locks tuning knob in any position
C TUNING - main tuning capacitor
_l A | 8 I ¢ I 0 | E | F I 6
SKT | ILP1 A RV 104
|
SKT \ \ RV | SKT 105
\\ SET CURSOR \
— AY AU n
2
‘ "' CURSOR
- WIRELESS SET A4 Noa CAL
@ wunmiv mapio Lie CHAN
3 \\ [ L
SKT ¢ S0l KT 106
T F482 P!
2- 16 2466/5 Fi;; 16 = Front panel layout, No 2 set
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TECHNICAL DESCRIPTION

General

72. The wvorking of the No 2 set receiver is the same as described in para 27-50
except that, in the 4th i.f. stage (para 43) R23 shunts the grid resistor R160 in
the ON position of 5101 only. This also renders the MUTE circuit inoperative.

67-5v

R3S

Ri66
T0 GRID V7

43 Mc/s Ci47

[%3]

- [
—d §R56 -C|46

T 2-17 T ) a/)—l.sv

F482 Pl
2400/01

Fig 17 - I.F, calibrator -~ simplified circuit

I.F. Crystal calibrator
(Fig 17)

73. 67.5V h.t. is applied through R35 and R166 to Vi1, acting now only as a L4.3Mc/s
orystal oscillator, C147 couples feedback to the crystal, maintaining osc’llation.
Feedback and anode load are reduced to lessen thé harmonic content. C146 and C48
provide appropriate loading of the crystal (XL101). R36 is the grid leak and L11
acts as an r.f. choke decoupled by C186. A h.}lc/s signal developed across L29 in
the filament of V11 is fed to the grid of V7 by C53 which is variable to give a
good audible beat note. The dial lamp (ILP1) illuminates the dial, which is no
longer marked at every 2.1%Mc/s calibration point.

Crash limiter or a.m.c. control

The This circuit is similar to the No 1 set but the storage ocapacitor is larger
(now C170) and the capacitor C57 decoupling the 1.5V line is reduced (now C60).
C192 hes been added to provide r.f. decoupling for stray signals picked up in the
set wiring.

Send

75. On send, the operation of the No 2 transmitter is the same as desoribed in
para 53-64.
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1Mc/s OUTPYUT
TO v4 S0kc/s OUTPUT
-l
,-C 191 1109

EFi &

ci81

S10td

A —= —sv
R160

-—C190) === 102

R162 Rie) TCIBO

163

RV103 :\?\
<O ‘ 415V

OSCILLATOR -4 -5

F482 PI
2-18

2466/13

Fig 18 - ﬂic/s and SCkc/s calibrator - simplificd circuit

Channel calibration
(Fig 18)

76. Transistor VI101 is a crystz]l controlled transistor oscillator with a 1Mc/s
crystal (X1,102). The -6V and 1.5V supplies are added, stabilized by Zener diode
MR105 and applied to VT1Ci.

77. On CURSOR CAL position of 0101, harmonics of the ilic/s gonerator are fed via
C191 to the grid of the second r.f. valve (Vi4).

78. On CHAN CAL position of 5101, transistors VI'102 and VT103 are blocking oscil-
lators with 7.5V supplied via 51014, VT102 is triggered by the 1Mc/s pulses via
C181 so that the blocking occurs every Lth pulse. The output of VI102 (adjustable
in frequency by V102) is applied to the base of VI103 via C183. The blocking of
VI'1{03 occurs every 5th pulse from VT10?2 (adjusted by RV10}) and as a result pulses
appear at the base of VI103 every 20 WS and are fed via C173 and/or C171 to the grid
of V4. HMR106 across T109 absorbs the overshoot when VI102 cuts off and R107 across
T110 carries out a similar function for VI103, Thermistor TH102 compensates for
temperature changes. ,

Muting circuit
(Fig 19)

79. VT1C6, in common base mode, icts as a constant current source in the emitter

circuits of VI't04 and VT105, When no signal is present, VI'105 is conducting and

the output signal ic partially bypassed to carth, giving approximatcly 20dB reduc-
tion in output.
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vTi04

FROM
LIMITER  —————g 1
GRID .
‘ RV 104

)

— (188
At70 TH
RI7I 101

ns - 4

Fig 19 -~ liuting - simplified circuit

80. An incoming signal produces a negative voltage on the limiter grid and this
voltage, fed to the base of VI'104 via R23 with $101d to MUTE, causes the emitters of
VT104 and VT105 to go negative, thereby tranmsferring the current from VI'105 to VT4O0L
and removing the partial a.c. short-circuit from across the audio output.

81. The potentiometer in the emitter circuit of VT106 (the threshold control RV10L)
sets the circuit to the most sensitive point.

82. If the gain of the set is reduced due to falling battery voltage, the fall in
limiter grid voltage is more than counter-balanced by the change in VT106 current
caused by falling 1.5 volt supply. VI105 will eventually switch off and will draw
attention to this by the increase in noise level, ie, the muting will be less effec—
tive.

83. Temperature compensation is provided by thermistor TH101 which is inserted across
R171 to control the emitter voltage of VI106, ‘then the temperature rises, R171 and
TH101 will provide a change in bias to offset the change in current due to temperaturc
increaso,

84. The thermistor will have little effect below normal temperature as its resis—
tance will be too high to make any significant change in the resistance of the paral-
lel combination. At lower temporatures, below the effective region of TH101, the
base—emitter voltage characteristic which falls with falling temperature will cause
an overall reduction in current throughout the circuit. The fall of current in
VI104 and VT105 caused by the drop in current supplied by VI106 will again unmute the
circuit.

MEBc/1039
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(Note: These Pages 24-30, Issue 2 contain addit ional information.
Delete "End of Part 1" from bottom of page 23,

REBROADCAST AND RELAY UNITS

INTRODUCTICN

Rele and purpose of equipment

85. The equipment is used to permit voice signals received by one TR, radio, Aki or
AL2 to be rebroadcast by a second TR, radio, Ak1 or A4L2 and vice versa when a reply

is given,

iiie range of communication of a radio net can thus be extended.

Direct communication with other nets working on different frequencies can also be

made,
Main Parameters
Operational
86. (2) Rebroadcast by one set, of signals received by a second set; and by
the second set, of those received by the first set, the direction of
transmission being controlled automatically,
(b) Itebrcadcast as (a) but with a local operator controlling the direction
of *rancmission,
(¢) Use o. the first set by a lscal operator for normal transmission.,
(d) Use of the seconl set by a local operator for normal transmission.
(e) iioritoring by the local operator of the receivers of the two sets
separately and simultaneously, one in each earphone of his headset,
(f) The rebroadcast unit is located with one set. A relay unit, connected
by a suitabie len;th of cable to the rebroadcast unit, is located with
the other set.
Physical
87. Dimcnsions etc:=-
Aebroadeast unit Relay unit
Hei;ht 4.9/46 in. -
Width 3.3/L in. 3.3/ in. dia.
Depth 6.5/16 in, haot/k in,
eizht 7.3/L4 1b. 14/2 1b,

Cas

(excluding batteries)
Sealed aluminium alloy Sealed aluminium alloy

Batteries in splash
proof’ cavity

Desiccator One silica gel 3/4 in, None

20015 -2B
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Electrical

88. sutomatic switching - Both sets are in the receive condition in the absence
of a signal. When one set receives a signal of at
least 3uV the other set switches to send.

Manual switching - OUperation of the pressel switch by the local operator
will cause A or B set to send (selector switch to WORK
A or UORK B). Operation of the MAN BB switch also puts
sets to send.

A.F. performance -~ 5mif 41ke/s input (from a receiver)
AUTC RB or manual min, output 5mi:-
in 1.h. phone for operation in A - B direction
in r.h, phone fur operation B - A .Jirection

Volume controls - Range 294B

89. Power supply - 2.8V - maximum continuous consumption - 15mA
(AUTO RB with both sets receiving)
- maximum intermittent consumption - 116éma
(local operator sending via set B)
Dry battery - two unit cells:-
Battery dry 1.1/2V No 1 -« Y3/6135-99-910~1101

Repair Policy

90. The relay and rebroadcast units are both fully sealed and no spares are carried,
Unit repairs are confined to replacement of damaged knobs.

BRIEF DESCRIFTICH
Construction

91. The front panel of the rebroadcast (RB) unit is secured to the ocase by six No 2
BA socket-head screwse. A splash-proof compartment in the case holds the batteries,
connection frem them bein; taken to an 8-pole socket SKTC. When the front panel is
removed from the case the power connection to SKTC is broken, ’

92, All components are mounted on the front panel or on a sub panel secured to it,
On this sub panel are the microphone amplifier printed panel and transfcrmers below,
and the relays and noise amplifier printed panels above. These latter items are
mounted back to back at right angles to the sub panel.

95. The relay unit is housed in a cylindrical sealed box. All components are
mounted on the front panel,

Setting up

94. The two radio sets(set A and set B) may be situated up to 150 yd apart.

95. The audio gear is removed from the sockets on both radio sets and the special
headset microphone is fitted to the IB unit, One of the audio sockets on set A is
conneoted to the set A socket on the KRB unit, D10 cable is then connected between

the set B teminals on the RB unit and those on the relay unit. The socket on the
relay unit is then connected to one of the set B andio sockets,

96. As thc audio sockets on the No 4 version of the sets differ from those of the
No 2 sets, alternative type conneciors are provided,
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' SKT B :
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up 10
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F482 P!
T % 250616

Fig 20 - Block diagram of rebroadcast station

Operation
(Fig 20)

97. In the absence of signals both sets are in the receive condi tion,

98, In the AUTO RB position of the selector switch, SA, a signal received by set A
will automatically cause set B to be switched %o send and the signal will be trans-
mitted by set B.

99. 1In the JORK A or MAN position, the local operator staticned at the RB unit can
break-in on the A channel by using his pressel switch. In the L0X B or AN posi-
tion, the local operator can similarly bresk-in on the B channel. With the switch
in either position he can establish rebroadcasting in either direction by putting
the MAN RB switch to A-B or B-A,

100. Prior to using the automatic facility and in the absence of signals, two -on-
trols ADJUST B-A and ADJUST A-B, used in conjunction with two positions similarly
marked on the selector switch, are used to adjust the level of the noise outpucs
from set A and set B to suit the operation of the switching circuits in the KB unit.
With these two controls correctly set, the two sets are held in the receive condi-
tion as long as no signal is received, Reduction of the noise output of one recei-
ver due to an incoming signal then causes the other set to be switched to send,

101. The local operator's headset has the 1l.h. earpiece connected to set A and the
r.h. one to set B, The two controls, VOL A and VOL B, separately contrnl the level
of the voice sisnals from each receiver.

102, The volume control on each set must be tumed o maximum gutput when rebroad-
casting and the ¥UTE facility of the No 2 sets must not be used.
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DETATLED DESCRIPTION

Automatic RB
(Fig 21, 2523, 2525)

RESTRICTED

4

ELECTRICAL AND ¥ ECHANIC 4L
INGINEWRING  REGULATIONS

105. With SA set to AUTO RB and in the absence of & signal, noise from set A is fed

into the noise amplifier A-B (A1), at a suitable level set by the
The noise passes through a hish

RV4,
VP4 and VT2,

-pass filter, C3-6 and L1,
The output voltage from VT2 developed across T2 is

ADJUST A-B control
and is amplified by
rectified by KR4,

C10 charges and maintains a mean voltage on the base of VT3 cutting of f the transis-

tor. No current flows through the relay RLA and the rebroadcast link is quiescent ,
A STATION '
T Taajar ] [ ’ RE - BROADCAST UNIT ,
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0 al | SA :
e @ 0 )
INPUT | | '
N . mis
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Fig 24 - Simplified diagram of automatic operation
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104 . similarly the noise from set B is fed into the noise amplifier B-A (NA2 identical
with A1) at a suitable level set by the ADJUST B-A control RV2. Thus no current
flows through the relay RLB and the link is quiescent.

105. Reception by set A of an adequate signal will cause quieting of the set. The
consequent reduction of the noise level into the RB unit will remove the charge on

C10 which leaks away through R12, and VT3 conducts. The collector now rises rapidly
towards earth potential so that the relay operates. (€11 is inserted to provide feed-
back to maintain the relay current. <hen the signal ceases and noise is restored,
VT3 again cuts off', The relay field will decrease rapidly but the back e.n.f, is
prevented from damaging VT3 by the insertion of MR2 acrcss the relay. MR2 conducts
when the collector potential exceeds the supply voltage.

106, When relay HLA operates on receipt of a signal, contact RLA will apply the
battery poteutial to the relay unit to operate its relay RLA. Contact RLA will
sarth the se.d/receive relay in set B and cause this set to transmit the original
message, speech being passed via T3 in the KB unit and T4 in the relay unit to the
microphone input of set B, When the signal ceases from set A, relay RLA in the
relay unit relecases and set B returns to the receive condition.

107. When set B receives a reply, quieting of the signal from set A takes place;
relay LB operates and contact RLB earths the send/receive relay in set A and causes
this set to transmit the reply, speech being passed via T1 in the relay unit and T4
in the RB unit to the microphone input of set A.

Level adjustment

108. The input level from set A or set B is set for optimum performance of the RB
unit.

109, To set the level for set A the selector switch is set under no signal conditions
for ADJUST A-B with the control, RV1, set to '0'. The control is then turned slowly
clockwise until the noise in the r.h. earphone suddenly increases.

110. With RV1 at zero, no noise is applied to the noise amplifier and the relay RLA
is operated putting set B to send. The noise amplifier is made less sensitive by
shunting the collector load of VT4,

111. When RV1 is increased, the noise input increases until RLA is de~energized.
Set B then goes tc receive and the noise in the r.h. phones increases.,

112+ Similarly, the level for set B is made by adjusting RV2 for a sudden noise
increase in the l.h. phones, with the selector switch in the ADJUST B-A position.
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Fig 22 - Simplified WORK B OR MAN condition

Manual FB

113. hanual operation can be carried out in either the WORK B OR MAN or the VORK A OR
MAN positions of the selector switch SA but the circuit set up differs. The position
of the MAW KB switch, SB, also changes the circuits.

WORK B OR MaAN
(Fig 22)

114+ In the first position of the selector switch,-a call received from set 4 is
heard in the 1l.h. earpiece of the operator's headset. The signal level is con-
trolled by the VOL A control, RV3, on the front panel.

115. The operator can connect set A to set B by setting SB to A-B. When the pressel
switch is operated, speech is amplified by the microphone amplifier, The speech
path from set A to set B is via SA3 and SB to T3, then via RLA and the relay unit to
Set B, The coil of relay RLA is earthed via SB4 and Sa4 » and RLA1 connects the
battery to the relay unit via T3. This operates relay RLA in the relay unit and RLA

contact applies an earth to set B to operate the send/receive relay and switch set
B to send.

1164 A call received from set B is heard on the r.h. earpiece, the signal level being
controlled by the VOL B control, RV4, on the front panel,

117. The operator can also connect set B to set A by setting SB to B-A. Speech is
fed from set B to set A via the relay unit and T4, thence via SA2 and pin A of SKTA,

to set A. The send/receive relay of set A is operated by the earth on pin D of 3KTA
from SB1 and SA1. ¢
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Fig 23 - Simplified /ORK A OR MAN condition
#ORK A OR MAN
(Fig 23)

118. In the second position of the selector switch the operator can connect set A

to set B as before by setting SB to A-B. ihen the pressel switch is operated,
speech is now fed directly to the microphone input of set A. The switching of set
B to send, and the speech path from set A to set B are the same as with the selector
switch at YORK B OR MAN (para 115).

119. The operat r can also connect set B to set A by setting 38 tc B-A. The swit-
ching of set A iio send is the same as with the selector switch at VORK B OR MAN
(para 117). Speech is passed from set B to set A via the relay unit to TlL, thence
via SA2 and &D2 o socket A, to set A.

3

Break-in

120, To break-in on set A channel, the selector switch is set to the WORK A posi-
tion and the microphone and pressel switch on the operator's headset is used for
communication, The reply is heard on the 1.,h. earphone,

121. To break-in on st B channel, the i/ORK B position of the selector switch is used.
Speech is passed through the microphone amplifier &and the pressel switch operates
relay RLA to put set B to send. The reply is heard on the right-hand earphone.
Hili8e/2596/T..LS ‘
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