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SECTION 1

PERFOEMANCE EPECIFICATION

TheCT 436 oscilloscope iea portable general parpose instrument suitable for many applications,
which has been designed for inter-service use to meet specification E114E Issue 2. Thedouble
gun cathode ray tube is controlled by twin brilliance and focus controls. Two Y amplifiers arc
provided; the Y1 amplifier provides deflection voltages for the upper gun, and the Y2 amplifier
provides deflectionvoltages for the lower gun, The controle for the two Y systems are grouped in
two sections on the [ronl panel separated by broad engraved lines.

Y AMPLIFIERS

There are two similar Y amplifiers.

Eandwidlh

Ris

DC?

‘AC

"AC x 107

e Time

Overshool and Ringing

Sensitivity

Hanges 'DC & AC'

'AC x 100

Fine Control

DC -6 Me/s (-3dB)
2. 5¢/8 - 6 Mc/s {-3dB)

3c/s - 500 ke/s (-3dB)
Note: These bandwidths are measured with the
{ine gain control in the Cal. position.

60 musec (approx)
Less than 2%,
100 mV/em - 100 V/cm continuously variable,

100 mV/em; 200 mV/em; 500 mV/em:1 Viem;
2V/cm; 5 V/em; 10 V/em; 20 V/em; 50 V/ew
100 V/em.

The gain of the amplifier is increased x 10 on a2l
the above ranges lo give a sensitivity range {rom
10 mV/cm - 10 V/cm,

¥
The gaincontrol gives approximately 3 : 1 variation
ingainonall range settings, thus any Y gensitiviiy
may be obtained between 10 wmV,/cm and approx,
300 V/cm,

—

Input
Impedance - Conetant on all ranges, 1 MD in parzllel with
approximately 30 pF.
Potential The potential between the following pointe munt
" not exceed 300 V.
Elgnal Input  : Chassis
Sigral Low i Chassis
Sigrnal Input @  Signal Low
1
e *‘i!ﬁ";!-l':**J?F’ﬂ‘.:"-:c;:‘ﬁ:-'-'ﬁq‘ryf**,-::_:T-TE:},:"4’..:-':'%':.'_ _.:,.g,...—. G .-..._:._.::....-.—:..._ -
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Coupls
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T

Ieolated

Calibration Accuracy
Signal Delay

Y Shift

Y Plate Sensitivity

TIME BASE
Velocity

Ranges

Linearity

Cutput

Amplitude
Loading
Impedance

Calibration Accuracy

TRIGGER
Modes
Sources (+ve or -ve)
Sensitivity
Internal

. External

Level

L e s . »
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With the input switch eel 1o "AC' & "AC x 10" a
0,1¢F 600V capacitor ir inserted in series with
the input,

A eignal low line enablee signale isplated from
chaseis o be digplayed.

¢ 5% (gain control set to Cal.}
0.4 psec, = 2%,

Approximately two diamesters of Y shifl are pro-
vided on each range.

20 V/em approximately.
Connection may be made through capacitors on the

access panel situated under a irap door in the top
of the instrument case,

1 em/usec - 1 em/sec conlinuousiy variable,
1; 2; 5; 10; 20; 50 usec/cm.

1; 2; 5; 10; 20; 50; 100; 200; 500 msec/cm.
Oblained by a decade range ewitch and multiplier.
A potentiometer with a Cal. pasition gives fine
control of velocity.

1% approximeztely {calculated)

The time-base wavelorm is available at a socket
on the front panel.

15 V pk-pk.
Must not exceed 1 mA pk-pk.
150 2 approximately.

+ 5% at speeds = 20 cm/sec.
+15% at speeds < 20 cm/sec.

Repetitive, triggered or auto triggered.

Y1, Y2, external, supply Irequency.

3 mm pk-pk.
100 mV/ pk-pk.
The time-base may be triggered from any poimt

on the wavelorm, within a window centred on the
mean level of the wavelorm.

¥



Internzl
Exlernal

Input Impedance

‘X' AMPLIFIER
Bandwidth

Ecnsitivity

Input Impedance

'X' Ehift

Cratput

Wavelorm

Impedance

CALIERATOR

Amplitude
Frequency

Auxiliary Outpat

i DISPLAY
Cathode Ray Tube
Screen

Fluorescence

a E.H.T:

Graticule

Camera Attachment
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+ 2.5 cm,
T30 mV,

1 M2 in parallel with spproximately 30 pF.

DC - 500 kc/s (-3dB)

0.2V, em - 2 V/em approximately {continuously
variablel,

1 M2 in parallel with approximately 30 pF.

Either end of the trace mayv be centred at 21l set-
tings of the "X gain control,

The 'X' amplifier ouipat is available at a socket
on the access panel.

150 V pk-pk.

N.B, Limitingwillbe introduced oo the wavelorm,
when the expansion control i turned towards max-
imum gain due to the window effect of the amplifier.
1 Mo,

A =square-wave is available ar the Cal. socket
on the {ront panel.

0.3V pk-pk, = 1%.

1000 ¢fs, = 1%,

7.3 Vpk-pk approximately, {oruse when adjusting
the compensation of passive probes.

31" diameter flat face.

Green, medium persistence
available).

{other phosphors

1,73 KV approximately, slabilised,

Ecmx & cm engraved in cm sguares. Additional
horizontal lines are added on the approximate
electrical cenfres of the upper amd lower guns,
Theselatter lines and the vertical cenire line are
further sub-divided into 2mm secticne. Adjust-
able illuminztion is provided.

Thee.r.t, egcufcheon maybe fitted with an adap-
tor to take a camera,
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GENERAL

Allernative Power Supplies

Dimensions

Weight

Ventilation

Instrument Stand

Sackets

Power Input

ACCESSORIES
1) Power Supplv.

AC Input

2) Convertor Direct Current
DC Input
Regulation
3) Cable Assembly Power
Electrical
Length
Terminations
4) Cable Assembly Power
Electrical
Length

Terminations

e

A power eupplyd.B. Cat, No. 6625-89-814-5027

or

for use on AC supply mains.

AConverior DirectCurrent J, 5, Cat. No. B625-
99-945-0307 for use on DC supplies.

107 high s 10" wide x 167 long. The overall length
ig increased o 19" when the DC/AC converter is
Titled,

28 1b, with the power supply  tifled.
32 Wb, with DC/AC converter fitted.

he oscillosenpe is vemilated by convection cur-
rents and {ree air circeclation arvund the instru-
ment is desirsh]e,
Anadjustable star.d s {iltea . the underside of the
case totiltthe infirement 1o 5 convenient viewing
angle.
BNC and 308/155,
When operating trom an AC supply alternative

pover plups are provided at the side and rear ol
the instrument.

J.8, Cat, No. af.. -14-414-5027

100 - 125 V in 3V =t =ps,

200 - 250 V in 10 V sieps.

45 - 400 ¢/8, 100 VA,

J.S. Cat, No. BE25-95-845-0507

24 - 30 volts. 125 warne DC,

The AC gutput does not vary more than = 7% when
the DC input is varied = 3 ¥V about 27 V.

J.5, Cat., Mo, 6625-2S-100-970.

911,

Plessev Mk, IV, 3 pin right angle socket to unter-
minated wires.

J.8, Cat. No. 6625-099-945.0504

g ft.

Plessey Mk IV, 2 pin right angle sockel tounter-
minated wires.

5) Cable Assembly Radio |
Frequency J.8, Cal, No, E625-99-814-2604,
4 DG/
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5) Cable Assembly Radio Frequency

11) Case Czble Assembly

- *\""‘...

10} Adzptor Electrical Plug to Terminal

B) Cable Assembly Radig Frequency



)

E)
)
10]

11)

12)

13)

14)

13)

Length

Cable

Termingtion
Cable Assembly Radio
Freguency

Length

Cable

Terminations

Lead Elecirical
Length

Cable

Terminztions

Visor C.R. T,
Filter Light C.R. T.

Adaptor Electrical Plug
to Terminal

Case Cable Assembly

Cover Tesi Set Case
CT 436

Cover Test Set Case
CT 4364

Probe Electronic Test
Input Impedance
Atlenuation
Compensaiion

Hood Fluroscopic Screen

STANDARD FPACKS

36",

Coaxtype UKT0 J. 5. Cat. No. 6145-89-810-0288,
BNC Plug J.S. Cat, No. 5935-89-840-1068 and
Crocodile clips,

J. 8, Cat, No, 6625-99-014-2603.

13",

Coaxtype URT0 J. 5. Cat. No. 6145-90-010-0288

BNC Plug tvpe J.5. Cat, No. $935-90-940-108%
at both ends.

J. 8. Cat, No. 6625-82-014-2602,
36",

14/.0076; .012wall, greyJ. 5, Cat. No. B14£-00.
910-0184,

Plug free J.E. Cat. No. $935-88-832-05883 1o
Crocodile clip 5940 -48-940-3456,

J.8. Cat. No. 5999-85-814-2601,

J.&. Cat. No. 6625-98-514-2600.

J.8, Cat, No. 6625-80-814-2815,

J.&8, Cat, No. 6623-99-014-2583,
J.8, Cat, No. 6625-99-914-260€.

J.E, Cat. No. 6625-99-045-0505

J. 8, Cat. No. 6625-99-945-0506

10 M2 in parallel with approximately 10 pF.
20 4B.

Adjustable.

J.5. Cat, No. 6625-99-845-0508

- The cecilloscope and its accessories may be bought independently or in the standard packs
listed below.

1) The oscilloscope CT 436 J.8. Cat. No. 6625-90-914-2605,

1 Cecilloscopes unit
1 Power Sepply

i
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2)  The Oscilloscope CT 436 Sex 1.8, Cal. No. 6655-03-813-6616-

bt B bt et i b B e ek

Oscilloscope CT 436 J. &5, Catl. No. 6625-8L-0_--2805

Cable assembly power electirical J, 8. Ceai, Ko, £625-98-100-870
Cable assembly radio frequency J.8. Cat, No. 6625-89-814-2604
Cable assembly radio frequency J. 8. Cat. No. 6625-89-814-2803
Lead electrical J, 8. Cat. No. 6625-99-814-2602

Visor c.r.t. J.8, Cat, No. 5993-99-814-2801

Filter light c.r.t. J,8. Cati. No. 6625-80-814-2600

Adapior electrical plug toc terminal J. 8. Cat. No. 6625-28-814.2815
Case cable assembly J. 8. Cat. No. 6625-85-014-2508

Cover test set case J. 8, Cat. No. 6625-88-814-2606

3) The opscilloscope CT 436A 2.8, Cat. No, 6625-59%-945-0502

1
1

Oscilloscope unit

Convertor Direct Current

4}  The Oscilloscope CT 436A Set  J.E. Cat. No. €625-83-945-0503

R T N S T S N

Oscilloscope CT 4364 1,8, Cat. No. 6625-99-845-0502

Cable zssembly power elecirical 1.8, Cat. No, 6625-98-845-0504
Cable zssembly radio {reguency J. 5. Cat. No, 6625-99-814-2604
Signal lead J. 8. Cat. No. 6625-99-914-2603

Leads electrical J.&. Cat., MNo. 6625-88-914-2602

Visor c.r.t. J. 5, Cat. Ko, 5999-958-914-2601

Filter light e, r.t, J.S. Cat. No, 6625-89-814-2600

Adaptor electrical plug to terminal J. 8, Cat. No. 6625-88-814-2815
Case cable assembly J,8. Cat, No. 6€25-99-014-25%9

Cover test set case J, 8, Cat. No. 6625-92-945-0505

SECTION 11

OPEFATING INSTRUCTIONS

FRONT PANKEL CONTROLS

1. Y1 Amplifier

Erill (RV14A) A potentiometer which controls the brilliance of the Y1 trace.

Focus (RVIi4B) A polentiometer which controls focus of the Y1 trace.

Gain (RV1A) A variable resistor which gives zpproximately 3 : 1 variation of the gziy of
the ¥1 amplifier to give continuous coverage between the calibrated positions of the V/cm switih,

Shift (RV1B) A potentiometer which gives contrel of vertical movement of the Y1 tr: Ce.

DC/AC/AC x 10 Gain (51} A three position switch which selects DC or AC coupling of the

input signal and provides a gain increase of ten times in the AC x 10 position.

. V/em (82) A ten position waler switch controlling the Y1 amplifier sensgitivity in difcrele

steps between 100 mV/cm and 100 V/cm.

EKT1 A coaxial socket to which the Y1 input signal i connected.

&
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2. The ¥2 Amplilic;
Erill {RVI13A) A poirntiometer which contrals the brilliance of the Y2 trace.
Focus (RV13B] A polentiomeler which controls focus of the Y2 trace.

Gain (RV6A) A varialir resistor which givee approximately 3 1 vamation of the gain of
the Y2 amplifier to {ill the gaps between the calibrated positione of the ‘nr, cm switch,

Shift (RVEBR) A potentioinerer which gives cnntrel of the vortical movemert of the Y2 irace,

DC/AC/AC x 10 Gain (831 A thiee position switch which sclects DC or AU coupling of the
input sipnal and provides a gain increase of ten times in the AC » 10 positinn,

Viem (84) A ten positinon waler switch controlling the Y2 amplifier seneitivity i
eleps between 100 mV,/cm and 103 Viem.

EKT2 A coaxial sockel in which the Y2 anpar signal s connected,

EL (TL1) An insulated terminal, normally linked lo the chassis terminal 1TLE:, I is ceed
as the signal return path when examining isalated signals.

rYJ_[_} {(TL2) A pillar terminal cornected directly to chassis,
rof

3. Time-Base

Time/cm (87) A =ix pnsition switch for selecting the time-base velocity in decade steys
irom 1 psec/cm to 100 msec,'cm.

Time/cm (88) A four pusiticn switch providing intsrmediate calibrated velooity setungs at
x1, x 2and x 5, the range setuing. Thelpurth prsiticnisuscd when anexlernal horizzniel deflec-
tion signal is being employved.

Time/cm Fine (REV22) A potontiometer whichprovides [ine control of the time-bage velocity
to give continuous coverage belweern the calibrated positions.

4, X Amplifier

X Gain (RV23A) A variable resistor whick varies the gain of the X ampliier to provide
time-base expansion between x 1 and approximately x 10.

X Shift (RV23B} A potentiometer which controls the horizontal movement of the Y1 gnd Y2
traces.

X IN/TB Out (SKT32) A coaxial socket from which the time-base output may be tzken or
through which, when SE& is set to external, a signal may be {ed into the X amplifier.

o, The Trigger Amplifier

Stab (RV18A) Thestability control is a potentiometer which is adjusted for stable operation
of the time-base, Asthecontrolisturned more clockwise, the time-base changes from = triggered
made to a {ree running mode.

Level (RV19B and 56) A potentiometer witha switchoperating in the fully counter-clockwise
(AUTQ) position. The potentiometler varies the position on the triggering wavelorm from which
the time-base triggers. In the AUTO position the time-base will avtomatically trigger {rom a
wide range of input signals,

Y1/Y2/Ext. /Sup. Freq. (55) An eight position switch for selecting the source and polarity
of the triggering signal.

T TR I ,__-.,..,_._.___-.__._..._....__.....,.__._F.. = mwran
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D 1436/2

Trig. (SKT4) A coaxial socket into which signals are fed to trigger the time-base Irom an
external source,

. The Calibratcr

Setl Probe (EKTE) A socket on the front panel from whicha rectangular wave of 7.5V pk-pk
may be obtained for setting up probes.

0.5V pk-pk 1 ke/s (EKT3) Asccheionthelront panel Iromwhich the calibrating waveform of
0.5V pk-pk 1 ke/s can be taken for the purpese of calibrating Y amplifiers or the time-bage,
7. Miscellaneous Items
Grat. (RV26) Avariable resistorwhichcontrols the intensity of illumination of the graticule.
Mains (59) A toggle switch contralling the power input tc the instrument,

LP2? A signal lamp indicating when the maing gupply to the instroment {2 switched on.

g. Main Supply Inputs

Mains (PL1 and §10) A 3 pin plug and double pole change over switch situzted on the left-
hand side of the instrument. The plug may be used to supply AC mains to the instrument and the
swiich is provided to select either this plug or the input plug on the transformer sub-unit.

Mains (PL2} A three pin plug situated on the rear of the transformer sub-unit. This plug
is to connect AC mains to the instrument when it i prelerred to supply the instrument {rom the
rear rather than from the side.

PL1 A two pin plug on the DC/AC converter which is used to connect DC maing into the in-
strument when the DC/AC converter is being used.

8. The C.R.T. Access Panel

The c.r.t. access panel is situated on the top of the insirument and is accessible througha
trap door in the lid.

Y1 Upper (S8KTB) A socketthroughwhichexiernal signale maybe connected to the upper plate
of Y1 gun of the cathode ray tube,

Y1 Lower (SKT7) A socketthroughwhich external gignals may be connected to the Y1 lower
Plate.

Z Mod. (SKTIi3) Asocketthroughwhichbrilliance modulation signals may be fed to the grido
of the cathode ray tube. When this input ie not in use, the link joining SKT13 to SKT11 should be
{itted.

* X Out (SKTI14) Asocket from which the seweep wavelorm may be tzken to drive &wept oscil-
lators and similar apparatus,

GENERAL

Due to the large number of combinations of the controls, it ie advisable to follow the pro-
cedure givenbelow when switching on the instrument, until familiarity makes it pocsible lo by-pass
a number of sleps.

="



Kole: Therearesixdual control positions on the {ront panel which have iront and rear knohs,
thege are distinguished in the following table by the words FRONT and REAR.

et all the controls ae follows:-

BRILL {both) fully counter-clockwise TEaT
FOCUS (both) mid-traverse front
V,/CM (both) 100V
GAIN {both) fullv clockwise (call rear
"Y® EHIFT {both) mid-iraverse {ront
INPUT SWITCH

{both} AT
TIME/CM 1 msec
TIME/CM x1
TIME/CM (fine) fully counter-clocewise (cal) {ront
X" EHIFT mid-traverse rear
X" GAIN fully counter -clockwise fcal}
TRIG. SELECTOR Y1 - TEar
ETABILITY fully clockwise front
LEVEL Auto
GRAT, as Eet
MAINS off

POWER CONNECTIONS

1.  AC Supply

When the oecilloscope is tobe supplied from the AC supply meain, check that the instrument is
fitted with the transformer unit (Accessory No. 1). Adjust the mzins voltage selecior panel on
the transformer unit to coincide with the supply veltage. Connect the mains lead to the mains in-
pat plug on the left-hand side of the cscilloscope or 1o the plug on the transformer unit. Setthe
gwitch adjacent to the maine plug on the side of the insirament to the correct position for the plug
in use (i.e. toggle forwards for the adiacent plug and to the rear for the plug on the transiormer
unit). Check the rating of the luse in the fransformer unit whick should be 2A for 200 - 250 V sup-
plies and 5A for 100 - 125 V supplies, Connect the mains lead to the supply main following the
convertion, Red - Line, Black - Neutral, Green - Earth.

2, DC Bupply

When the oscilloscope is to be supplied from a DC source, check that the instrument is fitted
with the DC/AC convertor (Accessory No. 2). Connect the DC supply lead to the plug on the side
of the convertor unit and check that the switch adjacent to the mains input plug on the side of the
instrument ie set for suppliee from the rear. Check the rating of the fuse in the convertor unit
which should be TA. Connect the DC supply lead to the DC supply following the convention Fed-
Positive, Black - Negative. Either side of the supply mav be earthed or a Neating supply may be
used.

If theincorreet unit is fitted, it may be readily removed by undoing the retaining screws and
withdrawing it from the back of the oscillpscope., The reguired unit may then be plugged into place
and fixed with the retaining screws. There are four retzining ecrews on the transformer unit
clearly marked by white ringe around the heads. The DC/AC convertor hss three retzining screws
accessible through holes in the back plate,

PRELIMINARY ADJUSTMENTS

Set the maing switch to ON and wait for about two minutes while the instrument warms vp
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thenturn the iwo brilliance conirols elockwise uniil tvo traces appeer. Some adjuetment of the ¥

shifl controle may be needed to achieve thie, Adv: the focus controls to obtein the best possible

ine definition. TFurther adjustment will depend on the eipnals to be studied.

INPUT EIGNAL CONNECTIONS

The input signal to each "Y' amplifier ie connected through & coaxial sockel marked Y1 or
Y2 at the right-hand side to the front panel. The screening of these sockets 1€ connected directly
to chaesis. When it is desired to examine a small signal relative to a potential other than earth,
€. g. ananode wavelorm relalive to HT +ve, the signal low terminal, normally linked to the chassis
terminal, may be used ae signal earth. Both eignal inpute and signal earth may have a polential
difference to chagsis not exceeding 500 V peak.

TIME-EASE TRIGGERING

Toobtaina stationary picture of signals having a repetition frequency up to 500 key's, select
the required triggering source with the TRIGGER ewitch, get LEVEL control to "AUTO' pooition,
turn stability control counter-clockwise until the time-base etops running and then turn elightly
clockwise until a stable picture is obtzined.

If it is desired to irigger {rom some other point on the triggering waveform or from higher
ireguency signals, rotate the "LEVEL" control clockwise until the correci condition is obtained,

The time -baee will "{ree-run’ with the '"STAEBILITY' control {ullyclockwies and svnchronisation
maybe obtained by adjustment of the "LEVEL' and 'FINE VELOCITY' controls, The 'STABILITY'
controlalepactsaga repetition rate control in the free running eondition and may be used to obtain
synchronisation from H. F. signals up to 5 Mc/s.

SIGNAL AMPLITUDE MEASUREMENT

Signal amplitude is determined by measuring the picture height in ¢cme, and multiplying this
by the V/cm control settings with the GAIN control in the CAL position.

EEAM CROSS0VER LIMITATIONS

When the deflector plates of both electron guns are commoned to their final anodes, the spuls
will lie approximately 1, 25 eme above and below the centre graticule line. In use,the upper {¥1]
spot should not be deflected more than 2,5 cms below the centre graticule line and the lower {¥%2)
spot not more than 2.5 cms above the centre graticule line. A greater crossover may renvii in
pot defocussing, For optimum performance at high frequencies the picture Size should be i
ited to 2 cm centred on the appropriate electrical centre line,

TIME-BASE VELOCITY

The time-base velocity i varied by four controls, the TIME/CM gwitch, the TIME MULTI-
PLIERS (Coarse and fine) and the 'X' GAIN. The 'X'GAIN and FINE controls should be set to
'CAL'. The TIME/CM and TIME MULTIPLIER switches should then be adjusted to suitable posit-
fons after which the stability control is varied to obtain a Stationary picture.

Time measurement is achieved by measuring on the face of the tube, the length of the wanicd
time interval in cme. This reading is then multiplied by thé settings of the TIME/CM switch ward
the TIME MULTIPLIER.

'X' AMPLIFIER INPUT

: A socket on the front panel designated 'X' IN/TB Out' is connected directly to the 'X Ampli-
fier' input. Whenthe Time/cm multiplieris settox 1, x 2, or x 5, the time-bage wavelorm is avail-
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sle on this sockel for external use. The socket should nof be used to drive = low impedance, or
ietortion of the wavelorm-may occur.

When the multiplier is sel to "EXT’ the socket may be used to {eed signais into the 'X' amp-
ifier, Theinputis returnedto the shilt potentiometer through a 1 M resistor, and signals should
herefore be capacitance coupled, or fed from a high impedance, wherever possible,

THE CATHODE FAY TUBE CONNECTION PANEL

The connection panel shown in Fig. 2 is situated under a trap-docr on the lefll side of the
topof the case, The door may be opened by turning the two ‘Dzus’ {astners at the front  one quarier
wrn counter-clockwise and lifting the door from the front,

The panel ig provided so thal signals may be connected (o the cathade ray tabe Y1 plates with-
out passing through the oscilloscope amplifiers, The connections tu the Y1 plates pees through the
holes in column C and [or normal operation, are connecied to the corresponding poinis i column
b,

When it is required to connect signzls to the cathode rav tube, by-passing the oscilloscope
amg ir, the Y plate connectors are moved to the corresponding pointg in column B and the signals
to be examined are connected to the relevant positions in column A, Using these connections, the
inputsignalsare AC coupled to the "Y' plates and the oscilloscope shift contrels remain operative.

Brilliance modulation signals may be connected o the grids of the cathode ray tube from this
board. The modulation signal is connected to the point designated Z Mod. Noie that the other end
of the resistor engraved on the panel is nol earthed and shruld not be connected to earth. The link
across the resistor must be removed while Z Mod. signals are appiied, and replaced whern Z Mod.

is not in use.

The point on the panel labelled "X OUT' is connected through a 0,01 «Fd capacitor anda 1 M2
resistor to the X amplifier, It provides sweep waveforms at high impedance which may be usedfor
driving external eqguipments.

£ B C O
YRR |
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Fig. 2. The Accegs Panel,
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EECTION III

FRINCIPLES OF OPERATION

GENERAL

Thie eection provides anoutline description of the function of each circuit and should be read
inconjunction withthe block diagrame. The instrument ugeg & double gun cathode rayv tube to pro-
vide the two traces. Two identical amplifiers provide the sipnals to the twa sete of vertical de-
flection plates while horizontal deflection i supplied to both sets of plates from a commaon time-
bage gencrator throegh the " X' amplifier,

Tooblaina stationary picture the time-base may be triggered by either the supply {reguency,
anexiernal trigger signal or by either of the vertical dellection signals. The output from the time-
baee generator iefed throughan "X'amyplifier to the X plates. A bright-up signal isalso taken {rom
the time-hase generator through a bistable to the cathode of the cathode ray twbe, This prevente
any flare appearing atthe commencement of the time-base when the spot reste. The power supplies
for the instrument may be drawn from an AC supply main using the transformer unit or {rom 2z
24 - 30 volt DC eupply ueing the DC/AC convertor, To permit simple calibration checks to be
carried out in the field, a built-in calibrator unit is provided.
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Fig. 3. Block Diasgram of the Oscilloscope CT 436,
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THE VERTICAL DEFLECTION AMPLITNIERE

The two vertical defleclion amplifiers are identical and only one will be described. The block
diagram Fig. 4, showsthat cach amplifier consiste of an 1nputl gtlenuator, a first amplifier, ade-
lay network, a second amplifier and an cutpat amplifier. The V/cm control selects the setting of
the input attenuator and the gain of the firet amplifier. The input altenuator has three possible
attenuations of 1, 0.1, and 0.01. The gain of the firsi amplifier is varied in ratisof 1; 2; § and
10, The combinationof the attenuator and the first amplilier provides the ranges of the V/cm con-
trol. The minimum gain setting of the {irst amplifier iz only used in the 100 V/cm position.

The gain of the [irst amplifier may also be varied by the gain control to provide intermedizle
gain seltinge between the various ranges.

The output from the first amplifier passes through z lumped constant delay network, which
provides 400 mpsec delay, into the second amplifier.

The gain of this stage may be varied by changing the anede loads when the input swiich is st
to AC x 10. A balanced vutpul is laken {rom the second amplifier to feed the output zmplifier.

The outputzmplifier canalsp operate at Pwo gains according to the setting of the inpat swlich
onthe AC and DC positions, il is arranged to have the same gain to AC and DC signals, in the AC
x 10 position, however, the DC coupling beiween Lhe cathodes of the two valves is reduced whilst
the AC coupling is increased. Thisgivesthe required AC gain while reducing DC drift signale from
the input tage and maintaining constant the amount of shift available. Balanced outpat is taken from
the cutput amplifier to feed the Y plates.
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Fig. 4. Block Diagram of the Y Arplifiers.

THE CALIBRATING UNIT

The calibrating unit consists of a cathode coupled multivibrator circuit., & Zener dicdeis
employed to limit the voltage swing on the output anode to ensure voltage accuracy and Grade ]
componente are employed in the coupling circuits to ensure frequency stability,

THE-HORIZONTAL DEFLECTION SYSTEM

The horizontal deflection eystem which is shown in the block diagram Fig. 5, consists of 2
trigger amplifier, a time-base generator, and "X’ amplifier. The trigger amplilier may receive
signale from either of the two Y channels, or from an external socket or {rom the hezater supply.
The input switching ie set according to the reguired signal polarity and leeds a balzanced signal to
the two grids of a cathode coupled differential amplifier.
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Fig. 5, Blaock Diagram of the X Syetem,

A single ended putput is taken to a cathode coupled limiter circuit, the DC conditions of which
maybe adjustedby the level control when working under normal triggering conditions, The output
signal from the limiter feeds into the Schmitt bistable circuit which producesa rectangular ouiput.

This isdifferentiated intoa cathode follower to provide a pulee for triggering the time-Dase.
The point on the input waveform which the Schmitt bistable operates, is adjusted by varying the DC
levelg on the limiter circuit with the level control. When the time-base is working on "AUTO,
the DC levels on the limiter are o adiveted that cae half of V21 in conjunction with the Schunitt
bistable V22 forms an astable circuit oscillating at approximately 30 ¢/s. Under thege conditions
the trigger amplifier ie in its most sensitive Btate,

The differentiated pulse oot of the cathode follower V9 is coupled into the anode of the time-
base bistable circuit V23, This pulse causes the bistable to change state so that VZaA conducls
and V24B is cut off, The timing capacitor then charges through the constant current spurce pro-
ducing a positive going rampvoliage whichis fed directly into the grid of the cathode follower VZ3B.
The rising time-base voltage is fed back to the bistable circuit and when the time-base reaches its
upper limit the bistable returns to its other state, cuts off V24A causing V24B to conduct and dis-
chargethe timingcapacitor. Thisgives the flyback stroke and the time-base rests in this condition
untilitis again triggered, A constanticharging currentis obtained by feeding the charging resistors
from a neon stabilising tube connected to the cathode of the cathode {ollower, Thus &= the timing
capaciter charges, the voltage on the cathode of the cathode follower rises, znd increases the charging
voltage proportionately, The time-bzse output from the cathode follower is fed into the "X'amp-
lifier which consists of two pentodes cennecied as a cathode coupled differential amplifier, The
coupling between the cathodes is through a variable resistor which provides control of X gzin.
Outpuls are taken from the znodes of the 'X' amplifier valves to feed both sets of X plates,

ERIGHT-UP CIRCUITS

A differentiated signalis taken fromthe anode of the time-base bistable through a highvoliige
cazpacitor tofeed the bistable eircuit V18, The oviput from V1B is directly couvpled to the cathodes
of both gune of the cathode ray tube. These cathodes zre held positive during the flyback and rest
periods, cutting off the trace and 2re driven negative while the time-base is running to give a bright
trace, The DC coupledbright-upobtainedby this method ensures a brilliznt trace without any ilare
or bright spot during the time-base rest period.
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POWER EUVFFLIEE

The power supplie for the instrument are all drawn from one transformer, which may be
either mains driven or may form a part of a DC/AC cunverlor. The poeitive HT suppliesare
drawn {rom two windings. A vollage doubling rectifier system produces DC voltage of 350 V, and
2 bridge rectilier sysiem produces an additional 30 V supply which is added to the 350 V supply to
form a + 380 V line.

Two cathode followers, with their grids referred to a stable patential, draw current from the
360 V supply to produce two low impedance lines at 310 volte. A similar cathode follower draws
current from the 350 V supply 1o produce an oputput at 185 volts, Current is drawn {rom the centre
tapof the voltage doubling reclifier system through a series etzbilising valve to generate a low im-
pedance stabilised rail at 120 volis,

The gridvoltage of the series stabilising valve is controlled by an amplifier whick compares
changet in the HT voltage with a stable reference voltage.

A voltage doubling rectiiier operating on a further transformer winding produces & negaiivi
EHT supply of -1500 volis. This supply is returned to 0 V throush 2 geries couirol pentode which
compares voltage variations in the EHT with the stabilised =120V line, and with the vnetabilised
360 V line. This gives partizl siabilisation of the EHT sepply with respeci 1 UV, but complete
stabilisationof the overall EHT potential, The owput from a {feriher winding of the iransformeris
halfi-wave rectified and produces a supply of 140 V, the positive side of which is connccted o 1500V
giving a total negative voliage of 1640 volis,
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Fig. 6. Block Diagram of the Power Supplies.
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EECTION TV
CIRCUIT DESCRIPTION

THE VERTICAL DEFLECTION SYSTEM

Since the Y1 and Y2 amplifiere are identical, only the Y1 amplifier will be described.

THE INFUT ATTENUATOR AND FIRET AMPLIFIER (See Fig. 7.)

Signal i connected into the oecilloscope through the Y input socket SKT1 and passes through
F217 onto the input ewitch 851/1. This switch selects DC coupling by shorting out the coupling
capacitor C1, AC coupling by removing the short circueit, and AC x 10 by varying the gain of the
second and output amplifiers.

The eignal then passes intop the input attenuator which has three possible transmissions, On
the 100 mV/em, 200 mV/cm and 500 mV/cm ranges, the signal passes through without any atten-
uvation, the DC path to earth being provided by the 1 M2 resistor R3. C6 ie provided to adjust the
input capacity so that it may be constant on all attenuation ranges.

On the 1 V/cm, 2V/cm, and 5 V/cm rangee,a tranemission of 0.1 is provided by the re-
eistive attenuaior R3 and R4. This attenuator ie compensatedby C4B and C3 to equaliee the trans-
miesion at low and high frequencies. On the 10 V/cm, 20 V/cm, 50 V/cm and 100 V/cm ranges,
the attenvator giveea tranemission of 0.01. This attenuator consiste of R1 and R2, capacity com-
pensatedby C2B and C3., The switch wafers, 82/1F and 52/2R,earth sections of the attenuator not
being used. The signzl passes from the attenuator into the grid of V1A, one hall of 2 double triode,
which is connected as a cathode coupled differential amplifier with variable gain.

Anoutputistaken{rom the anode of V1A to provide trigger eignals, and output is taken from
the znode of V1B through the delay network inlo the second amplifier, Positive feedback from the
anode of ViBtothe gridof V1A through C7T is provided to compensate for the "Miller® input camacity
of VIA. The gainof the amplifier is varied by the V/cm switch, four possible gains being provided.

Gain variation is obtained by altering the coupling between the cathodes of the twe halves of
the valve., On the 100 V/cm range, the minimum coupling exists,selected by 52/3R. The three
other gain positions are selected by 52/3F,and provide the 1-2-5 positions on the V/cm switch on
each decade of atlenuation. RV2isa pre-set control for edjusting the gain of the 2and § positions, and
RV1iea fine gaincontrol to give intermediate gain setting between the calibrated ranges. As RVI1A
is not capacity compensated, the quoted bandwidth for the instrument is only achieved when this
control ie set in the "Cal’ position, that is at maximum gain.

The potential of the grid of the second half of the differential amplifier is adjusted by the
potentiometer RV3 to balance the amplifier. and ensure that there is no displacement of the trace
as differenl ranges are selected,

THE DELAY NETWORK

A elgnal delay of 400 mpsec + 2% ie provided by a four terminal network of Inductance and
capacilance. The inductors and capacitorsare connectedinl4 successive 'T' sectione with matching
elements at both ends and a terminating reeistor at the output end. The line has a characteristic
impedance of 1,200 otims zand a rise time of 45 mesec. The pulse distortion introduced when the
line is correctly adjusted does not exceed the following.

-

Preshoot 2%, Overshoot 1%, Ripple 1%.
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THE EECOND AMPLIFIER

The second amplifier consiste of the two halvee of a double triode connecled ag a cathode
coupled differential amplifier. The coupling between the cathodes may be adjueied by the variable
registance RV4 to preeet accurately the gain of the amplifier on the 1 V setting. The anode load
of eachtriode coneiste of two resistors in parallel, shunt peaked by an inductor to obtain optimum
pulse reeponse. One resistor in each anode is connected to +185 V through 51,/2R. In the AC x 10
condition, theee tworesistors aredieconnected from the HT line so that the anode load is increased,
doubling the gain of this amplifier. At the same time,balanced trigger signale are taken {rom the
two anodes of the amplifier through the resistors R17 and R20 to feed the trigger amplifier.

The signal input is from the delay network fo pin 2, The DC level of the free grid,pin 7, is
variedby RV1E to provide vertical ehift signals, Thie grid is decoupled by C10 con the AC and DC
rangee, and on the AC x 10 range a longer time conetant is provided by switching in C52. This
time constant introduces delay to the shift circuit to counteract the effect of high AC gainin the ensuing
stage. A balanced output is taken{rom the anodes of the second amplifier to feed the output amp-
liffer.

THE OUTPUT AMPLIFIER,

The cutput amplifier consists of two pentodes type CV 3998, connected as a cathiode coupled
differential amplifier. These peniodes receive a balanced eignal on the grids from the second
amplifier. The valves have separate cathode resistors, normal coupling being through R28, In
the AC x 10 condition, however, the DC coupling is reduced by connecting R103 in series with R2§,

_This reduces the DC gain of the output amplifier to minimise the effects of input drift and lo relain

constant shift sensitivity. At the same time, the AC gzin of the output amplifier is increased by
connecting C15 in series with RV 3 between the cathodes. This increases the AC gain of the outpui
amplifier approximately five times, Abalanced output is taken from the anodes of the output valves
to feed the Y1 plates of the cathode ray tube upper gun. Provision is made for external signals to
be connected through 0.01 «Fd. capzcitors to the Y1 plates by moving two leads. The internal
shift facility is retained when these connections are used.
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THE HORIZOKTAL DEFLECTIOR CIRCUTTS
The Trigeer Amplifier

Input gignale to the trigeer amplifier may be drawn from the external socket SKT4; [rom the
Y1amplifier; from the Y2 amplifier, or {rom the heater supply at a supply frequency., These Inpat
signalsarefed to the trigger sclectnr ewitch S5, The wipsrs of these two swilch wafers are con-
nect=d directly to the grids of the first irigger smplifier, V20. The switch ie so arranged that
when the correct polarity is selected, a coastant palarity signal will alwavs appear on the anode
Pin 1 of V20.

V20isconnected 28 a cathode coupled differential amplifier. Newatralisation of "Miller' cap-
acilance is o'ained by cross coupling [rom the opposite anodes through CT0 and CT1. The catput
gignal is tgken from the znode Pin I through C74 into the ezcond amplifier.

The Limiter and Schmitl Bistable

This congists of a douhle triode connected as a cathods coupled limiter. The DC level of the
input gridof V21 ie presetby RV1E connected in series with the resistor chain R117 and R118. The
grid (Pin 2) of the limiter is decoupled oy C76 to the zero volt line and the DC level of this grid in
the normal tricger condition is adjusted by the level contro! RV19B, Adjustment of this control
varies the section 2f the waveform which passzs through the limiter and therefore the point on the
waveform from which the time-base is triggered. To maintain the gain of the circuit at high fra-
gaencies the anode load R122 is shunt peaked by LE. The output from the limiter is directly coupled
into the following stsge. This consists of the two halves of the double tricde V22 connecied as a
cathode coupled bistable. The abject of thebistablz circvitisto provide a pulse of constant amplitude
and rise time to trigger the timz-base, regardless of the shape of the triggering wavelorm.
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£ DC {eedback voltage ie taken from the anode Pin 1 of V22B through R125 onto the grid Pin 2
of VI1. Normally thie feedback ie negligible due to the low impedance of the'level components.
Whenswitch€is et in the AUTO condition the'level contral is disconnected, one half of V21 worke
in conjunction with V22 to operate as an astable circuit oscillating at 2 freguency of approxdmately
30 ¢/s. This circult operates a= follows: -

Aesume that V22B ie cut off, eo that ile anode rises to HT. This rise in voltage 15 coupled
through R125onto the gridof V21B.  The rise in voltage on this grid ie elowed while C76 {8 charged.
However, when the grid reaches a potential at which V21B will conduct its anode voltage will fall,
cutting off V22A. Thie then causes the bistable circuit V22 to change stage, V22B conducts and its
anode vollage falls, C76 then discharges through R124 and R125 until V21B is again cut off.

The rectangular output from V22B ie differertiated in C78 and R211 to form a pulsed input
into the cathode follower VOA. The diode MRI5 conducts during the negative edge &0 that only the
poeitive pulse resulting from the differentiation is passed to the cathode follower. The output from
the cathode follower is directly coupled inlo the anode of V23B.
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Fig. 12. The Cathode Coupled Limiter and Schmitt Trigger.
The Time-Base Circuit

The time-base generator consisis of the bistable V23, the gating valve V24, the cathode
follower VZ5B, and the neon voltage stabilising tube V26. Under normal conditions of operation
the time-base is triggered and rests between triggering signals, Coneider first the time-base in
the resting condition awaiting a triggering signal, V234 is cut off and V23B is conducting. This
applies a negative DC signal to the gridof V24 A, cutting it off. V24B is therefore conducting, holding
the timing capacitor selected by 87/1F, fully discharged. When a positive trigger pulse arrives
atthe grid of V94, its cathode will rise,causing a rise in voltage on the anode of V23B, This rise
in voltege will cause the bistable to change state so that a positive signal is coupled through MR10
and R134 to the grid of V24A. V24A then conducts, cutting off V24B, and the iming capacitor
selectedbyST/1F commences to charge through one of the charging resistors. The charging volt-
age is the potential exdsting across V26 and this is applied through some part of RV22 and through
R164 inthe x 1 condition; R164 and R163 in ceries in the x 2 condition; or through R162 in the x 5
condition.

As the timing capacitor charges, the rising voltage across it is directly coupled into the
grid of the cathode follower V25B. The cathode of V25B follows the rise of grid voltage, taking
withit, the cathodeof V26, Since V26 ie a voltage gtabilising tube, the voltage across the charging
resistor remains constant,resulting in a constant charging current and a linear ime-base. The
riging voltage on the cathode of V23B is coupled through K210 and MR13 to the grid of VZ3B, and
when it crosses the gridbase of V23B,the bistahle V23 changes state,and a negative going voltage on
thearode of V2B cute off V244 and cauges V24B to conduct, This diecharges the timing capacitor
1o give the flyback stroke 2nd the time-base then returns to its resting state,
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Fig. 13. The Time-Base Bistable,
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Fig. 14. The Time-Base Generator..
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The pote=i0l to which the timing caprcitore diecharge }L Hmited by the actioh of I-’;R]E,
as the jenction ¢ © and R16T moves more negatively doring the fivback glroke, it arrives el &
piential at which WMRI2 will commence to conduct. This will then create a DC feedaa k loop a-
round Y24B and VIEE,which holds the potential across the timing eapacitors at 2 stable vollage.
This action glows dewnthe latter part of the flyback stroke and provision has to be made to ensure
thatl the time-base cannot be triggered apein before the flvback stroke is complete,

87/1R selects a timing capacitor which is charged as the cathode of V25B moves positive
at the end of the sweep. This capacitor then discharges through R14% and R150, and V23 cannnt
be triggered agzain until the discharge is complete. The petential 1o which this hold-off capacitar
isdischargedis limited by the germaniuvm diode MR11. Tkhis dicde is returned lo the siability con-
trol RV1SA, and as RV194 is turned clockwise, R1l is returned to an increasingly more negative
polential which is eventually sulficiently negative to cul off V23B., The time-base then free rons
and the remaining section of the stability control acts as 2 time-base repetition {reqaency control.
Time-base putpat i= taken {rom the cathode of V25B through C91 to the X r.'.':.p‘.hu::'. The DC level
of the input into the X amplifier is controlled by RV23E connected across V256, This provides the
X shift control.

The K Amplifier

The X amplifier consists of two pentodes, V27 214 V28, connected 25 a cathods coupled
differential amplifier. Separate cathode loads arevsed and cathode coupling is through the variabie
resistor RV23A. This provides approximately 10 to 1 variztion in gain of the ¥ amyplifier to give
X gain control. As the cathode ray tube of the instrumeznt is a double gun tube, !he duplicate X
plates may not have identical sensitivities, In prder to correct for this and ensure perfect time
registration, cne setof X plates is connected to the amplifier through the potentiometers RV24 znd
RV25, the other setbeing connecteddirectlytothe anodes of V27 and V28, Th: method of connection
depends on the relative sensitivities of the two sets of plates and is finally determined on test, If
the cathode ray tube is changed it may be nacessary to change these connections. An output may
be taken from the ancdz of V28 through RIE] and C93 {o provide & 130 V ph-pk sweep vollage at
high impedance, which may be used to drive swept oecillators ete.
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Fig. 15. The "X' Amplifier,
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THE CALIERATING UNIT

The calibrating unit congiste of the two halves of a double triode V29 connecled as g cathode
coupled multivibrator circuit oscillating ata frequency of 1000 ¢,/s. Freguency Elability iE aeEured
by using high stability timing components and RV1E in the anode of V29B is provided to sel accurately
the Irequency of ouscillation. The amplitude of the voltage appearing on the anode of V294 is lim-
ited by the Zener diode MRI14. This conetrains the anode voltage to move from =120 V when the
valve is cul off to approximately -112.5 V whenthe valve is conducting. Arn output is taken from
the gnode throegh €39 to g socket on the front panel labelled 'Set Probe'., This gives a stable oul-
pat voltage at a nominal 7. 5 V depending on the aclual breakdown vollage of the Zener diode. The
znnde load of V2094 is in three sections, so thal an accurate &V signal may be tapped off. The
patput voltage 15 adjusted to be exactly 3 V pk-pi: by the preser potentiometer RV15,
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Fig. 16. The Calibrator Unit.

THE ERIGHT-UP AND CATHODE RAY TUBE CIRCUITS

V18 is a double triode connected as z cathode coupled bistable operzating at an HT of 140V
beiweenthe -1500 Vrailandthe -1640 V rail, Theanodeof V1EBis directly coupled to the cathodes
of the cathode ray tube. During the time-base rest period, the bistable is in such & conditionthat
V1EB iscutolfand the cathodes of the cathode ray tube are held at -1500 V, When a irigger signal
causes V23 to change state, a signal is taken from the anode of V23A and differentizied in C56and
R1B6. This negative going signal cuts off V1EA and causes V1EB to conduet, The cathode voliage
of the cathode ray tube then moves negative from -1500 V causing the c.r.t. to conduct and give
& bright trace. At the end of the sweep when V23 again changes state, the positive going signalat
the anode of V23A cute on V1BA causing V18B to cut off. The cathodes ol the c.r.1. are thenre-
turned to =-1500 V cutting off the trace to give [lyback suppression.

Thebrilliance of eachtrace is conirolled by a potentiometer connected between the -1500 V
railand -1640 Vrail, RV14A controls the Y1 gun and RV134 controls the Y2 gun. RV12 in scries
with EV13A and RV14A is a presetbrilliance control,which determines the range over which the
brilliznce controls operate,
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The potentizle for the other electrodes in the c.r.4, &re drawn from & resistive chein
betv ... -1500 Vand 4350 V. Thelocuesing electrodes (AZ)take their polentials {rom the focussing
poteniiometere RVISB and RV14B. The Al and A8 potenticls ére drawn from the potentiometer
EV1Twhichis adjusiedfor minimum astigmatiem, Z modulation can be coupled on the grids of the
c.r.i, through the capacitor C62. The socket BKT13, through which the '2' modulation sigral is
applied, ie located on the external access panel under the heich in the top of the instrument,
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THE POWER SUFPFPLIES
The Transformer Unit J.8, Cat, No. E625-99-914-5027,

When the instrument is to be veed supplied from an AC main, the maine transformer Tl is
fitted into the space provided, The transformer sub-unit containsg & mains input sockel, a fuee, a
mains voltage eelecior panel and @ mains transformer, The traneformer has two primaries, which
are accurately wound so that they may be connectedin series or in parallel, These tapped primaries
are connected to the mains selector panel, which may be adjusied to accept mains vollages from
100 - 125V in5 Vetepeor from 200 - 250Vin10 V steps. The transiormer hae eight secondaries,
which are connected through socket 5 and plug 3 to the oscilloscope circuite. There are four high
vpltage windings {or supplving HT and {our low vollage windinge, which supply heater current to the
valves, For the parpose of thie description the secondary windings are numbered and Table ]
at the end of this section givee a list of the RMS vollage output from each winding and the ping
on SKTE, to which each winding ie connected,

The 120 V Stabilised Supply

The AC ocutput from winding 1 on the transformer feede & volfage doubling rectifier system
coneieting of MRS and MRBE operating into the reservoir capscitors C33, C34 and C36. The total
output voliage generated is +350 V.

Currentis drawnfrom the centre tap of the two capacitors C3% and C34 through a series con-
trol pentode V11, tothe 120 V line. Variations in the 120 V supply are detected on a regative feed-
back network and pesged through a control ampliffer to the grid of the series stabilising valve, V11,
This alters the voltage acrose V11 in such a sense as to oppose the criginzl change.

The control amplifier congists of V254 and V16, Variations in voltage of the 120 V line are
detected onthe negative feedback network consisting of RB4, C3B and RE6, and fed onto the control
grid of V16, The grid of V254 is referred to the zero volt line by the neon voltage reference tube
V10, V25A and V16 are connected as a cathode coupled differential amplifier, and the output to
drive the control pentode V11 is taken from the -anode of V186,

The cathode potential of the two valves is determined by the vollage across the neon V10 and
is at low impedance, The signal low line is taken from these cathodes,

+ 120y

tal.

|J_—_t C42
—m g
Qv
Fig. 18, The 120 V Line,
- . c dg .
T e T s g T e e .-'._.’.';.-;5:'-'._ bt e e e k] A i
% 5‘?
-

P



The 165 V Supply

The full putput from the voltage doubling reclifier syvetem, taken across C34 and €33 in gerfes,
passee through a cathode follower VOB to pive & +1E5 V supply at low impedance. Since VOB can-
not carry all the current required from this line,it is shented by the resistor RE4, The prid put-
ential of the cathode follower i held stable by the voltage reference wube V15, which is connected
in geries with RB8 between the -310 V rail and the - 120V line, The grid of VYB is comected 1n 2
resistive polentiometer consisting of RE6 and R8T connecled across V15, The voltage doubling
rectifier system also supplies an outpat voitage at <350 V unstabilised.

The 310 V and 380 V Supplies

Winding 2 onthe transformicr {eeds o bridze rectififer svetem consisting of MR to MBS wore-
ing into the reservoir capacitor C32, he negative of the ectilied sapply from this winding 12
connected to the +350 V rail and the positive gives =380V, This is available as a supply Lo {zed
the X amplifier.

Current is drawn [rom the =380V rail throogzh two cethode fcllowers formed by the two halver
of V14 togive twosuppliesat +310V. These feed the screens of the pentodes in the two Y amplifier
channels. Thegridvoltage of the two cathnd: followers is held stable &t the vollage developedacross
the voltage reference tubes V12 and V13, These tebes are connected in series with RED betwesn
the +380 V rail and +185 V rail. The resislor RB3, conrected from the junciion of V12 and V13 12
the cathode of V14, is provided to znsure thar boik neons sirike,
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Fig. 19, The HT Supplies.

Heater Supplies

Windings 5, §, and T provide heater current to various vaives throughou! the oscilloscope.
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The EHT Supply

The outpat [rom winding number 3 is rectified by & voltage doubling rectifier consisting of
MRT and YR8 working into the reservair capucitors CE0 and C41, This penerates an EHT volt ge
of =1500 V., ThL-l’.r_"hiath'L‘ gide of this supply is connecled directly to the cathode ray fube system,
The positive of the supply is connecled through V17to the zeru line, V17is apnlode series conral
vzlve withits screenconnectedio the +120 V line and its grid rnnnetted to & resistive network b t-
weenthe +120V and the -1500 ¥ line, Any variations in the -1500 V line will be DC coupled to the
gridof V17 and will affect the anode potential in such a sense as to tend to oppose the change. Toas
gives good stabilisation to the EHT supply.

The -1640V Supply

The output from the fourth winding of the transformer is half wave rectified by MR into te
smoothing system €51 R102 giving 2 negative supply of 140 volts. The positive of this supply =
connected te the -1500 V line giving & negative line of -1640 V. This 140V HT supply is used for
the bright-up bistable circuit.

The eighth winding provides heater veltage for the bright-up bistable valve and the CRT.

135
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Fig. 20, The EHT Supplies.

Supply Control Circuits

PLlisa three pin plug situated on the gide. ol the instrument through which the mains supply
may be connectedis the instrument when the mains fransformer is in use, The doublz pale change -
over switch, (SW1D), is situated zlongeide this switch and may be usad to celect either this pue

-oT the plug on the rear of the transformer unit, £11 is a micro-switch built into the oscilloscop

unjt. This swilch is cperated when the mains transformer is plugged in so that PL]1 may be con

nected through 8W10 and EWS lo the transformer. The DC sub-unit does not operate 511 so tha

if a mains supply should be cornected to PL1 while the DC sub-unit is in place, the mains supply
will not reach the sub-unil and ro damage can be done to the instrument,
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The Converter Direct Current J. 8. Cat. No. 6625-99-945-05017.

The DC to AC converter is used when the oscilloscope is required to work from a DC supply
of between 24 and 30 V. When this converier is used,it plugs into the position otherwise occupied
by the mains transformer. It consists of a DC vollage stabilising system, 2 chopper and a trans-
former.

DC is connected in plug 1, and the positive gide of the supply connects throegh pins 5 and 10
of SKT1 and through the main on/off gwitch of the oscilloscope, back throughSKT1 on pins 15 and
20, and thence through FS1 into the DC Wvoltage stabilising circult. VT1 and VT2 {n parallel form
a serles stabilising emitter follower driven on the base {rom the emitter {ollower VT3, VT3 is
driven{rom the control amplifier VT4. Variations In the DC supply fed to the chopper are delected
in the negative feedback network, R17, RV1, R18, and fed to the base of the amplifier VT4. The
emitier of this amplifier is referred to the positive line through the Zener diode MR1, Any var-
fations inthe DC fed onto the chopper cause a change in the output from VT4 which varies the slgnal
fedto the emitter followers VT1, 2 and 3, varying the volt drop acrcee these transisfors and reg-
ulating the DC supply.

The regulated DC is fed onto the chopper circuit which consiets of VTS and € in parallel and
VTT7andB in parallel, together with R19 and MR2, and the transformers T1 &nd T2, When the DC
ie first connected to the circuit and resistor R12 and the diode MR2 apply a blae to the pairs of tran-
slstors such that they will conduct. Because of unbalance in the circuit, one pair of transistors
will conduct more heavily than the other causing the collector voltage to swing by verynearly the
supply voltage. The back EMF buflding up across the primary of the transformer T1 {8 zapplied
across the primary of the drive transformer T2 in series with the feedback reeistor R20. The
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gecono.; y windinge of the drive traneformer &re in such & phase that the treneietor pair VT1 and
VTE willle reversedbissedand will cut off while the pair VT5 and VTE will be held in the bottomed
condition. Whenthe coreof thedrive transformer T2 reaches saturation a rapid increase in prim -
ary current will occur,causing an additional volt drop across the feedback resistor, R20, This voll
drop will reducethedrivegnd the collector current of the transistor pair VTS and VTE which were
bottomed starts to decrease causing inturn a reversal of the polarities of the voltages in all windings.
The traneietor pair VTS5 and VT6 is rapidly driven to cut off and the other palr are ewltched on.
Thegs translstors continue in this state until negative saturationof the drive transformer g reached,
Circuit switchee back to the initial state and the cycle i repeated. The oscillation then continues
with the frequency determined by the design of the saturating drive tranelormer T2, and the velve
of the feedback resistance. Thesecondaries of the cutput traneformer T1, are glmilar with those
of the malns traneformer previouely described and are connected to eocket SKT1 in such 2 way

.that EKT1 can mate directly with PL3 in the cscilloscope. Details of the secondary windings are

given in Table 2 at end of section.

TABLE 1
Winding No. and R.M.E, Output Socket 5
Transformer Tag No's. Connecticns
1 (11, 12) 140V 135mA 25 and 1¢
2 (13, 14) 30V 30mA 9 and 4
3 (15, 18) 650V  1maA 16and €
4 (17, 18) 120V 10mA 11 and 21
5 (19, 20) 6.3V 1.54 11 and 1
6 (21, 22) 6.3V 44 14 ang B
T (23, 24) 6.3V IA 24 and 18
E (25, 26) 6.3V  0.34 3 and 13
TABLE 2

Winding No. and R.M. 8, Output Eocket 1
Transformer Tag No's. Ceonnections
1 {10, 11) 185V 135mA 19 and 25
2 (& T A5V 25maA 4§ and 9
3 (4, 5) 885V 1mA l16and 6
4 (8, 8) 157V 10mA 21 and 11
5 (189, 20) 6.3V 44 14 z2nd 8§
6 (17, 18) 6.3V 3A 24 and -1B
T (14, 15} 6.3V 1,54 11 and 1
8 (12, 13) 6.3V 0.3A 3 and 13

Notes: -

1. The voltages shown in red on Figs. 7-21 were meazsured using &n Avo Model 8. The
lower figure shows the range, and the upper figure, the reading,

2. The voltages were measured with no Input signale to the instrument, and with the time-
base quiescent. The stability and level controls were get counter-clockeise without switehing to
the AUTO positon. The epots were on their electrical centres and <11 gain controle set to max-
imum.

3. The wavelorms provide an indication of operation, but more accurate wavelorms appear
at the rear of the book. These waveforms were obtained under the following conditions. Time-
bage set to AUTO, trigger externzl +ve. An input sinewazve of 500mV peak-to-peak 2 kc/e wae
fed to the trigger socket, and the time-bage was sel to 1 msec/cm.
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SECTION V

SETTIKG UP AND TERT PROCEDURE

1, Equipment Reguired

The{ollowing equipment willbe requiredin order to carry outl the tesis called for in this
specification.

a} Variae, Varizble Trans{ormer 240 V, 50 ¢/s, 2 Amp,

b} DC Voltmeter of input resistance not less than 20 kV to measure in the range
S0 - 2000 V, e.g. Avemeler, model 6.

¢} RMS Valve Volimeter of accuraey 0, 2% a4t 280 mV, e.g. Solartron VI 252
standardised at 280 mV', Ref, No, 108'1882E,

d) Capacity Bridge or Meter to read 25 - 50 pF, e.g. Solariron MM 206,
e) LF Oscillatorl ¢/s - 1 ke/s, 2% fregaency accuracy, e.g. Solartron OS5 103,

f} Oscillator 25 ¢/s - 500 ke/s, 2% freguency accuracy, e.g. Solartron CO 546,
Rel. No. 108/17153, i

g} Video Oscillator 50 ke's - 10 Me/s, constant amplitede, frequency accuracy
2%, =.g. Sclartron DO 905,

h} 1ke/sStandard Oscillator or Time Mark Generator, {reguency accuracy 0. 1%
e.g. Tektronix 180 A.

j) Resistor, fixed, 220 kn, 1 watt, + 2%, Cat. No. 5905-92-021-6524, mountesd
inside & standard BNC plug Cat, No. 5935-28-%40-1088,

k) Sguare Wave Generator, 10 ke/s and 160 kc/s, 0 - 50 V amplitude overshoot
less than 1%, e.g. Cintel 1873,

1) Power Supply of 200 - 250 ¥V or 100 - 125V, 50 ¢/s single phase.

m) Power Supply of 200 - 250 V or 100 - 125 V, 400 c¢,/s single phase.

2, Preliminary Adjustments

Y1 and Y2 V/CM switches to 100 mV/cm

All GAIN controls to CAL,

ETAB. and LEVEL controls fully counter-clockwise

Trigger Selector to Y1+

TIME/CM to 1 msec (Range X1)

TIME/CM FINE to CAL.

X, Y1 and Y2 SHIFT, FOCUS and ERILLIANCE controls to mid-position
. SIGNAL LOW/CHASSIS link connected

Y1 and ¥2 Mode Switches to AC

Mains switch OFF.

) Infactorytest, all pre-set potentismeters are set to mid-position, except RV11 which
is set fully counter-clockwise. This getting is unnecessary during recalibration unlese extensive
repairs have been carried out or pre-set controls have been replaced,
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4, HT Eupplies
All corrent and voltage measurements shall be made with Avomister, Model B,

Adivet the Mains Selector Pantd (0 240 V and move the switeh (SW10) on the 1ef1 hand
sideof the instrument towards the appropriate mainsinpul sncket, Connect the Oscillpscope CT 436
tuthe 50 o/s AC Maine Supply through a Variac 221 10 deliver 240 V. Sadtc) the [ront panel Mains
switchto ON, Measure the voltage with respect 1o HT negative (Vislet ¢caded wire) as shown in table
i

Table 1

Position Wire Colours Reading Limit Avo Range

Vills DC Violts DO Volie DT
Chaesis -30 49-53 100
V11, Pin 3 Elue "Yellow =120 l2-1z2a 2580
Vid4, Pip 3 Red/Orance =310 213-525 1000
Ve, Fin b Erown, Yellow =35 172-382 230
V14, Pin & Red/Yellow -3 2053-325 1009
C323, -end BrownsFRed =30 340-365~ 1000
C32, -end Red -3E0 d6e-341- 1000

*NOTE: The last two polemtials listed above shall differ Ly aparoximately 30 valte.

=, EHT Voitage Test

at By meane of the Variare, lower the mains inpet supplv 1o the Oscillascope CT 426 by
2%, Cuanect the Lseaeter Model B on renge 23V DO Getween Pin 3 of V17 and the positive end
of C40. Adjust BEVI11 5o that the Avomicler reaas 55 V DO = 5 V. Return the mains supply volidge
tlo 240 V and caeck that the 35 V DC reading has increased. Measure the EHT with reepeci 1+ HT
negative (Voilet coded wire}, see table 2,

=
-
i

Table 2
Pusition Reading Limit Avo Range
Vulis DC Volis DC Volts DC
€35 Base -1500 1420-31300 - 2500

1i this potential exceeds 1500 V readiust RV11 for 1450 V reading.

b) Measure the -1840 V line with respect to C53 base {-1300 V) scz table 3.

Table 3
Position Reading Limit Avo Range
Volts DC Vaolts DC Voits DC
C31 Can =133 135-1350 230

Checkthereadings intables 1, 2and 3 withthe instrument connected 1o a saitalle 400 ¢=

supply.
IJ{‘rE 6/1 33
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Hum Level Adjusimenls
a} Relzining the 400 ¢/s supply to the inslruments, set Y1 controls as follows: -

V/CM to 100 mV

Y1 mode gwilch to AC x 10 GAIN
GAIN to CAL,

TIME/CM to 1 msec.

Join Y1input to chassis at the input socket via 2 220kC screened resistor and set RV2T

for minimum hum level on trace, Disconnec! the 400 ¢/s supply and re-connect the 240 V, 50 c/s
supply.

6. Cathode Ray Tuebe Circuit

a) Set BRILLIANCE conirolstomaximumand X, Y1 and Y2 SHAFT controls until two spots
are vizible.

XOTE: DO NOT FOCUS EXCESSIVELY ERIGHT ETATIONARY EPOTE,

b) Ensure that the time-base is not running, i.e. sizationary spots are dispiayed. Adjus:
RV12 until both spots are easily visible, but not excessively bright, and check that they can be
frm.s:edb“uingtheappr:v,ﬂ'iaie FOCUS controls (RV13 and RV14), De-focus the spots and adjust
R¥17 (astigmatism contrel} until the spots are circular, Re-locus spots.

T. Trigger Circuit
&) Set the controls as follows: -

TIME/CM switch to X5
FINE and STAB. controls fully clockwise

Adjust RV21 to the centre of the range over which the time-base free runs,

b) Connect the Oscillator (F) to the input of Y1 and adjust it to deliver & {requency of 1000
e/s, *+ 10%. Set the amplitude to give icm picture height, Switch the trigger selector to Y1+,
connect Y2 to test point 1 (colour coded brown, see Fig. 21) and adjust the LEVEL control to the
centre of that part of its range over which a gignal ig visible. Connect the Y2 input to test point 2
(colour coded Red, see Fig. 21) and adjust RV20 1o the centre of the range over which the bistable
triggers, i.e. a square-wave output at test point 2. Remove the 1000 ¢/s inpuat,

Bwitch

TIME/CM to 10 msec range
Trigger Selector EXT+,
LEVEL control to AUTO.

Shortcircuit trigger input and adjust RV1E for 50/50 square-wave (zbout 40 c/s) at Test
Point 2.

c} Using the Oscillator (F), feed a 500 m¥ (177 mV rmsk 1'}‘?-’:,11.‘10 /e =10% sine-wave
to the input of Y1,

Set the controls as {ollows: -
. ¥1 V/CM control to 100 mV

Y1 input switch to DC
CGAIN 1o CAL.
Trigger Selector to Yl+.
LEVEL to AUTO
ETAB. conirol fully counter-clockwise
TIME/CM to 1 msec.
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Rotate STAB. control until time-base just triggers with the picture correcuy locked,
Reduce the eignal input amplitude until the picture height is 3mm pk-pk. The digpiay ¢!l remain
gynchronised. (Sume slight re-adjustment of the STAB. control may be necessary). Turntrigger
gelector to Y1-, The display shall remain synchronised.

d) Maintaining controls as above,increase signal amplitude until the display helght is 5 cm
pk-pk, Rotzte LEVEL control clockwise until the time-bage friggers. Check that the LEVEL con-
trol moves the start ol the time-base to any point on the waveform of the display with the exception
of the {irst 3mm of the negative-going -edge.

e] Bwitch trigger selector lo Y1+ Check that the LEVEL control moves the start of the
time-base to any point on the wavelorm of the display with the exception of the first 3mm of the
positive -going -edge.

{} With the signal input fed 10 Y2 and trigger selector fo Y2+, repeat paragraph 7. The
same conditions shall apply for the LEVEL control.

g) Feed the 100 c¢/s signal input to either Y1 or Y2 amplifier and the EXT. TRIG. input
simultaneously, swilch trigger selector to EXT+ and repeat paragraph 7. The same conditions
shall apply for the LEVEL control.

h) Remove the input signals to ¥ amplifier and the EXT. TRIG, input. Set -

Trigger selector o SUP. FREQ +
TIME/CM to 10 msec.

The time-base shall trigger correctly and be eynchrorised to the supply.

8. Synchronisaticn Check

a) Using Oscillator (G) feed a 500 mV pk-pk 10%, 5 Mc/s, # 10% sine-wave to the input
of ¥Y1. Set the controls as follows.

V/CM to 100 mV/cm
Trigger Selector to Y1-
TIME/CM to 1 psec.

b} Asynchronised display can be obtained by adjusting the LEVEL and 'STAB.' controls.

8. Calibrator Unit

a) Measure the calibrator frequency by feeding the calibrator to Y1, and a standard 1 ke/s
{0. 1% accuracy)oscillator (H) to the Xamplifier, Adjust RV16 for a stationary single loop display,
Alternatively feed 1 msec marker pips (0.1% accuracy) into Y2 and adjust RV16 for one cycle of
calibrator square-wave for each marker pip.

b) Measure calibrator amplitude with Solartron valve voltmeter VF 252, (C) or similar
average reading r.m.s. calibrated valve voltmeter, and set RV15 for 277.5 mV r. m. s. reading,

NOTE: The valve voltmeter shall have been previously standardised at this reading
% 0.1%.

10, Time-Base and X Amplifier
2) Rotate the X SHIFT control and check that either end of the trace may be brought onto
the tube face at all settings of the X GAIN conlrol.

b} Switch the TIME MULTIPLIER to EXT, , feeda 100 ke/s square-wave from the Generator
(E) to the X input socket. Feed a time-base waveform or eine wave (synchronised to the equare
wave) to the Y1 amplifier and adjust the controle for a suitable display. Adjust L6 and LT for
optimum square wave response, i.e. no overshoot, Ensure that the cores are in similar positions
in the coils.
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c) Feed the CAL. wevelorm to Y), trigger the Ume-bage 1o YI1-. Sel TIME/CM
gwitch tn 1 meec/cm end adjest X GAIN control to give 1 cyvele, cm.

NOTE: § ¢fs must NOT be used in anv measurements as the mark/space Tatio is not
aecessarily 50-50.

d} Carefully slarkenthe set screws of the X GAIN ¢antrol knob and roiate covnter -clock-
wige lo the stop, laking cdare nol to aller the setling of the spindle. Tighten the screws and check
that the setting gives 1 eyele,/cm.

e} Withthe trigeer selector set to Yls feed 1 pser marker pips from a TEETRONIX 1804
marker generater (H) or 1 Mo/s from the video osrillator (1G) 125 or betler accuracy) to theinpat
zockel of Y1, and lock the time-base or the 1 psec/cm range. 5ot FIKE and X GAIN cortrols 1o
CAL. and adjust C90 for 1 cvele,/cm, ignoring the first cycle of the display.

Set FINE and X GAIN controls toa CAL., Use suitable oscillators or the time marker
generator tofeed sine waves or marker pips + 1% to the Y1 input  at the freguencies shown 1n talie
4, and trigger the time-bas: [rom Y-,

The calibration at earh st the TIME 'CM control settings listed shall be within the indicated
limits. Thelirst cycle of the display shall not be inclided in the measurement on the 1 psec range.

Table 4
TIME/CM Maltiplier Inpat Length of Limits

Frequency Time Scaie

for 5 cyvcles
100 mS X1 10 ¢/s 3 em 4,25 - 5.3 ¢m
10 mS %1 100 c’s 2Lem 4,75 -3.22 ¢cm
10 m8& x2 50 /s Scm 4,75 - 5.2 ¢
10 mS X3 20 /s 5om 4.75 - 5.25 cm
1 mS X1 1 ke/'s 5 um 2,75 -3.25 em
100 xS X1 10 ke/s 3em 4,75 -5.25cm
10 p8 x1 100 ke /s dem 4,73 -5.25ctm
148 X1 1 Me/s 2em 4.7 - 0. 25 ¢cm

f) Set TIME/CM control 1o 1 msec, fsed approximately 10 ke s gine wave {rom Salariron
CO 546 (F) to the input of Y1 amplifier. Adjust the input freguency untdl any 1 e division ef the
time scale contains 10 cyveles ol sine wave. The number of cveles in any other 1 om division of
the time scale shall lie between 2.5 and 10,5, The first 5 mm of the trace shall NOT be included
in the measurement.

g) Set TIME/CM multiplier t5 TB, OFF, Feed 1 V pk-pk (0.334 V r.m.g.} 50 ke/s 2 2%
sine wave from Solartron CO 546 {F) to the input socket of X amplifier. Set the X CGAIN to max-
imum, andnote thetrdace length., Turn th: X GAIN to CAL. and note new length. The change shall
be 10 times = 25%.

With X GAIN at CAL. adjust inputamplitude [or 4 cm trace length. Increase input fre-
quency [maintaining constant amplitude) to 300 kefs = 3% The trace length shall be not less than
2.6 cm,

Repeat the bandwidth mivasurement with X GAIN ail maximum,. The same conditions

3g

apply.
.
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11, ¥ Amplifier

a) Ser . ot switeh to DC, short circoit input 1o chacsis and adjust RV3 so that the
position of the tr.oo does nol alter when the V/CM and GAIN controls are rotated.

b) Usin- o Solartron CO 546 {F) monitored by a valve voltnater (C)*, feed a 1 ke/s sinc
wave of 1V pk-pk amplitude £ 1% inio the input sockel of V1,

Set the controle as follows:-

VOO seriteh io 500 mV e
Y1 input swidich to DC
Y1 GAIN control to CAL.

c) Adiust EVé for 2cm picture height, iiecrease the inputl amplitude 1o 200 mV/om pk-ps
+ 1%, SetV/CMswitchiol00 mV/cm. Adjust BV 2 for 2 cm pictere height, Repeat the adjusiment
A5

of RV4 and RV2 {rom * until the calibratisn is varrect »n el ranges,’

d) Reduce inpul amplitude to 20 mV pk-ph = 1% Set V/CM switeh to 100 mVien. a1
Y1 input switch to AC x 10 GAIN, Adjust RVS5 for 2 cm picture height, centred or the upper cal-
ibrated graticule line,

e} Using & suitable souai« wave gererator, (K) feed 2 2 V pii-pk 10 ke/g sguare wave o
the input socket of Y1, Set Y1 input swiich to DC and the V/cm switch 1o 1 V,/CM. Adiust C4B {or
optimum sguare wave. Turn V/CM switch to 10 V/CA] &nd increase the voltage [rom generator.
Adjusl C2B for optimum sguare wave,

f) Connect & Soluyiron MM 80€ or olhor suitabie cafaciiy meier or bridge to the inpuat
socket of Y1, Set V,/CM control to 100 mV/co: and adjust C6 for 30 uF, or if this is not possitle,
the nearesl measured inpot cepacity.

Turn V/CM contrel to 1 V/cm znd adjust CEA for the same capacity reading as on
100 mV,/ range.

Turn V/CM control to 10 V/cm and adjust C2A for the same capacity reading as =0
100 mV range.

g) Using a Cossor Square Wave Generalor, type 1090, feed a sguare wave of 330 ke/'s to
the input socket of Y1.

KOTE: A generator with 2 known sqQuare wave rorner must be veed.

SetV/CMcentrol to 100 mV,'cr and the Y1 GAIN control to CAL. Trigger the time-base
on 1 gsec,/cm range,

Centre the trace on the upper calibraied graticule line, using the X GAIN control to

expand the trace to say, 3 cm  across 1. flat top.  Adjust DL1 in conjunction with C11 to obtain a
square corner and & flet top to the square wave,

12, Amplitude Calibration

Short eircuit V1 inpat ti chassis and set trace to a keown position on tube lace,

TurnV/CM controlto each positioninits range and check that the trace is not displaced
mure than £ 2 mm over the range of switch positions.

Disconncct the fhort clreeit and connect the Oscillatar (F) to the Y1 inpat. Feed in a
1 he/s 2 10% sine wave,
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Set Ylinputswitvhto DC and the ¥1 GAIN contro] to CAL. The amplitude of the sipnal
showr in table 5§ ghall be monitnred with a 1% or beller srceraey voltmeler (C). The amplitede
ol the displayed picture ghall {all wilhin the himile indicated with the attenuvatnr switeh{V /CM)set
ae ghoan in the tahle, a

Talile &
Atlenualor Inpat Vaolls Piciure Limuns

Position ris ph-pk Size

100 mV T0.7T mV 200 mV 2tm 1.8 -2.1cm

200 mv 141,48 mV 400 mV 2ecm 1.2 - 2.1 rm

300 mV 3393.5 mV 1 v 2Cm 1,8-2. 1rm
1V 07,0 mv 2V 2em 1.8-21cm
2v 1.414V 4% 2oem 1,9 -2.1 cm
3w A.535v 10% 2om 1.8 -2.icm
10y .07V 20 20m 1.9 -2.1cm
20 v+ 14,14 v 40 v 2m i.8-3.1cm
50 v 35:80Y iy 2om 1.9 -5 1 oem

100 v+ 0.7 ¥ 200w 2om 1.8 - 2.1 e

* Variac connected 1o 30 o= mains supply mayv be used as & signa! suaroe ior these

checss,

Repealthe first line of iable 3 above with Y1 input switch wo AC.  The oroplituce of the
displaved picture shall fall within the limits indicated.

Set V/CM switch to 100 mV, *he Y1 irnut svitch to AC x 10 GAIN and 1he Y1 GAIN to
CAL. Heducethe input voliage t1c 20 mV ph-pk (7. 07 mV r.m. s, ] Check that the amplitude of the
displaved picture falls within the limits in line 1 of table 5,

Using conditions as in table 5 above, check that the ¥1 GAIN contro! gives continuous
~OVeTrafE belween ranges,

13, Frequency Response

a) Using a suitable square wave generator,e, g, Cintel 1873, fesd a 10 ke, & square wave
irise time 50 psec or faster) of appropriate level to Y1 inputl socket, Set Y1 mode switch to DC
andthe Y1 GAIN control to CAL., The displayed waveform an each pasition of the attenuator switch
{v/CM)shall be substantially the same shape as the inpet wavelorm. Any overshonls or ripples
shall not exceed 2% of the pulse height,

L) With conditions as fortable 5, feeda 530 ke/s= 2% sine wave {rom an oscitlator,Salartron
DO 905 {G) to the Y1 input socket. Set the V/CM switch to 100 mV. Adjust the oscillator amp-
litude to give a 2 c¢m picture height centred on the upper calibrated graticule line, Increase the
frequency to 6 Mc/s = 2% maintaining the oscillator output constant + 2%, The displayed picture
amplitude shall be not less than 1.4 cm,

c) Repeat the bandwidth check {13b) on V,/CM switch ranges of 200 mV, 500 mV, 1V and f
10V, increasing the input amplitude as appropriste to give a £ cm picture at 30 ke 5 in eachcase, ]
except on 10 ¥V range where 1 ¢m picture may be used, reducing to 0,7 cm 4t 6 Mc/s,

" d) Using the Oscillator {F), feed a 1 ko/s = 25 sine wave to the input socket of Y1, j
Sel the controls as follows: - 1
V/CM switrh 10 100 mV .J
Y1 mode switch to AC x 10 GAIN
Y1 GAIN 10 CAL. J
38 DG/43¢ |
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Adjust the amplitude of the inpat gignal to give a 2 cm display on the tube {ace, centred
wn Lthe upper calibrated graticule line, Increase the inpot freguency to 500 ke/s ¢ 2% a1 the same
time mainlaining the oscillator nutput at = constant levels 2%, Thedisplaved piciere amiplitude shail
be not less than 1.4 cmi,

) Using Oscillator {E) sot the frequency to 1 ke/s and adjust the amplitude to givea 2cm
picture, Reduce the cscillator frequency to 3 ¢fs.  The amplitude of the displayed picture shall be
not less than 1.4 cm,

{} Setthe Y] amplifier conirols fur maxdmumzain, Conneclthe input sacketof Y) lochassis
at the socket via & screcned 220 kT resistor, The amplitude of the residozl hum and noise on the
trace shall not exceed 2 mm pk-pk.

g) Repeat the residual hura measurement {13{} above with the ceciliosvope connected 1o a
suitable 400 c/s AC mains supply. Discoanect 400 cfs sapply and re-connect 240 V 50 ¢is AC
supply.

14, Y2 Amplifier
Repeat te5t 25 in (1lal adjust BVY as necessary,
Repect tests as in {11b, ¢, and d} adjusting RVE, RVT and RVIC as necessary.

Repeat testz ac in {13! adjusting C17B and C14E as necsssary.

Cl

Repeal tests as in (11{) adjusting C1E, C17A and Cl4A to give the same inpul capacity
as Y1 on all ranges.

Repeat tests as in {11g) ediusting DL2 and C22 45 necessary.

Tests as in 112) arnd (13! shail S applied to Y2 amplifier. with the frace centredonthe
lower calibrated graticule line,
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RESISTORS, FIXED
Claes Group No. 5805
Country of Origin Code 908,

Circuit
Rel.

Rl
R2
Ra
R4
RS

R6
R7
RE
RE
R10

Ril
R12
R13
R14
R15

Rl6
R17
R1B
R19
R20

R21
R22
R23
R24
R23

R26
R27
R28
R28
R3O0

Ril
R32
R33
R34
R35

R36
R37
R3g
R38
R40

40

CONMPONENTE LIET,

Description

Compogition,
Compaosition,
Compogition,
Composition,
Compogition,

Composition,
Composition,
Composition,
Composition,
Composition,

Compoasition,
Composition,
Compasition,
Composition,
Composition,

Composition,
Composition,
Composition,
Composition,
Compaogition,

Compogition,
Composition,
Composition,
Composition,

Grade
Grade
Grade
Grade
Graide

Graide 2,
Grade 1,
Grade 1,
Grade 1,
Grade 1,

Grade 1,
Grade 1,
Grade 2,
Grade 2,
Grade 2,

Gradez 2,
Grar= 1,
Grade 1,
Grade 1,
Grade 1,

Grade 2,
Grade 2,
Grade 2,
Grade 2,

. non-insulated

nun=ingalated
non-ingulated
non-insulated
non-insulated

insulated

non-insulated
non-insulated
non-insulated
mon-insulated

non-insulated
non=insuiated
insulated
insulated
insulated

irsulated

non-insulated
non-:realated
non-insulated
non-insulated

ingulated
insalzled
ineuinted
insulated

Wire wound, Grade 1, insviated

Film, Grade 2, non-insulated
Composition, Grade 2, insulated
Conposition, Grade 2, insulated
Composition, Grade 1, non-insulated
Film, Grade 2, non-insulated

Wire wound, Grade 1, insulated

Composition,
Composition,
Composition,
Composition,

Composition,
Composition,
Composition,
Composition,
Composition,

Grade 2,
Grade 1,
Grade 1,
Grade 1,

Grade 1,
Grade 1,
Grade 1,
Grade 2,
Grade 1,

non-insulated
non-insulated
non-insulated
non-insulated

non-insulated

non-insulated
non-insulated
insulated

nan-insulated

CT 436

J. &, No.
C.C.A,

* Painton 73
021-6208
* Painton 73
021-6£4435
021 -608Y5

022-1109
021 -5660
©2]- 5861
021-5535
021-5733

0z1-5655
021-5861
022-1109
0r2-2151
022-3163

022-1109
021-5740
021-6293
021-6293
021-5740

022-1108
022-21864
022-3163
022-1109
011-3338

* Welwyr F32
022-1109
022-1109
021-5600

* Welwyn Fa2

011-3338
022-1109
021-5503
* Painton 73
021 -6206

021-6445
021-6367
022-110%9
021-5861

Value
Qhms

a0k
10k
400k
100%
M

190
1200
£200

470
2700

1200
5200
100
15k
141

100

2700
22k
22k

25700

100
27k
1M
100
5600

4700
100
100
680

4700

5600
100
200
go0k
10K

800k

100k

1M
100
6200

* Indicates Commercial Type No. where no J. 8. No. exisis.
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RESISTORS, FIXED
Claee Group No. &805
Country of Origin Code 89,

non-ingulated
non-insulated
non-insulated
nun-insclated
non-insulated

insulated
insulated
insulated
insulated
nan-insulated

non-insulated
non-inculated
non-insulated
insulated
insulaled

ingulated
insulated

ingulated

non-insulated
non-insulated

insulated
insulated

insulated
insulated
insulated
non-insulated
non-insulated

non-insulated
Insulzted
insulated
ingulated

J. &, No. Value Tol. Rating
C.C. A, Ohme % Watts
D21-5660 1200 2 4
021-5555 470 1 3
021-5735 2700 1 3
021-5655 1200 1 i
021-5861 8200 2 i
022-1109 100 10 :
022-2151 15k 10 i
022-3163 1M 10 1
022-1109 100 10 i
021-5740 2700 2 i
021-6283 2%k 2 2
021-6293 22k 2 :
021-5740 2700 2 3
022-1109 100 10 <
022-218B4 27k 10 4
022-3163 iM 10 i
022-1109 100 10 i
011-3338 5600 5 k]
022-1109 100 10 H
622-1109 100 i0 i
* Welwyn F32 4700 5 2
021-5600 680 2 g
* Welwyn F32 4700 5 2
011-3338 5600 5 3
022-1109 100 10 1
021-5780 3900 2 i
D21-5760 3800 2 i
022-1109 100 10 f
022-1025 22 10 :
022-2172 22k 10 i
022-2123  B200 10 i
022-30357 100k 10 :
021-6991 E80k 2 i
021-6966 1M 2 b
021-5705 2000 1
022-3079 220k 10 ;
022-3037 100k 10 i
022-3058 150k 10 1

* Indicates Commercial Type No. where no J, 8, Ko. exists,

Circuit Description
Rel,
R4l Composition, Grade 1,
R42 Compoeition, Grade 1,
R43 Compositipn, Grade 1,
R44 Composition, Grade 1,
R45 Compoeition, Grade 1,
R46 Composition, Grade 2,
R47 Composition, Grade 2,
R48 Composition, Grade 2,
R49 Compositicn, Grade 2,
RS0 Composition, Grade 1,
R51 Composition, Grade 1,
R32 Composition, Grade 1,
R53 Composition, Grade 1,
R4 Compaosition, Grade 2,
R55 Composition, Grade 2,
RE6 Composition, Grade 2,
R57 Compaosition, Grade 2,
R58 Wire wound, Grade 1, insulsted
R50 Compaosition, Grade 2, insclated
RED Composition, Grade 2, insulated
RE1 Film, Grade 2, non-insulated
R62 Compaosition, Grade 1, non-insulated
R63 Film, Grade 2, insulated
RG4 Wire wound, Grade 1, insulated
RE3 Composition, Grade 2,
REG Composition, Grade 1,
R67 Composition, Grade 1,
RE8 Not fitted
RE9 Composition, Grade 2,
R0 Composition, Grade 2,
RT1 Composition, Grade 2,
R72 Compoeiton, Grade 2,
RT3 Composition, Grade 2,
R4 Composition, Grade 1,
RS Composition, Grade 1,
R76 Not fitted
RTT Composition, Grade 1,
RT8 Composition, Grade 2,
R79 ‘ Composition, Grade 2,
R&0 Composition, Grade 2,
. P, e
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RESISTORS, FIXED
Clags Group No. 5805
Country of Origin Code 89.

Circuit
Fef.

R&l
Ré2
RE3
R&4
RE3

REG
RET
Ra8
R&g
R2O

R91
RO2
RE3
R4
R95

RESE
RET
ROB
R99
R100

R101
R102
R103
R104
R106

R106
R107
R108
R109
R110

R11l
R112
R113
R114
R115

R116
R117
R118

RI119
R120

Description

Composition,
Compasition,
Composition,

Grade 2,
Grade 2,
Grade 2,

Wire wound, Vitreous

Com position,

Composition,
Composition,
Com:position,
Compasition,
Composition,

Compasition,
Composition,
Composition,
Composition,
Compoeition,

Composition,
Composition,
Compasition,
Composition,
Composition,

Composition,
Composition,
Composition,
Composition,
Compogition,

Composition,
Composition,
Compocsition,
Composition,
Composition,

Compoeition,
Composition,
Composition,
Compoeition,
Compotition,

Composition,
Composition,
Composition,
Composition,
Composition,

Grade 2,

Grade 1,
Grade 1,
Grade 2,
Grade 2,
Grade 2,

Grads 2,
Grade 1,
Grade 1,
Grade 1,
Grade 2,

Grade 1,
Grade 2,
Grade 1,
Grade 1,
Grade 1,

Grade 1,
Grade 2,
Grade 2,
Grade 1,
Grade 1,

Grade 2,
Grade 2,
Grade 2,
Grade 1,
Grade 2,

Grade 2,
Grade 1,
Grade 1,
Grade 1,
Grade 2,

Grade 2,
Grade 1,
Grade 1,
Grade 2,
Grade 2,

insulated
insulated
insulated

J.5. No.
C.C.A.

022-1108
022-1109
D22-3163

*Welwyn AW3I115 H. 8

irsulated

non-insulated
non-insclated
insulated
insulated
insulated

insulated
non-insulaied
non-insulated
non-insulated
insulated

not=insulated
insulated

non=-insulated
non-inselated
non-insulated

non-insulated
insulated
insulated
non-insulated
non-insulated

insulated
insulated
insulated
non-ingulated
insulated

insclated
non-insulated
non-insulated
non-insulated
insulated

insulated
non-insulated
non-insulated
insulated
insulated

D22-1108

021-692&
O#1-T801
022-3091
022-1108
022-1025

022-2004
021-8753
021-8753
021-6845
022-1108

021-6B889
022-3109
021-5820
021-6966
021-6706

021-6706
022-2004
022-1214
021-6654
021-6T64

022-3163
022-3163
022-3289
021-5760
022-3163

022-1108
021-5800
021-5861
021-5800
022-1108

022-3163
021-6987
021-6987
022-1109
022-1025

Valuas
Ohme

100
109
In
13k
100

330k
BE20k
270k
100

1000
150k
150k
390k
100

270k
SE0K
5600
1N
10M

100!
1000
680

5. 6M

1, BN

1M

M

10M
3900

1M

100
4700
B200
4700

100

1M
2,2M
2.2M
100

* Indicates Commercial Type No. where no J.5. No. exists.

Tol.
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10
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RESIETORS, FIXED
Clase Group No. 5905
Couniry of Origin Code 99,

Circuit
Rel.

E1l1
R12d
R123
R124
R12%

R126
R127
R1Z8
R12%
R130

R131
R132
R133
R134
R135

K136
R137
R1id
R13%
RI140

Ri4l
R142
K143
Rl44
K145

R146
R14%
Rl48
F148
R150

R151
R152
F153
R134
R155

R156
R157
R158
. R158
R160

Sy I?E;"l
4

Compaosition,
Composition,
Composition,
Composition,
Composition,

Composition,
Composition,
Composition,
Composition,
Composition,

Composition,
Composition,
Composition,
Composition,
Compasition,

Composition,
Composition,
Composition,
Composition,
Composition,

Composition,
Composition,
Composition,
Composition,
Composition,

Composition,
Composgition,
Composition,
Composition,

Compogition,
Compoeition,
Composition,
CompoEeition,
Composition,

Composition,
Composition,
Composition,
Composition,
Compogition,

Description

Grade 1,
Grade 1,
Grade 2,
Grade 1,
Grade 1,

Grade 2,
Grade 2,
Crade 1,

Grade 1

Grade 1,

Grade 2,
Grade 2,
Grade 1,
Grade 2,
Grade 2,

Grade 1,
Grade 1,
CGrade 1,
Grade 1,
Grade 2,

Grade 2,
Grade 1,
Grade 1,
Grade 2,
Grade 2,

Grade 1,
Grade 1,
Grade 2,
Grade 2,
Composition, Grade 2, insulated

Grade 2,
Grade 2,
Grade 1,
Grade 1,
Grade 1,

Grade 2,
Grade 2,
Grade 2,
Grade 2,
Grade 1,

L]

non-insulated
non-insulated
insulaied

non=-ineulated
non-insulated

insulaled
insulated
ron-insulated
non-insulated
non-insulated

insulated
insulated
non-insulated
insulated
insulated

non-insulated
non-insulated
non-insulated
non-insulated
insulated

insulated
non-insulated
non-insulated
insulated
insulated

non-insulated
non-insulated
insulated
insulated

ineulated
insulated
non-insulated
non-insulated
non-insulated

insulated
insulated
insulated
insulated
non=-insulated

T T St —es, S m— e e .l gl i gy e

Rl R

amd Py e d %

v
L

e e

v

J.5, No.
C.C.A.

021-6232
021-5560
022-1109
021-6OEE
021-69E6

022-2151
c22-2142
021-6450
021-5780
021-6410

022-1109
£22-2004
021-5802
(22-2004
022-1108

021-6331
021-6311
021-63435
021-6445
N22-1100

022-1025
021-6931
021-6888
022-1108
022-2046

021-6212
021-6212
022-1109
022-3226
022-3288

022-2214
022-2172
021-6450
021-8952
021-6450

022-1109
022-1025
022-2151
022-1108
021-6445

i i e A e i i b

Value
Ohkms

12k
3300
100
1M
1M

15k
12k
100k
asoo
BBk

100
1000
4700
1000

100

i3k
2Tk
39
100x
100

22
330k
270k
100

2200

10&
10k
100
3. 3M
10M

47k
22k
150k
&T0k
100k

100
22
15k

100

100k

Tol,

&
X

-
BB B OO

Rating
Watte

e T B e e e e R O e i [ e[ B i g el e N T T N R

o N E——

Bl i o o e ol

e

43



RESISETORSE
Clase Group No. 5305
Country of Origin Code 89,

Circuit
Ref,

R161
Rig62
R1€3
R164
R165

R166
R1E67
R16E
R1€8
R170

R171
R172
R173
R174
R175

R176
R177
R178
R179
R180

R1E1
R182
R1E&3
R184
R1E5

RI1ES
R1E7
R188
R1898
R190

R191
R192
R193
R194
R195

R196
R197
R198
R199
R200

-, FIXED

Descriptinn

Composition, Grade
Composition, Grade
Compotgition, Grade
Composition, Grade
Composition, Grade

Composition, Grade
Compasition, Grade

Composition, Grade 2,
Composition, Grade 2,
Composition, Grade 2,

Composition, Grade 2,
Compogition, Grade 1,
Composition, Grade 2,
Film, Grade 2, non-insulated

Composition, Grade 2, insulated

non=-insulated
non-insulated
non-insulated
non-insulated
insulated

non-insulated
non-insulated
insulated
insulated
insulated

insulated
non=-insulated
insulated

Composition, Grade 1, non-insulated
Film, Grade 2, non-insulated

Composition, Grade 2,
Composition, Grade 1,
Composition, Grade 2,

Composition, Grade 2,
Composition, Grade 1,
Composition, Grade 1,
Composition, Grade 2,
Composition, Grade 1,

Composition, Grade 1,
Composition, Grade 2,
Composition, Grade 2,
Composition, Grade 1,
Composition, Grade 1,

Composition, Grade 2,
Composition, Grade 1,
Composition, Grade 1,
Composition, Grade 2,
Composition, Grade 2,

Composition, Grade 2,
Composition, Grade 2,
Composition, Grade 2,
Composition, Grade 2,
Composition, Grade 1,

ineulated
non-insulated
insulated

insulated
non-insulated
non-insulated
insulated
naon-insolated

non-insulated
insulated
insulated
non-insulated
non-insulated

insulated
non-insulated
non-insulated
insulated
insulated

insulated
insulated
insulated
insulated
non-insulated

J.5. No.
C.C.A.

021-6296
021-6872
021-6922
021-6822
0z2-1109

021-5800
021-6211
(G22-1025
022-307%
022-3100

022-3070
021-5886
022-1109
*Welwyn F33
02Z-1108%

G21-5822
*Welwyn F33
022-1109
021-5822
022-1109

022-3163
021-6B86
021-6518
o22-2172
021-6BE0D

021-6445
022-1109
022-1025
021-3781
021-3781

022-1108
021-g922
021-6445
022-3163
022-3163

022-3163
022-3163
022-3163
022-1214
021-5435

Yaiuve
Ohmes

24k
1. 5M
300k
300k
100

4700
10K
22
220k
330K

180k
100

10k
100
3600

10k

100
3500

1M

150

* Indicates Commercial Type No. where no J. 8, No. exists.

e o e —— s -

Tol. Hating
& ‘atts
1 1
1 $
i .
1 3
10 -
2 :
2 5
10 3
10 4
10 i
10 T
2 3
10 i
5 4
i0 i
2 i
5 g
10 ;!
2 Fy
10 i
10 i
2 .
2 %
10 .
1 |
1 1
10 i
10 <
2 H
z 3
10
1
1
10 .
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10 1
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RESISTOTS

TIXED

Clage Group Ko, 5805
Country of Crigin Code 98,

Circuit
Hef,

R201
R202
R203
RZ04
R205

R206
R207
R20b6
R209
R210

R211
R212
R213
R214
R215

R216
R217
RZ14d
219
R220

R2Z1

Description

Wire wound, Vitreous

Composition,
Composition,
Composition,
Composition,

Composition,
Composition,
Compaosition,
Composition,
Compasition,

Composition,
Compasition,
Coriposition,
Comyposition,
Composition,

Composition,
Composition,
Composition,
Composition,
Composition,

Composition,

Grade 2,
Grade 2,
Grade 1,
Grade 1,

Grade 1,
Grade 2,
Grade 1,
Grade 1,
Grade 2,

Grade 2,
Grade 2,
Grade 2,
Grade 2,
Grade 2,

Grade 2,
Grade 2,
Grade 2,
Grade 2,
Grade 2,

CGrade 2,

J.58. Ko.
C.C.A.

*Welwyn AW3115 HS

insulzted
ingulaied
non-insulated
nen-insulated

non-insulated
insulated
non-insulated
non-insulated
insulated

insulated
insulated
insulated
insulated
insulated

insulawed
insulated
insulated
insulated
insulated

insulated

022-3163
022-1108
021-6291
£21-6291

021-5680
p22-1104
021-0403
021-64435
022-2004

02Z-2088
022-3163
p22-21%2
022-2172
022-31€3

022-31€3
022-106%
022-1087
022-1067
022-3288

022-3132

Value
Ohme

1600
1M
ill
22k

22x

1500

100
£8k
100k

10600

4.7K
M

22k

22k
iM

47
4%
47
10M

360K

* Indicates Commercial Type No. where no J, 8. No. exists.
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RESISTORS VARIABLE
Clage Groep No. 5805
Country of Origin Code 93,

Circuit Description

Rel,

Rv1 Composition, (Dual Conc, )

A Composition, presel

RV3 Composition, preset

EV4 Composition, preset

BV5 Composition, preset

EVE Composition, {Dusl Conc, }

RVT Composition, preset

RVE Composition, presat

A Composition, preset

RV10  Composition, preset

Rvil Composition, preset

RVi2 Composition, preset

RV13 Composition, {Dual Conc. )

RV14 Composition, (Dual Conc. )

RV15  Wire wound, preset

EVi6E Composition, preset

RV1T  Composition, preset

EV1E Composition, preset

RV18  Composition, (Dual Conc.
with witch)

RV20 Composition, preset

Rval Composition, preset

RV22  Composition,

RV23 Compoeition, (Dual Conc.)

RV 24 Wire wound, preset

RV25h  Wire wound, preset

EVZ8  Wire wound

Rv27  Composition, preset

46
. _-,...._....r:_,.:.__,.__.,,._.. s
- R Y e R i s coPiL o - ..-‘--. i
LS j

* Indicates Commercial Type No. where no JS. No. exists.

J.5. No. Value
C.C. A, Ohme
*Plessey ED 2500/
100k
*Morganite BJLSI.SP 250
*Morganite BJ, 81, 8P 250K
*Morganite BJ.5LL.SP 500
*Morganite BJ. SILSP 100
*Plessey ED 2300/
100x
*Morganite BJ. &1, EP 250
*Morganite BJ, S1.EP 250k
*Morganite BJ.EI.8P 500
*Morganite BJ. ELLSP 100
110-2758 200k
110-2758 500k
» A.B. Metals 1/
2, 5M
* A.B. Metals 1M/
2, 5M
011-9489 1000
*Morgenite BJ,S1.EP 500
110-2758 500k
110-2758 500k
*Plessey EDS 106/
10k sw
*Morganite BJ, 8L, EP =0k
*Morganite BJ. 81, 8P 50
026-2407 250k
*Plessey E.D. 2500/
100k
011-9488 1000
011-9489 1000
*Colvern 1298/0 50
011-8845 100

Tol, Rating
o Watle
20 1
20 :
20 i
20 i
20 i
20 p:
20 L
20 :
20 i
20 i
20 i
20 i
20 5
20 3
10 12
20 1
20 .
20 *
20 2
20 %
20 i
20 !
20 2
10 :
10 ]
10 2
10 ‘f




CAPACTTORS
Clzee Group Mo, 010
Country of Origin Code 99,

J.5. No,
C.C.A,

*Hunt AF103
Triks ER/N500
*Suflex HS
Triko SR/NS00
*Euflex HE

*Stzatite 8.

*Steatite &,

888-0771

011-62%50

*Hunt AF103

*Huni AF103

*Mullard C296AAATO0K

*Steatite 12 Triko 6/30/D50
211-8430

*Huni AF103

*Steatite 5, Triko 6R/N300
*Plessey CE4301

*2uflex HS

*Steatite 8. Trike ER/NE00
99907171

*Suflex HS

*Hunt AF103

*Mullard C296AAAI00K
*Steatite 12 Trike 6/30/D30
©811-8430

011-8270

*Pleesey CE4301

*Mullard C23EAC/ALI0K

* Mullard C296AC/A10K

*Mullard C236AC /AL00K
*Plessey CE4263/1
*Hunt AMZ202

*Hunt AN 202
014-5517

*Plessey CEG4T/186
*Plessey CE647/16

*Mullard C2EPEAASAIM

Value Tol. Rating
gF % Volis
0.1 20 600
2x3/15pF
820pF 2 560
2%3/15pF
§6pF 2 500
0.7/4pF 1000
2,2pF LG5pF 750
01 20 B0
0.1 20 620
G.1 10 1235
6,/30pF
120pF 2 502
0.1 20 600
2x3/15pF
200 =20 12
+50
E20pF 2 500
2x3,15pF
0, 5/4pF 1000
FEpF 2 500
0.1 20 600
0.1 10 125
E/30pF
120pF 2 590
2,2pF .5pF TR0
300 =20 12
+50
0,01 10 400
0,01 10 400
0.1 10 125
130 -20 100
+50
0.1 20 250
0.1 20 230
250 =20 50
+100
250 =20 275
+50
250 -20 275
+a0
1 10 125

* Indicatee Commercial Type No. where no J.E, No. exists,

Circuit Description

Ref,
Cl Metalieed, plastic, tubular
Cc2 Varizble, preset
cl Polvsiyrene, tubular
C4 Variable, preset
] Pulvetyrene, tubular
CéE Variable, preeet
Cq Ceramic, tubular, insulated
Céa Metalised, plastic, tubular
ce Metalised, plastic, tubular
c10 Metslised, polvesler
Cl1 Varizble, preset
ciz Polystyrene, tubular
Cl3 Metaliged, plastic, tubular
Cl4 Varizble, preset
C15 Electrolytic, reversable
Cl6 Peolystyrene, tobolar
cC17 Variable, prasst
Cle Variable, preset
C18 Polysiyrene, tubular
C20 Metalised, plastic, tubclar
c21 Metalised, polvester
Cce2 Varizble, preset
c23 Polvstyrene, tubular
CZ4 Ceramic, tubular, insulated
C25 Electrolytic, reversable

' CZ6 Metalised, plastic, tubular
c27 Metalised, plastic, fubular
C2E Metalised, polyester
cz2a Electrolytie, tubuelar, S/L
C30 Metalised, plastic, tubular
Cil Metalised, plastic
Ca2 Electrolytic, tubular, /L
Ci3 Electrolytic, tubular
C34 Flectrolytc, tubular

: * C35 Metaliged, polvester

b i

D J436/2
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i
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CAFACITORS
Clacr Group No. 5910
Country of Origin Codc 98,

48

Circuit

Ref.
C36
Cc3n
C38
(39
C40

C41l
c42

43

C44
C45

C46
C49
C48
C49
C50

C51

CEl

Cce2
Ce3
Co4
CE5

TE6
CET
C68
C69

c70

e T

Ciesrription

Electrolvtic, tubular, &'L
Electrolytic, tubular, £°L
Metalised, polyester

Metalised, plastic, tubclar

Paper, rectangular

Paper, rectangular
Electrolyiic, tubular, £/L

Ceramic, disc,

Polystyrene, tubular
Ceramic, tubular, insulated

Polystyrene, tebular
Ceramic, tubular, insulated
Ceramic, tubular

Ceramic, disc.

Metalised, plastic, tubular

Electrolytic, tubular {unsleeved)
Elecirolytic, tubalar, insulated

Electrolytic, tubdular, L.=ulated

Paper, tubular, insulated
Paper, tubular, insulated

Metalieed, plastic, tubular
Metalised, plastic, tubular
Polystyrene, tubular
Polystyrene, tubular
Ceramic, disc.

Ceramic, disc,

Paper, tubular, insulated

Metalised, plastic, tubular
Metalised, plastic, tubular
Metalised, plastic, tubular

Metzlised, polvester
Polyester
Metalised, polyecter
Ceramic, tubular

Ceramic, tubular, insulated

*Indicates Commercial Type No. where no J. 5, Ko, exists,

B AR S A R e,
TSRS e

*Plessey CES24E,12
(114-3508
*Mullard C29644 AN

*Hunt AMZ0Z

011-1377

(11-E274
011-8221
0i1-6274

*Erie KI300E1IBD
G40 -C450
*Nullard C296AC/ATUK

* Plessey CES096

*Plessev CE1331
*Fless=y CE1331

011-5413
G3i-0124

*Mullard Z76AC/ALDK
*Mullard :56AC/ALO0K
G.E.C.

011-8212

940-94B9

Ga0-94E0

*T.C.C. CP35G0

*Hunt AM202

*Mullard C28EA4/A10K
*Hunt AM203

*Mullard C296AA/A100K
*G.E.C.

*Mullard C206AASA100K
*Erie Ki500L1/BD

011-8270

or

Value Tol.
pF &
60 =20

+50

25 =20

+100

1 10

0.1 20

0.5 20

0.5 20

B -0

4100

0,01 -20

+B0

27pF 10
4,TpF . 5pF

2ipF 10
4.7pF  .5pF

3000pF -20

+10

Lo =20
+80

L0l 10
3232 =20
=50

& =20
<100

£ -20
+100

g, 05 20
0.1 20
c.01 10
0.01 10

100pF 10

1000pF 5
L0301 =20

+80
.00l -20
+50

0.0 20
0.1 20
0.01 10
0.25 20
0.1 10
0.25 2
0.1 10

S000pF  +40

-20
2,2pF . 5pF

Rating
Volis

200

s
—
=]
P

b
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1. 25k

2. 5k
250
125
250

125
150
123
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CAPACITORS
Clzse Group Na, 5310
Country of Origin Code 8%,

Circuit
Rel,

D v436/2
J

Descriplion

Ceramic, tubular insulated
Metalised, plastic, tubular
Metalised, plastic, tubular
Metalised, plastic, tubelar
Metalised, plastic, tubular

Metalised, polvester
Paolystyrene, tubular
Polvstyvrene, lobuolar
Palystyrene, tubular
Polystyrene, fubular

Metalised, plastic, tubular
Polystyrene, tzbalar
Ceramic, mbular, insolated
Metalised, puper, tebular
Polyestcr

Metalised, polvester, tubular
Polystyrene, tubular
Polystyrene, tubular
Polystyrene, tubular
Variable, preset

Metalised, plastic, tubular
Metalised, polvester
Metaliged, plastic, tubular
Ceramiec, disc.

Ceramic, disc.

J.E. Ko
C.CLA

011-8270
*Hunt AF103
*Huni AF103
*Hun! AM203

913-5110

*Mullard C285844 A1M
011-9206

01:-9204

011-8202

*Euilex HSE

£13-5410
C11-98200
011-B2%2
*Hunt WPa5a
*G,E,C,

*Wima Tropviol
U g A
*Fuflex HE
B11-8431
016-7008

*Mullard C296AC/AL0E
*Mullard C296A4 FA100K
*Mullard C296AA/A10K
*Hunts TE 000/CD14F. 2

*Hunts TRO000/CD14K/2

Value Tol,
pF %
2.2pF O, SpF
0.1 20
0,1 Z0
0. 25 20
1 a0
1 10

100pF 10
47pF 10
22pF 10
22pF 0.5pF

i 20
10pF 10
3. ipF . &pF
10 10
1 2
0.1 2
113 B

1000pF 2
S6pF 2

3/30pF

0,00 10
0.1 10
0,01 10
0.01 -20

+50
0.01 -20

+a0

* Indicates Commercial Tyvpe No. where no J, 8, No, exists,
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Circuit Description J. 5, No, Valur
Fel, C.C.A.
Vi Double tripde DO0-2467
VE Diouble triode D00-2452
Vi Fentode 000-3994
v Pentode 0OG-5005
Ve Double triode 00f-34%2
Vi Double tripde 000-2492
VT Fentode O00-3893
Vi Pentode 00 -2896
Ve Double triode 0po-2402
vig Vollage stabiliser CO03-8004
i1 Pentode Qo0- 5004
‘12 Voltage stabilizer Or}-2266
13 Voltage stebiliser 000-2264
V14 Double triode Cor-24%92
Vid Voltage etabiliser CI0-6004
V16 Fentode no0-2401
Vit Pentode pop-2801
V1b Double iriode 00 -2402
Vg Cathode ray tube *Etel 3A7P31
Van Double trinde P02-2592
Val Double tripde 0002592
Va2 Doubile triode 000-2482
Vas Double iricde (a0-2492
Va4 Double triode 0o0-2502
VEo Double triode 000-24492
VZe Voltage stabiliser LO0-£004
vaT Pentode 000-5928
VEE Pentode 000-3098
V2o Double triode QOC-24492
SEMI CONDUCTORE
Class Group No. 59450
Country of Origin Code 98
Circuit Dessription J. 8. Now Valus
Ref. C.C.A,
MR Germanium diode 0o0-0448
MR2 Germanium digde ooo-0d46
MR3 Germanium diode ooo-04g448
ME4 Germarnium diode 000-04458
MRS Silicon diode 0O0-T0Z8
*Indicates Commercial Type No. where no J, 5, No. exists,
50
- "_'_‘,- 3 - e
.—5_;._ el - - L L% -
L j
-

Tel.

Tol.

Rating

Rating



SEMI CONDUCTORS
Class Group No. 5860
Couniry of Origin Code 99,

Circuit Description J. 5. No. Valus Tol.

Ref, C.C.A.
MRT Silicon dinde *Int. Rert's IN2376
MR8 &Silicon diode *Int. Rect's TN2376
MRS Eilicon diodc 000-T028
MRI0 Germanium dinde 000-7047
»R11 Germanium gindi 00d-7047
MR12 Germanjum dinde 000-7047
MR13 Germanium diode GO0 -TC47
MR14 Silicon zener dinde Q00-7072
MRI15 Germanium diode 000-0448
MR16 Germanium diode Q00-0448

INDUCTORS

Class Group No. 5230

Country of Origin Code %9,

Circuit Descriplicn J. 8. Ko, Value Tol.
Ref. C.C.A, *
L1 Choke R.F. lixed *Ealartron 294128 15xH
L2 Choke R, F, fixea *Eolariron 233128 15xH
L3 Choke R. F. fixed *Splartron 283128 15:H
L4 Choke R, F, fixed *Calartron 293128 15:H
L5 Choke R.F. f{ixed *Solartron 293617 T0pH
L6 Choke R. F. variable *Solariron 203832 1.3mH
LT Choke R, F. variable *Salartron 293832 1.3mH
L8 Choke R. F. fixed *Sslartron 283817 T0kH

MISCELLANEQUS

Class Group No.
Country of Origin Code 99,

Circuit
Rel.

. M

DL1
DL2

D 436/1
2

|
i —_—

Description : J.8. No.

Transformer

Delav network
Delay network

C.C.A.
"*WTB165764

**WTEB165776
WIB1637V75

* Indicates Commercial Type No. where no J.8, No. exists.
** Indicates Ministry Reference No. where no J. 8, No, existe,

Rating

Rating
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MISCELLANEOUS
Clasg Group No. 5835
Country of Origin Code 99,

Circuit Description J. 8, Ko
Ref. C.C.A.
EKTI Socket, [ixed, B.N.C. B1]1-6ET2
EKT2 Eocket, fixed, BE.N.C. e11-6872
EKT3  Socket, [ixed, B.N.C. 511-6ET2
EKT4 Epcket, fixed B, N.C. B11-6hT2
EKTH Socket, 25-wav 432-586%
EKTH Socket, fixed *I0H/21T2T
EKTT Socket, fixed *+10H/21727
EKTH Eorket, fixed mEI0M 21720

EKTE Mot fitted
EKT10 Nei fitted

SKTI11 BSocket, fixed =2 10H,/ 21527
SKT1Z2 Not fitted
EKT13  Eocket, {ixed =410H /21727
EKT14 Bocket, fixed =*10H/ 21727
EKTIS Socket, fixed =+1GH 21927
SKTIE Socket, fixed =*10H,/21727
SKTIT Socket, fixed **]108/2178%
EKTI1E Sockst, fixed =S 1IH/ L1727
EKT1® Socker, fixed =08 2152
SKT20 Socket, [ixed *=10K, 21925
SKT21 Mot fitied
SKT22 Mot fitted
SKT23  Not {itled
SKTZ4 Not [itted
SRT25  Not fitted
EKT2€ Not fitted
EKT2T Socket, {ixed **10H,/2172%7
SKT28 Socket, fixed **10H,/21727
EKT29 Socket, fixed #=10H/21727
EKT30 Not fitted
SEKT31 Not fitted
SKT32 Sacket, fixed, B.N.C. g11-6872
PL1 Plug, 3-way, fixed, Mk IV 056-0585
PL2 Plug, 3-way, fixed, MEIV 056-0565
PL3 Plug, 25-way *MeMurdo
FL4 Plug #32-5863
PLS Plug 932-5885
PLG Wot fitted
FLT Mot fitted
PLE Plug 932-58B5
FLS Plug 932-5985
FPL10 ot fitted
** Indicates Ministry Reference No. where no J. 8. Ko, exiets,
*Indicates Commercial Type No, where nn J.5. No. exists.
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MISCELLAKEOUS
Class Group No. 5935
Couniry of Origin Code 98,

Circuit
Ref.

PLI11
rLI12
PLi3
PL4
PL1S

FL1E

MSP1

Deseription J. 5. No.
C.C.A.

MNat fitted
E]L:p 932-3085
J‘.]u'_‘ 932-54985
Piug 932-5085
Plug _ 03Z-5985
Pluyg 932-5985
Terminal, screw connector “*WTAIGST0D
Terminzl, screw Pillar *WTAIESREH

*XEERMIE
== E30118
**X030118

Lamp, miniature
Lemp, miniature
Lump, miniature

Fuse, 2 Amp, miniature *B&L, ERC. L734

Maing selector panel, MP2463,

Compleie with plug, MP24g4 SHENRE AL TR002

Clars Group No. 5905
Country of Origin Code 99

aEBBE

87
EB

510

T 811

Switch, wafer
Switch, wafer
Switch, wafler
Switch, wafler
Switch, wafer

Switch (Refer RV18)
Switch, wafer
Ewitch, wafer

Switch, toggle, DB/DT
Switch, toggle, DE/DP

Switch, seneitive, V3

"*WTE 165765
**WTE 165766
**WTE 163765
**WTE 165766
**WTB 165767

*Plessey EDS
**WTE 165768
**WTE 165769

051-0504
051-0504

051-0080

* Indicdtes Commercial Type No. where no J, 8. No. exists,
** Indicates Minietry Reference No. where no J. 8. No. exists.




Setting Up and Test Provedure
for the

Converter Direct Current.

1. Eguipment Required.

The Iollowing additional equipment is reguired for the tests called for (o this specification @
2) Insulalion Tesier 500 V, e.g. Megpper.

] Power Supply of 0-20 V d.c. e.g. Solariron A 5358,

c) General Purpose Oscilloscope e, g. Solariron CD 1014, 2,

d) Dynamometer Volimeter ; range 0-153 V, ¢.g. Model Cambridge 47035/ 4,

Z. Preliminary Checks.

£

Disconnect the converter fromthe oscilloscope CT 436. Toaccomplishihis, firs: dizconpect
the maind, ¢. supply to the converter by un-plugging the power lead., Secondly, unscrew the three
captive screws located through holes in the cover of the converter. The converter may thenbe
withdrawn from the rear of the oscilloscope,

Insulation and Continuity.

WARNING. Extremecare musibe taken when applying a high voltage insulation tester, «.2.
Megger, to the Converter as irreparable damage may be caused (¢ semi-conduciors,

Check insulation resistance with the Megger connected between the {ollowing points. The
resistance indicated on the Megger should be not lese than 100 megochme,

a) PL1 + and chassis,

b) PL1 - and chassis,

c) Pins, 1,3,4.6.8,9,11.13,14,15,16,18.19,20,21, 24,25 of K1 and chassis.
d) Pins, 1,3.4,6.6,9,11,13,14,15,16,186,19,20,21,24,25 of 2Kl and PL1 +.

With the Avometer, check for continuity between the following points :

a) Ping 15 and 20 on SK1.
b) Ping 5 and 10 on SK1,
c) PL1 +and Pin 5 on SK1.

3. Preliminary Adjustments,

Pluginthe converterto the CT 436 oscilloscope, Connectthe dynamometer volimeter across
the terminale of the panel lampinthe CT 436, Set the output of the power supply AS 839 to 27 volts,
and connect this output voltage to the input plug {PL1) of the converter. Switch on the CT 436 and
immediately adjust RV1 inthe converter to give a reading of 6.3 volts on the meter, Check that the
CT 43€ functions correctly. Allow a w. ming up period of not less than 30 minutes.



4. Setting Up sngé Perinrmance Checks,

Alter thewarmingup prriod has elapsed, checkthat the dynamometer volimeter still indicates
6.3 volis. Re-adjust RV1 w correct for any drift in voltage.

Vary the output velizre of the AS 959 from 30 volts to 24 volie, noting the dynamometer
volimeter reading in each casc. The 6.3 volts reading on the meier must not vary by more than
t 7% e.g. 0.5V r,m, =, approxvimately. Resel the output of the AS 555 10 27 volts and check thar
the dynamometer voltmoter reading indicates 6. 3 volis.

Remove the dyrzmomeler velimeter from across the lamp terminale and use this meter to
check that the othor 6, 3 volt outputs [rom the converter al the following pointé in the CT 436 are
6.3 volie = 3%, e.pg, 0.2V r, o 5. approximately.

a) Pine 4 and 5 on V4,

b) Pine 4 and ¢ on V14,

and 11 on V1% (CRT Base).

L1}

c) Fins

By meane of the Avometer, check that the HT cutputs ifrom the convester are correct by
ensuring that the voliages are within the limits laid down in Tables 1 and Z of Section V in the
getting up procedure of the CT 436,

5. Wavelorm Check.
With the CD 1014,2 oscilloscope (ISOLATED FROM MAINS EARTH! monitor the waveform

across the 6.3 volts pilot lamp in the CT 436, The rise &nd fall time of the waveform should be
approximately 100 psecs,
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Componenis List

[or

[P—— ]

The Canverter Dirvet Current ]

JoE Cal. No, 6625-90 L25-0505

- oo ad

RESISTORS, FIXED.
Class Groap No, 5%05,
Country of Origin Code 9%,

Circuit Descriplion BN Valuc Tel. Rating
Ref. C.C.A. Ohme & Walls
1
R1 Wire wound, Vitreous C1i1-8802 4.7 b & !
R2 Wire wound, Vitreous 011 5802 4.7 3 ] +
R3 Wire wourd, Vitreous 011 -5802 4,7 5 £
R4 Wire wound, Self-supporting ** WTA163BE3 0.63 5 i
R5 Wire wound, S:2l{-supporiing ** WTAIBSBES 0. &8 5 :
RE Wire wound, Self-supporting ** WTAIESER] C. 68 5
R7 Compositicn, Grode 2, insulated 022-1109 100 10 H 1
R8 Composition, Grade 2, insulated 022-1025 22 i0 i ’
RY9 Wire wound, Vilreous 011-3202 a7 5 3]
R10 Wire wound, Vitreous C11-302 4.7 Z 6 \
R1l1 Wire wound, Vilreous 11 -58£02 4.7 5 6 I
R12 Wire wound, Szli-supp rhig ** WTA 16583 0. &8 -
R13 Wire wound, Self-supporting ** WTA163083 0.€5 5
Rl14 Wire wound, Self-suppurting ** WTA 165863 0.65 5 !
R15 Composition, Grade 2, insulated 022-1214 680 10 i J
RH16 Composition, Grade 2, insulated n22.2006 1000 1z i
R17 Composition, Grade 1, non-inszlated 021-55380 360 2 3 i
R18 Composition, Grade 1, non-insulated 021-3882 1500 2 4 H
R19 Composition, Grade 2, insulated 022-2027 1500 10 %
R20 Wire wound, Vitreous 011-3373 100 5 & .
i
R21 Wire wound, Vitreous 011-3276 15 5 3 j
R22 Wire wound, Viireous 011-3276 15 ] 3
R23 Wire wound, Vilreous 011-2256 3 5 3 .
R24 Wire wound, Vitreous 011-3276 15 5 3 i
R25 Not fitted d i
R26 Composition, Grade 2, insulated 022-2103 6800 10 4 :
]

RESISTORS VARIABLE.

RV1 Wire wound *Rezliant MV 250 10

[T

56 DG/4%
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CAPACITORS,
Clase Group No, 5810,
Country of Origin Code 989,

Circuit Description J. 5. No. Value
Fef. C.C.A. e F
Cl Electrolvtic, tubular, sleeved 014-5516 250
c2 Metalised, paper, ineulated G11-9E839 2
Cc3 Ceramic, Disc. H. V. *Frie N3300,/CDE22 160pF
C4 Ceramic, Insr. H.V. *Eric K3300'ChB22 180pF
SEMI-CONDUCTORS,
Circuit Description Inter -
Ref. Eervice
Ref. Mo,
YTl Transistor CVilb4
VT2 Transistor CVT064
VT3 Transistor *0C22
VT4 Transistor *0C139
VTS Transistor CVI0ES
VTE Transisic: CVi0B5
VT Transistor CViDBS
VT8 Transistor CVI085
MR1 Silicon Zener Diode cyVToT0
MR2 Silicon Diode CVi026
MISCELLANEOUS,
. Circuit Description Solartron Inter-
; Rel, Part No. Service
i Rel. No,
{ X1 Thermistor *5. T.C. CZBA
Tl Translormer 285087
T2 Translormer 285086
; F51 Fuse link T A . *Belling & Lee L693
SK1 Socket, 25-way *McMurdo X525
| = PL1 Plug, Electrical 2560555

D ‘I'4EIE;’2

e m——

Tol.

~
L

=20
+100
25
10
10

* Indicates Commercial Type No. where no J. 8. No, exisis,

** Indicates Ministry Drawing No.
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Fig. 22. Component location, Front panel, Tear view
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Sectioral View of Transicrmer Assembly.

Transformer Assemibly,

Sectional View of Heat Sink showing
components beneath group board.

]

LA

Transistor Heat Sink (Internal View).

Fig. 29, Component location, Converter direct Current,
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CT 236.
Izzue Ko, 2.

Erendnent Fo. la

[, Tp—
+LIT

Pagé 6, Line 2.
imend Coax. Type from UR70 to UK76.

ti) Amcng the fﬂl]tw]ng compocnent refs. vic,

E194 %o RI95
Ei95 10 R194
C26 o €27
cay tc €26
SKT7 to SKT8
SXTH io  SK17
SKT20 +to SKT17
SKT17 e SKT20
SKT1% +to SKT116
SKT15 <o  SKT19

Fig.17.
{i) imend Circuit Reference V19 tc -ead V18.
(ii) Ldd front pancl control rotaticns to controls RV13 and BV14 an
circuiti diagram se follows,
EV14: Y1l FOCU3
EV13B ; Y2 FOCUS
EviZ4 ; Y1 ERILL
BV13A £ T2 BRILL
Fig. 30

(i) 2mord terminel numbering on truraformer primery winding es follow

Terminal Fo.

& 1o 1
7 1o 2
B 1o 32
9 40 4
10 to 5
1l to 6
g ‘too
3 to 8

) R, .- B R, e el o s Pt ¥ i
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Figr 32-

| | 4k | : _
e (i) Lower ends of €9 and €20 cr¢ now connécted to the SIG. LOW line
and not to chaesis. % :

£ §
(ii) £éd front ponel contrdl notations to RV1A and EVel e= followe -
-|. e H-uru ; 1‘1 GAI'H _",;f‘ 3

' EVB4 ; Y2 GLIN

(131) Amend veluc of €23 to: 82 pF.

(iv) Zmend circuit notation +310 VA on Y2 channel, adjscont to V&, to
read +310 VR,
Fig. 33.
(i) Lrmend voiue of R112 from 4.7 to 4.7K.

i (ii) Ldd front penel centrol notation STLRB to RV1ZA on eirecul
(1ii) ‘mend value of C64 from 0.1 to 0.01.

Fig. 34.

L (i) Lucnd circuit notation €20 to rcad C26.

| (1i) £d4 circuit refercnce apd type Ko's V19, 34ZP31 to CRT.:

I

j (i1i) Lmeond eircuit refercnee V19 to reed V18,

]

(iv) £dd front pancl control notation to RV13 arnd RV14 on circuit
diagram as follows :1-

2 RV14B ; Y1 FOCUS
1 EV13B 3 Y2 FOCUS ;__
- RV144 ; Y1 iRILL - ;
] RV13A ; Y2 BRILL - ,
Componcnts List. ' -I
Resistors : R196 znd R197 are not fitted f
f) e Cepecitors : Deleto J.S. Cmt: No, From C23. Volue and /fpa
: now chenged to 82 pF Suflex E.S. Fo.

} €56 &nd C57 are not fitted.

] Scmiconductors : £dd ¥R6 Silicon Dicde : J.S. Cet. Yo. 000-7028.

-
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