A.P. 25284, Vol. 1

TRANSMITTER-RECEIVER, TR.1143A
LIST OF CONTENTS

Para. Para.

Concise details Electric controller type 3 .. . 83
Introduction 1 Mechanical ac.ion of controller ... 88
General deseription 6 Control circuits - 94
Associated equipment 9 The on-0OFT cu'cu:t 95
Essential associated eqmpm:nt .. 10 The T-R conwol (relay A- R) . 96
Aerial... S The press-to-transmit control (relay C) 98
I\&lcrophones and telephones 12 MCW control (relay F) .. . 99
Electric controller type 3 14 Channel selection 100
Power unit ... S I Channel selection in detail 105
Associated equlpmen: (ﬁm:d as r:qa:*ed) - A7 F-relay and contactor operztion ... 109
Junction box type 17A or 17B 2 18 The series-break contacts on the controller 111
Press-to-transmit switch 19 Channel selection mechanism 112
VHF beam approach 20 Mechanical action ... .. 113
Morse key ... 22 Tuning-condenser slide mechanism . 116
Nomenclature . 23 Slide actuating mechanism . 120
Receiver unit type 7 27 The power units type 15 and 16 . . 121
RF amplifier . 29 Tuning procedure ... 123
The local oscillator 33 Transmitter tuning . 125
The first detector {or mr.xer) stage 39 Neutralization ... 133
The IF stages - - . 4] Receiver tuning . 142
The second detector sr.age 42 Precautions and care . 130
The limiter ... - +4 Junction box 17A or 17B ... 153
Automatic volume control 46 Dismantling .. 154
The muting circuit . 50 Transmitter unit type 50 .. 159
Amplifier unit type 185 54 Receiver unit type 71 .. 173
Amplification of receiver output.... 58 Amplifier unit type 165 .. 183
The two microphone circuits 62 Relay unit .. ... 185
Transmitrer modulation 67 Selector motor unit .. 190
MCW tone generator 68 Main chassis (top tray) e 199
Transmitter unit type 50 ver: T Re-assembling ... . 208
Crystal oscillator ... cvers T2 Transmitter 216
Frequency multiplier stages 73 Receiver . 217
The PA outpurt siage - sz 48 R,T.LM. No. 625 Appendlx I
The main tray (chassis assembly typc 13) 80 List of parts See Vol 111
LIST OF ILLUSTRATIONS ie.

TR. 1143A—general view ... 1
TR. 1143A—top covers slid back... 2
Main tray .. 3
Block-diagram 4
Open-wire installation . 5
Standard single-seater installation (showmg plug nomenc[ature) 6
Set plug nomenclature - T
Pilot-crew installation I ..., 8
Pilot-crew installation II _.. 9
Amplifier unit type 165 10
Amplifier unit—underside ... 11
Electric controller type 3 .. 12
Electric controller type 3 (la ut) 13
Control circuits I (On-off, TR and MCW) 14
Control circuits I (motors and H reiay) 15
Bench layout for tuning 16
Receiver type 71, c1rqu.t 17
Receiver type 71 wiring dxagram (on reverse of 17) 18
Amplifier type 165, circuit 19
Amplifier type 165, wiring dmgram (on Teverse of 19) 20
Transmitter type 50, cxrcuxt 21
Transmitter type 50, wiring dxagram (on reverse of 21) 22
TR. 1143A—rumng mecha.msm 23
Perspective of tuning cams (on reverse nf 23) 24

Wiring diagram of electric controller, type 3 ..

Wiring diagram of tuning motor (on reverse of 25)
Wiring diagram of main tray

Wiring diagram of relay unit (on reverse of 27)
Junction-box type 17A or 17B, circuit ...

Junction-box type 17B, wiring disgram (on reverse ct‘ 29)
BA amplifier and aerial circuit

Power unit type 15 or 16 circuit (on reverse of 31)

TR. 1143A, circuit and interconsection diagram
Power unit

WWWRWRDRDRDDN
zwmwg‘amqmm






AP.2528A, Vol, 1

CONCISE DETAILS TRANSMITTER-RECEIVER TR. 1143A.

Purpose of Equipment
Special features

Type of wave
Frequency range
Fregquency stability

Crystal multiplication
factor

Intermediate Frequency
Percentage Modulation

Sensitivity

Selectvity

Output impedance

Amplifier Class

Microphone type
Valves

Power Consumption

Power Output

Stores Reference

Approximate overall
dimensions

Weight
Associated Equipment

For aircraft communication,

Four preset remotely controlled, automaticaily-tuned frequency channels.
RT and MCW. '

100-124 Mcfs.

Crystal controlled. Separate crystals for Transmitter and Receiver.

18.

9.72 Mc/s (£ .02%).

1009, modulation with 212 volts output from modulator.
MCW modulation—greater than 85%,.

30 microvolts {measured using a 14 ohm source fed through 50 ohms, with
muting relay rendered in operative) gives .075 volts receiver cutput.

Within the following limits :—80 kc/s- overall bandwidth at 6dB down and
280 kcfs overall bandwidth at 40dB. down. The set is intended to work at
180 ke /s channel spacings.

To match :—
3 gﬁ;‘)& of high impedance telephone types 16 (approximately 8,000
o .
or
(2) 3 pairs of low impedance telephones type 32 {(approximately 50 ohms).

Intercommunication and Receiver Amplifier Class A,
Modulator.—Class ABI,
Transmitter Output—Class B.

‘Electromagnetic,
Receiver type 71. Amp. type 165, Transmirter type 50
4 VRSI 2 VR56 (CV1056) 1 VR53
1 VT52 .- 1 VR55 1 VT5s2
2 VR53 2 VI52 . 2 VT501 (V3 & V4)
1 VR55 - 2 VT501 or VT501A
. (V5 & Vo)
1 VR92 ’ 1 VR92

215 watts in received condition.
295 watts in transmit condition,

Transmitter—5 watts (with VT501 as V5 and V6).
4 watts (with VT501A as V5 and V6).
Amplifier—— 200 milliwatts when there is a 30 per cent modulated 100 microvolt
input to the receiver.

10D /13273,

16 inches by 13 inches by 10} inches.
46 1bs. (excluding power unit).

Controller Electric type 3. (10]/26) )

Power Unit type 15 or 16 (10K {36 or 10K /37).

Junction Box type 17A or 17B. (10A/12649 or 10A [12650).

Beam Approach Amplifier type Al271 (10U,u'54 ).

Suppressor type H No. 2 (5C/1005).

Aerial Aircraft type 147 (for metal skinned aircraft) 108 /13339,
Aerial Aircraft type 179 (for non-metal skinned aircraft) 10B /1188,
Connector Sets to suit Aircraft.

Test set, Type 5A (108/20) or Test zet, Type 5B (108 ,"638)

‘Test set, Type 11 (105/12049) or Type 11A (10813002 or

Type 98 (105/13036)
Test set, Type 44 (108/107)
Test set, Type 145 (105 /561)
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| 7 TRANSMITTER-RECEIVER, TR.1143A
| INTRODUCTION.

1, The Transmitter-receiver TR 1143A is an airborne radio éommunication equipment
which may be operated on any one of four pre-determined frequencies, within the 100 to 124 Mc/s.
band, Under normal conditions a range of 125 miles air-to-air or air-to-ground may be expected
when the aircraft is at & height of 10,000 ft. . '

2, Communication .is normally by R /T, but arrahgements can be iade for the radiation
of MCW morse transmissions by certain modifications should this be-desired. ' The normal facility
is that of contactor operation, where the transmitter radiates an MCW signal, at intervals determined
by the contactor, on channel D, reverting to whatever other channel may be in use on the cessation
of the contactor impulse. The modulation frequency is approximatély 1,000 cycles per second.
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Fig. 2—TR. 1143A—top covers slid back,

3. The TR 1143A requires the connection of a Controller, microphone-telephone head sets,
2 Power Unit, and a suitable aerial. -The Electric Controller has five push buttons—one for
switching off the set, and the other four for selection of any one of the four pre-determined frequency
channels, A switch is included for changing from the Receive to the Transmit condition.

4. The associated power unit uses a Rotary Transformer. ‘Two types of Power Units are
available. One is for a 12 volt DC supply, and the other for a 24 volt DC supply. To change
a complete TR 1143A installation from 12 volt working, to 24 volt working, it is therefore only
necessary to interchange the low voltage power unit for the higher voltage one.

5. The TR 1143A measures 16 inches by 13 inches. and is 104 inches in-depth. The latter
measurement includes W-plugs. The weight of the sct. alone is 46 pounds, but the addition of
the associated equipment—Controller, Power Unit, BA Amplifier, Junction Box and interconnection

| harness, brings the total weight up to approximately 104 Ibs.
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GENERAL DESCRIPTION

6. ‘The TR 1143A is fixed in a metal case by 4 Dzus fasteners—see figure 1. Figure 2 shows
the set after four other small Dzus fasteners have been released, so that the top covers could be
slid back. The covers have revealed the Chassis Assembly type 13, usually called the Main Tray,
which is constructed of mild steel. This Main Tray is about 14 inches deep and forms the structurel
basis of the set, being the frame to which all the individual umits are fastened. ‘The central channel
section contains the three outgoing plugs : a twelve-pin W-plug P, which connects to the power

J.
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Fig. 4—Block-diagram,

unit, an eighteen-pin W-plug Q which connects with the Controller and the microphones and
telephones, and a coaxial socket S for the aeria]l feeder. On each side of this central panel are the
two sliding covers which reveal the Transmitter and Tuning Motors, on one side, and the Receiver
and Amplifier on the other side, of the central panel. All the tuning controls and crystals are
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a lhen accessible. ‘The other sides of the transmitter-receiver are protected by the metal case. To
the reverse side of the Main Tray is secured a relay, two filter networks and eight plugs and sockets.
These sockets form the complete electrical connections to the fivé units ‘of the TR 1143A: the

Transmitter type 50, the Recewer type 71, the Amplifier t_;\me 165, the Motor Drive Unit type 12 and
the Relay Unit type 48, -

7. There are no other electrical connections to these umts, othcr than these plugs and sockets,
‘'which considerably facilitates. the dismantling of the set.

8. Transmitter, Receiver and Amplifier are each fastened by 3 or 4 screws {painted red) to
the Main Tray. Figure 3 illustrates the system by which the units are assembled. Figure 27
is a diagram of the wnderside of the Main Tray -and g,wes the wiring detmls Figure 33 shows
the electrical interconnections and the components.

ASSOCIATED EQUIPMENT.

9, ‘The reader is rcfcrred to Figures 5, 6, § and 9, which show typical installations of the
TRA143A and its associated equlpment.

Essenﬁel Assoclated Eqmpment.

10. Before a TR 1143A can be used it is necessary to have the fo].lowmg items :—
- (i) Aerial and ‘connectors.
(i) Microphone and telephones with connectors.
(iif} Electric Controller type.3 with connectors.
(iv) Power unit type 15 or 16 with connectors and an appropriate source of power,

Aerial.

11. It is usual to use an Aireraft aerial type 147 for aircraft with metal skins or an Aircraft
aerial type 179 for aircraft which do not havé metal skins. However, other aerial systems are in

use for specialised aircraft, and thc reader should consult the Airframe Publication for the aircraft
in question

Microphones and Telephones.

12, The amplifier of the TR 1143A has been designed for the standard Electromagnetic
Microphone. As normally connected, this amplifier has an output impedance of 8,000 ohms, and
it will feed satisfactorily up to 3 pairs of British high impedance telephones type 16. °

13.. However, should it be desired to use British low impedance telephones type 32, an extra
tapping point is available on the output transformer, giving an output impedance of 50 chme The
connection of the outgoing lead to this tapping point will enable up to three pairs of the low impedance
telephones tobe used. _Should it be necessary to use American 600 ohm head sets, it is recommended
that the separate ear pieces to these head sets be rewired in parallel, jn place of their normal series

connection, The telephone sets then present an impedance of 150 oh.ms and they can be treated
for matching purposes as British low impedance types.

Electric Controller type 3.

14. Al the essential controls for the TR 1143A are incorporated in this unit, It has five
battons: A, B, C, D, and OFF. Depression of any of the first four buttons switches on the set,
and causes the channel selection mechanism to set the tuning condensers and crystal switches for the
corresponding preset frequency,  Depression of the last button switches off the set.  An additioral
switch (sometimes called a key) determines whether the set is in the transmit or the receive condition.
This switch also controls the optional Press-to-transmit operation. It is normally spring-loaded
to stay in the R position, but a catch can be moved to provide locking of the T position. The
REM (Press-to-Transmit) position is self-locking at all times. Figure 12 gives a veiw of this
Controller. It is connected to the set via the 12-pin W-plug—at its rear, and the set cannot be
operated without proper connection of this controller.
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Power Unit.

15. The power unit is a rotary transformer with three output circuits, HT (300 volts),
GB or MT (150 volts) and LT (12 volts). An on-off switch relay is incorporated and ripple
removing networks are included in all of the outgoing and in-going leads. The power unit contains
a voltage regulator of the carbon-pile type in the L'T" circuit.

16, Although separated from the TR 1143A the Power Unit is of such a physical size that
it may be neatly mounted adjacent to the transmitter-receiver, and is usually strapped to it. There
are two types of Power Units available, and they differ principally in the operating voltages required
to drive them. Power Unit type 15 is for 12 volt DC supply systems, while the Power Unit type
16 works on: a 24 volt DC supply. Thus no alteration to the TR 1143A itself is requited when
changing over from the low voltage supply to the higher voltage supply of 24 volts. The Power
Unit merely has to be unplugged and replaced by the type 16, -

Associated Equipment. (fitted as required)
17. A TR 1143A installation, may include some or all of the following items :—
(i) Junction Box type 17A or 17B.
(i) Press-to-transmit switch.
(iify VHF Beam Approach System.
(iv) Morse key, and press for I/C.

Junction Box type 17A or 17B.

18. The TR 1143A can be connected with its associated equipment without use of a junction
box (see figure 5) but this is not the usual method. Normal installations are shown in figures 6,
8 and 9, and it will be noted that these use the Junction. Box as a focal point for the connections.
Two types of Junction Box are available, Their internal connections are identical, but the plugs
are reversed in the type 17B so that it is @ mirror-image of the type 17A.

Press-to-Transmit Switch.

19. The usual method of changing the TR 1143A from its normal condition of reception
to that of transmission, is by depression of the T-R switch on the controller. This switch has a
third position—REM, meaning remote control. A press button switch of the type used for firing
guns (5D /534) can be mounted in any convenient position, such as on the control column. If
this switch is connected to terminals 1 and 5 on plug D of the Junction Box or to plug H of the
Junction Boz, or to pins 3 and 9 of the plug P on the set itself (see figures 1 and 33) and the switch
on the Controller placed at REM, then the press button switch controls the transmit-receive opera-
tion of the set. Pressure on the button causes the set to transmit and on release of the button the
sct reverts to reception. This facility is optional, but it bas obvious operational advantages.

YHF Beam Approach,

20. For use on. VHF Beam Approach System the TR 1143A requires the addition of Beam
Approach Amplifier type A1271, and an Aerial System type 62 (this particular aerial system is more
than a simple aerial—ir includes a diode detecting circuit). © This Aerial connects with the Amplifier,
and the Amplifier is joined to the main installation via a Connector type 692 to plug G of the Junction
Box. An additional BA on-off circuit has to be wired in as well. Figures 31 and 33 give the circuit
and installaton details of such a Beam Approach System. It should be noted that if a Beam
Approach Amplifier is not being used, plug G on the Junction Box must have inserted a dummy
socket strapping terminals 8 and 14, or the MCW system will be inoperative.

21. For details of the VHF Beam Approach system the reader is referred to AP 2528E—VHF
Beam Approach Airborne Equipment.

Morse Key.

22. The set may, under certain operational conditions, be rcqmrcd to give MCW trans-
missions. The morse key for sending such transmissions should be connected to plug A—see
figure 33, The equipment is set to transmit by the switch on the Controller and the morse key
operated in the usual way. No other adjustments are required. The TR 11434 nwust have been
modified according to R.T.I.M.625 for this use. See paragraph 218.
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NOMENCLATURE,.

23. The components of the TR 1143A are designated-by 3 suffizes, e.g., C501, R239. The
¢ hundreds * figure indicates the particular unit containing the ‘component, = Table A shows the
units with their associated component designations. . ‘

TABLE A.
. Component . ‘ Camponent
Unit. . Reference. - Unis, ‘ Reference.
Power Unit 000 to 099 Receiver - : - 300 to 399
Chassis . 100 to 199 Amplifier - 400 to 499
Transmitter 1200 to 299 Control Motor 500 to 599

24. To avoid congestion the hundreds suffix has been omitted from most of the diagrams
and description, but it should be re-inserted by the reader for external reference.

TRANSMITTER %S'
-TYPE 50 5 f 5 Q (PD
RECEIVER E 4
TYPE 74
R MOTOR
U Y X X\DDRNE
AMPLIFIER Z J’\ s
TYPE 185 _ i\
‘ RELAY UNIT

Fig. 7—Set plug nomenclature,

25. Standard detached relay annotation has been used. Relay coils are represented by a
small rectangle containing figures showing the resistance of the coils in ohms, Near the rectangle,
a reference, e.g., F/3 indicates the letter by which the relay is known and the number of contacts
operated by the relay armature. In the text the relay is usually mentioned by its letter 'only. The
actual contacts numbered in this case Fl, F2, F3 appear wherever it is convenient to show them
in the circuit' and not necessarily near the rectangle used to indicate the coil. ‘The relay letter
followed by the number in the text can be taken to representa relay contact. -

26, Each plug in the installation has been given an identification Ietter and connections to
pins are referred to by this letter, followed by the number of the pin—e.g., Q20 for pin 20 to plug
Q. The context of the matter will make it clear to the reader as to whether it is a relay contact
or a plug terminal to which reference is being made. Figures 6 and 7 show the letters allotted
to the various plugs.

1
RECEIVER UNIT TYPE 7l.

27. The receiver is a superheterodyne employing one RF stage, mixer, three intermediate
frequency stages, and a diode detector. The Jocal oscillator uses any ene of four crystals and two
stages of frequency multiplication. Automatic Volume Control is applied to the RF stage and
the first two IF stages, and a muting system is incorporated to silence the set when no signal is
being received. A limiter in the output silences the set when large interfering pulses of short
duration are radiated by any other equipment the aircraft may be carrying,
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28. Figure 4, the block diagram .of the whole set, shows the receiver at the two lower levels,
Figure 17 shows the receiver circuit in detail. The stages are outlined in the table below ;(—

TABLE B.
Gircuit Ref, Valve Type. Description. Function.
V30l VR91—10E /o2 RF pentode RF Amplifier. . .
V302 | VR9l—I10E /92 RF pentode Additive mixer, or first detector.’
V303 VT52—10E /11398 | Output pentode Crystal oscillator and frequency trebler,
V304 VRO1-—10E /92 RF pentode Frequency sextupler. -
V305 VR53—10E 11399 Variable-mu First IF amplifier.
RF pentode
Vios VR53—10E /11399 | - Variable-mu Second IF amplifier.
. RF pentode )
V307 VR91—10E /92 RF pentode Third IF amplifier.
Y308 VR55—10E /11401 Double-diode- First diode—Detector.
triode . Second diode—AVC rectifier.
Triode—Muter.
V309 VR92—10E /105 Diode Limiter.

RF Amplifier.

29, The RF Amplifier uses a conventional circuit, The grid circuit L1C2 is connected to
the aerial through the three micromicrofarad integral condenser C1. (This condenser is in paraliel
with a 10K resistance R1, which acts as a static leak). The tuned circuit L1C2 feeds the grid of

V1 through a blocking condenser C4 so that the steady (DC) voltage on the grid is determined
solely by the AVC line. As in all the other receiver stages, self bias is used. -

30. The anode circuit of V1 and the grid circuit of V2 form a band-pass tuning arrangement.
This ensures adequate pre-mixer selectivity for the rejection of images caused by other radiations
on adjacent channels. * The three variable condensers C2, Cl4 and C20 which tune the grid and
anode band-pass circuits respectively, of the RF stage V1, are all ganged together to Tuning control
pumber 7 (TCT)—See figures 17 and 2. ' N

31. The amplified RF output of the first stage is fed through the blocking condenser €24
to appear across the 100K resistor R14. Voltages from the local oscillator also appear across this
resistor. . . : , .

30, The first stage anode circuit is decoupled by the network C13, R10 and C10, while the
screen is fed through R5 with a’condenser C5 preventing the development of RF ¥oltages across
R5. In parallel with the anode series resistor R11.(8:3 ohms) is connected the receiver meter

plug (see figures 17 and 2) so that the anode current changes may be measured during the setting up
process, '

The Local Oscillator.

33. The Local Oscillator is frequency controlled by a crystal connected to valve V3 in 2
Colpitts circuit. V3 acts as a trebler, extracting the third harmonic of the crystal by its tuned anode
circuit and the subsequent stage V4 acts as a sextupler. 'The output of V4 is mixed with the RF
output of V1 across R14.  The crystal frequency is thus one eighteenth of the desired local oscillator
frequency. The actual crystal used may be one of four—A, B, C or D, according to which button
has been depressed on the' Controller. _

34, For the purposes of the crystal oscillation V3 should be regarded as a triode, where G2,
the screening grid of the VT52, acts as the triode anode. This *“ anode ” is earthy (owing to C7),
the cathode circuit being capacitative. - Circuit L2 and Cl1 (tuned by TCB8) is not at resonance,
the inductance being #mall at the frequency of the crystal. TCS is not a critical contrel, and needs
only to-be adjusted when low activity crystals are in use. C75 places a fairly large capacity between
the grid circuit and the cathode, Since the crystal is connected between the grid circuit and earth,
the cathode is effectively * tapped across ” the crystal by the capacity C75, and that of the capacita-
tive circuit around Cli, in the familiar Colpitts manner.
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35. L16, R6l and the stray capacity form a highly damped resonant circuit, which in
combination with L15 and C76, reduces the input damping of the valve upon the crystal—a feature
which makes the use of certain low activity crystals possible.

36, The electron steam in V3 is thus fluctuating at the frequency of the crystal oscillations.
This stream passes through the mesh of the screening grid (the effective “ anode *” for the crystal
oscillator), on to the actual anode of the VT52. The anode circuit L3 CI5 is tuned to the third
harmonic of the crystal frequency. Both the anode and the screen of V3 are deooupled by C30,
R9 and C7 and self bias is provided by the resistors R6 and R7.

37. The trebled crystal frequency appearing in the V3 anode circuit is fed through C22 to
V4 (a VRI1) the sextupler. This valve works in class C conditions. (The grid current flowing
through R12 provides a sufficient number of electrons to charge C22 negatively, but only so long
as grid current flows, There being no cathode biasing resistor, this results in class C working).

38. This causes extensive generation of harmonics by V4 so that although the anode circuit,
L6, and C26, is tuned to the sixth harmonic, the voltage output is quite considerable. C26 and
‘C15 (V3 anode circuit) are ganged to control TC6, TC6 is the critical oscillator tuning control,
TC8 being very * flat.” RI13 and Cl18 keep the screen potential of V4 at a suitably low value, and
R18, C72 and C19 decouple the anode circuit, The output of V4 is eighteen times the crystal
frequency and it is fed through the small condenser C34 to R14.

The First Detector (or mixer) stage,

39. The local oscillator output and the RF output are combined at the resistor R14. Before
the difference frequency can be obtained, detection (or rectification) is necessary. V2 has a large
self biasing, resistance (R17, 1K) which enables it to function as an anode-bend detector. The
condenser C27 (-01 microfarads) maintains constant the biasing voltage,

40, The anode load of the first detector valve V2 is an IF transformer tuned to the inter-
mediate frequency of 9-72 Mc/s. Thus the difference between the local oscillator frequency and
the RF must always be 9-72 Mc/s. If the frequency of the received transmission is F, the local
oscillator frequency will be F-9-72 Mc/s. The local oscillator frequency is made lower (it could
be 9 72 Mc/s. greater than F) than the signal frequency in the interests of stability. The frequency

of the crystal required for the local oscillator will be Fr _F-972 Mec/fs, = fg‘ =540 ke fs.

18
Note —The crystal frequency for the transmitter is (F+ 18) Mec/s. Therefore, the receiver

crystal is always —— 2 72 Mc/s. = 540 kc/s., lower than the transmitter crystal frequency.

The IF stages.

41. The first and second IF stages are identical and are of conventional design. Iron-cored
permeability tuned IF transformers are used throughout, with resistance damping to give the
requisite band-width of 80 kcfs. at 6dB down. V5 and V6—the first and second IF stage
valves—are both VR53s which are variable-mu types. AVCis applied to both of these valves,
Their screens are maintained at a constant potential by means of potential dividers with decoupling
condensers (R22, R21 and C36; R27, R26 and CA2), and blas is by means of cathode resistors
with by-passing condensers (R23, C38 and R28, C43).

42. The third IF stage uses a VRI1 valve V7. AVC is not applied to this stage. A single
screen resistor (R30, 47K) is used instead of a potential divider, and a slightly higher cathode bias
resistor (R31 330 ohms) than is usual for this type of valve, render this stage difficult to overload
on a large signal—a necessary quality in a stage following so much amplificaion. The output of
the IF transformer connected to the anode of V7 goes to the second detector.

The Second Detector Stage.

43, A diode (DI of the double-diode-triode V8, a VR55) rectifies the output of the IF
amplifiers. The secondary of the IF transformer does not have the usual 100K damping resistance,
as the damping of the diode circuit is rather greater than the grid input damping of the IF valves.



The dicde load resistance is R36 (22K), and the rectitying condenser is C52 (50 micromicrofarads).
The circuit is arranged so that negative voltages corresponding to the IF voltages, appear at the
junction of C52 and R36, C51 (50 micromicrofarads) and R33 (39K) form a filter to prevent the
appearance of intermediate frequencies across R34, :

The Limiter.

44. 1In the detector circuit, is an additional diode V9—a separate VR92. This acts as a limiter
for large pulses of interference which are sometimes developed by other items of airborne equip-
ment. V9 is.normally in the conducting state and therefore may be regarded as a fairly low resist-
ance. The rectified output from R36 then passes to R34. R34 is the volume control (pre-set)
and the requisite output is tapped off. (54 (-1 microfarads) is a blocking condenser to prevent
the negative DC carrier level from reaching the amplifier. R40 and C58 give extra filtering, and

the receiver output goes through pins R1 and U3 to the input transformer T2 of the Intercom-
munication and Receiver Amplifier.

45, However, should an excessively large signal appear, V9 stops conducting, and there is
no cutput from the receiver. The cathode of V9 is held by the long time constant circuit R62
(220k) and C77 (-01 microfarads) at a value equal to the mean-level of the carrier being received.
Modulations of this carrier appear as varying negative-going woltages across R36, and are thus
applied to the anode of V9. Normal modulation does not drive the anode of V9 sufficiently negative
to make the diode non-conductive, but a large pulse of interference will do so. For the duration
of the interfering pulse, V9 is therefore a high resistance and there is no output from the receiver,
This limiting system is particularly effective against radar interference, where the pulses though
large, are very short in duration. The quieting of the receiver for such short periods does not
interfere seriously with the intelligibility of the speech, but the irritating note it causes in the ear
of the pilot is eliminated.

Automatic Volume Control.

46, Delayed AVC is provided by the diede D2, It works on the mean carrier level and is
therefore not affected by the modulation intensity of the carrier, It has very little effect when
the carrier output at this point is less than 10 volts, but comes in guite sharply above this. For
inputs varying from 100 microvolts to 100 millivolts the output is maintained within 6dBs. Diode
D1, the detector, provides a negative rectified voltage proportional to the carrier. This is applied
to D2, the AVC dicde, via R35 (470K) and C57 (0-14F ). This network decouples D2 from affect-
ing the receiver output, and having a long time constant (approximately 1 /20 of a second) effectively
“irons ” out the modulation voltages, leaving only the mean carrier voltages to modify the state
of D2,

47. The delay voltage for the AVC diode D2 is obtained from the double potential divider,
formed firstly by R41, R42, and R57, with R60, and with R47, R58 and R59, and secondly by R46,
R45, R44 and R43, with R35, R33 and R36. Figure 174 shows this rather more clearly than does
figure 17. These potentiometers are arranged so that if D2 were removed the AVC delay voltage
at the point A (on figure 174) would be --10 volts.  As D2 is in circuit, the resistance chain R35,
R33 and R36 is practically short-circuited, and the voltage at the point A is zero. Thus the AVC
voltage is zero until the rectificd output from D1 via R35 (this negative voltage be¢ing proportional
to the carrier amplitude) becomes just over 10 volts negative. D2 then ceases to conduct and the
excess of signal voltage over delay voltage, is applied as AVC.  If the rectified signal is -9 volts,
D2 conducts and the AVC voltage is zero. Bur if a stronger signal is received, giving a rectified
output of -11 volts, D2 stops conducting and -1 volt is applied to the AVCline.  Further increases

of the carrier value cause larger negative voltages across C57, which provide further biasing to the
AVC circuits. : :

48. R56, C6, R20 and €33, R25 and CA49, form decoupling networks to ensure that the AVC

line applies only steady biasing voltages to the control valves V1, the RF amplifier, V5 and V6,
the first and second IF amplifiers.

. 49. The AVC time constant is of the order of 1/20th of a second. All pormal modulation
-frequencies are of considerably shorter cycle duration than this. However, it is found that when
Beam Approach is in use, there is a tendency to clip the dashes of the BA transmission and render
them difficult to distinguish from the dots. Therefore, when BA is in use, it is necessary to increase
the time-constant of the AVC circuit, Reference to figure 33 shows a lead from C57, through
terminals R2, P8, K6, G3, to contact A5 of relay A /5 in the BA amplifier A/127]. This relay is
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energised when the BA system is in use, and then contact A5 connects a 2 uF condenser (C5 of
the A.1271) in paralle] with C57 on the receiver. The AVC time constant is now about one second,
so the dashes of the BA transmission are not marred by any AVC effect,

The Muting Circuit.

50. Under “ no signal ” conditions when there is no radiation of a carrier, the AVC voltage
is zero, and the set unduly amplifies atmospheric noise. To avoid the disturbing effects of the
* crackle ¥ on the pilot’s hearing, a muting system is used. It consists principally of the triode
section of valve V8, and the relay A, Contacts Al and A2 are wired in parallel, and when closed

by the operation of the relay, connect the low resistance R339 (4-75K)} across the receiver output,
thus reducing it to a negligible amount.

51. The negative DC output from the detector is fed to the grid of the triode V8 via a long
time constant circuit R38 and €36 (2-2M and -02 microfarads). This circuit decouples the triode

from affecting the detector circuit, and prevents the modulation voltages from operating the muting
system. €55 decouples the 3,000 ohms relay coil.

52, When no carrier is being received, the detector provides no negative voltage to the grid
of the triode, which therefore conducts, operating relay A. The operated contacts Al and A2
mute the receiver, When a carrier voltage appears, the grid of the triode goes negative, reducing
the anode current so that relay A releases, and the receiver operates normatly. Small adjustments

in the anode potential of V8 may be made by means of the potentiometer R60, should compensation
for valve changes be required.

53. Should this muting arrangement be considered for some operational reason undesirable,
the best method of stopping it functioning, is by removal of the armature of the relay and careful
storage in some convenient adjacent space. Damaging the relay by bending the contact bIades
is strongly deprecated.

AMFLIFIER UNIT, TYPE 165.

54. Figure 19 shows the circuit of the amplifier and figures 10 and 11 give two photographs
of it. This amplifier has four functions :—

(i) The amplification of the receiver output,
(i) Crew intercomumunication amplification,
(iii) Modulation of the tranpsmitter.
(iv) The generation of MCW tone modulation,

55. There are two ways of connecting up the TR 1143A installaton. One way precludes
the use of BA equipment, but arranges so that the pilot only can modulate the transmitter, although
all members of the crew can hear the pilot and the receiver output at all times, and can converse
with each other. For this arrangement, the crew microphones and telephones are connected to
plug D of the junction box, while the pilot’s are connected to plug F.

- 56 However, if BA is used, plug D is required for the BA volume control (see figure 33)
and pilots and crews headsets are all paralled to plug F. The crew can then modulate the trans-
mitter when the pilot switches the system to transmit,

57. The amplifier is divisible into two sections (sec figures 4 and 19):—
(i) The intercommunication and receiver amplifier.
(i) The modulator.

Table C shows the valves in use :—

TABLE C.
Circuit Ref. _ Valve type. Description. Function.
V40l VRS56 (CV1056) RF pentode AF amplifier | Intercommunication
10E /11402— and
10CV [1056 Receiver
V402 VR55 (CV1055) double-diode- Qutput Amplifier,
10E /11401 triode '
10CV /1055 )
V403 VR56 (CV1056) RF pentode AF amplifier
10E /11402— )
10CV 11056 Modulation,
V4045 VT52—10E /11398 Qutput pentodes Push-pull cutput




Fig. 10—Amplifier unit type 165,

Amplification of Receiver Output,

58. The receiver output is fed through the pins R1 and U3 to the high impedance primary
of transformer T2. The secondary of T2 feeds the valve V1 through the bridge network R3, 4,
5and 6. V1 is a high gain pentode, a VR56, and uses cathode self-bias. A portion of the total
cathode resistance (R8, 600 ohms) is un-by-passed, The rest of the cathode resistance R9, 3.3k
is by-passed by the condenser C3, -25 microfarads.

59, V1 has conventional screen and anode circuits for high voltage gain and feeds the output
valve V2. V2 is a double-diode-triode, but the diodes are not used nor are they connected. V2
derives its bias from the amplifier grid-bias potentiometer, R14, 15, 16 and 17. C6and R12 decouple
the bias supply to V2, The output from V2 is taken through the transformer T3. This transformer
has two taps—one for high impedance telephones and the other for low impedance telephones. It
is normally connected for the former. :

60. From the high impedance secondary of transformer T3 a portion of the output is fed
through the network R13 and C7 (IM and 100 micromicrofarads) to the cathede of V1, where it
develops an antiphase voltage across R8, This constitutes negative feedback, and as the network
R13, C7 attenuates frequencies above 1,500 cycles per second, rather less than those below, negative
feed back at the higher frequency is greater. Hence this circuit tends to counteract the tendency
towards the loss of the lower audio frequencies usually encountered in telephones. The negative
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feedback also reduces the effective output impedance of the amplifier, which results in its being
less critical regarding the number of telephones it is used to feed. Up to three pairs of telephones
may be connected without noticeable loss of volume. .

61, The output to the telephones goes via the pins U10, Q3, J3, D4 and F3. It makes no
difference to the telephone connections whether plug D or plug F is used.

Fig. 11—Amplifier unit—underside.

The Two Microphone Circuits.
62, There are two microphone circuits both balanced with respect to earth :—
(i) Using plug F on the Function Box. Circuit is :—
F2,4 —J6,7— Q6,7—Z10.9 to transformer T1,
(i) Using plug D on the Junction Box. Circuit is :—
D2,6 —J10,11 — Q10,11 —U5,6 to transformer T2.

63. Circuit 1 connects to the modulator and is normally the pilot’s circuit. A portion of the
output from the secondary of T1 is fed back (side-tone) into the bridge circuit at the input of V1.

~ 64. This sidetone is amplified and can be heard in all the telephones. Thus the pilot can
communicate with the other members of the crew, by speaking while the set is in the normal (i.e.,
receive) condition. To transmit, he speaks with the controller key at posidon T. His speech
is still fed to all telephones.

65. Circuit 2 connects the microphones from plug D to the low impedance balanced primary
winding of transformer T2. Any speech from these microphones is amplified and can be heard
in all telephones—but these microphones cannot modulate the transmitter.



66. The above is the original and correct method of wiring the TR.1143A circuits, but it
cannot be used when the BA system is installed. For the BA system circuit number 2 is used for
volume control, 2 variable damping resistance being placed across the balanced low impedance
primary transformer T2. This couples with the high impedance primary winding connected to
the Receiver, and so damps and reduces the Receiver output. The crew microphones are then
connected to circuit number ! and intercommunication is effected via the side-tone line from T1
to VI,

Transmitter Modulation,

67. Circuit 1 feeds Transformer T1, the output from which appears across the variable
potentiometer R2. The tap from this goes to contact F1 (through Z12, Yil and 12) and thence
to the grid (through Y9 and 10, Z8) of valve V3, This is a VR56 used as an AF amplifier, and
is the first stage of the modulator. Cathode bias is®ised, and as in the case of V1, a portion of the
total cathode resistance is left un-by-passed, for the application of negative feedback from the output
transformer T5. V3 is transformer coupled by T4 to the push-pull cutput stage of the modulator.
The centre tap of the secondary is taken to the grid bias potential divider, and the value of the
grid bias applied to the output valves V4 and V5 is such as to work them in Class AB1. These
valves are VT52 cutput pentodes. Their anodes are connected to transformer T5, the HT being
applied 1o a centre tap.  The continuation at the V4 end of the winding steps up the anode voltage
swing still more, since it is acting as an auto transformer, The output is.taken from this winding
through pin Ul1 to pin T6 of the transmitter. This wire carries HT (from U12 through the trans-
former T5), the amplitude of which varies according to the speech modulations, This is the
modulated HT for the final stage of the transmitter. .

MCW ‘Tone-Generator.

68. An audio frequency oscillation of the order of 1,000 cycles per second is required for
the MCW transmission. This is achieved by arranging for positive feedback over the two stages
of the modulator. The potential divider R23 (connected to the anode of V4) and R22 (connected
to the HT—earthy for AC) feeds a portion of the output of V4 to the network C12, C11, R21 and
R20. This network attenuates considerably, but discriminates in favour of feedback voltages of
the order of 1,000 cycles per second. These are fed to Z7 and Y7 and 8. When relay F is not
operated they therefore have no effect. But when the relay is operated and contact F1 changes
over, the feedback voltages are applied to the grid of V3, from which T1 is disconnected.

69. The modulator then becomes an audio oscillator generating a 1,000 cycles per second
tone, which modulates the transmitter. A small fraction of the tone is fed through R36 (2-2M)
to the cathode of V1 of the amplifier so that the pilot and crew are aware of the MCW radiation.

TRANSMITTER UNIT TYPE 50,

70. Figure 22 shows the general layout of the transmitter and the block diagram figure 4
shows the five stages :—V1 crystal oscillator, V2 trebler, V3 trebler, ¥4 doubler, V5 and 6 push-
pull power amplifier. Starting from the end where the crystals are plugged in, the layout on the
chassis is in order Stage 1, 2, 3 and 4 with the valves on one side and their associated tuning circuits
on the opposite side of the chassis, although the inductance L4 of the tuner circuit of the fourth
stage is mounted below the chassis. At the end in a screened compartment (see figure 22) is the
push-pull output stage. There is no ganging of the tuning condensers in the transmitter, each
stage having its own tuning control, making a total of five.

71. The valves used in the various stages are shewn in the table below :—

TABLE D
\

Circtit Ref. ‘ Type. . Deseription. Function.
V201 VR53 —I10E[113%99 Variable-mu pentode Crystal oscillator
V202 VT52 —I0E/11398 RF beam power tetrode Frequency trebler
V203 VT501 —I10E/38¢% RF beam power tetrode Frequency trebler
V204 VT501 —I10E/389 RF beam power tetrode Frequency doubler
V205 and V206 VT501 —I10E /389 or RF beam power tetrodes Push-pull power

VT501A—10E /784 ] amplifier output
V207 VR92 —10E/[105 Diode Meter rectifier
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Crystal Oscillator.

72, 'The selected crystal is connected directly to the grid of V1, the crystal oscillator valve.
A DC path for the grid is provided by R1, The tuned circuit in the anode of V1, L1 and TC1
resonates at the frequency of the crystal. Conventional anode and screen decoupling is used,
‘The circuit is analogous ‘to a tuned anode-tuned grid oscillator. Since an HF pentode having
negligible Miller effect is used, there is a possibility that the anode-control grid capacity will be
too low to sustain oscillations, so a small condenser (Cl, 16 micromicrofarads) is connected between
anode and prid. :

Frequency Multiplier stages.

73. ‘The output from the crystal oscillator is taken through the blocking condenser C5 to the
grid circuit of the first trebler valve V2. The grid circuit of V2, like those of all the succeeding
stages consists of a resistor with a choke in series. Considerable grid bias (about 90 volts) is
applied to all of the Frequency Multiplier stages so that they are working in class C conditions
for extensive harmonic generation, TC2 tunes L2 to treble the crystal frequency.

74. ‘The second frequency trebler uses a circuit similar to that of V2, except that a potentio-
meter is used to hold the screen voltage constant. This stage handles rather more power and a
VT501 is used. TC3 tunes L3 to nine times the crystal frequency.

75. The final frequency multiplier stage is V4 which doubles the frequency to become
eighteen times the crystal frequency. This valve handles considerable power, being biased even
more negatively. It 1s also a VT501, .

76. It should be noted that only VT501 valves are suitable for the positions V3 and V4,
The lower grade VIS01A cannot be used here, as their variable screening grid characteristics
preclude their being fed from the relatively high resistance potentiometers. The anode circuit—
TC4 and L4—of V4 is tuned to the final transmission frequency. HT is fed through a centre
tap on the coil L4 so that a balanced push-pull cutput can be obtained. This centre tap is effectively
earthed by the condenser C17 (500 guf) but to prevent undue damping should the input impedances
of the following PA valves be out of balance, a resistor (R11, IK) and a choke (L.8) is inserted
between the coil centre tap and the condenser C17. To aid the balancing of the circuit C16 (8
microfarads) is connected from the *“opposite” end of the circuit TC4—1L4 to earth, to simulate
the capacity with which the valve V4 Joads its end of the circuit. The output is taken through
the blocking condensers C21 and C22 to the push-pull PA stage.

77. To avoid excessive damping by the grid input impedances of the PA valves, these con-
densers are tapped on to points some way in towards the * earthy ” centre tap.

The PA Output Stage.

78. This is of conventional design and uses two VT501 valves. VT501A valves may be
used quite satisfactorily, but a slight drop in output may be expected, depending upon the particular
specimen inserted. Modulation of the Transmitter is accomplished at this stage, both the anodes
and the screens of V5 and V6 being fed from the modulator transformer T405. The screen voltages
are taken off the potentiometer R38, and R36 and R37, to ensure a reasonably linear modulation
characteristic. Neutralizing is effected by the condensers C19 and C20. A six-way two-pole
switch connected to the Meter socket, permits measurements of the anode currents of valves V2,
3, 4 and 5-6, in positions 1, 2, 3 and 4 respectively, and the grid current of valves V5-6 in position 6.

79. Position 5 affords a measurement of the Transmitter output, as it connects the meter
across a portion of the Ivad resistance of diode, which rectifies the output of the transmitter through
the condenser C31—which is merely a plate located near the output coil

THE MAIN TRAY (Chassis Assembly Type 13).

80. The Main Tray is the structural basis of the whole set. Electrically, its principal function
is that of interconnexion between the outgoing plugs S, P and Q, and the plugs to the five units ;
S’ and T for the Transmitter, $” and R for the Receiver, U and Z for the Amplifier, Y for the
Relay unit, and X for the Motor Drive unit,



81. However, it does contain a few components which are not suitable for location in the
units themsefves. The most important of these is the Aerial Relay AR, which changes aver the
set from reception to transmission.  Also mounted on the Main T'ray is a decoupling network R101
and C104 for the grid bias supply, and a smoothing circuit consisting of a choke CHI101 and three
condensers C101, 102 and 103, This latter ensures'a ripple-free supply to the valves of the inter-
comtlnunic_adon amplifier, and the first valve of the modulator—stages particularly susceptible to
- supply noises.

82, The bench wiring diagram of the Main Tray,' figure 27, shews all the components, plugs
and the wiring. ~ Figure 33 has 2 simpler layout of the theoretical connexions, ’

ELECTRIC CONTROLLER TYPE 3.

83. The entire operation of the TR.1143A, once it has been set up for its four pre-determined
channels, is effected by means of the Electric Controller Type 3. This control system is used so
that the set itself may be stowed in any desired place in the aircraft, while the smaller Contro! unit
can be installed wherever it is most convenient for operation. Figure 12 shows a photograph of
the Controller Type 3, figure 13 the mechanism and switch contacts, and figure 33 the circuit
diagram. The relations of the Controller switches to other parts of the circuit is more clearly
illustrated in the subsequent section on the control circuits.

Serias

Fig. 12—Electric controller type 3.

84, Pressure on the oFF button de-energises relay N, and the supply is cut off from the motor
of the power supply unit. The whole set is then quite dead. Pressure of any of the buttons A,
B, C or D, starts the motor of the power unit by lifting the OFF button, restoring all supplies, The
lamp adjacent to the depressed button, lights. (The red lamp marked LR also lights if the set
is at Receive). The control marked 1, figure 13, operates a slide which darkens all the lamps,
should this be required for night flying conditions.

85. The switch below the push buttons has three positions. The central and normal position
is marked R. In this position the lamp LR is on. Moving the switch to the left to the position
marked T, extinguishes LR and transfers the HT supply from the receiver to the transmitter,
which may then be modulated. Normally the switch has to be held in this position, as it springs
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back to R as soon as the pressure is released. However, by operating the projection 18 just above
it, it can be made to lock itself in the T position, requiring to be pushed back to the R position
when the transmission is ended. Movement to the right—a self-locking position—transfers the
T-R control to the press-to-transmit switch. The lamp LR stays lit but it extinguishes if the
press-to-transmit button is depressed. This burton springs back as soon as finger pressure is
removed from it, allowing the set to revert to reception.

86. The five buttons on the Controller are self-locking. One button will always be in the
depressed position but the operation of any other, mechanically restores the previously depressed
button. If two buttons are pressed together neither will lock,

87. The electrical action of the Controller switches is discussed under the heading of Control
Circuits. The mechanical action is best appreciated by the examination of an actual Controller,
but for those readers who have not access to one, the following description is included.

Mechanical action of Controller.

-88. Referring to figure 13, the controller, shown in the illustration, is seen to be fitted with
a key switch, five press-buttons and five jack-mounted pilot lamps, which are annotated in accord-
ance with figure 33. The lamp caps are covered by a shield incorporating a dark slide for night
flying ; this is operated by the control (1), and is secured by the screws (2).
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Fig. 13—Electric controller type 3 (layout).
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© 89, In the sectional view, the plungers (3) of the press-buttons are seen each fitted with
springs (4) which normally maintain them in the outward position, and with buffers (5) which
operate the switch mechanism (6. The plungers are also fitted with slots (7) and (8), which engage
with the detent lever (9).

90. When any button is depressed, the leading face of the slot (7), presses against the chamfered
face (10) of the detent lever, and forces it npwards against the tension of the spring (11), motion
being permitted by the links (12).

91. When the plunger has completed a full stroke, the detent enters the slot (8) and resumes
its normal position owing to the spring (11). The preliminary upward movement of the detent*
when any plunger is depressed releases any buttons previously depressed, which will return to the
outward position under the influence.of the springs (4).

- 92, - If two or more buttons are depressed simultaneously, only one of them c¢an engage with
the detent, as the other will be prevented from completing its travel by a drift block interlock con-
sisting of the cam plates (13) which are designed always to cover all but one of the exit slots (14)
for the plungers, and are moved by the end of the plungers due to their bevelled faces. . If the
buttons simultaneously depressed are exactly in step with each other, none of them will be able
to advance to the locking position. .

93. The key switch also shown in plan below, is seen to bc of normal design, except that
the toggle (15) is cut away. A pin (16) on the hinged side (17} which may be moved by the pro-
jection (18) which extends through the face of the controller, engages with the cut on (15) and
prevents the key switch, from being set in the REM position. At the same time the spnng (19
engages with the o'r.her side of the toggle, and prevents “locking ™ of the key switch in the
“ transmit ** position,

CONTROL CIRCUITS
94. TFor discussion it is convenjent to divide the Control Circuits into two parts, The first
section deals with :(—
(1) The on-ofF switching (Relay N.)
(if) The T-R control (Relay AR).
(iii) The press-to-transmit control (Relay C).
{(iv) MCW operation (Relay F).
The second section describes the electrical aspect of the channel selection and tuning mechanism.
Relay H and the Drive and Selector motors are the principal items involved.
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+* The ON-OFF Cireuit. )

95. ‘This is controlled by the buttons on the Controller. The 6FF button breaks its contact
when depressed.  When one of the channel buttons is pressed, the mechanism raises the OFF button,

. . and the contact is made. _Figure 14 shows there is now a circuit for the supply through the coil

of the N relay, which therefore operates. Contact N1 then applies the supply to the motor of the
rotary transformer, which then generates the HT, LT and GB to the Main Tray.

The T-R Control (Relay ‘AR).

96. 'The change-over of the set from transmission to reccpnon is effected by the AR relay.
It has two sets of contacts. The first set is for changing over the aerial, from the receiver to the
transmitter, These contacts are wired to the aerial plugs for the Receiver and the Transmitter
on the Main Tray, and to the outgoing aerial socket, by co~axial feeder, and have special earthed
balancing blades 'between the actuating springs. These balancing blades are designed so that
their distributed inductance and capacity simulate the L-C characteristics of the co-axial feeder,
no avoid discontinuity in the transmission line characteristic. The blades are also arranged to
short out the unused section of feeder. Contacts AR2 change over the HT 3upply, from the
receiver to the transmitter and the modulator. In the normal state—that is, the receive condition
—the AR relay is energised, - This has been arranged because a relay is more stable when energised ;
for example, manceuvres involving a high value of G are much less likely to affect it.

97. When the T-R switch is in the normal position the circuit for the AR relay is as follows :—
LT+ -AR Relay-Q17, J17, E8, L8-TR switch- L10; E10, J15, Q15, Y16-
contact F2 (normally closed)- Y13 —carth,

When the T-R switch is moved to the T position, this circuit is broken; relay AR releases, and

the set changes to transmission. There is a similar circuit for thc lamp LR, which.is therefore
extinguished while transmitting,.

The Press-to-Transmit Control (Relay C).

98. When-the T-R switch is placed at REM, the circuit maintaining Rela AR is:—
LT+ -Relay AR-Q17,J17, E8, L8 ~ T-R switch -~ L9, E9, J18 Q18 Y15 - contact
Cl (normally closed) - contact F2 (normally closcd)—Y13—carth.

The transmit-receive control of the set is now transferred to Relay C.  The operation of C opens

contact CI and the circuit for Relay AR is then broken. The circuit to operate Relay C is:—
LT+ -Y19-Relay -C-Y5, P9, K3, D5—press-to-transmit switch (made, for
transmission)— D1, K1, P12, —earth.

MCW Control (Relay F).

99. It will be noted that at all times the T-R condition is under the controt of Relay F. The
operation of Relay F opens contact F2, thus breaking the circuit for Relay AR, and so the set trans-
mits. Contact Fl, when operated, causes the modulator to become a 1000 Cps. tone generator
~—see paragraph 68 on the modulator. Contact F3, as connected when the set leaves the manu-
facturers, overrides the channel selection of the Controller, and changes the set over to channel D.
The action of this is explained in the subsequent section. The operaton of Relay F thus causes
the set to transmit the MCW tone on channel D, When the relay is relaxed, the set reverts to

" its original condition to whatever channel the Controller is set, The circuit for Relay F is :—

LT+ -Y19-Relay F-Y14, QI2, J12, Gl4-through the shorted BA amplifier
contact AS/or the strapped plug when BA is not used- G8-plug A-XKI, P12~
earth.

The control of Relay F is thus vmted in plug A. As wired on leaving the manufacturer, plug A
is for connection to a contactor,

Channel ‘Selection.

100. The TR.1143A is tuned to the required channe! by means of two motors. The varidble
condensers of the transmitter and the receiver are turned to their pre-tuned setting each by four
slide bars, any one of which may be engaged, It is the function of the Selector Motor fo decide
which of the four slide bars is to be actuated, according to selection established by the Controller
buttons. The Drive Mofor operates a system of levers and cranks (see figure 23) to implement
the action of the Selector Motor, and it drives home the slide bars to locate the variable condensers.
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101. The motors both operate on the * pecking > principle, in the manner of a uniselector.
A claw is pulled against spring-pressure by a magnet coil (S or D), breaking a contact (s or d) as
it does so. ‘This contact is in series with the coil, so the claw does a series of to-and-fro move-
ments. It engages with a ratchet and on each movement pulls round the ratchet one tooth. It
works at the approximate speed of 15 teeth per second, and so gives a slow but powerful torque.

102, Reference should be made to figure 15.  The Drive Motor D drives a cam CD operating
a three-position set of contacts, Dla, D1b and D2. The table in the diagram shows the circum-
stances under which these contacts are opened or closed, The Selector Motor drives two cams,
CSI and CS82. :

103. When 2 different channel button on the Controller is pressed the motors perform the
following actions :(— - .
(i) Motor D turns through 40 degrees from the Drive position to the Release position.
(See figure 23). This releases the slide which has been locking the variable con-
densers on the last frequency channel.

(ii) Motor S rotates and selects the slide appropriate to the new channel required.
(iti) Motor D starts up again and turns through 140 degrees to drive home the selected
slide, which forces the tuning condensers to their new position and locks them there.

104. The motors are controlled by their cam switches and by Relay H, Relay H is the
channel-change relay and is operated in the normal condition.

Channel Selection in detail.

105. ‘Suppose the set is orl channel A, and button C on the Controller is pressed. Contact
PC1 on the Controller is now closed but contact PAY js opened. Since cam CS1 is earthing contact
SA, there is now no through circuit for Relay H, which becomes de-energised. The releasing of
contact H2 makes a circuit for Motor D :—

LT+ -D-d-X6, Y20- H2-Y2,X10-Dla~ §1b - X5 —earth,

Motor D starts, and cam CD rotates. Contact D2 makes 25 CD moves the drive cam elevation
away, so that premature make of Relay H will not stop the action. When cam CD arrives at the
“ release ” indentation, contact Dla opens ; the circuit for Motor D is broken. D stops. The
slides are now all released. The S Motor now starts, over the circuit :—
LT4 -S-5-XI12, Y4-H1-Y3, X11-DIlb {made in release position of CD)
— 81b - X5 - earth.

As soon as cam CS2 starts, Sla closes (S1b opening), affording a direct earth for the S Motor.
After rotation through 90 degrees, S1 changes over and the 8§ Motor will only continue rotation
if Relay HI1 has not been made, so as to break the circuit quoted above, Thus, once S has been
started it will only stop on one of the four notches of CS2. The cam CSI has only one noich,
and its function is best described by saying that it * searches ™ for the earthed contact applied by
the Controller, and then operates Relay H, thus stopping the selecting sequence. In the example
tzken, cam CS1 will rotate until the notch is opposite the C position when contact SC applies an
earth through the depressed button PCl and F3 to operate Relay H. Contact H1 changes over
and breaks the S Motor circuit. The circuit operating relay H is :—
LT+ ~Y19-Relay H-F3-Y17, Ql16, J16, E3, L3 -PCl -16, E5, J8, Q8, X3 -
SC-X5 —earth.
The Selector Motor is now stopped in position C. The C cam (item 50 on figure 23) has raised

the driving lever (32) so that the latter is ready to push home the slides cotresponding to channel
C, a5 scon as the Drive Motor starts. .

The operation of relay H has completed a circuit for the D motor :—

LT+ ~D -d-D2-switch P-Xa, Y1 - HI - Y3, X11 - DIb—81b - X5 - earth,
The Drive Motor Starts from the Release position. Its circujt is maintained :—

LT+ -D-d-D2-Dla-S81b~X5 - earth.

Motor I continues driving over the 140 degree section, pushing home the C slide bars as it
does so, turning the condensers to positions at which they were originally set up for channel C,
and switching in the C crystals for the Transmitter and the Receiver.



106, Cam CD finally arrives at the “ Drive » elevation, having turned through 180 degrees
since the action began. Contact D2 opens at this point, and breaks the D-motor circuit, which
therefore stops. The new channel has been selected and the system is stable, until either a different
channel button on the Controller is pressed, or the switch P is operated.

Action of P-switch.

107. It can be seen from the foregoing description that the stable state of the control syitem
is at thé “ Drive ” position. To dismantle the set it is necessary to disengage the mechanism from
the slide-bars, that is, to allow the system to reach the *“ Release ” state and to stay there. Opera-
ting the switch P, the Tuning Assembly Release Switch effects this, Figure 2 shews the physical
location of this switch, while figure 15 shews its situation in the theoretical circuit.

108. Operating P starts Motor D over the following circuit :—
LTL-D-d-P switch-Dla~S1b-X5 - earth.

D rotates until cam CD has moved through 40 degrees to the * release » indentation, when Dla
opens. The slide-bars are now free. The set cannot now be operated until P is returned to its
normal position, Switch P is so positioned that the covers cannot be closed while P is in the release
position. This is to reduce the possibility of the set being installed in an aircraft with P released.

F-Relay and contactor operation.

'109. It has been shown how the operation of contact F1 causes the Modulator to send a
1,000 cps. audio tone, and how F2 changes the set to the Transmit condition—see paragraph 99.
Contact F3 overrides the Controller, by breaking the circuit through the selector Motor cam CS1
and the depressed push-button, to relay H. This relay releases and the selection of a new channel
starts, This channel will be D, because the operated contact F3 has arranged that relay H will
be made through the circuit :—

LT+ —Relay H-Contact F3 (made)-Y18-X4-SD-X5-carth when the §
motor has arrived at channel D.

When F is released, the original channel corresponding to the depressed button on the Controller,
is re-selected.

110. ‘This sequence is for Contactor operation, However, many TR.1143A sets in service
have been modified according to RTIM 625. When this.modjification has been effected, the short-
ing of plug A on the junction box operates relay F, which acts as follows i—

(i) When the T-R switch is at Transmit.
The transmitter radiates the 1,000 cps. MCW tone
on the channel n wuse.

(if) When the T-R switch is at Receive :—

The receiver is muted so that intercommunication can be effected in the
absence of the receiver background noise.

Relevant sections of this RTIM are quoted at the end of this book. The reader may like to make
pencil modifications to the appropriate figures in this book, in case he encounters modified TR.1143A
sets. There should be no difficulty in following the modified action of relay F, as the Contactor
system is the more complicated.

The series-break contacts on the Controller.

111. The reader may be curious as to the purpose of the contacts PA2, PB2, PC2 and PD2
on the Controller, as under normal conditions they are all in series, and one always will'be broken
(except when the set is switched off, when, of course, relay H cannot be energised). The reason
is that it is possible that a button may be pressed so lightly, that although it releases the one
previously depressed, it may not itself lock, and all buttons will be out. Under these conditions,
the Selector Motor would search in vain for an earthed contact, and keep rotating continuously,
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with the possibility of overheating and the likelihdod of severe discharge of the batteries. How-
ever, this possibility is prevented by the operation of relay H over the circuit :—

LT+ —~Relay H-contact F3-Y17, Q16 He, E3, L3-PD2-PC2-PB2-
PA2 ~ 11— earth,

The Selector Motor is therefore stopped, and it will only restart when the button is properly pressed
home,

CHANNEL SELECTION MECHANISM

112, Figure 23 shows the mechanical system which transfers the torque of the Selector and
Drive Motors into movements of the slide bars. Figure 24 shows a perspective view of the tuning
cams, which are operated by the slide bars to drive the variable condensers to their pre-set tuning
points. Only one slide is shewn in' the diagram. The reader should visualize four of them,
mounted on top of each other. The crystal switches (item 17 of figure 23) should also be imagined
as doubled in the vertical plane, Figure 24 shews the order in which the items of the tuning cams
are assembled. It should be noted that it may be found that on some of the more recent models
of the TR.11434A, items '7 6 and 8 may have been omitted, and replaced by a plain washer, and a
friction disc, as shewn in figure 24a.

Mechanical action.

113. Referring to figure 23 the shaft (30) of the driving motor carries two diametrically
opposite operating pins (31). These are normally at rest in the positions shown, but during the
process of changing channels they first rotate through 40 deg. to the position shown in dotted lines,
pause there while the selector motor is selecting the new channel, and then rotate a further 140
deg. During the first 40 deg. the pin (31) escapes from the recess (54) in the operated driving
lever. (32) which returns to the unoperated position {49) under the restoring influence of the spring
(51). During the ensuing pause, sclection of the appropriate driving lever by the selector motor
is carried out as follows.

114. The selector motor shaft (48) carries four cams (50) at levels corresponding to the four
driving levers. The cams rotate with the selector motor shaft and each driving lever in turn is
moved by its associated cam from the normal position (49) to the selected position (47), the suitably
profiled faces (37) of the driving levers acting as cam followers under the tension of the springs
(51). When the selector motor comes to rest as already described when dealing with the electrical
features of the motors (paragraph 105) it will be holding the driving lever appropriate to the channel
required in the selected position (47).

115, The above selection having been accomplished, the driving motor again starts to rotate,
the pin (31) engages in the driving lever recess (52) and rotation continues through 140 degrees
until the movement of the driving lever (32) has, through the agency of the toggle mechanism,
slide operating arms (41}—(19) and pull reds (22), driven home the appropriate tuning condenser
slides., The driving motor then comes to rest. When 2 fresh channel is required, the driving
motor again turns through 40 degrees and the operated driving lever (32) returns to its normal
position (49). The restoration of the driving lever, by operating the toggle mechanism, allows
the transmitter slide (1) to return under the action of the slide restoring springs (53). Bouncing
of the slide is prevented by the braking action of the leaf springs (56). At the same time the receiver
slide is restored by a similar process,

Tuning-condenser slide mechanism,

116. This mechanism is illustrated in figure 23. The required channel is selected by driving
home one of four slides, which turns the appropriate cams associated with the spindles of the trans-
mitter and receiver tuning condensers and then locks them in position. The detailed operation
of the sliding mechanism is as follows, and the manner in which it is driven will be found in the
preceding section dealing with the motors,

117. The top slide (1) of the transmitter and (2) of the receiver are shown in the operated
position in ﬁgurc 23; the remaining slides (3) and (4) (indicated by dotted lines) are all in the
released position. In ‘figure 21 the slides are all shown released. The slides are held in the
unoperated position by the slide restoring springs (53). The slides are suitably spaced by means



of spacers (5) on the slide locating pillars (6) so that each slide controls one tuning cam on each
condenser spindle. There are cight tuning cams (10) separated by locking balls (8) and guide
washers (7) on each condenser spindle and, when all the shides are withdrawn, the spindles and the
cams locked to them can turn freely in the wider end of the large holes cut away in the slides.
During the process of tuning, the spindies are set to the required position and then held by the
spacing washers and friction dises to the cams by tightening 4 knurled knob. The washers (7),
and locking balls (8) engage in grooves (%) in the condenser spindles, and thus prevent movement
of any camm, relative to the condenser spindle, other than the cam held by the driven slide.

118. When any slide commences its travel the puide faces (12) of the shaped holes in that
slide engage with the cam projections (11) and, during the initial motion of the slide, rotate the
tuning condensers until the cams are all in line. When ‘the cams have been positioned in this way
the slide is driven fully home, the cams being finally secured by means of the detents (I3) which
engage with the cam noses (14) and with the fixed pillars (15). The detent levers are spring-loaded
by helical springs (16). The crystal switches (17) on the transmitter and receiver take the form
of relay springs mounted in double pairs, one above the other. When any slide is driven home
it operates the ““ change-over ™ spring contacts for the required crystal by means of a small insulated
roller (18) carried on the cam slide. The contacts associated with the other three channels remain
in the “ unoperated > position, thus shert-circuiting the crystals not in use.

119. Should it be necessary to dismantle any condenser spindle assembly the greatest care
tust be taken to ensure that all the individual items (washers, discs, cams, etc.) are returned to
the precise relative positions in which they were formerly located.

Slide actuating mechanism,

120. ‘The tuning condenser slide mechanism and the tuning motors having been described
it remains to be shown how the motion of the driving levers from the position (49) to (47) and
thence to (32) operates the slides (1) and (2). This is performed by means of the slide actuating
mechanism in the following way :—The motion of the driving lever is determined by the shape
of the slotted guide face (33) engaging with a fixed guide pin (34) and by a toggle mechanism con-
sisting of the lever (35) and bell crank (36) (whose respective pivots (38) and (39) are fixed) and
the link (40). A transmitter slide operating arm (41) which operates the slide (1) has two slatted
guide faces (42) and (43) which, in conjunction with the fixed pins (44) and (45), act as guides.
The slide operating arm is moved by the toggle mechanism, one end of the bell crank engaging
in the cut-away drive surface (46). Simultancously, the other end of the bell crank (36) which
is provided with the engagement hook (27) operates a pull rod (22). The latter drives a2 receiver
slide (2) by means of another bell crank (19) pivoted at (20). ‘The pull rod is secured at the motor
end by the pull-rod pin (26). The pins are retained in contact with the hook by projections on the
swivelling pull-rod locking pieces (28}, these projections engaging with the slots (29) in the split
end of the pull rods. At the other end the pull rod is threaded and passes through the pivot (24)
and is held in position by the pull rod adjusting nut (23) locking nut (55) and spring (25). The
bell crank spring (21) normally holds the bell crank lever (19) in the unoperated position shown
in dotted lines. ,

THE POWER UNITS TYPE 15 AND 16.

121. The power units types 15 and 16 are used with the TR.1143A to enable the equipment
to be operated from 12 or 24-volt general aircraft supplies. The power unit type 15 comprises
a rotary transformer type U, a voltage regulator, type G and coils and condensers for the sup-
pression of radio frequency interference. Power unit type 16 is similar except that it incorporates
a rotary transformer type V, operating on 24 volts, instead of type U (12 volts) and also an L.T.
circuit esistance R2 {0-3 ohms). A circuit diagram of the power unit type 16 appears in figure 32,

122. A rotary transformer provides low, medium, and high tension outputs for the radio
equipment. The medium tension output is used to provide grid bias for the amplifier unit, type
165 and the transmitter unit type 50. A steady output voltage is maintained, by the action of the
voltage regulator, from an input voltage varying between 10-8 and 14 volts in the power unit, type
15 and between 21-6 and 29 volts in the power unit, type 16. This regulator controls the current
flowing through the boost field, F3. The operating coil of the voltage regulator is connected in
series with the ballast resistor R1 across the low tension output of the rotary transformer. Any
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increase in this output voltage would increase the magnetic pull of the regulator coil, thereby
reducing the pressure applied by a control spting to the carbon pile and increasing the resistance
of the pile. Since the carbon pile is connected in series with the boost field the field strength will
be reduced, thus maintaining a constant output from the rotary transformer, Converscly, any
tendency for the Jow tension output voltage to fall will increase the boost field strepgth and stifl
maintain the output constant. No adjustment should be made to the carbon pile or the ballast
‘resistor R1 without reference to A P.1186D, Vol. 1, Sect. 2, Chap, 3, which contains all necessary
information -on these Power Units.

TUNING PROCEDURE

123. The layout uséd for tuning is shown in figure 16 and a test set type 5A, is connected
to the transmitter-receiver as shown. A 12 or 24-volt battery of capatity 250 or 125 ampere hours,
should be used according to whether a power unit, type 15 or type 16, is employed. With the test
set type 5A, it is essential that an artificial zerial type 14, should be used.

124, Havmg complcted the connection of the test circuit, the necessary crystals and valves
should be fitted in position in the transmitter, receiver and amplifier. It should be noted that the
operational frequency of the transmitter is 18 tites the resonant frequency of the crystals, while
the frequency Fr of the receiver crystals in kc/s. may be determmed by the formula (—

Fr=Ft—540 ke s.

where Ft—=transmitter crystal frequency in kc/s.

Transmitter tuning,

125. © The meter sockets of the test set type 5A, should be connected to the transmitter and
receiver metering plugs, and the artificial aerial type 14 connected to the aerial socket. The trans-
mitter-receiver should then be switched on using the button on the controller corresponding to
the lowest frequency, setting the key switch to TRANSMIT and retaining it in this position. After
aliowing approximately two minutes for the equipment to warm up, tuning may be started as follows.

- 126. Reference should now be made to figure 2. Set the sthch P on the drive unit in the
RELEASE position {pointing outwards from the cover) and loosen the locking nuts on the condenser
spindles about 1} turns counter-clockwise, from fully locked position set the meter switch on the
transmitter to position 1'and that on the test set to the TRANS., ANODE position. . The switch P
should be reset in the operate position (lying flat) and the appropriate-tuning condensers TCl,
TC2, TC3, TCA and TC5 should be set by movement of the pointer, to the approximate frequency
TC1 should be adjusted until the current indicated on the test set meter is a max.tmum, or greatet
than,Full Scale Deflection, .

127." The condenset TC2 should next be adjusted until the current indicated with the meter
switch in position 2, is a maximum and the condenser T'C3 and TC4 should be sumla:ly adjusted
with the meter switch in positions 3 and 4 respectively.

128. The meter switch should then be set in position 5, and the condenser TC5 carefully
tuned to the maximum meter reading. This completes the prchmnmry tuning operation, which
should be performed as rapidly -as possible to avoid overloading the valves.

126. The meter switch should now be tirned to position 6 in order to measure the total grid
current of V5 and V6. Condensers TC4, TC3 and TC2 should be carefully readjusted in that
order to obtain a maximum reading in position 6. Note this reading. Detune TC! in the high
frequency direction to give a final reading of the meter, when the meter is in position 6, 5 divisions
(ie., approximately 10%,) below the maximum obtainable, If the reading is now Iess than 35,
a new valve is probably necessary. .

130. ‘The high frequency end of the scale may be identified by noting that the anode current
of V2, when the meter switch 15 at position 1, decreases more gradually than when TCl is moved

_in the lower frequency direction.

131.. The tuning process should then be carried out on the other chaanels in order of increasing
frequency, procedure being the same as before.  After tuning all four channels, the switch P should
be set in the RELEASE position and the tuning condensers locking nuts gently turned clockwise using
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the knurled clamp nuts. Continue movement until nut is tight. This locks the cam assemblies.
Finally reset the switch P in the OPERATING position and read meter current in all six positions at
all four frequencics, A Jlarge change of current in any position at the different frequencies will
indicate mistuning, which should be corrected by repeating the tuning procedure of the stage affected.

132, When the transmitter is finally tuned, the meter readings should lie within the limits
given in the following table, These values are to some extent dependent on the frequency and
tend to increase as the frequency increases. If the readings fall very far outside the specified limits
even after thoroughly rechecking all tuning adjustments, reference should be made to the instructions
glvcn in paragraph 216 under the heading ‘ Dismantling.”

Switch position ° 1 2 3 4 5 6 NOTE : The transmitter
: output circuit should be
Not greater than 1004 85 100 65 50 * retuned when the

equipment is installed

Not Iess than 42 40 60 50 40 35 the ajrcraft.

* see paragraph 129 above.

These figures assume that the power unit supplies the followmg voltages on load :—
H.T.—300 volts.
Bias—150 volts at generator or 120 volts at transm:tter
L.T~~12-6 volts at transmitter or 13-1 volts at generator,

133, If any difficulty is experienced in tuning the transmitter to obtain the required output
or grid current, one or more of the valves may need renewal. A faulty valve is usually indicated
by the fact that when the set is tuned, the anode current of the earlier valves will be high while
those of the subsequent valves will be low. When changing the valves, it is convenient to remove
the top cap connection by leverage using the end of a screwdriver. When two valves have a common
retainer, both caps and retainer should be removed before changing the valve, In the case of the
valves V5 and V6, the locking clamp at the base of the valve should be loosened by unscrewing
the clamping screw.

134. A check of the efficiency of the valves may be made by checking the anode current of
each valve when its anode circuit is tuned., This entails tuning T'C2 (see figure 2) with the meter
switch in position 1, TC3 in position 2, T'C4 in positon 3, TC5 in position 4. A pronounced
dip should be observed at resonarce in each case,

Neutralization,

135, Neutralization of the output stage may be necessitated after changing the output valves
or for other reasons, A check of the neutralization may be made after releasing the switch P,
switching the equipment to TRANSMIT and short-circuiting the contactor contacts A of the junction
box so as to set the amplifier oscillating and applying high modulation voltage to V5, V6 (figure
21) in the transmitter. With the meter switch in position 5, verify that whatever the relative
position of TC4 and TC5 within the complete frequency range, no meter reading is observed in
these conditions. If mo meter reading is observed the transmitter is correctly neutralized.

136. If as a result of the test described in the preceding paragraph, output current is found
in the meter position 3, it will be necessary to re-neutralize the transmitter by proceeding as follows :
Remove the amplifier unit, set the equipment at TRANSMIT and after inserting a 6,225 ke fs. crystal,
or a crystal of the nearest frequency to this available, tune the set as described in paragraphs 125
10 132, then set the switch to position 6 and adjust TC4 to maximum. Then switch to position 5
and adjust TCS to maximum. If the reading exceeds one division, full scale corresponding to 100,
readjust neutralization condensers C19 and C20, until the meter reading becomes /ess than one
division, and repeat the test procedure described in paragraph 135.

137. ‘The neutralizing condensers are adjusted by moving the shutter upwards or down-
wards after loosening the clamping screws. These should only be loose enough to permit easy
movement of the shutter when pushed down by a screwdriver applied as a lever between the tabs
on the shutter and the chassis. When making final adjustments, it is advisable to tighten one of
the clamping screws and pivot the opposite side of the shutter down as necessary.



138. As a guide to the directions of movement necessary, if the frequency at which a reading
was obtained under the conditions described in paragraph 136 lies at the low frequency end of the
frequency range, move the shutter upwards, and if at the high frequency end, move the shutter
downwards. Adjustment should be continued until conditions given in paragraph 136 are satisfied,
and the operation should again be checked in accordance with the tests given in paragraph 136,

139. Note, as regards changing valves, that the valve even if unsuitable in one position may
frequently be useful in ancther position, that is, a valve which will not perform in a proper manner
as a frequency trebler V3 (figure 21} or doubler V4 may be suitable for use as an output valve in
position V5 or V6, - -

140. Apart from poor neutralization, apparent trouble in tuning the output stage involving
low output reading in position 5 with normal performance of the valves V5 and V6, may be caused
by failure of the monitor valve V7 or by the wrong setting of the monitor coupling condenser C31.
If the lock nuts of the movable disc of this component have become loose, C31 may possibly have
been. set too far away from TC5. The normal position of the disc is approximately § inch from
the nearest point of the stand-off insulator.

141. If difficulty is experienced in tuning TC2, TC3 or TC4 at the extreme ends of the
frequency scale, this may be due to either C10 or Cl14 having become displaced, due to maintenance
repairs or careless handling, from their correct positions so that they are in close proximity to the
chassis or other earthed component. Alternatively a valve fault may cause this trouble.

Receiver tuning.

142. The receiver is similarly tuned, after inserting the crystals and loosening the tuning
cam locking nuts by about one turn as before. The test set control switch should be moved to the
position REC.AGC. and the key switch on the controller set to RECEIVE. The press button cor-
responding to the lowest operating frequency should than be depressed after resetting the switch
P 1o the operate position.

143. The test set should then be set in operation at the required frequency, using the
appropriate crystal. The output should be set at the maximum. The frequenty of the receiver
crystal (Fr) is given by the expression

Fr=Ft-540 kc/s.
Where Ft=transmitter crystal frequency.

144. The receiver unit tuning condensers should then be set manually to the approxzimate
operating frequency selected and adjusted in the following manner.

145. Swing TC6, TC7 and TC8 until an audio output is heard. With large output from
the test set, type 5A, many responses may be obtained whilst swinging TC6 hence it is imiportant
to reduce this output until the response corresponding to the smallest input is obtained. Having
identified the correct response in this manner TC6, TC7 and TC8 should be adjusted in that order
until the maximum sensitivity is obtained, - - :

146, Particular attention should be given to the adjustment of TCB8. This controls the
tuning of the cathode feed-back circuit to the crystal and provided that the crystal in use is of
normal activity the characteristic of this circuit will be flat and no definite tuning. point may be
obtainable. In all cases it is important that TC8 should be set to the same spproximate scale
setting as TC6 so that if, for any reason the activity of the crystal in use should decrease, the cathede
feed-back circuit will be correctly tuned to assist the requisite drive from the anode circuir of V3.

~ 147. The tuning operations described may first be carried out aurally as stated, but the final
tuning should be carried out using the meter in the test set, and adjusting until the maximum
“ backing-off ” is observed. The test set output must be reduced during the final tuning until
a “ backing-off ” of approximately ten scale divisions is obtained. Under these conditions, more
accurate settings of TC6 and TC7 will be obtainable.

148. The tuning operadons should be performed for the three higher frequencies, in
ascending order, switch P released, and the mechanisms finally locked, as described for adjustment
of the transmitter. The switch P should then be reset in the operate position, and the tuning
checked by reading the current at each frequency in' turn using the same output setting for the
test set, but resetting the test frequency each time. The current readings at each frequency
should be approximately equal.
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" . 149. On.completion of the tuning, the instrument should be instalied in the aireraft and

connected up.. A test set, type 11, 11A or 98 should be used to check the radiation of the trans-
mitter on all frequencies and the output tuning condenser readjusted, if necessary, to obtain
mazimum output, Instructions for the setting of the lock of the T-R sthch of the controller
electric are to be obtained from the Signals Officer.

PRECAUTIONS AND CARE

150. The equipment should be kept i in good, clean condition throughout, any dust being
removed by blowing out with clean, dry air wherever necessary. All key, relay and plug 'contacts
should be cleaned at-intervals with carbon tetrachloride, care being taken not to deform them
in the process.. Suitable procedure is to. pour a few drops. of the liquid over the contacts, then
operate the contacts manually several times. Moving parts of the tuning .mechanism and tuning
moter; etc., should periodically be lubricated with a trace of anti-freezing oil, applied to the bear-
ings with the end of a piece of wire dipped in the oil.  No od should be applzed to the variable
condenser -cam assemblies, nor to switch contacts nor insulators.

151, On no account should any of the trimming condensers on the recefver ganged condensers,
nor the IF tuning adjustments be interfered with except by authorised persomnel provided with the
appropriate testing equipment. The same applies to the preset variable resistance controls on the receiver
and amplifier,

Controller.
152. Apart from contact cleaning and lubrication of the press-button mechanism arnd key

‘switch detent, the controller should need no maintenance. Renewal of the pilot lamps, when

necessary, may be effected by removing the front plate assembly, held by two screws, extracting
the Jamp cap with pliers, and Wlthdrawmg the aﬂ"ected lamp by means of the GPO extractor type
5, 10AB /6.

Junction Box, 172 or 17b.

153, Remove all the connectors from the Junction Box. Examine all the connectors for
attachment to the Breeze metallic sleeving. See that the kourled locking nuts are undamaged.
Check for continuity the wiring of the Juncnon Box F1gur&s 29 and 30 will be helpful when
doing this.

DISMANTLING

154. Remove outer casing by releasing four large Dzus fasteners and lift set out.” Clean
outer case.

155. Remove two slide-back metal covers, 10A /13014- and 10A /13015, by unscrewing
retaining screws at each end.

. 156. Ensure that all selector mechanism is at RELEASE, ie., that all selector fingers are
dlsengagcd from slide bars controlling rotation of transmitters and receiver tuning condensers.
If this is not already so, connect set to a supply and operate release switch P on top of motor umt

157. Remove centre metal cover 10A /13013, bearmg TR.1143A serial and reference numbers,
by unsctewing four nickel-plated round head screws and four nickel-plated cheese head screws.
No black enamelled screws need be removed. Removal of this cover exposes the -aerial change-
over relay and all connections of the Jones sockets into which the transmitter, receiver and amplifier
chassxs plug

: 158 Remove transmitter, receiver and amphﬁcf chassis by removing red painted screws
(four for transmitter, three for receiver, three for amplifier). If the whole chassis 1s stood on the
end nearest the selector mechanism, the transmlttcr, receiver and amphﬁer will ease out gradually
without distortion of the chassis.

Transmitter unit, type 50. , _
159. Remove crystals, Check for wear on small insulating cylindrical washers which operate
the crystal switch contacts. Clean crystal switch contacts.

160. Remove end and side panels to expose valves,



161, Remove valves and examine valve pins and caps for security and cleanliness, Examine
valve holders and retaining clips and springs. Check that valve holder contacts are gripping the
valve pins, and close any loose ones.  Clean valve ping with carbon tetrachloride. Ezamine braided
flexible lead to valve top cap clips for evidence of fraying and renew if necessary.

162. FEnsure that the braided leads to the valve caps of the VT.501 valves in the second trebler
and doubler stages (V3 and V4 of figure 22) are not long enough to permit them to earth against
the chassis under vibration. )

163. Inspect coils for security and check for foreign matter or dust between tuning condenser
vanes. Remove all dirt by means of blower,

164. Screens exist between the variable condensers TC1—TC2—TC4. In some cases the
washers on the condenser assembly pillars project to a degree where they touch these screens, In
such cases (with the exception of TC4) the side of the washer nearest the screen is to be filed flat
using a small flat file. Care must be taken to remove the filings after this operation. . The screen
between TC3 and TC4 should be pressed firmly against TC4 so that it cannot vibrate.

165. Check that condenser spindle extensions are not loose, that the flexible couplers grip
the spindles of the condensers and that the selector mechanism is tight. '

166. Check all four selector slides for cleanliness, freedom of movement and their prompt
return to neutral position when free. Anti-freeze oil may be used sparingly on the slides, care
being taken to ensure that it is not allowed to reach the condenser assemblies which are not intended
to be oiled.

167. If meter switch contacts are dirty, clean with small camel-hair brush moistzned with
carbon tetrachloride.

168. Inspect wiring for dry joints and security.

169. Clean out the under chassis, particularly near the R.F. sections of the circuit, using
a small soft brush and jor a blower. Do not distort the R.F. wiring or coils in any way and do not
twist either condensers or resistors on their end wires,

170. Inspect all screw connections and compenent supports and tighten where necessary.

171. Clean or blow out dust that may be lodged between the two flat metal plates mounted
together and running from the aerial coupling coil (L6 of figure 22) to the aerial socket.

172. Replace valves, retaining clips, etc., and metal’ panels.

Receiver unit, type 71,

173. Remove crystals. Check for wear on small insulating cylindrical washers which operate
crystal switch contacts. Clean crystal switch contacts,

174. Remove valves and check as in paragraph 161 above., Care must be used in the extraction
of the VROI's, USE EXTRACTOR VR91—104 (14074,

175. Inspect components above and below chassis for security and cleanliness. Use blower
to remove dust. Do not distort R.F. coils or wiring.

. 176. Inspect tuning condenser vanes for freedom of movement and cleanliness. See para-
graph 163 above re cleaning. Pay particular attention to oscillator tuning condenser T'C8 which,
because of its position, is liable to be overlooked,

177. Check condenser tuning spindle extensions for looseness. Check the flexible couplers
and the selector mechanism.

178. Do NOT move settings of any of the small trimming condensers nor the LF. transformer
adjustments.

179. Check muting relay adjustment and clean contacts.
180. Check selector slides as in paragraph 166 above.
181. Clean out the aerial coaxial socket and check wiring.
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182. Replace valves, retaining clips and bands, Ensure that the top cap connections are
secure when fitted and that their flexible leads are not frayed. In the case of the oscillator valve
VT.52 (V3, figure 18) ensure that the top cap connection does not make contact with the earthed
screening can. _ . .

Amplifier unit, type 165. 7 ‘
183, Remove valves and deal with them and their holders as in paragraph 161 above.

184. Exdmine components and wiring for security and cleanliness. Clean with blower.

Relay unit. ) . _ : .

185. Turn the main chassis over carefully with the “ W * sockets undermost and with the
selector motor nearest the front of the bench, The relay unit is now uppermost and may be removed
by releasing two Dzus fasteners which are on a cross member between the relay unit and the selector
motor assembly, Remove unit by sliding and lifting, and remove the dust cover which is retained
by one screw.

186. Inspect row of knife connections arranged in tem pairs.” Clean carefully without dis-
torting or shorting any connections.

187, Clean relay contacts cnreful'.ly. -Depress each relay’a.rmaturc manually.an'd see that
it opens and closes contacts and has not become dislodged from its normal pivoting position.

188. FExamine wiring and connections and check’ security of relays,
189. Replace dust cover carefully.

Selector motor unit.

190. Place main chassi§ in normal position, ie., aerial reley uppermost.

191, Lift off each of the four extension rod yokes going to receiver selector fingers across
the top of the chassis (see figure 23). These rod yokes are each held in position on the selector
motor bell cranks (point 26) by a thin leaf spring which normally prevents them slipping off. “Gently
lift each spring and ease the rod yoke free, starting with the topmost. When all four are free and
clear of the selector motor mechanism, and not before, the three screws holding the selector motor
unit to the main chassis may be unscrewed and the unit withdrawn upwards.

192, By depressing and releasing manually the selector motor and driving motor armatures,
the normal movement of the mechanism may be observed in slow motion, Check that each ratchet
movement is working correctly.

193, The longer armature found underneath the release switch operates the cams and insula-
ting discs associated with the leaf spring contacts. . These should be inspected and the relative
movement of the contacts checked. Clean carefully. - -

194. The other motor armature should be operated manually through a whole .cycIc_ and
the movement and return of the selector fingers checked.

195, Other contacts on the leaf spring should be cleaned carefully, care being taken not to
distort them.

196, Anti-freeze oil must be used sparingly and then only on the working bearings, cog teeth
and sliding parts.-

197. Check wiring (see figure 26).

198, Leave all selector fingers and bell crank leavers in neutral position.
Main chassis (top tray).

169, Clean all dust from chassis with small soft brush and /or blower.

200, Check return springs on receiver selector fingers.

201, ’Inspect all wiring and conneéctions for security (see figure 27).



202. Inspect all knife connections into which slide the appropriate connections of the motor
unit and relay unit, and, where these show signs of being opened unduly, careful repositioning
should be domne. : : '

203. Aerial Relay Unit  This unit is attached to the main chassis by three screws which are
accessible from the top of the chassis. They can be readily identified by observing the underside
of the main chassis near the two aerial sockets into which the transmitter and receiver plug.

204. Clean. relay contacts.

205. Clean between strips connecting aerial sockets and relay leaf springs, Do mof distort
them in any way.

206, Clean dust from insulating material inside and outside of the three aerial sockets.
207. Check wiring and connections for security (see figure 27). -

RE-ASSEMBLING

208. Replace aerial change-over assembly,
209. Replace relay anit, carefully engaging knife contacts,

210. Replace selector motor unit. Do not screw down tightly at this stage. Connect up
extension rod yokes to bell crank levers in original position.

211. Replace amplifier and screw to chassis firmly.

212, "Replace receiver. Screw up to chassis firmly, ensuring that the selector fingers on
the main chassis register with the appropriate channel slides on the receiver.

213. Replace transmitter and screw up to chassis firmly.

214. Now loosen and line up selector motor mechanism so that the selector fingers on the
motor unit engage correctly with the slide bars on the transmitter chassis and serew up tightly
when positioned. ‘ .

215. The operation of channel changing should now be checked in the following manner :

Transmitter.

216. Connect up the set and put the T-R switch to transmit. Tune the transmitter as
described in paragraphs 125 to 134, on at least three of the frequencies, as widely separated as
possible, .Note the reading of the grid current (meter in position 6), for each of the frequencies
after locking up. Operate the Controller to change from the extreme frequencies to the middle
frequencies several times. Then take the grid current readings for each of the frequencies again.
These readings should not have changed by more than 10 divisions, however often the changes
have been made. Should discrepancies occur, then the tuning mechanism should be checked
for slipping, and the system re-checked after any necessary adjustments have been made.

Receiver.

217. Tune up the receiver in the manner described in paragraphs 142 to 148, for at least
three widely separated frequencies.  Select 2 frequency near the middle of the band, and note
AVC current reading on the meter.” Operate all the push buttons several times in succession,
and return to the chosen mid-frequency. . The reading of the meter should not have changed.
If there is any alteration, then the tuning mechanism must be rechecked for slipping.
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