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RECEIVER R1363B

TRODUCTICN

1, The MKeIIB receiver R1363B is a modifled version of the MK.II receiver R1363, The modifications,
besides allcwing operation on a number of wavebands and incrcasing the phasing accuracy, adapt the receiver
for usc with the Rack Type BGA‘(F'ilter ~ comparator = 0scillator)e.® See S.D.0295, CheSe 4 gencral
view of the rjcceiver is shown in Figure 1, // 6{ 5-&

2¢ The rccelver RI363B can be installed at both Slave and Monitor Statlions, although some units arc not
used at the Mcnltor Staticne There Is no special nenitor version of this receiver as was the case with
the Mark I and Mark II rceceiverse :

3, Interchangeable R.F, units are provided so that the receiver may be operated on several wavebendss
anti=jaming circuits are also Incorporated in the I.F, amplificr.

4, 23 wvolt 0 cycle mains are nornally u-ed to supply the rccelver, but for crergency use a Dlesel
generator ray te empleyede The current ccnsumption is 2% ampse

S5« A nurber of scts will be mcunted In "Park Rcyal® lorries fcr wse as nmoblle reserves, In case
stations are disabled by bombineg,.

SENER/L DESCRIPTICN

B The purpcse of the R1363B 1s to receive pulses frcm the Master Staticn and Slave Stations and display
them on a speclal accurately calibrated time bases When the recelver 1g installed at a Slave Statlcn a
positive locking pulse 1s sent down a line to the local Slave trensmitters The R.F, pulse radlated by this
trensnitter 1s cbserved on the cathode ray tube tcgether with the other recelved pulsese 4 block dlagram
is shown in FigeSe

7« By recans of controls on the receiver the local pulse can be made %0 appear In any desired positicn
on the time base relative to the.othar pulses displayed upon it, l.ce simce the length of the time base
rerresents a definite period of time, the interval between the arrival of the Master pulse and the enission
cf the Slave pulse cean be controlled to within a fraction of a microsecond. The operation of setting the
Slave pulse In the correct position on the tinme base is called "phasingh®s Once the transmitter has been
vhased correctly, the setting can be automatically controlled by the F.C.0. to within & 0401 nicrosccondse
sltematively the F.C.0, may be manuclly controlled elther from the Monieor Station by means of Reamote
centrol apparatus {scc 3.D.0295, ChJ3) or by the operator at the SIave Stationes The condition in which
the F.C.0e Operates in chosen by reans of a selector Koy (Remote = Local = juto) mounted on the control
Deske 4 secornd key is provided by meens of which the F.C.0e 18 manually centrolled from the recelvers
This key is shown in Figwr e 2 to the left of the sclector key.

8e The following units arc fitted to R1363B:~

Receiver Unit {I.F. amplifior with interchangeable R.F.Units)
piode Receiver Unit (on same janel as I.F. anplifier)
Strobe Gain Ccntrol Unit
Filter Input Unit
Filter Strobe Unit (Filter Gate Unit)
Lo VaCoUnit
Divider II
pivider IIT
pPhasc Shifter 3
Phase Shifter 4 {with separate control box)
pPhase shifter 5 {used with 1.5 ne/s calibration wmit)
Tire Base Unit
1¢5 Me/s calibration it
Cathode Ray Tube Unit (with ccntrols on geparate panel)
¢scillograph Unit ("o% Unit)
Power Packs: PPl
PP2
PP3
rP5
FP6
Pe7

Fuse and Indicator Panel

* %

% 5po RLZ63B MUST be used with an F.C.0. Tack

* Not used at Monitor Stations
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9 The Units are mounted on a three bay rack as shown in Flgure 1, A wocden desk 1s fitted at a
ccavenient helight. The screen of the cathcde ray tube 1is observed through a hole In the desk and certaln
ccntrols which ray reguire ccnstant attenticn are alse mounted therecn so as to be conveniently near at
hand,

10e TEach unit has as its basls a Post ¢fficec Standard Panel, and Iir the majority of cases there is a
further sub-panel upon which the components are mounted. In some cases, for example the Cathode Ray Tube
unit and Fuse and Indlcator Panel, the components are mounted directly on the front panel. Power Packs 1,
2, 3 and 7 have horizontal trays bolted to the rear of the frmt panel,

11, Mery of the component vale® given on the drawings have darge tolerance. In some cases resistances
and cerdensers may not have exactly the same nominal value or rating as ig glven In this publicaticn: this
arplies especially to scme decoupling condensers, which may have higher capacitles than those specificd,

12, The approximate maximum dimensicns are:-

Helght 6 feet 6 inches Width 6 feet 4 inches
Depth 3 feet 4 inches The welght {g about 15 cwta

RECEIVER UNIT

13. The Recelver Unit consists of an I.F. amplifier with four Interchangeable plug-in R.F.Units mver!fig
the following frequency bandg:=

RoFe Unit Nos32: 20-30 me/s
ReFe Unit Nolzl: @“52 mc/S
ReFe Unit NO.26: £0=-65 nefs
ReFe Unit NOa27: e5=80 me/s

The frequency ccverages glven are afproxicate only. The overall bandwidth of the receiver i1s £ 0.5 mc/s at
6 db down each side of resonance. A diode recelver used for recelving the local pulse at Slave Staticns
{s mounted on the same panel as the I F, amplifier. Flgure 3 shows a front view of the recelver panel and
Filgure 4 a rear view of the same penel., The lat®er photograph shows an early type of receiver in which
terninal blocks were mounted on the I.F, amplifier and Diode recelver In place of the Jones plugs J2 and J3,
To make servicing easy a palr of extra flexible leads terminated at each end by 6 pin and 8 pin plugs and
gsockets are rrovided so that the complete recefver unit (Including Dlode Recelver) can be removed from the
rack and ccnnected by means of these extension leads to the Jones plugs J2 and J3.

14 RF.Unit NoeBle~ The clreult diagram of R,F,Unit No.3l, which covers the band from 40 to 52 mc/s
approxinately, Is shown In Flgure 6. It contalns one stage of R.F.amplification, V1, which is a pentcde
Type VR65 mcunted in the front compartment of the R,F,Unit. Vp, the mixer Is also a VRgg and is mounted
in the middle compartment, The rear compartment contains the osclllator stage Vi which Is another VRgge The
output from the osclllator valve is ink cted into the cathode circuit of Vg through T1 which has a band~pass

of more than 10 me/s. The frequency of the oscillator 1s controlled by L4 and Cg2s Ls belng ‘an R.F. chokee

15« The Inductance Lz is fitted with an adjustable iron cuat core by means of which the coil is tuned to
7«7 mc/se This coll together with L1 In the I,F, amplifier (also tuned to 7.7 mc/s) forma band pass coupling
of which Cjg forms the coupling capaéity and Clg the tuning capacity. Cig Is the screened lead to the output
plug J1 which is built into the unit. NO ATTEMPT SHOULD BE MADE TO ADJUST THE TUNING OF L3 UNLESS THE
NECESSARY INSTRUMENTS ARE AVAILABLE.

16e R.F.UNIL Noe32.~ The circult diagram of R.F,Unit No.32 which covers the 20~30 mc/s band is shown In
Filgure 6, It is similar to No.3l. The R.F. tuned circuits are damped by R3, R4 and R23s Roge The mixer
stage Vg Is similar to that In R.F.Unit No.3l, L4 being the oscillator output transformer. The oscillator

stage vz 1s scmewhat different. 4 cathcde taproircuit 1s employed, Ly being the tuning coll and Cp1 the
tuning condenser, '

17¢ RJF. Units Noss 26 and 27~ The circult diagram of R.F, Units Nog, 26 and 27, covering 50=65 and
6580 /s respectively are shown in Filgure 20. The R.F. and Mixer stages use VR136 (RL7) valves which are
special high frequancy pentcdes having four separate cathode connections to reduce the Inductance of the
cathode lecad., The osclllator valve V3 is a VR137 (RL16) high frequency triode comnected in a Colpitts
circuit, The R.F. mixer and oscillator clircuit are tuned by a three-gangzed condenser C4, C5s C3g With
the associated trimming and padding cerdenserses C7 is an externally adjustable trimmers The output
fron the oscillator is applied to the grid of the mixer (V2) vla C1g together with the R,F. inpute

18 I.F.amplifiers~ The circuit diagram is shown in Figure 7 together with that of the Diode Recelver
which is mownted on the same panel. There are five I.F,., stages, Vi to Vs, employing VRes valvese Vg
Is the diode detector type VR92e v7 1s a pulse~frequency amplifier and vg and Vg are cathode follcwer
outPut valvese Thd grid eirciiit of v.I consisting of the variable inductance Lj and the coupling condenser Cls
forms part of the bandpass coupling between the R.Fe. Unit and I.F, amplifier and is tuned to 7.7 me/se All
the other I,F. circuits are tuned tc 7.5 1c/s

19« The first twe valves Vi and Vg are provided with varfable cathode blas through the resistances Rgze
R4y Rgy and the variable resistance (Galn Control) R2g mounsed on the Strobe Galn Centrol Unit. Strobe
Gain and ..V.C. pulses are also fed on to the cathcdes of the first two valves, Stages V3s V4 and V5 are
fitted with a specif "back blas! circuit to enable the signals to be read through jamaing.e A& switch is
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provided to enable certain circuit elements to be altered to deal with different forms of ja.mming; There
are four positions, namely N, X, Y and Ze, the operaticn of which is described In paragraphs 22 to 29,

20, With the switch in position "™N® the condensers C15s C23 and Cgp are shorted out by the switch
contacts Soy S5 and Sg which also short the negatlve H.T,line supply to earthe In this position grid blas
t0 V3 V4 and Vg Is provided by the resistors R17, Rgy and R3ge A dropping resistance R4z is int roduced
intc she sereen H,T. circuits of vz and V4 to limit the gain of thesc stages to a reascnable value, In this
position of the switch the resistor Rs is Introduced In series with the Galn Control (mounted on the Strobe
gain Control Unit) to reduce the maximum amplification available, which is unnecessarily large, Strobe
Gain pulses are fed in via Pin 3 on the 8 pin Jones plug J2 to cut off the I.F. anplifier for the duration
of the B or ¢ strobe upon which the local pulse appears (see para,36 to 42).

21 The rilt.er cordenser 042 1s shor-ted out in position Ny -es-ai'su—l-s-bhe—ﬁh-a—cireuﬁ-emv-a-szs—c-sh

3 - 8« Outputs arc taken from
Vg via p5 to the Y1 plat,o or the C. R.T. throu?h the contacts og the relay (F.S.I) on the Filter Strobe Unit
and fran Vg via P4 to the Filter Input Unit and ».V.C, Unit. Secparate cathode follwwers are used to
reserve good pulse shape on the tube by recducing the capacity loading cn the output to Yie

22« Operation of Anti=Jamming circuitse=~ Referring to the circuit diagram Figure 7, the anode circuit
of V3 has a resistance Ros in series with the normal anode load Rgle Rpp Is 100K and Rpl SKe  The Jjunction
point of the two resistors is connected to the bottom end of the grid coil L3 thrcugh the 500K resistor Rape
Lg and L1g are R¢F. chokese The bttcm end of the grid coil is then connected through another 500K
resistor Rig to the negative H,T, line which 1s at 130 or 230 voi%s negative with respect to earth, depending
upon the position of the A=J switeh, The junction of Rpl and Rpz is decoupled by the con'eanser Cig and the
lower end of the grid coil by the condenser C13e 4icditional decoupling condensers €17 and Cys are included
in the circuit in certaln positions of the A=J switch, as shown by the letters on the diagram, to increase
the decoupling time=constants, A condenser C14 is connected across Rzps thus completing a condenscr
potentiometer between the grid and anode of V3« The circuits for V4 &d'Vs aré similar cxcept that some of
the components are of different valucs, :

23, Consider the operation of Vg with the 4=J switch In position Z, which is the positin for dealing with
CuWe md low=frequency medulated C,W, In this positicn a resistor Ry is connectéd across the negative rail

» Supply and sinee the power pack has poor regulation this reduces the voltage from =230 volts to =130 volts
approximately, Now the positive H,T. 1line is at + 350 volts so that the potential at the junction of R21
and R2g will depend upon the drop in potential acrass Rgg due to the anode current of Vze The current drawn
by Ry can be ngglected, In position 7 V3 draws 2.3 mA and this will cause a drop of 230 wlts across R22s

thus putting the" junction of R21 and Rps at 120 wolts positives Rgp @d R18 are equal so that the grid of
V3 will take up a potential midway between + 120 and =130 volts, which 1s =5 volts with respect to carthe

244 The la = Vg curves of Figure 21 help to explain the operation of the stage, Consider the curve of
Flgure 21A where a small C.We prming signal is applied to the grid of V3 together with the reqguired pulse
signals The C.W. signal will tend to make the valve take mere anode current due to the curvature
of the valve characteristic, 4n increase in anode current causes a greater voltage drop across R22 which in
turn will rake the voltage at the junction of Rgp and R18 more Negative with respect to earth, The feedback
arrangenent thus allows the anode current to Increase slightly end this Increase automtically Increases the
negative bilas applied to the grid so thst the point on the valve curve about which the input signal and
Jamning s applied is shifted sufficiently far to the left so that the required pulse signal can pass through
the valwe. Figure 21B 1llustrates the case of a very large C.W. jBmming signal. It will be seen that the
blas volts have been shifted so far negative that the pulse sinal is st1ll able to pass thrcugh the valve on
top of the jamming signale The decoupling ccndensers €16 anc C13 are large encugch to prevent any change
in the bias conditiong for the duraticn of the pulse.

25 If the jamning Signal is mcdulated by a lew=frequency sine wave, a waveform similar to the modulation
envelope will aprecy across the anode deccupling condenser C1g since this is of comparatively amall capacity
and s0 presents a fairly hich impedance to modulaticn frequencies up to abcut 4 ke/s. This voltage is fed
back to the grid circult thrcugh the condenser potentiometer C14 and €1z causing a reduction in the modulation
percentage of the janming signal which passes through V3Ze Further reduction in the percentage nodulation
oceurs In v4and V5

26s The cperation of the scheme for "railing" jamming is slightly differents Figure 21C will help to
explain this, 1In the case Illugstrated the jarming signal conslsts of square pulses of somewhat greater
width than the required pulses The A~J switch should be in positicn X for this type of jaminge This
means that the potential of the negative rail will be approximately =220 volts and the ancde current taken
by V3 V4 and Vs will be about 1435 mA each with no signal coming through, Extra condensers (C17 and Cis
in V3 circuit) are switched in on all three back biassed stages, making the time~constants long in the anode
and grid circuits,

27« During the period of the "railing® pulses the bjas applied to the grid of the valve will not change
appreciably owing tc the large condensers in the grid and ancde circuits, If the required signal pulse happer
to ocawr at the sare time as the "railing' pulse, it will be received satisfactorily on top of the jaming
pulse as shown. During the gaps In the Jamming no pulses will be received but this is not important unless
the jaming is locked to some rmltiple of the recurrence frequency of the signal, Norrally the reeurrence
frequency of the jamming will drift with respect to the signal, so that- signals will be recelved whénever
a jarming pulse ccincides with the signal.
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28¢ The s;mall cmount of the ncdulation envelope ¢f the jarning signal which comes through the IeF.
amplifier 1s filtered out by C4p and Rade R44 Is a high resistance sc the charge aceurmulzted by C4g when
Vg passes current can cnly leak away slowlye Thus the voltage across C4p becemes nearly equal to the
peak voltage of the t"railings®e The diodc will therefore pass very little of the jamming but will let through
the signalse

29¢ Position Y on the A~J switch Is similar to positicn X except that the condensers in the grid circuits
¢t the three back blassed stages are reduced in value, allcwing some negative feedback to take place between
the grid and enode circuits, This positicn is helpful if scme low=frequency modulated C.We 1S superinpcsed
upen wailing jarminge The back bias arrangenments will alsc operate If the jarming signal has sine wave
modulation Instead of square pulses, but the improvement will not be 3¢ good, as owing to the wavefcrn there
Is less time at the peaks Awing which signals can be receivede

DIODF RECEIVER

30s The Dicde Receiver, which is mcunted on the same panel as the I.Fe. amplifier, 1s uwsed for recelving
the pulse from the local transmitter. It 1s used In reference to blassing back the I.F, amplifier by
strobe galn centrol because In the latter case cnly the top of the local pulse is emplified by the receiver,
and any jitter or unsteadiness is thus magnified, making accurate phasing difficult. Owing to the absence
of tunecd circuits distortlon of the pulse shape due t¢ fregquency diserimination is avoideds Twe outputs
are taken from the Diode Re¢elver, cne to the cathcde ray tube {ccnnected In parallel with the output of Vg
on the I.Fe amplifior chassis) and the other to a line running to the transnitter hut so that the rectified
pulse ray be iInspected cn a menitor, thus shewing the shape of the actual pulse transmitted fran the aerilale.

3le Referring to the circult diagran Figure 7, the aerial is brought to a Pye Plug Py (shown in the
rhctograph Flgure 4) which leads to the cathcde of the diode Vs The negative pulse owput frem the ancde
1s passed through the Re.F. filter, Cils Lis Coe-L2 to the grids of Vo and v4 via the amplitude centrols Rlg
and Rpge  The latter centrel is peset and is mcunted behind the removable ranele

32¢ Vo and V4 amplify and Invert the pulse and pass it to the cathcde followers Vz and Vg, the former being
3 VRgl valve which feeds the pulse cn to the cathode of Vg In the I.F. enplifier and thence to the cathede ray
tutes Vs.ls a VI75, the cutput frem which is taken te the line leading to the transnitter hut via the Pye
Plugs Pg and P1ze

33s  The anplitude of the pulses must always be kept stall encugh by means c¢f Rly and Rgg to avoid cverlcags
ing the amplifiers, otherwise distorticn will be introduceds The height of the lecal pulse cn the tube sheuld
be aprroximately cqual to that of the othor received pulses.

3%  The time delay cxporienced by the signals In passing through the I.Fe anplifier is abéut 1.2
nlcrosccends greater than the delay introduced by the Diode Recelvere The exact delay mst be detarningd
for each individugl receiver and a correction applied to the phasing numbers

3%  Under cer-tain conditions 1t may not be possible to receive the transmitter pulse on the Diode
Recelver, 1In this case, the strobe gain control rust te adjusted so that the pulse is received on the
nornal receiver and the amplitude. control Rig on the Dicde’ Recelver should be turned to zerce In this casc the
ccrrection factor montioned in parde¥4 should Be icoored,Note that since the-signal 1s smally cnly a small
cnount of strobe gain is required, thus no jitter is Introduced cn the peak of the local pulses
(,ru-

"STROBE GAIN CCNTROL UNIT

36, This unit provides a8 controlled increase or decrease of the gain of the recelver for a period of about
100 microseconds coincident with either the B or C strobe time base, It is effective on both main and strode
time bases. At Slave stations the I,F, amplifier i{s normally cut off for the duration of either the B ar C
strobe, upon whichever the local pulse appears, and the local pulse is then received by the Diode Recelver. On
some sites however, the dicde 18 not sufficiently sensitive, in which case the gain déf the 1.F, amplifier
must be made just sufficient to receive the local transmitter pulse satisfactorily. At Monitor stations an
increase in gain may be required to equalise the amplitudes of the pulses being monitored.

37. The Strobe Gain pulses are applied together with the A.V.C. pulses to the cathodes of vl and V2 in the
I.F, amplifier (fig.7)e Thus a positive pulse supplied by the Strobe Gain ¢-ntrol unit reduces the i.F, gain
and a negative pulse Increases it.

38, The circuit diagram, waveforms and layout are shown In figs.8, 9, and 10 respectively, V1 and v2 (f1g.8)
form a multivibrator (a ®flip-flqpt) locked to the B or ¢ strobe edge (fig.9A) from the Time Base unit, V1
is normally cut off, but is brought on by the positive pulse (f£1g.59C) developed in the anode circuit of v2
when the grid of the latter is cut off by the smchronising pulse (fig.SB)e

39, When V1 is brought on, a positive pulse (f1g.,9F) is produced across the cathode load R13 and a similar
negative pulse appears at the anode of the valve, Thege pulses are applied across a variable potentiometer (R12)
through an 8 micarofarad electrolytic condenser C4, The slider of the potemtiometer is connected to the grid
of the cathode follower V3 and from the cathode of this valve an output is taken through £8 to the cathodes
of the first two valves in the I.F, amplifier, together with the A,V.C, pulses which are fed from the A.V.C.
unit directly on to the cathode of V3 In the Strobe Gain unit, ( ,

AJL.1
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40, The amplitude of the Strobe Galn pulses may be set to any value in between the limits of the positive
and negative output from V; by adjusting 312' which thus provides a control of Strobe Gaine

4, Rog 1s the normal gain control for the receiver, It is the cathode bias resistor for 151 and Vv, in the
I.F, amplifier and is mownted on the Strobe Gain unit for convenlences Rpg 1S In series with Rog to prevent
the bias from being reduced too much,

42, The heaters on this unit are earthed through a centre~tapped pair of resistors, This helps to prevent huz
from being Introduced into the output. The heaters of all the other units connected to the same LT supply must
of course be wmearthed. The HT supply for the Strobe Caln and A.V.C. inits i3 taken from a stabilising valve on
PePe2e®

(A.L.1)

434 The Filter Input Unit has two functicns
(4) 4s a gate to prevent unwanted pulses from reaching the Frequency Sclector on the F.C.0.

{ff) To produce a clean pulse of ccnstant amplitude and suitable length to cperate the crystal filter
cn the Frequency Selecter, irrespective of the amplitude and shape of the pulse recelved frem
the Master Station.

It is thus necessary for reliable operaticn cf the F.C,0.
44, The circult diagram waveform and layout arc shewn in Figures 11, 12 and 13 respectively,

45, The pulses frcm the receéver unit are applied to the grid of vy throush the limiting resistance Rge
These pulses are shown in Flgure 12i. V1 s normally biassed off by the resistance network Rgs Rss Rz
and the input pulses drive the valve Into grid current. This produces a negative pulse of about 200 volts
amplitude in the anode circuit, The back of this pulse Is lengthened by the time constant of Rgq and the
stray capacities across its This time constant ig of the order of 3 us and thus lengthens the pulse as shovn in
in Figure 128, as Vo Will not operate correctly if the rcceived pulse is too shorte

46s Vo works with zero bias and has a shorted delay network in its anode circuite 4s described in
.opendix 2, a waveforn as shown in Figure 120 is produced In the anode circuit., The constants of the
network are chosen so that the positive and negative pulscs produced are each 3% us longe The front of
the negative pulse (which is not used) corresponds with the rear edge of the pulse shewn In Figure 12,
50 it 1s clear that this latter pulse rust not be toc short. The pulse 1s made 3% us long as this is .°
the most effective length for cnerglising the 150 ke/s crystal filter in the Prequency Selector on the
FeCosOe

47« V3 {Type VR11e) Is the cate valve. The valve 1s biassed negatively on the control grid and the
suppressor grid 1s heavily blassed so that the valve is completely cut off on Gzs 500 c/s gabte pulscs fren
the Fllter Strcbe Unit are applied to 63 sc that the cut off blas Is neutrallsed for the duration of this
pulse = that is for about 5 use The position and width of the Filter Strobe Pulse can be adjusted s¢ thet
1t nopens the gate" just before the positive pulse from Vg arrives ab-the grid of vz and cuts the valve
off agaln on Gz lmmediately after the cnd of the positive 3% us pulses This iz shown In Flgures 12D end B,

48, The diode Vg and Rpg serve to square off the top of the incominz filter strobe pulse. Vg, Which is
a type VRi1s valve, has a speclally designed suppressor grid which euts off at about =10 volts, 4 stancdinc
dll bias of 20 volts is applied to Gzy and the gate pulse is of conslderably greater amplitude, Thus the
gate valve 1s btrcught on very sharply and when the amplitude of the Fllter Strobe pulse exceeds the blas
voltage cn Gz the diode Vs conducts and the excess voltage is then drepped in Roge This gives a square tep
to the zate pulse and prevents the flow of suppressor current.

49, When the contacts of the relay REL] are closed the suppressor grid of V3 Is taken dirccetly to the
cathode so that there is nc bias on it and the gate is pernmanently openes The valve thon acts merely as an
Inverting stage.

e V4 Inverts the pulse againe The valve works with a pesitive bias which remcves any kinks which may
have been developed in the gate valve, The output from v4 Is a square 3% M pulse (Flgure 12F) wnich is
passed to the Frequency Selector In the F.C.0. and is used to "ring" the crystale

FILTER STROBE UNIT

51, The purpose of the Filter Strobe Unit 1s to provide the 50 c¢/s gate pulse to operate the gate valve
Vs in the Filter Input Unit as explained in para.47 to 48, This allcws cnly those pulses preduced frem
the Master Station signals to pass through and cnerglse the Frequency Selectere The gabe pulse s clso
applied to Vi in the 4,V.C, unit, where 1t allcws only the Master pulses te¢ pass through and cperate the
LeVaeCe circuite

52 The circuit dlagram, waveforns and chassis laycut are shown In Figurcs 14, 15 and 16 respectively,
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Vi and Vo form a multivibrator circuit, Vy being nomally concucting while V1 is blassed cff by R1 and R2e
.4 negative synchronizing pip (Figure 15A) from Divider II is fed on tc the grid of vge This shuts c¢ff the
ancde current sc the anode voltage of Vg searts tc rise as the condenscr Cp charges up through Rg (Flgure 15B)e
This rise In vcltage s commnlcated tc the grid of Vi, making this valve conduct. Therefore the ancde
voltage of Vi falls sharply and this fall in voltage is ccrrunicated through €3 to the grid of v2s Thus a
curmlative action 1s set up and the pulse prcduced at the anode of V1 has a sharp frent (Figure 15C).

53, When the negative sync. pulse has ended, Vg2 remains cut off, due to the negative charge on C3e This
charge leaks away through Ry and pp and when the voltage on the grid end of Cz has risen to the cut off blas
voltage of Vg the valve starts to ccnducte The ancde veltage of V2 falls rapidly aem@gedbsehanges—and this
fall {n voltage s ccmmnicated to the grid of Vi setting up a cuxulative acticn which cuts Vi off and
trings V2 on sharply, thus giving a steep rear edge to the pulse shown in Figure 1%Be This process 1s
repeated every time a negative synce pip arrives at the grid cf V2e

54e The amplitude of the pulse fed back from Vg to V3 can be controlled by P2. The tice taken by C3 to
discharge depends upon the amplitude of this negati‘ve pulse, so Pp provides a coarse ccntrol of the
rultivibrator pulse widthe P by controlling the rate of discharge of C3 provides a fine control,

55 The positive pulse (Figure 13) from the ancde of V2 is passed to the grid of vz through a short
tlme constant clrecuit Cg R22. Roo is taken to the slider of Pz so that the positive voltage at the earthy
end ¢f Rgy Can be adjusted, thls varying the width of the di fterentiated pulse (Figurc 1ED) applied tc the
grid of Vze Vg3 works with zero bias and sc the negative pulse appears at the enode as a square positive
pulse ¢f variable width (Fizure 1)«

56s Sincd the positicn of the Filter Strobe pulse correspends to the rear edge cf the rultivibrator pulse,
altering the length of the rultiy!trator pulse by Pg and Py will causc the Filter Strebe Pulse tc meve along
the time bases A4s shown in Figure 15F and G, it should be set so that it will just ccver the received
Master Staticn pulses when they are phased to zerc cn the tine base, The length of the Filber Strebe pulse
Is set to gpproximately 5 cr 6 microseccnds, as required, by Prze

""57. The screen of Vg 18 Loadea With 8 4,7K resistor and is Connected to the Yf plate of the cathode-ray tube
through 8 small condenser Cyoe This feeds a small positive pulse on to the Y, plate ana 0 produces a shallow
wtrough® in the time bagse, corresponding to the position of the Filter Strobe pulse, This helps in the preliminary
adjustments to the F.C,0, The two-way changeover relay in the anode circulit of ¥z which was used to allow the
Filter Strobe pulse to be inspected 1s now no longer needed, (A.L.1)
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58 The eircult, waveforms and layout are shown in Figures 17, 18 eand 19 This wit provides Autcmetic
faln Control on the Master Statlon pulses. The unit only operates when the Master Pulse 1s Inside the
Fllter Strobe Gate pulse Hit for convenience the receiver galn is controlled during the period from the
start cf the A trace to the end of the step and for an equivalent period immediately below cn the C tracee

53, The output from the receiver output valve Vg is applied to the grid of Vi In the £.V.e Unit, which
is strobed cn the suppressor grid by the Gate pulse from the Filter Strobe Unit fed in through Cze The
diode Vg A prevents the suppressor grid frem going positive with respect to cathode, thus squaring the tep
of the Qate pulses This arrangement Is similar to that employed cn V3 In the Filter Input Unite The
Master Station pulses cnly (Sce Figure 184 and B) appear Inverted at the anode of V1 (Flgure 1&C), their
amplitude being controlled by Ry, and charge the cendenser Cyg4 through Vgg to a negative potential nearly
equal to the peak amplitude of the pulses. The resistance Rig is too high to cause the charge to leak
away appreciably between pulses (Figure 18D). This negatiwe potential on C14 is applied to the grid cf
V3 via the smeothing filter R1l, Cse 4mgp C1gs thus controlling the D.C. anode current of the valve,

€0e V4 and vs form a Multivibretor which 1s locked from a 500 c¢/s negative synchronising pip frem
Divider D.IIe This pip (febmwwe=dfi is also used to lock the time base, so it corregponds with the start
of the 4 and C traces of the time base. The multivibrator pulse has a length of about 200 microseconds
(adjustable by Rpd) which is sufficient to cover the steD on the time bases allowing for the iInitlal black

out pericds The Multivibrator gives a positive pulse (Flgure 18J) at the anode of V4« (This ancde is
connected to the ancde of Vz)a

6le The standing ancde current of Vz is controlled by the amplitude of the Master Station pulses (sec
- para.59) and so the pctential to which the anodes of vz and V4 rise during the multivibratecr pulse ig

contrclled by the amplitude of the Input signales In other words, the working H,T. voltage on the anode
of V4 1s controlled by the grid voltage cn Vgs which is in turn determined by the amplitude of the received
pulscse Thus if the amplitude of the Master pulses increases, the bias on Vg Increases, its anode current
falls and the anode voltage riscses Therefore the positive pulse on the anodes of Vz and V4 due to the
miltivibrator action will increase In amplitude., Similarly If the amplitude 6f the input signal falls
the an.iitude of the pulse cn the mcde of V3 decreases.

62  This pulse is fcd via the cathode follower Vg to the cathodes of the first two I.F. velves, thus
providing a blas pulse which wlll maintain the receiver output constant during the reception of the Master
Station pulsess Once the amplitude of the pulse on the tube has been set to approximately tirce quarters
of the saturation level by adjusting Ry on the A.V.C. unit (2 to 3 cm deflecticn should be allowed), the
LeV.Ce clrcuit will maintain it at this level.
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63 The upper terminal block on the chassis of the 4.V.C. unit carries the connections to the post
cf flce keys operating the relays on the Filter Input Unit, Filter Strobe Unit and Calibration Unit (See
Table 3).

FINE PHASE SHIFTERS 3 and 4

64, The purpose of the Fine Phase Shifters 3 and 4 (so numbered because they replace the Phase Shifters
2 and 1 respectively used on R1ze3) Is to move continuously by means of handles the phase of the 150 ke/s
sine wave from the crystal oscillator on the F.C.0. The inputs to the Phase Shifters are fed In parallel
from the oscillator, the output from P.S.4 being taken to D,I1I and from P,S.3. t0 D.IIle

65, The effect of turning the phase shifter ccntrols is as follows:=

When P.S.4. 1s turned all the pulses seen on the cathode ray tube move along the time base, since the Time
Base Unit is locked to the output from Divider DelIle When P.S.3 1s turned, only the local sransmitter pulse
moves, as this {s locked fron pivider'DJIlle The cireult diagien of P.Se4 and 3 e shown In Figures 26
az;d 2V and the laycgm in thzres 30 and 39 respectively.- ' An explanatory vectcr Diagram is given in

Flgune 284 z

66s P.8.4e~ The Input from the F.C,0. crystal oscillator 1s fed into a transformer coll 1,1y which is
mownted in the control box under the desk (See Figure 2}, TWo resistors are connected in series across
the secondary and the common pointis eapthed, The output from the couil is connected across two commers of &
phase splitting network Cis Lge R3s Rge This output is represented by AB in Figure 28, and is applied to
plates A and B of the special condenser Cge This condenser has four stator plates and cne rotore. The
output from the other two corners of the phase splitting network is applied to plates C and D of the
ccndenser Cgs This output is 90 degrees out of phase with respect to the Input voltage and is represented
by CD in Figure 28

67 Now for any position of the rotor plate of Cg (which has no stoP to linit its rotation) a certaln
voltage will be Induced updn it from the stator plates. Suppose the rotor Is between plates 4 and D of the
stator, rather more under A than under D, then a voltage Al will be induced upon it from A and also a
voltage Dy lagging by 90 dege frcm plate D.The resultant of these two voltages is shown as El In Figure 28,
Now suppose the rotor is rotated to lie between D and Be Then, referring to Figure 28, a voltage Dz Will
be induced on it from D and a voltage B2 from B, the resultant voltage belng Ege

68, Similarly when the rotor Is further rotated to lie between B and C and ¢ and A voltages E3 and E4
respectively will be induced upon it, Thus the effect of manually turning the rotor 1s to ccntinually
alter the phase of the 150 kc/s sine wave induced on the rotor plate with respect to the input signal AB.
This voltage {s amplified by the valve V1 and taken out to Divider D.II. via the transformer coil L4, the
primary of which is tuned by C7e The grid circuit of the valve is similarly tuned by L3 and C2e

i

A

69, The connections of the phase-splitting network to 4 in P.S.4 are made so that a clockwise rotation
of the -knob advances the phase of the 150 kc/s output. This effectively "speeds up" the time base so that
the recelved pulses tr§ve1 towards the right hand end of the time base,

70e PeSe3e~ The operation of P.S.3 is similar to that of P.S.4s The connectiorgto the condenser Cg
are, however, transposed so that a clockwise rotation of the control knob retards thg output, Thus a
clockwise rotation "slows down" the operation of Divider III so that the local transmitter pulse moves to
the‘rlght.

7le The control knob of P,S.3. i{s mownted on the front panel of the unit, whereas the phase shifting
condenser and network of P.S.4. are mounted in a separate box under the deske A microammeter, which Is
ritted with a flexible lead terminating in a jack, is mounted on P.S.3. and a cloek is mounted on the
corresponding place on P.Se4e P.S.3 is not used at Monitor Staticns.

DIVIDER DoII

72+ The purpose of Divider D.II is to produce pulses at 500 ¢/s rigidly loeked in phase to the 150 ke/s
sine wave from the F.C.0. crystal oscillator, These pulses are then used to lock the time bases Locking
pulses at 500 c/s are also taken from D,II to the Filter Strobe Unit and A.V.C. unit, 180 ke/s pips from
D.1I are used to produce the 1,5 Mc/s calibration wave from the ¢alibration Unit end pips at 15 and 150 kc/s
from DelI are fed on to the cathode of the C.R.T « to give bright calibration marks.

73. - Plgure 23:shows qhé«circuic diagram and Figure 24 the waveforms and chassis layout. The Input to
the divider is a 150 ke/s sine wave of about S volts peak to peak amplitude. This is fed into the first
valve V; through the tundd auto=transformer coil T1 which has a step~up ratic of 1:10. Since the signal
at the grid of Vl is’ot gregter amplitude than the valve is capable of handling, the anode waveform of this
valve is Jistorted Into'a square wave with rather sloping sides due to stray capacities across the ancde
lcad R4 (Figure 24B)e

74e V2 is a squegging valve, The square wave from Vi is fed through a short time constant circuit
C4, Rg on to the grid so that a positive pip is passeds This makes V2 draw a pulse of anode current
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through Ty which is conneeted =0 that this drives the grid rore positive, Grid current is drewn frcm Cq and
Ce and the grid of Vo 1is driven negative by the jcint action of the overswing of the grid voltage lue tc the

oscillatory character cf the transicriier winding and the discharge of C4 and Cg duc to grid current, Thus
the valve 1s rapdily cut off ard C4 besins to charge up again, (Figurc 24C).

75« The time constant C4 Rg is chosen so that the grid voltage has nearly risen to carth Zctential by the
time the next 180 kc/s pip arrives at the zrid cf V2. Thus the ancde current ¢f Vo censists of a number
of pulses of current very quickly shut of £, These pips which are of about § s duraticn only, arc taken as
positive pulses from the cathcde of Vg to the squaring valve Vi4 whence they are fed to the cathode of the
CeR.T o tO provide 180 kc/s bright calibration pig;se An output is also taken from the cathcde of vz to lock
the 1.5 Mc/s calibraticn unit, The cathode waveforn 1s shown in Figure 24D. 4 rorc detailed treatrment of
the blocking (or "squesgging") oscillator is given in Appendix 2.

76 V3 1is the first divider oscillatcr stages. This conslsts of a tricde valve arranged as o squegger,
the anode and grid circuits being tightly ccupled by Tge V3 is normally biassed off by the voltage on its
cathode developed across Ryye In the grid circuit Cy charges up thrcuch R9 and Rjg and surerimposed ufen
this steady rise In voltage are the 150 kc/s pios from the cathcde ¢f Voo When this voltage has risen
sufficiently, Vz conducts and draws a pulse of current through T2. This tronsformer is so connected that the
grid 1s driven more positive and grid current is drawn from Cre

77« Grid current contlnues tc flow until the grid voltage swings negative due to the joint acticn of the
overswing of the grid voltage caused by the oscillatory character of the transformer windings and the
discharge of C7s The negative voltage on C7 is rapidly: rqmoved by the dicde Vlz,z}_and so the grid end of C7

s restcred to carth potential, | 7 then begins to charge up again throuszh Rg and Rjpe The corplete cyele
of operatin is shown in Figure 29B.

78+ The voltage on the H,T, end of Rg can be varied by adjusting P.le This controls the rate of charging
of C7 and 1s set so that she arrival of every tenth 150 K¢/s pilp causes the valve to squegg€s Thus V3 produces
15 ke/s pips at its anode locked tc the 15C ke/s pips fed on to its gride The waveform here is shown in
Figure 24F. Positive plps can be seen coning from the cathode of Vo ond a negative pip Is seen every time V3
squeggs and draws grid current, To set up the divider stage, thig waveforn is observed on the Qscillogr;aph
Unit and P1 is adjusted so that one negative pip occurs for every ten positive pips, as shown in Figure 2440,

79¢ The valve V4 has two functicns; as a buffer to prevent interaction between the twe divider stages V3
and Vs and as bias regulatcr for Vze The bias for V3 is taken from the cathcde of V4s and the grid of the
latter valve Is taken to a potential divider R1s, R1g, P across the H,T. supply. Thus If the H,T, voltage
rises, the cathcde potential of v4 rises (being a cathode follcwer) and hence the hold=cff bias of V3 Increases.
Therefore, since the rate of charging of C7 also Increcases due to the higher charging voltage, the varicus
factors tend to balence out and the cperaticn of the divider stage is meintained constant over a fairly wide
range of H,T. voltage. in fact, the divider will not slip if the H.T. voltage varics by =s much as plus or
minus 50 volts,

80« The third winding on Tp feeds positive 15 ke/s pulses through Clg and the limiting resistance Reg
on to the grid of V4e The outpfut from V4 Is taken frcm the cathode (Figure 24J) and is used to0 synchrenise
the next division stage (consisting of Vg, Vg and V7,) the cperaticn of which is similar tc that of the first
stagce P2 provides the adjustment of the division ratio, which is 5.

8le The third stage ccnsists of Vgs Vg and Vyge P4 is the divisicn ratio control which is adjusted to
divide by 8¢ Vy4 is the calibraticn valve which supplies 156 and 15 ke¢/s trightening pulses to the cathcde
ray tubes AS described in para.75 150 ke/s positive pips frem the cathode of Vg are fed ¢h to the grid of
Vlde 15 ke/s pips from Tp are fed wn to the ancde (Figure 24 K and L), When the Time Base changeover
switch 1Is at uStrobe" or "High Speed" a palr of centacts on the switch short out Rsz via the terminal Orange
213 so that V14 amplifles the 150 kc¢/s pips on 1ts zride These then appear at the anode together with the
15 kc/s pips and both are applied to the cathode of the cathcde ray tube (Figure 244)., In the "Malnt
position of the time base switch the contacts arc open so that Vi4 is biassed of f bty R5%; thus only the
15 ke/s pips are seen on the tracc,

&8s The valves Vi5,,V1l s V1gp and V13 make up the Coarse Phase Shifters This works in the same way as
a divider stages A potentiometer Ps5 fitted with a switch is mounted on the front pancle When this
switch is open V11 is cut off by the blas voltage across R4z, but when the switch is closed vil starts to toke
ancde current anc since the grid and anode circuits are tizhtly coupled by Ts a curulative acticn is set up

and the valve squegzsSe The squegging frequency is locked by the 15 ke/s pips fed on to the grid of vi1 via
the cathode follower Viy so that the coarse phase shifting 1s regular (Figure 24JJ) «

&, The anode waveforn (Figure 24KK) consisting of a negative pulse followed by a positive tringt is
passed from the third winding of T5 throuzh the dicde of vigge Only the positive part of this wavetcrn
appears at the cathode of the diode, is differentiated by the variable chort time constant circuit Cods

C R Figure 24L) and reaches the grld of vi3 via the limiting resistance R4ge This produces negative
pﬁﬂes‘l Fggu;e 24 MM)) at the ancde of v13 which are fed to the junction of Rg and Rig throuch which Cr

1s chargeds Thus every time the ncgative pulse from Vi3 arrives the charging of C7 1s checked (Flgure 24 NN)e

84, 24 ls adjusted so that the duration ¢f the negative pip fromthe anode of Vig Is sufficlent to
retard the charging of Cy to such an extent that V3 squeggs after the arrival of eleven 150 Ke/s pips instead
cf tene This therefore retards the rhase of the 15 kec/s pips leaving vz by 62/5}15 every time Vi firese
The number of times V3 fires per secend is determined by the setting of Ps so the rate of phase shift can
be controlled,
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DIVIDER Dolyg

85 The circult diazram of DeII1I, which is not used at Monitor Stations, is shown in Fizure 25 ond the
waverorns in Figure 24, The circuit is simllar to that of Divider Dell with the follewing cxeesvicnsi=

(1) The 150 kc/s squecging valve Vg is replaced by a cathcde follower with a short tine censtant C4
R5 in the grid circuite.

{i1) The division ratio of the second stage 1s 10 Instead of 5, thus givin- a 2580 c/s output instead of
500 ¢/se 4 fine division control Pz is provided for the second stagce

{111) The calibration pip valve (vi4 in D.II} 1s not requireds

(iv) Three valves V16, Vis and Vig are provided to procuce a pulse of about 400 s wide and 120 volts
amplitude, This is fed thrcugh the cathode follower vi4 to the transmitter hut to trip the
trangmitters

86 Vig is the Pulse widener, The Input from Vg (Figure 24ai) is appliced to the cathode of Vig vhich
conducts during the negative part of the cyele and so charges GZoe When the pegative part of the cycle hes
ended Czy discharges through the high resistance Rsze This gives a wavcform, shown In Figure 24BB, which
cutsoff V15 thus producing a 400)13 positive pulse at the anode of this valve, This pulse is then passed
to the cathcde follower Vide

87. From the cathode of V14 an cutput 1s takan to a three-=position key. With the key In the upper
positiion (OFF) the output is disconnecteds In the middle position (INSPECT) a marker pulse is taken through
a gmall condenser Czs via a terminal on the Filter Strobe Unit to the Y1 plate of the C.R.Te and in the
lower position (SEND) the locking pulse is sent down the line to the transmitter hut.

LIME_BASE UNIT

88. The circuit diagram of the Time Basc Unit is shown in Figure .31 and the waveforns end chassis laycut
in Figure 32, The traces produced on the cathode ray tube are shown in Figure 43, There arc three
different time bases available, the Main, the Strobe and the Hizh Speed Strobe time bases respectivelys 4ll
are produced by the sare unit.

8e Maln Time Basc,~ The appearance of the Main Tire Base on the cathode ray tube is shown in Figure 43,
The elrcuit diagram is shovm in Figure 31 where all the contacts of the changeover switch are shown in
position Me The 500 c/s input to V1 is %aken from Divider II. This input pllse (shown in Figure 324) is
applied to the suppressor grid of Vi, which is connected in a Transitron circuit. The positive pip causes
Vo to conduct and draw current from C1, so that at the end of the positive pip ¢1 Will be negatively ehergedand
as 63 of vy is connected to C1 this diverts some of the anode current of V] to the screen so that the screen
voltage falls due to ‘the drop aecross Rze  The screon is connected to the suppresser via €3 so that the
drop In voltage is communicated back to the suppressor so that a cumulative effccet is set up and Vi is cut off
sharply.

90. The condenser Cz now discharges through R3 and R4, the rate of discharge being adjustable by Rg
("Square wave®) so that the ncext positive synchronising pulse brings the suppressor voltage above cut off,
The process is now reversed and Vi is brought on sharply. The waveforms at Vi screen, suppressor and anode
are shown in Fige32B, C and De It will be scen that a squarc wave is rroduced at scrceen and ancde, This
square wave 1s not symactrical, as the negative zoing cdge is produced by the rear edge of the locking
pulse and the positive zoing odze by the front cdge of the pulse, but thls assyrmetry is not importante.

NOIEs= A more detalled explenation of the Transitron is given in Appendix l.

91, The square wave from the ancde of Vi is fed to the orid of vg via C15 and the limiting resistance
R32e V& is cut off during the negative part of the squarc wave so the scrcen potential 1s eguel to the
HoT . voltage but when the positive part arrives the valve ccnducts and the suppressor voltage falls below
cut off due to the Transitron acticn alrcady describede All the cathode current of the valve flows to
the sercen, which therefore takes up a very low potential (Figurc 32E end F)e

92¢ C317 then starts to discharge, the rate of discherie being controllable by Ry1 ("4 step, positicnw),
A8 soon as the suppressor voltage rises above cut off (Figure 2Z2E) the anode starts drawing current so the
screen voltage and hence also the suppresscr voltage risce sharply. The valve now concucts until the arrival
of the negative wavefront from Vi which cuts Vg off completcly, so that the screen voltage again rises to
full H,Te potentials The complete waveform generated on the screen in this manner is shown in Fisurc 32F.
The length of the "stept cen be varled by R71 and the amplitude cem be adjusted by R72 ('"Strobe Spacet),
This waveform is applied to the Y2 plate of the cathode=ray tube to produce the stepped double time base.

93 The Input to Vog consists of a positive pulse followed by a negative "ringt (Figure 32G). The
positive part of this waveforn charges C4 through Vgp ond this charge then leaks away through Rg vhich is a
high resistance. The time canstent RS C4 is loarge so that the pulse abt the cathode of Vgg is longer than the
pulse applied to 1ts anode (See Figure 326 and H).
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94, V3 is normally bilassed off by the voltage across Ryos Dut the positive pulses developed across Rs
make the valve conduct for about 150 use The anode and screcn potentials of V3 therefore fall sharply as

Cg discharges through the valves wrien v3 is agaln cut off, the anade potential rises slowly as Cg charges

up through Rig (Figure 32 I) and the screen potential rises immediately to its original value as showa in
Figure 32 Jo The anode circuit time constant Rigs Cg 15 25,000 us and Cg is allowed to charge up through

Rip for about 1800 us only so the rise in anode potential is nearly linear, The variable resistance Reg”
{"™ain T,B.4mpe") controls the potential towards which Cg charges up when V3 1s cut off and this determines
the amplitude of the saw=t¢oth waveform produced at the anode of the valve , The negative pulise on the screen
of V3 (Filaure 32J) is taken to the grid of the cathode ray tube and is used to black out the flyback stroke
of the time bases

95 The saw~tooth wave generated by V3 is only of about 15 volts amplitude, so it is therefeore amplified by
the paraphase amplif ier valves V4 and Vs in order to provide a large enough deflecting voltage to apply to the
Y plates of the cathode ray tubes V4 amplifies the saw=tooth and feeds it to the X3 plates 4 fraction of
its output is tapped off by R19 and Rgp and is fed to the grid of Vs, which feeds the X2 plate., The variable
cathode resistor Rgg ("Paraphase!) of V5 is adjusted until vs is giving an cutput voltage of cqual amplitude
{but opposite sign) to that given by Vge (Figure 32 and L).

96« Negative feedback is provided by Ryv in V4 and Roz in V5 in order to improve the linearitye Regg
provides an X shift control by controlling the mean D,C, level of the output to the X plates. The
production of the bright Strobe markers is described in pare, 99 and 100.

97« Sirobe Tims Basees~ The strobe time base is produced when all the switch contacts on the circuit
diagram (Figure 31) are in position uS%, The actlon of Vi and Vg s unchangeds Vi, Vg ad Vg are the A,
B and ¢ strobs producing valves respectively. The input to vy 1S the same as the Input to Vg (Figure 32N)
but the output from this Transitron is taken from ,the anodes When the positive~going square wave is applied
to the grid both the anode and screen will start to take current, but since the sereen resistance R4p is so
high (220K) the screen voltage will fall rapldly thus cutting off the suprcssor grid and preventing the anode
from drawing current until C3g has discharged sufficiently (Figure 32,0)s The ancde waveform (Figure 32P) is
thus a negative "splke® ceinciding with the arrival of the positive~going edge of the square wave on the grid,
a short wait the length of which depends upon the setting of Czgs and then, when the condenser has discharged
sufficiently to allow the anode to draw current, a square negative pulse lasting until the locking waveform
goes negative again, “The position of the front of the negative pulse depends upon the setting of C3ge
(" Strobe positiont),

98¢ Vg and Vg operate similarly to Vy except that the square locking wave applied to the grid of Vg
is taken Irom the screeh of vy instead of from the anode, so that this input Is effectively In anti-phases
This confines the ¢ strobe produced by Vg to the lower trace of the time bases The anode waveforms of Vg
and Vg are shown in Figure 32R and Us The $éemdng-of the negative strobe edge B (Vg) is deternined by the
switch S3 ("B strobe position coarse") which connceets different capacities into the .transitron circuit
and by the fine control C4pe The C strobe edge is similarly controlled by S4 (coarse) and C46 {finc)e

99, The outputs from V7, Vg and Vg are diffcrentiated by the ccndensers C3ls Czg and C2gs cach condenser
forming a short time constant with Rez and Ryg ("Strobe T.B. periodt), The mixed differentiated outputs arc
shown in Figure 32V. When these are applied to the suppressor grid of Vips Which is another Transitron,
square negative pulses are produced at*the suppressor and screcn and smaller positive pulses at the anode,
by the usual Trensitron actione 4 condenser Czy 1S connected between anode and grid of vip so that the
anode waveform {Figure 32Y) 1s fed back to the grid thus cutting the valve on and off rore sharply. These
pulses can be moved along by the coarse and fine position controls so that the A strobe pulse can be seb
anywhere on the step, the B pulse anywhere on the B trace and the ¢ pulse similarly anywhere on the C tracce

100. The awrations of all the strobe pulses are varied bv Ryg ("Strobe T.Be period") which control the
discharge time of the condenser C32e The screen waveforn of Vig (Figure 32X) is tapped down by Rel and Reg
and applied to the cathode of the cathode ray tube. This protides brightening for the strobe time bases to
overcome the falntness due to the high speed of writing, and on the Main time base indicates the positions
of the strobes by bright markers which can be made to move along the time base by means of the strobe
position controlse When the time base switch §3 is switched to "Strobet those portions of the maln time bese
lying inside the strobe markers are expandeds

101, V3 provides the actual deflecting waveform for the strobe time bases in the "strobet position its
cathode is earthed and the grid is taken to H.T. via the leak Rgy. The square negative strobe rolses from
the screen of Vg are fed through 3y on to the grid of vz, thus cutting the valve ofte This allows C7

to charge up r,hrgugh Rige The time constant Rig C7 Is 500}15 and the valve is cut off for about 80 us only,
so the rise of voltage ac* 08s C7 is nearly linecar, When V3 agaln draws cwrrent, at the cnd of the negative
strobe pulse, Cy is dischargeds The time after which V3 1s cut on agaln is determined by R7g ("Strobe

TeBe periodn) which controls the length of the strobe pulses and hence the duration of the strobe time bases,

102, Figure 327 shows the waveform at the anode of the time base valve Vz. Note that on strobe time
base the anode potential of Vz is held down and "pushed up" to produce the deflecting waveform, whereas
on Main Time Base the anode voltage is "pulled down" and then allowed to rise back to its original level,
The paraphase amplifiers V4 and vs work in the same way in the "Main® position except that V4 has its
blas increased by the fntroduction of Rjg and Rey into the cathode circuit so that it can deal with the
positive=going Input and Vs has its bias resistor shorted out so that it can handle the negative gzoing
input from V4. (Figure 32 AA and BB). R7p 1s the X shift control which alters the mean D.C. level of
the X plates.
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103« High speed strobe time base.~ An extra fast Strobe Time Base is available with the switch on the
upper position. In this case the0,001 }F condenser Cy is replaced by C3g which iS0.0QO'Z)}lF’ thus giving a
more rapid swecp as the voltage on the anode of V3 rises more quickly because of the shorter tire constant
€38 Rjpe There is no change in the rest of the circuit,

1.5 Mc/s CALIBRATION UNIT

104, The 1,5 Mc/s Calibration Unit provides a fine calibration scale for use on the High Speed Strobe tine
bases, It can gilve either 14,5 Mc/s pips or sine waves as required. It 1s locked from the 180 kc/s source
feeding Divider II. The phase of the output from the calibration unit can be shifted by weans of phase
Shifter 5 which is mounted under the control desks 7The scale of the Phase shifter knob is divided into 19
divisions (each phage shifter is individually calibrated) sc that the phasing of any pulse on the time base
can be measured to within about 0.0002 orQ0003 of a division which isQ0L1 t08,02 of a microsccond approximatcly,
by balancing the trough of the sing wave on the peak of a triangular pulse (See Figure 43J). Alternatively a
plp can be balanced on the peak of the pulse,

105, The circult of the Calibration Unit and P.S.5 is shown In Figure 33 and the layout in Figure 34.

180 Ke/s positive pips from the cathode of V2 in Divider II are fed on to the grid of vi via Pyc Plug P.Il.
Thig valve is blassed back by the voltage developed acress the 220K grid leak R4, due to grid current,

(sce 8.Ds0169, Chape2) instead Of by the normal cathode resistor and only the peaks of the input pulses are
passeds These make the tuned Drimary winding of Lj "ringt at 1.5 Mc/s. The oscillations fnduced in L1l
decay falrly rapidly between cach 150 Kc/s pip, so they are applied through a short time constant circuit Cy

Rg to the grid of V2, which has a coil L2 In its anode eircuit which is also tuned to 1,5 Me/s by C11e This
gives a sinusoidal voltage of nearly constant amplitude on the secondary of Lps whence it is fod to Phase

Shifter 5 through the 4 pin plug nmounted on the front panel.

108, The operation of P.S.5. 1s exactly similar to that of P,3.3 and 4. The output from the rotor of the
condenser C% is fed into an arplifying valve V3 via the Pye plugs P22 and Pz The anode load of V3 is

the tuned circuit Lg C13 C17 Cye, and this feeds the slne wave to the grid of V4 through Cyge The cathodes
of V3 and V4 are taken to earth via a palr of contacts on the "Caleips" Post Office key mounted on the desk,

In the "OFF" position of this switch (away from operator) these contacts are oponed and V3 and v4 are blassed
0ff by R18e In the two "CN" positions (Cale Pips ed Sine Waves) the contacts are short~circuited,

107« V4 has a two=way changeover relay In its anode and screen circuits, This is shown in the unencrgised
position in Figure 33, in which condition the unit gives 1.5 Mc/s pipse It will be seen that In this case
V4 works with Its anode and screen caonected together. The anode load is Rgg and this together with the small
condenser C25 differentiates the output, giving sherp negative pips which are applied to the Y2 plate of the
cathode ray tube. In the sine wave position (switch towards operator) V4 works as a pentode, the anode load
being the transfornmer coil Lge

108 The reclay is shown in the diagran in tho'standard symbollic notaticn, being shown as a rcctangle mith
1ts D.C. resistance in ohms (2000) written inside. The reference number RELL beside it Indicates that it is
relay Noel on this particular unit, and has three pairs of contacts desi@atgd REL1 1, RELj 2 and REL31 3.

109« Nce Jescription of the operational method of using this wnit is given as the technique is 1liable to be
constantly modifieds

CATHOLE RAY TUBE INIT

110, The C.R,T. consists mainly of the various resistance networks for applying t‘he correct tworking
potentials to the cathode ray tube and the input circuits through which the deflecting end brightening
waveforns are applied to the appropriate clectrodese The circuit diagram and chassis layout are shown in
Figure 35, The following controls are provided:~

(i) Y shift (R11). This controls the standing potential applied to Y1 and Yp Increasing the potential
applied to one as the other is decreased.

(11) astig (R10M= an input from the stabilised H,T, supply from PPz 1s tapped down by Rig and apl?lied to
"9and The graphite shield of the tube. By suitably adjusting the voltage the spot astigmatism can
be reduced to a minimum and the cverall focus of the tube 1lmproved,

(1i1) Focus (Rig)a~ The spot is focussed sharply by altering the E.H.T, voltage on 42 until best
definition is obtained. The settings of UFocugh and ".stigt are mutually interdependent.

(iv) Brilliance.(R9).~ Brilliance is controlled by varying the bias voltage between grid and cathode
of the tube, thus controlling the density of the electron bean,

111, The controls are all mounted on the C.R,T, controls panel irmediately above the CeReTe Dancle .
dlode valve V1 is mounted on the unit to provide D.C. restoration, which i{s necessary to keep the brightness
of the tube falrly constant on both Main and Strobe time bascse
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CSCILLOGRAPH INIT

112, 4 small Oscillograph is provided for general monitoring and in particular for setting up the Dividers,
The conventional thyratron circuit is shown in Figure 37, together with the chassis layout, It will be seen
that the time base speed is adjusted by the selector switch 81 and the "Velocity® control Rge In position 1
of the selector a high speed time base is produced by magnetic deflecticne Ly and Lp being the deflector coils.
In switch positions 2, 3, 4 and 5 the time base sweep is obtained by electrostatic deflectione In this case
the positive=zoing sawetooth on the anode of Vo is amplifled and inverted by V3 before being fed to the X2
plate of the cathode ray tubes

113, The time base must be synchronised by feceding a signal onto the grid of the thyratron. 4 valve V1
is provided to amplify the locking signal and to act as a buffer between the thyratron and the circuit uncer
examinat ion, The cathode bias on V2 may be varied by means of a variable resistance Rige This determines
the potential which must be applied to the grid to make the valwe strike and thus provides synchronising
controle

114, It is necessary to 2llcw the thyratron about a minute in which to warm up before the H.T. is appliod.
A dlode Vs 1In serles with a relay coll and a resistor is comnected between H,T. + &nd earth. The reloy

switches H,T., on to the thyratrone When the unit is first switched on vs is cold and passes no current so
the relay remins open and no H,T , is applied to Vg, but when the valves have warmed up v5 Will pass sufficisnt
sufficient current to close the relay and switch H,T. onto the thyratron.

FUSE AND INDICATCR PANEL

1154 The Fuse and Indicator (F and I) Panel carries the mains and H,T, switches and fuses with their
indicator lamps and the maing voltmeter. The circuit diagram is shown in Figure 39. It will be seen that
the neon lamps are arranged go that if a fuse blows the associated lamp is extinguished.

POWER PACKS

116 There are six power packs on the recciver, PP1l, PP2, and PP3 are shewn in Figure 38, PP5 and rP6
in Flgure 40 and PP7 in Flgure 41,

117 PPl supplies E.H.Te fcr the twe cathode ray tubes and alsc various L.T, supplies, There are two
transformers 71 and P2 each having E.H.T. winding and three L.T, windings. The E.H.T . windings give
supplies of 1,700 volts and 800 volts which are rectified by the diodes Vi and Vo respectively. Each supply
Is smoothed by a resistance and two condenserse

118, PPR consists of two similar H.T, power packs ;. and B, which are fed from one transformer which hag
alse three L,T. windingss BEach H.T . supply is smoothed by a double flilter circuit consisting of two
chokes and three blocks of condensers., The second and third set of condensers of P2 B are mounted on the
c&assis of PP3 owing to lack of space on PP2 4 500 ohmresistance is In series with Lo on P2 4 to limit
tha autput weTseca
A stabilising valve is mounted on P.P.2, which feeds part of the ®A* H.T, supply to the Strobe Gain and A,V.C.
units, This stabiliser is similar to that on P,P.3, which is described in the next paragraph. The potentio~

.
meter R3 {3 adjusted for minimum hum on received signals. (Aolial)

output of rthe power pack with a resistance R2 In its anode circuite The valve takes a constant drain
from the power racks Conslder what happens if the H.T. voltage tends to rise: the rise will be fed on to
the grid of vg through C7% This makes the valve take more current and so the voltage drop across R2
increases., Thus by sultably adjusting the potentiometer R] the voltage dropped across Rz can be made
equal to the rise of H,T. voltage, so that the output voltage .which is taken from the anode of Vg remning
constant,

120 Sinmilarly if the power pack voltage falls the valve takes less current So there is less drop across
R2e R4 applies negative fcedback to the valve thus Increasing the lincarity of its characteristice Ry

Is adjusted by observing the Hish Speed Strobe time base and turning the potentiometer knob until all the
time bases are free from jitter. The choke L3 and condensers Cg and Cg are part of the smocthing circuit
of PP2 B, being mounted on PP3 because of lack of space on P2,

1Rle PP5 supplies H.T. to the Oscillograph Unit, and PP6 provides energising current fom the relays cn
the Filter Input Unit (F.S) Filter Strobe Unit {F.S.I) and Calibration Unit ((‘ax.pips) No snoothing is |
necded, The output voltage is about + 120 volts,

122« PP7 supplies H,T « tc the Receiver Unit, together with a negative H,T, supply for the anti=janming
circuitse 4n LoTe winding is also provided, Vy is the normal H,T, rectifiere Vp 1s ccnnected acrcss
cne half of the secondary winding of T1 and is arranged to give a negative output which can be set cerroctly
by means of the potentiometer Pjs  This nezative voltage. should be =23 volts in positions X and Y of the
anti=jamning switch, measurcd with a voltmcter consuning not more than 1 .

123, Distribution of Power Suppligs.= The power supplies are distributed as follows:=
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PPl EHT. 2000V Main CeReTe
1000V O Unit CeReTe

LoTe 1A Main CeReTe
a4 14 . O Unit C.R.T.
5e3V Oe 254 Vl on CoReTe Unit
63V 2664 valves in O Unit

PR XX X ER T XS IR XY N R R T TR 2 2 R e e LY R e et 242 L LR e TR AL I R A A L A A R A 2 P N A TP YRR R AR Y X

PP2 HeTe(A) 3OV Divider D.il
Filter Input Unit
Calitration Unit
300V Strobe cain Unit
{Stabilised) AJV.Ce Unit
H.T+(B) oV Diode recelver
Filter Strobe Unit

Divider Dl.l1ll
Phase shifter 3
Phase shifter 4 {A.L.1)

R P L R LT Y R AL Y Y YR Y YT XY R LR N R T Y AR L R R e s el
L.T.(1) B3V 104 Diode Receiver
(unearthed) Strobe Gain Control Unit

XYY IR N IR ERN R PSRN YRR NEY EL Y 23 IQL.V.U. Unit

Filter Strobe Unit

aas ey

(2) 6e3y 104 Filter Input Unit
Divider D,I1
calibration Unit

(3) Be3V 104 Divider D.III
Phase shifter 3
Phase Shifter 4

PP3 H.T. 300V (Stabilised) Tire Base Unit
Astige Control on C.R.Te Unit

LoTe Ge3V 3e7L Time Base Unit
PP5 H.T. 300V, O Unit valves
PP6 100V D.C. Relays on Filter Input Unit (F.S)
Filter Strobe Unit (F.S.I)
Calibration Unit (CaleFips)
PP7 H.T. 350V I,F, amplifier and R.F. Unit
Negative Rail -22307 I1.F. amplifier

LT Be BV 6051“ TeFe aﬂplifier and R;F.Unlt

ADJUSTMENT CF DIVIDERS II AND I1I

124, Connect the terminals "yl® and “Sync.! on the © Unit and also connect the long wander lead to #yiu,
#y2" should be eartheds The waveforms at the various insgpection points of D.II, shown In Figure 24 N to
Qs are then observed by pluggirg the wander lead from "Y1t into the Inspection point socketSe AL 1ePel
on D.II we have the 150 kc/s sine wave from the crystal cscillator on the F.C.0e (Figure 24 N) which may be
observed with the condenser switch on the 0 unit In position 2.

125 Inspection point 2 is used to set up the first divider stage, which divides by 1de The 3 unit
wyelocity® and "Sync® contrcls arc adjusted until a steady picture is obtaired and the potenticmeter Py
(vstage 1 divide by 1ov) is adjusted until the wavefornm Is a§ shown in Figure 2440, that is until therec arc
10 positive pips between cach palr of negative pipse It will be scen that stable operation is obtalned cver
a renge of adjustment of the controls The best position 1s In the middle of this range.

B

126, This setting should be checked with the Time Base switch in both "main® and uStrobe" positions, as
“there may be a small difference between the two rcadings because the celibration valve Viq mey affect the
operation of the first divider stage. ~4ll the other stages may be set up In either position of the T ime
Base switch, .

127. Stage 2 divides by 5 and 1s adjusted by Inspecting the waveform at I.P.3. with the O unit switch in
position 3, The waveforn should be as seen In Figurc 24 Pe  The control for this stage is marked "Stage
2 divide by 5%, and should be set to the centre of the range of correct division,
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128, Stage 3 18 set wp by inspecting the waveforn at I.Pe4 with the-0 unit switch in position 4. The
waveform ig as shown In Figure 24Q. P4s marked tStage 3 divide “hy 6" is set to the centre of the range
over which division by 6 1s obtained, ’

129, After adjustment of the division stages the cperation of the coarse phase shifter should be checkeds
Suppose the receiver hms been tuned In md that pulses are visible on the time bases Turning the coarse
phAse shift control to the right, thus switching on V11, should cause the pulses to move In steps of 82/3
microseconds towards the left of the time bases This is because every time yil squeggs, the output of the
divider is delayed bty 62/3 nmicroseconds and so the stert of the time base, which is locked from Dell, 1s
delayed by the same amount, The speed of travel of the pulses across the time base should increase as the
coarse shift control is turned further clockwise, as this increases the frequency of operaticn of the phase
shifters

1% It may occasionally be necessary to adjust C24 so as to ensure correct operaticn of the coarse phasc
shifter, which should work at both cxtremes of the setting of Ple Withthe divider controls properly
adjusted set P71 so that the first stage is s the verge of dividing by 11 end check that the coarse phase

shifter works satisfactorily. Now turn Pj until the first stage is about to divide by 9 and agaln opemﬁe
the coarse phase shift ccntrole. It may be nccessary to Increase the capamwgcz

phase shifte This cean be done with a small sercwdriver, Rellable phasc shifting will then be obtained

at all settings cf Ple

131, The adjustment of D,III is carried out similarly to the methed given in para,124 to 129, The second
staze, however, 1s set to divide by 10 so that the output pulse occurs at 253 c¢/s Instead of 500 ¢/se 4
fine control P3 as well as the coarse control Pz is provided for the second stagees The wavefornm at
inspecticm points 2 to 6 are shown in Figwe 24 DD t¢ HH. un inspectionm point for the 150 kec/s input is
mounted Inside the rcmoveable front cover, at the tep left hand cornere

132, Coarse shift cperation should be checked on D,III and this is most corvaeniently dene with the "TxeModl!
switch on D.III ih the "Inspect" position so that a marker pulse from the output valve is fed on to the Y1
plate of the tube, In this case, the output cf the divider is delayed by 62/3 nicroseconds every tire the
ccarse phase shifter squeggs, so the marker pulse on the tube moves to0 the rights nGJjustment of the coarse
phase shifter is the sane as for DeIle

--DJUSTMENT oF TIME BASE

133« The appearance of the Maln, Strobe and High Sgecd time bases when carrectly adjusted is shown in

Filzure 23 i, D snd Ee There are in all seventeen controls and a Post Office key switch on the Tirme Base Unit
of which cleven are preset being mounted behind the removable covere Imediately under the time base panel

is a 1% inch anel on which are mounted the Focuss Brilliance, .stigmation and Y shift controls for the cathcde
ray tubec. These should be adjusted before satting up the tire bases Figurc.43i shows the appearance cf the
Main Tire Bases This consists of two traces, the upper one havinzg o tstep! at the beginning. Eoch trace is
calibrated by tzr)i\ght 15 ke /s pips’ obtained from the first divider stage via V14 in D.II. The time intarvol
between these pips fs 662)3 microseconds end they should appear about 3/16 Inch apart on the tubce

134e It iIs first necessary to set up the tsquare wave" control-Rde This is mounted cn the sub=pancl ingside
the time base units By plugging the 0 Unit Inspectlion lead Into Inspection point Pp the square wave ot the
anode of y1 can be seen (Fig«32D). If R4 is Incorrectly set the two halves of the square wave will not be of
equal length and the time base will appear- as in Figure 43 B or Ce .When R4 is correctly set, which should
occur over at least 9CO rotation, the time base will be as shown in Figure 43..

135, ifter setting up the "square wave' stage, the 15 kc/s coarse calibrotion pips can be checkede. These
should be about twenty=seven on cach trace, the other three being lost in the wblack outt, 4After this the
%, step! control Ryl 1s set upe This varies the lensth of the step at the beginning of the upper trace
and should be set sc that there are three coarse cdlibration pips upon ite  The step waveforn may be
observed at Pg (Flgufe 32 F)e

136  The spacing between the time base traces (and hence the spceing betwcen the strobe time bases) may

be adjusted to a canvenient size by varying the crplitude of this step waveforn by neans of the "Strobe Spacet
contrecl Ryge The amplitude of the main time base can be altered by means of Reg ("Main T.D. ampe")e This
should be set so that the trace just flils the scrcen of the tube. The deflecting waveforn et the ancdg

of vz can be seen at P3 eand ls shown in Figure 32 I. R66 adjusts the arplitude of this saw=tocthe

137 The output fromthe first paraphase anplificr v4 noy oe clscrvaed ot P4y the correct waveforn is
sham {n Fizure 32K, If the amplifieg is overlcad: the output will be digtorted which will cause the
tire bage to be non=lincar. Should this cccur the "Main T.B. 4ID." control should be used to reduce the
Input to V4 until a zood saw=tooth is obtained at Pde

138, 4t P5 we have the cutput from the sccond paraghase arnplifiecr vss as shown In Figure 32 Le  The
"Paraphage! control Reg should be cdjusted sc as to make the cutput frem Vs of equel amplitude to the cutput
from V4. This is best done by removing Vs anc noting the time base amplitude. Thon replace the valve cnd
adjust the "paraphase" control until the armplitude of the time bose is double its revious values .. 1S
check the operation of Reg "™Main (X) shiftn,
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133, Three tStrobe Markers" should be scen on the maln time base, These arc bright patches which cover -
about 80 u1s (slightly more than the distance between two 15 c¢/s callbration pips) end their positions are
controlled by memns of the three slow=motion dials giving fine ccntrol of the .y B and C strobes and the
swltches "B strobe position! and "C strobe position® which give coarse control of the B and C strobes. The
A strobe marker can be moved over the 4 trace, that is the region to the left of the step on the upper tracce
The B strobe marker covers the region to the risht=hand side of the step and the ¢ strobe marker covers the 1
lower trace ¢ Ryg "Strobe Period®?, varies the length of the strobe time bases by contrclling the time
duration of each strobo. Rgy {("Strobe amph) varies the length of the strobe time bases by expanding or
compressing them without altering the time duration of each.

140, The switch "Strobe galn Select? (Sg on the circuit diagram) determines whether strobe galn control
s applled to the D or C strobe. The potentiometer Rgd ¢r Rsg ("B syne or C syne") should be adjusted with
recelver gain high cnough to sec the "noise" and the strobe gain control at ninimunm, until the strobe gain
control unit is synchronised correctlys. This contrel also permits a small variation In the longth of the
strobe gain control pulse to be cbtalneds

METER READINGS

14l An 0= 250 micrcamp meter Is mounted on the penel of Phase Shifter 4. It is equipped with a
flexible lead and jack plug which can be plugged in to any of the sockets on the unitse Each sodket is
shunted by an aceurate wire=wound reslstor which is one of three standard valucs, 15.4, 6407 or 3,02 ohms,
The resistance of the meter 1s €00 ohms so that a slmple calculation shows that the multiplylng factors are
as followss=

ghunt X Facter Full scale Deflection
1544 40 loma

6407 100 25mi

3402 200 S0 DA

1424 i 1ist of nominal current readings for each jack is given in Table 4 The readings may Qiffer
slizhtly in Individual receivers, The values given are actual indications on the meter in nicroamps = te
cbtain the current reading in milliamps multiply by the rmltiplication factor and divide by 1000: Cee O
current of 80 microamps thrcugzh a 1544 chm shunt (miltiplying factor 40) indicates an actual current

of 50 x 40 = e
1000
TuDLE 4
TYPICAL METER READINGS
Jack Noe Nonminal recading X Facter Remarks
AECEIVER_INIT
N X Y 7z
HoFe 120 120 120 1 200
Vi Vo 2 100 loo 100 100 (Maxe sain)
Vs V4 Vs 110 40 40 e 100
Ve 1% 180 180 180 100
V3 50 50 50 50 100 (Mine Ggzin)
Vg e 4 4 40 100 (Mine Gain)
DIODE RECEIVER
Vo V3 70 200
Va Vs 100 200
FILTER INPUT WNIT
V1 60 40
Vo 110 100
V3 2 0 {FaSacff)

Va 20 100
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TLTLE 4 (CONTD.)

Jack Noe Noninal reading X Factor rRemarks

FILTER STRODE INIT

Vi 15 tc 30 40 * {Depending cn setting of
"F,8. Positiont)

Vo 75 160

V3 170 100

STROBE GAIN CONTROL UNIT

Vi 5 4
Vo 60 100
V3 35 200

Pe3.3 ond 4

vy 120 100
THE SudE UNIT
Main Strobe ‘
Vi ' 95 95 100
V3 €0 115 100
Vi 50 23
Vs €0 100
Vg 180 180 <40
Ve €0 €0 <0
Vg 150 122 )
Vg 180 120 4
Vi 195 205 P
ueVoCo UTINIT
V1 30 loc
V3 100 100
Vi 45 162
Vs Q0 10
Vg 5 106 (With a.Velel,.rotin)
LIDR.TIGN UNIT
vy 20 4
V2 €0 <0
V3 60 49
Ve 150/120 <0 (Cal, Pips/3ine wave)
DIVIDER DllI
V1 95 100
Vo 140 ¥
V3 130 <0

(24 14 40
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TullE < (CANTD.)

Jack Nce Noninal reading X Factor Remarks

DIVIDER D.II (CONTD.)

Main Strobe
Vg 105 100
Vs 120 <0
Vg 105 100
Vg 185 Q0
Vio Vi1 150 0
V14 76/120 <0 (Main/Strobe T.D.)
QIVIOER 2,111
1 85 100
Vs 95 100
) VS 130 4
Va 130 40
Vs 95 100
Ve l@ 40
Vg 95 10C
Vg 200 40
Vig 200 40
V11 10 40 (Max Coarse Phase Shift)
Vig 155 100

Vis 100 20
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TLBLE 2

INTER INIT CABLING

NOs (N COLOUR CCLOUR NO.ON COLOUR CCOLOUR
BLCCK SMALL SLEEVE LARGE SLEEVE 0 BLCCK SMALL SLEEVE L4RGE SLEEVE
8 k .
e .
200 Blue white 135 White lue
202 White 193 Qrange o
211 White : 197 Green
White Blue
o7 FIETI 196 Yollow N
207 Dlac 166 orange
210 Whive Blue & White 22, Llack Dlue
e Jeeen Dlug
117 Qrange 190 Green
w4 I 3
EARTH Tltck Orange 66 range Sdue
PILLAR
105 Blue 138 White
i Qrange
%.Cs)g: Blaz?%k 8 186 Orange Blue
Y oW 203 Yellow
Red & Green i
156 White 202 Jhite white
22 white 57 Green
20 Green Green 66 Yellow Red
12 Green 200 T T
i1 vellow green & Orange 202 Sm?ﬁgg White
114 yellow 194 Red. -
EARTH Dlack orenge 193 orenge Dlue
PILLAR,
111 Black 73 Yellow
EARTH Tlack Orange 72 White Pink
PILLAR
pire Slue 122 white
ink Drown
EARTH white P 118 Black
PILLAR :
75 Blue 158 Qrange
Red & Grean
7o W hite Red 156 White Grea
r‘ztgy = (5 7 Bk
&6 93 OLLA_’?C
NO. 0N COLOUR COLOR TAPE CCLOUR PYE FLUG
DLCCK §MALL SLEEVE LALRCE SLEEVE TO NOe
Ji75 ;iair;ie grecn Qrange & White Pel9
::tg?} giinn; recn & Qrange Blue & Red Pel3
iiz ggfigw Green & Yellew Red Pell
281? ﬁ;{i‘;‘ «White orange & Dlue Pell
216 grech Dlue & White Green & Red PeS
1 range
12,? Slhi ti Brown Orange & Green Pel0
1
12",57 8;?;39 Brown Dlue & Yellow Pe4
71 ad
55 Shite Red Yellow & Red Pe3
14 110
émm giackw orange White & Red Pel2
PILLAR
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TADLE 2 (CONTD.)

INTER WNIT CLDLING

SeDe 0295(1) 4 Chepe 12

FYE PLUG PYE PLUG
NO TLFE COLOUR TO TAPE CCLOUR NOo
PelS Qrange Qrange Pe7
Pelb Dlack Black Pe8
Pel Dlue Blue Pe0
Peld Green Green Peb
Ped Green Green Peb
P.14 Green QOrange Psl5
Pe22 Yellow Yellow Pe23

NCe CN SLEEVE NO, ¥
BLOCK COLOUR TO PHNE JACK

246 Green 1

245 Yellcw 2

243 Red 3

244 White 4

243 Black 44
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P+0s KEY CCNNECTICNS

KEY NO. 198 (REMOTE /LOCALL /AUTO)

NQOe N LEAF NC. R

TLOCK COLEUR T0 o KEY CLLOWR OF LE&D
235 QOrange 1 White
236 Red 2 Dlack
237 White 3 rRed & Dlack
238 Yellow 5 Jrange & Dlue
239 Green 32 Slate
240 Dlue 3L Green

241 Dlack 30 Orange & Red
221 Black 29 blue & Red
222 Dlue 20 Drown & Red
2R3 Green 27 Blue & White
224 Yellow 25 Red & White
R25 White 24 Brovwn

226 Red 22 Red & Grecn
227 Qrange 21 - Red

KEY NO. 216 {LOC..L MANUsL CCNTRCL KEY)

LEAF QN KEY NO. 190

IE.F ON KEY NO, 216

(ReLad) TO (LoMo)
29 1
32 8
5 2&5
KEY NO+207 (CALISRWTICN PIPS) ]
NO. N SLEEVE LEAF N KEY NO.287
BLOCK COLOUR TO {CuLio PIFS)
228 Slack 3y Oy 12 & 17
231 Yellow 9 & 18
- 232 White 2&11
-
KEY N0.60(4) (FILTER STRODE)
NO. N SLEEVE LEAF N KEY NOe 68(.)
DLOCK CCLOUR T0 (FeB4)
228 Black 2&5
229 rlue 3&6
KEY ND.68 (D) (FILTER STRODE INSPECTICN)
NO, N | SLEEVE LEAF ON KEY NO. 63(D)
TLOCK COLOUR T0 (F.8.1)
228 Dlack 2&5
220 Green 3 &6
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APPENDIX I
The Transitron

The "Transitron! is a single valve circuit depending for its operaticn on.the suppressor grid character=
{stics of a pentodce Its chief usc is to generate a squarc wave from a synchr:orising pulse and in this
respect the Transitron resembles the better known multivibrators

Flge.la shows the cffect of variations of suppressor grid potential upon the anode and screen currcnt of a
pentode valve, the control grid being supposed to be connected te cathode, and the ancde end screen voltages
kept fixeds A fall in suppressor grid potential decreascs the anode current and Increases the screen
current, the total valve current remaining approximately constant since this is dctermined by the control and
screen grid potentlals,

Suppose that the anode and screen arc loaded by means of resistance Ry &nd Rge Figelb 1llustrates
typical potential levels to which the clectrodes will adjust themselves when the suppresscr is at cathode
potential, and rigelc the corregponding levels when the suppressor is below the anode current cut-off
point,. In figelb most of the valve current is passing to the anode so that there is a large drop of
potential across the anode load; the screen current is small, In figelc the anocde cwrent is cut off by
means of the suppressor grid so that the anode is at H,T . potential and the whole valve current flows to
the screen. The scrceen potential thus adjusts itsclf to a very low value and the valve takes only a few
milliamps of current, the behaviour of the first three electrodes being similar to that of a triode, During
operation the trangitron altemates between conditions (b) and (c)e

consider now the circuit of figeld and suppose & small negative synchronising pip fed thrcugh Cp to the
suppressor grid of the valve. Before the arrival of the pip the valve was In condition (b) with the
suppressor ot cathode potential, but the synchronising input takes it below cathode level and causes a
decrease of anode current and an increase of screen current, The scrceen potential therefore falls and
drives the suppressor grid further negative since they cre coupled by means of Cle This causes a further
increase of screen current and a cumulative action is set up which rapidly brings the valve into condition
(c) with the anode current cut off and the scrcen ‘at a low level. The suppressor grid is driven negative
to earth by an amount equal to the.fall in screen voltagee Sce figsle.

The screen curreant now di scharges ¢p through Rz and the potential on the suppresscer grid rises towards
earth, The discharge continues wntil the suppressor grid peotential has risen sufficietly to allow the ancde
to take current; the screen current then falls allowing the screen potential to rise and carry the
suppressor further towards cathode potential,. This causes a further rcduction In screen current and the
action is cumulative, Most of the valve current now flows to the anode and sc¢ the anode and screen return
to the levels shown in figelbe The suppressor grid is driven above earth potential by the sudden rise in
screen voltage and the charge on C1 then leaks away until the grid is again at earth level., The discharge
of the condenser is partially cffected by the flow of suppressor current. When the suppressor grid has
returned to cathode level the cycle 1s complete and is repeated cn the arrival of the next synchronising pip.
Negative synchronising pulses arriving before the positive suppressor potential has been reroved have no
effect,

It will be seen that the anode waveform is a positive squarc wave and the screen a neégatlve square wavee
The width 1s determined by the discharge of C1 threugh Rg d R3 and may be varied by adjustment of the
suppre ssor grld leak R3e

In the circuit of figelf the width of the square wave output is varied by adjusting the pctential at the
end of the grid leak Rz The more positive this potential, the faster Is the Initial rate of discharge of

C1 so that the width is reduced by increasing the potential at the end of the leaks See igelge

The trensitron action fails if the anode load is so large as to bring the anode potential ove~ the knee
of the . characteristics, for under these ccnditions the change in anode voltage affects the angCe current
and offsets the effect of the variation of suppressor potentials,

The stability of the Trensitron may be improved by connecting a diode between suppressor irid and carth,
With this arrengement it is also possible to symchronise the valve by means of positive pips as In figelj.
For suppose the pentode removedy then the positive pip causes the diode to ccnduct and the condenser Cp
becomes negatively charged by the diode current, At the end of the positive pip the ancde of the diode will
be negative tc earth since Cp has now charged up, Thus the positive synchronising signal produces a
waveform as shown in figelk at the anode of the diodes The negative part of this wavefcrm serves to
synchrcnise the transitron., The transitren cycle thus starts from the back edge of the positive synchronising
pulse and the relaticn of the waveforms to the locking signal is shown in figel 1.

APPENDIX 1I

The_Blocking Oscillator

consider the circuit of fige2a. It will be seen that the ar.ode and grid of valve Vq are 1ightly coupled
together by means of an ircn=cored transformer, the polarity of which is arranged to give positive feedback
to the valve.
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Suppose the valve cut off by the negative chearge cn the grid cencenser Ce The charge leaks away through
R and the grid drifts slowly towards cathode potential until eventually thre valve starts to conduct, Anode
current then flows through the primary of the trensforrer end the cnode petential fells rapidly, an ElMFe is
also induced in the secondary and this carries the grid further positive, A curulative action iIs set wp
which drives the grid well above cathode potential and the anode voltage falls to a lcw value, The effect
of the Inductance of the transformer windings is to meke the growth of anode current slower than the fall of
anode potmtial; the waveforms are shown in fige?2bs When the grid is positive to cathode, a large grid
current flows and negative charge accurmlates on the condenser € so that the potential at A falls,

After a time the anode current reaches its maxirum value and stops inereasings But the E,M.F. induced in
the secondary of the transformer is proportional to the rate of change of anode current so that the positive
drive in the grid is redueed and the grid potential falls. This reduces the anode current and the anode
potential rises rapidly; at the same tire the grid is driven further negative, The valve is thus suddenly
cut off so that the anode current falls almost instantancously to zero and the resulting induced E.M.F. In the
primary of the transfermer carries the anode far above H.T o potentlal, 4t the sane time the grid potential
is carried below that of Ae AS the energy stored in the magnetic fleld of the transforner is dissipated the
anode returns to H.T, potential and the grid to the potl:ntﬁlal at Ae

The valve being cut off, the condenser is left with the negative charge accurmlated during the conducticn
period and this leaks away through the resistance Re The discharge of the condenser is expcnential and the
waveforms at A is shown In fig.2ce The grid waveforn is shown In fig.2d and it 1s seen that during most of
the rest period, the grid is at the same potential as pPoint A, After a tire deternmined by the time constant
CR of the grid circuit and also by the extent to which 4 is initially driven negative, the grid aprroaches
cathode potential and the valve agaln takes currentes The cycle is then repeateds

in the circuit of fig. 2a the grid leak is taken to cathcde so that the condenser discharges cxponentially
towards cathode potential. The velve does not start to draw current until the di scharge is almost
complete and the rate of risc of potential on the grid is then very slowe The recurrence frequency of the
oscillator is therefore unstable, In figele the grid leak is taken to a positive potential v and the
potential at A rises exponentially towards this levels The grid reaches cathode potential when the process
is only about cne=third completed so that the rate of rise of potential at 4 is still rapid and the stability
of the recurrence frequency is improvcde

The rate of discharge of C is always prepertional to the potential difference between its platess If the
potential V on the grid leak is increased, the discharge i1s speeded up sc the recurrence frequency is
inereaseds Thus a convenlent frequency control is obtained by taking the grid leak to the glider of a
potentiometer as in figs2c.

The discharge time of C varles if the potential to which A is driven negative when vy conducts changes,
i1s an lmportamt source of Instability because wariaticns in valve characteristics will affect the amount of
grid current collected by the condenser and therefore the initial negative voltage at Re Variations of stray
capacity on the grid of the valve, for example, offset the pulse width and so the amount of charge
accumulated on the condensere In order to stabllize the discharge pericd it is necessery to provide a means cf
of regulating the potential through which C rust discharge and to meke it independent of the characteristics
of Vl-

If the cathode of vy Is blassed above carth level as In fig.2g, then a diode V2 connected across the
condenser as shown ensures that the rise of potential at A always starts from earth levels, For although
during the conduction pericd of vi the heavy grid current may carry A below earth, the diode Vg returns A to
earth as soon as the pulse has finlshed, .

It 1s now necessary to stablilise the potential E at the cathede of Vie In the circuit of rige2g, unless
the current through the bleeder R3s Ro Is large ccmpared with the valve current,.the bilas E on the cathode
will vary if the valve current varies. For cxample, suppose that Vp conducts for 3 microseconds in a
period of 100 microseconds and that It takes 100 my wheh it conducts, Then the mean current is 3 mA.
Varlations in pulse width or in the peak current will affect this mean current and cause a cor‘r'esponéing
charge In Es If the permissible variation of E is 1 volt and the possible variation of valve current is
1 mis, then Rz must not exceed 1000 ohmse In order to blas the cathode to 60 volts above earth it would
therefore be necessary to pass €0 mie. of current through this resistance and such large bleeder currents
cannot be provided by a normal H,T.supplye A fcathode follower?! or tregulating valvet V3 is therefore
introdwed as In fige2h and serves to stabilise the bias on Ve Since the ouput impedance of the cathode
follower is only about 200 ohms, a variation of 1 mA. in the current taken by Vi will cause only about 02
volt change In biase

In the circuit of fige2h the recurrcnce frequency is practically independent of valve characteristics.
For the potential E on the cathode of vy is determined by the voltage on the grid of ygs that 1s Dy the
potentiometer R4 5 Rge  The time required for C to charge up to this voltage is determined by C, the grid
leak Ry and the voltage V determined by Py and Rge  These components alcne deternine the recurrence
frequency and can be made of high quality materials. Wire wound resistor and silvered mica condensers are
suitable,

APPFNDIX 1T
Delay Network

A delay network ray *» regarded as an artifiofal length of transhission lines 4n clectromagnetic wave is
propagated down a treromission line with a defipite velocity v, almost exactly equal to the velocity of light,
Suppose that at tice t = 0, a positive voltage ls suddenly applied to the end of an infinite line as in fig,3a.
This rise of voltage travels down the line and reaches a point at distance x from the end at time t = x/Ve
Tf the 1ine is of Infinite Tensth the rocess will eontinne indefinitely,
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If at any point P along the infinite line a measurement was made of the Instantaneous current and voltage
as In rig, 3b, it would be possible to calculate the ratio E/! = Z. This ratlo represgents the effective
impedance of the piece of line to the right of P, Suppose now that the line was cut at P and the left-hand
portion terminated by an Impedance equal to Zs Then the current and voltage at P would be related in just
the same way as if the transmission line continued past P and so the waveforms to the left of P are
unaffecteds 27 is called the characteristic impedance of the transmission line, and a piece of line
terminated by an impedance 7 behaves as though 1t was of Infinite lengthe Z Is purely resistive.

The behaviour of a transmission line is due to the fact that the wires possess distributed 4nductance and
capacity. If L. is the inductance per unit length and C the capacity per unit length the Impedance is
given by Z =/L/C which has the dimensions of a pure resistances

An artificial line may be produced as in fige3c by means of lumped Inductances and capacities. If we -
consider first an infinite chain then the behavicur is similar to that of an infinite line, that is, it
transmits applied waveforns with a definite velocity. The velocity must now be expressed in telements per
second! instead of 'meters per second! in accordance with the fact that one element represents a short plece
of 1line, The impedance R is still given by R =/L/C obtained by substituting tinductance per elementt and
tcapacity per elementt! for inductance per unit length and feapacity per unit length! in the previous formula,

Suppose that It is required to delay a pulse. The pulse may be fed In to one end of a delay network which
is termlnated at the other end by its characteristic impedance. The waveform travels through the elements
and after a definite time arrives a2t the other end where its chergy is completely absorbed by the terminating
impedance which simulates a2 continuation of the network. A delayed but undistorted pulse is therefore
produced at this point. The delay, of course depencds on the number of elements in the network and on the
delay produced by each elements

Consider a typical section element., The succeeding elements may be replaced by the characteristic {mpedance
R of the network as In fige.3f. It is clear that this eclement will attenuate high frequency components of the
applied waveform because C prevents a small Impedance at these frequencles. The impedance of I, and C becomes
equal at a frequency given by 27 f5 =1 C and at higher frequencies the Impedance of C is small compared
with that of L, so that the element attenuates the applied waveforrm, The periodic time tg corresponding to a
fre quency fg oty =1/ &l C and gnuis $8 thé time required for the current through L to appreciably affect
the charge on C. Thus if e waveform applied to the network rises Instantaneously as in fig.3g, the output
waveform will require about tgy seconds in which to rise because this is the time required to change the charge.
on the condenser in the networks The values of Inductance and capacity in a delay network must be chosen so
as to permit the required rate of rise of the outcoming pulse.

The delay of the eclement may also be estimated. The back E.M.F. induced in the Inductence opposes any
sudden rate of change of current and therefore any sudden change of voltage across Re The time regquired for
a major change in the current throwh L as a result of a change in the voltage applied at A is L/R seconds.
Thus if the potential at A rises suddenly we expect a delay of about L/R seconds before the rise of potential
at C is complete, It can be shown that the element produces a delay of exactly /R seconds.

Collecting the previocus results:=

Network impedance R =jL/C
Delay per element =L/R_gecs :i/i‘c secs
Tirme of rise of output pulse ~= zﬂfLC =ty S€CSe

A delay network consists of an aggresate of elements such as those of fige3fse In practice these are more
convanlently wound as in fige3j, the two end Inductances being L/2.

Reflections

suppose that a delay network is short circuited at one end B as In fige3 1, and that the potential at the
other end A is suddenly raised to V volts above earth. The rise of potential is propagated along the network
in the usual way and if there are n clements reaches B after nT seconds, T being the lelay produced by each
element, Since the network is short circuited at B no potential difference can exist at this point. When
the positive going wavefront reaches B it is Immediately reflected and Inverted and the reflected wavefront
starts to travel along the network towards 4. The reflected wave is negative going and of the same amplitude
as the incident; the two waveforms thercfore cancel out at B as is required, The negative zoing wavefornm
leaves B at time nT and arrives at 4 after a further nT seconds, just 2nT seconds after the risc of potential
at Be The waveform at A is thus a positive squarc wave of V volts amplitude and 2 nT secords duration, The
potential at B Is always zero and at Internediate points the applied and reflected waveforms combine to produce
a positive square wave of width less than 2nT scconls, It has been assumed that the returning wavefront
suffers no further reflections at A3 this is the case if the network is terminated at A by its characteristic
impedances.

The reflection of a waveform by a short circuited network or plece of transmission line is similar to the
reflection of a ray of light at the surface of a mirror. If P (figs3m) Is a source of light in front of a
mirror then a ray such as PR is reflected at R and continues along RS. The ray PN which meets the mirror at
right=angles is rellected back alcng NPe  All the reflected rays appear to 2iverge from a point Q behind the
mirror, P and Q are at ecqual distances from the reflector and Q Is called the Image of Pe Thus an observer
in front of the mirror sees what appears to be a second source of light at Q, the light reflected fromt he
nirror seeming to be radiated from the Imaginary sourcee
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The method of lmages may also be used to determine the behaviour of a short elircuited lines Imagine
the line continued past B to ¢ and that the sectiong 4B and BC both contain the same number of elements.
If at the instant t = o the potential at 4 is suddenly raised to V volts above earth and that at C lowered
to V volts below earth, then a positive golng wavefront will travel from 4 towards C and a negative going
wavefront from C towards A. These two waveforms both arrive at B at the same i{nstant nT seconds after the
start of the wave motion and cancel oute 4b points In LB the negative geing wavefront propagated from ¢
behaves In Just the same way as that reflected from B in the circuit of fige3 1 so that the waveforms at points
in 4B are just the same as In the previous casc of a short circuited networke

It is seen that a short circuited delay nctwork can be used to produce a pulse of width determined by the
constants of the networks A practical circuit is shown In fige3 0. The network is placed In the anode of
a valve and a.wlde negative square wave 1s applied to the grids The front edge PQ of the grid waveform
causes a rise AB of anode potential; this is propagated down the network and the reflected wavefront brings
the anode potential down along CDe The width of the pulse ABCD is 2nT, the time taken for a wavefront to
cross the network twice. The back edge RS of the grid waveform causes a fall EF in anode potential and 2nT
seconds later the reflected wavefront rcturns the anode to its normal level at He It is seen that the front
edge of the positive pulse ABCD coincides with the front edge of the grid waveform but that the width of the
pulse depends solely on the constants of the networke
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