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A.P.68622 OSCILLOSCOPE, MINIATURE, CT52 

(Joint Services Destenation:- Oscilloscope, Miniature, CT52) 

SUMMARY OF DATA 

PiJRPOSE 

A general-purpose single-beam Oscilloscope and Mater 
for investigating waveforms in the frequency range 10 c/s to 
1 Ne/s, and pulse waveforms of duration from 50 milliseconds 

to 0.1 microsecond. 

DESCRIPTION 

The instrument comprises a 23" single-beam elestrostatically 
focused and deflected C.R.T. designed for symmetrical operation, 
a Miller transitron circuit and amplifier to produce the neces- 
sary sweep Voltages, an inverter valve to permit positive or 
negative synchronising voltages, & simple 5 : 1 resistance 
attenuator, & negative-feedback amplifier with L.F. and H.F. 

compensstion to give the required band-width and gain, and a 

0.5 microsecond delay line for displaying the leading edge of 
short pulses. interchangeable power units permit operetion fran 

A.C, mains or froma 22 to 30 volts D.C. supply; for D.C. 
operation a mains unit incorporating a vibrator is used, 

PERFORMANCE 

(a) Timebage A.P.68622 OSCILLOSCOPE, MINIATURE, CT: 

(1) Free-rumning:~ Sweep-frequency variable between 10 c/s and hO ko/s, 

(11) Single-sweep:- Sweep-time variable between 680 milliseconds and 3 microseconds triggered from positive o: 
negative leading-edges of pulses of approximtely 30 volts peak amplitude and p.r.f. 

between 50 and 3,000 per second, 

(bo) Yoplate 

(1) Attenustor:~ Divides by 5. Capacitance-compensated, giving 4 flat response over the frequency-rangs 
50 c/s - 100 ke/s. 

({1) Amplifier:- A single-stage amplifier which my be switched to give either a gain variable up to 38d8 

(80 times) flat to within 38 from 25 c/s to 150 ke/s with mariewm input of 15 volts r.ms,. 
or variable up to 28dB (25 times) flat to within 3dB from 25 c/s to 1 Mc/s with maximm 
input 25 volts r.ms. 

(111) Delay Line:- A terminated delay line to give a sighal delay of approximately 0.5 microsecond; input 
impedance 75 obens.. 

(iv) Calibretion:= 100 volt peak-to-peak calibration voltage available on the front panel, with facilities te 
vary the phase in relation to the supply voltage by 60°. 

Facilities on the front panel for measuring Y-shift voltage. 

(c) I-plate pensitivity: 40 volts per om, 

POWER REQUIREMENTS AND CONSUMPT | @gtam 

Selector permits choice of 115, 180, 230 volts, 50 to 500 o/s A.C. Later models have tappings 115, 180, 200, 
210, 250, 2, 250 volts, 50 to 500 o/s A.C. 

Consumption: SO watts approzimately. 

The instrument may alec be operated from 22 to 30 Volts D.C. using AP. 68623 Poxsr Unit CTAl (interchangeable 
with A.C, Power Unit) and supplied in separete gtorege box; this unit incorporates a vibrator.
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GEUETAL DESCRIPTION AND CONTROLS 

1. The Ifiniature Oscilloscope CT52 is of comparatively simple type and, 
weighing 14, lb, is readily portable. It is fully tropicalised, The C.R.T. 

soreen has a diameter of 2 in, Two modes of operation are available - single- 
sweep working and free-running, In the first mode, each timebase sweep is 
initiated by an input trigger pulse; in the free-running mode, the sweeps follow 
automatically in succession with means for synchronisation, The sweep-duration in 
poth cases may be varied (between &0 milliseconds and 3 microseconds in single- 
sweep operation and between 60 milliseconds and 10 microseconds in the free- 
running mode), The syne pulse may be positive or negative, The input signal to te 
obsorved on the C,R,T, may to D.C. or A.C, in character and may be applied without 
attenuation or may be reduced to 1/5th by means of an attonuator, Tho A.C. signal 
may be amplified, if desired, the gain being continuously adjustable, 

26 The oscilloscope may be used horizontally, vertically or inclined. The front 
guard-rail is a protection for the frent panel and, when pulled out, serves 

as a stand for tilting the oscilloscope. The mechanical feutures of the instrument 
are desoribed in more detail in Part 2 of this book, 

PANEL TERMINALS AND CONTROLS 

The following front panel terminals and controls (ses Diag. 1,1) are 
provided for the purposes indicated: 

3, TERMINALS 
Seven terminals in line along the bottom of the panel, 

X : For (a) injecting timebase voltages or (b) extracting the time- 
base sawtooth voltage. This terminal is internally connected to 
the X41 plate, | 

S : Syno input terminal. 

C: (a) Provides en A.C, Voltage for calibrating the screen, 
This terminal is connected internally through a phase-adjuster 

circuit (or a resistor) to a secondary winding on the 
power-unit transformer, 

Y SHIFT: For moasuring Y-SHIFT voltage by méans of an extornal high- 
resistanco voltmeter. -This toxmminal is internally connected 
to Y2 nlate. 

E: For connection to oarth.
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Yo: Input terminal for signal to be observed; used when signal is 
to be applied direct or through a capacitor to Y¥1 plato, or 
ywhon the attenuator or amplifier is to be used, 

A: Output terminal from amplifier; used when amplification is 
required for synchronising as well as viewing. 

bey PRESET -ADJUST.UBNIS 

These are made with « ccrowdriver through holes in the panel, 

CAL, FHASE (RV9): When using an A.C. voltage from torminal C for SYNC 
purposes, the phase may be varied 60° each way. Not 
used when the oscilloscope is operated off DC. or 
from 2.50 c/s supply. 

AMP, LF. HF. (SWDa and SWDb): Selects gain/bandwidth characteristic 
of Y-plate amplifier, 

Oe SWITCHES 

SYNC, switch (SWAa, SWAb and SWAc) Four positions are available. 

5,5.+ for single-sweep working, the SYNC pulse being positive, 
§.5.- for single-sweep working, the SYNC pulse being negative. 
F,R,+ for free-running, the SYNC pulse being positive, 
FR. for free-running, the SYNC pulse being negative. 

66 T.B, COARSE switch (SWBa and SWBb) Six positions are aweilable, 

(1) to (5) provide selection of one of five Miller capacitors, As 
the switch=-knob is turned clockwise, the Miller capacitance 
is decreased and the timebase velocity is increased, This 
increascs the velocity in steps and the T,B. FINE potentiometer 
is used to cover intermediate velocities, 

(6) for switching off timcbase when syne switch is sot to F,R.+ 
or F,R,- and for selecting an extra-fast swoep with syne 

switch set to &,5,+ or 5,5.=. 

Te Y PLATE Switch (Sia and SCb) governs treatment of signal before 
application to Y1 plate of C.R,T, Six positions are availables 

el
 5 D.C, Attcnuator reduces D.C, signal to one-fifth of input 

amplitude, 

+ 5 A4,C, Attenuator reduces AC. signal to one-fifth of input 
amplitude, 

D.C. Input is applied directly (without attenuation) to ¥1 
vlatc, Suitable fer D.C, and semo AC, aignals. 

A.C, Input is applied through a capacitor (without 
attenuation) to Y1 plate, Suitable for A,C, signals.
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PANEL TERMINALS AND CONTROLS ouaPrar ; 
DELAY. Used when the signal comes from a low-impedance 

source and requires to be delayed until after 
the start of the timebase, This permits a very 
steep Icading-cdge of a pulse to be observed, 

AMP, Used when an 4.C. input signal requires amplificatior 
Bandwidth is sclected by preset control .MP. 
LF HF referred to above. 

PO CONTROLS 

X SHIFT (RV5) Clockwise rotation moves trace to tho right. 

Y SHIFT (RV6) 

T.B. FINE (RV3) 

AMP GAIN (RV) 

BRILL (RV8) 

SET SYNC (RV1) 

FOCUS (RV7) 

VAIVES 

Clockwise rotation moves trace upwarda, 
| 

Adjusts a voltage which gives a continuous adjustmant of 
the T,B, velocity; it is used in conjunetion with tho 1T.B. 
CO!RSE switch, Clockwise rotation inoreases the volocity. 

Controls the amplification of an i.C, input signal applicd 
to terminal Y, Clockwise rotation increases gain, 

Controls brilliance of spot or trace, 

Controls tho amplitudo of the SYNC voltage, Cloakvise 
rotation increases tho amplitudo, : 

iltors voltago of focusing oloctrodo of C,R.T, 

| 

Vi (screened pentode) CV.138 V5 (soreened pentode} CV.138 
V2 (double diode) CV. 140 V6 (screened pentode) CV. 138 
V3 (soreened pentode CV, 329 V7 (diode) CV, 1092 

with suppressor diode) V8 (C.R.T.) OV. 2175 
Vu. (screened pentode) CV. 138 

NB, The CV,329 will later be replaced by CV, 2209 which, 
however, has similar characteristics and identical 
valve base and pin numbers,
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1, The technical description that follows is sub-divided as follows:~ 

(a) POWER UNITS (A.C. ani E.G.) and D.C. Supplies. 

(bo) CATHOLE RAY TUBE. 

(c) ATTENU,TOK, .IPLIFIER and DELAY LINE. 

(4) SYNC INVERTS and AMPLITULE CONTROL. 

(a) TIMEH.GE-GENFRATOR (a) SLINGLE-SWREP (b) FREE-RUNNING, 

(f) TIMERACR FLOVPING-PaR\PH\SS AMPLIFIER. 

The sub-diviiei circuit is givon in Figs. 1, 2, 3, ani the complete 
circuit in Fig. 4. Tho oxplanetions of different parts of the oircuit 
are illustratei by the somewhat~simplificd circuits of Diags. 1.2 am 1,3. 

2. POWER UNITS 

The oscilloscope is issucd with alternative power units: 

(a) A.C. power unit for operation from ..C. mains, 

(b) D.C. powor unit (4.P. 68623 Rectifier Unit €3A4L) for operation 
from a 24V 1.C. supply (e.g. a battery). 

Either (but not both) may be incorporated in the complete oscillo- 
scope. Interchangeability is facilitated by providing each power unit with 
eight sockets which engage with eight plug ccntacts in the main oscilloscope 
circuit (two plug ani two socket contacts are unused), The unused power 
unit 1s kept in a separate stowage box, 

30 As Fig. 3 shovs, cach power unit consists essentially of a "mains 
transformer" with various windings and tappings. The principal 

difference between D.C. ani A.C. power units is that the transformer primary 
winding of the D.C. model is fed with non-sinusoidal A.C. derived from a 
vibrator (incorporated in the [.C. power unit) operating from a 24V D.C, 
supply. Whichever power unit is used, the outputs (of various voltages) 
are A.C. The rectifier circuits necessary to produce the high-voltage 
D.C. supplies are incorporated in the main oscilloscope olrovit ani not in 
the interchangeable power units. 

nd 

le A.C, POWER UNIT (ii) ee 1 /reins 

The A.C. Power Unit has a tapped primary winding on TR1 enabling 
the oscilloscope tc be operated from any one of the following A.C. supplies: 

(a) 200 ~ 250V 

(b) 160 = 135V 50 ~ 500 o/s 

(o) 100 = 125V
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Se A voltage-selector is fitted into the appropriate socket, Oscilloscopes 
with serial numbers 1 to 4.00 have the voltage-selector sockets marked with 

the nominal values 115V, 180V and 230V, Later versions are marked 115,180,200, 210, 
220, 230, 24.0,250V, The fuse is shown as FS3 (2,54) SWE being the on-off mains 
switch and PLB the mains plug. ‘The power consumption is approx. 50W. A fuse FS4 
(150 mA) is in serics with the 370V secondary winding, 

be The socket numbers enumerated below (shown in Fig,3) provide tho A.C. 
voltages (r.m,s,) mentioned; the purpose of cach A.C. supply is stated. 

(Socket SKA 10 is connected to carth when the unit is plugged in, The earth 
symbols in Fig, 3 are for cxplanatory purposes), 

SKA 4 and 10: Provide 6,3V A.C, to heaters of the valves Vi to V6, One side of 
each heater is pormanently carthed, the other side x being connected 
to the plug FLAL that cngages with socket SKA 4, 

SKA 14 and 10: Provide 35V 4.C, to the phasc-adjuster RV9, Ch6 (see noxt item), 

Si 72 and 10: Provide 35V 4,C, to the phase-adjustor, The sockets SKA 11 and 12 
with the carthed socket 10 (which is virtually a middlo tapping) 
syovide at the calibration terminal C an 4,C, supply at 35V r.ms,. 
peal 50V). This voltage, if applicd to the Y1 plato, givos a 
poak=to=poak voltage of 100V, The output at C may be used for two 
purposes: 

(a) Calibrating the C,R,T, scrcon, 

(b) Providing an 4.C. voltage for SYNC purposes, It is of special 
valuc for triggcring the timebase when the osellloscope is 
running from a 500 c/s supply. The phase-adjustor is then used 
to phase the triggering point on the cyele, A phase~shift up 
to 60° cithor way is obtainable, 

SKA 8 and 10: Provide 370V i,C, through FS1 to a half-wave rectifier circuit (based 
on MR3); tho rectifier provides an HT, voltage of +250V for all the 
vaives and for the X- and Y-shift networks, 

Sk. 6 and 10: Provide 420V /..C, to a voltage-doublor rectificr circuit (based on 
MR1 and MR2); this rectifior providos -800V D.C, to the timebaso 
circuit and also ~800V for the resistor chain that supplics various 
D.C, voltages for the C,E,T, 

SK. 7 and 5: Provide 6,3V 4,0. to the heaters of V7 and the C,R,T,. (V8); noither 
side is earthed, as one side of the heater is connected to the 
C.R,T. cathode which is at a high negative voltage to earth. 

The resistor R47 (2,7 kilehms) is inserted in the lead to terminal C as a 
sefety precaution in case of an cxternal short-circuit; it limits the maximum 
current that could bo taken from torminal 'C!, 

DC, BOWER UNIT 

Te The D.C, Power Unit incorporates a “mains transformor" TR2 whose primary is 

fod with non-sinusoidal 4,0, provided by a non=synchronous vibrator inoluded 

in tho powor unit and cperating off a 24V D.C, supply (Oem a battery). Either 

side cf the MV supply may po carthed, if desired, The primary circuit is 

conventional, with plug PLC, an on-off switch SWF and parallel resistors B50 R51 

(5.6 ohms each), 

~ 6 =
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The secondary windings correspond to those of the A.C, power unit, except that, as 
phase~shifting is not used (as there is no A.C, input supply), a centre-tapped 
secondary for that purpose is not required, Instead a 50V A.C. supply is taken 
from socket SKB 12 to provide a calibrating voltage to terminal C, 

8. The socket numbers enumerated below (shown in the Fig. 3) provide the r.ms. 
voltages mentioned; the purpose of cach A.C. supply is stated, (With the 

orn in clrouit, socket SKB 10 is connected through its associated plug to 
oarth), 

SKB 4. and 10: Provide 6,3V A.C. to heators of the valvos V1 te V6, Ong side 
of each heater is permanently carthed, the other side x boing 
connected to the plug PLA, that engages with socket SKB 4, 

SKB 11 is commoned with SKB 10 and is therefore carthod, 

SKB 12 and 11: Provide 50V A.C, to the phasc-adjuster (not used) and thence to 
calibration terminal C. 

SKB 8 and 10: Provide 450V A.C. to the half-wave rectifier cirouit based on MR3; 
the rectifier provides the HT. of +250V for all the valves and 
for the X= and Y- shift networks, 

SKB 6 and 10: Provide 510V A.C. to the voltage-doubler rectifier circuit (based on 
MB1 and MR2); this rectifier provides -800V D.C. to the timebase 
circuit and also -800V for the resistor chain that supplied various 
D.C, voltages for the C,R,T, 

SKB 7 and 5: Provide 6,3V A.C. to the cathode heaters of the C.R,T, and V7; 
neither side is earthed, as one side of the 0,R,T, heater is 
connected to the C,R.T, cathode which is at a high negative vobtage 
to earth, 

NOTE:~- The voltages provided for the rectifiers are higher than for the A,C,. 
unit because the waveform is nearly square, 

D,C, VOUTAGE SUPPLIES 

3. There are two main D.C, supplies, each provided by a metal-reotifier system: 

(a) +250V (with respect to chassis) at 35 to 40 mA, for valve anode and 
soreengrid supplies, This voltage is also used in the X= and Y-shift 
potentiometer networks in conjunction with the negative voltage from 
a tapping on the -800V resistor chain (Ry2, R43, RV7, Rub, RV8); X2- 
and Y2-shift voltages may thus be made positive or negative with respect 

to earth, 

The +250V is derived from the rectifier cirouit based on the half- 
wave metal reotificr MR3; C44 is the reservoir capacitor and the D.C, 
4s smoothed by two resistance-capacitance filters R48 Ch2 and R45 C0, 

(b) ~800V (with respeot to chassis) at 2 mA, This is provided by the 
voltage-doubling circuit based on the metal rectifiers MR1 and MR2, 

singlo filtor R46 Chi is used for smoothing, Tho cathode is given 

approximately -700V with respeot to the accelerator A2 whioh is near 

carth potential, 

Iw
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CATHODE-RAY TUBE 

10, ‘The C,R,T, (V8) has a 23~in, screen, Green fluorescence with short after~ 
glow is obtained, The C.R,T. contains: 

(a) An indirectly-heated cathode K, 

(bo) Modulating electrode G to which an adjustable negavive bias (relative 
to the cathods) is applied by the panel control BR.LL(potentiometer 
RV8) which adjusts the brilliance of the trace, 

(c) Focusing elootrode A1 whose voltage (negative with respect to earth 
and positivo with respect to cathode) is adjusted vy RV7 for focusing. 

(d) Accelerator A2 which ‘is near earth potential; | to maintain good 
focusing A2 is commoned with Y2 plate and its voltage to oarth 
therefore varics with the Y~-shift voltage, » 

(c) Y4 and Y2 plates. The input signal is fed to only ono plate, Y1} tho 
plate Y2 is used solely for tho Y-shift, Sensitivity 1s approx. 4OV/om. 

‘f) M4 and X2 plates, ‘@he timebase sweep~voltage is apy Lica symmotrically 
to X2 and X13; the X-shift voltage is applicd only to X2,. Sensitivity 
is approx, 60V/cm. 

1, Tho vertical shifting of the trace is cffocted by the Y-shift potentiometer 
RV6, A protective resistor R4O (220 kilohms) is inserted in tho Y2 load to 

limit ourrent from the Y-shift potentiometer should a short-circuit occur at Y2 or, 
as is more likely, at the terminal Y SHIFT. A connection is taken from {2 to the 
torminal Y SHIFT (one of the seven terminals at the foot of tho front pencl). This 
terminal is yrovided so that the Y-shift voltage with respect to carth may be 
moasured by an external voltmeter (which should have a high resistanco or be a 
velve voltmeter), 

12, The herizontal shifting of the trace is effected by the X-SHIFT potentiometor 
RV5 which, liko the Y-SHIFT potentiometer, is across +240V and ~275V, Tho 

X-shift voltage is applicd to only ono X plato (namely X2) through R38 (4.7 megohms). 
This resistor prevents the X-shift network from "short-ctirouiti.g" tho swoop voltago — 
from tho timebasc-goneratv.w circuit, Tho corresponding rosistoi R41 (4.7 mogohms) 
tics tho X1 plate to ocarth potential without short circuiting t:.0 swoop voltago 
applicd to X1 from the tincbase-genorator circuit. A clockwise rotation of tho 
X-SHIFT mob moves tho spot or trace to the right. oa 

13, The timctase sweep-voltage is symmctrically applicd to the X2 and X1 platos; 
8 push-pull arrangciicnt is usod, so that when, for cxamplce, X2 goos-nogativo 

with respect to carth, X1 is made to go-positive by a substantially oqual amount, 
(Tho terms "go-ncgative" and "go-positive" in this handbook indicato the senso of 
the change of potential; thus a point on o circuit would be said to "go-negativo" 
if it bocomes moro negative or altornativoly less positive with rospoct to oarth; 
4t would "go~positivo" if it bocomes more positivo or loss nogativoy « The total 

deflection voltage (that across X2 and X1) is thus doubled. Tho purposo of this 
push-pull arrangement is two-fold:
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(a) To provide a sweey voltage of 300 to 400V it) is nore! @onvenicnt to 
provide two sawtooth waveforms of opposite polarity and each of 150 
to 200V amplitude, and to apply them in push-pull to X2 and X41, 

(b) Push-pull input circuits reduced trapezoidal! distortion of the trace, 
The application of a large voltage to only one X slate wuld alter 
the electrostatic forces on the electron beam, i 

4h. The method of obtaining the push-pull effect is described in Para, 50, 
It is suffioient to state here that the main timebase sawtooth voltage is 

fed from the anede circuit of the timebase-generator valve V3 through C25 to the 
K2 plate; the valve V5 is <cclely a phasc-inverter which reverses the polarity of 
the main sawtooth waveform and feeds it through C26 to the other plate X41, 

5 The Xi plate is directly connected to the terminal marked.X;.... this terminal. 
is one of the seven at the foot of the front panel, "THis terminal 

(impedance to earth usually =rprox, 3). kilohms as a result of !the shunting effoct 
of R24R25in serics with C26) is available for: 

(a) Injecting voltages, & g 

(b) Extracting the timebase sawtooth voltage, 

16, The signal to bo observed is applied to only one of the Y plates (namely, 11) 
oither directly (or through a blooking capaciter) or after attonuation or 

amplification (sce Paras, 18 to 20), The resistor R37 (& 8 mogohms) ties the Y1 
plate to carth potential (i.c. the bias is zero), 7 

17. The normal negative bins (with respect to the cathoda X) of the C.R.T. 
modulating electrode @ is adjusted by the knob BRILL, on the front panel; this 

controls the potentiometer RV8 which is used to alter the brilliance of the spot 
or trace, To blackout the trace during flyback intervals, a suitable rectangular 
waveform is applicd to the modulating electrode G of the CRT. The positive 
portion of the waveform may be callod the "brightening pulso" as it makes the 
modulating cleotrodo pesitive-going (i.c. loss negative with “espect to the cathoda) 
during the forward swoep; at the end of the brightening pulsu the rectangular 
waveform sends tho modulating clectrodc more negative and oxtinguishes the trace. 
‘Lo brightening pulse is derivod from the cathode of V4, The objeot of tho clamping 
diode V7 shunted by R39 (1 mogohm) is to keop the level of brilliance constant and 
at the lovel set by the BRILL potentiometer, . 

ATTENUATOR, AMPLIFIER AND DELAY LINE 

18, The signal to be observed is applied (directly or indirectly) to one Y plate 

(1) of the C,R,t.3; to the ether Y¥ plate (Y2) is appliod an adjustable D.C, 

voltage which provides the "Y shift" and enables the operator to move the whole 

trace up or dowm to an appropriate position for observation, 

19. The treatment of the input signal before its application to tho ¥1 plate 

doponds on: ~ . 

(a) its omplitudo; 

(b) whothor it is D.C, or A.C,, and ~ in the lattor caso — whothor a 

not o wide bandwidth is necessary to give a faithful ploturo of 

waveforms
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(c) whether the leading edge is very steep or not; jf it is very steep 
(@.g in the ease of a very short pulse) and comes fram a low- 
impedance source +h: pulse is delayed by a DELAY line. 

20, As regards amplitude the following steps are taken: 

(a) If che input signal is of reasonably large amplitude, it is applied 
direct (or alternatively, through a blocking capacitor) to the Y1 
plate, There is thus substantially no change of amplitude. 

(b) If the input signal is of very large amplitude, it is applied through 
an attenuator to the Y1 plate; the attenuator is virtually a tapped 
resistor that reduces the signal to 1/5th ef its input amplitude, 

The same attenuator serves for both D,C, and A.C, input signals, 

(c) If the signal is woak, it is applied to a single valve amplifier V6 
whose gain is continuously adjustable. By means of a switch this 
amplifier will give cither a large gain over a narrow bandwidth cr 
loss gain over e wide bandwidth. The omplifier cannot be used for 
D.C, input signals, but is available for omplifying sine wavas, 
rectangular waves, short pulsos and other waveforms which may be classed 
as A.C, 

(a) If the signal has a reasonably large amplitude, comes from a low- 
impedanoe gource (c.g, about 75 ohms) ond has a vory stcep loading- 
cdgo (c.g. “in the caso of a very short pulso), the leading-edgo may 
be observed by delaying the signal until after the start of tho timcbaso. 
This is effcectcd by passing the signal through oa dolay line (giving a 
delay of about 0.5 microsecond) before applying it to the Y1 plato, 
When the dglay line is used, neither attenuation nor amplification is 
possible with this instrument. 

21. The oscilloscope may be usod for obsorving and measuring the effccts of 

(a) D.C, voltages, 

(b) Sinusoidal woveforms (c.g. the sino wave from an A,C, sources). 

(c) Pulses having a duration as short as 0,1 /280-. 

(a) Iliscellancous waveforms, rectangular or otherwise. 

The last three catozorics may be conveniently clesscd as A,C, Waveforms 
(other than 2 pure sine wave) may be regarded os built-up of a Fouricr series of 
camponent sino waves of different frequencies, A waveform having a sharply-rising 
or sharply-falling cdge will contain very high froquoncy components; moreover, the 
shorter tho pulso tho wider will be tho band of its componont frequonoios. A 

pulse of, say 1 usec, length vill have A,C, components of several mogacycles, If 

such pulses are 5 be reproduced with reasonable fidelity, any device (such as an 

attenuator or an amplifier) inserted between the input terminal and the Y1 plate 

must preserve most of these very high frequencies, The device should have a ~~ ' 

reasonably flat response up to, say 1 Mc/s, even though the repetition rate of a 

pulse waveform may be low,
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22. The treatment accorded to the signal before its application to the Y1 plate 
is determined by the pesition of tho switch marked "Y PLATE" (engraved above 

the switoh-knob), This 2-pole kway rotar,; switch consists of ‘two switéhes (ganged) 
showmm as SWCa and SWCh in the circuit diagram (Fig, 2) 

ATTENUATOR, AMPLIFIER AND DELAY LINE 

A suitable switch position enables the observer t6 deal with a vide variety 
of inputs according to thoir amplitude and waveform Fig,2 shows tho various Y 
plate connections obtainable; the diagram includes the attenuator and amplifier, 
The contacts of tho Y PLATE svitch SWCb in Fig.2 are marked with the lettering 
engraved on the pancl, 

23. Using input torminal Y, the Y PLATE switch-knob may be turned so that its 
’ white spot comes opposite one of the six positions (roading fran left to 
right), The effect at cach position is given below, 

Position + 5D.C. The input is fed across a high resistaned (R28, R29, R30); 
from a low tapping on this resistor chain, connogtion is mado 
direcetly to the ¥1 plate, No blocking capacitor 48 insorted and 
this switch position is therefore suitable for, D,C, and also somo 
A.C, inputs, The resistance network acts as ‘an dttonuator, — 
reducing the signal to 1/5th of its input valuo, 

Position +5 A.C. This is similar to the first position except that a blocking 
capacitor C34. is inserted between the tapping on the resistance 
notwark and the Yi plate, This positicn is suitable only for A,C, 
signals; the crpacitor will romovo any D.C, cciponent (e.g. the 
high positive D.C, voltage at the anode of an omplifier valve), only 
the changing voltage producing a picture on the C,R,T, As before, 
the attonuator reduccs the signal to 1/5th of its original omplitudo, 

Position D.C, The input is applicd directly and without attentuation to 
the Y1 plate, Vor D.C, signals and some A,C. signals. (The 
attenuator vesistcr chain remains in parallel with the input, but 
its resistance is very high, namely 2.56 megohns), 

Position A.C, As previous position, but a blocking capscitor C33 is 
interposed, For A.C, signals only; there is no attenuation. 

Position DELAY, The input is applied to the Yi plate through a delay line 
having on impedance of approximately 75 ohms and terminated at the 
¥1 plate end with a 75 ohm resistor R36, The effect of this line 
is to delay any spplied signal by approximately 0,5 microsecond, 
It also introduces a certain amount of distortion and attenuates the 
signal by an amox:nt proportional to its source impedance, the 

attenuation being 2/41 for a 75 ohms signal. Hence this facility oan 

bo used only for signals from a low~impedance source and having an 

amplitudo of at least 30V, 

Position AMP, The signal is applied to the grid of the Y~plate amplificr v6 

through a blocking capacitor C27 to remove any D.C, lovol which _ 

would upset the omplifioer operating conditions, Hence D.C, signals 

cannot be amplified in this instrument.
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2h, AMP LF. - HF. Preset Control. This consists of two ganged switches SWDa 
and SiWDb, By engaging a screwdriver (through the panel hole below the 

X=shift control=knob) in the recessed slotted end of the spindle of this control 
and turning oither way as far as possible without using appreaiable forse, the 
amplifier bandwidth/gain charactoristic oan be Slecueid cerca rotation gives 
icy gain reasonably flat to 1 Mc/s, Countar=clockwise rotation givos high gain 
reasonably flat to 150 Ko/s. 

25. if, AMP The amplifier system consists of pentede V6 with resistance- 
capacitance coupling to the Yi plate. The V6 anode circuit also contains 

an inductor 13 next to the anode for the purpose of improving the response at the 
higher frequencies, The anode resistor consists of two resistors R35 (5,6 kilohms) 
and R34. (48 kilohms) in scrics, In the LF, AMP position the whole of this (4,e. 
23.6 kilohms) is in the anode circuit, The gain is large, being 38 db at 500 c/s 
and falling by 3 db at 25 c/s and at 150 ke/s, (A loss of 3 db is equivalent to a 
fall of peak voltage to 71 per cent of the maximum.) This position is therefore 
suitable for low-frequency 4,C, inputs and cases where stcep edges of waveforms arc 
not found or where fidelity of reproduction is not important. 

26, HY, AMP The arrangoment is exactly the same as in the LF, AMP position, 
exoept that the switch SWD comes into play: SWDa short-oircuits anodo 

resistor R34 of 18 kilohms and SWDb short-circuits the cathode resistor R32 of 
150 ohms, The HF, AMP position is thereforo profcrrod where very high frequoncy 
oscillations are applicd to the input terminal Y, or whero the nature of tho 
waveform is such that the Fourier serics contains very high frequencies (ag inal 
usec. pulse); in tho latter caso, tho HF, AMP position will give tho most faithful 
eproduction of a pulse. 

27. The knob AMP GAIN controls a veriable resistor RV4 (max, 5 kilohms) insorted 
in the cathode lead, Tho usual cathode bias resistors R32 (unless short- 

circuited) and R33 shunted by C30 provide a negative bias on the control-grid of 
the amplificr valvo, As the inpuf signal is applied across Y and carth, and as | 

RV. ds not shunted by a capacitor, RV4 will provide adjustable negative feedback; 

the gruater the resistance of RV4, the greater will be the negative foedback and ther 

fore the less the gain provided by the omplificr. | 

28, In the attenuator notvork a capacitor C28 (4.7 pF) is shunted across R28 and 

R29 to preserve « substantially flat response up to 150 ko/s, This is 

necessary because there is . stray capacitance across R30, 

29, The following arc comparative figuros (approx, )| for tho various Y¥1 plate 

connections: 

Y Plate Switch Input R Input C Max, input Flat rosponse 

(peak) 

25D.C, 2,45 mogohms 25 pF 700V D.C. to 
(attonuator without 400 ko/s 

plocking capacitor) 

: C. 2.45 mogohms 25 700V 25 c/s to 
+S Ae 5 & pF 400 ‘cof 

D.C. 14,% mogohms 50 pF 440V D.C., upwards 

ALC. 1,¥ megohms 50 pF 44,0V 25 o/s upwards 

Delay 75 ohms ~ 1L0OV ” 

( 4mpedance ) 

= 12
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¥ Plate Switch Input _R Input _¢ Mox, input Flat rosponse 

(peak) 

AMP, LF Very high 50 pF 25V 25 c/s to 
(amplificr used) . 150 ke/s 

AMP, HF Very high 50 pF 35V 25 c/s to 
(amplifior uscd) 1 Mo/s. 

30. DBLAY LINE It is usually desirable and sometimes ossontial that the 
loading~cdge of, say, a pulse should be observed on the O,R,T, The riso- 

timo is the timo taken for thg leading-cdge voltage to reach its maximum value (or, 
moro procisely, to rise botwoon two defined points on the leadding~odgo). A vory 
steep leading-edge has a very short rise-time, To observe the beginning of the 
rise, the timebase must start at some instant before the rise begins, In othor 
words, the start of the leading-cdge requires to be delayod sufficiently to let 
the T,B, sweep begin first, This delay is cffected in tho prosont instrument by 
a 0.5 microsecond (approx,) delay-line which delays the whole pulse before it is 
applicd to the Y=plate, . 

| 
346 It should be noted that the T.B, sweep itself does not start at the beginning 

of the leading-edge of a triggering pulse; there is a delay which may 
approach 0,5 microsecond. It is sufficient that the T,B, sweep should begin 
before the pulse to be observed arrives at the Y~plate, however brief the interval, 

32. If observation of the whole of the leading-edge of a pulse is not required, 
the delay~line necd not be used, If the rise-time is long, a small initial 

portion of the leading-cdge may be lost but the rost will probably be seen, 

33, The dolay~line (of 75 ohms impedance) can be used only if the waveform to be 
observed comes from a low-impedance source (75 ohms or less); this source 

might woll be a cathede-follower, The signal must be of adequate amplitudo; 

there is no provision for amplifying it. 

Bley The chief valuo of the DELAY LINE is obtaimed whon observing vory short 
pulses (c.g of 0,125 microsecond duration); the rise=timo of such pulsos 

ids vory short, Tho dolay linc may, however, be used for displaying the lcading- 
edge of any length of pulse (provided the impedance of the sourco is 75 ohms or 
less). Some distortion of the pulsc waveform is inovitablo, particularly with 
short rise-times and fall~times, 

SYNC INVERTER AND TIMEBASE GENERATOR 

DDe The X plates of the C.R,T. have applied to them (in push=pull) a sawtooth 

waveform which is produced by the timebase generator which consists essentially 

of a Miller transitron based on V3 with V2 (two diodes in a single glass bulb) and 

V4. as ancillary valves, By suitable switching, two modes of operation are made 

possible, 

(a) Single-sweep working, In this case, an input triggering pulse 
fnitiates the "rundown" of the Miller circuit, thus providing the 

forward sweep of the timebase, At the end of the sweep, the circusts 

roturn to the quiescent condition and remain in that state until 

another trigger pulse repeats the process, (In this mode the 

sercongrid and suppressor-grid of the Miller valve are D,C,~ coupled via 

the eathode-followor V4), The trigger pulse passed on by Vi and 
V2a is applicd to the V3 suppressor~grid,. 

we 43 
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(b) Free-runmning, In this case, the successive swecps follow cach other 
automatioally, (In this mode the screongrid and supprossor~grid of 
the Miller valve are capacitivoly coupled via the cathodo-follower vi). 

The T,B. sweep duration in tho Singlo~sweep modo of operation may be 
adjusted between 80 milliseconds and 3 microseconds; in the free-running modo the 
rongo is 60 milliscconds to 10 microseconds} tho repotition frequoncy may be 
variod ovor the rango 10 c/s to hO ke/s, Tho T.B, COARSE Switoh gives a conrse 
adjustment by scleoting one of fivo available capacitors (C1k to C18) for froo~ 
running and six (C14 to 019) for singlo-sweop operation; 1,B, FINE is o 
potontiometor (RV3) which, by altoring a voltage, provides a fina adjustmont, 

A table of timvbase sweop-froquenoies and swoep~timos 48 givon in tho 
Operating Instructions, 

SYNC _JVERTER 

36, The input valve V1 of the oscilloscope in conjunction with tho SYNO switchos 
SiAo and SilAb (soc Fig,1) is primarily a dovico for inverting tho polarity 

of a nogativo input syne pulse, 

Tlts 

37. A positive pulse is requirod to triggor and timobaso~genorator and if tho 
syno pulse applied to terminal S is negative, tho valvo Vi 1s used to 

convert the pulso into a positivo one, 

38, If the syno pulso is positive, the SYNC switoh is tuwmed to 8,95, + FR + 
and tho valve V1 beoanos Sinply a oathode-followor, The output across tho 

cathodo resistor Ry is lead off through C3 to the SET SYNC vertable resistor RV4 
which alters the sync amplitude; the V1 anodo components R§ ard L4 aro by~passed 
by C2 which is joined across Vi anode and earth by means of tho switch SWAb in the 
8.5, + or F,R, + position, As a result of cathodo~follower action, the input 
impodanoe of tho arrangomont is vory high, 

39 If the syne pulso is negativo, and singlo~sweep oporation used, tho valvo 
circuits are those of a conventional amplifior, Tha output doveloped at 

the anode of Vi is led through C2 to the syno amplitudo variable rosistor RVi, 
Tho effeot of tho inductance Li in the anode ofrouit is to inorease the high- 

frequenoy response of the syno amplifier and so reduce the time for the anode voltag 

to rise sufficiently to trigger the timebase-generator, When the SYNC switch da in 

the 8.8, ~ position, SWAb puts the capacitor C3 across Ry, thus virtually short~ 

odrouiting the negative feedback, The ourrent through V1 ie out off at a smaller 

negative voltage on the control-grid than if negative feedback were used. If a 

nogative 4nput oulse ef 30 volts is applied to terminal S tha anode current is 

out off (out-off occurring at a much lower voltage) and tho output pulse would 

be about 40 volts, whoroas if 03 were not used to short-odroudt the negative _ 

foodbaok, tho output voltage would bo about 30 volts, (With nogative feedback, 

it roquires a very much greator nogativo grid voltage to produce cut-off, ner ' 

an opposing voltage is jnsortod botween control~grid and cathode), Tho rosu 5 

that tho riso~timo of tho output pulse is substantially roduoed for nogative 

input pulsos, 

~ 1h ~
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4.0. The negative feedback is used for the F,R.~position because if it were short- 
clroulted and a sine-wave were used for synchronising, the positive half- 

cycle would, if over 2 or 3 volts, produce grid current and the impedance at terminal 
S would drop to a low value, A common case is where the sine-wave comes from a 
source of fairly high impedance and is applied to the Y plate and also to terminal S 
(for synchronising the timebase); as a result of grid current, the positive half- 
cycles would appoar clipped or badly distortcd on tho C,R,T, screen, 

Lt. As the valve Vi plays no part in the operation of the main circuit, it is 
omitted in the two simplificd circuit diagrams used for explaining the 

single-sweop and frec~-running modes of operation, The valve V4 is a cathode- 
followor and plays a subsidiary role; it is convenient to show it below V3, 

42, As the completo circuit.of the oscilloscope is complicated by the inolusion 
of svitohes, and as some of the camponents play no part one or othor of 

the modes of operation, it is proposed to explain the two modes separately by the 
aid of simplificd circuits, 

SINGIE-SVEEP OPERATION 

L3e Diag. 1,2 shows, in slightly simplificd form, the timebase circuits in use for 
singlo~sweep oporation, The triggering pulse applied to terminal I will always 

be positive (if initdally negative it will have been inverted by the valve V1). The 
Miller valve V3 is the ono on which attention should be concentrated, the two diodes 
V2a and V2b (which share a comaon glass envelope and heater torminals) sorve 
subsidiary purposes, while V4 is a cathode-follower vhich simply passes-on (without 
inversion) tho voltago variations applied to its control-grid; Vl. cathode is the 
source of the brightoning pulses appliod to the modulating cloctrode of the C,R,T, 
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4h. The valve V3 operates in the usual Miller timebase fasliion, the trigger 
pulse being applied to its suppressor-grid to start operations, (For a 

goneral desoription of the iiiller timebase~generator see B,R, 1547(2) and B,R, 4600), 
At the end of the "rundown" the anode current is automatically cut off by a. negative 
voltage doveloped on the suppressor~grid, During tho rundown the suppressor-grid 
remains at earth potential, The sudden switching-on of the unodo current and lator 
its suddon switching“‘dre offected with tho aid of positive fuodback botwoon tho || 
screongrid (which passed curront and is therefore in tho natuco of an anoda) and 
the suppressor-grid; this regenerative focdback is via thd cathode-follower V4, 
‘hich, for some purposer, may bo rogarded as the oquivaldnt of & direct connection 
betvecn scroengrid and suppressor-grid of V3. (Tho focdback aation is similar to 
that used in the transitron circuit.) 

45. In tho quicscent state of tho circuit the diode V2(a) is conducting bocause 
its anode is positive with respect to its cathodeo, This diodo acts as a 

clamp which, during the quiescent period, keeps the V3 suppressor grid at a 
sultable negative potential, Tho trigger pulse, which is positive, is communicatod 
through V2(a) to the suppressor-grid of V3, As a result of a regonorative action 
the V3 suppressor-grid potential rises to carth potential, the diode V2(a) ceasing 
tu conduct and isolating the V3 suppressor~grid from tho triggoring waveform The 
T.B, = gonorator will ignore pulsos that arrive during the sweep, Whon the rundown 
is oomplotod, V2(a) conducts again and the T,B,~ gonorator is roady to be 
triggorcd again, 

1.6. The diode V2(b) conducts when its anode tends to rise above about +80V 
pecnause its cathode is at this potontial, The diode ceases to conduct whon 

its anode potential falls bolow +80V; tho V3 screengrid voltage can thus riso 
or fall provided it does not exceed +80V, 

FREE~RUNNING OPERATION 

L7. With the SYNC switch in positions F/R, + or F.R, - tho timebase-generator 
is freo-running; after tho ond of cach recovery, the forward timebaso swoop 

(4.0, tho Hiller rundown) starts again of its ow accord (instoad of waiting for 
nn input trigger pulso as in the singlo~swecp modo of oporation), Aas in tho 
Single-svoop modc, the eweep duration may be varied by solooting tho Millor 
erpacitor by means of th. T,B, COARSE switch and obtaining a funo adjustmont with 
the T,B, FINE control, The range is 60 milliscoonds to 10 tloroscconds: tho 
repetition frequency may be varied ovor tho range 10 c/s to 40 ko/s, It is to ba 
neted that those rangos are obtainod on the first fivo positicns of, the SWB 
switch, With the awitch fully cloclwiso (position 6 in Fig,1), tho timobaso~ _ 
gcnorator is switchod off by SWBa, Thus, tho oxtro-fast swoop (provided by 019) 
is not available when thu free-running modo is used, 

~ 46 »



SYNC. INVERTER AND TIMBBASE GENERATOR PART 4 
CHAPTER 2 

+ 250V + 250V 

RI9 
100K 

RI7, RIB 
son 

© ceorcs cs V2b 

ee | 
O-tp 

SET 
SYNC avi 

(AMPLITUDE /@ soox 
+ QRz0 

c2l 

N 
+ 

MILLER VALVE 
c6c7 ca co aac cre cis 
O-%p +OSp Otp 003m 660p 

C.R.T. 
BRIGHTENING MOD. ELECTAOOE 

| PULSE © 

swBa 

CATHODE - FOLLOWER 
DIAG. |.3 FREE- RUNNING TB- GENERATOR 

4.86 Ding. 4.5 is a slightly-simplified circuit of the timobase-genorator 

operating in the free-running mode, The circuit differs from the singlc- 

sweep circuit of Diag, 1.2 chicfly in that the VRscathode is capacitively 

coupled to the V3 suppressor-grid which is connected through R12 to +250V, When 

first studying the froe-running mode, the arrangements for providing synchronising 

pulses neod not be considered, 

49. There is no quiescent condition but we can consider the operations as 

starting with the V3 suppressor-grid beyond cut-off (ise, no anode current ) 

and the charge on the coupling capacitor (say, C6 C7) leaking off through R12. 

The V3 suppressor=grid potential rises (becoming less negative) until anode current 

is allowed to flow, As a result the V3 screengrid current decreases, the V3 

screengrid voltage goes=positive, the V4 cathode goes=positive and, as a result 

of coupling through C6 C7, the V3 suppressor-grid goes-positive, Regenerative 

action sets in and the V3 suppressor~grid almost instantaneously reaches earth 

potential, The anode current is small and the anode voltage-drop is small because 

the anode is connected through the Liller capacitor (in this case, C14.) to the 

V3 control-prid, After the sudden small initial voltage drop, the Millor rundown 

begins, the anode voltage falling at a constant rate. 

At tho end of the rundown the anode current decreases and the V3 screengrid 

current increases, the sercengrid going-ncgative. The V4 control-grid goos- 

negative as docs the Vi. cathode. The V3 suppressor-grid therefore goos-negative 

and reduees the anode current, This action is cumulative and the regenerative 

effect cuts<off the anode current suddenly.
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The Miller capacitor C14, now begins to charge through R16 and the cathode-~ 
control-grid path insido V3; the time-constant depends virtuilly on the values 
of the Miller capacitor and R16, During tho recovery interv 1 (between sweeps) 
the anode voltage of V4 rises to tho full H.T, voltage p25") and as R16 is fixed, 
the time taken will dopond on the particular capacitor (C14 ud 018) dolected by tho 
T.B, COARSE switch SWBi, At the end of tho rundown tho V3 s..pprdssor-grid is hold 
negative (beyond cut off) by the charged coupling capacitor G3 C7 which proceeds tb 
dischargé through R12. Tho V3 suppressor~grid voltage risos, (actus lly it rises 
towards +250V but cannot riso above carth potential), Whon tho suppressor-grid 
potential reaches the cut offvoltage, anode current begins t. flow and a 
regenorative cffoct starts tho next cyclo of oporations, 

The synchronising signal for the free-running mode of uperation is applied 
to the terminal 8 (see Fig.1) of the instrument and is duly ddlivered to the input 
terminal of Diag, 1,3. 

TIMEBASE FLOATING - PARAFHASE AMPLIFIER 

50. The purpose of V5 is solely to produce a second sawtooth waveform of the same 
shape and approximately the same amplitude as that provided by the anode 

chroeudt of the Miller valve V3 but of opposite polarity, Tlu» chiroult is of the 
well-known "floating~paraphase" typa (see B,R.1547(2) and B.u.1600A for a general 
explanation), When tho anode of V3, is, for example, godng~...gative during the | 
rundown, the anode of V5 4s going positive, The changing voltage at anode of V3 
is conmunicated through C25 to the plate X2 of the C,R,T,, and that at the anode 
of V5 is communicated through C26 to Xi, This doubles the available defleotion 
voltage across the X plates ond reduces trapezoidal distortion, as already 
explained, 

~ 48 ~



PART 2 

CHAPTES 1 

OPERATING INSTRUCTIONS 

CHAPTER 2 

MAINTENANCE 

TESTING AND FAULT FINDING 

APPENDIX NO. 1 

LIST OF COMPONENTS





PART 2 

= SSR SNS 

a om Sat nt meee ee come See Cee Sein Mt So St et Ne OD OE Re Woe Se gay eS Sew ee a et He ae ee me nO ae ee foes Se ew A oe em Sma ee 

Abridged operating instructions have been omttéd as a few minutes 
acquaintance with the instrument is sufficient to provide the essential information 
on the function and behaviour of all the controls, (Difficulties likely to be 
encountered when applying the instrument to a speci ic|test and the connections 
met in practical use of the instrument are covered below and have been designed 
to follow a normal operating sequence, 

INSPECTION OF INSTRUMENT 

1. (a) The instrwncnt when recoived is housed in a carrying case and is 
completo with all valves, an A.C, Powor Unit and oconnoertions, but 
should be carefully inspocted as, although he carrying caso has boon 
designed to protect the tube and contre te fenago bay havo resulted in 
exceptional circumstances, A D.C, Powor) Unit is siypplioad separatoly 
in a stovage box, 

(b) liains Supply 

and a mains switch and fusos are provided om the rear panol. For 
A.C, operation A, P.6738. Comection, floxible, 1s supplicd and for 
D.C, operation A, P,68375 Connection, floxible. 

The mains load is takon out from tho {dot of the roe pe of tho casa, 

(co) Scalo and Viowing Hood 

A 6 om transparent gratioulo is provided with tho instrumont, and is 
of particular assistance in quantitive ond gombaretive tosts, Tho 
viewing hood can be fitted with the scale df dodirod. 

(d) Mumetal Shicld 

A cylindrical Mumctal shicld is providod td urround tho C.R.T, as a 
procaution against oxtornal magnotio fields jiand thoso duo to tho 
dnatrumont itself, Tho C,R,T. oan bo plhoo E poBition without 
removing this shicld, but should it for any jroason bocomo nooossary 
to romovo ti.2 sHicld \hoen sorvicing or in other circumstances in 
which the chassis is being handlod, cero must bo taken to avoid tho 
possibility of a sharp knock on tho shiold as this is liablo to 
alter its magnetic characteristics, 

CONNECTIONS 
( 

2. Tho method of connecting the instrument will bo avon when the uso of thd 
tomainals end the circuits with which they aro gssociutod ara desoribed.,} - 

The only proliminary connections roquired ere the “bar fe and tho "mains",
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PART 2 
OPERATING INSTRUCTIONS 

(a) Barth 

(b) 

All the terminals and controls of the instrument arc on the front panol, 
The terminal E serves essentially to connoct to the oscilloscope the 
return or "earth" (low potontinly of the external circuits or apparatus 
with which the instrument is boing operated, Tho oscilloscope will 
generally operate satisfactorily without being connected to a true earth 
point, although, whenever it is convenient, such a connection should 
be made, This independent earth connection is particularly advantageous 
when the instrument is used in a strong interference field or when the 
amplifier is being used at high gain, 

Mains 

(i) Operation from A.C, Power Supply 

Before the instrument is connected to!the mains supply and switched 
on, check that the mains voltage selector on the rear panel is sect 
to the position appropriate to the voltage of the mains supply. 

(41) Operation from 24V D.C, Supply 

Remove 4,C, Power Supply Unit in the manner explained in tho 
Maintenance Instructions and fit A,P, 68623 Reotifier Unit 63AL. 
Tho instrument will operate satisfactorily from D.C, in the range 
22 to 30 volts, 

Input 

A set of connecting leads is provided for use with the oscilloscope. 
A screened lead is commonly used to connect terminal "Y" to the source 
of the signal to be observed, if the signal is D,C, A.C, of low 
frequency or of H.F. up to 100 ke/s, If the source of the signal is 
of high impedance and the frcoquency is high (or tho waveform has high-~ 
froquency components) a screened connector would not normally bo used; 

moreover under these conditions the input impedance of the oscilloscope 

should be high (which rules out the use of the delay line in these 
circumstances), 

If it is considered necessary to uso a scrooned lead between terminal 

"y" and a high-frequency source of high impedance, it may bo desirablo 

to connect a capacitor of low valuc between the source and tho inner 

conductor of the screencd load, This will prevent a circuit of possibly 

low impedance from shunting the high impedanco of the source and thus 

altcring the operating conditions of the sourco, If this arrangomont 

4s uscd, a reduction of signal amplitude is to be expected, 

ORT, CONTROLS 

de (a) ‘¥" SHIFT 
This provides a moans of positioning the picture along the Y axis of 

tho C,R,T, sercon, Initially the control knob should be sot to the 

middle position of its travel. 

~ 20 =
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(b) 'X! sHoFT 

This provides a means of positioning the picture along the X axis of 
the C,R,T, screen and may initially be set to its half-way position, 

(-) BRILL. (Briliiance) 

This control varies the negative bias applied to the modulating 
electrode of the C,R,T, and should be set in a position that provides 
just sufficient brightness for the work in hand, 

(a) FOCUS 

This control varies the voltage of the focusing electrode of the C.R,T, 
and should be adjusted to give correct focusing, 

NOTE: Slight readjustment to both the FOCUS and BRILL controls my be 
found desirable when the instrument is actually being used as these are 
interdependent, Slight de-focusing of the spot may occur at the 
extreme limits of the '¥' shift, 

TIMEBASE GENERATOR CONTROLS 

hee The main controls affecting the timebase are: 

" S tt 

"SET SYNC" 
"TB, COARSE" 
"T Be Pr " 

All synchronising and trigger voltages are applicd to terminal '5S!, 

(a) "SYNC" 

This is a four=position switch and provides tho means of obtaining a 
"free-running" (F,R.) or "single-swoep" (S.8,) timebase, synchronised 
from a positive (+) or negative (-) signal as required, 

(b>) "SET SYNC" 

This controls the amplitude of the signal applied to the suppressor grid 

of the timebase valvo in both the single-sweop and froe-running 

conditions, In the froo=running condition it is used to synchronise 

the timobaso frequency with the signal appliod to tho Terminal 'Y', to 

obtain a stcady picturo, In the single-swocp condition this knob 
controls the amplitude of the input trigger pulse, 

(c) TB, COARSE 

(4) This is a six~position switch which providos a ooarso control of 
timebase froquency or swoep=time, 

(441) In the froe-running condition, positions 1 to 5 onable the timo- 
paso frequency to be variod between 10 o/s and 40 ko/s; in 
Position 6 the timebase is switched off, 

(444) In the single-sweep condition tho timobase swegp time can be 
" warded between 60 milliseconds and 3 miexonceonid weteis: #eitoh 

peritions 1 te 6, 
a ee 



PARE 2 
OPERATING INSTRUCTIONS 

CHAPTER 4 

(iv) The range covered by cach position.of the switch is shown on tho 
label fixed on the top (front) of thé instrument (see Table 1), 

TABLE 4 

T.B. COARSE FREE -RUNN ING. SINGLE -SWEEP 

(F.R, ) (S.S, ) 

Switch Position . 

{ 140 ~ 70 c/s 80 ~ 10 milliseconds 
2 70 ~ 350 c/s 10 - 2 milliseconds 
3 350 ~ 1500 o/s 2 ~ 0.5 milliseconds 
\ 1.5-7 ke/s 500 ~ 100 microseconds 
5 7 = 40 ke/s 400 -;20 microseconds 
6 OFF , 20 ~|3 mioroséconds 

(4) 2.B. FINE 

(c) 

'y! ~PLATE 

The T,B. Fine control provides a means for obtaining a continuous | 
variation of timebase frequoncy and swoop=tind and ‘is sufficient to 
ensure ovorlap between the rangos covercd!by ‘tho T.B, COARSE switch, 
This control can bo adjusted to givo an approximato; intermodiate 

timobase frequoney or swecp~-time between the limits of cach position 

of tho T,B, COARSE switch, 

Terminal 'X! 
meee ete emt en eco 

This torminal serves two functions: ~ 

(4) With the SYNC switch adjusted to F.R, (+| or ~)| and'tho T,B, COARSE 
stitch adjusted to any position 1 to 5, tho timobasd; sweop 
voltage is availablo at Terminal 'X', o,f, for oxtornally | 

modulating an F,M, signal goncrator or froquonoy~swopt’ oscillator 

such as A.P, 54707 Tost Oscillator to obthin the response curve of 

a reeciver, 

(i4) With the SYNC switch adjustcd to FR, (+ or -)and tho T,B, COARSE 

switch to position 6, an external timobasc sweep voltage may bo 

applicd to Terminal 'X' and thorefore to tho X4 plato, Theo 

amplitude of the swoop voltage should be of the order of 00V 

to obtain a full deflection of the spot, 

CONTROLS 

5 The controls affecting the signal applicd to the '¥" Plate: arc:= 

ty! PLATE Control 

Aime LF, HF. Pre-set switch. 

AMP, GAIN Control, 

All signal voltages are applicd to Terminal yt,
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6. '¥' PLATE CONTROL 

This is a six=position switch and provides; - 

(a) A fixed attenuation for D,C, Signals (D.C. ¢ 5). 

NOTE: Maximum input voltage MUST NOT exceed 7OOV, 

(b) A fixed attenuation for A.C, Signals (A.C.® 5). 

NOTE: The attenuator is capacitance compensated to provide a flat 
response over thd frequency range 25 o/s to 100 ke/s, Maximum input 
volbage MUST NOT exceed 700V peak-to-peak, 

(c) Direct connection to 'Y' Plate, (D.C. ) 

(a4) Connection to 'Y! Plate through blocking capacitor. (A,C.) 

(e) Connection to 'Y' Plate through a 0,5 microsecond delay line (DELAY) 

NOTE: The input impedance of the delay line is approximately 75 ohms, 

(f) Connection to 'Y' Plate through an LF. or H,F, Amplifier as selected 
by the AMP, 'L.F, - H.F.' Preset Control, 

NOTE: In this condition the output of the amplifier is also fed to 
Terminal tA, 

7s AMP. LF, - HF, Pre-set control 

This Switch selects L,I, or HF, compensation for the single stage 
amplifier, 

(a) When switched to 'L,F.' the gain is variable up to 38 db (80 times) 
flat to within 3db from 25 c/s to 150 ko/s, with an input voltage 
not exceeding 15V r.ms, 

(b) When switched to 'H.F.' the goin is variable up to 28 db (25 times) 

flat to within 3 db from 25 c/s to 1 Mc/s with an input voltage not 
excceding 25V r.ms. 

8, AMP, GAIN Control 

This varies the gain of the LF, or HF, Amplifier described in 
Paragraph 7. 

CALIBRATION 

9, (a) CALIBRATION VOLIAGE 

CRT, doflestor To provide an approximate moans of calibrating the C, tc 

plates a calibration winding is included on the A,0. Mains 

Transformer giving an output of 100V peak~to=poak (34. 7V rem ss 
at Terminal 'C', To calibrate deflector plates:~ 

~ 25 ww
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(4) 

(44) 

(434) 

. Civ) 

(v) 

(vi) 

NOTE: 

OPERATING INSTRUCTIONS 

Connect Terminals 'S', 'C' and 'Y' together. 

Put 'Y! PLATE switch to 'A,C,! 

Put SYNC switch to 'P,R,' + or FLR. =. 

Put T,B, COARSE switch to '1', 

Adjust 1,3, FINE and SET SYNC controls to give stationary 
picture. _ 

Use graticule to measure peak-to-peak amplitude and convert to 
volts per cm, The Y~plate sensitivity of, the tube should be 
of the order of 4.0V/cm, 

| 
As the voltage is derived from the mains transformer, measurements 
based upon it are subject to errors due to mains voltage variation, 
put in the majority of cases an accuracy within 103 is to be 
expected, 

(b) '¥Y! SHTFT VOLTAGE 

For a more accurate measurement of signal amplitude, Terminal 'Y' SHIP? 
is provided, To measure the amplitude of a signal:- 

(4) 

(44) 

(iii) 

(Av) 

Connect a high-resistance Voltmeter (20,000 ohms per volt) or 
Valve Voltmetcr, preferably centre-zero reading, between Terminals 
'Y SHIFT! and 'E', 

Adjust 'Y SHIFT! control for zero reading on Voltmeter and note 
position of timebase sweep on the graticule, 

Adjust 'Y SHIFT' control until the peak of the signal being 
measured is ‘cut! by the position noted originally on the 
graticule, adjusting the range of the Voltmeter as necessary. 

The amplitude of the signal can then be read direotly from the 
voltmetor. 

NOTE: The measurement of signal amplitude in this manner only 
applies when the 'Y't PLATE switch is at position 'AC' or 'DC', 

10, The Calibration voltage at Terminal 'C' can also be used to trigger the 
timebase in the singlo-sweep condition or to synchronise the timebase with 

the mains frequenoy in the free-running condition. For single-sweep conditions the 

triggering action is only effective vhere the mains frequency is groater than 4.00 o/s 
A CAL, PHASE Prosct Control is available so that a signal (applied to Torminal '¥') 
having a repetition frequency the samo as the frequency of the A,C, supply to tho 
oscilloscope, oan be displayed, 

The facility of triggering the single-sweep timebasc gonerator from the 
terminal "C" 4s primarily for obtaining tost waveforms, As tho triggor—voltage 
4s sinusoidal, sweeps faster than about 100 microseconds cannot be reliebly 7" 
obtained,
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1. MECHANICAL FEATURES 

The undermentioned conventions have been adopted in tie description that 
follows: ~ 

(a) The outer metal case is referred to as thé cgse; the rear lid is 
removable, 

(b) The front yunel of the instrument is the panel on which the main controls 
are mounted. The front of the front panel is seen when the C,R,T. screen 
is being observed; on the back of the front panel the control 
potentiomsters, CYI'C switch etc, are mounted, The front panel is hinged 
and may be swung forward towards the observer after removing the C,R.T, 
and undoing the two captive screws below the markings CAL PHASE and 

>) Sag ‘ AMP, LF. HF, (See Pipe6}. 

(c) The box-lik: assembly of components is described »s the main chassis. 
The rear component board is a sheet of insulating material farthest 
from the front of the instrument. 

(ad) The terms top, bottom, front, back, left-hand side and right-hand side 
are used on the assumption that the instrument is in a horizontal 
normal position and viewed from the front, 

26 CONNECTING SOCKETS 

Two conncoting leads are provided, one for A,C, and tha other for D,C, 

operation, Each lead in terminated at one end with o milti-,ole socket which 

is provided with one single and two double locating keys; tha required socket is 

orientated until tho single key slips into the appropriate ciannel dn the plug on 

the left-hand aide of tho instrument. Tho A,C, multi-pole susket has throe sockets 

(marked A, B and C) and the multi~polo D.C, socket has four sockets (marked A, By 

D and C, D not being usod), - It is impossiblo to mato tho D.C, sooket with tho 

plug of the A.C. powor unit; it is likewiso impossiblo to mate the A.C. sockot 

with the D.C. plug when the D,C, powor unit is used in the instrument, 

3. REMOVAL OF COMPONENTS, VALVES ETC. 

(a) Removal of Case 

Romovo the input socket and stand the instrument upright on its front 

uard=rail, Slackon the two slotted Imurled serews on the roar lid. 

(using a coin to locsen) until tho 11d can bo romoved. Whon tho 1id 

4s romoved, the caso may bo pulled upwards and removed. 
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(b) Removal of Power Unit 

(a) 

(0) 

(f) 

(g) 

With instrument vertical, slacken (with a coin) the four spring~loaded 
Imurled screws securing the power unit to the main chassis, until a 
click is heard; do not screw right out. (In the horizontal position 
of the instrument, two of these screws are onthe top of the power 
unit chassis just forward of the transformer, and the remaining two 
are at the bottom with their heads towards the back of the instrument), 

Holding the main body of the instrument with the left hand, pult the 
transformer upwards with the right hand until the power unit comes 
avay from the 10-pole plug, 

Removal of Cathode-ray Tube 

Lay the instrument herizontal, Remove the die-cast ring holding the 
hood and graticule ty 2 slight counter~clockvise rotation, Press the 
ceramic C.R,T, -holder fforvard against the Mumetal sereen as far as it 
will go and release; the C.R.T, will now no longer be retained and its 
baso pins will disengage from the C,R,T, holdor; rocking the C.R.T, 
gently, pull it out, 

Removal of Valves Vi to V6 

Press the metal valvce-rcetaincr dowmvards and rotato approximately 
30 degrees in a counter-clockwise direction and lift off, The valvo 
may then be withdrawn from its holder, 

Removal of Valve V7 

This diode is exposed, at the rear right, having no rotainor. The top 
pin should first te very gently prised forward towards the front panel 
sufficiontly to discngage it from its socket. The diode is: thon 
removed by withdravring it from its bottom sockcts, 

Servicing of Most of Sling Components 

This may te effected by removing the caso as doscribod in (a). To 
Service the slung components at the front of the main chassis it is 
moeayery to swing back the hingod front panel in tho mamer dosoribod . 
in (g). 

Servicing Componcnts-on Back of Front Panol and Front of Main Chassis 

Having removed the C.R.T., fully slackon the two captive sorows on . 

tho front panel; these are positioned below tho holes markod CAL PHASE 

and AMP LF. H.F. The hingod front panol will now swing down oxposing 

the components on the back of tho front panol and those at the front 

of tho main chassis. 
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(h) Removal of Capacitors Chi, Ch3 or Ch5 

(3) 

(k) 

( ia
l ) 

(ia) 

MAINTENANCE TES?ING AND PAUL FINDING ounbrnn 

Remove C,R.T. as described in (c). Undo connections on the underside 
of the appropriate capacitors by removing the nuts on the capacitor 
terminals, Swing back front panel in the manner described in (g). 
Unsolder the leads from the ends of the delay line. Remove conical 
Mumetal screen and delay line assembly by:- 

(i) removing the two screws, (at the front end of Mumetal sereen) 
tha. secure it to the chassis, 

(11) removing the two serews securing the screen bracket to the tapped 
holes in th. top of the main chassis, 

(i411) removing the two screws and lock nuts on the rear supporting 
bracket of the delay lino, 

The Mumetal sere-n und delay linc cun then be completely removed from the 
chassis, The screvs securing the bracket of the Mumetal screen also retail 
capacitor Chi, Capacitors Ch3 and Cl. are each retained by screws enterin, 
tapped holes in the top of the main chassis, The capacitor Chi may now 
be withdravm through tne tor ef the main chassis, 

Removal of Capacitor Chy. 

Remove power unit and ©,R.T. Undo connections on the underside of tho 
capacitor by removing the nuts on the capacitor terminals, Remove conical 
Mumetal sereen as in (h), Remove the four screws fastening the brackets o 
the rear component board through the feet of the capaoitor Chy4 into the 
tapped holes in th. top of the main chassis. Remove sorews holding rear 
delay Tine briack.t to raar component board. Fold back the rear component 
board with its brackcts, to enable the capacitor to be withdrawn through 
the top of the main chassis, 

Remeval of Components on Rear Component Board 

Components on the front (nearest front pancl) of the rear component board 
arc readily accessible, Those on the back can be serviced by romoving 
the power unit °s in (b), 

Removal of Rectifier MR4i 

Remove pover unit *s in (b), Unsvoat the conncetions to the ends of the 
ructificr, Sving outwards the hinged front panel as in 4(), Remove 

the nuts ot the wnds of the ructificr, The rectifier can now be removed 

Ty “Liding the tront und immrd. until it is clear of the slot in the 

front brick t nd ithdrwing th bck cnd from the hole at the rear. 

Scrvicins the lomr Unit. 

honove porwr unit from main cluo.ds is in (t). All components oxcapt 

the tran former iny now be serviced by unsveating the connections and 

uniuing the appropriate serews, To remove the transformer, first remove 

the on-off switch <nd the 40—pole socket, The scrows holding the 

tronsformer are then accessible. 
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TESTING AND FAULT-FINDING 

he PRELIMINARY CHECIS 

Set Oscilloscope SYNC to FR+ or FR- and T,B, COARSE to Position 4, ‘The 
T.B, FINE control is adjusted fully counter-clockwise, 

The following items should be checked before removing tHe Oscilloscope 
from its case:- 

(a) Check the mains voltage tapping on the primary of, the transformer, 

(b) If there is no spot or trace, check the mains power ‘supply and fuses 
—~ONEPS4, fot / Ph POTS RUM ot USE) ANDES I 

(c) Check that the calibrator voltage is correct with Valve Voltmeter 
A.P.67921, or Avo Type 47A, ensuring that the CAL, PHASE contro! is 
fully counter-clockwise, Valve Voltmeter should read about 33V, and Avo 
.7A should read cbout 25V (Range 120V A.C, ) 

(d) With Valve Voltmeter A,P.67921 check that o PLD. exists between Y—-SHIFT 

terminal snd E terminal by rotating the Y-SHIFT potentiometer from its 
maximum (clockyvise) position to its minimum (oounterolockwiso} position. 
The valve voltmeter range used should be 4.80V BAL (centre zero), There 
should be a full-sc. le swing on the meter, 

After chocking as in paragraph 4, the following procedure should be carried 
out to determine location and uxtent of the fault, 

oe TESTING }ROCEDURE 

Remove the Oscilloscope from its case and check that no arcing has taken place. 
Corry out a searching visual insyection of components. If no physical fault can be 
scen, conmence testing as below (sot the primary A,C, voltage to 230V 50 c/s), Switoh 
on the Oscilloscope and leave running for ten minutes to allow the valves and H,T. 
voltages to sctile down before commencing tests, All potentials are relative to 
the chassis and should remain vrithin + 15 per cent of the values given, In the fault~ 
finding procedure given below, the selection of the systems to be used will depond 
on the following cases:~ 

4, Noither a spot nor.a trace can be obtained, 

B, 4 spot can be obtained, 

C, Timcbaso is too short, 4 

DBD, Prace unstabls on Single-svoep (S.S.). 

6. CASE (4); HO SPOT OR ThACE 

The fault will probably be one of the following: - 

(a) E,JLT, voltage (from rectifier system) low, a short-circuit on the 
E,H.T. resistor chain, resistor chain open-circuitod,
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(b) Cathode-ray Tube V8 deteriorated as a result of age or rough usage. 

(o) The neater supply for Cathodo-ray Tube opon<oireuitod, 

T..BLE 2 

Components fie Path 7(0N0) Valve Voltucter 
Renge PD, oe PL 67924 

Ch 4, 200V -750V ~950V 

Chet 4, 200V- —5LOV ~844V 

ChO 4, 200V 2).0V 250V 

Te Chock voltage (for Y-shift potentiometer) at jumetion of R42 and R43; this 
should be about 274 volts on valve voltmoter, 

8. Ef voltages given in Table 2 are in crror by moro thari + 19% check for opon- 
circuits on E,H.T. resistor~chain junctions ond chock somponents in resistor 

chain from circuit diagram, Also chook voltage at C41 with chain open~-cireuitod, 

9, If the voltagos are as in Table 2, check heater voltago of C.R.T. (V8). If 
the heator voltage 1s correct, change the C.R,T. Frocoed with tests givon 

immodiately telow (Case B). 

10, CASE B: WHEN A SPOT CAN BE OBTAINED: - 

When SYNC is switched to frce-running and a spot only odn be dttttiined on 
the C.R.T., this indicates fault in timebase gonerator odxeuxn’ mused on ¥3 ond Vi. 

14. Connect Cossor Oscilloscope to anode of V3, If there is no output sawtooth 
waveform, switch T,B, COARSE to another position; this will ohtedk “the 

capacitors Ci. to C18 and C6 07 to C12 C13, 

12, The voltage tests in Table 3 should thon be ontricd out (the figuros given 
poing typical) under following conditions: - 

Switch T.B, COARSE to Position 6 
T,B. FINE fully counter~clockwiso 
SYNC to §.5.+ ox $.3.~ 

OMB GAIN fully cloclavise 
AMP, switch to LF, (countor-clookwise) 
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TABLE 3 

A.P.4-7A(AVO) Valve 
Valve Test~point Voltmeter 

Range PD. A. P. 67921 

V4. Cathode (pin 2) 4.80V 62V 63V 

V3 Anode (pin 5) 4,200V | 152, 5V 21,00 

V3 Soreengrid (pin 7)| 1,200V 60V 60V 

V3 Suppressor (pin 6) 420V | -5.5V ~9, 5V 

Vz2b Cathode (pin 1) 4.80V 60V 88V 

- Wiper of RV3 420V 8V 441,5V 

13. If voltages are in error by more than + 15% remove V3 and Vi. and check 
resistors with ohmneter or Megger,anicompare values with those given in 

component list or ciroult diagrams, If resistor values are as stated on oirouit 

diagram, teplace valves V3 and V4. and re-check voltages. 

1h. Turn SYNO switch to FR+ or FR- and 1T,B, COARSE switch tu range 4 and compare 
waveforms appearing at the electrodes of V3 and V4. on Cussor Double Beam 

Oscilloscope; these should be as depicted on Fig.6, These wa.eforms are drawn 
to a scale of 30V per om and should be approximatoly tho same .ize on Cossor Double 

Boam Oscilloscope and Type 134 Oscilloscope, 

15, These waveforms aro applied direct to the A,C, Y1 plate of tha Cossor 

Doublo~Beam Oscilloscopo or A.M, Type 13A Oscilloscopo, 

16. CASE C; TINEBASE IS TOO SHORT 

Whon tho tdimobaso is too short (say, half ita normal longth) tho fault 1s 

most likoly caused by absence of output from V5. 

17. Set OT, 52 SYNC to FR+ or FR~ COARSE to range 4 and chock waveform at 

b2 Anodo V5, 
b) Controlegrid V5. 

and compare amplitudes and shapo with diagrams on Fig, 6, 

48. Chook H,T,. voltage at ChO, Turn SYNC switch to 8,5.+ or 8,8.~ and cheok 

voltagos at V5 anode and sorcongrid (Tabic 4), The voltage should be 

within + 159%, If the voltagos aro outsido this toloranoe, test components and 

valvos,
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TABLE 4 

A.P.47A( AVO) | 
Component Valve Voltmeter CT54 

Range P.D. A.P. 67924 

CLO 4, 200V 2hOV 250" 

Valve Electrode 

V5 Anode (Pin 5) 420 23V 30V 

V5 Soreengrid (Pin 7) | 1,200V 436V 446V 

19. Other possible causes of short timebase trace are:~ 

(a) incorrect setting of RV2 and/or RV10 

(vb) change of Valve V3. 

In these cases proceed as in Para. 20(b). 

20. CASE D: TRACE UNSTABLE ON SINGLE-Su 

(a) Check amplitude of syne pulse at output of V1, If emplitude and 
polarity are correct, check voltage of suppreassor<grid of V3. 
If bias voltage on suppressor-grid is lov, this will acoount for 
the instability of the timebase. Adjust suppressor~grid voltage 
as instructed in subparagraph (b) telow, having first switched- 
off the oscilloscope. The Valve Voltmeter CT54. should be worked 

off its batterics (not mains) as there is less chance of a shift 
of zero with tine. 

(b) (4) Connect tho valve voltmeter CT54 so that the D.C, HIGH temminal 
4s connected to the junction of resistors R52 (330 ohms) and 
RQ (680 kilohms). (Note the other end of R52 is connected to 
pin No, 6 or V3 * 

(2) The LOW terminal and earth terminal of the CT54 should be 
connected to tho CT52 chassis and to earth respectively. 

(3) The operating instruction on tho valve voltmeter should be 

carofully read, the SET ZERO adjusted (the. esolllLoscope 
being switched off) for zero reading, 

(4) Set function switch on CT54 to DO-. 

(5) Set voltage selector switch of CYSh! to 2h volte (carefully 
resetting zero control if nece ssary) 

(6) Set CT52 TB COARSE svitch to position 1. 

(7) Set TB FINE control fully counter-clockwise. 

(8) Turn SYNC stritch to SS+. 

(9) Set Y PLATE svritch to A.C. 

- 34 -
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(40) 
(41) 
(42) 
(43) 

(44) 

(45) 

(46) 
(47) 

(48) 

(49) 

(20) 

TESTING AND FPAULT-FINDING 

Adjust the SET SYNC control fully counter~dlLoolavise. 

Turn preset potentiometer RV2 fully clockwise. 

Switch-on oscilloscope and allow it five minutes to vamn up. 

Adjust the potentiometer RV1O until the CT54.valve voltmeter 
indicates -17 volts + 0.5 volt (i.e. negatiwllwilth ‘re epdot 
to chassis). (Disconnect the CT5y Bd. iG Wala dns 
conneat to the oscilloscope chassis|itd ohedk the! gero oft the 
valve voltmeter and readjust zero spate} i f£ necessary; | 
oo the CT54. positive lead. toll + SonetLon:.6£. B52 ‘and. 
RY, 

Adjust RV2 “in a counter-clockwise direction ‘until the CT54 
valve voltmeter reads -10.5 to -11.0 volts (4ses negative 
vith respect to chassis), This VOLTAGE IS ORITICAL and the 
zero of the valve voltmeter CT54 should be checked as in 
(43) above. It is nar necessary to check this suppressor 
voltage over a wide range as follovs: 

Tian TR FINE control slowly in a clockwise direction and 
check that the suppressor voltage does not fall below 
10,5 volts, ane 

Set TB COARSE oontyol to position 2 and repeat (45) above. 

At no setting in (15) or (46) above should the voltage on 
the CT54 fall below -10.5 volts, but may rise. to ~142 volts 
or more, If the voltage should fall slightly below 
“10.5 volts, it should be breught up to -10.5 volts by a 
slight readjustment of RV2, 

Lock the preset controls RV2 and RV10. 

Siritch-on a pulse generator, e.g. pulsed I.F, Signal 
Generator A.P.61354 or Range Calibrator Design 2, and in 
the case of the fomer, arrange for a +ve pulse 10 
microseconds long and P.R.F. 100 o/s to be injected into 
the 5 texminal of the CT52. In the case of the range 
calibrator it should be used on 50 cyole mains to give a 

- pulse at 50 pulses per seo., positive polarity and of large 
amplitude (isc. amplitude control set well up). Seo Note 2, 

Turn the CT52 SET SYNC control in a clockwise direction 
until the timebase is triggered and measure the length of 
trace to cheok that it is at least 3 im whdu the TB COARSE 
control is in positions 1 and 2, and the TB FINE control is 
tumcd from one extrome to the other. In gdneral this will 
bo casily met, but occasionally a poor specimen of CV, 2209 
or CV.329 is encountered, and if a short trace is obtained 
(ise. less than 3 em) another valve should be tricd and the 
setting-up procedure repeated.
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NOTE 4 

Due to the characteristics of some CV.2209 or CV.329 valves, 
when set to the single-sweep condition (6, 7, %, above), 
an occasional valve may be found which persists in Pree~ 
running, i.e. with no trigger applied a line appears instead 
of a spot, and the valve voltmeter reading will fluctuate, 
This condition should not occur after the setting-up detailed 
above, but if it still persists the valve should be re jeoted 
and another used, and the setting-up procedure should be 
reve ated. 

nore 2 
In paragraph (19) a ulse generator or range calibrator is 
mentioned, but if not available any pulse having a repetition 
frequency of 50 to 500, about 15 to 20 volt amplitude and 
pulse lencth 0.5 ise or longer, will do. The aspropriate 
polarity should selected on the SYNC switch. 

When the Range Calibrator Design 2 is used, the controls should 
te set as belowi- 

\ 

Control Range Set to 5000 yd, 
Syne P.RF. $0 

Syne int. 
Output Sync Low impedance + 
Output Syne amp 10 
Input Sync amp Not used 
Cal. amplitude Not used 
Voltage 230V 
Take lead from syne cutput to 8 terminal of CT52. 

ats If the suppressor<grid voltage is ~15 to -30 volts the diode V2 should 

be replaced and the setting on RV2 and RV10O readjusted. When the bias 
voltage is too high (say -30 volts) difficulty will be found in triggering 
the timebase, as a larger trigger pulse would te required than the valve V1 
is capable of giving. 

226 When RV2 and RV1C have been adjusted, or V2 and V1 replaced, the 
timebase should be checked with Cossor Osellloscope (keP.3336A) or 

143A Oscilloscope A.P.10S/831. The following settings of the Miniature 
Oscilloscope CT52 are required set mains voltage selector to 130 volts, the 
instrument being fed fram a 500-cycle supply; turn T.B. COARSE to range 3, 
join C and S terminals, turn SYNC svitch to SS+ or SS~, turn T.B. FINE control 
fully clockwise. 

Check that waveforms are as shown on Fig. 5. 

(When a 50 o/s supply only is available, an external syne pulse must 

te used - such as that from a range calibrator or square-wave generator 

(eege a Pulsed ~ I.F. Signal Generator). The pulse length should be betwen 
0.5 microsecond and 50 microseconds at a P.R.F. of approximately 1,000 per sec. 

—~ 335



PART 2 
OHAPTVR 2 TESTING AND TAULT-JINDING 

23 TESTING AMPLISIER V6 

= amplifier to L.J. position. Turn AMP, GAIN. 
cloclerige)., Connect valve voltmeter to terminal A (ou 
amplifjer). Connect Oscillator G205 or suitable siigt ) Osollo~ — 
soope Y terminal, Tum Y-PLATE awitoh to AMP. Oheait, Mimeeeehia end fre quency- 
response, Stage gain of 38 dB is desired, i.e. volte hab ited: ‘be 
approximate ly times as measured by the height of the 
be necessary to check frequency at low and high freqpan nd 
150 ke/a. Check that response at 450 o/s has not dropped to @ valua lower 
shan O47 times the voltage gain at 1 ke/s. (i.e. hag hot dropped more than 
3 aB a vo 

~ In HF. position the voltage stage-gain should be approximately 
25 times and the gain at 1 Mc/s should not be less than 0.7 tims that at 
1 ko/s (4.e. has not dropped more than 3 4B). 

a7 

When using the valve voltmeter, the response may appear to be slightly 
outside specification, due to the added input capaci tance of the voltmeter, 

Voltages on the electrode pins should te as fin Pabld Se \ Conditions 
for tests are as follows:~ 

T.B. COARSE set to Position 6, 

TB. FINE turned fully counter-clochwise, 

SYNC switch to S.S.+ or $.5.-. 

AMP GAIN fully clockvise. 

AMP switch to L.i’. for first two tests, 

TABLE 5 

Valve Ele otrode ATA P.D. AeP.412945: P.D. | Valve 
Range AVO 8 Voltmeter | 

V6 j|Anode (Pin 5) |4,2CoV | 142V 250V 425 faze 
V6 {Cathode (Pin 2) 120V 4.6V 25V 2.6V | - 26 76V 

Switch AMP to H.F. de 
v6 [Anode (Pin 5) 4,200V | 203V 250V 207.5V}  246V 

V6 {Cathode (Pin 2) 420V 2. 10V 2.2V 2.32V 

~ 3 =
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ahs TESTING DELAY LINE 

7 The purpose of the test is to measure the delay introduced by the delay 
ANC 6 

. Equipment r quired: Range Calibrator Design 2 or Pulsed I.F. Signal 
Gonerator A.P.61354,. 

(a) Range Calibrator's Controls 

Set rani switch to 1,000 yd. 

Set SYNC to internal. 

Set $2 to mains volteye. Turn Cal. amplitude to max. 

(b) Oscilloscupe CT.52 Controls 

Turn T.B. COARSE switch to position 6, 

Set Y-PLATE svitch to A.C. 

Turn SET SYNC control to imax. (fully cloolswvise). 

Turn SYNC swatch to 5.S.+ 

Connect S terminal of Oscilloscope to S+ve Cal output Socket P7. 

Connect Temminil £ of Oscilloscope to Cal-ve output Socket P8. 

Adjust T.B. FINE control until a calibrator pip appears on the trace. 
The speed should te adjusted until the first cal. pip apjears on the trace at 
approximately 3 on fxom the starting point of the timebase. The length of 
the timebase to the first cal. pip will be 6.1 microseconds. The calibration 
pips are 1 ~sec. in length. When the delay line is switched-in, the extent 
of the delay may te measured direct on the graticule. The delay should be 
between 045 and 0.75 microsecond. 

25. SETTING-UP PROCEDURE OI TIMEBASE AFTER CHANGING MILLER VALVE 
(CV.329 OR GV.2209) 

When the Miller timebasc valve V3 is changed it may be necossary to 
readjust the preset controls FV2 and RV10. The Valve Voltmeter CT54 
employed for setting-up should be vorked off its batterius (not maing) as 
there is less chan. of a shift of zecro with time. The miniature osollloscope 
should te srtched off bovore carrying out the procedure which is set forth 
in Para. 20(b). 

~-~ 3ha ~





“ (Items marked with an asterisk are components of A.P. 

' APPENDIX NO, 4 

Ae P.68622 OSCILLOSCOPE, MINIATURE, CT.52 

LIST OF COMPONENTS 

eg 
i . “ ee, ‘ 

the D.C. Power Unit. Power Unit A.C. CTA. 16 is A.M. Ref. 101/16993) "" 

Resistors Jointe | CCT 
Circuit Name | sonic Value| Rati Tolerance 

Ref. Ref. (Ww) +h 

Resistors, Fixcd, Composition, 
Grade 2 (insulated ) 

R14 " 2223122 |470k | $ 10 
Re " 2221173 | 330 4 10 
RB " 2221152 | 220 3 10 
Ry. " 2222089 | 4. 7k s 10 

RS " 222089 |he?k | zg . 10 
R6 " 2223125 | 470k 4 10 
R/ " 2223123 | 470k | “3 10 
R8 " 2223122 | 470k 4 40 

| 

RY " 222314.3 | 680k | 40 
R14 " 2222089 | 4. 7k + 10 
R12 " 2223039 | 100k | = 40 
R13 " 2222131,| 410k s 10 

Rid " 2223059 | 150k | & 410 
R15 " 2222152 | 15k s 40 
R16 2222215 | uk | & 40 
R17 " 2223039 | 100k 3 40 

R18 " 2223039 | 100k | 3, 10 
R19 " 2223038 | 100k }.. & | 10 
R20 " 222228 | ure te 410 
R24 " 2223080'| 220k | & 10 : pou : a : 

R22 " 2223080 | 220k] £ 410 
R23 " 222546, 1M t 40 
R24 " 2223018 | 68k | # 10 
R25 " 2223018 | 68k 3 10 

R26 " 2222215 | 47k} & 40 

R27 " 2223164. 4M 4 10 

R28 Resistor, Fixed, Composition, | 2218509| 1M] % 5 
Grade 1 (non-insulated ) 

R2y " 2248509 4M 7 5 

R30 " 2218461 | 560k | & 5 

R34 Resistor, Fixed, Composition, | 2221173 | 330 s 10 
Grade 2 (Gneulated ) 

R32 Resistor, Fixed, Composition, | 2247053| 150 | % 5 
Grade 1 (non-insulated ) 
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36 

Resistors Joint- 
Circuit Name Service [Value Rating | Tolerance 

Ref. Ref, (w) +% 

R33 «| Resistor, Fixed, Composition, | 2215168 | 240 } 5 
- Grade 1 (non-insulated ) 

R34. Resistor, Fixed, Composition, | 2222164 | 18k + 40 
Grade 2 (insulated 

R35 Resistor, Fixed, Composition, | 2217496 | 4.6k | 4 5 
Grede 1 (non-insulated ) 

R36 ° ", 2215108 75 4 5 
. } 4 

R37 Resistor, Fixed, Composition, 2203266 aM] } 10 
Grate 2 (insulated 

R38 " 222328 |b. 7M 4 10 
R39 " 2223164. mi £ 10 
R10 " 2223080 | 220k 4 10 

Ry4 " 2223248. | he7M | § 10 
RY2 " 2223122 | 470k + 40 
R43 " 2223038 {100k | 4% 40 
Rudy " 2223038 | 100k 40 

R45 Resistor, Fixed, Wire-wound, | 224.009 | 1.2k . 5 
Vitreous~enamelled 

RL6 Resjstor, Fixed, Composition, | 2223017 68k 10 
Grade 2 (ineulated) 

R47 " 2222060 | 2.7k 3 10 
R48 Resistor, Fixed, Wire-wound, | 2244009 | 1.2k | 4.5 5 

Vitreous-enamelled 

wRYY Resistor, Fixed, Composition, | 2222173 22k | ¥ 10 
Grade 2 (insulated 

¥R50 Resistor, Fixed, Wire-wound, | A.P.61023] 5.6 6 5 
Vitreous -~enamelled 

#R54 . on A.P.61023| 5.6 f 5 
£52. fe Si are ne LIVED. CCG TIEN LULU; $20 10 

sohiircabnees """”) 

RV4 Resistor, Variable, Rotary, | 2262171 | 100k 4 20 
Composition 

 RV2 " 2262170 [100k | + 20 
RV3 " 2262407 | 250k 4 20 
RV4. Resistor, Variable, Rotary, | A.P.60928} 5k | 4 40 

Wire-wound ue 

RV5 Resistor, Variable, Rotary, 2262935 | 205M 4 20 
Composition 

RV6 " 2262935 |2.5M] 4 20 
RV7 " 2262407 | 250k 4 20 
RV8 " 2262005 50k | ¥£ 20 
RVD " 2262170 } 100k 4 20 
RV1O " 2262542 {500k | 4 20 

CAPACITORS | 

01 Capacitor, Paper, in 2115552 | .01 AF 350 25 
tubular metal case 

- ga}. WW 2115506 O41 Aw 350V 20 



LIST OF COMPONENTS (Contd, Appendix 1 

Resistors Joint— | 
Circuit Name Service | Value jRating| Tolerance 

Capacitors (Contd, ) 

C3 Capacitor, Paper, in tubular] 2115506.) 0.1 Aut | 350V 20 
metal case oo ° ; 

Ch. " 2115506) O11 AE 350V 20 

C5 " 2115563 0.25 150V 25 

C6 " 2115564 | 0.14 250V 20 
C7 " 2115564 oof (250V 20 

. 8 " 2115554 | 0.0 pr 350V 20 

cy " 2115552 | 0.04 350V 25 
C10 " 2115623 0. pe 350V 25 
C14 " 211562) | 0.00 tod 350V 25 

Ci2 Capacitor, Moulded Mica, 2123590 | 330 p 350V 10 
Metallisod 

O13 " 2423590 | 330 pF |350V 40 
ci Capacitor, Paper, in tubular | 2115554 0.05 AF 350V 20 

motal case 

C15 " 2115552 0.01 350V 25 

C16 " 211562) 0. 002 /uFy 350V 25 

C17 Capacitor, Moulded Mica, 2123593 | 470 pF + 350V 10 

Metallized 

C18 Capacitor, Ceramic, Tubular | 2132295| 68 p? 500V 10 

C19 Capacitor, Variable, Air- 246001 ed Fi 350V ~0+80 

spaced trimmer Ae sstin TSB 
C20 Capacitor, Paper in tubular | 2116221 | 0.1, uF [1200V 20 

moulaed case 

C21 Capacitor, Electrolytic 214.502) | & 450V ~20+1 00 

022 Capacitor, Ceramic, Tubular | 2132280 | 27 pl’ {| 500V 10 

C23 Capacitor, Paper, in tubular | 2115554 0.05 AF 350V 20 

metal case a 

Cay Capacitor, Ceramic, Tubular | 2132280 | 27 pF 500V 40 

C25 Capacitor, Paper, in tubular | 2115506 0.1 AF’ 350V 20 

metal case 

C26 " 2115506 Oot 350V 20 

C27 " 2115554. 0,0 350V 20 

c28 Capacitor, Ceramic, Tubular | 2132254 4.7 PF | 500V 40.5 pF 

C29 Capacitor, Moulded Mice, 2123430 | 500 pF | 350V 40 

(Foil typo) 

C30 Capacitor, Electrolytic 2145224. | 100 6V ~20+1 00} 

034 Capacitor, Moulded Mica, 2123430 | 500 pF ‘| 350V 10 

(Foil type) 
032 " 24234.30 | 500 pF | 350V 40 

033 Capacitor, Paper, in tubular | 2115554 0,05 Aur | 350V 20 

metal case 

C34. " 2115554. 0,05 AF 350V 20 

Capacitor, Mouldod Mica, 500 pF | 350V 10 035 
(Fokl type) 

B7 

24 234,30 | 
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Resistors Joint 
Circuit Name Service |Valuc | Rat Tolerance 

Rof. Ref, (Ww) i 

036 Papacitor, Paper in tubular | 2115554 {0.05 jas 350% 20 
metal caso 

C37 Papacitor, Paper in tubular | 2115511 | 0.5 pF 350V 20 
metal case 

C358 " " 2115552 [0.014 350V 20 
C39 " " ‘ 2115569 {1 75V 20 
CLO Capacitor, Bloctrolytio 2145415 146 /® 375V 20450 

Chi (Capacitor, Paper, in 2141377 |0.5 uF | 650V 20 
rectangular motal caso 

C42 Capacitor, Electrolytic 214.5115 116 75 20450 
C43  |Capacitor, Papor, in 2441377 | 0. je 5 20 

rectangular metal case 
Ch, (Capacitor, Paper, in 2112521 |h 4.00 20 

rectangular metal case 

CLS " " 24141377 0. 5/8 650V 20 
ChE (Capacitor, Paper in tubular | 2115552 [0.04 uP | 350V 25 

case 
xOl.7 i" " 2415505 |0.05 500 20 
xCL.8 " " 24115569 = {4 75V 25 

wh " " 2415569 1 AP | 75V 25 

(TRANSFORMERS AND CHOKES 

TRI |fransformer, R979/1270 A, P, 68641 
“IRQ (Transformer, R979/1271 AP. 6864.2 
Li Choke, 500 microhenrys + 10%! A. P, 68643 
L2 tt tt tt won AP, 6864.3 

MISCELLANEQUS 

PLA {Plug, 10-way A. P. 57628 
SKA |Socket, 10-way A, P, 57907 

“SKB |Socket, 10-way A. P. 57907 

PLB |Plug, 3~way 2560966. 
Socket, 3-way 2560100 

as 

xPLC |Plug, 4way Z560070 
x Socket, way 2560110 
SWA |Switch, 3-pole, 4-way A, P, 68637 
SWR iSwitch, 2=pole, 6-way A. P, 68638 

SiC |Switch, 2pole, 6-way A. P, 68638 
SID |Switoh, 2«pole, 2-way A. P, 60930 
Sim |Switoh, 2~pole, ON/OFF 2510305 

aSviF |Switch, 2-pole, ON/OFF 2510303 

MRi |Rectifier, Half-wave, A. P, 68640 
Selenium~iron 

pe “ " AP, 

MRS . * 1.3639 
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Resistors Joint 
Circuit Name Service [Velie xating { Tolerance 

Ref, Ref, “ sr) 40 

~q 

¥FS1 Fuse Unit, Light-duty, single-way | 2590170 
We Fuse-link, Light-duty, 150 mA AaB. 626),.5 

mES2 Fuse Unit, Light-duty, single-way | 2590170 
x" Puse-link, Iight-duty, 150 mA A. P. 6861.5 

FS3 Puse Unit, Light-duty, single-way | 2590170 
" Fuse-link, Light-@uty, 2,54 A, P, 68646 |. 

xFPSh. Fuse Unit, Light-duty, single-way | 2590170 
x" Fuse=link, Light-dity, 4A | ALP. 610244 

=VBi Vitrator, Non-synchronous, 24V AP. 68614), \ 
D.C. input 

Valve Retainer AP. “W5986A | 
Valve Screening Cans, Qty.6 A. P, 60796 
Terminals, Brass, Syring-loaded | A.P,60990 
Qty.7 . 

Vaedvolia mete My na ‘ Qty.1 2560038 

Valvoholder, BIC, Qty. 6 25604 27 
Valveholder, BX, Qty.1 2564405 

™ Valveholder, UX, Qty. 1 2564444 
(for 
Vibrator) 

Capaoitor, Clin, Uty.2 2970006 
Knob, Qty. 10 2970184 
Connector, Flexiple, Sereened, ALP. 67384 

+ an c SC a ot ood d 9 ft. long ¢ . Hug s 
” Sonnector, ssid; ddreénea, A.P. 67385 

9 tt. long * i Ae ees 

Hood, moulded 2~ 54/16 in, dia. Aa P. 61430 
for CT, 52 . 

Capacitor Clin, {ty.2 2970006 
” Clip, earthing, for Vibrator A, P, 6064.3 

[a4 Feuean casi ‘ i iwi Aen Te sf AP esr 
ane BP BG 4g 

The components for this D.C, power unit are marked with an 

é pata OH 

DC. CT.Al. 

4. P, 68623 nectieter UNIT 63Ab 

LIST OF COMPONENTS 

asterisk in the list given abova.
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OPE, MINIATURE, CT.52 
RA'OR AND PARAPHASE AMP. CIRCUITS 

FIG, 

19 22 2 3 44 15, 16 (7 18 36 2! 33 24 #25 8026 «IR 

6TO!3 44 ro 49 20 Zz 28,24 21C 
RV) SWBa SWBb V3 V2b V5 Ms 

7 , - m»+Z50V 

2Rl2 RI6 RI7 RIB gRI9 R24 R25 $ R26 
S$ 100K 4mK 100K $100 190K bax 6ex 47K 

| {eva fers [eve fer Jee cig | C25 

OS +6 Tey 687) 3-33 ~ —it X2 
» : a} p E Pp Orly 

3 Rel ars NAY | C26 
i SWBb V3 \ 220K 220K —§{ i-— x! 

TB. COARSE ¢ C22 C24 / Or lp 
A s 1 

27p 27p V5 

Sis Rig 2 
250K C23 

Ta. FINE t 
—OFR OS 

1. 

R20 R23 
oi 47K tht $ 

MILLER VALVE PARAPHASE 

V4 

3 

so}2 

(Cia cr 
= 
P30) 33 

CATHODE FOLLOWER 

AMP. 

£





x
 

e 

O
F
 

<
&
 

a
2
 ° 

ceo 
Jed 
xX 

Ey <7
 

z
u
 Zz 

z
u
 a 

ia 
lu 
a
 6$
=
 

o
g
 

ce} 
ial 

2
°
 

7
 
o
r
y
 

°
5
2
 < 

§ 

>
 

“
F
e
n
 

Ava 
- J

O
O
H
I
V
D
 

A
O
C
 ~ 

&
 

e
e
e
 

tt 
ce) 

a
 

‘ol 
Rf 

“
E
D
T
 

¢ 
4 

rn 

— 
ecu 

x
O
O
T
 ¢ 

y
y
 

yosz 
2 S
A
D
O
S
 

L
A
G
S
 

HOO! 
v
y
 

W
e
e
 

Ivy 

L
s
I
H
S
 5. 

Ay 
ASL2- 

i
n
o
 

= 
WS-2 

h
o
.
 
=
 

rans-, 
908 

ng-2 
o
e
 

eeDp 
MS 

S 
P
A
A
H
~
 

BNTT 
AWG) 

N
V
 

CHOILWNNG 
LIV 

“eas 
d
V
 

B
L
V
 

Id 
~A 

T
O
M
S
 

O
Y
 

Dose 
E>) 
A
E
P
 

Sse 
T
e
l
 

mt 
des 

oy a 
VES 

BUS 
gz 

k 
ae’. 

wi 
9 

[ 
rae] 

° 
DONG 

RT 
EO 

15 
ap 

I 
if 

5 
=
 

c
e
a
 

$é 
s
o
r
 

de 
s
o
o
r
a
?
L
 

door 
ok 

2
u
3
H
 
G
R
L
N
S
S
N
 

S
B
O
L
I
V
E
Y
D
 

83 

S
H
O
s
I
i
a
h
a
 

= +I 

deg. 
SED 

ag 

a 

M
o
-
s
 

92D 
“‘AOGE 

+ 
SZD 

SONS 
SEY 

f
 

M
G
 

wef 
29 

2 
PER 

—
4
 

Ag 
v1: 

pAN 
27 

O
S
S
 

a
e
 

sig 
GAY 

BA 
LA 

7 
OWS 

VT 
TONG 

_
 

faa 

CE 
fe 

M
E
O
 

e
l
 

71 
o
o
 

I
e





OSCILLOSCOPE, MINIATURE, CT. 52 

POWER UNITS AND RECTIFIERS 
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AP. 68622 OSCILLOSCOPE, MINIATU 
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MINIATURE OSCILLOSCOPE 
WAVEFORMS OF OSCILLOSCOPE CT 52(SINGLE-SWEEP)_ 5 
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MINIATURE OSCILLOSCOPE. 
WAVEFORMS OF OSCILLOSCOPE CT.52 (FREE-RUNNING) 
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OSCILLOSCOPE. MINIATURE. CT. 52 

LEFT SIDE VIEW 
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OSCILLOSCOPE. MINIATURE. CT. 52 

RIGHT SIDE VIEW 
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