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TRAINEE NOTES

F.G.R.I. 18119

TACAN (BRITISH)

This tra‘=ing note is irocurd for the guidsnce of traineos during
training at Re4esFe Lockings, No amendmeunts will be issued in respect

of modifications introduced to the equipment referred to in this note.

This note is not intended as a substitute for the relevant Air
Publication and must not be regarded as authority for modifications,

servicing procedures, etc.
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FGRI 18119 TACAN BEACON

REFERENCE TO AP.2534L (FGRT 18119 TACAN)

1. Function. Tacan is & short range ground transponder beacon working
in the 962 to 1213 Mc/s frequency band. It is used for tactical and
general navigation purposes with a range of approx. 200 nautical miles.
It will only function witl its complimentary airborne installation

ART 18107 (British) or AN/ARN-21 (Americanfg The pilot of an aircraft
is provided with the follcwing informations~

() Continuous meter indications of the beacon bearing wer.be
the aircraft.

(b) Continuam moter indication of the beacon distance. <
(c) Aural confirmation of the identity of the beacon.

2 Concise Details.

FPrequency Coverage. 126 channele in the-following frequency bands.
Transmitter 962 to 1024 Mc/s and 1151 to 1213 Mc/s. Receiver 1025
to 1150 Mc/s. Interrogation and reply frequencies differ by 63 Mc/s.

Intermediate Frequency. 63 Mc/s with a hand width of 3.5 Mc/s.

Trangsmitter. Peak power output 5 KW. Modulation of pulse pairs
spaced 12 us apart. Pulse width 3.5 ps.  Duty cycle 3600 + 90
pulse pairs per second.

Video Reference Pulses. The North reference pulse train consists of

12 pulse pairs spaced 30 us apart and transmitted once every revolut¥on
of the aerial, The harmoaic reference pulse train consists of 6 pulse
pairs spaced 24 ps apart aad transmibtted eight times for every revolution
of the aerial.

Beacon Tdentification. The beacon identity aode is derived from a keying
wheel, and is transmitted in the form of a Morse signal which can be
recognised by the pilot.

Handling Capacity. Bearing information is available to any number of
aircraft. The beacon will respond to 95 aircraft in the "track"
condition and 5 in the "search" condition.

gowe7 Supplye. 416 or 440 V, 3 phase at a frequency between 45 and
5 ¢/s.

Power Consumption. Approximately 8 KVA.

Monitor., Monitoring equipment provides continuous visual and aural
indication of certain fault conditions,.

GENERAL DIISCRIPTION OF OPERATION.

3. Bagic Principlos. The Tacan system provides the following
facilities:-

(a) Distance information of the aircraft from the beacon
provided by interrogator - transponder - responsor circuitse.

TL./488.
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(b) Bearing indioaticns of the aivoraft fiom the surface beaoon,
provided by the technique of a rotating amplitude ~ modulated
radiation pattern which contains reference pulse signals.

(¢) Identification information. A% regular intervals the

beacon transmits a series of pulse-pair signals which are keyed in
Morse code. These signals are finally fed to the pilot's headset
a8 a Morse coded signsl at 1350 o/s.

de Distance Information. Interrogating pulse-pairs are transmitted by
the aircraft equipment. The beacon on receipt of the pulses transmits
distance reply pulse-pairs back to the aircraft. Special circuits in
the responsor measure the time interval between the transmission and
reception of the pulse - pairs, and convert this time into nautical miles.
Range ie displayed to the pilot in the centre window of the bearing
indicator.

Se Code Identification. This is provided by pulse-pairs separated by
the normal 12ps and transmitted at a repetition rate of 1350 o/s. To
maintain the duty cycle of the beacon transmitter each pair is followed
by a second pulse-pair spaced 100 ps later. The identification pulses
provide a 1350 o/s tone in the pilot's headset, consisting of dots of
0.125 seconds duration and dashes of 0.375 seconds duration. The dotg
and dashes are keyed in the beacon by a mechanical coder which produces
the beacon call sign every 37.5 seconds.

6o Bearing Information. All signals transmitted from the beacon are
amplitude modulated by a set of rotating parasitic elements which rotate
round the beacon central aerial array at 900 re.p.m. The parasitic
elements- consist of a single reflector mounted in an inner fibreglass
cylinder, and nine equally spaced directors mounted in an outer cylinder,
the whole rotating at 900 r.p.m.

The resultant polar diagram due to these parasitic elements produces
a modulation of all transmitted signals as follows:~

(a) Due to the single reflector 900 r.p;m. = 15 ¢/s

0 secs,

(b) Due to the nine directors 9 x 900 r.p.m. = 135 ¢/s.
60 secs.

The combined amplitude modulation will appear as a 135 c/é sine
wave superimposed on a 15 c/s ginewave.

TL/488,
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Te Aerial Polar Diagrams.

(a) Due to single reflector.
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8. Bearins Reforonce Bursis.
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NOTE .
(a) All fipures show the same point in time as illustrated in the centre.

(b) X indiocates tho datun point whore both waveforms are going positivo
togethor at their nean level.

(c) || indicates 15 ¢/s roference signal bursts.

(4)

indicates 135 o/s referecnce signal bursts.
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9. The detected waveforms for one rotation of the beacon aerial
system are illustrated in fig. 4, which shows how the same succession
of pulses is received at the four cardinal points. Between successive
15 c/s reference signals (represented by double vertical 1ines), eight
equally spaced 135 o/s reference signale are transmitted (represented
by single vertical lines). In the waveform at a point due South of the
beacon it will be seen thet both the 15 c/s and 135 c/s components

are increasing at the time the 15 o/s reference signal is received.

At the point due North the waveform is inverted, and both components
are decreasing when the 15 c/s reference signal is received. Due

East both components are at a maximum and due West both components are
at a minimum when the 15 c/s reference signal is received. At
intermediate points the waveform is changing progressively.

10, The function of the bearing circuits in the aircraft equipment

is to adjust the phase of the 15 c/s and 135 c/s components with respect
to their respective reference signals until the waveforms and reference
signals are related as in the due South position of fig 4, whatever

the position of the aircraft. In this position the datum point X

which corresponds to where both the 15 c/s and 135 ¢/s waveforms are
increasing (the since wave is going positive) is coincident with the
15 c/é reference signal. Thce amount of phase shift necessary to

achieve this pattern is a measure of the bearing of the aircraft
relative to the beacon.

11.  The accuracy of bearing obtaincd by this 15 o/s coincidence.

is of a low order, and greater accuracy is obtained by employing the
135 c/s waveforms and 135 o/s reference signal bursts. The 15 c/s
coincidence circuits 1n the aircraft equipment select the correct

40° sector of bearing, and as nine degrees of electrical phase of the -
135 c/s system correspond to one eleéctrical phase of the 15 c/s system,
both equal to one degree in azimuth, the 135 o/s coincidence circuits
provide a vernier ninc times more accurate than the 15 o/s circuits.

12, 15 c/s Reference Simmal Burst. In order that the aircraft
equipment can distinguish ~he refercnce signals from distance reply
signals, the 15 c/s reference signal burst consists of 12 pulse—
pairs spaccd 30 ps apart.

— SO P —
BTl
SN 6 O 1 B 1)

Mo, 5 15 c/s Reference Sigmal Burst.

12 pulsc pairs spaced 30‘ps apart.

13; 135 Q/s Reforence Signal Burst. This reforence signal, called the
harmonic reference pulse train consists of gix pulsc-pairs spaced at 24 us.
&~ 24 ps--»

1 2}1&,..
' ’ 6 pulse pairs spaced 24 ps apart.
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-

As tho aerial array rotates through ocextain "fixod" points of the

compass these refercnce signal bursts are transmitted through the action

of the iron slugs mounted in the Phonic Wheel, shown in fig 7.

During

ingtallation the Coil Mounting assembly (para 16) is orientatod so that
the 15 o/s reference signal burst is transmitted when the reflector in the
inner cylinder is duve West of the dipole stack.

Aerial Construction.
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135 o/s Direcf&i§§55;
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135 c/s Reference Coil L1
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15s The central radiating array consists of seven biconical dipoles
stacked vertically, and mounted in a fixed fibre-glass ecylinder.® The
two outer cylinders rotate round the centrul array at 900 T.p.m., and
as can be scen‘in fig. T the 15 c/s reflcctor is enbedded in the

inner cylinder, and the nine directors making the 135 c/s modulation
pattern are cnbedded in the outer cylinder.

16, '© The non-forrous phonic wheel serves thrce purposes as it rotates
at 900 re.p.n,namelys-

(a) Generates a 1350 o/s waveform from a serics of 90 iron
segments which stand vertically on top of the phonic wheel.
This waveform is used to check the speed of acrial rotation and
also to generatc identity tone signals. A coil is used to
pick up these signals.

(b) Gonerates the 135 c/s reference trigger pulse in coil L.
by action of eight iron slugs in lowcr edge of wheel asg they1
pass through the polc picces.

(o) Genecrates the 15 c/s reference trigger in coil L3 which
picks up a pulsc cach time the iron slug passes the pole pieces.

17, Aorial Spcoced Control. The speed of rotation of the acrial
parasitic elcments must be maintained at 900 r.pems ~ 0¢24 As cach
of the 90 iron scgments mounted on tho phonic wheel passcs through
the coil L, a pulsc of currcnt.is produccd. Since the whoel is
rotating at 900 r.pem. (i.ce 15 rep.sccond) these current pulses
will be at a frequency of 90 x 15 = 1350 c/s. If the phonic wheel
changes speed the 1350 o/s increases or decreases accordingly, and
the acrial speed control unit producecs a variation in the current
flowing in a magnetic coupling betwecn the driving and the driven
shafts.

TIJ/488. i
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CABINED FELECTRICAL EQUIFMENT (TR)

Introduction.

18. The Cabinet electrical equipment (TR) ig the right-hand cabinet of
the beacon and in it are housed almost cntirely the units comprising the
transmitter - receiver. The units whosoe code letters arc prefixed X are
mounted on the right-hand inner door, the remainder are in the right~hand
bay cxcept Z which straddles both cabincts. Table 1 gives the title and
unit code of cach unit and fig. 8 shows the simplified block diagram of
the transmitter-recciver. Fig. 9 illustrates the dotailed block diagram.

Table 1. Title And Code Of Units,

Pre~heating relay G Meter panel X4
~15 kV. power unit. N Beacon coder unit XB
Modulatoxr 0 Vidoo decoder Xc
I1.F. A‘.mplifier P Declay line unit xD
Klystron assembly Q Priority mixer XB
I.F. pre—-amplificr R R.F. drive unit by
Thermistor unit 8] Frequency multiplier unit XG
Duplexer v Identity pulsc generator XH
Control unit i) Marker gatc gonerator XJ
Distribution box Z Fan distribution block XK

TL/488. - .
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FIG:'8. TRANSMITTER-RECEIVER BLOCK DIAGRAM (SIGNAL).
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GENERAL DESCRIPTION OF UNITS (MOUNTED IN RIGHT-HAND CABINET)

19; Dupiexéf'(_); The duplexing system separates tho interrogations and
reply pulses on the basis of their 63 Mc/s frequency differcnce, and .
enables the transmitter and recciver to use a common asrial and feedor system.

20, I.F, Amplifiors (R and P). The incoming interrogation signals are
fed to the L.F. pre-amplifier unit (R) from the duplexer (V). The signals
are applied to a balanced mixer which also receives the local oscillator
signal from the R.F. drive unit (XF). The two signals are mixed producing
an I.F, of 63 Mc/s, which is amplified and passed to the main I.F. amplifier
(P) which has seven stages. The gain of the first two stages is controlled
by A.G.Ce applicd from the video decoder unit (XC). The output from the
final I.F, amplifying stage is fed to a Forris discriminator, which is a
detector, and by the use of broad and narrow band circuits coupled together,
provides a high degrec of adjacent chamnel rejection. The output is

fod via a video amplifior to the video decoder unit (XC).

21. Video Decoder Unit (XC). This unit performs the following functions:—
W e L - .. §——— : e ""8: W ?m' *

(a) Decodes the interrogation pulsc pairs.
(b) Generates a blanking waveform for system operation.

(¢) Gonoratos the A.G.C. (D.C. squitter voltage) to control the
gain of the first two stagos of the main I.F, amplifier (P).

The boacon duty cycle is 2600 pulse pairs per scc, 900 of which are
produced by the referenco bursts. The remaining 2700 arc made up of
reply pulses and squitter. Squitter is the name given to pulse pairs
produced by random noise pulses in the rcceiver. The deccoded pulses are
counted and producc the AGC bias to the receiver. Thus when interrogation
is a minimum bias is a minimum and tho receiver produces maximum noisge to
provide the squitter "fill in" pulse pairs.

22, Delay Line Unit (XD). This unit consists of delay lines and amplifiorse
It provides the boacon overall delay, and supplies a pulse to feed back to

the blanking gate generator in the video decoder unit (XC) in ordor %o

define the end of the blanking period (knock-off pulse). The delays
provided by this unit are highly stable.

23, Identity Pulse Generator (XH). ' The input to this unit is provided

by the aerial phonic wheel and is a 1350 c/s sinewave, From it is

produced the identity signal consisting of two pulses spaced 100 ps

apart, at a repetition rate of 1350 pepes. The identity signal is dependent
upon tho aerial rotation, thus it has a fixed phase relationship with the

15 c/s and 135 c/s marker “ursts.

24, Marker:Gato Generator (XJ). This unit provides twb gate® used to
provide two recference pulse trains namely:—

(a) The 15 c/s North reference pulsc train.
(b) The 135 o/s harmonic reference pulse train.

25« The reference pulsos originate from a rotating non-ferrous disc
bearing an iron sluge The disc is attached to the acrial: As the
aerial pattern maximum passcs through a given point (East), the iron
slug passes a magnetic coll system and produces & pulsec. The aerial

is rotating at 900 r.p.m., thus the magnetic coil produces 15 pulses per
second. Also mounted on the disc arc a further eight slugs to produce a
135 pepPess signal., Both the 15 c/s and 135 c/s signals arc fed to the
marker gate gonerator.

TL/4880 - \
JUNE, 1962.



-t

26, The 15 c/s pulse is used to trigger a phantastron which produces
a’ rectangular gate having a length corrcspondihg to 12 marker pulses of
30 ps spacing. The 135 c/s trigger pulse is used in a similar way.and
produces a gate length cqual to 6 marker pulscs spaced 24 ns apart,

The 15 c¢/s and 135 c/s gating waveforms arc fed to the priority mixer
(XE). In addition the two signals produce a blanking pulsc which is
also fed to the priority mixer (XE).

27 Priority Mixer (XE). The priority mixer performs two main
functions namely:-

() Produces from the 15 c/s and 135 c/s reference gates,
phase coherent marker pulse trains.

“

(b) Mixcs the marker pulse trains, squitter and reply, and
identity signals in the correct order of priority for
application to the beacon coder unit (XB).

28; The order of priority required for systom opcration is as
follows e~

(a) 15 o/s and 135 ¢/s marker pulse trains.
(b) Idontity signal.
(¢) Roply and squittor pulscs.

29; The information fed into the priority mixer is produced by theo
circuits described in para. 22 to 26 and is as follows:-—

(a) 15 c/s referonce gate from marker gate generator (XJ)
(b) 135 ¢/s reference gate from marker gate generator (XJ).

(c) A combined 15 c/s and 135 c/s blanking waveform from the
marker gatc generator (XJ).

(d) The identity signal from the identity pulse generator (XH)
(e) Squitter and roply pulses from the delay line wunit (XD).
(f) Xeying from the identity keyer (MD).

304 The 15 c/s reforence ' gate is applied to a recycling circuit
consisting of an amplifier, cathode follower and delay lines, which
produce a pulse every 30 ps until the end of the gating period. The

135 c/s refercnce gate is fod to a similar circuit producing a pulse

every 24 ms until the end of the gating period. The two pulse trains

arc fed out through a mixer circuit to the beacon coder unit (XB).

31e¢ The identity signal and the reply and squitter signals are fed to

a double gating circuit, which is operated by the identity keying from the
identity koyor (MD). Normally the double gate passes the reply and
squitter pulsecs, but once cvery 37.5 scconds the identity keyer switches
the double gate and allows the identity signal of the appropriate boacon
code to bec transmitted. This system causes a continuous gtream of reply .
and squitter pulses or identity signals to bec applied to the mixer circuite.

32. Howocver, the 15 c/% and 135 c/s reference pulscs are also applied
to the mixer circuit so a further pulsc is applied to the double gate

to cut it off during roference pulsc bursts. The cutting-off pulse is
the combined blanking wavcform from the marker gate generator (XJ),.

The output of the mixcr circuit is fed out via an amplifier-inverted to the
beacon coder unit (XB).

TL/488.
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33. Beacon Coder Unit (XB) The cowpusits video oubpub of the prlorlty

mixer (XE) is applied to the beacon codor wnit. The function of this

uit is to convert each single pulse input into a pulse pair spaced at

12 ps at a level suitable for driving the modulator (0). This is achicved

by triggering a bi-stable multivibrator and a cathode follower simulataneously.
The cathode follower outpus is applicd via a 12 ps delay line back to the
other side of the bi-stable multivibrators This rcosults in a 12 us
rectangular pulse which is differentiated, and the resultant waveforms

are shaped and omplified and applicd to the modulator unit (O).

34. Modulator (0). The coded pulse pairs are fed into.the modulator
unit and applicd simultaneously to three modulator valves. These valves
produce a controlled output pulsc-pair of the order of 5 kV peak. The
output pulses arc fed to the Kiystron modulation electrodes

35« ReFs System (XG and XF). The RF drive to the klystron 1s(CW )

and is produced by the Multiplier unit (XG) and the RF drive unit (XF).
The beacon transmitter freguency is determined by ono of 3 quartz crystals
mounted in a temperature controlled ovon, The crystals are of the ovortone
type and resonate at _1 _ of the beacon output frequency.
27

The crystal osclillator output is amplificd and multiplied in the
mulbiplier unit (XG), and at a frequency of 1 the output frequency is
applied to the RF drive unit (XF). This 3 unit triples and
amplifies the input and fesds a CW signal at approximately 15W to the
Klystron input cavity. A small amount of signal is extracted for use
as the local oscillator signal in the mixer stage of the IF pre-amplifier (R)

36. Kiystron Asscmbly (@), The output from the RF drive unit (XF) is .
fed to the klystron which raises the BF signal to approximately TkW pcake
The ¥lystron has three external cavities and is magnetically focuscds

it is pulsc modulated by signals applicd to its control grid from the
modulator., E.H.T. is apriied to the klystron cathode from the ~ 15KV
power unit, The output from the klystron is fed out to the aerial
system via the duplexor (V).

TL/4880 -
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CIRCUIT DESCRIPTION OF UNITS.

DUPLEXER AND RECEIVER SUB-ASSEMBLY (V AND R)
- Beacon {
“ 5ﬁ§iék6r ). Input/Outnut to Aerial

L

i
i
[}
‘ \ sy ,
21k et uo/s. I PRESMOTYRIER (R)
Dirhotim——o 52 4B
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Coupl— |-—0 60 B |
ersl T ,
' .
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PUN— \ { Falanod [ [ md Video
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3 o i Mixoxr Cascods ior  |To IF
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L il
|
A ‘
ToRﬁ§§sg¥on @) Beacon Output i L.0. Signal From
From Klystron (Q) | R.F. Drive Unit (XF)

' e

37. Introduction. The duplexer (V )and the receivor sub-assembly R )

are physically integrated. The dupleoxer separates the outgoing and
incoming pulses on tho basis of their froquency differcnce. The receiver
gub~-agsembly accepts the incoming pulses and .by mixing them with the L.O.
signal produces the.required I.F. of 63 mc/s. This is omplified and fed
to the video signal.

38+ Duplexer (V.) Interrogztion pulscs from the aerial are fed into a

coaxial line and transmitter puloos . are fed into the other end of the linc.
Attached to this linc are two stubs. The first stub feeds into three

resonant cavities in sericsy those are tuned to the interrogation frequenoy . |
and transmitter pulses arc rcjected. The sccond stub is open=onded and varidtlo.
Tt is adjusted to an odd number of quaritor wavclengths long at RX frequency

and an cven number at Tx frequency, thus prosenting a short circuit at RX
frequency and an open circuit at TX frequency. This will not effoect the
transmitted power while proventing loss of recoivod encrgy to klystron.

The directional couplers provide a means of checking pulsc shape
and mean output powcr.

The buffer cable is to match the R.F. drive unit output into the klystron
input circuit and in doing so attenuatos the signal by 3 db.

TL/488.
JUNE, 1962,
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§9.' I.F, Pre~Amp1ifimr.(Rﬁhterrogation pulses at beacon froquency
= 63 Mc/s are fed from tho wecouant cavities in the duplexer to the
balanced mixer, consisting of a hybrid ring and two crystal diodes
of oppositc polarity. The local oscillator signal at boacon froquency
is also fed into the mixer from tho R.F. drive unit(XF.) The two
signals are mixed providing an I.F. of 63 mc/s which is amplified by
V1 and V2, a cascode amplifier. This circult provides wide band
low noisc amplification with the gain of a pontolde but the low
noise factor of a grounded grid tiodc. V3 is an oubtput amplifier.
The HosT+. and heater supplizs arce extensively doooupled to prevent
foedback and instability.

TL /488,
JUNE, 1952,
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I.F, AMFLIFIER P, VIDEO DECODER XC AND DELAY LINE UNIT XD.

Tntroduction.

40, The i.f. amplifier, video decoder and delay line unit are
associasted together because they contain the video circuits required
to produce the squitter and reply pulses from the interrogations, and
the overall time delay roguired for distance measuring facilities.
The sequence of valve stages is shown in the block diagram (fig 12).

I.F. Amplificr (P)

41, The input signal from the i.fs pro-amplifier R is applied to five
amplifier stages in cascade which raisc the lovel by approximately

60 db. Thesc stagos arc all tuncd to 63 Mc/s and the resistive
damping of the tuncd circuits produces a handwidth of 3.5 Mc/s. Bach
stage is oxtensivoly decoupled to provent feedback and instability,

and each valve is provided with two combinations of cathode bias and
decoupling. This is becausc the valve cathodes have two external
connections and the r.f. impedonce to earth is made as small as
possible which is important for a low noisc factor,

42 An a.g.c. voltage is applied to V1 and V2 from the video decoder
XC. This voltage controls the gain of the first two stages and hence
the noise lovel. The system requires that the number of interrogations
and random noise pulses above a cortain amplitude (squittor) shall

be constant. Hence as the number of intorrogation pulses received
drops, the a.gec. veltage is incrcased to raise the noise level

and vice versa.

43. Forris discriminator V6. The output from V5 is coupled to a
Ferris discriminator which serves a dual purposcy 1t acts as a
detector and at the same time reduces the intorforence caused by an
adjacent channel signsl.

** Broad Band Narrow Band
“‘“J IWN\V,M‘ (a) ’

Coupling © ™~

s i Sy i SN IR
vs} 2 c41 C42 O ‘/,'/ 'gﬁ
, " ;
) T ORI
ST N B | g
. %L
[ | ves (o) 1y bes
L ’ i R2 s To Amplifier l l t Besp
: ; AN \’T_L\NAW-—} V7
ok S IRV
C4 T <fR3O 03 ' 4 ’
B 62 63 64
: -ﬁf MC/So
TL/A88, -
JUNE, 1962.

Fig. 13, Ferrig Discriminator - Circuit and Response Curves.
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44, ' The operation of the cirecuit may be oxplainod with reference to
fig 13. Vba togothor with LG, €48 and R30 form a broadband positive
dotector which produces the responsc curve shown in fig 13 (ag. Véb
and its associated components C45, €46, C47, L7, C43 and R29 fomm a
narrow band negative detector which produccs the response curve shown
in fige. 13 (b). The detector loads R29 and R30 are’ in series, henco
the final rosponse curve will be that shown in fg. 13 (ec).

45. L6 matches V5 output to the low input impecdence of Véa. L6 has a
very flat response and is tuned to a centrc frequency of 63 Mc/s with a

handwidth of 3 Mc/s at 3 dB down. The broadband circuit is coupled to

the high @ narrow band negativo detoctor by C41 and C42.

46.  For an on-channol signal of 63 Mc/s a nogative output is obbainod.
On either side of 63 Mc/s the output signal amplitude decreases to zero
and then increases positively. The frequoency soparation between zero .
points should be botweon 1.0 and 1.25 Mc}s, and is adjusted by tuning 042,

47. As thc subsequont circults will only respond to negative going
gignals from the discriminator it can be secen that signals at a frequency
outside these zero points will be positive going and rejected.

48. Output Amplifier V7. This circuit forms a double triode amplifioer.
The diode MR1 is included to prevent large positive signals restoring

on VTb grid and causing C52 to chargo thus causing grid current. The
amplified signals are fod via C53 to the video decodor XC,

TL/488, - |
JUNE, 1962,
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Video Decoder (XC)
49, The function of thc viden docodor is to accupt thn ontput of the i.f.
amplifier and to perform the following functlonss=

(a) To decode the interrogation and random pulse pairs.

(b) To generate a stable blanking waveform for system oporatione

(¢) To generate the a.g.ce ("squitter" control voltage) to control
the gain of the first two stages of the i.f. amplifier(P).

The sequence of the walve stages can be followed by referonce to
the block diagram (fig.12) and tho component references on the circuit
diagram (fig. 15).

50. Amplifior and adjacent pulse suppression stages (V1 to V3). The
incoming pulsc pairs arc negative going for on-~channcl signals and

positive going for adjacent channcl signals. Thesc signals are fed to
V1 grid which amplifies and inverts, and the output is fed two ways:-

(a) Via C28 to the adjacent channel pulse suppression circuit.
(b) Via Clto amplifior/gating circuit V2.

51;’ The adjacent channel pulse suppression circuit consists of
MR6, MR9, R73, R49, R74 and €C29. The purpose of the circuit is to
eliminate intcrfercncc caused byi-

(1) Nogative ovorshoot on on-channel pulses.
(2) Positive overshoot on large amplitude adjacent channel pulses.

52. When an adjacent channecl pulse appcars at V1 output it will be of
opposite polarity to an on-~channel pulse, i.c. necgative going main

pulse followed by small positive overshoot. This combination will be fed
via MR6 and MR9 to €29 which will charge negatively (bocause pulscs

are predominantly negative)., This nogative voltage will be passed via
the gating diode MR7 to V2 supprossor which will be held cut off for the
period of the positive overshoot;

53« VWhen an on-channel pulse is received it will be a large pogitive
pulse with a small negative overshoot. The whole combination will be
passed by MR6 and MR9 and the rcsultant charge on €29 will be positive.
This will be blocked by MRT and V2 will conduct normally. All pulses fed
to tho suppression circuit arc fed simultancously to V2 grid circuit, thus
it can be scen that on-channcl pulses will be passed by V2 to subsequent
circuits whilst adjacent chammel pulses will be rcjected.

54, V2 is an amplificr/Cating valve, and the gating pulses which are all
negative going are applied to the suppressor grid as follows:-

(a) The adjacent channcel supprossion pulscs.

(b) Th: roceiver suppression pulses from the beacon coder unit (XB).
These pulscs (in the form of a pulsc pair spaccd by 12fps) arc fed

via isolating diode MR4 to cut off V2 while the boacon is transmitting,
in order to prevent the transmitter power triggering the receiver.

(¢) The 50 us blanking waveform from V8 output circuit which is *
generated whenever a corrcctly coded pulse pair has been decoded,
and the waveform is fed back to de~sensitizo V2 immediately after
it has passed a pulse pair to prevent squittcr pulses simulating
north (15 ¢/s) or harmonic (135 ¢/s) marker trains.
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55s The signal is fod to V2 grid via clippor MR5. Diode MR5 is normally
conducting and the notwork R6, MR5 and R16 holds V2 cut off. The

positivo input pulse causcs V2 to conduct the larger pulscs being A
clipped by MR5 and any nogative overshoot drives grid further nogative.

56; V3 amplifies and inverts the pulsos which are coupled to the
decoding circuit by C7 and C8.

57. Pulsc pair decoding circuit (V4 and V5). Valve V4 is

normally cut off at both control and suppressor grids. The positive
going pulse pair from V3 is.fod direct to V4 suppressor and also via a
12 us delay line to V4 gride It can be secn that the first pulse of the
pulse pair after being delayed by 12 us delay line will be fed to the
control grid of V4 coincident with the second pulse of the pulse pair
which will be fed to the supprossor of V4. Hence a single negativo-
going pulse will boe produced at V4 anode for every corroctly spaced
pulse pair appearing at V3 anode, irrespoctive of whether the pulse pair
is an interrogation pair or random noisc pulses with tho same 12/us

spacing.

58; A 2700 c/s signal from the test ocquipmont can be applied to V4
grid in order to chetk the 2700 pulses per second squitter rate
indicating system.

59. V4 anode is coupledto VHa grid via C11 and MR1, V5 is a
cathode coupled flip-flop, and as MR1 cathode is held at . +40V, only
negative triggers above a cortain amplitude will fire V5. A
positive pulsc of fixed amplitude and width is fod from V5a anode to
the grids of Véa and V6b.

60. Cathode Ffollowor and phasc-splittor (V6). V6a provides a

gpare output. VOb providos a positive output pulsc from tho cathode

to the dolay line wnit (XD) where it is delayed by 50 us before boing
fod back as a "knock-off" pulse to the gatc gonerator V7. The output
from V6b anode provides a ncgative pulsec which is fod as a "knock-on"
pulse to theo gate goncrator V7.

v

61. Gate gonorator. This cirouit consists of V7, V10a, V8, MR2

and MR3. V7 is a cathode coupled flip~flop, while V10a and V8 are
amplifiers, As MR2 cathode is biased positively to about +36V, only
"knock~on" pulses above this amplitude will fire V7. Initially V7a

is conducting because the grid is at cathode potential and tho "knock~ -
on" pulse from V6b will start flip-flop action. Tho "knock-off" pulse,
now delayed by 50 us in the delay unit (XD), is fed back into th-~ \
video decoder, amplified and inverted by V10a and applied to V7b zrid.
This will stop flip-flop action and a 50 us positive gate is fed via
C17 to V8. MR3 is a d.c. restorcr. 7

62, V8 is nommally held cut off by bias. The 50 us positive gate
drives 1t Into grid current. Thus the valve is eifﬁer fully conducting
or cut-off, and since tho anode waveform will bo a train of pulses of
congtant amplitude and longth the average anode currcnt will be a true
measure of ‘the mecan rate of pulscs docoded.

63 V8 has throe outputs as follows:=

(a) Via isolating diode MR8 to V2 suppressor as a blanking
pulse (para 54 (2§

(b) From RV2 (Sot Counter) slider to the squitter ratc metor
on panel XA, Thorc is a smoothing circuit mounted on the
meter panel to give a steady indication.

(¢) To the a.gecs output circuit.

TL/488. - .
JUNE, 1962,



€4. A.G.C. oubput circuit. "The n.g.0. nircuit oconsists” of V9a a d.c.
restorer, VO9b a limiter and viOb & cathode follawer. Phe negelive going
50 us pulses arc d.ce regtored by V9a ncgutivoly with rospoct to the level
set by RV1 (Sct Squittor) botween +18V and +34V. PFrom V9a the pulses
pass through a smoothing circuit R59, R60, C24 and C25 to limiter V9b. .
The cathode of V9b is held at about -1V, so the valve limits thc a.gece
voltage fed to the i.f. strip should the squitter fail for any roason.
The signal is finally fcd through cathode follower V10b whosc output is
the a.gecs voltage to control the gain of the first two i.f. stages in
the i.f. amplificr (P). The cathode load R64 is returned to the —150V
line to maintain V10b output roference level at about sarth pobtentials

JUNE, 1962.
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DELAY LINE UNIT (XD).

65; The function of the delay linc unit is to accept the positive
pulses from V6b in the videco decoder (para 60) and from them produce
the following pulses with the appropriate dolays:-

(a) The squittor and reply pulscs for inclusion in the
composite beacon signal.

() The pulse to definc the ond of the blanking period in the
video dgooder (knock~off pulso).

66. Attenuator and main dolay linc. Tho input pulscs are appliecd to
an attenuator R2 to RT and C1, which'is included to sharpon the pulsce.
The attenuator has an adjustable tap, and the output is fed to the main
delay line DL1, which has connections giving 24Jps, 28’Fs, 32)us and
36;us delays. Two outputs are used:-

(a) From the 36 ps tapping a connection to Vib. This is the
"knock—off" pulsc feed.

(b) From the 28 us tapping a conncction to Vias This is the
main output pulse to produce reply pulses.

67+ "Knock—-off" pulse delay chain. The pulse in (a) above is fed from
DL1 to V16 grid which is an amplificr. V1b feeds into a further delay
lino DL4 which providos a maximum delay of 20 ps.  An output from the
14 ps tap is amplified by V4, .and fod to V10a in the video decoder (xc)
giving a total delay of SOlps.

68. Reply pulsc delay chain., The 28 nus tapping on DL1 (para 66 (2) )
is connected to amplifier Via whose grid leak R12 is returned to junction
of R13, R14 to provide negative feedback and rcduce Bias on the valve.
Via output is connected to delay line DL2 which gives a maximum delay of
4 pse. ‘Tho pulse output from DL2 is cathode followod by V2 and fod

into DL3 a "vernior" delay linc which has a maximum delay of 1 ps.  DL2
(4yps maximum) and DL3 (1 ns maximum) are adjusted so that togother

with the 28 ms dolay in DL1, the ovorall delay of the delay.linc unit

is about 32 ns and the overall delay of the beacon is SO‘ys.

69, ~ The output from DE3 is amplifiecd by V3, and the positive pulses
appcaring at the anode arc fod to the priority mixer (XE).

T1./488.
JUNE, 1962.
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IDENTITY PULSE GENERATOR (XH) AND MARKER GATE GENERATOR (XJ)

Introduction.

70.  The identity pulsc generator (XH) and the marker gatce genorator
(XJ) arc grouped togother because they receive their input signals from
the acrial system and togethor gonerato those parts of the boacon output
signal not produced by the video system.

Tdentity Pulse Generator (Xi)

B |OCJ.AS | yaanenas
- Identity
1380¢/s| Via| [Phase Ve V3 and V4 R1 Signal to
Simewnvél Phase V16 Pulsq | Phantastron 2 Priority
> -~ Shi Pt — ~— (100 us Pu |~ Diod 3 Mixer (XE)
T Pulse Gen) 10¢4
eurTek|  [netwerq  [ARPIFERD LR eER MigE RS

o e s e s s s o e o em e

Fig; 17. Block Diagram of Idontity Pulse Generators

71+ The circuit sequonce can be followed by roforence to the block diagram
(fig. 17) and the component references to the circuit diagram (fig. 18)
72.  Phasc splitting and pulsc shaping notworks. The 1350 ¢/s.sine wave
from the aerial phonic wheel is applicd to o phasc splitter Via. The
1350 c/s identity signal applied to the identity pulsc generator and the
marker trigger pulsecs applied to the marker gate genorator both dopend

on aerial rotation, they are thorcfore, in a fixed phasc relationship
(phasoe coherent). The idontity pulses and the initial pulses in the
marker trains need to coincido, it is thercforc, nccessary to have

some degree of phase adjustmont betwoon the 1350 c/s signal and the
marker trigger pulses.

73. The sine-waves® appearing at thc anode and cathode of Via are 180
degreoes out of phase, they arc applicd to a phasc shifting network C2,
RV1-and RT resulting in an adjustable phase sincwave appcaring across
RV1, with a range of about 110 degrees of phase shift. This is fed to
amplifier V16.

T4, V1ib output is fed to clipper V2a which runs into grid currcnt thus
cutting off the positive peaks of the sinewavce. V2b performs a similar
function thus clipping the other peak of the sinowave. The resultant
"squarcd" waveform is then applied to the primary of transformer Ti,

the low froquency responsc of which is very poor and the sharp rise and

fall of V@b anode current rosults in a "difforentiated" waveform appearing.
acrosg the secondary winding. This waveform is fed to V3 where the negative
part is used as a trigger for the phantastron circuit.

75. Phantastron circuit (¥3 and V4). V3 is a doublo diodo which
together with V4, a pontode, forms a phantastron circuit. This circuit.
generates a stable 100 ps rectangular waveform on the screen grid of V4.
The trigger is applicd”to V3a cathode whose d.c. potential is.determined
by the potentiometer chain R18 to R21 between +300V and carthe

TL/488. -
JUNE, 1962,



76s In the quioscent state V4 control grid is held at cathode
potential of V3b by the flow of current through R22 to R26, V3b and R20,
R21. V4 cathode is held positive with rospect to suppressor by
cathode bias. Under these conditions V4 anode current is cut~off

and cathode current is the sum of the séreen and control grid -~
currontse The anode is held at V3a cathode potential by curront
through R27 and V3a.

77+ When the negative triggor is appliod to V4 control grid via
V3a and C9 the cathode voltage falls, and is instantancously lowerod
rclative to suppressor voltage which allows anode current to flow,.
Anode voltage falls and this fall is coupled back to control grid

by C9s .reducing grid voltage causcs cathode voltage to fall
furthers This action is comulative until the anode - grid feedback
balances the grid potential derived from the potentiometer chain

R22 to R26,

78¢ The circuit now acts as a "Miller" timebase. The control grid
voltage risos at a rato determined by the time constant of R22-R26
and condenser of capacity €9 (1 + a) whore A is stage gain, and the
anode rundown commences and falls lincarly until the anode voldage
bottoms, whon "Miller" effoct ceasos. The control grid voltage
continues to rise’but now at a much faster ratc. The cathodo
voltage incrcascs, and consequently becomes more positive with
respect to the suppressor grid volfage. and anode current falls while
gcreen currcnt increases. This action is again cumulative wntil N
anode currcnt is cut~off by suppressor bias with respect to cathode.
The anode voltage then rises oxponentially as C9 charges through

R27 and V3b, until diode V3a conducts so limiting the anode voltage
of V4n

79. The waveforms produced by this circuit consist of a negative
going haystack waveform at the anode and a positive square wave at

the screcn. In this particular casc only the positive going 100 ns
squarc wave from the scrocen is used. It is fod to the primary o
transformer T2 which "differcntiates" the leading and trailing ecdges
of the waveform, and the rcsultant waveforms are applied to a mixer
circuit MR1 and MR2. The negative going portions are removed in

the mixer and the output consisting of two pulscs spaccd 100)us apart
at a repetition rate of 1350 per scc. is fed out to the priority mixer
(XEB) for inclusion in the composite beacon signal.

TL/488,
JUNE, 1962,
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15 c/s Reference

Phonic Wheel

135 c/s Reference
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Phonic Wheel

4 T o
V2 and V4 ‘3uu MS[
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o —

Reference Pulse -

Fulse i\{w?} y-{Generator, o T e 2
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Combined Gate
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e e e e 18] O/AJ
Fig. 419. Block Diggram of Marker Gatc Genersator.

80. The circuit sequence can be followed by reference to the block
diagram (fige. 19), and component references identified on the circuit

(fig. 20).

81, The 15 c/s and 135 c/s pulse- - signals are both derived from the
pulse plate assembly in the aerial, which consists of a non-ferrous
wheel bearing one iron slug in the upper edge of periphery. There

are a further eight slugs on the lower edge at 40 degree intervals
leaving a space where the slug is mounted in the upper edge. When the
acrial pabttern maximum passes through East (at this point the single
reflection on the innocr fibre-glass cylinder is due West of the
radiating array), the slug on the upper cdge passos through a magnetic
coil system and produccs a pulsc. As the aerial rotates at 900 r.p.m.
the magnetic coil produces 15 pepese. Similarly the eight slugs on the
bottom of the plate producc the 135 c/s pulse signal. (For refercnce
to aerial system see paras. 14 to 17).

82, North(15 c/s) marker gatc generator.e The 15 c/s pulse signal is
fed to V3, a double triode amplificr. The negative going portion of the
trigger pulse is amplified by V3a and further amplified by V3b resulting
in a negative going pulse of about 90V amplitude being applicd to the
phantastron circuit V2 and V1. This circuit functions in a similar
manner to the circuit used in the identity pulse generator (XH)
described in para. 75 to 79.

TL/488.
JUNE, 1962.
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83, The durabtion of the reobangular waveform produced at V1 screen grid
is controlled by a tupping on the resistor chain R5 and R37 to R40. This
tapping is set to produce a pulse of about 340 us duration, i.e. allowing
for 12 pulses of 30 us spacing. The north gating pulse is fed two ways

as followss—

(a) To the priority mixer (XE)
(b) To V7a the gate combining stage.

84. Harmonic (135 c/s) marker gate generators This circuit consisting
of amplifier V6 and phantastron V4, V5 operates in a similar manner to the
North (15 ¢/s) marker gate generator circuit described in' paras. 82 and
83. The phantastron produccs a positive going gate of 130 us, i.c.
allowing for 6 pulses of 24 us spacinge This waveform is fed to priority
mixer (XB) and to V76 the gate combining stage.

85 Gate combing stage. The North (15 c/s) and the hammonic (135 c/s)
gates are fed to V7a and V7b grids rospectively. The two halves of the
valve share a common anode load and when a gate is fed to either grid .
that half of the valve conducts producing a ncgative gatc at the anode.
This combined gating waveform is d.c. coupled to the priority mixer (XE).
R35 and R36 set the d.ce. level of the waveform and (@4 serves to retain
the sharpness of the leading edge.

JUNE, 1962,
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Fig. 21 Priority Mixer (XE) - Block Diagram.
Introduction.
86, The priority mixer (XE) performs two main functions:-

(a) Produces marker pulsc trains from the 15 c/s and 135 c/s
reference gatcs.

(b) Mixes the marker pulse trains, identity signal and squitter

and reply signals in the correct order of priority which is as
followss-

(1)

Marker pulsc trains.

(ii) TIdentity signal.

(iii) Squitter and reply signals.

The sequence of the stages can be followod by referonce to the block

diagram (fig. 21)

(fig. 22).

87

and component references can be seen on the circuit diagram

135 c/s marker burst generator.

bias applied to the suppressor and the grid.

V1 is normally cut—-off by negative

The 130 pe duration, positive

going 135 c/s marker gate from the markor gate gencrator is applied to V1

as follows

£3
o
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(a) To the suppressor grid lifting the supprossor bias for the
gating period.

(b) To the differentiation circuit C1, R4 which produces a
positive spike followed by a negative spike. MR1 will only
pass the positive spike, which is fod to the grid of the valve
go lifting grid bias for the duration of the spike.

88. Due to tho negative bias on both suppressor and grid being
lifted V1 will conduct and a negative spike will be produced at the
anode and applied to the primary of transformer T1. The positive
pulse appearing across the secondary is fed two ways:-

(2) To MR5 as the first pulse of the harmonic pulse train.

(b) To a delay line DL1 for re-cycling. Immediately the first
pulse is produced by V1 the valve is again cut-off at the control
grid by negative bias, but the suppressor remains held on by the
harmonic gatc.

89. The pulsc applied to DLi1 (sub-para (2) above) is dolayed by 20 ps
and ig then applied %9 a furthex deliay line DL2 where it is delayed

by 3.5 use ° The pulse, now delayed by 23.5/ps ig then applied to the
grid of V3a, a cathode follower. The pulse is fed from the cathode of
V3a to delay line DL5, which is a "vernier" delay and is adjusted to
give exac’ y 24 us overall delay.

90,° The pulse emerging from DL5 is applied to V1 control grid vis
MR2, and once again the valve conducts and a pulse is applied to the
anode transformer T1. Another re-cycling action will take place,
and the action as described in paras. 88 and 89 will continue until
the hammonic gate closes, when V1 will be cut-off by negative bias
on the suppressor. Thus as the harmonic gate is set to about 13 us,
a pulse train of 6 pulses spaced at 24 ps will be produced by cach
hammonic gate applied to V1.

91. 15 ¢/s marker burst goenorator. The 15 c/s (north) marker

pulge train is generated in a similar manner to the 135 ¢f/s marker
pulee train. The circuit conditions of V2 are identical to those

of V1 except that the duration of the north marker gate is about 340/ps.
The transformer T1 is the common anode load of both V1 and V2 so the
pulses from V2 anode arec also fed to MRS and DL1ts  The pulse fed to

DL1 passes through the delay line chain DL1, DL3 and DL4 giving a total
delay of 29.5 ns. The pulse is then cathode followed by V3b into a
"vernier" delay line DL6 which is variable and preset to give an overall
delay of 30 ms. The pulse is then applied to V2 control grid via MR4.
Thus as the north marker gate is set to about 340 ys and the delay
lines produce a preset delay of 30 ps, a pulse train of 12 pulses spaced
by 30 us will be produced by each north marker gating waveform applied
to V2.

92, From the foregoing it can be scen that the pulse spacing within

the marker gates is accurately controlled by delay lines and the duration
of the bursts by the width of tho gates. 'Both pulse trains are fed

from ™ sccondary to MR5, which ‘together with MR6 forms a mixer circuit
whose function is to "mix" the signals from the marker burst generators
and the double gate for application to the amplifier V6. It should be
noted that although both the north and hammonic marker re-cycling pulses
pass through the delay lines and V3 they will only trigger the appropriate
valve, because the north and harmonic gates arc never generated at tho
same time.

TL/4880 -
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93. The double gate circuit (V4 and V5). This circuib controls the
priority of the component signals in the cowposita output signal. V4
and V5 are two pentode amplifiers with a common anode load transformer
T2, Thore arc three distinet states of operation as follows:—

(a) V5 only conducting.
(b) V4 only conducting.
(¢) Both V4 and V5 cut-off.

94, V5 is nommally conducting but every 37.5 seconds the identity keyer
(MD) transfers an earth conncction from the cathode of V5 to the cathode
of V4, so that V5 becomes cut—off and V4 conducts. As the idontity signal
input from the identity pulse gcnerator (XH) is applied to V4 grid,

the identity signal will be deoveloped across the anode transformer T2

as a series of dots and dashes for a period of 7.5 seconds, due to the
identity keyer (MD) earthing the cathodo of V4 in a series of dot and

dash lengths.

95. Squitter and reply pulses are fed to V5 control grid from the delay
line unit (XD). Thc cathode bias resistor of V5 is normally short

circuited by tho earth conncction in the identity keyor (MD) and congequently
V5 will conduct and produce squitter and reply pulsos.

96, As the transformer T2 is the common anode load of V4 and V5 the signal
appearing across 1ts primary will consist of squitter and reply pulses
which will be cut off and replaced by the identity signal every 37.5

geconds thus giving the identity signal priority over the squitter and
reply pulscse The output of the double gate is taken to MR6 which forms
part of the mixer circuit MR5, MRS (para. 92).

97. The refercnce pulse trains are also fed to the mixer circuit, so to
avoid squitter and.rerly pulses interfering with the reference marker
trains the double gate V4 and V5 is cut off during the passage of the pulse
trains. This is achieved by applying the blanking waveform from the marker
gate generator (XJ) to the common suppressor connection of V4 and V5.

As the blanking waveform'is produced whenever cither the 15 c/s or 135 c/s
reference gates are open, it can be secn that the marker pulse trains

will receive priority over both the identity signal and the squitter

and reply pulses, resulting in the priority laid down in para. 86.

98. OQutput amplificr V6. The combined signal from the mixer circuit
is applied to an amplifier inverter V6, and the negative going pulses
appearing at the anode are coupled out to the beacon coder unit (XB).

TL/488.
JUNE, 1962.
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Figs 23 Beacon Coder Unit ~ Block Diagram.

Introducthion-
99.

a pulse pair spaced

at 12 us

The composite input signal contains the following informations—

(a)

(b) TItentity

signal.

15 c/s and 135 c/s marker pulsc trains.

(¢) Squitter and roply pulses.

10G.
modulator unit (0).

101,

The pulse pairs of uniform amplitude and shape are fed out to the

The sequence of the stages can be followed by
reference to the block diagram (fig. 23) and component references scen on
the circuit diagram (fig. 25).

to V1a which together with V1b forms a cathode coupled flip~flop.

The function of the beacon coder unit (XB) is to accept the composite
signal from the priority mixer (XE) and convert cach single pulse into
at a level suitable for driving the modulator.

Production of Puiso pairs. The negative going input pulses are applied
It

produces at Via anodec positive going T ps constant awmplitude pulsos which
are fed out two ways as followss—

(a) To V3a grid via MR1.

(v) To V2a grid.

TL/488, -- -
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102, The singla pulse produced by V1 is converted into a pulse pair
spaged at 12 ns by the action of a circuit consisting of V3, V2a and
DL1y V3 is a bi-stable multivibrator (Bceles-Tordan) and V2a is a
cathode follower which feeds into a 12)18 delay line (EL1).

103, The pulse applied to V2a is cathode followed to delay linc

DL1 which is preset to give an overall delay of 12dps. The pulso
emerging from DL1 is thon applied to V3b grid via €4 and MR2., 1In

the quiescent state V3b is conducting because its grid is hold at

about +6 volts, while V3a is cut-off by the bias developed across

the common cathode load 'R10. The valvos arc directly coupled between
anode and opposite grid, thereforec, a voltage change at onc anode will
cause a smaller voltage change at the opposite grid. There is no
discharging capacitor to allow the grid to rise above cut-off potential
s0 voltage changes can only be produced by cxternal trigger pulscs.

104.  When the positive pulse arrivés at V3a grid via MR1, the valve
conducts and the anode voltage falls, pulling dowr V3b grid causing

V3b anode voltage to risc and V3a grid with it. This action is
instantaneous and brings V3a into full conduction and cuts off V3b.

The circuit remains in this condition until 12 us later the pulse from
DL1 is applied to V3b grid and thc reverse action takes placc. The
resulting pulses at V3a and V3b anodes are rcctangular, of 12 us
duration and opposite polarities. Diodes MR1 and MR2 arc grid isoclutors.

105, Both ancde outputs are differcntlated and fed bu wmixer circuit
MR3 and MR4 which removes the negative parts of the waveforms and
combinecs the positive spiked pulsce. Thus tho signal applied to V4
grid is two positive pulscs spaced 12 us apart. From the forogoing
it can be scen that a pulsc pair spacod by 12 ns will be produced for
cvery input pulsc fed into the unit because the delay line is fed with
constant amplitudo pulses.

TL/488.,
JUNE, 1962,
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Fig, 24 Beacon Coder Unit (XB)— W@X'c'férms;

.
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106.  Pulsc pair shaping circuit (V4, V5 and V2b). The pulse pair
fed t6 V4 are generally of unnequal amplitude and are not the correct
shape, so the next four stages arc used to produce correctly shaped
pulses of oqual amplitude. The stages are an amplifier V4, a cathode
coupled flip-flop V5, a cathodc~follower V2b and a shaping filter.

107, The pulse pair are amplified and inverted by V4, and the amplified
negativo~going pulscs arc coupled to V5a grid via MR5. ' Tho tapping of
R26 and R29 connected to MR5 cathodc is held at about +20V so that
negativo triggoer pulses will have to overcome this standing bias level
before MRS will conduct.

108. V5 is a cathode-coupled flip-flop and in the stable condition
V5a iscondusting and cathode bias holds V5b out-off. Each negative
trigger pulse from MR5 cuts off V5a, then V5b conducts. The discharge
time of C9 is set so that 6‘ys elapse before V5a grid voltage allows
V5a to conduct again. This action results in two positive pulses of
equal height and width spaced 12‘ys apart being produced from V5a anode.

109, V2b ies a cathode~follower which matches the output of the
flip~flop into the shaping filter. In the guiescont state V2b is cut
off by about =25V grid bias, R32 and MR7 acting as a d.c. restorer
circuit« The positive input pulses causc V2b to conduct heavily,
while R35 acts as a grid limiter. The pulses developed across the
cathode load R36 are fed into the shaping filter, which is a low-pass
network and its function is to convert the pulses into the shape required.
by removing the higher harmonics. - The filter consists of L1 to L3
and C11 to €19 inclusive, and MR6 limits overswing. The output
pulses from the filter arc of 7)us width at the base and about 11V

in amplitude. The pulse pair is applied to V6.

110.  Amplifying and output stages (V6 to V8). V6 is an amplifier
inverter, raising the amplitude to about 40V. The anode load provides
twe outputs as follows:-

(a) Via €20 and C21 in parallel and RV2 to V7.

(b) Via €26 and MR8 to video decoder (XC) as a receiver
suppression gato.

111+ The suppression pulses, (b) above, are coupled from V6 anode

by 026 and developed across R47 tho positive portions of the waveforms

are removed by MR8, the nogative pulse pairs boing fed out to the video .
decoder (XC) to de-sonsitize the roceiver while the beacon is transmittinge.
This is to prevent the transmitted pulses triggering the receiver.

112, The main output from V6 (para. 110 @) ) is applied to a further
amplifior stage V7. The input potentiometer RV2 serves to set the
amplitude of the pulses fed to V7 and consequently the peak amplitude
of the pulses fed to the klystron although the klystron drive will in
practice be limited by the operating characteristie of the modulator
valves. V7 acts as an amplifier inverter and the output pulse pairs
are positive going and of an amplitude of about 200V peak. The pulsos
are then cathode - followed by V8, tho output being directly coupled to
the grids of the modulator valves. 4As RV3 is connected between the
~150V line and earth, and is used to sot the d.c. lovel of the grid and
honce the cathode of V8, it will also set the standing bias level of the
modulator valves, The pulse pairs arce foed directly from the cathode

of V8 to the modulator (0).

T1./488, JUNE, 1962,
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FREQUENCY MULTIPLIER UNIT (XG) AND R.F, DRIVE UNIT (XF).
Introduction.
113.  The frequency multiplicr unit (XG) and the R.F. drive unit (XF)

are associated in this chapter because together they produce the r.f.
drive and local oscillator signal., The sequence of the circuits can -
be followed by reforence to the block diagram (fig. 26). The initial
frequency at 1 of the boacon output frequency, is gonerated in a
special 27th  broadband oscillator which is frequenecy controlled
from a crystal mounted in an oven. The signal is then amplified and
multiplied before application to tho output klystron.

— - - -

.ot AL
‘ osciLAToOR G/P
l 16 MimeR
|
—_— e - - —_ — - -l - -
. ; +
C Rtsvoks] \& ;7; V. V3 ;, Vi VsP "fb"l'omw% ' N7
T e A oo P 7" —wesiet
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0 1L AT . amMP )
i 157 BLER ]
| €
|
N
{
RV
Rese 4
‘ of¢
) V(; r—*.‘% P({wERI Vi
FREQUENCY MULTIPLIER UNITAG)|O/ it
CumRou !
|
- - - - - - n - - - .o
i
1 DPhive ofP

o KuY ST RON

R.F. DRIVE UNIT(XF)

Fige 26. Frequency Multiplior Unit and R.F. Drive Unit - Block Diagrem.

Frogquency Multiplicr Unit (XG).

114. The crystal ovon. This ovon is of cylindrical form and

contains three Brystals. It ie fitted with a thormostat which regulatos
the tomperature to 75i 2 dogreos contigrade. The oven is mounted on a
14-pin base with a central spigot, so arranged that any one of the throe
crystals can be brought into servico by pulling out the oven, slightly
rotating it to another position and pushing it back again. The crystals
are of tho overtone typo and the third overtonc is useds. The crystals
will oscillate at their fundamontal froquency and at other higher odd
overtones, but thc gain of the circuit in which thoy are used is very
low at these frequencies.

TL/488,
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115, Butler oscillator V1. The twé scctions of the double triode

V1, together fom a Butler oscillator, which is a special broadband

ca%hodo - coupled oscillator whose frequency is dotermined by the quartsz
crystal connccted between ite cathodes. The circuit produces a signal
within the band 35.5 - 45 MG/Sa V1b functions as a grounded grid
amplifier with a broadband anode tuned circuit L1 which is tuned fo

resonate at the crystal frequoncy. ~C2 couples Vib anode to the grid of
Via which acts as a cathode follower, the R.F. cnergy being developed

across its cathode load R3. This R.F. cnergy is coupled to V1b cathode
via tho crystal which provides a low impedence path at its marked frequoncye.

116, Tho circuit opcration rclics on regencrative feedback i.c. the two
cathodes must be in phase, and since the crystal oporation at scrics resonance
roequires zero phase shift around the circuit loop, the various stray
capacitics must be compensated for in the circuit. The cathode followor
is alsmost froo of phasc shift duc to cxbtremoly low grid cathode
capacitancce and at rcsonance Via cathode is virtually d.c. coupled to

V1b cathode by the crystals The anode-cathode capacitance of Vib is
oxtremely small duc to the grounded grid, and V1b anode circuit is
resonnted at crystal froquency and couplod to Viag grid. Thus phase

shift around the circuit loop is nogligiblc and oscillations occur at

tho marked frequoncy of the crystal.

117. The impcdenco offercd by the crystal is high at frequencies on cither
gide of orystal resonance and thus the gain of the grounded grid amplifier
is low. This cnsures that oscillations arc only rossible at the marked
froquoncy of tho crystal, thus the Butler oscillator output is a highly
stable signal containing little or no oscillations at unwanted frequcncics.
The oscillator ortput is coupled from V1b anode to V2 control grid via
capacitor C5.

118, Trobler amplificr chain (V2 to V5). V2 is a pentode buffor
amplificr which amplifics the signal from V1 for application to the first
trebler stage Vi« V3 is a beam~tctrode trebler which raises the signal
to 1 of the beacon output frequoncye. In V3 anode circuit is a centre—
9th tapped inductor L4 which is tuncd to the third hamonic of the
input frequency by a split stator capacitor C213 ithis provides a push~pull
output for applicavion to V4. Capacitors C43 and C20 arc included to
balance the inputs to V4.

119« V4 is a double-pentode, push~pull driver amplificr whose function
is to amplify the signal and provide a push-pull output for the trebler
stage V5.  Bias is provided by R17 and the narallel combination of R19
and R41. The centroc-tapped anode inductor L5 is fod from the 300V linc
via, the anti-parasitic resistor R53, and is tuned by the split-stator
capacitor €31 to provide a balanced ocutput to V5. Two prescteapacitors
C32 and C33 in V5 grid circuits balance the inputs to the valve,

120, V5 is a double-pentode, push-pull tripler amplificr, which raises
the signal to 1 rd of the beacon output frequency. V5 anodes are

are supplied 3 with H.T. of 500V via a tuning wnit. The tuning unit is
a seclf-contained itom, with a tunable lechor line in the anode circuit of
V5. Coupled to the locher lino anode circuit is a broadband circuit
providing an unbalanced output at low impcdence to R.F. drive unit (XF).

121. Output lovel‘control valve (V6). The screcn grid potential ~f V5
is controlled by V6, whose anode is connccted to the 500V supply and whose
cathode is connected to V5 scrocn via R54. The impedence of V6 can be
varied by its control grid voltage, thus the potentiomcter RV1 in V6
control grid circuit is used to ndjust V5 screon potential and consequently
the output lovel of the multiplior unit. RV1 is marked RAISE OUTPUT POWER
and the voltage at the slider may be varicd from zero o about 210V,

/448,
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122,  Decounling and Metering arrangcments. A1l stages in the
unit are extensively decoupled to prevent feodback and instability.
Comprehensive netering arrangements are provided by S1, a three-—

bank, 12-way switch. It is connccted to M2 on the meter panel (XA),
and the metering systom provides facilitics for tuning the variable

controls L1, L3, C21 and C31 whon the crystal has been changed.

TL/448.
JUNE, 1962.
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RoF. Drive Unii (XF)

123. The signal at 1/3rd. of the baacun oulpul froquency is fed in from
the multiplier unit, and the fimntion of the R.F. drive unit is to aceept
this signal and raise it in both freqguency and power for application to
the klystron (Q). The unit also provides the local oscillator signal for
mixing with incoming interrogations in the I.F. pre-amplifier unit (R)

(pare. 39).

124. The unit has two valves, which are of the "lighthouse" type enclosed
in tunable cavities and both are forced air-cooled.

125. The input from the multiplier unit is fed directly into the grid-
cathode cavity of V1, a triode grounded-grid, trebler-amplifier. The

input is coupled via a capacity probe into the grid-cathode cavity which

is broadband and untunel. The anocde cavity is tuned to the third harmonic
of the input signal by mcans of a dialectric ring which cen he moved up

and down parallel to the axis of the valve. The signal at beacon transmitt
frequency is coupled from V] anode cavity via a loop to V2 grid-cathode cavit;

126, L probe in V1 anode cavity provides the local oscillator signal for
application to the mixer in the i.f. pre-cmplifier. Cathode bias of V1 is
provided by one of three resistors R1, R2 or R3, the resistor giving the
best results under test being selected. This system is to avoid the use
of o potentiometer.

127. V2 is a triode grounded-grid amplifier which raises the signal power
to the level equired for the klystron to function efficiently - between
10 and 15 watts. The signal from V1 is injected by a capacity probe into
the grid-cathode cavity which is brooadband and untuned. V2 anode cavity
is tuned in the same manner as Vi; the two motions being ganged together
and controlled by o single knob. 4L loop in the anode cavity couples the
snode cavity couples the output to the klystron (Q).

128, Both V1 and V2 have independent, isolated heotor supplies of 6.3 V.li.C.
In the case of V2 the heater supply passecs through two parallel resistors
(R10 and R11) which arc normally short circuited by the contacts of relay
RI1. The coll of RL1 is incorporated in V2 cathode circuit so that when
the R,Ve drive is applied to the valve, the increase in current causes the
relay to be encrgiscd and to open 1ts contocts, this reducing heater voltage
at the filament by placing R10 and R11 in series with the filaoment supply.
This is done to offset the cathode bombardment which tokes place at the
frequencies in use end thus prolong the life of the valve, Resistor R9 is
across the relay coil to minimise relay chotter.

129. Metering Arranccments., Motering facilities are provided by 81 a
fine-position switch, and connections are daken to meter MI on the meter
panel (X4).

REFERENCE: AsPe 2534L, Vol. 1, Part 2; Scction 2, Chapter 7.
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MODULLTOR /ND KLYSTRON ASSEMBLY (0 and Q)

Introduction

130y The modulator and the klystron assembly are associated together as

they form the transmitter, The modulator recelves the composite signal from
the beacon coder unit (XB) and amplifies it to o suitable level for modulation
of the klystron.valve. A voltage proportional to the klystron beam current
is fed back to the modulator to assist in the maintainance of constant
amplitude boecon output pulses. The circuit sequence can be followed by
reference to the block diogram (fig. 29), and component references cen be

seen on the circuit diagroms (figs. 30 and 31).

2.5 KV from Power

Unit B KLYSTRON
TN
? 0
Hold off bias
supply from ... |.. . .l
power unit N 1. 1’1 OUTPUE
I D
T " ! INPUT
Composite signal | V1 V2 V3 PULSE — e i frcﬁ?éfﬁm”3r+
Coger Dae ., [woDUTATOR | MobvraTTON || | Unit (X7)
(xB) 1 VALVES TRANSFORMER B
N,
|
- 150 N
Vi,
FEEGHAFK
‘ CONTLOL VALYE

MODULATOR O H.C. & d H
~ 15 KV
From E.H.T. Power {Unit

N Beam Current
Feedback

Fige 294 Modulator and Klystron Assembly ~ Block Diagram

Modulator Unit (0)

131. The composite bcacon signal is fed from the coder unit (XB) to three
parallel-connected modulator valves V1, V2 and V3. It consists of positive
pulses and is fed to the valves via an interncl feedback potentiometer RVY

and grid stoppers R1, R4 and R7. The positive pulses applied to the grids

of the modulator valves cause them to conduct hecevily and the negntive pulses
produced at the anodes are fed to the primary of T41. The secondary of T,

has terminal L4 connected to earth, and positive-going pulses of about 5KV .
amplitude appeor ot terminal 5 ond these cre fed out to modulate the klystron.
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132. A topping to terminal 3 from T1 secondary provides a foedback potential
to V1 V2 and V3, This foedback potentiel is developed across resistors R18,
R19, which also serve as o rosistive load for T1 secondary, and they flatten

the pulse treins to provide minimum droop.

133, The high voltage pulses are ~oupled from T1 terminal 5 to the klystron
assetidly via & cepacitor €13, Also fed out on this lcad is the "hold off"
bias supply. This is about - 180 V in amplitude and is fed from the c.be.t
power unit (N) to the klystron via this unit, the modulator.

134, Feedback Level Control Valve, The level of the feedback derived

from the klystron beam current is coutrolled by a tetrode V4, which acts as

a variable shunt impedance across T1 secondary. The feedback pulses which
are negative-going are applicd to Vi cathode, which increases valve current
so decrecasing the impedance of the valve, The extent to which current is
increased depends upon the arplitude of the feedback pulses, and the shunting
effect will be constant for constant amplitude pulses; the system therefore
assists in maintaining a constant amplitude of output pulses from the beacon.

Klystron Assembly (Q)

135. The klystron assembly houses the klystron valve which is the transmitting
valve for the beacon. It contains three r.f. cavitics and four focussing
coils which surround the valve Vi, The klystron collector conncction is at
the top of the ssseably and is forced-air cooled.

136, RsFo Systems The r.f. circuitconsists of the threec cavities and their
associated tuni , circuits, the modulation circvit and beam current feedback
network. When the cavities arc clamped in position they make contact with
the rings on the valve and, together with the internal elements of the valve,
form resonant cavities which are tuncd by plungers adjusted by knobs on the
iront of the assembly.

137« The C.W, encrgy from the R.F. drive unit (XF) (paras 123 to 128) is
coupled into the bottom cavity by an inductive loop. The middle cavity

has no external r.f. conncctions. The amplified pulsed r.f. is cxtracted
from the output cavity at the top by acnothor inductive loop and fed outto the
duplexer (V) for tronsmission. The three cavities arc tuned separctely

but in a similar moanner by scrowing plungers in or out. lMoter M5 on the
control unit (W) indicatecs the current extracted from the cavity by an -
inductive loop ( rectified by o crystel diode). The current. passes via a
microswiteh (S1, 82 or S3) which has to be deprcssed whilst timing. The
microswitch earths the crystal detector to the frame when not in use.

138+ The modulation of thoe CoWe rofs power fcd into the bottom cavity is
effected by the pulses fed to the moduletion elecctrode from the modulator.
The modulaiion pulses are of about + 5 KV pecak amplitude, a "hold-off" bics
of about - 180 V amplitude is also applicd to the modulation clectrode. The
cathode is supplied with e.h.t. of about - 15 KV and the collector electrode
is ecarthy. Thus when the modulation pulses are applied the volve conducts
heavily producing pulscs of 5 EW pcak minimum. The "hold-off" hias ensures
a definite cut-off after each tronsmitter pulsc and prcvents any spurious
transmission between pulscse.

139. The voltage derived from the beam currcnt is devcloped across R1 and
R2, and used as feedback voltoge controlling the output level control valve
on the modulator (para 134),.

140, Focussing Systeme. A&n electro-magnetic system is employed which
meintaing the electron beam cccurately aligned along the azis of the valve,
There arc four focussing coils which are interleaved with the three cavities.
When the beacon is in the standby or opcrational mode the coils are supplied
from the 250 V power unit (K). When the beacon is switched off a 230 V.L.C.,
supply from the unregulated moins is fed to the coils to maintain the tem-
peraturc of the assembly. The d.c. ond a.c. supplies are switched by the
pre~heating rclay (G).

REFFRENCE: A4.P. 2534L, Vole 1, Part 2, Section 2, Chapter 8.
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MISCEILNEQUS ITHLS

Introduction

141. Tho units comprising the transmitter-receiver have been individually
described in previous scctions, However there ore a number of itoms
mounted in the right-hand cabinet which do not fall within the scope of
these sections. Thereforc these items are covered in this section.

142, Heater Transformers. There are four heater transformers mounted
on the left~hand side of the inner bay. They are mounted onc acbove the
other and are numbered T7, T6é, T5 and T4 from top to bottome Thaoy are
fed in parallel from the regulated moins.

143« The units supplied by ocach transformer are detailed below:-

(a) T4 (1) Pins 4 and 5 supply 6.3V at 3L to R.F. drive unit
(XP) (isolated supply for V1).

(2) Tins 6 and 7 supply 6.3 V at 1.64 to R.F, drive unit
(XF) (isolated supply for V2),

(3) Pins 8 and 9 supply 6.3 V at 1.04 to frequency multiplier
unit (XG) (isolated supply for V6).

(v) T5, pins L and 5 supply 6.3 V at 7.84 to the following units:-
(1) Video decoder (XC).
(2) Delay linc unit (XD).
(3) Identity pulsc gencrator (XH).
‘(4) I.Ps pre-aomplifior (R)

(¢) T6, pins 4 and 5 supply 6.3 V ot 7.84 to the following units:~
(1) Beacon coder unit (XB).
(2) Hocker gote generator (XJ3).
(3) I.F. amplifier (P).

(d) 77, pins 4 ond 5 supply 6.3 V ot 7.84 to the following units:-
(1) Priority mixer (XE).
(2) Froquoncy multiplier (XG).

14ie  Meter Pancl (XA)e The meter pancl is situated in the middle of

the right-hand inner door, On it are mounted threc mcters, a distribution
block, and the "over-on" lamp check circuits

145. The three meters arc uscd as follows:~
(1) M calibrated 0 - 150 mA for R.F., drive unit mctering.
(2) M2 calibrated 0 - 10 mh for froquency multiplior metering.
(3) M3 tho squitter rate indicator., This meter has an

associated smoothing circuit to provide a stcady rcading,
and is supplied from the vidco decoder (XC).
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146, The distribution bIovk has ten torminals which act as distribution
points for all a.c. and d.ce HoTo supplies to the units mounted on the
inner door oxocept the blower suppliocss

147. The oven lamp check circuit (fig. 32). Normally IIP1 is in serics
with the heater element in the crystal oven on the frequency multiplier

unit (XG) through contacts 1 and 2 on S1. Thus when tho thormostat contaot
in the crystal oven is closed the oven hoater and lamp are connccted across
tho 230 VehoCe supply ond the lamp will light. When the thormostat opens
the lamp will go out, but by depressing S1 the lamp will light up and can
be checked.

Frequency Phase 1 Unreg.

Weltiplier (XG)

..-¢.__

Solon
Element

3
heck Lamp
5 xéj check oven

- —mm == —CRANAARAS
a—

Frequency
Multiplier (XG)

o ——

]
!
i
]
i
t

TR T g Push

e e e Oy Button

I

— Neutral

an)
>

Figc 320

148, Pre-Heating Reclay (G),
of the klystron asscmbly (Q).

Oven Lamp Check Circult

This relay is situated to the left of the bottom
The unit consists of o relay whosc two contacts

switch the supplies to the klystron focussing coils. When the becacon is
switched off, phase 1 of the unrcgulnted mains is fed viae the preheating rclay
to the klystron asscmbly to maintain the temperoture of the klystron.  VWhen
in the standby or operational mode o + 250 V d.c. from the 250 V power unit
(K) encrgiscs the relay, which disconncets the a.c. supply end connccts the

+ 250 V d.0. to the focussing ccils.

The conncctions of the fopussing coils

are detailed in figes 31
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149. Anti-Condensation Heeter. The heater is mounted on the bottom left-
hand side of the TR cebinct, It is fed with o 230 V or 115 V a.c. supply
from an external source to make the hoater independent of beacon supplicse

150, Adr Blowers. Therce corc three air blowers mounted in the TR cabinet,

all are fed with 230 V.A.C. from phasc 3 of the unregulated mains.  Blower

No. 41 is the klystron collector cooling blower and is mounted in the top
right-hand corncr of the TR cabinet. It is connected to the klystron
assembly by o detacheblc flexible hose. Blowers 2 and 3 are mounted on

the bottom of the inner door, and the air expelled from both blowers is fed
into a common duct. The air is ducted on to the cooling fins of the CV2516
valves in the R.F. drive unit (XF) and through holes to the front of the

inner doore Thus when the outer door is closed this cooling air is circulated
around the valves on the units mounted on the inner door.

REFERENCE: Al.P, 2534Ly; Vol. 1, Poart, 2, Section 2, Chapter 9.

AFRTAL SYSTEN

LERTIAL CONTROL CLBINET

Introduction

151, The aerial control cabinet contains the three-phase regulating
equipment, regulator control unit (YN) and voltage rcgulator (Y0), terminal
blocks (Y4 to YE Jand isolating switch (YH). Hinged to the top of the door
is the meter panel (YJ;. Mounted on the door of the cabinet are the aerial
specd control unit (YR) and the aerial speed rcctifier unit (YS).

152+ Royal Navy installations are cquipped with an aerial sorvo system but
these items arc not dealt with in this traince note.

Voltage Regulator (Y0) and Control Unit (YN)

153, The circuit diogram of the voltage regulator and control unit can be
seen in Fig. 33. The 3~phoase supply is regulated by motor driven sliders

in regulator (Y0) to between ¥ 3 volts. The motor control circuits are
contained in control unit (YN). Unregulated 3-phasec power is made available
hy isolating switch (YH). The rcgulating eircuit is switched on and off by
the stand-by switeh SW8 in the control unit (W), this causes the unregulated
phase two tc be fed to PL1.8s The principle of operation, after the initial
running up period, is for the power to the regulating motor to be controlled
by releys which rely on a two-way voltage scrsitive relay VR for their
energising currcnts.

154. The relay conditions at various stages of the voltage rcgulation are
tabulated on the circuit diagram (fig. 33)s, The modes of operation are
as follows:-

(1) Regulator sritched OFF, The motor has previously driven
tho sliders on the regulator to the bottom of the auto-
transformer rosistors so thot all three slidors ere at
neutral line potenticl. The MIN, limit switeh is opon and
the motor is de-energised., There is therefore no regulated
voltage.

(2) Regulator running up, The motor is energiscd in a monner
to drive the sliders up the auto-transformer resistors.
The MIN, switch is closed and the output voltages gradually
increasce.

TL/488
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(3) PFully regulatod. The motor has stopped driving the
regulator sliders becousc the VR relay contacts have
opened. Thereafter the dircction in which the motor
drives the sliders depends on whethor VR1 or VR2 contacts
are closed. When VR2 contacts are closed the sliders
are being driven up and when VR1 contacts are closed the
sliders are being driven down.

(4) Regulator running down. The motor now drives the slider
down to the neutral line potential,

(5) Regulator switched OFF., Tho sliders are driven down to
the position where the MIN. switch opens, this de-energises
the motor only when the control switech is OFF.

155, When the regulator is switched off all reloys in the YN control unit
ore de-cnergised and LP7 in the meter unit (YJ) is oute In this modc the
phase one unregulated supply Zs always available not terminal PLi.13. of
YN provided the mains isolating switch YH is closed. Thoe circuit for the
reclays in YN cannot be completed until unrcgulated phase two is fed to the
unit via the control unit (W) SW8. Whon this switch is closed the unregu-
loted phase two is rectified in the bridge rcctifier MRL and relay RLL is
energised via PL1.1 of YN,

156+ When RLL4 is cnergised, contacts RL4/2 close and contocts RL@/1 and
RLL/3cpen. RL4/2 completes the circuits for relay RL2 to cnergise from
unregulated phase onc via FS1, MR2, contacts RL3/2, RL4/2 and contacts VR2
to neutral Pl1.1. Contacts VR2 are closcd because the rolay is spring
loaded to teke up VR2 position in the absence of power. When RL2 is
encrgised contacts RL2/1, RL2/2 and RL2/3 open and contacts RL2/L close,
thus completing vae motor circuit via PL1.13, FS1, contacts RI5/2, PL1.2,
T8Ieks motor winding, MAX limit switch TSL.1 of Y0, PLI;5, contacts RL2/4
to noutral.

157+ The motor will now drive the rcguletor slider up, & low voltage will
appear on T82 torminals 13 to 15 of YO and the MIN limit switch will close.
Terminal TS2413 is connceted via PL1.14s P83, and RV3 to the MR1 bridge
circuit which will energisc relays RI1 and VRs RL1 opcrates when the phase
onc voltage is about 100.  Whon RL1 is encrgised contects RIA/1 close and
ensurc that the motor circuit phase onc voltage is maintoined when both
RL4/1 and RL5/2 arc open.

158, When the regulated phase one voltage reaches 240 V, contacts VR2 open
and relay RL2 is de-encrgised. Therefore, contacts RL2/41 close and relay
RL5 is encrgiscd and locked on via contacts R??/1. Contacts RL5/2 open and
leave the motor circuilt closed by contacts RL1/1. Contacts RLS/3 and 4
closc so that the indicator lamp IP7 in the ¥YJ meter unit is cnergiscd from
the unrcgulated 140 V phoase one supply via RL2 or RL3. Contacts RL2/2 close
and short out the high boost resistor RVi. Contacts RL2/3 closc and prepare
relay RL3 circuit for usc when VR1 contacts are closed. Contacts RL2/4
break the ncutral line so thot motor stops driving the rogulating sliders.

159. With relays RIA, RL4 and RIS oll encrgiscd and relays RL2 and RL3 both
de-cnergised, the voltage rclay VR in the MR1 bridge circuit controls the
regulating circuit. When the voltage is below 240 V, contacts VR2 will

be closed and relay RL2 encrgised. When contacts RL2/L are closed the
motor is cnergised to turn in the direction to increcase the regulated voltage.
When the voltage is above 140 V, contacts VR1 will be closcd and relay RL3
cnergised. When contacts RL3/1 are closed the low boost resistor RV2 is
shorted out. When contacts RL3/2 crc open roley Ll2 connot encrgisc.
When contacts RL3/3 are closced the motor is cnorgiscd to turn in a direction
to decreasc the reguleted voltage. Both motor contacts have spark quench
components across thems, i.c.o R1 and C2 cre across contacts RL2/k and R2 and
C3 across RL3/3.
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160, When the equipment is switched OFF in the control unit (W), the phase
two unregulatod is rcmoved from MRL bridge circuit, relay RLL is therefore
de-energised. Contacts RLL/1 close to complete the motor run-down cycles
Contacts RL4/2 open to ensure that RL2 cannot be erergised. Contacts RLL/3
close to complete the encrgising circuit for relcy RL3, even whon VR1 contact:
are open, via contacts RL2/3, RIL/3, PL1.3, TS1.3 in YO and MIN limit switch
to neutral. The motor is now in the run-down mode and will continue to
decrease the voltage until relays RI4 and RLS become de-encrgiscd. Contacts
RI5/3 and k4 open the circuit to LP7 in unit YJ. Finally the motor circuit
is de~cnergised by the MIN limit switch contacts opening, this also de-
energises the final energised rclay RL3.

161. The relay operation of control unit (YN), The function of each
relay contact 1s provided in the following sub~paragraphs to show the four
main modes of operation of the control system, i.e. OFF, running-up, fully
regulated and running-down.

et i B L e R S T e e e . .- . P - PR

. i
[ (1) OFF t
% Reloy State Action l
5 All Off ISOLATE SWITCH (YH) = ON - therefore unrcgulated !
three-~phase to T82 of YO0. Unrcgulated phase
one to PI1.13 via TS2.1. ST.NDBY switch (SW8)
on control unit (W) - OFF., No supply to PL1.8.
MIN LIMIT switch open due to slider on auto-
tronsformer resistor at ncutral cnd. 1
(2) RUNNING - UP Action |
|
Relay State STLNDBY SWITCH (SW8) on control unit (W) - ON. f
11 Off Uyregulated phase two to PL1. 8. RLL operates
i via MRlL.
RL4 Operated Contact 1 opens and shorted by RI5/2. Uscd
with RL1/1 to maintain unrcegulated phasc one
' to notor in YO. !
{ |
Contoct 2 closcs completing ncutral line for MR2,
RL2 now oporates.
Contact 3 opens maintaining break in neutral line
for RL3 when MIN LIMIT switch closes. |
Contact 4 No. 8 used.
| RL2 Qporated Contact 1 opens breaking neutral line for RL5.
| I Contact 2 opens rcmoving short circuit across
f | RV1 HIGH BOOSTs
i
| Contact 3 opens cnsuring RL3 cannot operates
t )
! Contact L closes completing running-up neutral {
| line for the motor via MAX LIMIT switch. !
| f
i MOTOR ST/RTS RUN-UP i
g Slider mochanically closes MIN, LIMIT switch. !
| Slider runs-up increasing rcegulated voltage
| across MR1., Whon this voltage reaches 100V
i approximatcly RI4 operates.
f -
S S ‘
TL/1,88
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RI1 Operated

VR Operated

RL2 de~cnorgised

RL5 Operated

RI1, RL5, RL4
Operated.
RL2, RL3 de-
energised.

(3) FULLY REGULATING
Belay Stote
(o)

(v)

VR to Position 2

RL 2 Operated

-57=

Contact 1 maintains unrcgulated phase one to
the motor.

Contact 2

Contoch 33 Not used.

When this voltage reaches 240 V approximately
VR operates,

Contact 2 opens bresking ncutral line to RL2
which is de-encrgisecd.

Contoct 1 Remains open,

Contact 1 closcs applying neutral to RIS which
is energiscd,

Contact 2 closes applying short circuit across
RV1 HIGH BOOST.

Contact 3 closus so that VR1 and contacts RIL/3
can causc RL3 to operate when required.

Gontact 4 opens removing ncutral from motor.
VOTOR STOPS
Contact 1 closes hold on contacts.

Contact 2 opens leaving RI1/1 to maintain phase
two to motor.,

Contnct 3) closes to operate LP7 should VR make
Contact 4) contacts VR1 or VR2,

Unit now ready for condition (3), i.c. fully
regulaeting.

ALetion

Regulated voltage 140 + 3 V.  Unit remains in
stoble state as at cnd of condition (2) above.

Regulated voltoge drops below 240 - 3 V,
Relay VR contacts now move to position 2.

Operates RL2 from unreguloted phasc one,
Contact 1 opens shorted by RL5/1 so no change.

Contact 2 opens removing short across RV1 HIGH

| BOOST.

| Contact 3 opens ensuring RL3 cannot operatc.

TL/488
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Contact L closes completing neutral "running up"
linc to tho motor. Motor will move slider up
rosistors until relay contacts VR move off
position 2 when neutral line to RL2 will be
broken, RL2 is then de-energiscd, the motor
stops and returns to condition (3a)

(c) Regulatcd voltege increases above 240 + 3V.
Reley VR contact moves to position 1.
VR to Position 1. Opcrates RL3 from unregulated phasc cne.

RL3 Operated Contact 1 closcs shorting RV2 LOW BOOST.
Contact 2 opens ensuring RL2 cannot opcrate,

Contact 3 closes completing the neutral
"running~down" line to motor.

Motor will move slider down the resistors until
relay contacts VR move off pcsition 1 whon the
neutrel line to RL3 will be broken. RL3 is
then de-encrgiscd, the motor stops and the

unit returns to condition (3a).

NOTE:- RV1 HIGH BOOST and RV2 LOW BOOST
scttings togother with contacts RL2/2 and
RL3/1 ensurc the movement of the slider up

the auto~transformer will send thc contact of
relay VR into the nid~-position between its two
contacts. RV3 scts the regulated voltage value.

(4)  RUNNING DOWN

Relay State Aotion

RIL1, RL4, RIS Standby switch (Sw8) in control unit (W) OFF,
‘Operated. unregulatced phase two mains removed .from PL1.8.
RL2 and RL3 RLL now de-cncrgised,

de~energiscd.,

RL4 de-energisecd. Controct 1 closes maintaining unregulatcd phase
one to the motor.

Gontoct 2 opens preventing RL2 from operating
when regulated voltage drop causes contact VR to
move to position 2.

Contact 3 closes completing neutrnl line to RL3
via MIN LIMIT  switch.

Contact L not used.
RL3 Operated. Contact 1 closcs shorting RV2 LOW BOOST,.

Contact 2 opens ensuring RL2 neutral line remains
broken.

e 1.
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RIL5 do-snergised

RI1 de-energised

RL3 de-cnergised

All off.

- 59~
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MOTOR ST/RTS RUN-DOWN

VR de-cnergised - contacts to VR2.
No effcct os RL4 de-cnergised. Ls regulating
voltage decreascs so RL5 will be de-cnergised.

Contact 1 opens brecking lock = on circuit for RL5,

{Contact 2 closes ensuring unregulated phase one to
the motor,

Contact 3)opens breaking circuit to LP7.
Contact 4)in unit YJ.

When rogulating voltnges run down to 100V, RIA is
de-onergised,

Contac t 1 opens but is still shorted by RL4/1, and
RL5/2,

IContact 2)

{Contact 3)

When slider rcaches neutral end of auto-transformed
the MIN LIMIT switch mechcnically opens brecking
neutral to both motor and RS3.

not used.

Motor Stops,

Contact 1 opens removing short across RV2 LOW
BOOST

Contact 2 closes, no effcct as RL4 de-wnorgised.
Contact 3 opons ensuring ncutral is broken to motoy
Now returned to original condition.

ST/NDBY (SW8) on control unit (W) OFF. No

nains on PL1, 8. MIN LIMIT switch broken
mechnanically.

REFERENCE A.P. 2532+-L) V0111, Part 2, Section 1,
Chapter 1.
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METER PINEL (YJ)

162, This penel conthins two moters M1 and M2 (M2 has o controlling switch
SW1 to vary the inguts), six fuses and their associnted indicnting lamps,
and six indeopendant lamps. The purpose of cach ecircuit is as follows:-

(2) M indicntaés the contrel winding current of the servo drive motor,

(b) M2 indicates the potentinls of the three phases, both regulated
and unregulatcd.

(¢) FS1 to PS6 protoct the following circuits:-

(1)
(2)
(3)
(&)
(5)
(6)

FS1,
Fs2,
F33,
T8,
FS5,
P36,

104+ Phase onc unrcgulated to contactor (YF).
10hs Phose two unrcgulated to contactor (YF).
104.  Phese three unrcgulated to contoctor (YF).
34. Megnetic coupling current.

3he Phase threc unrcguleted to lighting transformer (¥K).

34. Neutral to lighting transformer (YI7).

(d) IP7 to LP12 provide the following information:-

(1)

(2)
(3)

(%)
(5)

(6)

REFERENCE:

T1/488
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LP7.

Lp8,

IP9.

Ip10.

P11,

P12,

Lo

Lights whon control unit YN has reached the fully
rogulating condition.

Not connectod.

Lights when signnls at approx. 1.5 dege are being fed
to the sorvo-amplifier.

Lights when 6.3 V is fed to time delay relay
8W4 in the acrial control unit (YR).

Lights when power is fed to the aerial speed rectifier
unit (¥S).

Lights when power is fod to the aerial spin motor.

Pe 2534L, Vole 1, Part 2, Section 1, Chapter 1.
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AFRTAL SYSTEM LND AFRIAL SPEED CONTROL UNITS (YR AND YS)

Introduction

163, The acriel system for TACAN beacons are divided into two frequency
bands as follows:~

(1) FGRI 18119 aerial system (high band) 1151 to 1213 Me/s.

(2) TFGRI 18119 acrial systom (low band) 962 to 1024 Mc/s.

The height is different for the two bands:~ high band is 69.5 inches
and low band is 77.5 inchcse. The Royal Navy version contains o servo loop

for use with thc ships compass.

Aerial System

16L. Central discone cylinger. The aerial construction can be seen in
fig. 7, and refcrences to the operation in para 16 of this trainee note.
The central radiating array consists of a stack of seven discones which
produce the following radiction chorocteristics:-

(1) Circular within + 5 per cent up to on engle of 60 deg. to the
perpendicular to the axis of the aerial.

(2) A moximum radistion in the vertical plane of about 6 deg. cbove
the horizontal and opprox. 60 per cent of the maximum amplitude
transmitted in the horizontal plonc.

(3) Signals trensmitted betwoon the gorizontal and an angle of 50 dege
to the gorizontal never fall below 25 db less then naximum,.

165, The purposc of the aerial is to accept the pulsed r.f. signal from
the transmitter and rodiate it efficiently into spacc, elso to recelve the
radioted signels from the intorrogating aircraft transmittors and feed them
into the receiver. The aerial nust present o matched impedence over the
whole frequency band to maintoin radiation efficicncy. Inaddition the
central array must guneratc the required vertical pattern. The vertical
lobe of the antenna pattern is directed slightly upwards (uptilt) so that

o rapid gradient of signal cxists at the horizon, this pcermits greater
freodom in the choice of sitcs by providing o high direct/rcflccted signal
ratio., This is illustrotcd in fig. 35.

g
p—
Radiation Pattern " gignad — /
”px£e° /
P g
L e ’
.- - ' .
AERTAL éiﬁi L %77 Horizon
\w:w“’ K,Qo’/
| Tt o g’/
~ £
- <
. - /
~ 7/
\.f\‘\\
- ——h
.
[ T

Fig. 35. Radiation Pattern Diagram
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166 The central array is composed of seven biconical dipoles stacked
vertically. The distribution system is sclf-contained in the array and
consists of & number of serics - driven tronsmission lines. The main
transmission line proceeds to the centre of the array at which point it
divides into the distribution notwork which contains matching trensformers
at all junctions. 4 block diogram of the system is shown in fig. 36.

167. In the lower six elements of the arroys the central two elements are
each supplied with 9 units of power, the two adjacent elements receive L
units of power and finally the end clements receive onc unit of power eache
This distribution tends to repress minor lobes. To obtain uptilt the
elements are phased so that the lower two lead in current nnd the upper

two lag in currcnt with respect to the central dlements. This is illustrated
in figo 37 .

168. The 7th or top olcment is introduced to improve the vertical sasngle
coverage of the aerial, This elcment receives 9 units of power and con-
tributes to the uptilt becouse its current is lagging. A counter-poise is
fitted between the sixth and seventh elements; at high verticel angles
this tends to mask the radiation from the lower six elements and the energy
is predominatly from the top elcment.

Antenna 1 2 3 4 5 6 7
Baver 1 b 9 9 I 1 9
Current 1 2 3 3 2 1 3
Phase  +45 445 0 0 -5 -5 -45
! _
LoX X L X X X
20 2244 4.7 3543 35 L7 22,4 50
10 40 AQ. 10i

e T

Zo 2303)U‘.. 10.8__ 39.2 _[[| 20 43 20 30[[] 17,9 32,1 [[] 20 0

// | 50
/
/
Transformers
23 Units  Power 1L Units
Lo e ——
50 50 30 [ 20 38.7
L.!Zo 63,2

Zo 50 ( Line Impedence)

INPUT

Fig. 36, Power Distribution and Impedence Matching of Central Array
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Elenments 5 and 6 . x‘\\ rd )

. P
3 and A /._._«L\“m . ,/ \

1 and 2 < - \ ‘ < 3
N //// o ////

Fige 37. Production of Uptilt of Lobe

169. Spinning Cylinders. The spinning fibreglnss cylinders have wires
vnbodded in the wallg. The oylinders arc shown in fig, 7. The outor
cylinder has ninc verticel wires which act as dircctors to form the 135 c/s
rodiction patterns The inner cylinder has three closely-spaced wires to
provide o coarsc pattorn, thesc cct as o reflector to form the 15 c/s radiation
potterns The relative positions of the two cylinders are fixed and both are
driven at 900 r.pem.

170. Phonic Wheel. Kcyed to the top end of the acricl support assembly shaft
isthe non-ferrous phonic whecl which serves three purposes as it rotates at
900 r.p.me. namely:-

(1) Gonerates a 1350 ¢/s waveforn from a series of 90 iron scgments
which stand vertically on top of the phonic wheel. This waveform
is used in a discrininctor circuit to determine the specd of aerial
rotation and also to generate identity tonc signals, Coil 12 is
used to pick up thesc signals.

(2) Gonerates the 135 ¢/s roforcnce trigger pulses in coil I4, which
picks up o pulsc cach time one of the eight iron slugs, which are
in the lower cdge of the phenic wheel perineter, passes the coil.

(3) Generates the 15 ¢/s rofir.nce trigger in coil L3, which picks up
& pulsc cach time the iron slug in the upper edge of the phonic
wheel perimeter passcs between the pole picces.

T1/488
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171. Coil Mounting Asscmblye The three pick up coils L1, L2, and L3
are mounted on an arm which forms part of the coil mounting assembly.
This asscmbly carrics the servo link geering and associated equipment,
terminals and slip-ring, starting at the top are as follows:-

(a) Earth, common to all three coils,

(b) 135 ¢/s reference coil L1 via yellow load,

(c¢) Phonic wheel 1350 ¢/s coil L2 via grecn lead.

(d) 15 ¢/s reforence coil L3 via red leod.
Connections from the slip~rings are token to coaxinl plugs.

172+ During installation the pick up colls arc oricntated so that the

15 o/s refercnce coil generates o pulse at the moment that the three closely
spaced reflector wircs in the inner parasitic cylinder arc due west of the
central aerial array.

173. dcrial Spin Motor and Magnctic Coupling. The speed of rotation of
the aerial paresitic elements nust be mointained at 900 r.p.m. + 0.2 per
cont i.e. within 901.8 to 898.2 r.p.u. to obtain this speed contrcl the
acrial spin motor shaft is driven at a greater specd than is rcquired for
the aerial driving shaefte The correct driving torque is achieved through
a mognetic Heenan and Froude coupling which has the encrgy applied to its
megnetic coils from the aerial speed rcctificer unit (¥YS); the power to
this rectificr is controlled by an clcctronic circuit in the aerial speed
control unit (YR). Both thesc units are situated on the acrial control
cabinet door. The datum for assessing the corrcct specd is the 1350 ¢/s
waveform which is generated by the phonic wheel coil I2.  This waveforn
is fed to a dascrinminator cireuit which controls the currcnt to the magnetic
clutch so that whon the spceed of the phonic wheel is too high the current
is reduced and when the spcecd is too low the currcent is increased.

174+« The Hecnan coupling consists cssentially of two parts, one rotating
within the other. The outer part of the coupling is bolted to the motor
driving shafts by mcans of a central fixing bolt, this part consists of

a magnetic metal ring., The inner part of the coupling is mounted on two
bearings so as to be froe to rotate indepentantly of the outer part.

The megnetic coil is clamped within the central part. JLbout 1.0 A is
required to flow in the coil to give full magnotic coupling botwean the
inner and outer parts, while slip conditions for normal rumning reguire
between Q.4 to 0.5 A,

REFIRENCE: L.P. 2534L, Vol. 1, Part 2, Section 1, Chapter 2.

AFRTAL SPEED RECTIFIER UNIT (YS)

175« The meter which indicates the current flow in the coupling coil is
contained in this unit which is fitted in the door of the aerial control
cabinet. It consists of a transformer, whose primory complctes the
anode circuit to the continuous control valve V1 in thc aerial specd
control unit (YR), metal rcctifiers MR1 and MR2 which rcctify the output
from TR1, and a soct of parallel recsistors R1 to RS which carry the d.c.
from the rcctifiers to the magnetic coupling. The meter M1 is connccted
in serics with the resistor R5. The remaining resistors R1 to R4 are
the meter shunts. The circuit diogram can be seen in fig. 39.

REFERINCE: AWP. 2534L, Vol. 1, Port 2, Section 1, Chapter 2.

71,188
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AFRILT, SPEED CONTROL UNIT (YR)

176+ The control unit contains three basic circuits all of which can be
soen in fige. LO. They are nanely:-~

(&) A continuous control valve V1 which receives its control
potential from a discriminator circuit fed from the phonic
wheel via PL2, The currcnt in this stage encrgises the magnetic
coupling coil.

(b) The power control valve V2 and the associated circuits controlled
by relays RL1 to RL5.

(o) The leccally gencrated 1350 c/s signoals in crystal oscillator V3,
used for checking the spced of the aerial,

177. Control Valve V1 and Discriminctor. The control valve V1 is a gas
filled tetrode whose anode currcnt is fed to the aerial speed rectifier unit
(YS) where it passes through a transformer and rcctificd to provide the meg-
netic clutch currents Thus the clutch current is proportional to the a.c;
anode current of V1 ., The anode of V1 is fcd vio its output transformer

in Y8 from the a.c. meins.  The control grid is also fed from the mains,
the voltage being reduced by the potentiometer chain R13~R14 and further
reduced and phase shifted by R12-C9. The control grid voltage logs that

on the anode by about 70 degrees.

178+ The point at which V1 fires depends upon both control and soreen grid
voltages. By verying the d.c. voltage on the scrcen the valve nay be made
to fire at any point on the + ve going portion of the grid waveform. Once
it has fired the valve will conduct until the anode voltage falls to zero.
Honce the length of the pulse of anode current may be controlled by varying
the d.c. level on the screen grid. These pulses occur at the mains frequency
so the longer they orc, the greater the a.ce. componcnt of the anode current
and hence the greater the clutch current. Summing up, the clutch current
may be varied by verying the d.c. level on the screen grid of V1, an increase
of voltage causing an increase of current and therefore an increase of clutch
ooupling.

179+ There are two states of operation in which the screen grid is fed
with different voltages, these are switched by RL2b:-

(a) In the run up state a fixed negative voltage sdjusted by RV1
between 0 and approx. -~ 7 V, provides a fixed cluteh current
which is preset to cbout 0.6L. The negative voltage across
RV1 is produced by the 6,3 V a.c. from TR1 being rcetified by
MR1 and smoothed.

(b) In the spoed control statc,the scrcen voltage is fed from the
discriminator whosc action is deseribed in the following paragraphse

180. The output of the phonic wheel is fed in on PL2, reduced by RV3 and fed
to identical transformers TR2 and TR3. These fecd respectively, tuned
circuits L1 ~ C5 and L2 - C7 via isolating resistors R3 and Rk, The tuned
circuit outputs are rectified by MR2 and MR3 smoothed by C6 and C8 and appear
as + ve and - ve de.c. voltages across the loads R8 and R9. I41 and C5 resonate
at 1300 q/s and L2 and C7 at about 1420 c/s, so that the outputs across R8
and R9 will toke the form of curves "a" and "b" in fig., 38. Thcse outputs
are added to got the discriminator cheracteristic,"c" and "d" is the type of
curve obtained when the mean bias of the screcn grid is plotted agninst
frequency. The point where "c" and "a" inter gives the speed at which
the aerial will stabilize.

TL/488
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181. If only the discriminctor output is applied to the serecn grid
the aerial specd will be too high so a -~ ve voltage from RVZ2 is added
which lowers discriminator characteristic "e" until it intersects "d"
ot the correct frequency. RV2 acts as o fine frequency control. As
well es feeding MR3 the 1420 ¢/s discriminotor circuit also feeds the
control grid of V2. MR8 rectifics the voltage across L2 and produccs
a - ve d.c. voltage which will vary with speod as curve "b" of fig. 38
end opplied to V2 which is part of the switching circuits.

/ a
/ \\
e N
Lz 1300 o= 1300
1200 1250 ~~ _1350. 1400 1450 <
by 10

1

Fig.38. Discriminator Circuit-Curves

182. Switching Circuits. The switching circuits comprise power control
valve V2, rclays RL1 to RL5, SWi and thoir associated components. The
sequence of operctions is as follows:-  Beacon is switched on and 240 VeilCe
is fed through terminals € and B of PL1 to:-

(a) Light PL1 to show fuses FS1 and FS2 are servicecble,
(b) Energise the heater supply transformer TR1.

(c) Fecd RL3 and RLL4 which are de.c. relays and are consequently
provided with bridge rectificr networks MR11 ond MR12, ond
limiting resistors R30 and R32. Neither relay is cnergised
because RL4 has no carth return and RL3 is short-circuitcd
by contacts Rl4b.

183. TR1 supplics V1, V2 and V3 heaters, thormal deley switch SWi and the
lamp on the neter panel., After 30 scconds SW4 closes applying ae.c. to V2
which conducts, therc being no bias supplied to it from R10. This cnergises
RL1, RL2 and RL5 whose contacts perform the following operationst-

TL/488
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RI1 o is opcned.
b earths V2 bias potontial divider.
RL2 a rcmoves earth from RL3 and puts it on RL4 thus cnergising
this relays
b opplies a steady bias to V1 (g2) from RVi.
RL5 o connects oscillator V3 output to beacon identity circuitse.
b applics he t. to V3.

RL4 having encrgised through RL2a, performs the following operations:-

RL4 a applics ace.c. mains to V1 via RL3a and the primary of TR1 in
rectifier unit (YS).
b rcmoves the short circuit from RL3 ond locks RILL on.

184+ The running up state has now becn reached. & constant clutch

current is applied to the acrial which accelerates steadily until it is

going faster than normal, by such an amount that the bias produccd across

R10 cuts off V2. RL1, RL2 and RL5 then de-encrgise performing the following
operation:-

RI1 a connects a.c. to RL4a indepondantly of RL3a.
b opens increasing the bias on V2 so that it remains cut off
until the aerial speed falls well below normal speed.
RL2 a switches earth to RL3 from RL4 (which remeins locked on by
RL4b)e RL3 is cnergised.
b removes steady bias from V1 (g2) and replaces it with the
discriminator output.
RL5 o switchcs the phonic wheel output to the beacon identity circuitse
b romoves h.te from V3.

RL3 hav.ag been energiscd through RL2a, performs the following operations:

RL3 a removes & path for a,c. mains to get to V1 (a path being left via
RL1a) and short circuits SWi.
b removes the heater supply from SW4 and puts carth on RL3 making
its operation indepentent of RL2.

185. The aerial speed now drops until correct speed is recached, where upon
the speed control becomes coffective, moinbaining the speed until the beacon
is switched off. When the spring-loaded switch SW3 is depressed, RL3 and
RL4. are de-encrgised. When SW3 is released the aerial run~up procedure
recommences.

186, 1350 c¢/s Oscillator. The function of V3 is to produce 1350 c/s
oscillation s when required. V3a is a crystal oscillator feeding an
amplifier V3b., The output from V3b anode is fed to transformer TRL4 and
also to rectificr MR9 which provides o bias potontial to V3 a gride The
output from TR4 is fed to:-

(&) PL4 when cither RIS is crcrgiscd or SW2 is depressed.
( b) SW16 position 3 for metering purposcs.

H.Te is provided by MR10 and smoothing circuit €19, R31 and €20; it is
switched to V3 as appropricte by SWi, SW2 or RL5b.

187. Metering. M1 is used to measure three a.c. voltages which indicate
whether or not the aeriel drive system is working correctly. These voltages
are switched in by SW1 and are as follows:-

Position 1. 4 voltage proportional to aerial motor currente
Position 2. The phonic whecl output as applied to the discriminator.

Position 3. Both the phonic wheel output and the 1350 ¢/s oscillator
output in serics. These voltages becat together to give
o visual indication of the aerial speed error.

REFERENCE:  A.P., 2534L, Vol. 1, Part 2, Section 1, Chapter 2.
T1/488
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CONTROL SYSTEM

CONTROIL UNIT (W) .ND RLMOTE CONTROL UNIT (RC)

Introduction .

187. The function of the control unit (W) is to provide the soquontial
~witching and deloys required by the beoacon when it is being switched on.
The unit contains all the overload, interlock and switching circuits
concernced with the application of powcr in the beacon. It also contains
a recycling system which automoatically switches off and resets H.T, and
E.H.,T. power supplics should an overload occur. Also contained in the
unit are somc metering circuits associated with the E.H.T. power unit,
the klystron assembly crystel detectors and the thermistor R.F. power
measuring unit. Othor units associated in the beacon control are the
pulse gencrator (ML) which carrics the built in test cquipment control
switch and the remotc control unit (RC).

188. The control unit is mounted at the top of the right hand cabinet
above the doors, and the front pancl carrics the switches, indicating
lemps and meters rcquired to switch on the beacon and give indication of
somc overloads and otheor circuit conditions, Mounted on the chassis arc
20 relays, o time delay switch unit aond a motor (XI) used in the recycling
circuit. The circuit rcforences can be secn on fig. 42, which also shows
theexternal conncctions of PLi.

189. The beacon has threc stable states := (QFF, STANDBY and OPERATIONAL
and is put in the appropricte mode by thrce spring-loaded switohes S7,

S8 ond S9. There is also o fourth interim stoge known as "warming up"
which occurs between OFF and STINDBY;  the lcngth of this period, which
is preset, governs the minimum time between application of the filament
supplies and H.., voltages.

Switching From OFF to STANDBY

190. In the OFF position the switches and rclays arc all in the positions
shown in fig. 42. The unregulated moains supply is on and the 50V supply
is confirmed by ILP11 50 V LINE lamp lighting up. VWhen the 3T/NDBY switch
S8 is momentarily depressed the following switching scquence takes place:-

() 50 V is momenterily applied to ome coil of relay RL8 which
cnergiscs and closces contact RI8/1.

(b) RL8/1 cenorgiscs RLG closing its two contactse
RL6/2 connccts 50,V to two points:-

(1) To PIA/Y where it passcs via Z1/89 to energise main
contactor ZRL4 in the distribution box (Z); phasc 3
unregulated mains is then fed via onc of ZRL1 contacts,
to PI1/J of control unit via Z1/63 ond 65. As the neutral
line is permenantly connccted to PLLFK a 240V a.c. supply
is thereforc applied to the hour meter (M1) and to SK1 pins
B and C.

(2) To SKI/F wherc it passes via switch S2 to SKI/D.
(¢) RL6/1 connects the 50 V from SKI/D to ILP6 W/RMING UP lamp to

indicate that the woarming up time is in progress, the 50 V is
also applied to PLI/C as a remote control outpute
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191« Time Delay Switch Unit. This unit provides o prescet time delay
between pressing the STINDBY switeh ond the cquipment coming into the
standby condition, i.c. its action detormines thc length of the warming up
time. The delay introduced is adjustoble between 2 ond 16 minutes and is
sct by a calibrated timing dicls This allows for the wide varicty of
temperature and humidity conditions in which the beacon meay be roquired to
oporates

192 The time delay functions as follows:- the unrcgulated 240 V,A.C.
supply cpplicd to pins B and C (para. 190 (2a)) is fed to a split phase

motor and a bridge rectifior circuit. The motor stoerts to turn and at

the samc time the output from the bridge rcetifier cnergises a solonoid
vhich causes o set of gears to be connected to the motor. While the motor
is running it is also winding up o spring attached to o ratchet and balance
wheel system similar to a clock. Lfter the preset time has clapsed a lever
attached to the gearing actucntes two micro-switches S1 and S2; S2 is
actuated just bofore S1. 82 switches the beacon from warming up to standby
and 81 switches off the motor. Since the solonoid remains cnergised while
the beacon is switched on, the gearing romoains in the final position at which
the motor stops running. If the beocon is switched off the solonoid is
de-energiscd and the gearing is driven back by the spring nt the same rate

as it was driven by the motor, this is to save time if the beacon is switched
off accidentally or for o minute or two for adjustment, i.e. if the beacon

is off for o minute it will only take o minute to comc on ogoine

193, When S2 on the time delay unit is actuated it remuves 50 ¥ fronm SKI/D
and places it on SKI/E., Thus ILP6 WARMING UP lamp is extinguished and

50 V is removed from PLI/Ce The 50 V now availoble ot SKI/E is distributed
os follows:-

(a) Via RLiu/2 to light ILP7 STANDBY lamp ond to PLI/4 for remote
indicatione

(b) To PLI/M for intcrlock and switching circuits.
(¢) To the contacts of spring-loaded switch 810 (INTERLOCK OVER-RIDE).

194e Door Intorlocks and Over-Ride Switch. The 50 V at PLI/M is fed out to
the left-hoand bay door interlock (S1) via terminal block Z1 pins 70 and 35.
Provided the left-hand bay dooris shut the 50 V is fed back to the right-hand
bay door interlock (S2) vie Z, pins 36 and 71. Whon the right-hand door is
closed it is fcd to PLI/N on the control unit,and then to the power unit
switching and interlock circuits via contacts RI19/1 and RIA9/2. An over-
ride switch 810 is provided for the door interlocks. When 810 is depressed
one of its contacts feeds 50 V from SKI/E to onc side of the coils of relays
RL11 and RL7 which are in parallel; the other contact comnects PLI/M to PLI/N.
While 810 is still depresscd one of the doors is opened and its interlock opens,
putting an carth on PI1/L which couses RI11 and RL7 to be energised. 510 moy
now be releesed since the 50 V supply to RL11 and RL7 is mointoined by RIA1/2.
RI11/1 connects PLI/N to PLI/M thus shorting out the door interlock circuit
and meintaining the 50 V supply to the two contacts of RL19. VWhen RL7 is
encrgiscd contacts RL7/2 change over and prevent the CHECK lamp IIP9 from
flashing whilst either door is open,
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195, Power Unit Interlock Switching ond Overload Circuits. The 50 V
energising supply to the power units interlock, switching and overload
ecircuits posses via the two normally closcd contacts of RL19,. Switches
81 to 86 arc normally in the ON position and function as follows:—~

(a) 81 switches the E.H,T. power unit (N).

(b) 82 switches the modulator E.H.T. power unit (B).
(c) 83 switches the + 500 V power unit (A).

(d) 8k switches the + 250 V power unit (K).

(e) 85 switches the - 150 V power unit (J).

(f) 86 switches the recycling circuit.

If any of these switches are left in the OFF position or the
extornal switches fed from PLI/Q are left open, a warning is given by
a flerhing CHECK lamp ILP9e This warning circuit is described in para.
207

196. The 50 V passing via contact RI19/1 is fed to Si4 (250V on) only;
from therc it is fod to PLI/W, passing via contact RLL/2 and the 50 ohm
coil (& - b) of the 1250 V overload indicator relay RL4. While current
is flowing in the 50 ohm coil the contacts will remain in the position
shown, From PLI/W the 50 V is fed to PL2/2 on the + 250 V power unit (K)
vio terminel board Z1 pins 75 and 40. The 50 V energises contactor RIL4

in unit K and RLI1 contacts complete thecircuit for the H.Te transformer mai
supply; RL1 is ecarthed via e contact of the overload relay RL2 in unit K.

197. The 50 V passing via contact RL19/2 is fed threc ways:-
(8) To 85 the = 150 ON switch.

(b) To PLI/U for the - 150 V, + 250 V and + 500 V power unit
intorlock circuits ond subscquently for + 2.5 KV and
- 15 KV E.H.T. power unit switching when the beacon is in
the OPERATIONAL mode.

To cnergise RL14 in the recycling circuit when an overload
(o) occurs
[ ]

198, The 50 V supply to S5 follows o similar course to that taken by the
supply to Sk (para. 196). It encrgises contactor RL101 in the - 150 V
power unit (J) and RL101 contacts connect tho 240 V.A.C. supply to the
HeT, tronsformer. RL101 coil is earthed by a ccntact of the overload
relay RL103 in unit J.

199+ The 50 V fed to PLL/U (para. 197 (2)) passecs via Z1 pins 73 ond 38
to the - 150 V power unit (J) PL101/5. In power unit J it passes through
RI102/2 back to PL101/7. RL102 is cncrgised when the - 150 V has reached
its oporating level. The 50 V is then fed back to PLi/V via 21 pins 39
ond 74. From PI1/V the 50 V is fed twe ways:-

(8) To PLI/O for the + 250 V interlock.

(b) To S3 + 500 V ON switch.

The 50 V to switch on the + 500 V power unit has to pass through
the - 150 V interlock first, thus cnsuring thot bias supplies are fully
operational before H.Te is applied to units.

200, The 50 V at PI1/0 is fed to PL2/7 on the + 250 V power unit (K)
via Z1 pins 76 and 41. On power unit X it passes through RL3/1 back to
PL2/8. RL3 is encrgised when the + 250 V has rcached its operational
level, the 50 V is then fed back to PL1/P via 21 pins 42 and 77.

1,488
JUNE, 1962



—-7‘_5_

From PLT/P it paares threugh RT3/1 *tn contnct RL10/1 which remains open in
the STANDBY mode. Thus the - 150 V and + 250 V supplies must be on before
the - 15 KV and + 2,5 KV E.H.T. supplies nan be switoched on, because the

50 V to energisc thc switching circuits of the E.H.T. power units N and B
passes through the = 150 V and + 250 V power units,

201. The 50 V fed to 83 (para 199 (2)) is applied to PL1/T via RL3/2 and
the 50 Ohm (a~b) of RL3; it then passes vie terminal board 21 pins 79
and 44 into the left-hand bay where it passes through sight ovorland oontacts
on six units before rcaching the + 500 V power unit (2) to switch it on.
The sequence of units the 50 V passes through is as follows:-

(a) Monitoring unit L (contacts RL3/1, RL2/1, RL1/1 out on PL2/3)

(b) Regulating unit DF (contact RLI/1 out on PL1AL).

(¢) Regulating unit DE (contact RI1/1 out on PL1/15).

(d) Regulating unit DC (contact RL1/1 out on PL1/14).

(e) Regulating unit DB (contact RL1/1 out on PL1/15).

<

(£). Regulating unit DA (contact RIA/1 out on PLI/14).

The 50 V emerging from PLI/14 on DA is fod to PL1/2 on the + 500 V power

unit (A) where it cnergises contactor RL1 whose 3 contacts conncet the

3 - phase mains input to tho H.Ts tronsformer. RI1 on A is eorthed via
contact RI2/1 of the overload rclay. Thus if any of the nine overload
contacts open, the + 500 V supply is switched off. When the + 500 V supply
reaches its operatiraal level the beacon is in the STLNDBY mode.

Switching From STANDBY to OPERLTIONAL

202. Vhen the beaccon is in the STANDBY mode all power supplies are available
oxoept the - 15 KV and + 2.5 KV E.H.T. voltages. When the OPERATTONAL

switch 89 is momentarily depressed 50 V is applied to one coil of the polarisod
relay RL9 and conteet RL9/1 closes cousing RI10 to cnergisc. This relay has
two contacts which porform the following functions:~

(a) RL10/1 conncets the 50 V available from RL3/1 (via - 150 V and
+ 250 V interlock circuits) to 81 via RL2/1 and to 82 via RL1/1,
E,H.Te and MOD. ON-OFF switches respectivelye.

(b) RI10/2 disconnects the 50 V from ILP 7 STANDBY lamp and connects
it to ILP8 OPERATIONAL indicating lamp and to PLI/B for remote
indication. It also makes the 50 V available to cnergisc RL20
when RL7/1 and RL13/1 are closecd.

203. Whon the 50 V is cpplied tc S2 it is used to switch on the + 2.5 KV
modulator supply. With S2 in the ON position the 50 V is fed to the 50 ohm
coil (a - b) of RL2 via contact RL2/2, it then passes thrcugh PL1/S to
terminal block 41 pins 68 and 43. It is then fed to PL1/8 on power unit Bj;
in unit B it passes thrcugh contactor RI1 coil end contact RI2/2 to carthe
When RL] is cnergised its contocts conncet the regulated 230 V.4.C. supply
to the Hl.T. transformer. RL2 is the 2.5 KV overload relay which brcsks the
carthing circuit of the switching relay RL1 in the event of an overload.

204s The 50 V fed to S1 E.HoTe ON switch is used to switch on the - 15 KV
supply to the klystron. With S1 in the ON position the 50 V is fed to the
50 ohm coil (a~b) of RL1 via contnet RL1/2, it then passes through PL1/R to
PL1/2 on power unit Ne The =~ 15 KV is thon switched as follows:-

TL/488
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(a) 50 V from PL11/2 is applied to RL7 and contactor RL1.
RL1 .carth oireuit is completed by RL5/2, when RL1 is energised
its contacts commect the 3-phase nains supply to the E.H.T.
transformer through voltage dropping rosistors.

(b) Contact RL7/2 provides on carth for RL4 hcater element.

(¢) When RLL4 contact closes, RLS is energised, RL5/1 short circuits
RL4 and RL5/2 competes the carth circuit for contactor RL2.
At this peint the load of the power unit should be drawing
sufficient current to energise RL6; if this is not the case,
when RL5 is energised the earth is removed from RL1 end the a.c.
mains are disconnccted from the E,H.T. tronsfromer.

82 in unit N is a no-current over-ride switch which overcomes the effect
of RIL5 and RL6 by placing an eorth on RL1; there is also another contact
of 82 which ploces an e«rth on the warning line to give an indication that
this switch is closed. VWhen the + 2,5 KV and the ~ 15 KV come on,the
beacon is in the OPERLTIONAL mode. RI1 and RL2 in control unit (W) are
the overload relays for the - 15 KV and + 2.5 KV supplies respectively.
Contacts RL2/4 and RI1/1 ensure that in the event of an overload on
either circuit both E.H.T. supplies arc broken,

205. The overload indicating circuits for the five power units (4,B,J;

K and N) all operate in a similar fashion. The relays RL1 %o RIS,
inclusive, all have their contacts as shown in fig. 4L2. Consider the action
of any one; while the beacon is operating correctly current will flow in
the 50 ohm coil (o~b), the 50 V from the appropriate switch will also cause
& current to flow through the 2000 ohm coil (d - e) but in the opposite
direction, so that the two fields cancel out and the relay is not operated,
If an overload occurs the circuit through the switching relay in the power
unit is broken, the mains are recmoved from the power unit HT transformer
and the currcnt through the 50 ohm coil ceases. The current still flowing
through the 2000 ohm coil causcs the relay to operate.s One contact
connects the 50 V to the overload indicoting lamp (ILP1 to IIP5) and the
other connects 50 V to RI14 to energise the recyecling circuit.

206« It con be secn that the power supplies are always applicd in the
following sequencet=-

(a) When the main breaker is closed the a.c. moins is applied to the
equipment and the hoater and 50 V supplics are switched on.

(b) 81 to 86 on the control unit arc put to the ON position and 88
STANDBY switch is depresscd. The sequence of voltagesis,then:-

(1) - 150V,
(2) + 250 V and + 500 V.

(¢) S9 OPERATIONAL Switch is depressed and the + 2.5 XV and - 15 KV
E.H,T. voltages are switched on. The E.H.T. voltages cen not
be switchod on until the power units detailed in sub.para. (2)
above are fully oporational because the 50 V to switch on the
E.H.T. power units passes through the intorlocks on these units.

Ches¥% Laomp Circuit

207. The check lamp circuit is included to provide a visucl indication when
a switch has been loft in the incorruet position after servieing or checking
the beacone The circuit consists mainly of on indicoting loamp IIP9 marked
CHECK and two slugged relays RL12 and RL13,; The visual indication is given
by ILP9 flashing and an aural indication by the ticking sound of the relays.
The worning line is conncctod to onc pole of the six two-pole ON OFF switches
81 to 86 on the control unit.
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The line is also connected to PLI/Q and out to terminal block Z1 pin 90.
From there it is fed two waysi-

(a) To S1 in the remote control output in the distribution box (Z).

(v) To PL1/7 on the = 15KV power unit (N); where it is connected to
one pole of the no current over-ride switch 52,

If any of the switches mentioned above are left in the OFF position an
earth will be put on the warning line and the check circuit will be
energisede

2086 R112 and RL13 are conncected in parallel, with a normally-closed
contact RI13/2 in series with RI12 coil and a normally-open contact RIA2/4
in series with RI13 coil. The contacte. RL12/1 and RIL13/2 arc shunted by
spark quench cepacitors Cz and C3 respectively. The common connection
from the contacts is token to the warning linc and the normally-open
contact of RL7/2, The othor normally-closed contact of RL12 (RL12/2) is
in series with the indicating lamp IIP9. The lamp is earthed on one

side by the normolly-closed contact of RL7/2.

209« The contact arm of RL12/2 and onc side of the coils of RI12 and RL13
arc permenantly connected to 50 V, so if an earth isplaced on the warning
line RI42 will be cnergised, contact RL12/4 will complete the circuit for
RL14 coily causing it to be cncrgised, and RL412/2 will connect 50 V to
IIP9, causing it to light upe. When RL14 is encrgised it opens its contact
RL13/2 causing RL12 to be de~cnergiscds it's contacts open and RI13 is
de~cenergised and ILP9 is cxtinguished. However, as RL12 and RI13 are slow
operating relays they continuc to change over and IIP9 will flash as long
as the earth rem "ns on the warning linc.

210, It should be noted that if either of the doors is left open the lamp
IIP9 will not light up as RL7 will be energiscd duc to the action of the
interlock over-ride switch S10 (parae 194)e RL7/2 will then remove the
earth connection from IILP9 and short circuit the warning linc. In this
case rclays RL12 and RL1J will be alternately energised but the CHECK lamp
will not flash.

211. Contact RL13/1 is connccted in scries with the coil of RL20, contact
RL7/1 and R10. RL7/1 will not closc until the interlock over-ride switch
$10 is prosseds Whon S10 is pressed RL7/2 will be actuated and will
complete the earth return for the check relayss Thus RL20 will be
energiscd intermittently by RL13/1 contacte Only onc contact of RL20 is
uscd, this is between PLI/J and PLI/Z, As PiI J has 240 V phase 3 on it
this contact will put a flashing 240 V supply on PLI/Z. This supply was
intended to light up an external indicator to show that the equipment was
on with the doors opens However, this facility is not used at the present
time,

Re-cyeling Circuit

2120, In the cvent of an overload the function of the recyeling circuit is

to remove the 50 V cnorgising supply from the power unit interlock and
switehing circuits for about 5 scconds, then to re-apply ite If the over-
load is temporary the beacon will resume normal operation, if the overload
persists, howecver, the appropriatc overload indicating lamp will light and
after the recycling circuit has finished operating IIP10 RECYCLING lamp will
also rcomain alight.
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213+ The rocycling circuit functions as follows. In the normal state
86 RECYCLING svitch is in the ON position and the motor driven switch
513 48 in the position shown in fig. 42. When one of the overload
relays RL1 to RL5 is encrgised 50 V is fed to RL14 coil which has two
sots of' contacts. RL14/1 is not uscd at this stage, RL14/2 closes
and eacrgiscs RL15 whose two sets of contacts are used as follows:-

(a) RL15/1 places an carth on RL16 and IIP10 RECYCLING lamp,
this causes RI16 to cnorgisc and IIP10 to light up.

() RA15/2, ir marallol with RL14/2 locks ou RIS,

214 Vhen RL'6 is cnergised (sub para (®) above) contact RL16/1
connects 240 V.A.Cs from PL1/J to encrgisc motor X1 which starts to
drive 813 in the direction indicated by the arrow in fig. 42. Contact
BL16/2 closas and completes the carth circuit for RI48 and RL19 in
serics. The two sots of RL19 contacts which are normally closed,

open and rarnove the 50 V cnergising supply from the power supply
interlock end switching circuits; RL14 is also de-cnergised at this
point, RL’8 is a thermal rclay with only onc contact, after about 5
seconds this contact closces shorting out RIA9 coil thus restoring the
50 V enerpising supply to the power supply switching circuits.

215. If the original overload was of a temporary nature and does not
re-appear when the 50 V is re~-applied the beacon will rosume normal
operaticn., While the recycling of the 50V is taking place, motor X1
is driving switch 813 which takes about 10 minutes to meke a full
revolution,  When the cut-out on 813 rcaches position 12 one of two
things will have happener:-

(a) There has not been another overload and RIAL is de-energiscde

(b) The original overload has recurred or another power supply
has had an overloads in either casc RL14 and one of the
overload relays RL1 to RLS will be cencrgisecds

216, If the condition in para. 215 (1) above prevails, RI14/1 will be
open and no encrgising voltage will be opon and no energising voltage
will be available for RL17. Thus the motor will continue to drive
313« Whon the cut-out on 813 reaches position 1, RL15 will be
de-cnergised but the motor will continue to rotatc because £13 provides
an earth for RL16. When 813 cut-out reaches position 2, RL16 end
consequently RIA8 are de-energised and ILP10 RECYCLING lemp is
extinguished, the whole rccycling system is then brought to rest by

the opening of RL16/1.

217. If the conditions specified in para 215 (2) prevail then RI14/4 will
be closed and 50 V will be available to energise RIA7 when S13 cut~out
reachos position 12 When RILA7 is encrgised contact RL17/1 disconnects
the 240 V a.c. neutral line from the motor X1. The circuit will remain
in this state for as long as RL14 is energised, thus the appropriate
overload indicating lamp and the recycling lamp ILP10 will be alight

to indicate firstly on which power unit the overload has occurred and
secondly that the recycling circuit has been brought into use.

Switching OFF

218. To switch the beacon off, the switch marked OFF (S7) should be
momentarily depressed. This will causc the beacon to revert to the
condition detailed in para 190, whatever mode it was in before the OFF
switch was depressed.
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Mains Failure

219, Should a mains failure occur, the beacon will roturu automatically

to the condition it was in prior to the failure as soon as the mains supply
is restored. This is due to the fact that relays RI8 and RL9 are polarized,
and these relays initiate the chain of events which puts the beacon in

the appropriate mode. The position of the contacts of RI8 and RL9 depends
on switches 87, S8 and 89 (OFF, STANDBY and OPERATIONAL respectively).
Consequently when a mains fallure occurs the rclay contacts will remain in
the position they were in before the failure, and upon resumption of the
mains supply the beacon will return automatically to its previous condition
in a time dependant upon the preosct delays.

Metering Circulis

220. The meters M2, M3, M4 and M5 arc mounted on the control unit for
convenience and do not form part of the interlock and switching circuits.
They are used as follows:-

(a) M2 is associstod with the thermistor unit (y) and is used to
indicate mean RF power.

(b) M3 is associated with the E.H.T. power unit (N) and indicates
E.HQT. VOltSo ,

(¢) M4 is ossociated with the E.H.T. power unit (N) and indicates
the E.H,T. current.

(d4) M5 is associated with the klystron assembly (Q). It works with
812 the KLYSTRON CAVITY SELECTOR SWITCH and indicatcs the three
kXlystron covity crystal currentse.

Test Egquipment Control

221+ The HeTe supplies for the bui..~in test equipment are switched on
by 86 on the pulse generator (Mi) marked TEST EQUIPMENT ON-OFF. The
supplies concerned arc the + 500 VC, + 300 V C and the + 150 V B: these
supplies are all taken from the + 500 V power unit (4), therefore switches
S1 to S6 on the control unit must be ON and the becacon in the STANDBY or
OPERATIONAL mode before the test equipment can be switched on. Test
equipment switching and interconnections are shown in fig. 41.

222, Shen the main isolotor switch on the acrial control cabinet is put
to the ON position, one phase of the unregulated mains and neutral are
connected to the 50 V power unit (C). The 50 V then available at PL1/8
on this unit is fed to pin 32 on terminal block 21 in the distribution
box (2), there it is linked to pins 33 and 68 for distribution to

the left and right-hand cabinets respectively. From Z1/32thn 50 V is
fed to PL1/8 on the 500 V power unit (4) where it passes through the coil
of contactor RL3 to PL1/41. PL1/11 is connected to PL11/8 on the pulse
genorator (MA).

223, When S6 TEST EQUIPMENT ON-OFF is switched to the ON position, an
carth is put on PL11/8 on the pulsc generator (MA) thus completing the
circuit to energisec contactor RL3 in the 500 V power unit. RL3 closes
its two contacts, which are in series, thus connecting 500 V to PL1/12.
This 500 V is fed three ways as follows:-

(a) To PL1/13 on the + 150 B rcgulator (DF).
(b) To PL1/13 on the + 300 V C rogulator (DC).

(¢) To PL3/E on monitoring unit (L).

The distribution of these threec voltages is shown in fig. 41, The test
gear heaters come on when the STANDBY switch is depresscd, the regulated
mains supply to them passing through fuses ZF9 and ZF10 on the distribution
box E. It should be noted that other voltages are uscd on the test gear
but as these arc not switched by S6 on the pulse genorator (IMA) they are
not shown in Fig. 1.

TL/488

JUNE, 19€2



*HVEOVIQ X00Td — DNIHDLIMS LNTAITNOE ISHT LV *DId

P el - - ol K - 1;;!4 1 . . -
M. 117 .»?:1 A 118 74 o1 Px‘,'l Pt 56 I

¥l LetsN 50 106 ' @ 108 i Tw
Tl ~ o EL A e at R e
ﬁ*'z‘é""g‘} ———y il el : L1/4 31 32 . On-Off. = .
N ~ h ‘%’ 1 3 ] . ‘ Thes MA302/1 s : 109
: b i : © 50V P.UI < Wi/HY see -'; NN Z |
e . Y ' i I AN ! 68:—-—-—-——-; 1‘3‘1/11‘;‘3“2 . e AR .-H_._s ! 19 '
r PL2 - Lo o L HA o4 C hd PN .
n == AR, 1 500V, s PN
i 150 1z LiEvE ?.;#,_,109 500V, t.U. XA, § Sy
rd ;1 - \ i
[ L Kennrob| P
/Shunfb v : b~ ‘,[’.’. I w’*si_(}gl;era‘bor .
S remiaton P K9 e 2 S1a/12
1 N ™~ « .
i i . i 6 . 3. |
. , 181 R el ! 22 R75
ol e e 117 1) i s Ao pry
(L +300\; , 3 178, ptal1er g f i) - & - PL302
Q - 5q HB a1 Y L I.F.3ignel | 4 3 \Vi
o B ) - 2 ﬁ.__blgn E‘m > 177 Genarator fe ! > |
Heter - = 376 E 2 P o If i e RL301/2 )
Sh ‘.-b O 3 . “':t. . . C. 3 4,\-/) K .
wt § e T af +300V ¢ Qi Y S
i "t Regulator
_.._..-/‘/ P£,3 ' l & ~— - 6‘\ . -x,
f L i B _ oL 2L | PL1 Fi18T Unit
AN I A 151 ¢ . A .
- E_‘ O = 3OGV
Metex for iz 0 : ) 6 N |
" Shun ’ A 207 ) .
+500V 6— - & > 51> 500V |
Circuits 1n’1v:; 17 ‘ x
¢ S, 2 5 > +5007 |
sK1 /12 { .
{{’,LB .
' . 416 = > +150V |
SK3/1 ] 2 o
' A5 T, 507
SK3/4 3 ) g |
T Lo

-



Remote Controi (RG). .

224. The remote control unit is provided to allow for control of the
OFF-STANDBY~OPERATIONAL switching of the beacon from distances up to
about: a mile. The wnit contains four indicating lamps and three switches
which are shown in fig. 42. The remote control output box on the beacon
is part of the distribution box (z), and mounted on the front of the box
is a two-pole switch S1 marked REMOTE CONTROL ON-OFF., When in the OFF
position Sla is not used. S1b comnects an earth on the warning line
(para. 207). In the ON position S1a connects 50V %o 22/4 and S1b is

not used.

225, The eight -ins of Z2 are connected to the correspondingly numbered
pins on 781 on the remote control unit, Thus when 81 on the distribution
box (2) is in the ON ppsition, 50 V is fod from Z2/4 to TS1/4. There it
lights the blue indicating lamp ILP4({LIVE) and is also fed to the spring-
loaded switches 51, 82 and 83 narked OPERATIONAL, STANDBY and OFF resjectively.
Thus when 82 is momentarily depressed the 50 V is fed out again on TS1/6

to PL1/F on control unit (W) via 22/6 and 21/87. On the control unit the
50 V energises RL8 and the same action ensues as detailed in para 190.
While the beacon is worming up 50 V is fed from PL1/C on the control unit
(W) %o TS1/3 on the romote control unit via 21/84 and 2Z2/3. On the remote
control unit the white VARMING UP lamp 1LP3 lights., VWhen the beacon

comes into the standby condition the 50 V is removed from PL1/C on the
control unit (W) and is fod to PL1/A (nara 193 (8))s from there it is fed
to TS1/1 via 21/82 and Z2/1 to light the omber lamp ILP1 marked STANDBY.

226,  TVhen momentarily depressed 51 on the remote control unit has the sana
effect as S9 on the control unit (W) (para 202). Thus S1 nuts the beacon
in the OFPERATIONAL condition nnd tha green indicabing lamn ILPZ light on v
the remote comtrol unit, It can be scen that the indication on the remote
control unit will be ag followss-

() With +the beacon z.c. main breaker closed the blue LIVE lamp ILP4
will light. Thus when a.c. maing arc on and the beacon is in the
OFF condition, ITP4 only will be alight.

(b) TWhen S2 STAIDBY switch has been nomentarily depressed the white
WARMING UP lamp ILP3 will light for about 5 scconds., it is then
extinguished and the amber STANDEY lamp ILPI will light.

(¢) Wren S1 OFERATIONAL switch is momentarily depressed ILPI STANDBY
lamp will be extinguished and the groen OPERATIONAL lamp ILP2
will 1light.

It should be noted that ILP4 LIVE lamp will remnin alight during conditions
(b) and (c).

REFFRENCE: AP2534L, Vol 1, Book 2, Part 2, Section 5, Chanter 1.
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_POWER AND TEST CABINET DESCRIPTION AND POWER UNIT CIRCUITS

Introduction

227. The power and test cabinet is the left~hand cabiret of thc beacon,
and it contoins the power units end built-in test cquipment for the
beacon. Table 2 provides the common name and unit code letter as marked
on the units,

Table 2

+ 500 V power unit A :
+ 2.5 XV power unit B
+ 50 V power unit C
+ 300 V or + 150V voltagc stabiliszor D
+ 250 V and - 150 V power unit K and J
Monitoring unit L
Pulse~gencrator - MA

1 RePe signal gencrator MB

| I.Fe signal gonerator MC
Identity keyer D
Filter unit ME \

Primary Power Circuits

228, The regulated and unregulated three-phasc power supplies are fed
into the lefhand cabinet from the aerial control cabinet. Tho
regulated three-phase supply is fed from 21/9 to 11 to the following
unitss-

(a) The + 250 V power unit (X) via 2F/6 to 8 and terminals
Z1/17 to 19; the ncutral is fed from Z1/49.

(b) The + 500 V power unit (&) via ZF17 to 19 and torminals
71/28 to 30; the neutral is fed from Z1/8.

(o) The = 15 KV power unit (N) in the right-hand cebinct via
ZF/22 to 24 and Z/13, to terminals 21/60 to 62; thc neutral
is fed from Z1/93.

229, The rogulated phase onc, two and three are fed from Z1/9, 10 and 11
respectively to the following:-

(a2) Heator transformer T2 and T3, R.F. signal generator (MB)
and monitoring unit (L) heater transformer via ZF9 end
terminal Z1/20;  the ncutrel is fed via ZF/10 and terminal
z1/21.

(b)  vVoltage stebilizers (D4) to (DF) via ZF/11 ond torminal 21/22;
the neutrel is fed via ZF/12 and terminal 2Z1/23.

(¢) The + 2.5 KV power unit (B) via ZF/13 end terminal 21/24;
the neutral is fed via ZF/14 and terminal Z1/25,

TL/,88
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() The modulator (0) and the heator transformers T4 to T7 in the
right-hand cabinet via ZF/20 and tcrminal Z1/58; the noutral
is fed via ZF/21 and terminal Z1/59.

(e) The - 150 V power unit (J) via ZF/k and terminal Z1/15, the neutral
is fed vie ZF/5 and terminel 21/16,

230+ The unregulated phase one, two and three are fed fron Z1/1, 2 and 3
respectively to the following:-

(a) Klystron heating rolay (g) and klystron assembly (Q) via ZF/1 and
terminal %1/102; the ncutral is fecd from terminal Z1/93.

(v) crystal oven (X4) via 2F/15 and terminal 21/56, the neutral is
fed from ZF/16 and terminal Z1/57.

(o) Lighting transformer (T41) and power unit (C) via ZF(15) and
terminal 21/26; the neutral is fed from ZF/16 and terminal

Z1/27 «

(d) Identity keyer (MD) and control line to aerial cabinct via
ZF/2 and terminal Z1/12;  thc neutral is fed from terminal

£1/49

(e) Fan distribution (XK), control unit (W) and acrial artificial
load (DL) via ZF/3 and terminal 21/63%; the neutral is fed from
terminal Z1/6l or 66.

Power Units - General

231. The beacon is fitted with a comprchensive overload and intorlock
system to provide protection against damage duc to component failure or
incorrect switching - on procedures.s The 500 V supply cannot be switched
on until the ~ 150 V bias supply is opcrating, and the modulator and E.H.Ts
cannot be switched on until all other supplies are availablc. All the
main power supplics have their own overload circuits and ench supply has
its own overload and control rclays, these are tabulated in table 3, for
convenience.

Table 3., Power Supply Protcction Relayse

el o o
Power Overload Power On, W Unit
. . . - Warning Or ]
Power Unit Switching Control Warning
Rel Rel Interlock Rela
elay elay Relay. elay
P.U. (A) 500 V RLA RL2 RL3 RL3
P.U. (B) 215KV RL1 RL2 RL2
] -
P.U. (C) 50 V RL3 RIA RL2 A1
P,U. (D) 3000r150V RL1 RL2 RL3
PU. (J) = 150 V RI101 ' RLA03 | RL102 RL5
'i'
P.U. (K) 250 V RIA RL2 RL3 RLL
P.U. (N) = 15 KV | RL1 & RL2 ‘ RL3 RLL & RL7 RL
i '

NOTE: In the main control unit (W) there arc automatic restoration circuits
associated with each power supply.

T1/188
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+ 500V Power Unit (A)

232, This unit is situated at the bottom of the power supply
cabinot and contains six valves. The supply from‘this unit has
gufficient capacity for =1l the 500V unstabilized, 300V and 150
stabilized supplies used in the boacon circuits. These supplies
are obtained from a 3-phase transformer TR1 having a delta-
connected primary and a star connected secondary. V1 to V6 are
conventionally connected as a full-wave, three-phase rectifier
providing & nominal 500V output. A choke H2 and condensers 1 and
¢2 form a smoothing cirecuit. The circuit referonces ecan bc seen

in fig. 43,

233; Two relays and a contactor are included to perform the
following functionss—

(a) Contactor RL1 is cnergised via the interlock circuit.
Contacte RL1 a to ¢ close the power circuit to the primary
of TR1,

(b) Relay RL2 is the overload relay, and is connected in
parallel with R3 to R5 in the earth return for the 500V
supply. It will operate on overload and contacts 2 and 3
of RL2 de~energise RL1.

(¢) Relay RL3 switches the supply to test equipment. The
50V supply for RL3-is completed via SW6 in the pulse generator
(MA).  Contacts 2, 3 and 22, 23 of RL3 switch unstabilized
+500V to the monitoring unit (L).

+2.5 k V Powor Unit (B).

234. This unit is fitted below the voltage stabilizers, and
consists of a conventional full wave rectifier with a smoothing
circuit. A voltage metering point is provided from the bleeder
notwork via PL1/5 to the monitoring unit (L). The regulated

supply is fed via temminals PL1/2 and 4 directly to thoe heater
transformer TR2 and to the EHT transformer TR1 via contacts a and

¢ of RI1. The contacts are closed when RL1 is energised via the
interlock circuit. Relay RL2 is the overload relay which opens
contacts 21 and 22 of RL2 when excessive current is drawn connected
in parallel for 300V output and in series for 150V output. The
alternative connections are made by the sockets in the beacon cabinet,
so the regulator automatically produces cither 300V or 150V according
to the position in which it is placed. The circuit references can be
gseen in fig. 46,

238, The 500V supply from uni® A is fod from PL1/13 through the
overload rolay RL1 and its shunts R17 to 19 before going to the
regulating circuits. If excessive current is drawn RL1 oporates and
performs two functions:-

(a) Contracts 1 and 2 break the 500V interlock circuit
causing unit A to be switched off.

(b) Contacts 22, 23 cause RL2 to operate, which locks on
its own contacts 22, 23, whilc its contacts 2, 3 cause the
appropriate overload indicator lamp in the monitoring unit
(L§ to light. RL2 romains operated until the resct switch
in the monitoring unit is deprcssed.

239, The valve heaters arc supplied by TR1 which has thrce separate
windings becausc the three valve cathodes arc at widely different

potentials.

T,/488.
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240, The principlo of orcration is as follows. The impedence of tho
goerics regulator valve (or valves) is varicd by a suitable control grid
potential so as to meintain consten™ output volbage. If the output
voltage riscs the sories valve (s) grid voltagc is lowered thus increasing
impedence,; hence the output voltage is corrected. Since tho required
grid signal is anti-phasc with tho oubput voltage variations it may
convenicently be obtained by a single stage de.ce amplificr whose grid is
fod with the differcnce betwcen the output and a standard voltage. The
higher the gain of this amplifior the botter the regulation and the lowor
the output impedence.

241, In this regulator V1 and V2 are the series rcgulators and V3 is the
dece amplificr. When tho unit is in tho 300V position V1 and V2 are in
parallel and both grids arc controlled by V3 anode. Whon in the 150V
pogition V1 and V2 arc’connccted in series and only the grid of V2 is
controlled by V3 anodc, and the grid of V1 is set by potentiometor chain
R6 R11 to half tho input voltagc. The cathode of V3 is stabilized ot +80v
by neon roforencc valve V4 which is shunted by C3 to by-pass the highor
frequencics at which the ncon impedence is not noegligibles V3 is fed
with two voltages. The first is a fraction of the output voltage via
potentiometer chain R13, R14, R15, RVt, R16 for 300V and R15, RV1 and

R16 for 15CV. In cach casc C1 connccts the higher frcquencics prosent

in tho output dircetly to V3 grid thus partially compensating for tho loss
of gain of V3 at thesc frequoncics. Sceondly about 1 per coent of the
input voltage from potontiometer chain R2, R3, part of RV and R16 is fod
to V3. This givoes almost porfect compensation for variations in input
voltagec. The. two voltagos arc fod to V3 grid via stoppor R9. The anode
load fed from tho output line is fairly low to avoid phasc shift at the
higher froguonciocs:  Sinco V3 cathode is held at 80V the regulating action
will keep its grid, honce RV1 slideor at a volt or two below this. Honce
varying RV1 will vary the fraction of tho output voltage that is equal

to 80v and this will wary the output voltage. It gives sufficient control
to permit the output to be set to 300V or 150V dospite the effects of
tolerances on componeont valves and valvo characteristics.

=150V Power Unit (7).

242, This powor unit is mounted on tho samo chassis as the +250V power

unit (K)o The unit contains 4 valves and the circuit references can be

seen in fig. 47. Transformers TR107 and TR102 are fcd from phase 3

regulated and noutral via PL101/2 and 4. TR102 is the heater transformer

and TR101 provides H.T. to the full wave rectificr V101. V104 is a cold
cathode, gas filled, 85V reference voltage valve. V103 ig a double triodo
control valve with ite gride connected to a potontiometer network R107,

RV102 and R108. V102 is the serics control volve which rogulates the

output voltage by means of its internal impedence. The circuit is conventional
providing a regulated -150V output at a maximum current of 200 mA.

243, The positive output from the rogulating cireuit is carthed via R106
and RL103 which are in parallel RL103 is the overload relay which operates
the warning circuits whon excess current is drawn from the power unit.
RL103 contacts 21 and 22 de-energise contactor RL101 and the power is
removed from TR101 primary winding. Relay RL102 is cnergised when the
~-150V becomes available. Contacts 22 and 23 of RL102 ¢loso an interlock
circuit which allows the 500V power unit (A) to be operatdd.

+250V Power Unit (K).

244, The unit is mounted on the samc chassis as the -150V power unit (7).
The output is norminally 250V at 2.5 amps and is used for the klystron

field coilse The circult functions in conjunction with a 3-phase transformer
T8 and a smoothing choke Hi. Circuit roferenccs can bc scen in fige 47.
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245, The circuit consists of three xenon filled thyratron valves

V1 to V3, 2 heater transformer TR1 fed from phase thrce regulated and
neutral and threce control relays RL1 to RL3. When the system is
switched on contactor RL1 becomes cnergised. This causes RL1 a to ¢
to close the primary circuit to the delta winding of T8. - The outputs
from the star winding of T8 arc connected to PL1 1y 5 and 3. Vi

to V3 rectify these supplics, and the output is smoothed by H1 and
capacitors C5 and C6. Valves V1 to V3 have their grids individually
controlled by balancing and currcnt control potentiometers RV1 to RV3
respectively, which can be adjusted to fine limits. The potentiometers
are fed with a negative voltage from R15 in the output circuit and
apply a proportion of this voltage to the valve grids for current
control.

246,  The current is fod from choke H1 back to PL1/2 and further .
smoothing is provided by capacitors C1 to C4 which are bled by R16.
The 250V d.c. supply is now fed to the output terminal'PL2/5 via
RL2 with RS to R7 in parallcl, RL3 in parallel with R8, and R1 to

R4 in parallel. RL2 is the overload relay which only operates when
the current drain becomcs excessive, contacts 22 and 23 of RL2 then
de-onergisc contactor RL1. RL3 is the interlock relay which is
energised when the power output becomes avilable.

~-15kV Powor Unit (N);

247« This unit is mounted immediately .below the modulator (0) in
the right-hand cabinet. The high voltage components arc mounted on
an insulating gontry. When in position, the unit is fronted by a
perforated metal scroen with a highed door opening upwards. Both
celectrical and mechanical interlocks are operated by this door as a
safety device. When the scrcen is opencd, the olnclrical interlock
removes the main power input to the unit via SW1 and rclay HL1. At
the game time . mechanical am is rcleased which operates SW101
placing R102 across the capacitor hank C101 to 104. All high
voltage parts are shaped to rcduce corona. Circuit refercnces

can be seen in fig. 48.

248, The power unit is fed from a 3-phasc transformor which has a
delta primary and a star sccondarys the transformer is of the "o
cone type with the actual coils only in resin cast form. V1 to V6
are conventionally connccted to form a 3 phasc, full wave rectificr
providing a nominal 15 kV supply. Each valve has a scries limiting
resistor in its anode circuit'R4 to R9. A metering potential is
provided by potentiometor R15, R16 and fed out to control unit (W).
The earth rcturn is completed via RL6 with R23 in parallel EL3 with
R13 in parallel, and R14., RL6 is the "no -’ current" relay whose
contacts 22 and 23 close the circuit to RL1, RL3 is the overload rclay
which opens the circuit to RL1 and RL7 when the current drain bocores
too groat. Resistor R14 is used for current metering in the control
unit (W).

249, The power is switched on to transformer TR3 in two stages.

First the’intcrlock line must be complete before RLT7 and ‘RL1 can be
cnergised, via contacts 22 and 21 of RL3 and SW1 for RLT, and further
via contacts 21 and 22 ~f RL5 for RL1. Contacts 22 and 23 of RLT7

close tho circuit to thormal delay rclay BL4 via contacts 2 and 1 of
RL5, R17 and terminal PL1/11. When RL1 is energised contacts RLla to

¢ close and switch power to the primary cf TR3 via R1 to R3. After

the delay period of RL4, the thormal contact closcs, RLS5 is energised
and locks itsclf in the cnergised condition via cohbacts 2 and 3, and
gimul taneously contacts 1 and 2 open the circuit to RL4. Contacts

22 and 23 of BL5 cnergise RL2 and rcsistors R1 to R3 arc short circuited
by contacts RL2 a to ¢, This action applies power in two stagess after
the first stage the powor output availablc cnergiscs relay RL6 and

TL/488.
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‘contacts 22 and 23 of RL6 hold RL1 onergised. RL6 is the "no-current!'
relay whose contacts 22 and 23 may be overridden by SW2. Should an
ovorload occur the overload relay RL3 is encrgised and contacts 22 and
23 cause both RL7 and RL1 to become de+cnergised, thus ewitching off
the power to TR3 and de-cnergising RL6, RL5 and RL2.

250.  The valve heaters arc fed from transformer TR1 which is fed from
phase threce and noutral. This supply also feeds TR2 which foeds both
heater voltage and power to thoe full wave rectifier V7. The rectifier
circuit provides about 200V to the modulator as a hold off bias for the
klystron. * This decs potential is motered by M1 and smoothed by
network C1, R20, R21. The klystron hcator is glso fod from TR2.

TM./488. -
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BUILT IN TEST EQUIPMENT.

251. Tho beacon is equipped with sufficlent built-in test units to
enable all alignment and fault finding operations to be carrierd out
without uging extoernal test equipmont except for a mnltimcter. The
items of test equipment arce-

.(a) Pulsc Gonerator Unit (MA)

(b) Monitoring Unit (L)

(¢) R.F. Signal Generator Unit (MB)

(d) I.F. Signal Generator (MC)

(¢) Thermistor Unit (U)
252,  Pulse Gonerator Unit (MA).  This wnit is uscd to check the
performance of the beacon by comparing pulse sequences produced by the
beacon with pulsc sequences (crystal controlled) produced by the
generator: It can also be used, in conjunction with the R.F. signal

generator, to simulate a/c interrogation pulses and check the beacon
response.

253, Monitoring Unit (IL). The following facilities are provided
by this units-

(a) Voltage and current metor rcadings of all D.C. power
supplies.

(b) Ovorload indication lamps for the 500V, 300V and 150V D.C.
supplics. Once 1it thesc indicators remain alight until tho
indicutor reset switch is depressed.

(¢) The focus, brilliance and astigmatism controls for the C.R.Te
(d) Timec base and gating circuits in a time—base sub-unit.

There arce five time base speeds available and control is

from the pulsc gencrator unit (MA)-

(¢) Video amplifior and Y shift sub-unit controlled from
the pulse gonerator unit (MA).

(£) 1Inspoction lights switch.

254. RJFe Dignal Generator GMB). This wnit provides facilities tos—-

(a) Generate R.F. signals tunable from 962 to 1213 mc/s;

(b) Modulatc the R.F. output signals for C.We, square
wave or pulsc transmission.

(¢) Control H.T. and bias supplics to the I.F. signal generator.

(d) Control amplitude of output signals using a calitrated
attenuator,

255+ L.F. Signal Generator (MC). Usod to check the performance of
the beacon I.F. amplifier and the agsociated Ferris discriminator.

A three position switch sclects output froquoncies of 62, 63, or 64
Mc/s. The output stage H.Te is pulse controlled by signals from
unit MA thus the output signals are pulse modulatced I.F.

/88,
JUIE, 1962, .
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256, Thermistor Unit (U). Is mounted on the duplexor unit in the right
hand beacon cabinct. Is usod to checki~

(a) R.F. power.
(b) During signal/noisc chocks.
(¢) To check R.F. signal genorator output.

TL,/488, — :
JUNE, 1962,
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257. Pulse Gnorator Unit MA. Four crystal contxolled oscillator
circuits can be solccted by switeh 41 which is the P.R.F. scloction

switch.

The six positions of this switch sclect the following functionss~

(a) Pos. 1. EXT. B.F.0. Signals from and oxtcrnal
oscillator may be fed to pulsc forming circuits via input
socket SHI4.

(b) Pos. 2. 150 eupeBs A frec-running multivibrator (V4)
generates signals of approximatoly 150 cpse. which arc fed to
the pulso forming circuits. The genorator output is used to
simulato interrogation pulsc pairs from an airborne cquipment
in the "search" condition.

(c) Pos. 3. 2.7 Ko/s. A crystal controlled signal from Via
ig fed to tho pulse forming circuits and to the R.F. and I.F.
gignal generators. This position is uscd whon checking signal
to noisc ratio. The output from Via is fed continuously to
the beacon video decoder unit to check the squitter rate when
requiraed.

(d) Pos, 4. 20 Ke/s. The time baso unit is triggored at a
P.R.F. of 20 Ke/s while the beacon is intorrogated at 2.5 Kc/s..
This position is used to check the 50 micro second beacon delay.

(¢) Pos. 5. 3343 Kc/é; A crystal controlled pulse train
generatod by V3b is used to check the 30 microsecond spacing
of the North refercnce train.

(£) Pos. 6. 41.7 Ke/s. A crystal controlled pulse train
generated by V3ia is used to check the 24 microsecond spacing
of the Harmonic refercnce train and for chocking the 12
microscecond spacing of the beacon pulse pairs.

Selection Switch (SWI) and Associated Circuitse

P.RCF.
258. Selection of the gonerator P.R.F. is obtained by a six position

5 wafor switch.

259

The wafers control the following functions;

(a) ‘SWia switches 150V. H.Ts to tho appropriate oscillator,
V3ia, V3b, V4 or V5a.

(b) 8Wib switches the sclectod input to the first amplifier.
and shapor V6.

(c) SWic and SW1d are effective only in Pos. 4, whon they
bring the count down phantastron (VT, V8) into the pulse
forming circuits,.

(a) SWie is effoctive in positions 5 and 6 only. It switches
the appropriate pulse train to the gating valve V17.

Switch and Circuit Action. SW! in position ono connects SK14

(Ext. B.F.0.) to the grid of shnper valve (V6a) via €33 andR92, The
amplified and squared output is connected via €34 and R94 to Véb where
it is furthor amplificd. The anode load of V6b is a transformer (TR2)

with a

low R.F. response. This component differentiates the square

wave and produces the triggers which are fed.

(a) From V6b anode via C60, SWIc and SWid, €12 and MR9 to V9 grid;
(b) From TR2 sccondary via C40, SWie to V17, gating amplifier;
(¢) From TR2 socondary to SW3 (mixer 1/P.1).

(d) From TR2 secondary to V18 (sync. Amplifier) via SWic.

JUNE,

1962,
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260. Swith 1 in position 2 connects the output of a free~running
multivibrator (V4) via SW1b, 033, R92 to the shaper stage V6.

The naturel froquency of the symmetrical square wave output from V4
is 150 ce.pess Tho output from Véb is fod via C60, SWic, SWid, C12
and MR9 to V9 the C.R.0. delay stago.

261.  SW1 position 3 connects the output of a crystal controlled
oscillator Via to shaper circuits V6. Via circuit foms a

flexural cyrstal oscillator with a froquency of 2.7 Kc/s; The
output waveform is rectified by MR1, filtered by (54, R3, R4 and C2
to provide the oscillator valve grid bias. Via output signal is fed
via SWib to the shaper cireuit V6. and thence to CRO delay stage V9.
The output from Via is also fed to V2a, shaper amplifier via (28,
R77. ‘V2a output is further shaped by V2b. The anode load of V2b
is TR1, a poor H.F. response transformor, which produces the sharp
triggers at 2.7 Kc/s which are cathodo followed by V1b tos-

(a) R.F. Signal genorator unit (MB)
(b) Video docoder unit (XC)

The signal to the videodecoder is used to check beacon squitter rate
at 2,7 Mc/s.

262, SW1 in position 4 connccts the output of a erystal controlled
oscillator V5a to shapor circuit V6. V5a circuit foms a flexural
orystal oscillator with a froquency of 20 Ke/s. MR4, R12,°Ri1,C6
form the bias circuit. Tho 20 Ko/s signal is fod via SW16, C34,

R94 to shaper circuit V6. V6 output is fod via SWic and SW14 to the
count down phantastron V7 and V8., This ecircuit producos sguarc
pulses at a P.R.JF, of 2.5 Ko/s. Tho squarc waves are differentiated
by €23, C55 %o producc the short trigger pulses fed to the CRO delay
circuit V9.

263, SW1 in position 5 connccts tho output of a crystal controlled
oscillator V3b to shaper circuits V6. V3b circuit forme a flexural
crystal oscillator with a frequency of 33.3 Kc/s. MR3, R11, R12 and
06 form the bias circuit. The signal produced by V3b is fed via
SW1b to V6 shaping circuit. The trigger from TR2 is fed %o V17 grid
via C40 and SWie.

264. SW1 in position 6 connects the output of a crystal controlled
oscillator V3a to shaper cirecuit V6. V3a circuit forms a flexural
crygtal oscillator with a frequency of 41.7 Mc/s. MR2, R8, R7 and
C4 form the bias circuit. Tho signal produced by V3a is fed via
SW1b to V6 and V6 output is fed to V17 grid via C40 and SWie.

265. V17 gating stage and gate production circuits. Whon the

pulsec generator is used to check North and Hamonic reforence trains

a nogative trigger from TP3 or TP8 on the Marker gate gonerator is

uscd to initiate the gate'to tho suppressor of V17, Negative going .
triggors are fod via SK15, C48, MR1T to V15 a monostable multivibrator.
V15a is normally conducting because its grid leak R101 is returned to

the common cathode load. V15b is held cut off by the voltage

doveloped across R98.  Tho positive going gate produced by V15a is
differentiated by €37, R102 and fod to V16 via MR18 (a sories negative
limitop) V16 is a cathode coupled multivibrator whose output, a positive
going square wave is used to gate on V17 for a fixed period. Tho square
wave duration is controlled by RV9 which is adjusted so that 12 pulses of
the 33.3 Mc/s train or 6 pulscs of the 41.7 Mc/s train are-passed

through the gating stage V17. V17 output is fed from TR3, the ancde
load to mixer switch 3. With this switch in the Reforonce trains position
tho pulse generator train can bo comparcd with the beacon reference

train and tho beacon train checked for discrepancics.

TL/488
JUNE, 1962
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Main Pulse Shapine and Output Circuits (V9 to Vi4).

266. Thoso circuits perform the following functions.

(a) Declay the pulsc trains in the monostable multivibrator
stage V9. The delay can be varied between 4 microseconds and
60 microzeconds.

(b) Selects either single or pulse pairs by the introduction
of a delay line by use of Pulse separation. switch (SW2)

(¢) Shapes the pulses by filtering out the high harmonics in
a low pass filter circut and amplifiers Vi1a, V11b and V12,

(d) Selects pulse polarity (SW7) in stage V13a.

(¢) Amplifics and sets the output level in the final stages
V14 and V13b.

267. V9, a double triocde, is a monostablo multivibrator whose purposs
is to produce a variable delay in the main pulse shaping circuits. This
provides a pro~trigger facility for the monitoring unit 1 time-—base
which is fed via circuits with no artificial delay. V9a is normally
conducting Vo9b cut off. The negative trigger to V9a grid fires the
multivibrator producing a negative going square wave at the cathode load
whose duration is controlled by RV2 (C.R.0. delay). This waveform

is differentiated by C14, R32 and the positive spike co-incident with
the trailing edge is fed via negative series limiter MR5 to V5b a
cathode follower. MRE short circuits the negative spikes of
difforentiation. The positive going spikes are fed to Vita grid:-

(a) Via €17, MR10 (positive D.C.R.), MR13 (nogative seriocs
limiter).

(b) Via delay line DL2 (with SW2 in appropriate position), €16,
MR 11 (positive D.C.Re) MR12 (negative series limiter).

Thus dependant on position of SW2, the following negative going
pulsc combinations can be produced at V11a anode.

(a) Single pulscs.

’

(b) Pulse pairs separated by 10,5, 11;0 and 1145 microseconds;

The delays produced by SW2 produce an ovorall delay of 12 i 0,5
microsecs after the subscquent stages have added an additional delaye.
When DL2 is switched into circuit two dissimilar negative going pulses
are produced at Viia anode. These pulses arc fed via C19 and MR14
(positive sorics limiter) to trigger V12, a monostable multivibrator.
V12 output is two positive going pulscs of similar shape and amplitude
and whose width is set by RV4. These pulses are cathode’ followed by
V11b to the low pass filter circuit (L1 to L3, €22 to €24, R59, R61).
MR7 in V11b grid circuit is a positive D.C.R. The cathode follower
provides a low impedance matched input to the filter. MR15 in the
filtes limits the "rest" potential to carth. The low pass filter
removes the highor harmonics and producces the gaussian shape requircd.
The filtor output is fed to V13a, a phase splitter. Output is taken
from V13a anode or cathode dependant on the position of the polarity
select switch (SW7). The selocted pulse is amplificd by V14 and fed
via €27, RV6 %o cathode follower V13b. RV6 is the pulse amplitude
control. V13b outputs arc fod tos-

(2) R.F. signal genorator unit MB via PL7.
(b) Pulse gonerator output terminal SK21.
(¢) Video input select switch (SW202) via PL206.

(4) Mixer switch (SW3) contact 5;
%14%?81 962,
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Video Mixing Circuit.

268. The purpose of uW3 is to select any one of five signals to be
mixed with the signal from Mixer I/? 1 socket (SK18). Signals fed in
at SK18 are fed via C43 to the bottom of RV3. Signals from the test
switch arce fed to the top of this potentiometer which is used to
control the rclative amplitudes of the sighals fed to the display for
comparison and checking.” The wiper of RV3 is connectod to the Video
1nput select switch (SW202),

SW34p031tlons. Pose 1. Direct. Signals from extornal source are

fed to the top of RV3 via mixer I/PZ socket (SK17).

Pos, 2, Delayed. Signals from an oxtcrnal source are fed to the top
of RV3 via mixer I/P2 delayed socket (SK17) and DL1, a delay line with
a delay equivalent to that of the acrial feeder on the beacon.

Pos. 3+ Roeforonce Trains. The pulse generator produced reference
trains . are fed to RV3 from the gated amplifier V27.

Poss 4. Pulsc Generator. The shaped pulses from V13b are fed to RV3.
Poss 5. Pulsc Generator Trigger. The pro-trigger pulses from TR2 in
V6 circuit are fed to RV3.

Monitor Sync. Sclection Switch (SW4).

269s The synce scleet switch sclects the input to and the output
from Y18 the synce. amplificr. V18 is a cathodc biased amplifiecr
which, with its associated ecircuit and SW4 produces a sync. pulse of
positive polarity for any input sync. pulse. SW4 positions arc:-

(a) Pos. 1. Pulsc generatore Triggers at the pulsc gencrator
sot P.R.Fe arc fed to V18 from TR2 in V6 circuit via SWAC.

V18 output from TR4 is fed via SW4a, RVS and PL5 to the

Monitor time base unit. RV5 is the sync. amplitude control,

(b) Pose. 2 +ve Internal. The video gignal for display is
also used to synce. the time bases It is fed from V102 circuit
in the main video amplifier (Mon. Unit L) via PL4 and SWac to
V18. Output conncctions arc as for Pos. 1.

(¢) Pos. 3 +ve Intornals. Identical o Pos. 2. except that
the output pulse is tokon from the opposite end of TR4 to
maintain a positive output trigger pulse.

(d) Pos. 4 +ve BExternal., An external source Trigger is
fed to V18 via SK19 and SWic. The output trigger is taken
from TR4 via SWia.

(e) Pos. 5 ~vo External. Samo as Pos. 4 eoxcept that the
output trigger is tsken from the opposite cnd of TR4 via SW4b
to the monitor time base,

(f) Pos. 6 off. No input signal fed to V18 and both onds of
TR4 secondary arc carthod by SWA'a' and 'b! scgmentse.

Video Amplificr Attenuator.

270, This unit forms a sub-asssmbly of the pulse generator unit; The
following inputs are sclected by the video select switch (SW202),

(a)- Pos; 1; Mixer. Signhals from the Mixer balance potentiometer
RV3, fed via SK26 and PL203,

gb) ’?os. 2; Dircct; Signals connccted to Direct video socket
SK20).

TL/488. |
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(¢) Poss 3. Cal Dircct. - Signals from.the video calibrator
amplitude wnit fod via PL.304 and PL206. SW202a complctos

the circuit of tho switching relay (RL301) in the calibrator

sub assombly. Usod to calibrato tho display for pulse amplitude

measurcmont .«

(a) Pos: 4. Col. Probe. Signals from the calibrator are fed
via R201, €202 to produco tho same attonuation as in the test
probe position.

(e) Pos. 5. Togt Probes Signals from the probe unit fed via
L6, SK24 and PL201, The probe impedance can be checked
against roadings obtained in position 4.

(£) Pos. 6. Pulse generator; © Bignals from shaping circuits
output stage V13b fod via SK25, PL202 and an attenuator notwork
consisting of €220, R231, C224 and €225,

‘The output from 8W202 is fed via video attenuator course switch
(8W201) whioch, selects various C. and R. potential divider networks
for different values of attenuation. Signals are then fed to the
video attenuator fine cirecuit V201,

271+  The video attenuator fine control (RT201) is connected
between the cathodes of the dual triode valve V201, a cathode
follower pair. The grid of V201a is earthed while signals are fed
tc V201b grid. Maximum signals arc therefore developed across
RV201. By.adjusiment of RV201 the requircd amplitude of signal can
be produced. The action of V20ia prevents and D.C. voltage changes
being fed wvia the direct coupling to the amplifier V101 in monitoring
unit L.

||||||

272. ' The calibration sub~unit is a peak voltage calibrator in

which a square waveform is generated and tsed to calibrate the display
for pusle amplitude measurcmont, The 300V H.T. and 6.3V A.C. supply
for the carpenter relay RL302‘are completed by the contacts of RL301
which is enorgised when SW202, video input select switch, is switched
to the cale. probe or cale. direct positicons. V301, a pentocle, - -
functions as a variable resistance whose value is controlled by SW301,
which nlfers the resistance values in the cathode and.screen circuits,
and RV301 which is a fine control of screen potential. When the
carpenter type relay is energised its contacts open and close at
supply frequencys varying the amount of resistance in the cathode
circuit of V301 by switching an extra resistance in and out of parallel
with the existing cathode resistor. A symmetrical squaré waveform

is producod whose amplitude can be varied by SW301 or RV301. The .
squarc wave amplitude is shown by meter M3 or the monitoring wunit L.
and by manipulation of the calibrator controls and attenuator controls
on the pulse gencrator the squarcs on the graticule over the C.R.T.
can be made to represent a given number of volts.

TL/488.
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Monitoring Unit L.

273+  Provides the fullowing facilities.

A

(a) Voltage and current meter checks of beacon D.C. power suppliess
(b) Overload indications of D.C. supplies.

(c) Display C.R.T. with Focus, Brilliance and astigmatism
controls,.

(d) Time base and gating circuits.

(e) Main video amplifier and '7! shift circuits,
274« Metering circuits:-

The three meters on the front panel provide the following
information.

M1; D.C. power supply voltage switched by SW3, segments a to c.
M2, D.Ce power supply currents switched by SW3 segments d to f.
M3s shows peak amplitude of signal from the calibrator unit in MA;

275+ * Overload warning circuits., These circuits are energised from
the 50V supply. The 500V D.C. bulk supply is distributed on threoc
different routes each one of which includes and overload relay and

an associated warning relay and indicator lampe. The 300V and 150V
D.C. supply circuits are similarly fitted. If an overload should
occur the appropriate overload relay operates, breaking the D.C. supply
and encrgising the warning relay whose contacts complete the warning
lamp circuit. Even ‘hen the overload is removed and the supply
restored the overload lamp will remain alight and the warning relay
energised until the indicator reset switch (SW2) is dopressed.

Supply. Relays. Lamp.
500VA RL1 RLA LP6
5COVB RL2 RLS LPP7
500VC RL3 RL6 LP8
300VA RL2 éDA LP1
300VB RL2 (DB LP2
300VC RL2 (DC LP3
150VA RL2 (DE LP4
150VB RL2 (DF LP5

|||||

276+ The 4 XV E.H.T. power supply to the C.R.T. is produced by valve
stages B to V7. V3 is a transitron rclaxstion oscillator which
produces a signal of approximately 2.2 ko/s. In this‘oscillator

the anode is hold at +300V.  The resonant circuit, L1, C3 and C4

is connccted between the screcen and suppressor grids. The output
signal is coupled from the screen grid circuit of V3 to V4 via C6R15,
V4 is a pentode amplifier strapped as a Triode and it amplifies the |
signal which is then further amplified in a power amplified stage V5.
The anode load of this stage is a step up transformer whose secondary
is centre tapped to'earth. One half foeds V7, a half wave reetifier
which produces +2kV, devecloped across bloeder chain R21 to R25, C9
being the reservoir capacitor. This voltage is fed to the final
anode of the C.R.T. (post deflection accelerator). The othor half
of the secondary supplies V6, a half wave rectifier which produces

JUNE, 1962.
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~2KV, developed across a bleeder chain R26 to R30, RV4 and R31.
C10 is the reservoir capacitor. This voltage is fed via RV2
and R5 to the CRT cathode. The cathode voltage is 1.9 KV approx.

278.  Controls. RV1 Focus, controls potential to second anodee
RV2 Brilliance, sets the grid voltage w.r.t. cathode
RV3 Astigmatism, is connected between +500V and

earth. Is adjusted so that final anode
potential ‘is similar to mean deflection plate
potential, i.e. minimum distortion on display
CRT.

RV4 E.H.T. level adj. set for correct value of
E.H.T. It. controls the value of negative
voltage feed back to the grid of amplifier
V4.

Time base sub-unite.

279« The time base unit consists of valve stages V201 to 209.
8W201 alters time base speed, there is a choice of five speeds.

Circuit. In the quiescent state V203 and V205 are 'cut off' by
grid-bias voltage derived from -150V line and controlled by RV201.
V201, trigger amplifier, is conducting but the cathode of V202a,
series limiter, is positive w.r.t. its anode which is connected to
V203 anode circuit. Because V203 is cut off V204a grid is held
positive, V204a is conducting heavily and V206 anode is at some
pogitive voltage. The 'miller! capacitor C205 is charged. ° The
incoming positive trigger is amplified and inverted by V201, passed
by series limiter V202a to the grid of V204a. V204a is cut off

and V206 anode potential falls (miller step). Simulbaneously V206
screen potential rises sharply, this rise is fed to V203, V205 grids
causing these valves to conduct. The fall im potential at V203

anode fed to V204a grid keeps this valve cut off when the trigger
pulse ends. After this commulative action (step) miller run down
commences as the capacitor discharges via the associated grid resistor.
Run down continues until the potontial at V206, V204a anode /cathode
junction falls below the potential at V204a grid. This produces the
second unstable state of the circuit. V204a conducts holding V206
anode potential constant, miller effect ceases, V206 grid potential
rises rapidly back to its quiesant value, screen current increases,
screen volts fall consequently cutting off V203 V205. The rise in
voltage at V203 anode takes V204a grid positive and the valve conducts
heavily charging the miller capacitor and returning V206 anode potential
to its quiescent value.

The positive square wave produced at V204a anode is used as bright
up waveform and fed to the CRT. grid. L201 improves the leading edge
of this waveform.V205 produces a negative gate at SK206 which is not
used. RV201 is adjusted to produce a stable time base at all time
base speeds.

280, The time base waveform from V206 anode is cathode followed by
V204b to the paraphase amplifiers V208, V209. The diode V207 in the
grid circuit of V208 prevonts the grid going positive w.r.t. earth.
The time base shift voltage from unit MA is also fed to V208 grid.
The antiphase voltage waveforms from the anodes of V208, V209 are fed
to the X deflection plates on the C.R.T.

281. Coarse and fine time base speed controls are mounted on unit MA.
RV7, the fine specd control, affects the aiming potential in the grid
circuit during miller run down. SW5, the coarse speed control, turns
SW201 selecting the appropriate 'miller' capacitor. When a position

TL/488. JUNE, 1962.
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is selected by SWH5 +50V is connected to a Ledex coil unit in the monitor.
The switch turns until it is in the correct position relative to SW5
then a cut out portion of the wiper breaks the 50V supply to the Ledex
coile SW201 is an eight position 5 wafer switch. In the first 6
positions wafers B1 and B2 select the grid resistor and appropriate
capacitor for the different time base speeds. In position 7 wafer B
connects —-150V to V206 grid preventing time base action; wafer B4
connects an external source of time base to V204b grid. In position 8,
wafer B1 connects -150V to V206 grid; wafer B4 connects +300V to V204b
grid, producing a large positive voltage R244, ensuring that V207 conducts
clamping V208 grid to carth. This position is used to make accurate Y
amplitude measurements with no time base.

282, Main Video Amplifier and Y Shift Circuit. This sub-unit contains
the video amplifying stages V101 to V106 and the 'Y' shift circuit V107.
The signals to be amplified are fed via input plug PL102 to the grid of
the first amplifier V101. The anode load consists of R109 in series with
L1101, the circuit is tuned for rosonance at 47 Mc/s to provide high
frequency compensation - V101 output is fod to:-

(a) The second video smplifier V102 via ¢102, R110, while C108
and R112 extend the frequency response of the grid circuit.

(v) Cathode follower stage V107 (a double triode) V102 is the
internal sync. amplifier and its output is fed via PL8 to the
sync selection cirecuit (V18) in unit MA.

283. V107 is a double triode cathode followecr, both anodes comnected to
H.T. Video signals from V101 are fed to V10Tb grid, video on Y shift
volts frem unit MA are fed to V10T a grid. V103 and V104 in parallel
with V105 and V106 in parallel have a common cathode load and form a
long tail pair. Video signals from V107b are applied to V103, V104
grids, shift volts from V107a are applicd to V105, V106 grids. RV101 and
RV302 (unit MA) are the video shift controls. RV101, an internal
control is used to s¢t the trace at a convenient position on the CRT.
while RV302 the emternal control varics the trace position about this
point. The phase voltage waveforms produced by the long~tail pair
circuit are fed to the 'Y' deflection plates on the C.R.T.

T1./488.
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284, Filter Unit (ME). 1ho wit is situatod at the buse of the left
hand inmer door. It is used to provids extra Filtering for the DC.

supplics to certain units as follows.

(a) +500V H.T. supply to the paraphase amplifioccs V<08, V209
in monitoring unit L.

(b) +300V D.C. supply used in unit MA. is fed to this unil wheaw
it is dropped to +150V by R2, R3, filtered by C2, €3 and used as
H.T. for the video and synce. amplifier stages V101, V102 in the

monitoring Unit L.

TL/488, -~ ;
JUNE, 1962,
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285. Thermistor Unit (U). This unit is mounted on the duplexer wnit
in the right hand cabinet. The unit is a form of wattmeter and contains
a thermistor connccted in a bridge circuit whose output is fed to a
voltmeter mounted on control wnit W. R.F. power is probe connocted into
the thermistor head and the heat generated in the thermistor TH1, alters
its resistancce and unbalances the bridge producing a reading on the
voltmeter. Special compensating circuits corroct for changos in ambient
tomperature. The disc type thermistor THZ is used for this purpose.

The power meter sclector switch, SW11, on unit W is ussociatod with the
thermistor wnit. It is a 3 position switch.

(a) Off.
(b) Low sensitivity.
(c) High sensitivity.

In position (b) the H.T. Voltage fed to the bridge is reduced the H.T.
of +300V is fed tos-

(2) The bridge, consisting of R1 to R3 and thermistor THY.

(b) A potontiometer network RV and RV2. The junction of RV1
and RV2 1 connected to earth via TH2 which alters the value of
H.7. fed to the bridge to compensate for ambient tomperature
changes.,

The thermistor characteristics arc:—

TH1., 2000 at 20%. falling to 60 when 20 mW are
dissipatcd across ite.

TH2, 500 at 20 falling to 50 at 80°C.

TL/488, .
JUNE, 1962.
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286, R.f. Signal Generator MB. This unit is mounted on the left hand
inner door and is used tos-

(a) Generate R.F. signals tuneble over the band 962 to 1213 Mc/s

(b) Modulate the R.F, output for c.w., square wave or pulse
generation.

(¢) Control H.T. and bias supplics to the IF. Signal generator.

T™./488.
JUNE, 1962,
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287, Switch Punctions. SW1 seleotn the operating conditions as follows

Pos. 1 Off.

Pos. 2 I.F. On. Signals from Unit MA are fed via SWia to the
i.f. signal generator unit MC. Power supplies for unit MC are
fed from monitor unit L via SWic in this position.

Pos., 3 I.F. and R.F. On. Signals from unit MA are fod to both
signal generatoxs and power supplies to both via SW1 segments c¢ and
de

Pos. 4 R.F. On. Signals and power supplies fed to R.F. signal
generator only.

Pos., 5 Off.
SW..2 selects the form of modulation.

Poss 1 Pulse. The R.F. output valve is fed with pulsed H.T.
which is controlled by the signal pulses from unit MA. This is
the normal working condition.

Poses 2 Square Wave. V6 H.T,. is modulated by a 1.1 square wave
form from a bi-stable multivibrator which is fired by trigger
pulses from unit MA. Used when checking the beacon signal

to noise ratios

Poge 3 CW.e 4300V H.T. is connected directly to V6 anode and
the stage produces continuous osecillations.

288. Modulation Circuits. The 2.5 Kc/s trigger pulses from unit MA are
fod via PL.3 and SWi1b to the grid of V1, an amplifior inverter. V1 and
V2, a bistable multivibrator share a common anode load R3., and the trigger
pulses are coupled via this and the grid circuit conncctions to the grids
of V2. V2 output is a symmetrical square wave at half the P.R.F. of

the input triggers. This waveform is cathode followed by V3a to Via

and V4b, Thess two valves form a non-inverting amplifier stage and

the waveform is fed to V5 grid. V5 is normally cut off by the negative
potential produced by R19, R125 and selected resistor R24, R28, Re7.

The input waveform positively D.C. rostored by V3b cuts on V5 and the
resultant voltage developed across R20, cathode load, is the H.T. for
oscillator valve V6., When the unit is used for pulse modulation V1

and V2a are switched cut of circuit and the pulses from unit MA are
connected via SW2a to the non-inverting amplifier V4, thence to the
modulator V5.

289, R.F. Circuit. V6 is a grounded grid triode. The anode-grid
circuit is a ZAlecher line and the cathode circuit is a £ /4 line.
Feedback between anode and grid circuits is by means of a capacitive -
couple between the lines. V6 grid is at earth potential and R23, C7,
€8 produce the cathode bias.’ A detector probe is coupled into tho
anode/érid cavity to feed V7, a detector, whosc output is fed to PL8
on the front of the unit for monitoring. Both lecher linecs are ganged
and tune together The R.F. output is loop coupled from the anode/grid
cavity and attenuation is controlled by the depth of the loop in the
cavity.

T1/488,
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290, I.F'. Signal Generator MC. The purposc of the Unit is to produce
modulated I.F. signals at 62, 63 and 64 Mc/s carrier froquency for
chocking the efficiency of the I.F. Stages and the ferris discriminator.
It is mounted on the loft hand inner door.

291, Circuit details. V1 is a cathodo coupled crystal oscillator.
SW1 seclects one of throe crystals The crystals arc conneccted between
the cathodes of the two triodes and arc used in a scries mode of
oscillator. Overtone mode crystals arc uscd to producc oscillator
frequencies of 31, 31.5 and 32 mc/s. The output coupling transformer
is tuned to the fundamental frequency of 31.5 me/s (L1 C4). The
secondary is damped by R7 to produce a broad band pass circuit.

The signal is fed to doubler/amplifier V2 whose tuned anode load is
adjusted to producc the transmitted frequencies 62, 63 and 64 mc/s.

V2 output is fed via finc and coarse resistive attenuators to the
output terminal PL3. V2 is normally cut off by the negative potential
at the junction of R16, R17. (L9, C15 prevent pulses being fed back

to the D.C. supply line) which is fod to the suppressor.

Pogitive pulses from unit MA, fed via unit MB, 1ift the suppressor bias
thus producing the requircd modulated output.

MR1, C22, R15, 112, €23 form a debtechor ond filter notwurk whoue
output is fed to TP13 for monitoring.

TL/488,
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