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A.P.68622 0SCILLOSCOPE, MINIATURE, CT52

(Joint Servipt-s Lestvnation: - Oscilloscope, Mini_nt_ure, CTS%Z)
SUMMARY OF DATA

PiIRPOSE

A general-prpose single~beam Oscilloscope and Maniter
for investigating waveforms in the frequency renge 10 ¢/s to
1 He/s, and pulse waveforms of duration from 50 milliseconds
to 0.1 microsecond,

DESCRIPTION

The instrument comprises a 2}* single-beam electrostatically
focused and deflected C.R.T. designed for symmstrical opsration,
a Miller transitron circuit and amplifier to produce the neces-
sary sweep voltages, an inverter valve Lo permit positive or
negative synchronising voltages, & simpls 5 : 1 resistance
attenuator, 8 negative-feedback agplifier with L.F. and H.F.
compensation to give the required band-width and galn, and a
0.5 microsscond delay line for displaying the lesding edge of
ghort pulses. Interchangeable power units permit operstiemm fram
AC. majng or from a 22 to 30 volts D.C. supply; for D.C.
operation a mains unit incorporating a vibretor is used,

PERFORMANCE

{a) Timebase A.P.68622 OSCILLOSCOPE, MINIATURE, CT:
(1) Free-running:= Sweep-frequency variable between 10 ¢/s and 4O ko/s,

(11} Single-sweep:= Sweep~time variable between 80 mflliseconds and 3 microseconds triggered frum positive o
negative leading-edges of pulses of approximstely 30 volts pesk amplitude and p.r.f.
between 50 and 3,000 per second.

(b) Y-plate

(1) Attenustor:~ Divides by 5. Capacitance-compensated, giving & flat response OVer the frequency=renge
50 c/8 = 100 ko/s.

(11} Amplifier:-= A single-stage amplifier which may be switched to give either a gain variable up to 3848
(80 times) flat to within 3dB from 25 o/s to 150 ke/s with maximum {nput of 15 volls r.m.s.

or variable up to 28dB (25 times) flat to within 3dB from 25 ¢/s to 1 Mc/s with maximm
fnput 25 volts r.m.s.

(111) Delay Line:» A tarminated delay line to give a sighal delsy of approximately 0.5 microsecend; input
impedance 75 s,

(1¥) Calibretion:= 100 volt peak-to~peak calibretion voltage available on the front panel, with facilities to
vary the phase in relation to the supply voltage by 60°,

Fecilitlies on the front panel for measuring Y-shift voltage.
(c) T-plate pensivivity: LO volts per om.
POWER REQUIREMENTS AND CONSUMPT|Gum

Selsctor permits cholce of 115, 180, 230 volts, 50 to 500 o/s A.C. Later models have tappings 115; 180, 200,
20, O, 240, 250 volts, 50 to 500 o/s A.C.

Conmmption: 50 smilg approximately.

The instrument mey alse be operated from 22 to 30 voits D.C. using A.P. 68623 Powsr Unit CTA! (imterchangeadls
with A.C, Power Unit) and supplied in separete gtorege box; this wnit incorporetes a vibretor, !



My S 1cAr batt

Helght 14 1b spyroximately
Haight B~5/16"

Depth 13 in,

Width 5% 1n.

(R
This lmn;nuc is supplied as part of Testing Outfits TKA-TKN.

DIBER SERVICE AND ContrReam COInN
Joint~Servioes Deafgnatici: Oscillosoops, Minfature, CTS2. _

B HINISTR ME Kol L) F ve 0 peaer o~ ot LT His
-"“fygésé“’""“ AE pelidd U v /
HAN K .

B.R. 1771(h)

7 STABL | SHMENT LIST
B.1018
FRODUCTION SPECIEICAT!ON

13319

20 MNISTRY A& Fea?



FOR

A1, 68622 OSCILLOSCOPE. MINIATURE, CT,52

(Joint-Services Iesignation: Oscilloscope, Miniature, CT.52)

CONTENTS

SUMIARY OF DATA

PART 1

CHAFTER 1, TECHNICAL ['ESCRIPTION Page
General Toscription 1
Parsl Tormirnls and Controls 1

CHAYTER 2, DETAILED TWCHNICAL TESCRIPTION
Power Urnita s
hoCo Povor Uit 5
DaCe Power Urit 6
L.C. Voltuwe Dupplies 7
Cathode-ray Tube o
itterator, implifier ard Delay Line 9
Timubase-genorator )
Sync lnvertor i
Singlo=sweep Oporation 15
Frog~running Opcration 16
Timebase Flosting-paraphasc Amplifier 18

PLRT 2

CHAPTER 1, OPERATING LISPRUCT IONS
Inspection of Instrument 19
Connections 19
C.x.T. Controls 20
Timsbnsa-generator Controls 27
Y-plate Controlas : 20
Calibration 23

CHAPTER 2., YMATNTENANCE, TESTING /N FAULT-FINDING
Mechanical Features 25

lonnecting Bockets 25

Removal of Componsnts, Valves etc. 25
Preliminary Checks <
Tesating Irocedure 28
Caso A: Ho spot or trace ‘ 28
Case B: When a spot can be obtained 29 .
Case C: Timebase 1s too short 30
Case D. Trace unstable on single-sweep 31
Testing Amplificr V6 Du
Testing Delay Lins ) LA
Zl;,.f;fh'(irt K 40 P S T A Tkl e AFT R0 ¢ A NG bbb A VALY E 3 by

APPENDIX  LIST OF COMPONENTS 35-39

w. 1
)



LIST OF ILLUSTRATIONS

Riagram 1,1 View of Front Panel - facing page 1
Piagram 1,2 Single Sweep T.B. Generator - page 15
Disgram 1,3 Fred® Rumning T.B. Generstor - page 17
Figure 1 Sync Imput, Time Base-Gererator end

Paraphase Amp. Circuits.
Figumwe 2 Y-Plate ILmplifier, Attermatar and

Delay Line and C.R.T. - oclrcuit
igure 3 Power Urits amd Rectiflers -~ olroult
Figure 4 Complete Cirocuit
Figure 5 Waveforms of Oscilloscope CT.52 (Single-—Sweep)
Figure 6 Wavefarms of Oscilloscope CT.52 (Free-Rurming)
Figure 7 Componert Layout - Left Sids View
Figure 8 Componaent Layout - Right Side View
Figure 9 Comporen’. Layout ~ Top Viow - Panel Lowered

(1)



PART 1

CHAPTER 1

GENERAL DESCRIPTION & CONTROLS

CHAPTER 2

DETAILED TECHNICAL DESCRIPTION -



T B COARSE . Y PLATE
3 4 : L'
2,00 5 is:- -*.F__R AC, & & DELAY

: KRT OPYR. 660"
* 0SCILLOSCOPE MINIATURE CT52

DCe
+5

A

SERIAL NoML 1

DIAG. |1

FRONT PANEL




éL”§L—§_§"§~g~g_“_0~§ CILLOSCOPE, HINIATURE, CT52

e oy i T st

T e e e an e @20 e Tk e et st 2end B2t e e ek s e et B e S At et 8 S 2 o et A it S s S I Mt
Lo boparpecasiesporbirbndoguagraadss fos S Pt adag & Jond oSt tatrd s oot ot revh o

GEIERAL DESCRIPTION AND CONTROLS

1, The lliniature Oscillcscope CT52 is of comparatively simple type and,

weighing 14 1b, is réeadily portable, It is fully tropicalised, The C.R.T,
soreen has a diameter of 22 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-rumning mode, the sweeps follow
automatically in succession with means for synchronisation, The sweep-duration in
both cases may be varied (between 80 milliseconds and 3 microseconds in single-
sweep operation and between 60 milliscconds and 10 microscconds in the free-
running mode), The sync pulse may be positive or negativo, The input signal to te
obsorved on the C,R,T. may to D,C, or A.C, in character and may bo applicd without
attenuation or may be reduced to 1/5th by means of an attorwmator, Tho A,C. signal
may be amplified, if desired, the gain being continuously adjustable,

2. The oscilloscope may be used horizontally, vertically or inclined. The front

guard-rail is a protection for the front panel and, when pulled out, serves
as a stand for tilting the oscilloscope. The mechanical feutures of the instrument
are desoribed in more detall in Part 2 of this book.

PANEL TERMINALS AND CONTROLS

The following front panel terminals and controls (se¢ Diag, 1,1) are
provided for the pirposes indicated:

3, IERMIVALS
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 X1 plate. ‘

S : Sync input terminal,

¢ : (a) rrovides 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
pover—unit transformer,

Y SHIFI: For measuring Y-SHIFT voltage by moans of an extornal high=-
rosistanco voltmoter. .This torminal is internally connocted
to Y2 nlate. :

E : Por comncetion to oarth,.
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T ¢ Input terminal for signal to be obscrved; used vhen signal is
to be appliecd dircet or through a capacitor to Y1 plate, or
whon the attenuator cr amplifier is to be used,

A : Output tcrminal from amplifizr; uscd when amplification is
required for synchronising as well as viewing.

Lew FRESET -ADJUSTIENTS

These are made with o cerowdriver through holeos in the pancl.

CAL, FHASE (RV9): When using an A,C, voltage from torminal C for SYNC
purposcs, the phase may be varied 60° ¢ach way. Not
uscd when the oscilloscope is opcrated off D.C, or
from o 50 ¢/s supply.

AMP, IL.,F, H,F, (SWDa and SWDb): Selects gain/bandwidth characteristic
of Y-plate amplifier,

De SVIICHES
SYNC, switch (SWAa, SWAL and SWAc) Four positions are available.

Se8e+ for single-swesp working, the SYNC pulse being positive,
S48~ for single-sweep working, the SYNC pulse being negetive,
F.Re+ for free-running, the SYNC pulse being positive,
FoRe= for free-running, the SYNC pulse being negative,

.6, T.B, COARSE switch (SWBa and SWBb) Six positions are awmeilable,

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

(6) for switching off timcbase vhen sync switch is sot to F.Re+
or F,R,~ and for sclecting an extra-fast swcep with sync
gwitch sot to 3,8.,+ or S5,S.=.

e Y PLATE Switch (SWCa and SUCH)  poverns treatment of signal before
spplication to Y1 platc of C,R,T, Six positions arc avallables

o

5 D,C, Attenuator reduces D,C, signal to one=~fifth of input
amplitude,

+ 5 4,0, Attenuntor reduces A.C. signal to one=-fifth of input
amplitude,

D,C. Input is applied dircetly (without attenuation) to Y1
»latc,  Sultablo for DeC, ard semo A,C, signals.

A,C, Input is applied through a cepacitor (without
attenuation) to Y1 plate, Suitable for 4,C, signals,
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PANEL TERMINALS AND CONTROLS Cm;‘ﬁg :
DEL.Y. Used when the signal comes from a low-impedance
source and requires to be delayed until after
the start of the timcbase, This permits a very
steep lcading-cdge of a pulsc 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.

FOTI CONTROLS
X SHIFT (RV5) Clockwisc rotation movos trace to the right,

Y SHIFT (RV6)
T.B, FINE (RV3)
AMP GAIN (RVL)

BRILL (RV8)
SET SYNC (RV4)

POCUS (RV7)

VLINES

Clocktise rotation moves trace upwarda,
|

AdJusts a voltage which gives a‘canﬁinuoua adjustmont of

the T,B. velocity; it is used in oconjunction with the T.B,
CO/RSE switch, Clockwisc rotation inorosses the volocity.

Controls the amplification of an 4L.C, input signal applicd
to terminal ¥, Clockwise rotation incrocasos gain,

Controls brilllance of sgpot or trace,

Controls tho amplitude of the SYNC voltage, Clookwvisc
rotation increases tho amplitude, ’

Llteors voltago of focusing oloctrodo of C4R.T.
:
!
V1 (screened pentode) CV,138 V5 (soreened pentodeg 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.) CV.2175
V4 (soreened 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-dividod as follows:~-
(a) POWER UNITS (A.C. ard L.C.) and D.C. Supplies.
(b) CATHOI'E RAY TUBE.
(¢) ATTENU.TOk, »IPLIFIER and DEL.Y LINE.
(1) SYNC INVERT®k and (MPLITULE CONTROL.
() TIMEB.GE-GEIFKATOR (a) SINGLE-SWEEP (b) FREE-RUNNING,

(f) TIMER.CE FLO.TING~PAR.PH.CE ,MPLIFIER.

The sub-diviiei circuit is givon in Figs. 1, 2, 3, and the complste
circuit in Fig. 4. Thy oxplanations of different parts of the circuit
ere 1llustratel by the somewhat-simplificd circuits of Diags. 1.2 amd 1,3,

2. POWER UNITS
The oscilloscopc is issucd with alternative power units:
(a) AeC. pover urdt foar operation from ...C. mains,

(b) D.C. powoer unit (4.P. 68623 Rectifier Unit €3AL) for operation
from a 24V 1.C. supply (c.g. & battery).

Either (but not both) mey be incorperatei in the oomplete oscillo-
scope, Interchangeability is facilitated by providing each power unit with
elght sockets which engege with eight plug ccntacts in the main oscilloscope
circuit (two plug ani two socket contacts are unused), The unused power
unit is kept in a separate stowage box,

3 As Fig, 3 shovs, each pover unit consists essentially of a "mains

' transformer" vith various windings and teppings. 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
vibratar (incorporatei in the T'.C. power unit) operating from a 24V D.C,
supply. Whichever power widt is used, the outputs (of various voltages)
are A.C. The rectifier circuits recessary to produce the high-voltage
D.C. supplies are incorporatei in the main oscilloscope clrouit andl not in
the interchangeable pover units.

e

Lo Ao POWER UNIT (.1i0 v v 1€ /103 )

The A.C. Power Unit has a tepred primary wirding on TRY enabling
the oscilloscope to be operated from any one of the following A.C. supplies:

(a) 200 - 250V
(b) 160 = 135V 50 ~ 500 ofs

(o) 100 - 125V
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Be A voltage-selector is fitted into the appropriate socket, Oscilloscopes

with serial numbers 1 to 400 have the voltage-selector sockets marked with
the nominal valuecs 115V, 180V and 230V, Latcr versions are merked 115,180,200, 210,
220,230, 240,250V, The fuse is shown as FS3 (2,54) SWE being the on-—off mains
switch and PIB the mains plug., The power consumption is approx. H5OW., A fuse FS4
(150 mA) is 4n serics with the 370V secondary winding,

6. The socket numbers cnumerated below (shovm in Fig, 3) provide the A.C.

voltages (r.ms,) mentioned; the purposc 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 cxplanctory purposcs),

SKA L end 10: Provide 6,3V A,C, to heaters of the valves V1 to V6, One side of
cach heater is pormenently carthed, the other side x being connccted
to the plug FLAL that cngoges with socket SKA 4.

S¥A 11 and 10: Provide 35V .4,C. tc the phasc-adjuster RVY, CL46 (sce next item),

SA 12 and 10 Provide 35V 4,C. to the phasc-adjustor. The sockets SKA 11 and 12
vith the carthed socket 10 (vhich is virtually a middlo sapping)
rovide ot the calibrotion terminal € an 4,C, supply at 35V r.m, s,
%;uak 50V), This voltage, if applied to the Y1 plato, gives a
recak=to~pcak voltage of 100V, The output at C may be used for two
PUIrpOSCS s

(a) Calbrating the C,R,T, scrcen,

(b) Providing an .,C. voltagc for SYNC purposcs, It is of special
valuc for triggcring the timcbasc when the oscilloscope is
running from a 500 ¢/s supply. The phasc-adjustor is then used
to phasc the triggering point on the cyele, 4 phasc-shift up
to 60° cither way is obtainable,

SK4 8 and 10:  Provide 370V .,C, through FS1 to a half-wave recctifier circuit (based
on MR3); tho roctifier provides an H.T. voltage of +250V for sll tho
valves and for the X- and Y-shift networks,

SKI. 6 and 10: Provide 420V .,C, to a voltage-doublor rectifior circuit (based on
MR1 and MR2); this rcctifior provides ~800V D,C., to the timebase
circuit and also -800V for the resilstor chain that supplics varlous
D,C. voltages for the C,R,T,

SK. 7 =nd Bt Provide 6,3V L.C. to the heaters of V7 and the C,R,T, (V8); ncithor
side is carthed, 2s one side of the heater is connected to the
CeR T, cathode which is at a high ncgative voltage to earth,

The resistor R47 (2,7 kilohms) 1is insorted in the lcad to terminal C as a
safety precaution in casc of an external short-circuit; 1t limits the moximum
curront that could be taken from terminel 'CY,

DG, FOWER UNIT

Ta The D,C. Power Unit incorporates a "mains transformer" TR2 whosc primary is

fod with non~sinusoidal 4,C, providod by & non-synchronous vibrator included
in the power unit and cperating off a 24V D,C, supply (cege & battcry). Either
sidoe of the 2%V supply may pe corthed, if dosired, The primery circult is
conventional, with plug FIC, an on-off switch SWF and parallel resistors E50 RH1
(5,6 ohms sach),

-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.m.s.
voltages mentioned; the purpose of cach A,C, supply is stated, (With the

power)unit in cirouit, socket SKB 10 is connocted through its associated plug to
oarth),

SKB 4 and 10: Provide 6,3V A,C. to heators of the valves V1 to V6, Ong side
of each heater is permanently carthed, the gthor side x being
connected to the plug PLAL that cngagos with sockoet SKB 4.

SKB 11 is commoned with SKB 10 and is thercfore carthed.

SKB 12 and 11: Provido 50V A.C, to the phasc-adjustor (not usod) and thence to
calibration terminal C.

SKB 8 and 10: Provide 450V A,C. to the half-wave rectifier cirouit based on MR3;

the roctifier provides the H.T. of +250V for all the valvos and
for the X= and Y- shift networks.

SKB 6 and 10: Provide 510V A,C. to the voltago-doubler rectifier circuit (based on
MB1 and MR2); this rectifier provides ~800V D,C. to the timebasc
circuit and also -800V for the rosistor chain that supplied various
D.C, voltoges 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;
nelther side is earthed, as one side of the C,R,T., heater is
connected to the C,R,T, cathode which is at a high negative voltege
to earth.

NOTE: - The voltages provided for the rectiflers are highar then for the A,C,.
unit because the waveform is nearly square,

D, Gy VOITAGE SUPPLIES
% There are two main D,C, supplies, each provided by a metal-reotifler system:

(a) +250V (with respect to chassis) at 35 to 4O 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
& tapping on the =800V resistor chain (R42, R43, RV7, Rik, RVB); X2-
and Y2-shift voltages may thus be made positive or negative with respect
to earth,

The +250V is derived fram the rectifier circuit based on the half-
wave metal rectificr MR3; Cih is the reservoir ocapecitor and the D.C,
1s smoothed by two rcsistance-capacitance filters R4S Ch2 and R45 CLO.

(b) ~800V (with respcot to chassis) at 2 mA, This is provided by the

voltage=doubling circuit based on the metal rectifiers MR1 and MR2,
singlo filtor R4S CL1 is used for smoothing, Tho cathode is glven
approximately =700V with respeot to the asccelorotor A2 whioh is neax
caxrth potential,

o om T -



PART 1
CHAPTER 2 DETAILED TECHNICAL DESCRIPTION
CATHODE~RAY TUEE '

10.  The C,R,T, (V8) has a 2§-in, screen. Green fluorescence with short after-
glow is obtained, The C.R,T, contains:

(a) An indirectly-heated cathode K.

(v) Modulating electrode G to which an adjustable nega.ive bilas (relative
to the cathodu) is applied by the panel control BR.LL.(potenticmeter
RV8) vhich adjusts the brilliance of the trace.

(¢) TFocusing elootrode A1 whose voltage (negative with respeot to earth
and positivo vith respect to cathode) is adjustoed Ly RV7 for focusing.

(d) Accclerator A2 which is near earth potentidl; | to maintain‘good'
focusing A2 is commoned with Y2 plate and its voltage to carth
therefore varics with the Y-shift voltage.

() ¥1 and Y2 plates, The ihput signal is fod to only ono plate, Y1} tho
-~ plate Y2 is used solely for tho Y-shift, Scnsitiviiy is approx. 40V/cm.

[f) ¥1 and X2 plates, 7The timcbase sweop-voltage is apiiiod symmotrically
to X2 and X1; thc X-shift voltoge is applicd only to X2, Scnsitivity
ic approx, 60V/cm,

. The vertical shifting of the tracc 1s effocted by the Y-shift potontiometer

RV6, A protecctive resistor RLO (220 kilohms) 1is insortcd in tho Y2 lead to
lirit ourrent from the Y-shift potentiometer should a short—circult occur at Y2 or,
a5 is more likely, at the tecrminal ¥ SHIFT, A conncction is taken from 72 to the
terminal ¥ SHIFT (onc of the scven terminals at the foot of the front pencl)., This
terminal is provided so that the Y-shift voltage with respect to carth may be
moasurcd by an cxternal voltmeter (which should have a high resistanco or be a
velye voltmeter), '

12, The horizontal shifting of the trace is effected by the X-SHIFT potentiomctor
RV5 which, l1iko the Y-SHIFT potentiometer, is across +250V and -275V. Tho
X-shift voltage is applicd to only ono X plato (namely X2) through R38 (L. 7 mcgohms).
This resistor prevents the X-shift network from "short-cirouiting" tho swoop voltage -
from tho timebasc-genoratos circuit, Tho corresponding rosistos R41 (4.7 mogohms)
tics tho X1 platc to ocarth potential without short circuiting t..o swocp voltago
applicd to X1 from the timcbasc-generator circuit. A clockwise rotation of tho
X~SHIFT ¥nob moves tho spov or trace to the right. S
13, The timctasec sweeop-voltage 1s symmetrically applicd to thie X2 and X1 plates;
a push-pull arrangciient is used, so that when, for cxample, X2 goos-nogative
with respect to carth, X1 is made to go-positive by a substantlally oqual amount,
(The tcrms "go-ncgative" and "go-positive" in this handbook indicato the scnsc of
the changs of potontial; thus a point on o circuit would be seld to "go-negative"
if it booomes morc ncgative or altornativoly loss positive with rospoct to ocarth;
it would "go-—positivo" if it bocomes morc positivo or loss ncgativog. The total
deflcetion voltage (that across X2 and X1) 1s thus doubled. Tho purposo of this
push-pull arrengement is two-fold:
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(a) To provide a sweep voltage of 300 to LOOV it is r.oror eonvenicnt to
provide two sawtooth waveforms of opposite polarity and each of 150
to 200V amplitude, and to apply them in pusﬁ%pull to X2 and X4,

(b) Push~pull input cirouits reduced trapezoidall distortion Jf the trace,
The application of a large voltage to only ohe X ylate would alter
the eleotrostatic forces on the electron beam, i

14, The method of obtaining the push-yull effect is described in Para, 50,

It is suffiolent to state here that the main timebase sawtooth voltage is
fed from the ancde circuit of the timebase-generator valve V3 through €25 to the
X2 plate; the valve V5 is =cl~ly a phasc-inverter which reverses the ‘polarity of
the main sawtooth waveform and feeds it through C26 to the other plate X1,

5 The X1 platec is dircctly connected to the termindl merked X;.. this terminal.

is one of the seven at the foot of the front panel, " THis terminal
(impedance to earth usually spprox, 34 kilohms as a resilt of ithe shunting effoct
of R24LR251in secrics with C26) is availatle for:

(a) Injecting voltages,
& g
(o) Extranting the timobase savrtooth voltage.

16. The signal to te obscryad is applied to only one of tho Y plates (namoly, Y1)

olther dircctly (or through a blooking capaciter) or after attonustion or
amplification (sce Paras. 1% to 20), The resistor R37 (& R mogohms) ties the Y1
rlate to carth potential (i,c. the bias is zero), 7

17 The normal nogative bins (with respeet to the cathodo X) of the C,R.T.
modulating clectrode & is adjusted by the knob BRILI, on the front panel; this
controls the potentiometer RVS which is used to alter the brilllenoce of the spot
or trace, To black-out the trace during flyback intervals, a suitable rectangular
vaveform is applicd to the modulating electrode G of the C.R.Q. The positive
portion of the waveform may be callod the "brightening pulso" as it makes the
modulating cleotrodo pesitive-going (L.c. loss negative with geSpoct to tho cathode)
during the forward swocp; at tho end of the brightening pulsc tho rectangular
vavoform sends tho modulating clectrode mere negative and oxtinguishes the trace.
1.0 brightening pulse is derivod from the cathode of V4, The objeot of tho clamping
diode V7 shunted by R39 (1 mogobm) is to koop the level of brillience constent and
at the lovel sot by the BRILL. potentiometer, ‘ :

ATTENUATOR; AMPLIFIER AND DELAY LINE

18, The signal to be obscrved is applied (dircctly or indirectly) to ono Y plate

(Y1) of the C,R.7.; to the cther Y plate (Y2) is applied an adjusteble D,C,
voltage which provides the "Y shift" md cnables the operator to move tho vhole
trace up or dovm to an appropriate position for obsorvation,

19, The treatment of the input signal before its application to tho Y1 plato
doponds on: - .

(n) its amplitudo;

(b) vhothor it is D.C. or A.C,, und = in the lattor ocaso - whothor ozhe
not o wide bandwidth is nccessary to give a faithful ploturo of
waveformg



PART 4
CHAPTER 2 DETATLED [HCHNICAL DESCRIPTION

(c) whether the leading edge is very steep or not; if it is very steep
(eegs 1n the case of a very short pulse) and comes fram a low~
impedance source %f: pulse is delayed by a DELAY line,

20. As regards emplitude the following steps are taken:

(a) If che input signal is of reasonably lerge emplitude, 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 cf its input amplitude,

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

(c) If the signal is weok, it is applied to a single valve amplifier V6
whose gein is continuously adjustable, By means of a switch this
cmplifier will gilve oither a lerge gain over o narrow bandwidth ox
loss gain ovor e wide bandwidth. The omplificr camnot be used fer
D,Cs input signals, but is available for omplifying sine wavas,

rcectangular waves, short pulsos and other waveforms whioh may be clossed
ns A.C,

(q) If thc signal has a reasonably large amplitude, comes from a low-
impodence source (c,g, about 75 ohms) and hos a vory stcep loading-
cdgo (c.g.*dn the caso of a vory short pulse), the leading=-odgo may
be obscrved by delaying the signal until after the start of tho timcbase.
This is effceted by passing the signal through o dolay line (giving a
delay of about 0,5 microsccond) before applying it to the Y1 plate,
When the delay line is uscd, ncither attcnuntion nor amplification is
possitle with this instrument,

21, The oscilloscope may be used for obsorving and mcasuring the offccts of
(a) D.C, voltages,
(v) Sinusoidal woveforms (c.g. the sino wave from an A,C, source).
(¢) Pulscs having a duration as short as 0,1 /usec..

(d) lliscellanocous waveforms, rcetangular or otherwise,

The last thrce catcrories may be convenicently clesscd as A,C, Waveforms
(other than o purc sine wave) may be regarded os built-up of a Fourier scries of
camponent sinc waves of different froquencies, A waveform having a sharply-rising
or sharply-falling cdge will contain very high froquoncy components; moroover, the
shorter tho pulso tho wider will be tho band of its componont froquonclos. A
pulsc of, say 1 ,usec, length /ill have A,C, components of soveral mogooycles., If
such pulses are {o be reproduced with reasonable fidelity, any device (such as an
attenuator or an emplifier) 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 treatmont accorded to the signal before its application to the Y1 plate
is determined by the pesition of the switch markefl 'Y PIATE" (ongdraved above

the switoh-knob), This 2-pele h-way rotor, switch consibts of two switdhes (ganged)

shovm as SWCa and SWCb in the circuit diagrem (Fig, 2)

ATTENUATOR, AMPLIFIER AND DELAY LINE

A sultable svitch position cnables the obscrver b deal with a wide variety
of inputs accerding to their mmplitudo and waveform, Fig, 2 shows the various Y4
plate conncctions obtainable; the diagram includes the attenuator and omplifier,

The contaots.of tho Y PLATE writch SWChL in Fig,2 arc marked “with the lettering
engraved on the pancl,

23, Using input torminal Y, thc Y PLATE switch-knob may bz turned so that its

. vihito spot comes oppositc onc of the six positions (roading fram loft to
right), The cffect at cach position is given below,

Position + 5 D.C. The input is fed across a high resistened (R28, R29, R30);
from a low tapping on this resistor chain, conndation is made
dircetly to the Y1 plate, No blocking cepacitor is insorted and
this switch position is therefore suitable for D,C, and also somo
A.C, dnputs, The resistance network acts as'an dttonuntor, -
reducing the signal to 1/5th of its imput valuo, ;

Position + 5 A,C, This is similar to thc first position except that a blocking
capacitor C34 is inserted between the tapping on the resistence
notwark and the Y1 plate, This positien is sultable only for A,C,
signals; the chpacitor will remove any D.C. cuaponent (e.g. tho
high positive D,C, voltage at the anode of on smplifier valve), only
the changing voltage producing a picture on the C¢R,T. As before,
the attenuator rcduccs the signal to 1/5th of its original emplitudo.

Position D.C, The input is applicd dircctly and without .attontuation to
the Y1 plate. Yor D,C, signals and some A,C, cignals, (The
attenuator resistcr chain remains in parallel with the input, but
its resistance i very high, namely 2,56 megohms),

Position A.C, As previous position, but a blocking capecitor C33 is
‘ intexposed, For A.C, signals only; there 1s no attenuation,

Pogition DEIAY, The input is applied to the ¥1 plate through a delay line
having an impedance of approximately 75 ohms and terminated at the
Y1 plate end with a 75 ohm resistor R36., The effeot of this line
is to delay any opplied signal by approximately 0,5 miorosecond.
It also introduces a certain amount of distortion and attenuates the
signal by an amount proportional to its source impedance, the
attenuation being 2/1 for a 75 ohms signal. Hence this facillty ocan
be used only for signals from a low~impedance source and having an
amplitudo of at loast 30V,

Position AP, The signal is applied to the grid of tho Y-plate amplifior V6
through a blocking capacitor C27 to rcmove any D.C. lovol which
would upsct the amplifier operating conditions, Hence D.C. signals
cannot be amplified in this instrument.
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24, AME L.F. - H.F. Presef Control. This consists of two ganged switches SWDa
and SWDb, 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 appreciable forve, the
amplifier bandwidth/gain charactoristic can bo altcrcd% Clockrao rotation gives

lcy gain reasonably flat to 1 Mc/s, Countor=clockwise rotation gives high gain
rcesonably flat to 150 Ke¢/s.

25, IF, AMP The amplifier system consists of pentode V6 with resistance-
capacitance coupling to the Y1 plate. The V6 anode cirtuit also contains
an inductor L3 next to the anode for the purpose of imgroviug the response at the
higher frequencies, The anode resistor consists of two resistors R35 (5,6 kilohms)
and R34 (18 kilohms) in scrics. In the ILF,AMP position tho whole of this (i,e.
23,6 kilohms) is in the anode circuit. The gain is large, being 38 db at 500 o/s
and falling by 3 db at 25 c/s and at 150 ko/s. (A loss of 3 db is equivalent to a
fall of peak voltage to 71 per cent of thc maximum,) This position is therefore
sultable for low-froquency A.C, inputs and cases whero steop cdges of waveforms arc
not found or vhore fidelity of reproduction is not important.
26, HF, AMP The arrangomcnt is exactly the seme 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, Thc HF, AMP position is thereforo profcrrod whare very high freguoncy
oscillations arc applicd to the input terminal Y, or whero the naturc of tho
wavoform 18 such that the Fourier serics contains very high frequenciles (coge dn o 1
usec, pulsc); in tho lattor cose, tho HF, AMP position will give tho most falthful
eproduction of a pulso.

27. The knob AMP GAIN controls a veriable rosistor RV4 (max. 5 kilohms) insorted
in tho oathode lcad, The usual cathodo bias rosistors R32 (unloss short-

circuited) and R33 shunted by C30 provide a negative bias on the control-grid of

the amplificr valvo, As the input signal is applied across Y and carth, and as

RVL is not shunted by a capacitor, RV4 will provide adjustable nogative feodback;

the groater the resistance of RVL, the greater will be the negative foedback and ther

foro the leos the gain provided by the emplificr, |

28, In the attenuator network a capacitor €28 (4.7 pF) is shunted aoross R28 and
R29 to yrescrve o substantially flat response up to 150 ko/s. This is
neecssary because there is « stray capacitance across R30,

29, The followving arc comparative flguros (approx.)‘ for tho various Y1 plate

conncctions:
Y Platc Switch Imput R Input C Max, input Flat response
(peak)

+5D,C, 2.\5 mogohms 25 pF 200V D.C. to
(attenuator without 100 ko/s
blocking capacitor)

: C. 2.\5 mogohms 25 700V 25 ¢/s to

+5 A, \5 g PF 00 kn;&
D.C. 1.% mogohms 50 pF 14,0V D, C.. upwards
A.C, 1. ¥ megohms 50 pF 14,0V 25 o/s upwards
Deley 75 ohms - 140V -

(4mpodance)

-i2dew
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¥ Platc Switch Input R Input C Max, dmout Flat response
fpcak}

AMP, IF Very high 50 pF 25V 25 ¢/s to

(amplifior uscd) , 150 ke/s

AMP, HF Very high 50 pF 35V 25 ¢/s to

(amplifior uscd) 1 Mo/s.

30, DELAY LINE It is usually desirablc and somctimes cssontial that the
loading-cdge of, say, a pulsc should be observed on the C,R,T, The riso-
time is the timo takon for thg loading-cdge voltage to reach its moximum value (or,
moro procisely, to rise botweon two defined points on the loading-odge). 4 vory
steep leading-cdge has a very short rise-time., To observe the beginning of the
rise, the timebase must start at some instant before the rise bogins, In other
words, the start of the leading-cdge requirces to be delayed sufficiontly to lot
the T,B. swocp begin first, This dclay is cffected in the prosent instrument by

a 0.5 microsecond (approx,) delay-linc which delays the whole pulse before it is
applicd to the Y-platec, j

|
31 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 obscrvetion of the whole of the loading-edge of a pulse is not required,
the delay-linc necd not be used, If the rise-timo is long, a small initial
portion of the leading-cdge may be lost but the rost will probably be seen,

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

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

there is no provision for amplifying it.

3l The chief valuo of the DELAY LINE 4s obtaimod whon observing vory short

pulscs (cogs of 0,125 microsccond duration); the rise-timo of such pulscs
is very short, The dolay linc may, however, be uscd for displaying the lecading-
cdge of aﬂy longth of pulse (provided the impedance of the sourco is 75 olms or
lcss), Some distortion of the pulsc waveform is inevitable, particularly with
short risc-~times and fall-times, '

SYWC INVERTER AND TIMEBASE GENERATOR

35 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 essentilally

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

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

possible,

(a) Single-sweep worldng, In this case, an input triggering pulse
initiates the "rundown" of the Miller ocircuit, thus providing the
forvard sweep of thc timebase, At the end of the sweep, the circudts
roturn to the quicscent condition and remain in that statc until
another trigger pulse repeats the process, (In this mode the ‘
scroongrid and supprossor-grid of the Miller valve are D.C,~ coupled via
the cathode—followor V&), The trigger pulse passed on by Vi and
V2a is applied to the V3 supprossor-grid.

w 13 -
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(b) Frec-running, In this casc, thc successive swecps follow cach other
automgtioally. (In this mode the screengrid and suppreossor-grid of
the liiller valve arc capacitively coupled via tlie cathodo-follover VL),

The T,B. swcep durction in tho singlo=-svicep modo of operation moy be
adjusted between 80 milliscconds and 3 microscconds; in the free-running modo tho
range 1s 60 milliscconds to 10 microscconds; tho repotition frequoncy may be
varded ovor the rango 10 ¢/s to 4O ko/s, Tho T.B, COARSE Switch gives a conrso
adjustment by sclcoting one of five available capacitors (Cih to C18) for froo-
running and six (C14 to C19) for singlo-sweop operation; T,B, FINE is a ‘
potontiomotor (RV3) which, by altoring o voltage, providos a fina edjustmont,

A toablo of timebasc sweop-froquenocies and sweep-timos 48 givon in tho
Operating Instructions,

SYNC INNVERTER

36, The iInput valve V1 of the oscilloscope in conjuncti.n with tho SYNC swiltchos
StAa ond SiAb (sce Fig.1) is primorily a dovico for inverting tho polarity
of a nogativo input .yno pulse,

7't
7. A positive pulso is required to trigger emd timobaso-genorator and if tho
syno pulse applicd to terminal S is negative, tho valvo V4 1s used to
convert the pulso into a positive one,

38, If the syno pulso is positive, tho SYNC switoh is twmed to 8,9, + F.R, +

and tho valve V1 beoanos siply a cathodo~followor, The output aorcss tho
cathodo resistor R4 is load off through C3 to tho SET SYNC verfable rosistor RV
which altors the sync emplitude; the V1 anode components R5 and I4 aro by-passed
by C2 vhich 1s Joinod across V4 anode and corth by moans of tho switoh SWAD in tho
S.8, + or F,R, + position, As a result of cathodo~followor action, the input
impodanco of tho arrangomont is vory high,

39 If the sync pulso is nogativo, ond singlo-sweep oporatiion usod, tho valvo
circults are thosc of & conventional amplifior, Tho output doveloped at

the anodo of V4 1is led through C2 to tho synoc amplitudo veriable rosistor RV1,

Tho effeot of tho inductance L1 in the anode oirocuit is to .noresse the high-

frequenoy response of the syno emplifier and so reduce the time for the anods voltag

to rise sufficiently to trigger the timebase-generator, When the SINC switch is in

the S.8, - position, SWAbL puts the capacitor C3 ecross Rk, thus virtually shorte

oirouiting the negntive feodback, The ourrent through V1 is out off at a smaller

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

nogative imput vu.e ef 30 volts is applied to texrminal 3 tha anode current is

out off (out-off occurring at e much lowor voltaga) and tho output pulse would

be sbout 4O volts, wheroas if C3 were not usod to short-cirouit the nogative

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

it roquires a very muoh groator nogativo grid voltago to prgduso out-off, aslt .

an opposing voltago is insortod botween control-grid and cathoda), Tho rosu B

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

input pulsos,

-14“
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40, The negative fecedback is used for the F,R.-position because if it were short-
cirouited and & 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 curren’c, the positive half-
cycles would appoar clipped or bac‘ily distortcd on tho C,R,T, screen,

L1, As the valve V4 plays no part in the operation of the main circult, it is
omitted in the two simplificd circuit diagrams used for explaining the

single~swoep and frec-running modes of oporation, The valve Vi is a cathode-

followor and plays a subsidiary rolc; it is convenient to show it below V3,

L2, As the complete circuit of the oscilloscope is complicated by the inolusion
of switohes, and as some of the camponents play no part ono or othor of

the modes of opcration, it is proposed to explain the two modes separatcly by the
ald of simplificd circuits,

SINGIE-SUEEP OFERATION

L3, Diag, 1,2 shows, in slightly simplificd form, thc timebasc circuits in use for
singlc-sweep oporation. The triggering pulsc appliod to torminal I will always
be positive (if initially negative it will have been inverted by the vaelve V1). The
Hiller valve V3 is the ono on vhich attention should be concentrated, the two diodes
V2a and V2b (which share a comaon glass cnvelope and heater terminals) sorve
subsidiary purposes, vhile V4 is a cathode-follower vhich simply passes-on (without
inversion) the voltago varistions applled to its control-grid; Vi ocathode is the
source of the brightoning pulscs applied to the modulating cloctrode of the C,R.T,

+ 250V + 280V + 250V
R16 %Rn, L] 2“"
47K ”0x < 100K
Ch U5 e i ce o p <
-800V.  ° 2 .
ces 18.
‘[ R ] ]’ o""’ sweep
RS, R7
840K P
wee @ V3
A . s
®+c2 orca cs m ~d =V2b
qul 'uud uox
o tp odp M :
SET < avs
sYNC  FRVI /; ..—.— 2oV A Y ca ./ R20
(AMPLITUDE) -
100K
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Ov
?

4 it » C.RT.
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BRIGHTENING
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-
v
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L, The valve V3 operates in the usual Miller timebase fashion, the trigger
pulse being applied to its suppressor-grid to start operations, (For a
goneral desoription of the iiiller timebasc-generator see B,R, 1547(2) and B,R, 1600A).
At the end of the "rundown" the anode current is automatically cut off by a.negative

voltago doveloped on the suppressor-grid, During tho rundowa the suppressor-grid
remains at carth potential. The suddon switohing-on of the .nodo curront and lator
its suddon switchingtdro offected with tho aid of positite feodbssk botwoon the |
screongrid (vhich passcd curront end is therofore in tho natuco of en anodo) and
the suppressor-grid; this rcgonorativo focdback is via thd cathodo-follower Vi,
*thich, for some purposcr, may bo rogarded as the oquivaldént of & direot conncction

bebrecn scroengrld and suppressor-grid of V3. (The focdback adtion is similar to
that used in tho transitron circuit,)

45, In tho quicscent gstate of tho circult the diode Vé(a) is conducting booausc
its anodec is positive with respect to its cathode, This diodo acts as a
clamp which, during the quicscent period, keceps the V3 suppressor grid at a
sultable ncgative potential, Tho trigger pulsc, vhich is positive, is communicatod
through V2(a) to the suppressor-grid of V3, As a result of a regoncrative action
the V3 suppressor-grid potential riscs to carth potential, tho diode V2(a) ceasing
tu conduct and isolating the V3 suppressor-grid from tho triggoring waveform, The
T,B, = goncrator will ignore pulsos that arrive during the sweop, Whon the rundown
is oomplotod, V2(a) conducts again and the T,B.~ genorator is roady to be
triggored again,

L6, The diode V2(b) conducts when its anode tonds to risc above about +80V
beeause its cathodo is at this potontial, The diode cuvases to conduot whon

its anode potential falls bolow +80V; tho V3 scroongrid voltago can thus riso

or fall provided it doos not exceed +80V,

FREE~RUNNING OFERATION

L7, With the SYNC switch in positions F.R, + or F,R, - tho timobase-generator

is frece-running; efter the ond of cach recovery, the forward timcbaso sweop
(i.c. tho liller rundown) starts again of its om accord (instoad of waiting for
nn input trigger pulso as in the single-sweep mode of oporation), Aa in tho
single-svoop mode, the sweep duration may be voried by scleoting tho Millor
copacitor by means of the T,B. COARSE switoh and obtaining a funo adjustmont with
the T,B, FINE control, The range is 60 milliscoonds to 10 microscconds: tho
repetition froquency may boe variod ovor tho range 10 ¢/s to 4O ko/s., It is to bo
nctod that thoso ranges arc obtainod on the firat five positicnis of, the SWB
syritch, With the switch fully clockwiso (position 6 in Fig,1), tho timobeso-~
genorator is switched ofr by SWBa, Thus, tho oxtra-fast swoep {provided by C19)
is not available when the froc-running modo is used,

~ 46 =~
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L8, Diag,. 1,5 is a slightly-simplified circuit of the timebase-gencrator
operating in the free-running mode. The circuit differs from thesinglc-

swoop circuit of Diag, 1.2 chicfly in that the Veircathode is capacitively

coupled to the V3 suppressor-grid vhich is connccted through R12 to +250V, When

first studying the free-running mode, the arrangements for providing synchronising
pulscs neod not be congidered, ;

49, Thare is no quiescent condition but we can consider thb operations as
starting with the V3 suppressor-grid beyond cut=off (4 e, no anode current)

and the charge on the coupling capacitor (say, C6 C7) leaking off through Ri2.

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

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

screengrid voltage goes=positive, the Vi cathode goes~-positive and, as a result

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

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

potential, Thc anodc ourrent is small and the anode voltage-drop is small because

the anode 4is connocted through the liller capocitor (in this case, C14) to the

V3 control-grid, After the suddon small initial voltage drop, tho Millor rundown

begins, the anodc voltage Palling ot o constant rate.

At tho cnd of the rundovm the snode current decroases and the V3 screongeid
current increcascs, the screengrid going=-ncgative, The Vi control-grid goos-
negative as does the Vi cathede, The V3 suppressor-grid therefore goos-negative
and reduces the anode current, This action is cumulative and the regenerative
offect cuts=off the anode currcnt suddenly.
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The Miller capacitor Ci4 now begins to charge through R16 and the cathode-
control-grid path insido V3; the time-constant depends virt.illy on the values
of the Miller capacitor and R16, During the recovery interv 1 (between sweeps)
the anode voltage of V4 rises to tho full H.T. voltage §+250V) and as R16 is fixcd,
the time taken will dopund on tho particular capacitor (Ci4 <o C18) dolocted by tho
T.B. COARSE switch SWB., At the end of the rundown tho V3 s.pprdssor-grid is hold
nogntive (boyond cut off) by the charged coupling capacitor C5 C7 which prococds tb
dischargé through R12, Tho V3 supprossor-grid voltage risos, (aotually it risos
towards +250V but cannol risc above certh potontial), Vhon tho supprossor-grid
potential rceches the cut offvoltago, anode current begins t. flow and a
regenorativo offoct starts tho next cycle of oporations,

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

TIMEBASE FIOATING - PARAFPHASE AMPLIFIER

50, The purpose of VH is solely to produce a second sawbtooth waveform of the seme
shape and approximately the same amplitude as that provided by the anode

clroult of the Miller vslve V3 but of opposite polarity. Thw ciroult is of the

well-known "floating-paraphase" typa (see B,R.1547(2) and B, 1600A for a general

sxplenation), When tho ancde of V3, is, for example, going-.getive during the |

rundown, the onode of V5 4is going posltive, The changing voitage at snode of V3

is communicated through C25 to the plate X2 of the C,R.Ts; and that at the anode

of V5 is communicated ihrough C26 to X1, This doubles the avallable deflection

voltage across the X plates and reduces trapezoidal distortion, as already

explained,

- 18 -
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Abridged operating instructions have been omiittéd as a few minutes
acquaintance with the instrument is sufficient to provide tle essential information
on the function and bchaviour of all the controls, |[Difficulties likely to be
encountered when applying the instrument to a speci {c|test and the connections
met in practical use of the instrument are covercd below and have been designed
1o follow a normal operating sequence,

INSPECTION OF INSTRUMENT

1e (2) The instrument when recoived is housed in a carrying case and 1s
completo with all valves, an A,C, Powor Unit and conncetions, but
should be carcfully inspocted as, althougq he carrying oaso has boon
designed to protcct the tube and controlf, %amagc‘%ﬂy'havo rosulted in
cxceptional circumstances, A D,C, Powor|Unit is shﬁplicd scparatoly
in a stowvage box,

(b) liains Supply
end & moins switch and fuses arc provided o the roar pancl. For

A,C, operation 4,2,6738, Conncction, floxible, is supplicd and for
D.C., opecration A,P,68375 Conncetion, floxible,

The mains lcad is takon out from tho rcaf‘l%ft~hanh,sido of tho casc,

(o) Scalc and Vioving Hood

A 6 om transparent gratioule is provided with tho instrumont, and is
of particulor assistance in quantitive and mampdrpfévo'ﬁests. Tho
viewing hood can be fitted with the scalb if dodirbd.

(a) Mumetal Shicld

A cylindrical Mumctel shicld is providodxtd urround tho C,R.T, as a
procaution against oxtornal magnotio ficlda lnnd th@ao duo to tho
ingtrumont itsclf, Tho C,R.T. can bo plhoo Ein poslition without
removing this shicld, but should it for anyjroason booomo noocossary
to removo th.: shicld vhen sorvicing or in other circumstances in
vhich thc chassis is being handlod, cero must bo taken to avoid tho
possibility of a sharp knock on tho shicld as this is liablo to
alter its magnetlc characteristics,

CONNECTIONS
{
24 Tho method of connccting the instrument will bo Eivon vhen the uso of the
torminals and the circuits with waich thoy aro gpsociutod aro desoribed.,) -
Tho only preliminery connoctions roquired erc the "bar ﬁ“ ond tho "mains",
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(a) Earth

(b)

All the terminals and controls of the instrument arc on the front pancl,
The terminal E serves essentially to connoct to the oscilloscope the
return or "earth" (low potcntial{ of tho extornal circuits or apparatus
with which the instrument is boing operated, Tho oseilloscopo will
generally operate satisfactorily without being connected to a true earth
point, although, whenever it is convenient, such a comnection should

be made, This independent earth connection is particularly advantageous
when the instrument 1s used in a strong interference field or when the
amplifier is being used at high gain,

Mains

(1) Operation from A,C, Power Supply

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

(11) 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 Rectifier Unit 63AL.

Tho instrument will operatoe satisfactorily from D,C. in the range
22 to 30 volts,

Input

A set of comnecting leads is provided for use with the oscilloscope.

A scrconed lead is commonly used to connect terminal "Y' to the sourco
of the signal to be obscrved, 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 frequency is high (or tho wavoforin has high-
froquency components) a screened connector would not normally bo used;
moroover under these conditions the input impedance of the oscilloscopo
should be high (which rules out the use of the dolay line in these
circumstancos),

If it is considercd ncocssary to usc a scrooned load between torminal
"Y' and a high-frequency source of high impodance, it may bo desirablo
to conncct a capacitor of low valuc between the source and tho innor
conductor of the screcned load, This will prevent a eircuit of possibly
low impodance from shunting the high impedanco of the source and thus
sltoring the operating conditions of the source. If this arrangomont

is uscd, a reduction of signal amplitudo is to be expeoted,

C,R,T, CONTROLS

3

(a)

Y sHIFD
This provides a moans of positioning the pileturc along the ¥ axis of

tho C,R.T, sercen. Initially the control knob should be sot to tho
middle position of 1ts travel.

- 20 =
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(b) X' SHIPT

This provides a means of positioning the pi¢ture 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,

(a8) 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 may be
found desirable when the instrument is actually being used as these are

interdependent, Slight do=-focusing of the ispot may occur at the
extreme limits of the 'Y! shift,

IIMEBASE -GENERATOR CONTROLS

4, Thoe main controls affecting the timebase are:=

n S "

"SET SYNC*
"2,B, COARSE"
"T.B. ]? "

A1l synchronising and trigger voltages are applied to terminal 'S',
(2) rsyng!

This is a four-position switch and provides tho means of obtaining a
"froe~running" (F,R,) or "singlo-swcep" (S.S.) timebase, synchronised
from a positive (+) or negative (-) signal as required,

(v) "SET SyNc®

This controls the amplitude of the signal applied to the suppressor grid
of the timebase valvo in both the single-swcop and free-running
conditions, In the froo-running condition it is used to synchronisec

tho timobaso frequency with thc signal applicd to tho Terminal 'Y!, to
obtain a stcady picturoe, In the single-sweop condition this knobd
controls the amplitude of the input trigger pulse.

(¢) T.B, COARSE

(1) This is a six~position switoh which providos a cocarse control of
timebasc freoquency or swocp-timo,

(11) In the froe-running condition, positions 1 to 5 onable the timo-
bese froquency to be variod between 10 o/s and 4O ko/s; in
Position 6 the timebasc is switched off,

(111) In the single-sweop condition tho timebesc sweep time can bo
" variod between 80 milliseconds and 3 mbewoscoosiis weing #Witoh
positions 1 to 6 |

- P e
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CHAPTER 1
(iv) The range covercd by cach position of the switoh is shown on the
label fixed on the top (front) of thé instrumént (see Table 1),
TABLE 1
T.B. COARSE FREE ~-RUNNING SINGLE ~-SWEEP
(F.R.) (8.8.)
Svritch Position '
1 10 - 70 ¢/s 80 ~ 10 milliseconds
2 70 - 350 c/s 10 - 2 milliseconds
3 350 - 1500 o/s 2 - 0.5 milliseconds
b 1.5 - 7 ko/s 500 ~ 100 microseconds
5 7 = 4O ke/s 100 -;20 microseconds
6 OFF _ . 20 '=|3 mioroseconds
(d) T,B, FINE

()

'Y ! ~PLATE

The T,B., Finc control provides a means for oﬁ?ainiﬂg a continuous
variation of timebase frequency and swoop#tidp and ds suffiolent to
cnsure ovorlap between the ranges covercd!by itho T.B., COARSE switch,
This control can be adjusted to give an approximato: intermodiate
timebase froquoncy or swecp-time between the 1imits of oach position
of tho T,B. COARSE switch,

Terminal 'X!
.—n‘-.-‘-mw
This terminal scrves two functions: -~

(1) With thc SYNC switch adjusted to F.R. (+'¥:o‘r ~)| and tho T,B. COARSE
siitch adjusted to any position 1 to 5, tho timobadd|sweop
voltage is ovailablo at Terminal 'X!', o,f, for oxtornally |
modulating an F.M, signal goncrator or froquonoy-swopt” osoillator
such ae A.P, 54707 Test Oscillator to obthin tho rosponsc curvo of
a rcceilver, :

(i1) With thc SYNC switch adjustcd to F.R, (+ or =)and tho T,B, COARSE
svitch to position 6, an cxtcrnal timobasc sweep voltage may bo
applicd to Terminal 'X! and thoroforc to tho X4 plato, The
amplitude of the swoop voltage should bc of the order of LOOV
to obtain a full defloction of the spot,

CONTROLS

k. The

controls affccting the signal applicd to the fY! [Flate- arc:-

1yt PLATE Control
AP L., HF. Pre-set switch,
AMB GATN Contiol,

A1l signal voltages arc applicd to Terminal e,
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CHAFTER
6o 1Y! PIATE CONTROL 1
This is a six-~position switch and provides: -
(a) A fixed attenuation for D,C, Signals (D.C. § 5)e
NOTE: Maximum input voltage MUST NOT exceed 700V,
(b) A fixed attenuation for A,C, Signals (A,Coe 5),
NOTE: The attenuator is capacitance compensated to provide a flat
response over the frequency range 25 c% to 100 keo/se Maximum input
volbage MUST NOT exceed 700V peak-to-peak,
(c) Direct connection to 'Y! Plate. (D.C.)
(4) Connection to 'Y'! Plate through blocking capacitor. (A,C,)
(e) Connection to 'Vv' Plate through a 0,5 microsecond delay line (DEIAY)
NOTE: The input impodance of the delay line is approximately 75 ohms,
(£) Connection to 'Y! Plate through an L.F, 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 tAY,
7o AMP, L, F, = H,F, Prc-sct control
This Switch sclects LI, or H,F, 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.m,s,
(b) When switched to 'H.F.!' the gain is variable up to 28 db (25 times)
flat to within 3 db from 25 ¢/s to 1 Mc/s with an input voltage not
excceding 25V r.m, s,
B AP, GAIN Control
This varies the gain of the L,F, or H,T, Amplifier described in
Paragraph 7.
CALTERATION
9, (e) CALIBRATION VOLTAGE

CeR.T, dofloetor
To provide en opproximato moans of calibrating the G, b
plates a calibration winding is included on tho 4,0, Mains )
Transformer giving en output of 100V peak-to=poak (3l.7V r.m. s,
at Terminal 'C', To calibrate defloctor plates:=-

w 2% -



PART 2
CHAPTER 4
(1)
(11)
(111)
(i)

(v)

(vi)

NOTE:

OPERATING INSTRUCTIONS
Comnect Terminals 'S', 'C' and 'Y' together,

Put 'Y! PILATE switch to 'A.C.!
Put SYNC switch to '"F,R,' + or F,R, -,
Put T,B, COARSE switch to '1!,

Adjust 7.3, FINE and SET SYNC controls to give stetionary
picture, oL

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 LOV/cm,

\
As the voltage is derived from the mains transformer, measurements
based upon it are subject to errors due to mains voltage variation,
but in the majority of cases an accuracy within 1G5 is to e
expected,

(b) '¥! SHIFT VOLTAGE

For a more accurate moasurcment of signal amplitude, Terminal 'Y' SHIFT
is provided, To measurc the amplitude of a signal:-

(1)

(11)

(iii)

(1v)

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

Adjust 'Y SHIFT' control for zero rcading on Voltmeter and noto
position of timebasc 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
gratioule, adjusting the range of the Voltmeter as necessary,

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

NOTE: The msasurement of signal amplitude in this manner only
applies when the 'Y! PIATE switch is at position 'ACY or 'DCY,

10, Ihe Calibretion voltege at Terminal 'C' can &lso be used to trigger the

timebase in the singlo-sweep condition or to synchronise the timebase with
the medins frequenoy in the free-running condition., For single-sweep conditions the
triggering action is only cffective vhere the mains froquency is groater than 400 o/s
A CAL, PHASE Frosct Control is svailable so thet a signal (applicd to Terminal 'Y!)
heving & repetition frequency the same a3 the frequency of the A,C. supply to the
oscllloscopo, oan be displayed,

The facility of triggering the single~sweep timebasc gonerator from the
terminal "C" is primarily for obtaining tost waveforms, As tho triggor-voltage
1s sinusoidal, swecps fastor than about 100 microseconds cammot be roliebly .

obtained,
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1e MECHANICAL FEATURES

The undermentioned conventions have teen adopted in the description that
follows: ~

(8) The outer metal case is referred to as thé case; the rear 1id is
removable,

(b) The front ywel of tho instrument is the panel on which the main controls
are mounted. The front of the front penel is seen when the C,R,T. screen
is being observed; on the back of the front panel the control
potentiomoters, (YI'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 FHASE and

;) T e 3
MR, LF, H,F, (Sec m‘

(¢) The box-lik: assembly of components is described »ns the main chassis.
The rcar component hoard is a sheet of insulating material farthest
from the front of the instruncnt,

() 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,

2 CONIECTING SOCKETS

Two conneoting lcads arc provided, onc for A,C, and tha other for D,C,
operation, Each lead in terminatod at one end with o multi-pole sooket which
is provided with one single and two double locating keys; tha required socket is
orientated until tho singlc koy slips into the appropriato cihiannel in ths plug on
the loft-hand side of tho instrument, Tho A,C, multi-pole suckot has throe sockets
(marked A, B and C) and the multi-polo D,C, socket has four sookets (marked A, B,
D and C, D not boing usod), - It is impossiblo to mato tho D.C, gooket with tho
plug of the A,C. power 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 Casc

Romove the input socket and stand the instrument upright on its fromt
ward-roll, Slacken the two slottod lmurled screws on the roar 1id.

%using a coin to locsen) until tho 1id can bo romoved. Whon tho 1i4d

1s romovod, the case may bo pulled upwards and removad,
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(b) Removal of Power Unit

(4)

(o)

(£)

(&)

With instrument vertical, slacken (with a coin) the four spring~loaded
lmurled 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 on the top of the power
unit chassis just forward of the transformer, and the remaining two
are et the bottua with their heads towards the back of the instrument),

Holding the main body of the instrument with the left hand, pull the

transformer upwards with the right hand until the power unit comes
awvay from the 10-pole plug.

Removal of Cathodg-rny Tube

Lay the instrument herizontal, Remove the die-cast ring holding the
hood and graticule ty o slight counter~clockvise wrotation. Press the
ceramic C.R,T, -holder forward against the Mumctal scraen as far as it
will go and rclcase; the C,R.T., will novw no longer be rotained and its
baso pins vill discngage from the C,R,T, holdor; rocking the C.R.T.
gently, pull it out,

Removal of Valves Vi to V6

Press the metal valve-retainer dovmvards and rotate approximatoly
30 degreces in a countcr-clockwisc dircction and lift off., The valvo
may then be withdrawn from its holder,

Removal of Valve V7

This diode is exposcd, at the recar right, having no rctainor. The top
pin should first te very gently prisod forward towards the front pancl
sufficiently to discngage it from its socket. Thc diode is: thon
removed by withdraving 1t from its bottom sockets,

Servicing of lost of Slung Components

This may e offccicd by removing the caso as doscribed in (a), To
Service the slung components at the front of the main chassis it is
noc%s§ary to swing back the hingod front ponel in tho mamner dosoribed .
in (g).

Sorvicing Componcnts.on Back of Front Panocl and Front of Main Chassis

Having removed the C,R.T., fully slackon the two oaptivgzeorcwé on .
tho front pencl; these aro positioned tolow tho holes markod CAL FHASE
and AMP L,F, H.F., The hingod front panel will now swing dovn oxposing
the components on the back of tho front panol end thoso at tho front

of tho moin chassais, '

- 26 -



(h) Removal of Capacitors Ch1, CL3 or CL5

(3)

(k)

(

i~

)

(m)

YAINTENANGE TESTING AND FAULT FTNDING i

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

(1) removing the two screws, (at the front end of Mumetel screen)
tha. secure it to the chassais,

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

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

The Mumetal scrc.n und delay linc cun then be completely removed from the
chassis, The scress sccuring the bracket of the Mumetal screen also retal
capacitor Ch1, Capacitors C43 and Cld. arc ecach retained by screws enterin,
tapped holus in the top of the main chassis, The capacitor Chi may now

be vithdraim through tne top of the main chassis,

Removal of Capacitor CLl

Remove pover unit and C,R,T. Undo conncctions on the underside of tho
capacitor by removing the nuts on the capacitor terminals, Remove conicel
Mumetal sercen ao in (h)., Remove the four screws fastening the brackets o
the rear component board through the fcet of the capacitor CLl into the
tapped holes in the top of the main chassis, Recmove serows holding rcar
delay linc bracket to rear component board. Fold back the rear component
board with its brackets, to cnablce the capacitor to be withdrawn through
the top of the madn chassis,

Romoval of Componcnts on Rear Component Board

Components on the front (noarcst front pancl) of the rear componcnt board
arc rcadily acccosible. Those on the back can be serviced by romoving
the power unit -s in (b),

Removal of Rectificr MRY

Rumove povier unit -s in (b). Unswoat the cormcetions to the cnds of the
roctificr, Sving outvards the hinged front pancl as in 1(t). Rcmove
the nuts ot the .nds of the rectificr. The rcetifior cen now be removed
Ty -liding the tront end immrde until it is clear of the slot in tho
fromt brickit nd  ithdrawving th brek end from the hole at the rear.

Scrvicin s the Jornr Unato

harove §owre unit from main cleo.ds s dn (t)a All componcnts cxoept
the tran.forier 11ny nov be scrviced by unsweating the comnections and
undeing the appropriate screws. To romove the transformor, first remove
the oneoft switch :nd the 10-pole socket. The scrows holding the
trensformer arce then accessible,
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TESTING AND FAULT-FINDING

b, FRELIMINARY CHECLS

Set Oscllloscope 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 transgformer.

(b) If there is no spot or trace, check the malns power 'supply and fuses
—and-F84, [ oL/ PRI DE I L SN AN T RS

(c) Check that the calibrator voltage is correct with Valve Voltmeter
A, P, 67921, or Avo Type 47A,  ensuring that the CAL, PHASE control is
fully counter-cloclkwise, Valve Voltmeter should read about 33V, and Avo
L7A should read ~bout 25V (Range 120V A.C,)

(d) With Valve Voltmeter A, P, 67921 check that a F.D. exlsts between Y-SHIFT
terminnl and B torminal by rotating the Y-SHIFT potentiometer from its
maximum (clockwise) position to its minimum (counter—olockwisog position,
The valve voltmeter range used should be 480V BAL (Jentro zoro), There
should be a full-sc. le swing on the meter,

After chocking as in pavagroph L, the following procedure should be carried
out to determine location and citent of the fault,

5. TESTING }ROCEDURE

Remove the Oscilloscope from its case and check that no arcing has taken place,
C-rry out a scnrching vioual inspection of components, If no physical fault can be
scen, commence testing as below iset the primary A,C, voltage to 230V 50 c/s). Switoh
on the Occilloscope and leave running for ten minutes to allow the valves and H,T.
voltages to sctlle dowvn before commencing tosts, All potentials are relative to
the chassis and should remain within + 15 per cent of the valucs given, In the fault-
finding procedurc given below, the sclection of the systems to be used will depond
on the following cascs:-

L, Noither a spot nor.a tracec can be obtained.
B, 4 spot can be obtained,

C, Timcbaso is too short,

L

D, Trace unstabl: on Sinpgle-swviocp (5.5.).

6, CLSE (4): 1O SPOT OR TLACE

The fault will probably be onc of the following:-

(a) E,JJLT, voltage (from rcctifier system) low, a short-circuit on the
E,H.T. resistor chain, resistor chain open~circuitod,
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(b) Cathede-ray Tube V8 deteriorated as a result of agc or rough usago.

(6) The neater supply for Cathodo-ray Tubc opoen-circuited.

T.BLE 2
Componcnt s e P72 (2V0) Valve Voltmcter
Renge P.D, Lo Pl 67921
CL3 1, 200V =750V -950V
R 1, 200V - ~5,0V ~811V
CLO 1,200V 240V 250V
7o Chock voltage (for Y-shift potentiometer) at Junetion of Rk2 and R43; this

should bc about 274 volts on valve voltmoter,

8, Ef voltagos given in Table 2 arc in corror by more than # 19% chock for opon-
circuits on E,H.T. resistor-chain Junctions and cheo¢k Somponents in resistor
chain from circult diagrom. 4lso chook voltage at C4f with chain opon~cireuitcd,

9 If tho voltagos arc as in Table 2, check heator voltego of C,R.T. (V8)., If
tho heator voltage is corrcct, chango tho C.R.T. Procoed with tests given
immodiatoly Yelow (Case B).

10,  CASE B: WEEN A SPOT CAN EE OBTAINED: -

When SYNC 4s switched to froo-running and a spot only odn be obthined on
the C,R.T., this indicates fault in timebasc gonerator clrouss naeed on V3 and V4.,

1. Comnect Cossor Oscilloscope to anode of V3, If there is no output saw-tooth
wavoform, switch T,B., CO.RSE to another position; +this will cltook tho
capacitors Cil to C18 and C6 C7 to C12 C43,

12,  Tho voltage tosts in Table 3 should thon be oapricd put (the figuros given
boing typical) under [ollowing conditions:-

Switch T.B, COARSE to Position 6

T.B, FINE fully counter=-clockwiso
SINC to S.S.+ or Soso""

AME, GAIN fully clockwise

IMP, switch to L. F, (countor-clockwise)

w 29 -
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CLAPTER 2 MATNTENANOE, TESTING AND FAULD~FINIDNG
TABIE 3
AP, L, 7A(AVO) Valve
Valve Test-point Voltmeter
Range P,D. AP, 67921
Vi, Cathode (pin 2) L80V 62v 63V
V3 Anode (pin 5) 1,200V | 152,5V 2,07
V3 Screengrid (pin 7)| 1,200V gov 60V
V3 Suppressor (pin 6) 120V | =5.5V -9, 5V
VZb Cathode (pin 1) L8OV 60V 8sv
- Wiper of RV3 120V 8v 11,5V

13. If voltages are in error by more than + 15% remove V3 and Vi and check

resistors with ohmneter or Megger,ardcompare values with those given in
component list or c¢ircult diagrams, If resistor values are as stated on oirouit
disgram, replace valves V3 and Vi and re-check voltages.

1y, Turn SYNC switch to FR+ or FR- and T,B. COARSE switch {uv range 4 and comparo
waveforms appoaring at the electrodes of V3 and V4 on Cussor Double Beam

Oscilloscope; these should be as depicted on Fig.6, Theso waveforms are drawn

to & socele of 30V per om and should bo approximatoly tho samo ..ize on Cossor Double

Boam Oscilloscope and Type 13A Oscilloscope.

155 These waveforms aro applied direct to the A,C. Y1 plate of the Cossor
Doublo-Peam Oscilloscope or AM, Type 13A Oscilloscopo.

164 CASE C: TIMEBASE IS TOO SHORT

Whon tho timobaso is too short (say, half its normal longth) tho fault is
most 1ikoly caused by absonce of output from V5.

17, Set CT, 52 SYNC to FR+ or FR~ COARSE to range 4 and chook waveform at

Eag Anodo V5,
b) Control-grid V5.

and comparc amplitudos and shepo with diagrams on Fig, 6,

18. Cheok H,T. voltage at C4O, Turn SYNC switch to S.8.+ or 3.8,- and cheok

voltagos at V5 enode and scrcongrid (Tablo L), The voltage should be
within + 15% If tho voltagos arc outsido this tolorance, test components and
valveos,



PART 2

TESTING AND TAULT-FINDING CHAPTHR 2
TABLE &4
ABLTA(AVO) |
Coanponent . Valve Voltmeter CT5L
Range P.D. AP. 67924
‘ CLO 1, 200V 240V 250V
Valve Electrode
V5 Anode (Pin 5) 4120V 23V 30V
V5 Screengrid (Pin 7) | 1,200V 136V AU6V
19. Other possible causes of short timebase trace aret~
(a) incorrect setting of RV2 and/or RV40
(b) change ol Valve V3.
In these cascs proceed as in Para. 20(b).
20.

CASE D: TRACE UNSTABLE O SINGLE-OY

(a) Check amplitude of sync pulse at output of Vi, If emplitude and
polarity are correct, check voltage of suppressor-grid of’ V.
If bias voltage on suppressor-grid is low, this will acoount for
the instability of the timebase., Adjust suppressor-grid voltage
as instructed in sub-paragraph (b) telow, having first switched-
off the oscilloscope. The Valve Voltmeter CT54 should be worked

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

(b) (1) Connect the valve voltmeter OTS4 so that the D.C., HIGH temminsl
is conncocted to the junction of resistors R52 (330 olms) and

R9 (680 kilomms). (Note the other end of R52 is commected to
Pin No,. 6 of V} .

(2) The LOW terminal and earth terminal of the CTS4 should be
connected to tho CTH2 chessis and to earth respectively.

(3) The opcrating instruction on tho valwe voltmeter should bte
carcfully read, the SET ZERO adjusted (the osoillosocpe
being switched off) for sero reading.

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

(5) Sect voltage selector switeh of oISk to 2k volts (oarefully
resetting zero control if ncoe ssary) e

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

(7) Set TB I'INE control fully counter-clockwise.
(8) Turn SYNC switch to SS+.

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

- 3] -



PART 2
CHAFTER 2.

(10)
(11)
(12)
(13)

(14)

(15)

(16)
(17)

(18)
(19)

(20)

TESTING AND FAULT-FINDING

Mjust the SET SYNU control fully counter-dlockwise.
Turn preset potentiometer RV2 fully olockwise.,
Switch-on oscilloscdpe and allow it five minutes to wamm up.

AdJust the potentiometer RVA0 until the CT54.valve voltmater
indicates ~17 volts + 0,5 volt (i.e, negatiW/with respdot
to chassis). (Disoconneot the CTSY I?.(Jh 11G i‘d&‘dt{nd
connect to the oscilloscope chassis|itd chedk the!ldero ofy the
valve voltmeter and readjust zero ;o’%u;jrol i £ necagsery} |
recc))nnect the CTS4 positive lead toli#) ,,";;‘]\’J.thﬁi(’ini,,&fvRSZ.fandi\..
Rr9,

Adjust RV2 “in a counter-clockwise dirdetion until the CT54 ‘
valve voltmeter reads =10.5 to -11.0 volts (1.e, negative
irith respect to chassis). This VOLTAGE IS ORITICAL and the
zero of the valve voltmeter CT54 should be checked as in
(13) above. It is nov nece ssary to check this suppressorxr
voltage over a wide range as follows:

Twrn TB FINE control slowly in a clockwise direotion and
check that the suppressor voltage does not fall below
1045 volts, o

Sct TB COARSE oontrol to position 2 and repeat (45) above.

At no setting in (15) or (16) above should the voltage on
the CTS54 fall telow -10.5 volts, but may rise. to =12 volts
or more, JIf the voltage should fall slightly below

~10,5 volts, 1t should be breught up to =105 volts by a
slight readjustment of RV2,

Lock the presct controls RV2 and RV4O0.

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

- pulse at 50 pulses per scc., positive poldrity and of large

amplitude (i.c., amplitude control set well up). Seo Note 2,

Turn the CT52 SET SYNC control in a clockwis direction
until the timebase is triggered and measure tho length of
trace to cheok that it is at least 3 dn wheéd the TB COARSE
control is in positions 1 and 2, and the TB FINE control is
turncd from one extreme to the other. In gineral this will
te casily met, but occasionally a poor speoimen of CV,2209
or CV,329 is encountered, and if a short trace is obtained
(i.c. less than 3 em) another valwe should be tried and the
setting-up procedure repecated.
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ThSTING AND VFAULT-FINDING CHAPTER 2

NOTE 1

Due to the characteristics of some CV,2209 or CV,329 valves,
when set to the single-sweep condition (6, 7, 8, “above),

an occasional valve may be found which persists in free-
running, i.e, with no trigger applied o line appesrs instead
of a spot, and the valve voltmeter reading will fluotuate.
This condition should not occur after the setting-up detailed
above, but if it still persists the valve ashould bte rejeoted
and another used, and the setting-up procedure should be
reveated,

NoTE 2

In paragraph g‘%?) a ulse.%aneratcr 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
tulse length 0.5 éxseo or longer, will do, The aspropriate
polarity should selected on the SYNC switch.

Vhen the Range Calibrator Design 2 is used, the oontrols should
te set as below:i~

|
Control Range Set to 5000 yd.
Sync P.RJF. 50
Syno int.
Output Syno Low impedance +
Output Sync amp 10
Input Sync amp Not used
Cale amplitude Not used
Voltage 230V

Take lead from sync ocutput to S terminal of CT52.

21, If the suppressor-grid voltage is ~15 to -30 volts the diode V2 should
be replmoed and the setting on RVZ2 and V10 readjusted, When the blas

voltage is too high (say =30 volts) difficulty will e found in triggering

the timebase, as a larger trigger pulse would te reguired than the valve V1

is capable of giving.

224 When RVZ2 and RV10 have been adjusted, or V2 and V4 roplaced, the

timebase should be checked with Cossor Oscilloscope (kP.33364) or
134 Osoilloscope AJP.105/831, The following settings of the Miniature
Oscilloscope (T52 are required® set mains voltage seleotor to 130 volts, the
instrument being fed fram a 500-cycle supply; turn T.B. COARSE to range 3,
join ¢ and S terminals, turn SYNC switch to 88+ or $8-, turn T.B. FINE contrel
fully clockwise.,

Check that vaveforms are as shovn on Fig. 5.

(When a 50 ¢/ s supply only is available, an external sync pulse must
te used - such as that from a range calibrator or square-wave generator
(eeg. a Pulmd = I.F. Signal CGencrator). The pulse length should be between
0.5 microsecond and 50 microseconds at a P.R.F. of approximately 1,000 per sec.

.-35..
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CHAPD'R 2 TESTING AND FAULT-UTNDING

230 @S‘IIN Y ! V6
&r?toh amplifier to L.I% position. Turn AMP.

oloclorige ), Connect valve volimeter to terminel A (o
amplifiexr). Connect Oscillator G205 or suitable sign

soope ¥ terminel, Turn Y-FLATE switoh to AMP. Oh )
remponse, Stage gain of 38 4B is desired, i.e. voltd
spproximately times as measured by the height of the
be necessary to check frequency at low and high frequamn nd
150 ko/8. Check that response at 150 k7/s has not “& % a value lower
than 0,7 times the voltage gain at 1 ke/s. (i.e. has ot dropped more than

3 dB).

- In H.F. position the voltage stage-gain should be approximately
25 times and the gain at 1 Mc/s should not be less than 0.7 times that at
1 ko/s (4.6. has not dropped more than 3 aB),

il

When using the valve woltmeter, the response may appear to be slightly
outside specification, due to the added input capacitance q?f; the voltmeter.

Voltages on the electrode pins should be as in w’ablém | Conditions
for tests are as follows:~- ‘

T.Bs COARSE set to Position 6,
TeB., TINE turned fully counter—~cloclwise,

SYNC switch to SeSe+ 0r S.85,=,
AMP GAIN fully clockvise.
AMP switch to L.l Tor first two tests.

TARIE 5
Valve Electrode L7A P.D. AJP. 12945 PeDe | Valve
Range Ao 8 Nolimeter |
V6 |Anode (Pin 5) |1,2c0V | 142v 250V 125V | 432V
V6 |Cathode (Pin 2) 120V 1.6V 25V 2.6V | 2,78V
Switoh AMP to H.F. e
V6 |Anode (Pin 5) 1,200V | 203V 250V 207.5V] 246V
V6 [Cathode (Pin 2) 120V 24OV 10V 2,2V 2,32V

..3)_‘_.-
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TESTING AND FAULT-FINDING CHAPTER 2

2., TESTING DELAY LIE

y The purpose of the tcst is to measure the delay introduced by the delay
inc .+

. Equipment rcquired: Range Calibrator Design 2 or Pulsed I,PF. Signal
Gonerator AJP.64354,

(a) Range Calibrator's Controls

Set rang. sritch to 1,000 yd.
Sct BYNC to internal.

Set 82 Lo mains voltere, 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.

Tuwrm SET SYNC control to max. (fully cloclkwise).
Turm SYHC swilch to S.S.+

Connect S terminal of Oscilloscope to S+ve Cal output Socket P7.
Conneect Texminal { of Oscilloscope to Cal-ve output Socket P8.

AdJjust T.B. FINE control until a calibrator pip appears on the trace.,
The speed should te adjustrd until the first cal. pip apjears on the trace at
approximately 3 an from thte starting point of the timebase. The length of
the timebase to the first cal. pip will be 6,1 microsccondse The calibration
pips are 1 msec. in length. Vhen the delay line is switched—in, the extent
of the delay may te¢ measurcd direct on the graticule. The delay should be
tetwecn Oe¢5 and O.75 microsecond.

25, SETTING~UP FROCEDURE OI' TRNEBASE AFTER CHANGING MILLER VALVE
{CV.329 OR (}V.2209)

ilhen the Miller timebasc valve V3 is changed it may be necossary to
readjust the presct controls FV2 and RV10. The Valve Voltmeter CT54
employed for setting—up should be vorked off its batteries (not mains) as
there 1a less chane. of a shift of zcro with times The niniature ¢solllosoope
should te sstched off lelore carrying out the procedure which is set forth
in Parﬂ. QO(b).

- Bho -






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

- APPENDIX NO, 1

A.P.68622 OSCILLOSCOPE, MINIATURE, CT.52

LIST OF COMPONENIS

£ng
I

':: . QJ‘U&M{C '

the D.C. Power Unit. Power Unit A.C. CTA. 16 is A.M. Ref. 10K/16968) "
Reslstors Jointe 1 e
Circuit Namo Servﬁ;t Value| Rati Tolerance
Ref. Rof. (W) + %
Resistors, Fixcd, Composition,
Grade 2 (insulated)
R1 " 2223122 | 470k | & 10
R2 : 2221173 | 330 3 10
R3 ! z2221152 | 220 5 10
Rly " 2222089 | Ll 7k % 10
R5 " 722089 Lok | 3 _ 10
R6 " Z223123 | 470k 3 10
R7 " 2223123 {470k | "4 10
R8 " 222512:»33 470k % 10
|
RY " 2223143 | 680k | ¥ 10
R11 " 2222089 | 4.7k % 10
R12 : " Z223039 | 100k | % 10
R13 " 2222431 | 10k % 10
R4 " 2223059 | 150k | % 10
R15 " z222152 | 15k % 10
R16 # 2222245 | 47k | ¥ 10
R17 " 2223039 | 100k 3 10
R18 " 7223039 | 100k | & 10
R19 " 2223038 1100k | . & | 10
R20 " ze2e215 | w7k | % 10
R21 " 2223080 220k | & 10
! [y ] LN IS .
R22 " 2223080 | 220k | ¥ 10
R23 " zzz:mag 1M % 10
R2, " 7223018 | 68k | 2 10
R25 " 2223018 | 68k 2 10
R26 " z222245 | LTk | % 10
R27 " 2223164 1M % 10
R28 Resistor, Fixed, Composition, | 221850y | M| ¥ 5
Grade 1 (non-insulated)
R2Y " 22418509 1M % 5
R30 " 7218461 | 560k | % 5
R31 Resistor, Fixed, Composition, | 2221173 | 330 % 10
Grade 2 (insulategxg
R32 Resistor, Fixed, Composition, | 2247053 |150 | % 5
Grade 1 (non-insulated)




Appendix 1

LIST OF COMPONENTS (Contd.)

36

Resistors Joint-
Circuit Name Service [Value Rating |Tolerance
Ref. Ref, (w) + %
" R33 | Resistor, Pixed, Composition, | 2215168 | 240 8 5
- Greds 1 (non-insulated)
R3L. Resistor, Fixed, Composition, | 2222164 | 18k ¥ 10
Grade 2 (insulated
R35 Resistor, Fixed, Composition, | 2217496 | 5.6k | % 5
Grade 1 (non-insulated)
R36 - " 2215108 | 75 ¥ 5
. } Y
R37 Resistor, Fixed, Composition, Z22326g M| % 10
Grade 2 (insulated
R38 " 222328 | L.7M ) 10
R39 " 222316l M| & 10
RLO " 2223080 | 220k % 10
R4 " 2223248 | L TM | % 10
RL2 " 2223122 | 470k % 10
RL43 " 7223038 {100k | % 10
RL " 2223038 | 100k 10
R4S Resistor, Fixed, Vire-wourd, | 2244009 | 1.2k . 5
‘ Vitreous-enamslled
RL6 Resjstor, Fixed, Composition, | 2223017 68k 10
Grede 2 (insulate;‘g
RL4T " 7222060 | 2.7k 2 10
R48 Resistor, Fixed, Wire-wound, | 2244009 1.2k | L.5 5
Vitreous-enamelled
»R4LI Resistor, Fixed, Composition, | 2222173 22k | ¥ 10
Grade 2 (insulated
uR50 Resistor, Fixed, Wire-wound, |A.P.61023| 5.6 6 5
Vitreous~enamelled
»R51 . .o A.P.61023] 5.6 2 5
£ 5 (.éﬁ:i'g;-":(.' n. }3I1!217‘.‘:;‘0;.11‘(‘5ArlcN L1L117; <20 10
vkt Oy aRs ")
RVY Resistor, Variable, Rotary, |2262171 | 100k i 20
Composition
"RV2 " 2262170 {100k | % 20
RV3 " 2262407 | 250k >y 20
RVL, Resistor, Variable, Rotary, |A.P.609281 5k | ¥ 10
Wire~wound o
RVS Resistor, Variable, Rotary, 2262935 | 2.5M i 20
Composition
RV6 " 2262935 |2.5M | % 20
RV7 n 2262407 | 250k % 20
RVB " 2262005 50k | % 20
RV " 2262170 {100k . 20
RV40 " 7262542 {500k | % 20
CAPACITORS L
o1 Capacitor, Paper, in 2115552 | .01 AF 350V 25
tubular metal case ,
g2 S 2415506 Q.‘I/ur' 3507 20




LIST OF COMFONENTS (Contd,')

Appendix 1
Resistors Joint- |
Circuit Name Service | Value (Rating| Tolerance
Capécitors (Contd, )
3 Capacitor, Paper, in tubular | 2115506 | 0.1 A | 350V 20
metal case o ’ :
Cl " 2115506 0;1/UE1 350V 20
C5 " Z115563 0.25 150V 25
cé " Z115561 | 0.1 250V 20
c7 " 2115561 O.1guF 1250V 20
' 8 " 2115554 | 0.0 /uF 350V 20
cY " 2115552 | 0,01 350V 25
c10 " 2115623 O. OO{D.F 350V 25
C11 " Z115624 | 0.00 éFF 3BOV 25
C12 Capacitor, Moulded Mica, 2123590 | 330 p 350V 10
Metallisod :
c13 " 7123590 | 330 pF | 350V 10
CiL Capacitor, Paper, in tubular | Z115554 0.05/uF 350V 20
motal case
C15 " 2115552 0.01 50V 25
Cc16 " 211562l o.an/uF 350V 25
c17 Capacitor, loulded Mica, 2123593 | 470 pF | 350V 10
Metallized
c18 Capacitor, Ceramic, Tubular | 2132295| 68 pf 500V 10
C19 Capacitor, Variable, Air- %46991‘ 2—§§ Pl 350V ~0+80
spaced trimmer AESO| IR
c20 Capacitor, Paper in tubular | 2116221 | 0.1 uF {1200V 20
moulaed case
c21 Capacitor, Electrolytic 214502 | 4 150V ~204+100
c22 Capacitor, Ceramic, Tubular | Z132280 | 27 pI' | 500V 10
c23 Capacitor, Paper, in tubular | Z115554 0.05/uF 350V 20
metal case .
c2h Capacitor, Ceramlic, Tubular | 2132280 | 27 P 500V 10
c25 Capacitor, Paper, in tubular| 2115506 O.1/ﬁF' 350V 20
metal oase
c26 " 2115506 0.1 350V 20
c27 " 2115554 0.0 350V 20
c28 Capacitor, Ceramic, Tubular | 2132251 L7 DF | 500V 40.5 pF
c2y Capacitor, Moulded Mlce, 2423430 | 500 pF | 350V 10
(Foil typo)
C30 Capacitor, Eloctrolytic 2145224 | 100 6v ~20+100
C31 Capacitor, Moulded Mica, 2123,30 | 500 pF | 350V 10
(Foil typo)
C32 " 7123430 | 500 pF | 350V 10
c33 Capacitor, Paper, in tubular| 2115554 0,05 AF | 350V 20
megtal caso '
Cl4 " 211555, 0.05/0F 350V 20
Capacitor, Mouldod Mioce, 500 pF ' | 350V 10

035

(Foil type)
87

Z123430
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LIST OF COMPONENTS CONTD,

Resistors Joint
Circuit Name Service |Valuc |Rat Tolerance
Ref. Ref, (W) 4
036 Pepacitor, Paper in tubular | Z115554 |0,05 /W 3500 20
metal case
C37 Pepacitor, Paper in tubular | 21155411 |0.5 /MF 350V 20
metel casc
C3A " " 2115552 |0, 01 350V 20
C39 " " ’ 2115569 |1 75V 20
CLO Copacitor, Eloctrolytio 2145115 |16 /uF 375V «20+50
Cht1  Lapacitor, Paper, in 2111377 10.5 /uF 650V 20
rectangular motal caso
C42 [Capacitor, Electrolytic 2145115 |16 7@ «20450
C43 [Copacitor, Papor, in 2441377 |0, /uw 5 20
rectongular metal case
CLl.  (Cepacitor, Paper, in 2112521 |4 o LOOV 20
rectangular metal caso
CL5 " " 2111377 O.g(uF 650V 20
46  [Capacitor, Paper in tubuwlar 2115552 |0.CA P | 350V 25
case
*Cly7 " " 2115505 0,05 5007 20
*CL8 " " 2115569 |1 75V 25
LI " " 2115569 |1 AR |75V 25
EBANSFORMERS AND CHOKES
TR1 |Transformer, R979/1270 A, P, 68641
%xTR2 |Trensformer, R979/4271 AP, 68642
L4 Choke, 500 microhenrys + 108! A.P, 68643
2 " f " W oo AP, 6864}
MISCELLANEQUS
PLA |Plug, 10-way A P. 57628
SKA |Socket, 10-way A, P, 57907
xSKB  |Socket, 10-way A, P, 57907
PIB |Plug, 3-way 2560068,
Socket, 3-way 2560140
»
xPIC  |Plug, Le-way 256007€
® Socket, L-way 2560110
SWA |Switch, 3~pole, L-way A, P, 68637
SWR  |Switch, 2~pole, 6-way A, P, 68638
S'C | Switch, 2-pole, 6-way AP, 68638
SYD |Switoh, 2-pole, 2-way A, P, 60930
SIE  |Switoh, 2-pole, ON/OFF 2510305
xSUF | Switch, 2-pole, ON/OFF 2510303
MR1 |Rectifier, Half-wave, A.P, 68640
Selenium~iron
it d w " AP,
] " . Ma%ﬁ




LIST O COLPOMINTS CONTD, APPENDIX 4
Reslstors Joint
Circuit Name Service |Txlie zating { Tolerance
Ref, Ref, 0 %
F34 Fuse Unit, Light-duty, single-way | 25904170
" Fuse=-linly, Light-duty, 150 mA AP, 600
w52 Fuse Unit, Light-duty, single-way| 2590170
x Fuse=link, Iight-duty, 150 mA AP, 686L5
33X TMuse Unit, Light~duty, single-way | 2590170
" Fuse~-link, Light-fluty, 2,54 AP, 68646 |
xFSk Fuse Unit, Light-duty, single-way | 2590170
= " Fuse-link, Light-dvty, LA L AJP.61021 |
=VB1 Vikrator, Non-synclhronous, 24V AP, 686141.‘;. !
D.C. input ?
Valve Retainexr AP, W_B?Béft
Valve Screening Ceans, Qty.6 AP, 60796
Terminals, Prass, Trring-loaded A, P, 60990
Wty.7
Valvaling (u AP ' k{,ty.J' 2560038
Valvnholdcr, 137(;, Oty 6 2560127
Velveholder, BYG, Qty.1 2561105
»* Valveholder, UKk, Qty.? 2561114
{(for
Vibrator)
Capaoiter, Cliy, Ay.2 2970006
Xnok, Qty. 10 2970184
Connector, FI bmblb, Sereened, A, P. 67384
. Z ( S0y we VW
9 ft. 1011&, ’ 7o § 1 A :
» fonnecter, ombiv, ucreonod A P,67385
9 f‘f. long R A A
Hood, moulded 2~ 11/16 in, aia, ha By 614,30
for CT,52 \
Capacitor Clip, Gty.2 2970006
= Clip, oar‘bhlng, iy or Vllg’r%‘%or* e / AP, 606‘14-3
ferg 3 aou'f Y‘({#rr 3 0o t:.bljd PRV 7‘ ne L2t
STNE & A S
' D¢ CTAL

AP, 68623 WI&R UNIT 634%

LIST OF COMPONENTS

The camponents for this D,C, power unit are marked with an
asterisk ‘u the list given abova,
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OPE,

MINIATURE, CT.52
RATOR AND PARAPHASE AMP CIRCUITS
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OSCILLOSCOPE, MINIATURE, CT. 52

POWER UNITS AND RECTIFIERS

7 %
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AP 68622 OSCILLOSCOPE, MINIATU
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IATURE CT.52 COMPLETE CIRCUIT.
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MINIATURE OSCILLOSCOPE

WAVEFORMS OF OSCILLOSCOPE CT 52(SINGLE-SWEEP). )
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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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