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(1

1.3 BMinimum trigger voltages required
Tim.: base delay inoperative:—
v trigger pulse.

{2} Time-base delay in use:—

3

2v trigger pulse.
Trigeering fromn sine wave,—
Sv r.ms.

[.4 Tune measurement

CD 568 Sinusoidal calibration wavelorms

are provided at 1 Mc/s, 100 ke/s and 10 kefs.
Accuracy - 3%,

CD 518 A sinusoidal calibration wuveform
at 1 Mc/s or calibration palscs at [jwsce or
10usec intervals may be sclected.  Accuricy
+ 5%,

1.5 Power supplies

The Oscilloscope requires 230v r.m.s. at
50 ¢fs, and consumes approximately 100 watts.

.6 Size and weight

The Oscilloscope is in one box, approxi-
mately 84" x 11”7 x 20", and weighs 40 1b,

2. THE Y-PLATE AMPLIFIER

Reference should be made to the simplified
citeuit diagram, Fig. 2, and the complete
circuit diagram, Fig. 8. ' ‘

The Y-plate amplifier has 6 fixed gain
positions enabling signals from 500v to 1Iv
peak amplitude to be handled. On gain
positions 1 and 2, for 500v and 100v Y-input
signals, a capacity-corrected resistance atten-
uator precedes the cathode follower (V21),
thercby limiting the maximum input signal to
the cathodc follower to 30v peak. On the other
gain positions, the Y-input signal is less than
30v peak amplitude and is fed direct to the grid
of the cathode foliower which provides a low
output impedance to drive the main amplifier

(V23 and V22). The main amplifier is of the
anode foliower type in which the feced back
impedance (R96 and C57) remains fixed and
the various gains are obtained by switching the
input impedance (R91-94 and C51-56). The
main amplifier is followed by a similar anode
follower of unity gain which provides a para-
phase signal enabling the Y-plates of the
cathode-ray tube 10 be fed in push-pull.

The amplifiers differ from the conventional
anode follower circuit by using a valve (V22)
as the anode load instead of the wsual fixed
resistor,  This modilication has the advantage,
when the amplifier has a capacity load on the
output (such as is presented by the Y-plates),
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of producing wn improvenent in the frequency
response wnd a grealer maximum rate of change
of autput voltage for a given power CoOnsunip-
tion. Briefly, the operation of the amplifier is
anzlogous to that of a Class AB amplifier. If
the input signal demands that the output
voltag o shalt fall rapidly, the bottom valve
(V23) discharges the load CdpaClt)’ on the
oufput,
voltage, the load capacity is charged by the top
valve (V22). In the static condition the standing
current of V22, V23 is 9 niA, but the current
available to charge and discharge the capacity
load on the output is approximately 25 mA--
Le., the muximum current V22 or V23 will pass
when operating near zero grid bias. Thus fora
given maximum rate of change of output
voltage this type of amplifier e¢flects a con-
siderable economy in HT current compared
with the usual amplifiers employing a fixed
resistor as the anode load.

The calibrated Y-shift is obtained by
injecting a D.C. voltage (which is measured by
the Y-shift meter) into the awplifier by means
of R97. Gn range 3 of the gain switch, the

while for a rupidly rising outpat

Y-input signal and the Y-calibrating voliage
arc fed into the ** virtual earth " of the awmplifier
by equal resistors (R91 and R97) so that the
voltage measured at the slider of the Y-shift
potentiometer (RV10) gives a direct calibrution
of the sensitivity of the amiplificr. On the other
gain positions, either the Y-signal input resistor
is of a different value from that feeding the
calibration voltage or the Y-signal is attenuated
by the aticnuator preceding the cathode
follower so that the voltage measured by the
Y-shift meter has to be multiplied by the
appropriate scale factor, The Y-signal is
slightly attenuated by the cathode follower and
in order to keep the Y-calibration correct this
is compensated by the adjustment of a preset
variable resistor (RV9) which shunts the
Y-shift meter.

The Y-signal can be delayed 0-6uS by a
distributed delay line which is switched between
the cathode follower and the input impedance
of the main amplifier. Since the dclay line is
matched at both the input and output, it
introduces 6 dB attenuation in the amplifier
gain. The method of construction of this delay
line is deseribed in T.R.E. Memo. 807.

3. THE TIME-BASE CIRCUIT-TRIGGER SIGNAL AMPLIFIER,
GATE CIRCUIT ARD TIME-BASE DELAY

3.1 Reference should be made to the simpli-
fied circuit diagramn, Figs. 3 and 4, and to the
complete circuit diagram, Fig. 8,

3.2 Trigger signal ampimer

The trigger signal is fed into the left-hand
grid of the double triode V2 which forms a
long-tailed p:nir amplifier, and produccs an
amplified version of the trigger signal in push—
pull at the anodes.

Switch SWI/A sclects one of the anode
waveforms of V2 uand enables a negative pulse
to be fed to the gate valve (V5) irrespective of
the sign of the trigger input pulse. The gate
valve produces a suitable pulse to trigger the
time-base geacrator and rejects any input
trigger pulses occurring during the period of
the time-base swecp and fly-back.

Provision is also made to enable the time-
base to be triggered by a sinusoidal input

signal. (Sce Fig. 4.) The trigger amplifier (V2)
is changed into a cathode-coupled multi-
vibrator by condenser-coupling a tap on the
anode load of the left-hand valve to the grid of
the right-hand valve. With no trigger input the
multivibrator has a relaxation oscillation time
of 50 mS. This circuit behaves as a regencrative
squaring circuit and the injection of a sinu-
soidal trigger signal of amplitude greater than
Sv r.m.s. causes the multivibrator to change
state at-the same frequency as the input signal,
producing a pulse to drive the gate valve, and
so trigger the time-base gencrator.

3.3 Gate circuit

The gate valve (V5) is a short suppressor
base pentode, which, in the quiescent con-
dition, is passing current through the primary
of the differentiating pulse transformer (T1) in
its anode circuit. On receiving a negative pulse
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3.4 The time-base delay

The time-base delay consists of a cou-
ventional Plutinastron (Ref. 2) which is ** anode
triggered ” by a negative pulse from a
secondary winding on the pulse trausformer
(T1). A necgative, delayed pulse to trigeer the
time-base gencrator is obtained by differen-

tiating the screen waveform of V1. The time-
base delay is brought into operaticn by SW2/B.
Three ranges of delay are provided by switching
(SW2/A) the anode-to-grid condensers, and fine
adjustment of the delay is obtained by con-
trolling (by means of RV1) the vollage at which
the anode run-down commences.

4. THE VIHNE-BASE CIRCUIT-TIME-

4,1 Relerence should be made to the
simplificd circuit diagram, Fig §, and to ihe
complete cirewit diagram, Fig, 8. .

4.2 The timce-base generator uses the boot-
strap principle (Ref. 1). V14 produces an
approximately constant current to charge the
tune-base range condensers (C23 to C26), and
they are discharged by V13 which functions as
a switch. The double triode (V10) is connected
as an Lceles-Jordan trigger circuit and is used
to control the switch valve (V13).

In the absence of a trigger signal, the left-

hand grid of V10 is at carth potential; there-
fore, the right-hand triode (V10) is not

conducting, and its anode is at approximatcly
HT potential, This anode is D.C. coupled by a
resistance potentiometer to the grid of the

CASE GENERATGR

switch valve (V13), and in the quiescent con-
dition V13 is conducting and the time-base
range condenser is discharged. The grid of the
bootstrap valve (V14) is prevented from falling
below earth potential by a diode (V12), and the
magnitude of the cathode current can be
controlled by the variable resistor (RV2) which
provides a fine velocity contrel for the time-
base generator.

On injecting a trigger signal, a negative
pulse is fed into the left-hand grid of the
Eccles-Jordan circuit (V10) via a diode (V7),
causing it to change over so that the left-hand
valve 1s cut off and the right-hand valve
conducting. This change of state drives the
grid of the switch valve (V13) negative, and the
constant current produced by the bootstrap
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valve (Vi4) flows into the time-basc condenser,
resuiting 1n a linear voltage rise at the cathode
of VI4 which is fed to the X2 plate of the
cathode ray tube.

The fiy-back is initiated by feeding the X2
wavelorin via a resistance potentiometer (R48
and R49) through a diode (V7) to the left-hand
grid of the Eccles-Jordan circuit. The voltage
at the cathode of V14 continues to risc lincarly
until the voltage at the junction of R48 and
R49 rcaches a potential such that the left-hand
triode of VIO begins to pass current again.
This causes the Eccles-Jordan circuit to be

triggered back to its original state, the switch
valve conducts, and the time-base cosidenser is
discharged. The time-base generalor 1s now
back in the quiescent condition ready to be
retriggered by the next input trigger pulse.

A paraphase version of the X2 waveform is
obtained from a unity-gain anode follower
(V16) enabling the X plates of the cathode ray
tube to be fed in push-pull. X-shift is intro-
duced by controlling the D.C. current fed into
the * virtual earth ” of the paraphase amplifier
(V16) by means of the variable resistor RV4,

5. TIME CALIBRATOR

CD 568 only

5.1 Reference shoutd be made to the simpli-
fied circuit diagram, Fig. 6, and the complete
circuit diagram, Fig. 8.

5.2 The calibrator consists of a triode (V20)
with a parallel-tuned circuit in the cathode.
In the quicscent state, the grid is at earth and
the cathode resistor (R76) is chosen so that a
current of approximately 5 mA flows through

the tuned circuit. The grid of the calibrator is -

driven negative for the duration of the time-
base sweep by a rectangular waveform, fed .
from - the right-hand anode of the Eccles-
Jordan circuit. During this time the energy
stored in the cathode tuned circuit produces a
damped sinusoidal oscillation at the resonant -
frequency of the tuned circuit, which is fed into
the Y-plate amplifier via switch SW6/C. Three
calibration frequencies are provided by switch-
ing the tuned circuit in the cathode.
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i J ]
-10%v -
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FIG. 6.
SIMPLIFIED CIRCUIT DIAGRAM. CALIBRATOR
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CD 518 only

5.3. To micasure the interval between a phe-
nomena occurring during the thue base delay
period and a phenomena o the trace, markers
must be generaled from the occurrence of the
trigger phenomena unti! the cnd of the time-
base sweep.  The marker oscithitor must be
stopped during the time-base flyback, in order
to synchronise the markers to the oscilloscope
trace, A block diagram of the time-base and
marker generator system is given in Fig. 10; the
block capital letters refer to the waveforms
given in Fig. I, circuit compounents are desig-
nated in accoidance with the CD 518 circuit
diagram (Drawiug No. DC 518).
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5.4 Marker Generator and Damping
Cathode Follower (V32-12AT7)

Haif of a 12AT7 valve (V32A) is employed
in a conventional tuned grid Class C oscillator
circuit. Tuning is achieved by L8, C72 on the
10uSec. position, and by L6, C71 on the 1uSec.
and I Mc/s ~ positions. When the time mar-

ker switch is set to | Mc/s ~, the oscillator -

tank circuit is coupled via C84 to the Y-amp-
lifier mput, and C85 (39pF) is disconnected
from the tank circuit to compensate for the Y-
amplifier input capacitor. The oscillator can
be tuned approximately 4 109 of its nominal

frequency, by the adjustment of the cores of
L6 and L8. The grid coupling capacitors C73,
C74, are sclected by a switch SW6D, to reduce
the build-up time of the oscillator to a mini-
mum, whie maintaining Class C operation.

The left-hand section of V32 operates as a
cathode foltower, which is connected across the
tuned circuit to quench the osciliator during
the resting and flyback periods of the time
base.

In order to synchronise the markers to the
cathode ray tube trace, the valve is switched on
and off by the waveform from the Schmidt
trigger (V31).

5.5 Time-Marker Amplifier
(V20A-L12ATY)

The time markers which are developed across
R135 (4702) in the cathode of the osciltator are
applied to the grid of V20A. This stage, which
operates as a Class A ampilifier, also inverts the
markers before they are injected into the Y-
amplificr puraphase stage, via blocking capac-
itor C77, video coupling components R138,
C78, and switch SW6E,

5.6 Oscillator Gate (V3|-12AT7)

During the resting and {ly back periods of
the time base, the Schmidt trigger (V3]) is in
a condition wherc the anode current of the left-
hand section of V31 is cut off. The potential
at the grid of the damping cathode follower
(V31B) is such that this valve conducts, placing
a low impedance across the oscillator tank
circuit. ‘

When a trigger pulse is applied to the oscil-
loscope, the negative differential of the output
waveform of the trigger amplifier (V2) cuts off
the right-hand section of V31, thus reversing
the state of the Schmidt trigger. The grid coup-
ling network of the damping cathode follower
is between the output of V31 and the —105V
rail. This, plus the reversal of the trigger, is
sufficient to cut off the damping cathode (ol-
tower, allowing the marker gencrator to oscil-
late. Oscillation wontinues unti the Eccles
Jordan valve (V10) is reset by the time base,
when the positive diffcrential of the sweep gate
returns the Schmidt trigger to its original
state.

The diodes V29 and V30 suppress the neg-
ative differential of the sweep gate and the
positive differential of the trigger wavetorim
respectively. Resistors R119, R124 and R129
limit the potential variations caused by the
build-up of tolerances.
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6. H.T. POW

6.1 Refererice should be made to the
simplificd circuit diagram, Fig. 7, and to the
complete circuit diagram, Fig. 8.

6.2 The Oscilloscope circuits require a
stable --105v ncgative HT line, to simplify the
circuit design and to obtain rcliable operation,
but are not critical with regard to the HT
pesitive lines,

The main HT supply is unstabilised and
consists of a common 400-0-400v r.m.s.
secondary winding on the mains transformer
(T2) supplying two separate full-wave recti-
fiers (V27 and V17). Each rectifier has its own
condenser input filter, thus providing two
HT lines. The time-base circuit, which takes a

ER SUPPLIES

fluctuating current and modulates the time-
base HT line, especially when the time-base is
operating at or near minimum velocity, is
supplied from one HT line, and the Y-plate
amplificr, which takes a steady current, is
supplied from the other HT line. The steady
current taken by the amplifier passes through a
105v neon (V26), the positive clecirode of which
is earthed, thus providing a stable —I05v line.
A stable and smooth HT supply for the
screen of the input cathode follower (V21) is
provided by a shunt stabilising valve (V20),
The Oscilloscope will work satisfactorily on
mains voltages which are + 109 of the
nominal 50 c.p.s./ 230v r.m.s. input.
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FIG. 7 _SIMPLIFIED CIRCUIT DIAGRAM

HY POWER SUPPLY

7. MECHAKRICAL CONSTRUCTIOR

The mechanical design of the Oscilloscope
was undertaken by Mr. E. N. Shaw. As a
‘result of Mr. Shaw’s work, the accessibility of
the components is very good and his careful
attention to heat distribution has resulted in a
reliable instrument.  The principles and
mcthods of construction used will be the
subject of a future T.R.E. Memorandum.

8. REFERERCES

I. M.LT. Radiation Laboratory, Volume
19, ** Waveforms,” Sec. 7, 8, p. 270.

2. Jourpal LE.E., Vol 93', Part ITIIA, No. 7,
1946. * Ranging circuits, lincar time-
base generators and associated ¢ircuits.”

- F.C.Williamsand N. F. Moody, p. 1193,
para. 5.1,
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SETTING UP AND TEST PROCEDURE

List of test equipment required.

Variable voltage transiormer e.g. Variac
Multi-range meter e.g. Avo Model 8
Square-wave generator . €. g, Cintel

Sub-standard d.c, Voltmeter
(better than +1%)

D.C. power supply (variable voltage) e.g. Solartron SRS1538 (C'T337)

Test oscilloscope e.g. Solartron CD513

Test oscillator 20 ¢/s -
1 Mc/s 1%

Pulse generator PRF.
1 Ke/s -
1 Mc/s + 1%

Valve Voltmeter e, g. Marconi TF 428

Initial Setting Up.

Connect the instrument tothe supply main through the variac, Set the mains voltage selector
on the instrument under test to 230V, and set the supply to the same voltage +1%, Switch SW9 to
L.T. and allow one minute for the valve heaters to warm up, then switch to H.T. Adjust the 'focus’

and 'brilliance' controls to obtain a spot of minimum size at the lowest working brilliance, Exces-
sive brilliance will give an enlarged spot, which results in loss of accuracy of measurement,

H.T. Rail Voltages,

Connect the avometer across C35 and check that the reading is between 410 and 460 volts. -
Measure the voltage across €63, which should be between 385 and 415 volts,

'Y' Amplifier D. C. Levels.

Set the controls as follows:-

Trigger switch (SW1) - AC,

Time base velocity (SW3)

1
—

Time base velocity (RV2)

Fully clockwise.

The time-base should now tree run, Check that the trace is horizontal and, if necessary,
rotate the tube to align the trace with the graticule,
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Cunneet the "Y' input terminal (TL2) to earth, ® Set the 'gain’ switch (SW/3) to '30V #.5."
and cdjust the 'Y' shift control (kV10) to bring the trace on tothe horizontal graticule line. Sot
the 'guin' to 'tV F.S.' and adjust the d. c. level preset potentiometer (RV7) to return the trace to
itsoriginul position, Repeatfrom x untilihere is no trace dispiacement when the 'gain' is changed
from '30V F.S,'to '1V F.8."

Time-Bas: Delay Check.

Set the controls as follows:~

Time-base delay (5W2) -  Off

Trigger switch (SW1) - +or -

Connect an output from the square-wave generator to a trigger input socket or plug, at 5Kc/s.
Select in turn all posiiions of the tirne-base delay switch (SW2), The time-base should trigger in
all positions.

Remove the trigger signal, and, with the trigger switch at '+ or -', check that the time-base
does not free run in any position of the time-base velocity controls. Switch SW1 to 'a.c.’ and
check that the time-base does not run at uny other speed than that of the internal oscillator in any
position ol the time-base velocity controls,

"Y' Amplifier A, C. Set Up.

Set the Cintel generator to deliver a 50/50 mark/space ratio square-wave at 5 Ke/s. Con-
nect the square-wave to one 'Y' input and one trigger input. Set the 'input selecior' (SW5) to the
correct'Y'input. Connect an 8 pFd paper capacitor from the junction of R104/R8106 to earth. Set
the 'gain' switch to '30V F. S,

Set the input signal amplitude to about 15V peak-to-peak and adjust the time-base velocity to
display about 5 cycles of the waveform. Adjust C51togive anaccurate replica of the input waveform.

mac S ]

I 51 TOC
DEAL C51 TOO SMALL S TOO LARGE

Disconnect the 8 pFd capacitor and adjust C59 for the best square-wave. Vary the input
amplitude and set the 'gain' switch as shown in the table, Adjust the relevant capacitor for the
best square-wave.

Input Amplitude Gain Switch Capacitor
Volts
5 10V F. S, Cs2
1.5 3VF.S ChH4
0.5 1V F.S. C56
50 100V F. 8. C45

Max (up to 250V) 500V ¥, 8, C44
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'Y' Shift Sot Up.
SwilchSW3to 'L, T." and adjust the mechanical zero of the meter in the oscilloscope on test,

Switeh SW9 to 'H, T.', setthe 'gain' (SW8) to '30V F. S.', the input signal (SW7) to 'd.c.*, the
time-base velocity (SW3) to '1', and the irigger selector (SW1) to 'a.c.' )

Connect the 'Y' input to earth and adjust 'Y' shift (RV10) to brin: ‘he trace to the horizontal
lineonthe graticule., Remove the earth from the 'Y' input. Connect +30V d.c. *1% to the selected
'Y' input socket., The trace will move in a 'Y' direction up the screen. Use the 'Y' shift control
toreturnthetrace to the centre line, and check that the meter reads to the left, Adjust the presc:
meter sensitivity control (IkV9) to obtain full scale deflection. Reverse the polarity of the input
signal, ardcheck that when the trice is re-centred by the 'Y' shift control the meter reads F.S, D,
+3% to the right,

Select the other settings of the 'gain' control (SW8) in turn and, using a posiiive input only,
check the F.8.D. accuracy as above., The results should be as follows: -

Range D. C. Input Voltage Accuracy
v .S, +1V +8% F.S.
3V F.8.! +3V +5% F.8.
10V F.S8.! +10V 5% F.S.
'100V F. S, +100V +5% F. 8.
‘b00V F. 8. +600V : +5% F. S,

Switchthe 'gain' (SW8) to 100V F.S. Remove all inpat signals, turn the meter 'zero' control
(RV8) fully anti-clockwise, and adjust the 'Y' shift so that the meter reads 100V to the left. Turn
the meter 'zero' control {RV8) fully clockwise and check that the meter deflects towards the right,
with a total deflection betwecn 87 and 145 volts,

‘X' Shift Control Set Up.

Set the trigger switch (SW1) at '+ or -' and remove all trigger signals, Set the 'X' shift
control (RV3) to mid-traverse, and adjust RV4 so that the spot lies on, Or as near as possible {o,
the left-hand graticule line. Check that the 'X' shift control will move the spot at least 0.2''on
either side of the graticule line,

Time-Base Paraphase Amplifier.

Connect a trigger pulse of 5 Kc/s PRF to the trigger input. Set the time-base velocity (SW3)
to position4, and the 'fine' control (RV2) fully anti-clockwise. Connect the test oscilloscope from

X1 to earth to monitor the waveform, and adjust C27 to give an accurate replica of the X2 wave-
form, ‘

IDEAL ’ C27 TOO SMALL €27 TOO LARGE

NOTE: The range of the pre-set controls gives adequate coverage for component tolerance and,
with the exception of RV4, no pre-set control should be set up in its maximum or minimum
position.
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Time Markers (CD518 only)

Conuecl a 1 Mc/s 1% sine-wave signal into the 'Y' input and trigger sockets. Adjust the
amplitude to obtain a picture of approximately 4 cms, high and set the time-base velocity to a fairly
low specd to obtain a 'raster' effect.

Switch the time markers to 10 psec, and observe that ten lines dappear across the raster,
Adjust the core of L8/L9 until the 'Z' markers lie in a straight line. Remove the input signal, but
not the trigper, .

Set the time marker switch to the 1 Mc/s position and inject 1 Mc/s 1% bright--up markers
tothe 'Z' input. Adjustthe core of L6/L7 until the bright-up markers lie in a straight line. Remove
the bright-up signal,

Set the time moarker switch to the 1 psec position; adjust the T. B. velocity controls and the
'X' shift conirol, to line up one marker with each graticule division. Switch the time markers
back to the 1 Mc/s position and adjust the 'X' shift to align a sine-wave with the leit-hand edge of
tbe graticule. Check thatthe 10th cycle is no more than 0,1 of a division displaced from the right-
hand edgc,

Set the 'Y 'gain’ controlto '1V' and the time markers to '1 Mc/s'. The vertical picture height
should fill the graticule. Check that the amplitude of the marker pulses is 2mim,

Calibratior Coils (CD568)

Connect a pulse to the trigger input and 'Z' input of the oscilloscope. Select in turn"1, 0.1,
and 0,01" on SW6, adjusting the PRF of the pulse generator to "1 Mc/s, 100 Ke/s, and 10 Ke/s"
(£1%) respectively, Adjust L3, L2 and Ll so that the bright-up marker occurs on the same part
of each successive cycle. .

Residual Hum and Noise. ‘
Connect the 'Y' input to earth and set the 'Y" sensitivity to '1V F.S8.'. Check that the time

base isnot running. Use the valve voltmeter to measure the noise between the chassis and the 'Y’
plates. The residual hum and noise should not exceed 200 mV.

Frequency Response,

Connect a 5 Ke/s square-wave to the signal and trigger input sockets, and adjust the time
base velocity to display about 5 cycles across the screen. Set the'range' control as shown below
and inject the relevant signul amplitude. Check that the oscilloscope displays a replica of the input
waveform, free from overshoot and droop.

NOTE: Somc slight rounding of corners may be noticable on the 1V range.

'Y' Sensitivity : iv v v 10v 30V 100V 500V
maximum
Input Voltage : 0.5v 2V SV 20V 50V available
up to 300V
Linearity

Select '30V F.S.' 'Y' sensitivity and centre the trace on the gralicule. Conncct a 5 Ke/s
square-wave on 10V amplitude to the 'Y and trigger input sockets and measure tie signal amplitude
usingthe 'Y' shift meter. Add 30V d.c. to the input signal through a 10KQ resistor and re-centre
the trace. Measure the square-wave amplitude with the 'Y' shift rieter, and check that the reading
is within +5% of that obtained without the d. c, applied,
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Gain.
SINE WAVE OSCILLOSCOPE
e ATTENUATOR UNDER
QSCILLATOR . ; TEST

vi' olp

O\C

TR 428
VV. METER

Conncct the instrument under test into the circuit shown above so that the valve voltmeter
(TF428)monitors either the input to the attenuator, or the signal to the Y1 (paraphase) plate, Set the
oscillatortodcliver 5V R. M. 8. at 10 Kc¢/s. On the 'Y' sensitivity settings listed below, adjust the
attenuator until the input and output readings are the same. The attenuator setting then gives the
amplifier gain,

'Y' Sensitivity : 1V F.5. 3V F. S. 10V F, S, 30V F. 8.

Attenuator : 27.7 - 32.1db 21.2 - 24, 1db 12,2 - 14, 2db 3.1 -4,8db

Seleet the 100V range and then the 500V range, in each case with the attenuator set to zero.
Adjust the oscillator to give an output of 0,5V at the Y1 plate, and then switch to the '30V F. S.

range and adjust the attenuator reading to return the output to 0, 5V at the Y1 plate. The attenuator
readings should be:-

'Y' Sensitivity : 100V F.S. 500V F. 5.
Attenuator : 10.2 - 10.8db 24.1 - 24,8 db
Bandwidth,
VIDEO OSCILLOSCOPE v olp VALVE
% UNDER > VOLTMETER
osc. TEST TF. 428

Connect the instrument under test into the circuit shown above, and set the oscillatorto
deliver 10 Kc/s at an amplitude which gives a Y1 output reading of 1 volt. Increase the signal in-

putby 3db and the oscillator frequency until the Y1 output is again 1 volt. The bandwidths obtained
should be as follows: -

'Y' Sensitivity : 1V F.S. 3VF.S. 10V F.S. 30V F. 8.

Bandwidth : T50Ke/s 1. 5Mc/s 3Mc/s 5Mc/s




Solartron CD518 & CD568 Oscilloscope PAGE 14 OF 28

Minimum Time Base Delay,

Comnect a 10 psee pulse of approximately 10 Ke/s PRT (o the trigger and "Y' input socluets,
Use the calibrator (o set the sweep time to 10 psec for the width of the graticule, Switch the tripger
delay 'ofi' and observe that the trailing ed ge of the pulse is visible on the right-hand side of the
tube, Sct the trigger delay (SW2) to '100 wsec' and the fine delay (RV1) fully anti- gluckwm, The
“time displacement of the trailing edge of the pulse should not exceed 7 psec.

; Use the same technique with longer pulses and slower PRFs to check that the minimum 'del'ay
is less thon 70 psec on the 1 m.sec range, and 700 psec on the 10 m.sec range.

Maximuimn Time-Base Dcelay.

Triggerthe timesbase from the test oseillator, set to deliver about 10V of signal at 10 Ke/s,
Set the dolay (SW2) o 'off' and adjust the time-base to display one cycle of the trigger wavelorin,
Adjust fhe X' shift ('V3) so that the trailing edpge of the trace crosses the horizontal graticule
line at a4 convenicnt inteisection with a vertical marking.

Set the 'ine delay' {(RV1) to minimum, and the 'delay' {SW2) {o 100 psec, Rotate the fine
delay {RV 1) cluckwise and note that the waveform moves to the left, across the screen. When RV1
is fully clockwise the trace will have moved approximately one cycie. Adjusl the oscillator {re-
queney until there is no apparent displacement when the 'delay' (SW2) is switched from 'off' to
100 psee., The period of one eycle is now equal to the delay and should lay within the limits 96 usec -
144 psece (10.4 Ke/s - 6.95 Ke/s).

Repeat the testonthe 1 m.sec range and 10.m, sec range , starting with initial frequencies of
1 Ke/s and 100 ¢/s respectively. The delay period and frequency should lay within the following

limits:-
1 m.sec 0. 85 m.sec - 1. 55 m.sec (645 ¢/s - 1,175 Ke/s)
10 m, sec 8.5 m.sec - 15,5 m.sec (64.5 ¢/s - 118 Kc/s)

Marker Synchronisation (CD518 only),

Connect a 5 usec pulse at 1 Ke/s PRF to the 'Y' and trigger inputs. Adjust the time-base
conirolsforalb psec sweep, Setf the delay (SW2) to 100 usec, with the 'fine' delay (RV1) fully anti-
clockwise, and select the 1 psec time markers (SW6). Turn the 'fine'delay slowly clockwise and
note thatthe marker pulses move smoothly past a fixed point and can be counted, Use the variable
voltage transformer to vary the supply voltage +8% about nominal, and check that the markers re-
main locked to the trace.

Triggering Check (CD568 and CD518 only).

Sctthe 'coarsc' velocity control (SW3) to position 2 and connect a 10 Kc/s sine-wave into the
'Y' and trigger inputs, Check that the time-base remains properly synchronised as RV2 is varied,
to display from 10 to 50 ¢ycles of the input waveform.

Jitter,

Set the pulse generator to deliver & pulse at a PRF of 1.2 Ke/s and conuect this pulse to the
"Y' and trigger inputs. Use the calibrator to adjust the time-base velocity for a 5 psec sweop
across the graticule. Set the 'coarse’ delay to 1 m.sec, and the '{ine' delay (RV1) to minimum.

Use the 'fine' control (RV1)-to increase the trigger.delay until the leading edge of the pulse
appears atthe end of the time-base. The delay now equais one cycele «f the trigger input. Observe
the leadinyg edge of the pulse, and check that the jitter on it is less Jhan 0, 83 psec.
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Time-Base Velocity

Set the controls of the cscilloscope as follows:-

Time-base 'course’ (SW3) To position '1'

Time-base 'fine' (RV2) To minimum velocity {fully anti-clockwise)
Bolarity selector  {SW1) _ To 'A.C.' 3

Time-base delay {SW2) to 'OFF'

Connect the test oscillator to the "Y' and triggor inputs, and note that between 1 and 3 cyeles
of the input wavelorm are displayed. (Sweep lime 50 m sec - 150 m sec).

Set the time-base ‘fine' velocity .fully clockwise and adjust the input frequency so thatone
cyele of tbe input waveiorm is displayed. * Set RV2 fully anti-clockwise and switch SW3 to pos-
ition 2, Moresthan one cycle should be displayed, Turn RV2 fully clockwise and re-adjust the in-
put frequency to display one cycle, Repeat from * with 8W3 set to range 3 and range 4,

With 8W3 on range 4, turn RV2 {ully-clockwise and adjust the input frequency fo 1G Ke/s.
Set the calibrator SW6 to 'l Mc/s', and count the number of cyeles of calibrating waveform laying
between the limits of the graticule,

Tuzn SW3 to runge b and set RV2 fully artx clockwme. The time-base should display more
cycles of valibrating waveform than befora.

Turn RV2 clockwise until the second half-cycle of the calibrating waveform occupies 1" of
trace, corresponding to a velocity of 2" per psec,

Signal Delay.

Connect a 100 Ke/s sguare-wave to the 'Y' and trigpger inpuls and, with the trigger delay
'Off", adjust the tirne base controls todisplay one positive half-cycle. Switch the signsl delay (SWT)
to ‘delay' ard cbserve thut the whole of the leading edge of the waveform is vmmle on the screen.

Conruet a fast rising pulse of 20V peak amplitude at 10 Kc/s PRF to the trigger and 'Y" in-
puis, Seline gein (SW&) to '30V F. 8.7, and the delay (SW7) to 'A. C.' With no trigger delay, sot
lhe time-base velocity for a sweep time of 1 usec, Turn the signal delay (SW7) to 'delay' and
observe that the whole of the leading edge of the pulse is visible. Note that the signal umplitude has
fallen to botwem (.4 and 0,6 of its original value, Theamplitude of breakthrough of undelayed
pulse must bi less than 10% of the delayed amplitude.

Spot Size awd Brilliance,

Conneet a 10 Ke/s signal to the 'Y and trigger inpuls and adjust the time base controls to
display 6 cyules across the 2" graticule, Increase the input frequency to 250 Ke/s and adjust the
brilliance and {ocug controls so that the picture is clearly rvesolved,
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Time-Base Trigger Sensitivity,

Connect the output of the square~wave generator to the 'Y' and trigger inputs, and setthe
frecuency to ‘20 ¢/s'. Set the ‘coarse' delay (SW2) to 'ofi' and the trigger polarity (SW1) ta "+,
Adjust the time-base velocity to display one cycle of the input waveform. Reduce the input voliage
to zero, and then increase it until the time-base triggers: the signal amplitude should be less than

1V peak-to-peak.

Repeat the above test with the input frequency, trigger polarity, and 'coarse' &elay, sel as
taoulated, The 'fine' delay (RV1) should be ser to minimum,

Trigger Frequency Polarity {(SW1}
20 ¢/s s
Pt
!+I
t_1
10 Ke/s IS
L)
l!+!

-

Delay (SW2)

'Qff*
'Off!
100uS
100p8

'Off!
'Off
100uS
16048

Trigger Amplitude

With conditions as in the first line of the preceding table, adjvust the focus and brilliance for
a fine trace, Measure the trace length, which sheuld be between 2 and 2. 75",

Time-Base Trigger Sensitivity (Sine-Wave),

With no inpul signals, set the polarity selector (SW1) to 'A, C."' and the 'coarse' delay (SW2)

of 'off'. The lime-base should free run at approximately 20 ¢/s.

Adjust the time-base velocity to give a sweep time of 1 m.sec across the graticule, using the
calibrator. Comnect a 1 Ke/s signal to the 'Y' und trigger inputa. Setthe oscillator amplitude to
zere and slowly increase it until the trace triggers, clearly displaying one cycle of the trigger

waveform, The signal amplitude should be less than 15V peak-to-peak.
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SYMPTOM

Complete failure.

No spot or trice on the Cathode Ray
Tube with the valve heaters lit.

No time base under any operating con-
ditions.

No signal at pin 1 of V5.

No sigaal at V10 grid pin 7.

Short time basc on the left hand side
of the screen,

No time base on all delay switch posi-
tions.

No time base on any one delay switch
pusition.

No *“ Y™ presentation on the screen
with vertical shitt normal and the trace
centred.

No “Y " presentation on delay posi-
tion.

FAULT LOCATICON CHART
POSSIBLE CAUSE

Fuse open circuit. o
T3 primary winding open circuit,

No ncgative high tension.
No extra high tension from V28,

Fault in the * Y * system V21, V22, V23,
V24, V25,

Fault in the * X " systein V13, V14.

No trigger V2, V5, T1, V7, Vi0, VI3, Vi4.
C27 short circuit.

V2 or circuitry.

V5; V7; TI, or circuitry.

V16 or circuitry.

R24 open circuit.
C8 short circuit.
V1, V3; T, or circuitry.

Ce, C10, C7.
SW2/A; SW2/B.

SW4. switched to external position.
“Y™ .input attenuator switching €59
short circuit.

Delay open circuit.
R86 open circuit.
CS0 open circuit.
SW17/B; SW7/c,

REMEDY

Change the fuse.
Check the continuity of T3. Check the
wiring from the mains input sucket 1o

Check the negative voltage rail (--105
volts). )
Check the extra high tension from V28
to the cathode ray tube.

Measure the D.C. voltage at Pin 2 of V22
and V25, These should balince at
approximately 135 volts to centralise the
trace. If this condition is not correct
there is a fault in the Y™ ampliticr
circuit.

Switch to ** Y " delay. If the trace returns
to the screen the fault is in V21 or jts
circuitry,

Operate the Y " shift control. If the
trace is just appurent at the top of the
screen then the V24 circuit is faulty.

If the trace appears at the bottom of the
screen then V25 circuit is faulty.

If the “ Y ™ shift control is inoperative
the V22 or V23 cireuit is faulty.

Change the valves or other components
which are faulty.

Monitor the sweep waveform at Pin 2 of
Vi4. If there is no sweep waveform the
fault is in V13, V14 circuit,

Change the valves or other fuulty com-
ponents,

If there is no spot on the screen with the
brilliance control turned to maximum
the fault is probably in V13 V14 circuit
as foregone. If the spot is visible on the
left of the screen, switch to AC trigger
and montior the output from V2 on
pin 1 of VS. Refer to the circuit divgram
in the handbook for correct waveshape.

If the input waveform to VS is correct,
monitor the input waveform on V10
pin 7. If this is correct, measure ihc
voltage at pin 1 of V10. If this is high
then VIO circuit is faulty, Check C27
for short circuit.

Change V2. Check the circuit potentials
and components. Change faully com-
ponents.

Change V5; V7.
Check the continuity of T1 windings.
Check the suppressor cut-off on V5,

Change V16, Check the circuitry.
Change the faulty component.

Check the circuit voltages.

Change the valves.

Change any other faulty component.

Check the relevant capacitor for the
faulty range. Checck the switch contacts
and wiring on the faulty 1ange switch
position.

Turn switch 4 to Internal position, (SW4
is focated at the reur of the unit.)

Check the “ Y " input attenuator and
switching. )

Check C59 for short circuit.

Measure the continuity of the delay line.
Check R86 and C50.
Chueek the switch contacts and wiring,
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SYMPTOM

Y 7 sensitivity high on any onc range
or poor response to square wave signal,

No Y™ presentation or reduced
amplitude on any one sensitivily range.

No calibiation at any position of SW6.
CD568 unly.

No calibration on any one range.
CD5S68 only.

No calibration.
CD 518 onlv.

Uncontrotlable excessive brilliance.

POSSIBLE CAUSE

C44; 45, 51; 54; 56; 52 either short cir-
cuit or wrongly adjusted.

SWB/ACIL. or F.

R70; 73; 91; 75 on 500-volt range.
R72; 75; 91 on 100-volt range.
R69; 91 on 30-volt range.

R69; 92 on 10-volt range.

RG6Y9; 93 on 3-volt range.

R69; 94 on 1-volt range.

V20; V6 or circuitry.

Relevant capacitor or coil for the faulty
range.

V31; V32 or circuitry.

Vi8; V19,

REMEDY

Check the rclevant ecapacitor for the
faulty range and change if necessary.
Re-adjust capacitors for best square wave
response at 10 Kc/s.

For poor square wave response on all
ranges first adjust C57 and C59 on the
30-volt range. .

If unit is faulty on 30 volts; 100 vols
and 500-volt runges, check Ryl.

If unit is faulty on 30 volt; 10-volt; 3-volt
and 1-volt 1anges, check Roy.

If unit is faulty on only one range, check
the relevant resistors for the fuulty range
from the list in the * possible cause ™
column,

Change valve V20.
Change crystal V6.
Check the circuit voltages.
Change faulty components.

Check the relevant capacitor and coil.
Change if nccessary.

Change the valves. :
Check the circuit voltages and trigger-
ing waveforms.

Change auy other faulty component, «

Change valves.

TYPICAL D.C. VOLTAGES AT VALVE ELECTRODES

These DO voltayes are provided for guidance only during fault finding and should not be taken as mandatory

FreTIents.,
curdition -—

Yalve Pin Mo,
Vi ;
. 2
- 7
" 6
- 5
N2 2

Time Base Coarse

Trigger... Switched to A.C.
“Y " Input Switched to A.C.
Sensitivity 30 Volts.
Calitration Switch ... OFF.
vigger Delay OFF.
Voltage Meter Range
-84 100
—83 160
+5 25
—1{10 250
+ 415 250
Virtual —

rhith

Switched to Position 1.

All measurements were taken with a Model 8 Avometer and with the oscilloscope in the following

Remarks

Variable with fine delay.

- 95 with delay IN.
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NOTES
1 ALL CAPACITOR VALUES ARE '
UNLESS OTHERWISE STATED.

3 —F INDICATES DIRECTION ©
ROTATION QF CONTROL KNOB
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