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GENERAL DESCRIPTION

CATHODE RAY TUBE

The 3" flat faced tube operates at 1,400 Volts, giving an oxtremely
bright fine trace over the whole of the working area (5ems x Sems). A Pl phosphor
iz normally supplied but 2 long persistonce btube is available if specified.

A green filter improves the contrast under oconditioms of high embient
light.

VERTICAL -DEFLECTION AMPLIFIER

_ The four-stago, balanced, D.C., couplad amplifior drives the deflector
platos through output cathode~follawers., The amplifier is compensated for optimum
pulse response with no overshoot and has a bandpass of 6 Me/s (~-3dB-), The risc
time is about .06 usec.

The nine-position input atbtemator is frequency compensated and gives
seusitivities of 100mV, 500mv, 1V, 2V, 5V, 10V, 20V & 50V per ceubimeter.

The pre~set gain control stendardises the sensitivity against an
1nterna11y_genorated 1 volt p.p. squarewave,

The input impedance is 1 Megohm, shunted by about 30pf.

VOLTAGE CALIBRLTOR

4 1 volt p.p. squarewave, stabilised against line voltage veriations is
available at a connector of the front panel.

SWEEP CIRCUIT

The sweep generator is a Willer run~down cireuit giving excellent linearity.
Eighteen pre-set sweep speeds are provided, from lsec per cm, down to .5 sec per
om, in 1, 2, 5, 10 ete, multiplos. Slower speeds, down to about 3 seconds can
be obtained by adjusting the SET SFEED control to the bottom end of its range.

HORIZONTAL AMPLIFIER

The X GAIW ocontrol expands the trace to over 10 diameters and suffioient

shift is provided to enable any part of the expanded trace to be positioned
centrally on the screen,

TRACE UNBLANKING

DeCe coupling of the unblanking wavefornm gives wniform trace brightness
at all sweep speeds.

TRIGGERING

Two modes of triggering ere provided: .
l. AUTO. On this setbing the sweep free runs at a slow speed inm the
absence of an input signal, but will be triggered automatically as soon es an
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TRIGGERING (contimied)
input signal is applied. This mode of operation can be used for 0% of all
noynil laboratory uses,

24 TRIGGER LEVE], SELECTION. Vith the AUPO switeh OFF the Trigger
level Control allows the sweep to be triggered at any point on the input
wavel orm.

T.V. SYNG SEPARATCR

The built-in IV symc soporator triggers the sweep from the Line or
Fraeme pulses of a composits Television waveforn,

RBAR -CONNECTORS

Connectors on the rear panel provide acoess to the Horizontal Amplifier,
intensity modulation of the beam and the sweep cubtput waveform,

COOLING

The S31 is cooled by conveetion. Air enters the bottom of the oase and
iz drawn up past the tubes and other hot components which are =1l located on
the left hand side of the ohassis, passing out through the slots at the top.
Do not obstruot the air flow in any woy. Do not put anything on bop of the
instrument and make sure that there is an sir space undernsath.
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FIRST TIME OPERATION

Unless you are familiar with this type of sweep gensrator follow
these simple instructions carefully and then runm through the procedure a
few times to feel thoroughly at home with the instrument before putting it
into use.

Set the front panel controls as follows:

INFUT SWITCH D.C.

YOLTS /Cu 5

FOCUS ¥id position

ASTIG Kid position

Y SHIFT Mid position

BRILLIANCE Fully anti-clockwise

X GAIN Fully anti-clockwise

X SHIFT lild position

STABILITY Pully olockwise

TRIGGER LEVEL Anti-clockwise o position just
before switch operates.

T, /Cle 1 ms

MULTIPLIER 20

SYHC. SELECTOR + Vo

Switch on and allow a few minutes for the instrument to weym Upe
Now advance the brilliance control until a trace appears and position the
trace in the centre of the screen Ly means of the X and Y SHIFT controls,
Adjust the ASTIG and FOCUS conbrols for a elean sharp trace,

Now bacik off the STABILITY control wntil the sweep Jjust fails %o
fres run, This is the normal position of the STABILITY control and onee it
is sot it should not reguire any roadjustment except at the wery highest
swoep speeds. The instrument is now roeady for use,

You will find that if the TRIGGER LEVEL control is turred fully
anti-~clockwise to operate the AUTO sritch, the trace will reappear. In
this condition the instrument is ready to accept almost any input vaveform
end trigger automatically from ib, the only adjustments required are the
selection of the appropriate sweep speed and Y Semsitivity (VOLTS/Cif).
However, in order to use the S31 to bvest advatage the functisns of the
controls should be understood fully and the following procedure will
demonstrate their use, /

Return the TRIG LEVEL control to the position Jjust before the
Switch operates. There should now be no trace visible on the screen (there
may be a bright spot at the left-hand side of the scresn depending on the
precise setbing of the BRILLIANCE conbrol).

How jJoin & short connector between the CAL. post and the INPUT
sockets and rotate the TRIG. LEVEL control clockwise unbil the trace appears.
(If the sweep does not trigger it is because the STABILITY control has been
backed off t0o far). The Scope is now displeying the calibration voltage
vaveform which should be a squarevmve of 2 om, amplitude with one oycle
oceurring every em. You will find thot this is a very convenient waveform
for demonstrating the functions of the comtrols.
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POCUS AND ASTIG

You will find that by adjusting the FOCUS control either the
horizontal or vertical edges of the squarewave can be brought into foous, but
only if the ASTIG. control is in the oorreot position will it be possible to
foous the whole of the waveform similtaneously. Once the ASTIG. oontrol is
got it should reguire no further adjustment and & clean fine trace will be
obtained over the whole of the screen,

SWEEP CONTROLS
TIME /(6. AND MULTIPLIER

The salibration waveform is at supply line frequency so that when
operating on 50 o/5, 1 o/8 ocoupies 20 milliseconds. With the TIHE/CN. swibtch
sot to 1 millisecond and the MULTIPLIER to 20, the TIME BASE speed is 20 milliw
geaonds per ome 80 that 1 cycle should occupy 1 cme The SET SFEED oonbrol on

- the bottom of the fastrument is wsed to adjust the sweep speed on this calibration
waveform to give precisely 1 ecycle per cm. When using the 831 on a 60 eycle
supply, set the MULTIFLIER to the CAL. 60 o/s position. This standardises the
wholes of the time calibration of the instrument, all other ranges being direct
mltiples of this. Thus, if the MULTIPLIER is set to 10 (10 ms/eme ) 1 cyele

will oceupy 2 em. and similarly at 5 ms./em. 1 eyele will oceupy 4 om. and so on.

In every case the time ocalibration is obbained by multiplying the TIME/CH., by

the MULTIPLIER sebting.

You will see that the ranges overlap. For instance 20 ms. ocan be
obtained by 1 ms./om. mulbiplied by 20 or 10 ms/om. multiplied by 2, In gemeral
use the 10, 20 and 50 steps on the slow speeds and the 1, 2, and 5 steps on the
high speeds. The uncalibrated positions on the multiplier switch give speeds
approximately mid-vey between the calibrated positions,

For most purposes, however, when time calibration is not required, use
these controls to produce a picture of convenient size, the TTVE/CM., tho coarse
conbrol end the MULTIPLIER as the fine control,

If the instrument is oalibrated es above the slowest sweepn spesd
obtainable will be 500 ms/em. For special purposes youw may require to use speeds
glower than this and the range of the pre-set control has been extended in the
lower direction to allow for this. You will find thab with this control turned
to ibts minimwn position the slowest speed range is extended to about 2 seconds
per om, If the instrument is standardised against the inbernal calibration
waveform on the 5 ms./om. range and the pre-set control is adjusted to give
1 gycle per oms, all the time ranges are multiplied by & factor of four. On
the 60 ¢/s supplies set tho TIME/(M. switoh to 100 usecs. and the MULTIPLIER
to the CAL. 60 ¢/s position and adjust the pro-set control to give 1 oycle
L em, long, this gives a multiplying fastor of (5).

IRIG LEVEL

Set the MULTIPLIER as explained sbove to 5 ms./om. giving 1 oyele of
the squarewave 4 om. long, Now rotate the TRIG. LEVEL control and it will
be found that the starting point of the trace can be moved up and down the sloping
edge of the squarewave. If the conbrol is twrmed too far clockwise the trigger
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1RIG, LEVEL {continued)

point goes over the %top of the squarewave and the sweep stops. Similarly,
rotation too far anti~clockwise sets the point too low and the swespsgain
stops., It should now be appreciated that this conbtrol does not govern the
amplitude of the trigger signal but sets the precise point or level at which
the sweep triggers., Thus, by adjusting this control, the sweep oen be made
to trigger at any point on the inpubt waveform. ({Positive or negative cdges
ocan be selected on the TRIG. SELECTOR SWITCH), This facility is extremely
usoful when dealing with complex waveforms when a normal btype of sweep
generator will either not trigger at all or will double trigger amd produce a
mlbiple pattern. It is also useful as an amplitude discriminator emabling
the sweep to ignore small smplitude signals and only trigger when the input
voltage reaches a pre-deteymined value. You will find that adjusting the
swoop speed control does not alter the trigger point, the trace simply
expands from the given starting point. This will enable you ©0¢ exawine a
soction of the waveform in detail by setting the TRIG., LEVEL control to
trigger Jjust before the portion $0o be examined end expanding this portion

as reguired by tho sweep gpeed conbrol.

AUTO

On this setting no conbrol over the trigger level is available.
The sweep aubtomatically adjusts itself to trigger at approximabely
the mean level of the input waveform. You can use this setbting for
practically all applicabions involving repetitive weveforms of a
fairly simple nature and the sweep generabtor will trigger automabically
on signals between about 50 ¢/s and 1 M/ /ecs. provided the amplitude exceeds
about 2 mm,

In the AUTO position with no input signal the trace will become
progressively less hright as the sweep speed is inereassed, This is
normal since in thoe absence of a trigger signal the sweep free runs at
about 50 o/s whatever the setting of the speed control. As soon as
an input signal is applied the sweep will immediately synchronise
to it and the trace will revert to its full brightness,

TRIG SELECTOR

There are tvwelve positions on this selector switch. For most
purposes use the positive or negative normal positions depending on
the polarity of the input waveform.

The other four positions bring the internal Symec. Separator
into cirecuit for wse on IV waveforms enabling the sweep to be triggered
from the Line or Frame pulses independent of the picture content (the
+ ve IV positions refer to positive-going video signals, i.e, picture
+ ve sync. ~ v@ ). lhen triggering from a TV frame pulse, edjustment
of the TRIG. LEVEL control will determine which of the broad pulses
actually triggers the sweep,
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TRIG. SELECTOR (continued)

The Sync. Separator includes an integrating cirouit for the frame
pulse and this can be useful on occasions for frequency discrimination. For
instance an andio signal cembaining a large proportion of HF noise will trigger
better on the TV frame posibion, the integrator acting as a low pass filter.

For triggering from an external signal rotate the control lmob until
the ext, position is uppermost and comnect the signal into the external brigger
gooket.

Z-GATN AND X~SHIFT

With the X~GAIN control in the minimmm (enti-clockwise) position,
the tracoe will be approximately & om. long and the X-SHIFT control should be used
%o gentre this trace about the 5 an. ruled graticule. Inoreasing the X-GAIN
control exponds the trace about the centre of the sereen up to a maximum of just
over 10 soreen dismeters giving an effective trace length of 50 cm, and the X-SHIFT
econtrol} is then used to position the required portion of this trace on tho screen.

It should be noted that the time calibration only holds good at the
minimwn setbing of the X-GAIN sontrol. It you vent to measure time intervals at
sny other setting the speed must be standardised ab this setting by names of the
internal dalidbration waveform, For instance, if the X-GAIN control is irncreased
so that 1 cycle of the calibration waveform occupies 5 cm. then the gain is
exactly five times on all ranges and provided the X~GAIN control is not tHouched
all sweep speeds will be multiplied by & factor of 5. Obviocusly you can have any
mltiplication factor-batween 1 and 10.

VOLTS PER CM.

This is & nineeposition switch which inserts a series of frequency
oompensated resistance dividers between the input socket and the Verticel
Amplifier, Normally this is used mercly %o obtain a picture of convenient
height, but if tho gain of tho Amplifier is standordised, direct readings of
{nput voltago can be made. For this purpose tho ocalibration woltage waveform
should be set by moans of the SET Y-GAIN pre-set conbtrol on the bottom of tho
instrument so that tho 1 volt squarewave occupies exactly 2 om., on the .5v/onm.
seale. The squarewave should be meesured between the flabs, All other ranges
are then direct reading in volts per anm.

D.0./A.C. SWITCH

On the A.C, position this switeh inserts a bleocking capacitor in series
with the input of the Vertical implifier removing the D.C. c¢mponent of the signal.
This is the oonditionm in which the S31 will normally be used unless it is
specifically required to include the D,C. component or to use the instrument on
very low freguency signals. The bime constant of the input circuit on the A.C.
position is such that the response is 3 dB dowm at 2 cycles, which, while
edequate for all normal purposes, moy limit the applieation in some instences.

For instance you will notice that on the 50 oyecle squoarewsve a pronounced tilt
ogeurs on the A.C. position. If 2 longer time constant is reguired, a higher
capacity externmal blocking capacitor mst be used with the input switch set o D.C.
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REAR CCNNECTORS

l.s BSweep output. A negative going saw-tooth waveform of approximately
25 volts amplitude is available at this connector and can be used for
instance, to drive an external circuit. This socket is D.C. coupled to
preserve the shape of the waveform at the lowest sweep speeds and in some
instances a blocking condenser may have to be used, The output waveform is
only linear when the X-GAIN control is set to the minimum position. At ell
other settings of the X-GAIN conbrol only the portion of the sew-tooth which
iz aotually on the sereen is linear. When using this waveform as a drive for
an external circuit it will usually be necessary to turn the STABILITY control
clockwise until the sweep fres-runs,

2ee X~Amp Input. This socket provides an access to the input of the
Horizontal Deflectiorn implifier and is suitable for signals between about 1 angd
25 volts p.p. The X-GAIK control gives about 2 10 to 1 varietion of gain, When
using the X-Amplifier the sweep can bve stopped by turning the STABILITY control
Pully anti-clockwise. The input inpedanco is about 500 X and the imput capaocity
zgout 100 pfs Tho {requency response is 3 dB dovm abt 5 ocycles and at about
0 KtC'S.

In tho above instructions the functions of controls have been explained
in some detail so that the engineer using the 5§31 may fully appreciate its
capacities and the method of function. There will, however, be a large mumber
of users who will not require all the facilities provided and to whom
simpliocity of operation is of major importance. The following simplified
Instruetions will suffice for most applications, in fact for any application
where the older typs of Oscilloscope could be used the following method will
provide much better results much more quickly and simply.

Set inpubt switeh to 4.C.
Switch on and allow a fev ninutes to warm up.

Turn STABILITY control fully olockwise and adjust BRILLIANCE and
FOCUS controls for = shorp trace.

Back off STUBILITY control until the TTME BiEstops. The STABILITY
control once set should not require any further adjustment,

The instrument is nov set for usec.

For most a2pplisations switch to iUTO, conneet input signal and adjust
VOLTS/CH. switch to give a convenient size trace, Use TIME/CM, and MULTIPLIER
as course and fine frequency controls to suit the input signal.

For T.V, vaveforms use L or F positions of TRIG. SELECTOR., If the sweop
fails to lock, tho STABILITY control has been turned up too far,

For some inpul waveforms and sometimes for TV waveforms it may be
necessary to adjust the TRIG., LEVEL control rather than to use the AUTO position.
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CIRCUIT DESCRIPTION.

INPUT ATTENUATOR.

The input capacitor C.I. is normally in series with the input to
the Attenuvator but is shorted by S5.l1. in the D.C. position. The input
Attenvator has four frequency compensated resistonce dividers and these are
used eingly or in cascade giving nine division ratios. The first section has
ratios of 1, 10 and 100, and the second section 1, 2 and 5.

VERTTCAL AMPLIFIER

The Vertical Amplifier uses four identical triocde pentede tubes. In
each case the pentode section is used as the Amplifier and the triode section as
a cathode follower. Vla and V2a form a cathode coupled pair with R16 as the
common ¢athode resistor, Ll and 12 are peaking inductances. R19 is the vertical
pogitioning control and adjusts the potentials at the plates of Vlia and V2a.
T1b and V2b are cathode followers driving input Amplifiers V3s and V4a. The
¢athodes of V3a and V4a are connected via R28, which is the set GAIN contrcl and
the frequency compensating network R29 and Cl7. Inductances L3 and L4 ere
‘ineluded in the plate circuits of V3a and V4a and are adjustable for high frequency
pesking. V3b and V4b are cathode follewers feeding the vertical deflector
"plates through networks L5 and R42, L6 and R43. The cath.de of V3B is coupled
‘via C18 and R18 to the plate of V2a to compensate foxr the stray capascity across
the Y-SHIFT control. The signal at the cathode of V3b is taken via R4l to2 the
‘internal position of the TRIGGER SELECTOR switch, The plate and screen supplied
for Vla and ¥2a are taken from a commeon resistor R40 included in the cathode
‘eircuits of V3b and V4b, so that the cathode current of the input stages flows
through the two cutput cathode followers, this is done to reduce the totsl current
consumption of the Amplifier and to provide a measure of stabilisation so that
the overall gein of the Verticel Amplifier is proportional to the power supply
voltage.

TRIGGER CIRCUIT AND SYNC. SEPARATOR

The TRIG. Selector Switch 33 has three sections. The first selects
gither internal cr external triggering. The second the positive or negative
output of the phase aplitter V5b and the third section either the output of the
-phage splitter direet or the output of the T.V. Sync. Separator V5a. V5b is a
oonventional phase splitter an in-phase signal appearing at its cathode and an
out of phase signal at its plate. The T.V. Sync. Separator VHha accepts a
negative going input waveform, i.e.Sync. pulses pogsitive, and provides negative
going Sync. pulses at its plate. The integrating circuit R52. €23. effectively
removes the line pulses leaving only the frame pulses, From the phase splitter
or from the Sync. Separator the triggering signal is injected into the grid of Véa.
Véa and V6b form a conventional cathode coupled bistable switch, the switching
level being adjusted by the potential at the grid of Véa. The grid resistor of
V6b and R6% is adjusted to give maximum sensitivity consistant with reliable
triggering. On the AUTO position the switch $4 is opened and the grid of Vba
is returned to the grid of V6b. In the absence f a signal V6 oscillates at &
frequency determined by the time constant of R58 and C24 but as soon as any input
signal between about 50 cycles and 2 M/ecs. is applied to the grid of Véa this self
oscillation ceases and the grid of Véa assumes the same potential as the grid of
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TRIGEER CIRCUIT AND SYWC. SEPARAITOR. (continued)

¥6b, The squarewave 2t the plate of V6b is differentiated and used to trigger
the time base.

TIME BASE AND HORIZONTAL AMPLIFIER.

V7a is the Miller Sweep Generator, the speed of rundewn being controlled
by Ca and Ra. Re is swiiched fo provide the MULTIPLIER and Ca is switched by the
time per cm. switch, R66 determines the potential teo which the ¢herging resistor
Ra is retumrned and is used to set the Sweep speeds. The Miller valve is keyed by
¥8b which together with V9% form a D.C, coupled multi-vibrator. In the rest
position V8b is conducting and VIt is cut-off its plate being clamped to 250v. by
the diode Vib., When a negative trigger pulse is applied to the cathode on Vit
it momentarily lowers the grid potentisl V8b. The resulting rise in plate
potential V8b is coupled to the grid of V9b via R86 and Cb, this in turn lowers
the plate voltage of V9h still further and the regenerative action V8b going to
cut-off and VOb conducting. When the rundowm has reached the point where the
cathode of ¥8b is at a lower potential than the plate of V9b, V8b again starts
to conduct and 2 negative pulse is applied to the grid of V9b, regeneration agsin
takes place driving V9b fo cut-off and V8b conducting., The STABILITY CONTROL
R8B sets the grid potentizl of Vb to the point just short of the free rumning
condition. The linear sweep voltage at the plate of V7a is taken via the net-
work R8BS C37 and applied to the grid of the Horizontal Amplifier comprising V8a
and ¥9a. R92 and R93 form the grid resistor of V8a and R93 is made vaxiable tc
set the trace length at the minimum GAIN position. The Horizontal SHIFT voltage
across R94 is applied in series with the sweep voltage %o the grid of V8a. The
GAIN of the Horizontal Amplifier is varied by the resistor RI0O0 comnecting these
two cathodes VBa and V9a, The grid potential of V9a is adjusted by the resistor
R10% so that the trace is in the centre of the screen with the Horizontal SHIFT
control in its mid position. Outputs from the plates c¢f V6a and V9a are taken
to the deflector plates of the cathode ray tube., An external signal can be
applied to the grid of V6a via the capacitor C39 from the connectur at the rear
of the ingtrument. In this condition the sweep generator can be stopped by
backing off the STABILITY control. The sweep voltage at the cathode of V8a is
taken to another connector ¢n the rear of the instrumemnt and can be used 1o drive
an external cir~uith,

VOLTAGE CALIBRATOR

A two stage clipper circuit using three neon diodes NT1 NT2 NT3 is used
to generate a squarewave of stable peask to peak amplitude. The AC line
frequency voltage across the secondary of the power transformer is taken via R124
to the first stage of c¢lipping comprising NT1 and NT2 in series, acrcoss these
two tubes sppears an approximately squarewave of 200 volts peak tc¢ peak amplitude,
this is applied via R125 to NT3 where further clipping takes place and a square-
wave of 100 volts amplitude appears across NT3, this is applied to the CiAL.)
volt connector on the front panel via the network R127 R128 and R129., R129 is
made veriesble to set the amplitude of the voliage at the Calibration Post to
exactly 1 volt., ‘The Capacitor C51 removes some of the cvershoot on the square-
wave which is due to the difference between the striking and burning potentials
of the ges diodes, Some overshoot ig left on the squarewave in order to provide
a sharp pulse to facilitate setting the Time Calibration.
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POWER SUPPLY.

The Rectifier tube V10 supplies the various B+ voltages via the
smoothing resistors R106 R107 and R108. The high voltage supply for the CR tube
is derived from the secondary of the power transformer via the MULTIPLIER circuit
IRl MR2 and MR3, these are tubular metasl rectifiers of the selenium type.
#R1 also provides the negative supply for the sweep generator via R111 and C43.
The positive pulse which appears at the screen of V7e in the sweep generator is
applied to the grid of the CR tube as unblanking via the network €47 R123 C46 R122,
the D.C. level is thus preserved and C47 is adjustable for high frequency
compensation, Intensity modulation signals can be zpplied to the cathode of the
CR tube via C44.

COMPENSATION AGAINST LINE VOLTAGE VARTATIONS.

No form of gtabilisaticn is used in the power supplies for the S31 but
a high degree of cempensation for line voltage variations is achieved in the
following way:~

The deflection sensitivity of the CR tube is inversely proportional #o its final
anode voltage and this varies in proportion to the AC input voltage. The vertical
Amplifier has bheen arranged so that ifs GAIN varies in proportion to the B+ voltage.
If the A.C. input voltage rises the resulting increase in GAIN of the vertical
Amplifier and decrease in sensitivity of the CR tube cancel out. At the minimum
getting of the horizontal GAIN control (that is in the condition in which the sweep
is calibrated) the heavy degencrztive feed-back in the cathode circuits of the
horizontal output velves VB8z and V9a keeps the GAIF of this stage independent of

the B+ voltage. 1In the, sweep generator itself both the amplitude sweep voltege and
the sweep speed in volts per micro-second vary as a direct function of the supply
voltage. Obviously with the inversely varying sensitivity of the CR tube the trace
on the screen will remain the same length and have the same speed in CHM per usecs.
In practice this compensation works extremely well and the calibration of the 531
remains constant for widely varying input voltages.
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‘MAINTENANCE ADJUSTMENTS.

. The simplicity of the circuitary of the 53%1 m=ke it an extremely
reliable instrument and for the most part servicing will be limited to the
-replacement of defective tubes. When replacing tubes in the vertical Amplifiex
Jyou may find that you will have to select pairs of tubes of approximately the seme
characteristics in order te get the vertical SHIFT to operate symmetrically about
“the centre of the screen, apart from this replacements of tubes in the vertieal
Amplifier will have very litile effect cn its performance and no re-adjustment
should be necessary. In the sweep generator and Horizontal Amplifier the tubes
are not particularly critical and you will f{ind that you can replace these without
hawing to alter the internal adjustments. If for any reason the internal pre-
set controls do reguire adjustment the following detailed instructions will allow
you to do this quickly and accurately.

ADJUSTUENT PROCEDGRE.

INFUT ATTENUATOR.

In arder to adjust the input attenuator compensation you will need a
squarewave generator with a frequency of approximately 2 KC's and whose cutput can
be varied between .2 volts and 100 velts. The rise time of the squarewave need
not be perticularly fast but it must have a good flat top ani bottom. Comnect
the squarewave generator to the input socket and adjust the mutput to
appreximately .2 velt, Set the input attenuator to .1 wolt per c¢m, and adjust the
sweep controls so that you are displaying 3 cycles of the squarewave. Now carry
out the following procedure step by step adjusting each trimmer to give a square
corner to the squarewave, On each setting of the input attenuator yow should
adjust the output of the squarewave generator to give a trace of approximately
2 - 3 cm, amplitude.

Set Input Attenuator fo: Adjust
+2 volis per om. C12
.5 1t 4] " c13

1 1 n H 04

2 " u H ca

5 " " It 09

10 n t " 05

If you have carried out these adjustments correctly the 20 velts per cm. and

the 50 volis per cm. ranges are automatically correct. In order to adjust the
capacitors C2 and C3 it is necessary to use the high impedance probe as these two
capacitors only affect compensation when this probe is in use.  Remove the
gquarewave generator from the input socket and plug in the high impedance probe,
connect the osutput of the squarewave generator to the probe itip and set the input
attenuator to .1 volt per cm. set the output of the squarewave generater fco give
approximately 2 cm. amplitude and adjust the probe trimmer {this is accessible
through the hole in the probe bvody) to give » flat top to the squarewave, now
switch the input attenuator to the 1 volt per cm. range, re-adjust the output of
the squarewave generator and adjust €2, set the input attenuator to the 10 volts
per cm, range and adjust C3.  All other renges will automatically be correct.
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DIUSTUENT PROCEDURE. (continued)

EETICAL AMPLIFIER

Adjustment of the high frequency compensation of the vertical
mplifier should only de carried out if you have at your disposal 2 sguarewave
enerator which is capable of producing an accurate squarewave zt a frequency of
hout 250 KC's with = rise time less than 40 rilli microseconds and which is known
0 be absolutely free from ring or overshoot. The compensation circuits in the
ertical Amplifier are extremely stable and unless such & generator is availshle
jou would be wise not to attempt any readjusiment. Suitakle squarewave generators
bre the Tektronix and the Hewlett Packard type 2114, and if one of these or an
lquivalent is available then the adjustments can be carried out in the following
18 ert-

Set the input attenuator switch to .1 volt per om. and edjust the

utput of the squarewave generator to give a trace of approximately 2 - % om,
mplitude (the output frequency on the genmerator saould be between 200 snd 300
C's). The variables L3 L4 C17 2nd C18 ere to some cxtent independent and it may
¢ necessary to adjust any or 21l of these to oktain the desired rosult which is =z
let topped squarewave with a fazst rise time, sguare comers and no overshoct.

25 and 14 affect the extremeé corncrs of the squarewave znd should be 2djusted so
bhat they are approximately equnl induciances, C17 has o longer time constant and
hould be set to give a flat top to the squrrewawe, C18 has an even longer time
constant and sets the overall slope of the top. You may find that you can adjusi
€18 more easily on a lower frequency squerewave, say about 50 ¥KC's.

The only other adjustmint on the vertical amplificr is the set GAIN
control, which is accessible through the bottom of the instrument.

TRIGGER CIRCUIT

The only adjustments nscessary in the TRIGGER circuit is an cceasional
aetting of the TRIGGKK semsitivity conirol R63, this should be sct 35 shat the
TRIGGER circuit will operate when the trnce amplitude on the screen exceeds 2mm.

If any attempt is made to increase the sensitiviiy beyond this point eratic
operation will almost inevitably result. This adjustment cen cenveniently be made
uging the intermal ecalibretion signel. Jdoin & conncector between the CAL. output
gnd the input and zdjust the sweep contrcls so that you are displaying =bout

5 cycles of the calibration waveform, Few set thoe input attenusior to the

5 volts per cm, range (giving @ troce 2 mm. high) and adjust the TRIGGER
sensitivity control so thii ot & critiecal zetting of the TRIG. LEVEL contrcl the
sweep will just trigger, now reduce the trzce amplitude to 1 mm, and make surc thet
the sweep will not trigger on this signal.

SWEEP GENERATOR AND HORIZOKTAL SMPLITINR

To make a cempléete readjusiment of the Sweep Gencraior and Herizonial
Amplifier carry out the follovwing procedure,

Set the TIME/CM switch to 100 usgecs. and the 'WLTIPLIEE switch to 1C, ndvance the
SPABILITY control until th¢ Sweep just free runs., With the X-3HIFT contrel in its
nid position and the X~GAIN control in the minimum pesition adjusi R93 until the
trace length is zapproximstely 6 ¢m. and adjust K105 $o centre this trece zbout the
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SWEEP GENERATOR 4AND HORIZONTAL AMPLIFIER. (continued)

5 cm. marks on the graticule. Now advance the BRILLIANCE control until you can
gee the spot at the beginning of the trace and you will find that by adjusting
C38 you will be able to make a small "tail" appear to one side of the spot or the
other. The correct setting for C38 is the point at which this “taill Just dis-
appears into the spot, altematively, (38 can be adjusted by displaying a signal
of approximately 100 KC's and setting 38 for ophimum linearity at the beginming
of the trace, but the first method is more simple and is quite satisfactory. Now
get the TIME/CM switch to 1 millisecond and the MULTIPLIZR switch %o 20 {to the
CAL. 60 cycle position when the insirument is being opersted from a 60 cycle
supply). Now display the calibration voliage waveforn and set the Yset speead"
control so that 1 cycle of the calibration waveform occupies exactly 1 cm.

(still with the X)GAIN control to its minimum position). Now set the TINE/CM
awltch to one usec and the MULTIPLIER switch to 1. Inject an accurate 1 nega-
cycle signal into the input and adjust the volts per cm. switch to give a trace
approximately 2 cm. emplitude. How adjust C27 so that each cycle of this 1
megacycle signal occupies 1 cm.

VOLPAGE CALIBRATOR.

R129 in the voltage calibrator circuit is provided so that the output
can be set to precisely 1 volt. This adjustment can only be made by comparing
the output with & known accurate 1 volt peak to peak signal. R129 will normally
require no adjustment provided if the gas diocde NT3 is replaced one of a similar
type is used (NP1 and NT2 have no effect on +he amplitude of the output waveform).

CRT. CTRCUIT.

There are two pre-set controls in the CRT Circuit. R120 is a pre-set
BRILLIANCE control and is adjusted so that with the front BRILLIANCE control at
its minimum position the trace just disappears. Due to ageing of the CR tube
you will find that efter the initial period of use it will be necessary to make
8 slight adjustment to this internal pre-set control. The other adjusiment is
the frequency compensation of the re-trace blanking circuit C47. Set the sweep
speed to 20 usecs pexr cm. and remove the input signal so that you are simply
digplaying & trace. You will find that adjustment of €47 varies the BRILLIANCE
of the first part of the trace and you should set this capacitor so that the
trace is of uwniform brightness along its length.

HIGH TMPEDANCE PROBE

The adjustment of the prove compensation is best carried out with a
squarewave generator with en ocutput freguency of approximately 1 KG, The
compensation trimmer is accessible through the hole in the body of the probe
and you should adjust this $o give a square corner to the squarewave. If a
squarewave generator is not readily available the probe can be compensated using
an internal signal from the sweep generator in the following mammer:-

Set the sweep speed to 1 millisecond per cm. and set the input attenuator to the
20 volts per om. position. Set the 4C/DC switch to AC. Now apply the tip of
the probe to the test peint and adjust the probe compensating trimmer to give a
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BIGH IMPEDANCE PROBE. (continued)

level start to the trace, wnder compensation and over compensaiion conditions
gre shown in the following diagram.

HOTE. In the case of instruments having & serial number smaller than 1530,

it is necessary to remove the right-hand side cover of the ingtrument in order
t6 use this probe test signal. On later instruments this point is accessible
throvgh the slot in the top cover as shown in the photograph. Take care not to
short this point to ground. Provided that the input attenuator adjustments
have been carried out correctly the probe adjustment will hold good on all
ranges of the input attenuator.

Abbreviations used in components lisis.

Capacitors
P Moulded Paper
M Silver Wicy
Ger. Ceramic Tubular
Elec. Elecirolytic
Registors

c Carbor Composition

H3C High Stability Carbon

W Wire Wound

P8 Preset Carbon (Internal Adjustment)

In the following component lists, no manufacturers names have been
ineluded. When replacing components, locally available alternatives may be

used if exact replacements are not to hand, provided the physical size is the
same.,

It is, however, preferable to use exact replacements whenever possible,
and these should be ordered direct from TELEQUIPMENT LIMITED or from our agents.
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RS

R>
R6
R7

R9

R0
Rll
R12

Cl
c2
C3
C4
5
c6
7
8
C9
clo
Cli
¢l2
13
Cl4
15
clé

900K
111K
990K
10.IK
18
300K
M
8COK
250K
Inf
100K
82

Jduf
3-30pf
5-30pf
3=30pf
5-30pf
100ptf
1000pt
3-30pf
3-30pf
39pf
20pf
3-30pf
3-3Cpf
30pf
15pf

. Dluf

INPUT ATTENUATOR

H3C
H5C
H3C
HSC
G

ESC
H3C
J.SC
HSC
ESC
C

¢

P
Trimmer
Trimmer
Trimner
Trimmer
SH

3
Trimmer
Trimmer
Cer.
Cer.
Trimmer
Trimmer
Cer.
Cer.

NP

1o
1
1%
1%
10%
1

X
1%

10%

19

10

1%

10%
10%
10¢:

watt.
vatt.
watt.
watt.
wagbt.
watt.
watt.
watt.
watt.
wattc,
watt.
vatt.

)t lals b s pafeab i s iR
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VERTICAL ANPLIFTER

R13 343K 1C% Pl c
R4 343K 109 & c
R15 100 10% %fw c
R16 180 106 =0 G
R17 56K 10% % ¢
R18 56K 10*’; ' ¢
R19 240K 2% Carbon Potentiometer (Y SHIFT)
R20 100 106 -Hv C
R21 100 lCF;o C
k22 100 17%% % C
R23 100 105 24y C
R24 27K 10% 1w "
R25 27K 10% v c
R26 100 10% ﬁ ¢
R27 100 1.0% C
k28 1¥ 2W Carbon Potentiometer (SE? Y GATIN)
R29 100 10% el C
R30 10K 5;%0 3y W
R31 10K 5% bl /)
R32 4.7K 105 1% ¢
R33 4.7 10% 1% c
R34 10¢ 10 At C
35 100 10% W C
R36 100 10% A c
R37 10¢ :Lo/% 27 c
R38 10K 5% 3% W
R39 10K 5;’-:: v VW
R40 4.7K 5% 3 W
R41 44 TX 10% =W c
R42 750 106k 3~w C
R43 750 10% &7 C
C17 470pf Compression Trimner

C18 1-Bpf Trinzer

Cl9a 32uf hlec. 275v

Ll uH Iron-cored Inductance

L2 vl Iron-cored Inductance

L3 uH Variable

L4 vl Variable

L5 uH Iron-cored Inductance

L6 wH Iron-cored lnductance
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RA4
R45
R46
RAT
148
R49
50
R51

R53
R34
R35
R56
R57
R58
R39
R60
R61
R62
R63

R64

C1%b
€20
c21
c22
€23
¢24

¢26

TRIGGER CIRCUIT & T.V, SYNC. SEPARATOR

1.2M
470
4.TK
4.7K
1,28
1.2
6,.8K
15K
22K
68K
100K
56K
68K
100
560K
3.3
10K
56K
2.7K
1M

68K

22uf
Jd1uf
duf
Jduf
Naality
JJduf
30pf
100pf

10% i
10% il
1076 o
105 i
105 %w
10% %?
10% ol
5 S
10% L
105 £
27 Carbon Yotentiometer {TRIG
1055 pol
105 =W
109 Ly
10K ';1j’l'i'
10% <4
1065 13
10K &7
10 Su
Var. S
105 < W
275%
2060 600V
20%,. 600V
205 600V
205 600V
20% 600V
205 500V
208 500V

-

LEVEL)

QOO CCIT (’)DﬁOOOOOOO

PS (Trigger
Sensitivity)
¢

Elec
MT
P
WP
Ly
A
Cer
Cer
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SWEEP GENFRATOR & HCORIZONTAL AAMPLIFIER.

RG5 39K 10% 1y ¢

R66 100X 2% Carbon Potentiometer {LET SPESD)
R67 22K 10% 2 C

R68 470 1G5% =5 C

R6% 350K _ % A HSC

R70 400K 1% W HSC

R71 1,24 19 B HSC

RT2 2M 1% 2 HSC

R73 AN 1% i c

R74 12K 25 47 C

R75 220K 10%: = ¢

R76 560K 10% 2 ¢

R77 1.2M 10 =W C

Rj8 2,24 165 %’.v C

R79 560K 10% A ¢

R8O 4.7K 104 19 c

RE1 100 1% 5 C

RE2 44 TH 1085 il c

RO3 100 106 et C

R84 39K 105 ) ¢

R85 39K 10% 1y ¢

R86 820K 1% L c

RO 560K 10% = ¢

RB8 1M 2% Carbon Potentiometer (STABILITY)
R89

RY0 100K 10% 2% C

R9L 4.7 105 E1 C

R92 560K 205 0 C

R93 A Var L PS (Set Trace
' Length)
R94 10K 2W Carbon Potentiometer (X SHIFT)
RO5 220K 1C55 Lt C

RO6 560 10% L C

R9T7 15K 1050 1 >

ROS 4.7K 1C65 =0 C

R99 2,2K 105 AW C

RI00 10K 2% Carbon Potenticmeter (X GiIK)
R101 15K 10% 1% ¥

R102 4,7 105 13 ¢

R103 560 10% ?: c

R104 1,20 1% 2 ¢

R105 13 Var L £S (Set X Shift)
27 3=30pf Trimner

.28 180pf 5% 500V L

c29 2000pf 5% 600V NP

€30 O2uf S 600V 132

¢35l 2uf (2x.1uf) 5% 600V WF

032 30pf 20% 500V Cer

C33 100pf 205k 5COV Cer
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SWEEP GENFRATOR & HORIZONTAL AMNPLIFIER. {continued)

C34 .001uf 20% 600V wP
35 LO1uf 206 600V MP
C36 Jluf 20% 500V P
C37 30pf 205% 500V Cer
C38 47Cpf Compression Trimmer

C39 25uf 20% &GOV WP
C40 Jduf 20% 600V AP
CR1 Crystal Tiode Type GIN.

TUBES & C.R.T.

Yl-Vv9 Type ECF80. Mullard.
Y10 Type EZ81, Mullard
C.R.T. Type DGT/36. Mullard

or Type 70l. General Electric Company
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R106
R207
Ri0OB
R109
R110
R111
R112
R113
R114
R115
R116
RI17
Ril8
R119
R120
R121
R122
R123
R124
R125
R126
R127
R128
R129

¢4l
c42
C43
c44
C45
C46
047
C48
049
C50
051

MR1
MRZ
NT1
NT2
NT3

™

POWER SUPPLY. C.2,T. CIRCUIT & YOLTAGE CALIBRATCR.

500
5K
7.5K
18
18
10¥%
1
220K
2,24
1M
560K
10K
200
56K
AN
100K
56CK
6.8
560K
560K
2,20
218
18X
5K

32+32uf
22+32uf
guf
LOluf
«d1uf
10Cpf
3-30pf
. 5U.f
oOuf
Jduf
LOlut

Selenium Heetifier
Selenium Rectifier
Seienium Rectifier

10% 10W s
10% 109 i
109 10W i
10% 1w W
10% Wil
106 %ﬁf C
2W Carben Fotentiometer (ﬁSTIGMATIqH)
10% %g C
10% C
2r Carbon Potentlometer (FOCUS)
7 C
10% 3; C

2W Carbon Potentlometer {BRIGHTNESS)
c

1050
Var E; PS (Set Brightness)
13% 7 ¢
10% C
10% éﬁ c
10% 2 c
10%% w C
12% 3l C
1% %w H3C
1% o 4sC
Var i PS (Set Internal
1 v,)
450V Elect
450V Elect
| 450V Elect
206 1500V MP
20% 6QOV MP
205 50CV Cer
Trimmexr
205% 1500V P
20% 1500V 2
20% 1000V P
20% 600V MP
Type K/8/20
Type X8/35
Type K8/20

Neon Voltage Reference Tube Type NT2. 50V.

Power Transformer Type

3T5-0-375 V.

6.3V
6.3V
6.3V

@ 110 ma -

@ 14 (V10 Heater)
@ 54 (Al1 other heaters)
@ 14 (CRT Heater)
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