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Introduction

The 1000F Counter is a six digit instrument capable of
measuring frequencies up to at least 12.5MHz with a
maximum resolution of 0.1Hz. For higher resolution at
frequencies up to 100kHz, a multiple period measurement
facility is provided.

Input sensitivity is 10mV r.m.s. with a three position
attenuator giving alternative sensitivities of 100mV and

1V, together with a 40:] continucusly variabie attenuator.

The input impedance is 1M£2 in parallel with 18pF,
enabling the instrument to be used with standard oscillo-
scope probes. A 75 balanced input is also provided.
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Section 1

The internal !MHz crystal standard enables a resolution
of 1uS to be achieved on timing measurements and
positive or negative slope selection on the B & C inputs
allows direct measurements to be made of many wave-
forms (e.g. pulse widths). The B & C inputs may also be
operated by contacts.

The indicator tubes used provide an extremely bright
clear display, and the instrument uses integrated circuits
for maximum reliability and space utilisation,

The instrument has a ‘stored display’ facility which
provides a continuous display during measurements.
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Specification Section 2
Display INPUT IMPEDANCE  >5k{2

The Counter has 6 in-line neon numerical indicators with
decimal points for frequency and multiple period measure-
ment. The display may be switched to “stored” or
“direct”.

FREQUENCY MEASUREMENTS

2Hz to 12.5MHz via input A with gate times of 1mS to
108 in decade steps. Decimal points automaticaily
positioned to indicate kHz.

Time Measurement :

Timing units from 1uS to 108 in decade steps. Start and
stop inputs can be A to A (equivalent to single period),
B to B, B to C or by push button.

Multiple Period
From 10 to 10° periods in decade steps within frequency
range 2Hz to 100kHz. Measured with 100kHz clock units.

Count
2Hz to 12.5MHz via input A with start and stop controls
via inputs B to B, B to C, or by push button.

INPUT A:

1. Front Panel (No. 1 Socket)

SENSITIVITY  Three position attenuator providing
10mV, 100mV and 1V r.ms. sensitivities, from 2Hz to
12.5MHz. A variable control gives >>40 times reduction
in sensitivity,

INPUT IMPEDANCE IM£2 approx. 18pF, or 750
selected with a switch. In 10mV position, protective
limiting reduces input impedance to 200k{2 approx.
120pF, with signals over 1V r.m.s.

MAXIMUM INPUT [n 1M position: —

Up to 20kHz 250V d.¢. 250V a.c. r.m.s.

Over 20kHz 30V ac. r.ms. in 100mV and 1V position.
3V a.c. 1.m.s. in 10mV position.

In 758 position 6V a.c./d.c.

2. Rear Panel {(4mm 1/550/14 sockets)
Selected with switch,

SENSITIVITY 65 to 85mV, from 0.1 to 2MHz.
Variable control gives >40 times reduction in sensitivity.

INPUT IMPEDANCE  75£2 balanced floating input, to-
gether with ground socket, and centre tap of balanced
input.

MAXIMUM INPUT 6V a.c/fd.c.

Inputs B and C
INPUT a.c. coupled, switched positive or negative slope
selection.

SENSITIVITY 1.5V pk. Maximum input 50V r.m.s.

FREQUENCY RANGE 100Hz to IMHz

CONTACT OPERATION These inputs may be operated
by contact closure (corresponding to a negative slope) or
opening {corresponding to a positive slope).

FREQUENCY STANDARD

INTERNAL 1MHz crystal oscillator, oven controlled at
+65°C. Setto 1in 10° at +25°C. Stability +5 in 10°
from 0°C to +50°C, after one hour warm-up period.

EXTERNAL Via rear panel jack socket, coupled through
400V peak working blocking capacitor.

Sensitivity

Sine Wave 0.5V to 10V r.m.s. within frequency range
10kHz to 2MHz. Pulse 1V to 20V pk. to pk. within
frequency range 10Hz to 2MHz. The negative duration
must not be greater than 10 times the positive duration.

Check facility
The 1MHz Standard is counted for the gate time selected.

Display time
Continuously adjustable from 0.18 to 4§, or infinite.

Reset
INTERNAL Automatically at end of display period.

EXTERNAL By push-button or external contact
closure to ground. Open circuit voltage +18V maximum.
Short circuit current limited to 15mA peak.

Time Units Output

Pulses are available at a rear panel socket which are
derived from the frequency standard via the decade
dividers. Time units of 1uS to 108 are selected by the
time units switch. Amplitude is approximately 2V pk

to pk. from non-linear high impedance. A separate IMHz
output of approximately 2V pk. to pk. is also provided
from high impedance, via a further rear panel socket and
is available at all counter settings.

Power Supply
100 to 125V or 200 to 250V, 45 to 65Hz, 30V A.

Operating Temperature
0 to +50°C

Accessories Supplied
One miniature Jack Plug Part No. 2727
One Instruction Manual Part No. 30502.

Dimensions and Weight

11" (28cm) wide, 5% (15cm) high, 9% (25¢m) deep
overall. e

10% 1b. (4.8kg).
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Operation

3.1 PRELIMINARY

The instrument is normally despatched from the factory
for use with a.c. supply voltages within the range 200V
to 250V. To operate from a.c. supply voltages between
100 and 125V proceed as follows:—

Four taps are provided on the side of the supply trans-
former T1 nearest the top of the instrument, these are
marked 0 — 112V 0 — 112V and enable the primary
windings to be connected either in series (for 200V to
250V operation) or in parallel (for 100 to 125V opera-
tion}.

The instrument is normally supplied for 200V to 250V
operation with the windings connected in series, i.e.
thus.—

Oo—

_—0
ov n2v v Hav

To connect for 100V to 125V operation, remove the
link and parallel the windings thus:—

T 3

Note that no connections to the other tags on the trans-
former must be made or disturbed.

When the instrument is despatched it is normally fitted
with 2.3 amp. fuses in the fuse holders on the rear panel
which are suitable for 200-250V operation. However
4.0 amp fuses should be fitted for 100-125V operation
to prevent the fuses from being blown with the switch-
on surge. The supply on-off switch is operated by the
function switch, and when the instrument is connected
to the supply and switched to the required function

the neon indicator tubes will be illuminated.

3.2 INTERNAL STANDARD

Although the crystal oven begins to cycle, on and off,
within a few minutes of switching on the counter, the
maximum standard accuracy is only achieved after a
period of one hour, At an ambient temperature of
25°C an accuracy of 3 partsin 10° is obtained
-typically within 20 minutes.

3.3 DISPLAY AND RESET

When the SAMPLE RATE control is switched to the
HOLD position, reset may be actuated manually by
the push button or by a closed contact to ground at
the external reset socket which is located on the back
panel. Repetitive readings are obtained by turning the
control clockwise. The length of time for which a
reading is displayed depends on the setting of this
control and may be varied from at least four seconds to les
less than 0.1 seconds when the control is fully clock-
wise, at the maximum sample rate.

The use of longer display times is advisable with measure-
ments having a gate time longer than about 0.01 sec.,
since a very rapid sampling rate (short display time)
makes it difficult to cbserve the steady display during
the period when the gate is closed, unless stored display
is selected.

Section 3

3.4 STORED DISPLAY

When FOLLOW is selected, the display changes with
the count and remains static only during the period
set by the SAMPLE RATE contrel. When STORE is
selected, the display will change at the end of each
counting cycle (i.e. a ‘stop’ signal) and will be held
static until the next counting cycle is completed.

35 FREQUENCY MEASUREMENT

The frequency of signals in the range 2Hz to 12.5MHz can
be measured within the sensitivities specified in Section 2,
either using the No. 1 input socket switched to IMQ2 or
7582 input impedance or the balanced 7552 input at the
rear. (0.1 to 2MHz). The input attenuator should be used
with larger signals as appropriate, in the 100mV or 1V
position when using the front panel input. This will also
enable inputs up to 30 volts, above 20kHz, to be measured.
The input impedance of 1MS2 and 18pF enables a normal
oscilloscope probe to be used. The variable sensitivity
conirol can be used with both inputs.

The GATE TIMES switch shows five gate times: 1077,
1072,107%, 1 and 10 seconds. In each case the display
indicates kHz with an automatically positioned decimal
point. The longer gate times can be used to obtain a
greater number of digits and thus greater accuracy. For
greater accuracy below about 100kHz it is advisable to
select MULTIPLE PERIODS.

A greater number of digits than six can be resolved by
taking two measurements, one measurement to obtain

the most significant digits and another to obtain further
digits, while overspilling the most significant ones by using
longer gate times.

NOTE that an external standard is necessary to achieve
greater accuracy than 1 in 108,

3.6 PERIOD MEASUREMENTS

3.6{a) TIME A-A

For single period measurements. To obtain an accurate
determination of lower frequencies, it is better to measure
the period of the signal, that is, the time elapsing hetween
two consecutive negative going signals exceeding the
triggering threshold. This is performed when the selector
switch is set to TIME A-A.

The setting of the TIME UNITS switch determines the
units of the display and it is necessary to take the re-
ciprocal fo obtain the frequency. For example using
microsecond units (TIME UNITS 107% secs) a reading
of 200,000 +1u8 gives a frequency of 5Hz +0.0005%.

However, any period measurement suffers from a trigger
point error due to hum and noise on the signal, causing
the trigger point at which measurements are made, to
jitter in time. Use of maximum sensitivity may reduce
this error. However very noisy signals may cause
spurious triggering, in which case the signal should be
attenuated.

Particularly when using the 100mV or 10mV positions,
care should be taken that spurious signals are not picked
up, (with unscreened leads for example).

3.6({b} MULTIPLE PERIOD
The time indicated on the counter is always in milli-
second units, and is the time elapsing between the first
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Operation

positive going signal to trigger the counter and a selected
subsequent positive signal.

The selection of the latter signal is made according to
the NUMBER OF PERIODS selected, which may be
from ten to a million, in decade steps.

On MULTIPLE PERIODS x 10* the accuracy achieved

at 50kHz, for example, is +0.0005% (neglecting any

trigger point error) and accuracy increases progressively
with greater number of periods and with lower frequencies.

37 TIME MEASUREMENTS
In addition to the TIME A-A function, time measurements
can be made in three modes: —

3.7{(a} TIME B-B

The TIME UNITS selected are counted between the first
and second positive or negative going signals at the ‘B’
INPUT socket as selected by the SLOPE switch.

Subsequent pulses have no effect until reset has been applied.

3.7(b) TIME B-C

In this position of the FUNCTION SWITCH, the selected
TIME UNITS are counted between the application of a
negative or positive going signal at the ‘B’ INPUT socket
and a subsequent negative or positive going signal at the
‘C’ input. The SLOPE switches select either negative or
positive going signals to trigger the counter, as required.

The counter does not respond to any signal at the *C’
input before the signal at ‘B’ or any subsequent signals
before the next reset is applied.

Both ‘B’ and ‘C’ inputs can be activated by a closed con-
tact to ground and contact bounce may be suppressed by
a capacitor of the order of 0.01xF connected across the
contacts, The ‘B’ and *C’ inputs are a.¢. coupled and
therefore waveforms having a very uneven mark-space
ratio may not trigger the counter on the positive edge of
a narrow negative pulse or the negative edge of a narrow
positive pulse.

3.7{c) MANUAL
In the TIME and COUNT position (see 3.8) the manual
START and STOP push buttons may be used to control
the gate. Reset must be applied before the buttons are
operated again,

3.8 COUNTING

This function is similar to the TIME B-B and B-C functions
except that the number of cycles of any signal at the A
input socket is counted between start and stop signals.
These start and stop signals may be applied in any of the
ways detailed for the time measurement. The display
should be switched to FOLLOW if the progress of the
count is to be followed.

39 COUNTING PULSES FROM P.CM. ERROR
DETECTOR

Set the store/follow switch to follow, switch the A input

attenuator to the 1 volt position.  Select rear 7502

balanced I/P, Count A, B-C and switch the sample rate

control to the Hold position. Connect the Error Detector

Balanced Output with a short, balanced screened lead to

the 7582 and chassis connections on the rear panel of

the counter. With an output from the error detector,

Section 3

after pressing the counter Reset and Start buttons, the
counter will register counts if the sensitivity is turned up.
In order to reduce the possibility of interference the
sensitivity control should be turned down to a level such
that it is only about 45° higher than the minimum operate
level. The a.c. supply lead should be positioned away
from the signal leads and sockets and the apparatus
positioned several feet away from other apparatus which
might radiate interference, or a.c. operated equipment.

Do not leave any leads connected to the front panel inputs.

3.10 CHECK

This facility enables the counting and time base decades

to be checked. When the function switch is in this position,
the standard frequency is counted for a time selected by

the time units switch. [n the | or 10 second gate position
the counter should display 000000 £1 count (i.e. 999999,
000000, 000061). The SAMPLE RATE controf should be
set anticlockwise to enable the display to be seen. When
the instrument is first switched on it may not count correctly
until & reset pulse is applied, since the decades may not start
at Zero count state.

NOTE. Check that the EXT. STANDARD jack plug has
been removed, since this cuts off the internal standard.

3.11 REAR PANEL SOCKETS

3.11{a} EXTERNAL STANDARD

This input can be used to increase the acuracy or change
the scale of measurements. Inserting a jack in this socket
automatically disconnects the internal IMHz standard. In-
puts shouid be as specified in SECTION 2; with positive
pulse inputs, the mark-space ratio should not be greater
than 10 to 1.

3.1tibl  tMHz OUTPUT
Pulses are available from the internal standard of 2V pk-pk
approximately , irrespective of the various control settings.

3.11{c) TIME UNITS QUTPUT

These pulses of approx. 2V pk-pk can be selected by the
TIME UNITS switch, to occur at repetition rates in decade
steps from LuS to 10 Secs. They are not available in the
maltiple period and count functions, and the SAMPLE
RATE centrol should be set to HOLD to prevent irregu-
larity due to reset.

3.11(d} BALANCED OUTPUT

Use of the balanced input will reduce the possibility of
stray interference signals being picked up. It is preferable
to completely disconnect the front panel input to prevent
very large signals being coupled in via stray capacitance

in the 3 position input selector switch. A screened pair
should be used to connect to this input and the screen
connected to the ground socket. If possible the sensitivity
control should be turned down, to further reduce the
possibility of unwanted signals being counted. This input
may be used (from 100kHz to 2MHz) in place of the A
input in any function.

3.12 ROUTINE TESTING

The CHECK function may be used to test the operation
of most of the circuitry, but for accurate frequency
measurement the internal standard should be adjusted
by reference to a known frequency. See Section 5.2
for procedure.
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Circuit Description

4,1 GENERAL

The circuits of the instrument fall into three main sections:
the counting decades and display, the timebase and the input
amplifiers. A large part of the circuitry consists of inte-
grated circuits and only the function of these will be described
and not their internal circuitry. (See Section 5.4).

Block diagrams of the interconnection of the various circuits
for different functions are to be found at the end of section
3.Fig. 1.

4.2 INPUT CIRCUITS

4.2{a} ‘A’ INPUT CIRCUIT (Fig. 3).

The input signal at socket A is amplified by the input
amplifier and converted to square waves by the trigger
circuit.

The input signal is fed through the switched attenuator to
the high impedance field effect transistor stage, TR1, which
is biased by a constant current stage, TR2. Protection against
excessive negative signals is given by D1 and large positive
signals are limited by TR1 itself together with R4 and RS.
The signal is coupled by the emitter follower stage, TR3,
via the input selector switch 810 and the sensitivity control,
R44, to the three stage transistor amplifier, TR4, TR5 and
TR6. DC feedback over these three transistors stablises
their operating bias. Capacitors, C17,20 and C21, main-
tain a level response at high frequencies.

The trigger circuit, TR7 and TRS, is a bistable type and
TR is used to drive into subsequent circuitry without
loading the bistable excessively.

4.2{b} BALANCED INPUT CIRCUIT

The Balanced Input circuit (Fig. 7) has 3 toroidal windings:
a mutuaily coupled winding T2 acting as a longitudinal mode
impedance; the primary T3, bifilar wound for good balance,
and the unbalanced secondary T4. A single loop between
the cores of T3 and T4 formed by the securing bolt and

a wire link ensures very low unwanted coupling due to
capacitance between windings, since the loop is grounded
and passes through a screen. A trimmer, C78, corrects
imbalance in the windings and input socket arrangement.

4.2{c) "B’ AND ‘C’ INPUT CIRCUITS (Fig. 6}
The B and C input amplifiers and trigger circuits are identical
and therefore only the B input circuit will be described.

Transistor, TR1 forms a buffer and phase splitting circuit
giving approximately unity gain. The SLOPE switch
selects either the inverted signal from the collector or non
inverted signal from the emitter, to drive the bistable trigger
circuit formed by TR2 and TR3. This circuit is normally
held by R4 with TR2 on and TR3 off, so that a negative
going signal on the base of TR2 triggers the bistable. This
gives a negative going edge at the collector of TR3 which

is fed to the Start/Stop bistable circuit.

4.3 COUNTING AND DISPLAY CIRCUITS (Fig. 4)
4,3(a) START-STOP GATE

The pulses which are to be counted are fed via amplifier
TR1 and differentiated by C2/R3.

The transistors, TR2, TR3 and TR4, form a gate which is
controlled by the two bistable circuits, IC1 and IC20,
which operate as follows: — (See also Table 4.2).

Section 4

Initially, after reset, the two ‘0’ outputs are at the logic
‘0’ level which is ‘high” and the output from the ‘start’
bistable, IC20, therefore switches on TR4 and closes the gate.

A negative going pulse at the clock input ‘T, of the start
bistable causes it to toggle since there is a low (1) level on
the clear *C” input, but the high ‘0’ level on the set ‘S’ input
prevents any further action by this bistable, until it is reset.
When this bistable has toggled, it removes the bias from
TR4 and opens the gate.

Since initially the ‘stop” bistable, IC1, has high ‘O’ levels
on both inputs ‘S’ and ‘C’, it cannot toggle until after the
start bistable has toggled and changed the ‘C’ input to a
low ‘1" level. Then a negative going pulse on the stop
bistable clock input “T*, will cause it to toggle; the ‘0’
high level on the set ‘S’ input prevents any further action
until reset is applied. When the Stop bistable has toggled,
it applies bias to TR3 and closes the gate. The Start and
Stop buttons operate ICT and [C20 at their “direct set’
terminals, While the gate is open, pulses can pass to the
drive stage, TR23 TR24, via inverter, TRS.

4.3{b} HIGH FREQUENCY DECADES

Transistors, TR6 and TR7, form a bistable which divides

by two the input pulse frequency. TR10/11, TR12/13

and TR14/15 also form conventional diede steered bistables,
with a gate, TR8 and TR9, to give division by five. The
circuit functions as follows: —

Initially after reset, transistors, TR11, 13 and 14 are
conducting (bottomed); TR10, 12 and 15 are therefore
cut off. Since TR14 is bottomed, it does not switch on
TRS, so that as TR7 toggles from the initial cut off state
to which it is reset, the first 4 pulses pass through to the
bistable, TR10 and TR11. This bistable divides the signa]
by two and the output from TR11 is coupled to the bistable
TR12 and 13, which divides by a further factor of two. At
the fourth pulse from TR7 therefore, TR14 and 15 toggle
and the gate, TR8/9 is closed. The next pulse from TR6
however, causes the bistable, TR14/15 to toggle again and
the gate is therefore open again. QOutputs from TR7, 10,
12 and 15 provide a binary coded decimal (BCD) output.
The output from the firsi decade at TR13, is inverted by
TR25 and fed to IC2.

Integrated circuits, IC2, 19, 22, 23 and 24, form the second
decade. IC2 isa J-K bistable, (see Tabie 4.2) which
divides the input frequency by two, since the two steering
inputs § and C are open, i.e. connected to the ‘1" state,
ground. The ‘1" output from IC2 is fed to the clock input
of bistable, IC19, which has the C steering input open since
[C24 has been reset to the *1 state (*1° output at OV). The
‘I’ output from IC19 drives the clock input of bistable,
IC22, the steering inputs of which are permanently open.
As can be seen from Table 4.1 after the sixth input pulse,
the ‘0” outputs from IC19 and 1C22 are at the *1’ low

level. This causes the output of the first gate, pin 7-1C23,
to change to the high level and thus apply a low *1° level

to the steering input C of 1C24 via the second gate of IC23
which acts as an inverter. At the eight pulse, the negative
going output from IC2 causes 1C24 to toggle, and its ‘1’
output now at the high ‘0’ level, inhibits IC19 until after
the tenth pulse. The tenth pulse causes 1C24 to toggle
back to the set state and all the bistables are then again in
the ‘0’ state.
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TABLE 4.1 DECADE COUNTING where ‘1’ indicates the bottomed state and ‘0" the cut off state.
Input Pulse TR7 or IC2 TR10oriC19 TR120r 1C22 TR15 or IC24
No. BCD 1" BCD '2* BCD 4" BCO ‘8
0 1] 0 0 1]
1 1 0 0 0
2 0 1 0 0
3 1 1 0 0
4 0 0 1 0
5 1 0] 1 0
6 4] 1 1 0
7 1 1 1 0
8 0 0 0 1
9 1 0 1] 1
10 0] 0 g
1 1 1] 0 o
12 0 1 0 0
etc
TABLE 4,2 JK BISTABLE LOGIC

Output State after application of negative going pulse at
the clock input (pin 3)

Set Clear 1" Qutput
{Pin 2} {Pin 4) {Pin 9}
0 0 xn
0 1 0
1 o 1
1 1 Xn
0=High 1=Low X1 = putput state prior to

clock pulse i.e. does
not toggle,

4.3i(c) INTEGRATED DECADES AND DISPLAY

The positive going edge of the BCD ‘8’ output from the
second decade drives an integrated circuit decade, [C3.
The BCD ‘8’ output of IC3 drives IC4 and so on, to IC6.

The 1, 2, 4 and 8 outputs from each decade are fed to a
buffer-storage unit (IC13-18) which consists of fourgated.
latch circuits and a common gate drive. Information which
is present at the four data inputs enters the latches through-
out the period of OV enter-command applied to the gate
input terminal. With the gate voltage positive, the inform-
ation is stored until a subsequent enter-command permits

a change,

The enter-command pulse is derived from the O output
of the STOP bistable, IC1. When the STOP signal occurs
this output provides a negativegoing edge which is
differentiated in C36/R37 to provide a negative pulse to
the first part of IC21. The output from this is coupled
to both inputs of the second part of IC21 to provide an
output with maximum fan-out.

When FOLLOW is selected by the front panel switch
the enter-command line is grounded and the latching
circuits then follow each change in the data.

The latched BCD output from the buffer-storage units
provides the drive to the decimal decoder units IC7-12.
These convert BCD data to decimal data and provide
the drive required for the cathodes of the neon number
tubes in the display.

Decimal point switching is carried out by the function
and time unit switches for frequency and multiple period
measurements.

4.3{d} RESET PULSE GENERATOR
The reset circuit which resets all decades to zero at the
end of the display period functions as follows: —

When the sample rate control is switched from the ‘hold’
position, a charging current can flow through it into C33,
after a stop pulse has triggered the stop bistable, IC1,
and cut off TR19. The charging rate is determined by
the setting of the sample rate potentiometer. As (33
charges, it switches on TR18 and causes TR20 to cease
conducting. TR20 is directly coupled to TR21 and the
switching action re-generates through R64 so that a
positive reset pulse occurs on the reset line from the
collector of TR21. TR22 acts as a buffer to supply

the reset pulse to the integrated circuits.

The reset pulse resets the ‘0" output of the stop bistable
of IC1 to the ‘high’ stage and bottoms TR19 which
therefore discharges C33 through R59, and C32 charges
through R61 and R64 giving a reset pulse length of
approximately 0.7msS.

The circuit of TR17 enables manual reset to be applied.
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44 TIMEBASE AND POWER CIRCUITS (Fig. 2}
4.4{a} 1IMHz OSCILLATQOR

Crystal XL1, TR8 and TR9 form the oscillator circuit,
positive feedback occurring between the emitter of TR8
and the emitter of TR9, through XL1,

At the series resonant frequency of the crystal therefore,
when its impedance is lowest, the positive feedback is
greatest and oscillation takes place.

The basic resonant frequency of the crystal is slightly
below 1MHz and the series capacitors can be adjusted
to raise the frequency to exactly IMHz.

TR10 is an emitter follower stage which only lightly
loads the oscillator stage. The output from TR10Q is fed
via the EXTERNAL STANDARD jack socket to the
trigger circuit, TR11 TR12, which shapes the IMHz, or
the external standard frequency, into pulses suitable

for driving the timebase.

4.4.4b} TIMEBASE

The timebase consists of seven integrated circuits decades
which divide down the frequency in stages of ten, from
IMHz to 0.1Hz. The connection from the first to
second decades is made via the function switch so that
the decades, IC2-IC7, may be used to divide the input
frequency in the multiple period function.

The circuitry comprised of 1C8 and IC9 is used to re-clock
the timebase to eliminate propagation errors when deriving
start and stop pulses for the counter gate. The start and
stop pulses are timed from the BCD ‘1" output from the
second decade, 1C2, as follows: —

Reset is applied to TR7 which clamps the output of one
side of the bistable formed by the interconnection of two
gate circuits in IC9.

The first positive going edge from the BCD ‘1" output of
IC2 is amplified and differentiated by part of IC8 and

Section 4

appears as a positive going pulse at the upper gate circuit
of IC9, pin 3, and causes it to toggle. The negative
going output from the bistable is used as the start pulse.

The selected time unit pulses, switched by the TIME
UNITS switch from a decade output are amplified and
differentiated by the remaining circuitry of IC8 and
positive going pulses are fed to the lower pate of the
bistable, IC9. The first positive going edge occurs
after a complete count of 10 by the appropriate decade
and this resets the bistable so that the next positive
going ‘1’ output from IC2 can cause the bistable to
toggle and give a negative stop pulse. These positive
going ‘1" pulses are therefore gated by the required decade
output to give an exact gate time,

Transistors, TR4 and TRS, form a gate which is closed
during reset to prevent pulses passing into the decades
during the reset period and TR6 inverts the signal 5o
that the trailing edge of the reset pulse does not trigger
the decade.

4.4{c) POWER SUPPLIES

TR1 is a series regulator transistor for the main power
supply and is controlled by TR2 and TR3 from the reference
zener, D5, to give a constant 5.4 volt supply. The inte-
grated circuits are operated from a 3.8 volts supply obtained
from the 5 4 volt supply by series silicon diodes, D3 and

D4.

The 200 volts d.c. rectified output from D1 supplies the
indicator tubes and is decoupled by R2, R3 and C2 to-
gether with zener dicde, D6 to give a 20 voits supply with
a minimum ripple, suitable for the input amplifier. A
further 16 volt supply is obtained by rectifying and
smoothing the crystal oven supply and is used to feed the
display timer circuit.
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51 GENERAL

5.1{a) REMOVAL OF CASE

The top and bottom covers may be taken off by removing
the two screws at the rear of the instrument and sliding
back the covers. If necessary the side covers can also be
slid back when the two rear side trims, each retained by
two screws, have been removed. The case should only be
removed with the instrument power supply disconnected,
to prevent accidental short circuits.

5.1(b) ACCESS TO COMPONENTS
The top (timebase) board of the instrument is hinged for
ease of servicing and is retained by two screws at the rear.

The input amplifier screen is secured by five screws. The
side cover should be removed to gain access to the upper
fixings which are to the side plate if the top half of the
screen is to be removed.

5.1{c} FUSE REPLACEMENT

In addition to the line supply fuses on the rear panei (see
SECTION 3.1) there is a fuse in the stabilised supply, rated
at 2.0 amp. and a 100mA fuse in the 200V supply adjacent
to it.

52 OSCILLATOR FREQUENCY ADJUSTMENT
When the instrument is despatched from the factory, the
oscillator will have been set for the greatest accuracy at
room temperature. Ageing is a characteristic of crystal
oscillators and this results in a slow drift of frequency. This
slight drift is unpredictable and if the best performance
is desired it is advisable to check against a standard
frequency at periods of a few months and correct as
necessary. A standard frequency having an accuracy of
at least 1 part in 10 million is required, such as the
Advance Off Air Frequency Standard OFSI1B.

If the standard frequency is a multipie or submultiple of
IMHz, it can be displayed together with the 1IMHz counter
frequency from the rear socket, on an oscilloscope to form

a Lissajous figure, or with one frequency viewed on a normal
timebase triggered from the other frequency. Use the
trimmers C17 (coarse) and C18 (fine) to obtain a stationary
display. C19 may require changing if XL is changed.
Alternatively adjust the trimmers to obtain the correct
reading of frequency on a 10 second gate time, with a
standard frequency greater than 100kHz.

The fine trimmer, which may be adjusted with the covers
on the instrument, is accessible through the side cover at
the rear of the left hand side of the instrument. Allow at
least one hour for the instrument to warm up to maximum
accuracy before carrying out the oscillator adjustment.

5.3 GUIDE TO SERVICING

5.3(a) POWER SUPPLIES AND BIAS VOLTAGES

The voltages measured at various points in the instrument,
with function switch on CHECK and SAMPLE RATE set
to HOLD are as foliows: —

TABLE 5.] OPERATING VOLTAGES

Fig.2 TR1 emitter
Fig.2 GC3or
Test Link 1

+5.4V £10% at 1.0 amps
+3.5 to 3.95 volts at
0.7 amps.

Section b

Other d.c. voltages should be within 20% of the values in
the circuit diagrams. It is important to ensure that at no
time more than +4V is applied to the integrated circuits
and if a fault is repaired in the power supply circuits, the
link on this board (See Fig. 8) can be removed and a
dummy load of 1582 2 watt resistor connected to ground.
The voltage across the resistor should not exceed 4V; the
link may then be replaced.

5.3(b) FAULT LOCATION

When repairing the instrument the fault should be local-
ised to a specific section of circuitry, where the faulty
component can more readily be located. Table 5.2 gives
a suitable procedure. Reference should be made to
SECTION 4, Fig. 1 and circuit diagrams.

5.4 INTEGRATED CIRCUITS
The following additional details of integrated circuit
operation are given to assist in fault location.

The Integrated circuits used are from two families, RTuL
(Resistor Transistor Micro Logic) and CuL (Counting

Micro Logic). The RTuL circuits are specified for operation
with a power supply 3.6V £10% and the Cul from 3.3 to
5.5V.

RESISTOR-TRANSISTOR MICROLOGIC RTuL
The basic building block of RTuL is a single inverting
amplifier:—

—0+ 36V

SYMBOL

R2
OUTPUT INPUT [ OUTPUT

INPUT

Oov

If the input terminal of the amplifier is connected to G
volt then the transistor will be non-conducting and the
output voltage will be approximately +3.6 volts: the
output is said to be high. If the input terminal of the
amplifier is connected to +3.6V then the transistor will
be conducting and the output voltage will be approximately
0 volt: the output is said to be ‘low’.

The transistor is represented by the triangle in the symbol
above — indicating an amplifier; its inverting action i.e.
output low for a positive input, is indicated by the circle.
Its function is to provide inversion, shaping and/or drive
capability as a buffer amplifier (see note 1). The Quad
Inverter RTuL927 has four such stages in its can.

A two input RTuL gate consists of two transistors

connected in parailel:

NOR (Positive Logic)

1

NAND [Negative Logic)

INPUT ¢ INPUT 2

o— . . 0V
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If either or both of the inputs are connected to the +3.6 volt
supply then the output voltage will be approximately zero
volts due to the conduction of either or both transistors.
The output is then said to be at a ‘low’ state.

If both inputs are held ‘low’ then the output voltage is
approximately +3.6 Volts due to neither transistor con-
ducting, the output is then said to be at a “high’ state.

The two input gate above is an inverting OR gate with
HIGH inputs (POSITIVE LOGIC} and is called a NOR
gate. It is also an inverting AND gate with ‘low” inputs
(NEGATIVE LOGIC) and is calied a NAND gate. [t thus
has the two symbols above, the circle indicating inversion.

The RTuL flip-flop operates in the following manner:—

The application of a ‘high’ signal to the Reset input (8)
directly controls the output of the flip flop such that the
level at the output terminal Q (Pin 9) will be “low” and at
Q ‘high’. A ‘low’signal applied to the Reset line has no
effect.

The application of a ‘high’ signal to the Set input (1)
directly controls the outputs of the flip flop such that

the level at the output terminal Q (pin 7) will be ‘low’ and
at Q *high’. A ‘low’ signal applied to the Set Line has no
effect.

The Steer input acts as a gate on the clock pulse input. If
the Steer inputs are held *high’ the clock pulses (Pin 3) have
no effect. If the Steer inputs are held *low’ the clock pulses
at Pin3 do have effect; each negative transition of the clock
pulse will cause the flip-flop to change state. (see Note 2).
If only one Steer input is held high the outputs will go to
the states:—

Q — high  Q Low far Steer input pin 2 high.

Q — low Q High for Steer input pin 4 high.

after the clock pulse.

TYPICAL OPERATING CONDITIONS AT 25°C

Section b

Summarising:
Qutputs

Q Q

Reset H L H

Set H H- L

Steer L Change of State at each
negative transistion of the
clock pulse. -

Steer H No change of State at a

clock pulse.

The integrated circuits used in this instrument are in a TOS5
can but the leads have been arranged into a square configur-
ation for ease of printed circuit board layout the pin
numbering is as follows:—

8{+VE} 10{+VE)
1 1 N
2 2 8
3 8 7
5 4 é
40V} S5(0V)

BLEAD 10 LEAD

TOP VIEW

NOTE 1: The output voltage of resistor-transistor micro-
logic depends upon the number of micrologic elements
connected and the loading factor of the elements. Therefore
in some cases the output voltage swing may be as low as
750mV.

NOTE 2: The RTuL flip-flop requires a fast negative
transition to switch it (fall time should not exceed 100
nanoseconds).

Circuit tnput Output Input input Power
Type Resistor Resistor High Low Dissipation
914 gate 45082 64082 >850mV <460mV 40mwW
927 inverter 45080 65002 >850mV <460mV 80mwW
926 flip ciock 3008} <460mV
flop others 60082 64082 ~850mV fail time 90mW
1-100nS clock
958 decade 2k$2 count >1.2v <0.45V 140mW
30082 reset count
input
1S max.
rise time.
959 latch Gate 1K 4K >1.1V <0.5V 115-136mW
Data 2K
960 decoder 2K - >1v <4V 45mW
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COUNTING MICROLOGIC CuL. The Counting Micro-
logic consists of three types of circuits:

(ii) Storage Circuit 959. This comprises four Bistable
Flip flops with a common clock input.

(i) Decade 958. This consists of four Bistable Flip
flops interconnected so as to divide by ten, with
a BCD output, similar to the discrete decade de-

scribed in Section 4.3(b).

The output waveforms are shown in Table 5.3(a)
having an amplitude of about 1.8 volts pk-pk. The
Reset input, sets all outputs to the ‘high’ level
state (0) since the counting circuits operate with

negative logic.

Each bistable has one steer input which is used

as a data input and the output follows this when
the clock input is taken low (the clock, latch or
strobe line is DC level operated).

(iit) Decoder, BCD to Decimal, 960. This circuit hias

10 decimal outputs, one of which goes low when
the appropriate BCD (—ve logic) code is applied

to the inputs. The outputs are able to withstand
an ‘of " voltage of up to 50 volts, which would be

at the “off” cathodes of the numerical indicator tube.

Test

Faulr

Possible Cause

Check supply tapping and supply fuses,
Switch to CHECK. Switch to DIRECT
Display.

No display

Failure of 200V supply

All tubes biurred.

Failure of 5.4V supply (check F54)
or 3.8V supply.

Press reset button

Display not zero

Faulty reset circuit.

Display resets to zero but does not count,
switch to 1uS TIME UNITS and TIME B-B,
press RESET and START buttons.

Does not count

Fault in start-stop gate or logic. Fault
in 1MHz oscillator, trigger or EXT
STD socket. Fauit on display board.

Switch to each TIME UNITS position in
turn and check that counting occurs when
RESET and START applied.

Does not count with longer
TIME UNITS.

Faulty decade. Faulty part {C8.
Fig. 2. Fault on display board.

Apply suitable input to socket A

Counts on CHECK and
TIME B-B, B-C but not other
functions,

Fault in input amplifier or trigger.

Counts incorrectly

See next test.

Set Time Units to 1 sec. and Time B-B.
Press RESET and START

Right hand digit does not count
fromQ— 9,

Fault in transistor decade read out
package, or storage 1C13.

As above but 0.1 sec. TIME UNITS

Second digit does not count
0-—9.

Fault in second decade storage or
read out IC8 Fig. 4.

etc. up to 1US

Faulty decade read out, or storage.

Apply known input frequency to
socket A measure frequency

Incorrect frequency steady
readings.

Incorrect triggering in input amplifier.
Incorrect gate time — try other posi-
tions of TIME UNITS SWITCH to
find faulty decade in timebase, Fauht
in re-clocking circuit of timebase.
Incorrect standard frequency.

Frequency or Period measurements.

Erratic readings

Hum or noisg on input signal, or in-
put amplifier, Check for steady output
from amplifier trigger circuit. Power
supply ripple. Poor grounding or
screening of input amp,

Two digits on display tube

Incorrect {Not BCD) output from de-
cade, Faulty read-out package. Faulty
tube.

Correct operation, ¢n manual
RESET but not SAMPLE RATE.

Display timer circuit fault.

TABLE 5.2 FAULT LOCATION
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Faults may also be caused by faulty switches, wiring or Table 5.3 shows typical waveforms observed with a high
joints. Further fault finding may be carried out by using performance oscilloscope and probe.

an oscilloscope. Trimmer C78 adjusted to give minimum output (below

The 1MHz standard should be traced with the SAMPLE 2mV pk-pk) at the output of T4 with a 10V r.m.s. signal
RATE control in the HOLD position and function switch at SMHz applied via matched 39€) resistors as a common
on CHECK or FREQUENCY, through the timebase mode signal to the two 7582 input terminals. The signal
decades, ensuring that they divide by ten. ground should be connected to the chassis connection.

Checking the remaining circuitry is often most easily
done using the COUNT function with a normal input

signal: after the generation of RESET and application NOTE that when ordering spares the circuit reference
of manual START the counting gate should open and the and board assembly number should always be quoted
counting decades may be checked. in addition to the part number and value.
(a) BCD Decade Qutputs (b) Reclocking Circuit.

END OF

RESET

wol [T ST T T 1 AU UL

« U e D 0

i

FROM UTS [ | ‘——‘ ' —-
22 w TO R16 i |
1 t
! 1
i 1
| e
z4 1\ , PINS IC8 5 ﬂ ;
— GATE TIME : :
z8 l ' OUTPUT ] |
PIN2,6 IC8 ; :
START sTOP
Note: The small steps in the waveforms are not significant, Shown with Time Units Switch set to 10 %sec.

TABLE 5.3 WAVEFORMS
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Component List and lllustrations

TIMEBASE & POWER SUPPLY CIRCUIT 1MHz

Ref

Value

Description

Metal Oxide MR3
or TRS
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon

Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon
Cracked Carbon

Electrolytic

Electrolytic

1060uF Electrolytic

1000uF Electrolytic

.047uF Ceramic

200uF  Electrolytic

3200uF Electrolytic

RESISTCRS

RI 3300
R2 15K
R3 15K
R4 8200
RS 4709
R6 1k
R7 4.7k82
R8 4.7k
R9 4.7k
RI0O 1.8k
RI1 3908
RI2 5609
RI3 33k
RI14 2.7k
RIS 3.3k
RI6 2700
RI7 22k
RI8 5.6k
RI9 1k
R20 1k
R2l 39k
R22 1k
R¥3 1k
R24 100§
R25

R26 10k
R27  330Q
R28 47k
R29 4700
R30 470
R31 10k
R32 8200
R33 1.2k
R34 10
R35 330
R36 6.8k
R37  33Q
CAPACITORS
Cl 16uF
C2 32uF
C3

c4

cs

Cé

c7

c8 18pF

Ceramic

Tol %

20
+50
20
+50
-10
+50
-10
+50
+80
2

+

hi— e
o0 oo O

h
10

thonththtabhthth tnth on L lbn L bh th Lh Lh Lh Lh Lh th h bo

ALY Lh L h hbh e b La

W
W
1w
YW
YW
YW

Part No.

28788
2051
2051
1637
1373

384
386
386
386
310
2410
308
1638
311
1638
2716
425
787
384
384
312
384
384
11504

11503
1894
386
1373
386

1637
2087
2259
2931

313
2931

350V 25875

300V

12189

6.4V 24797

6.4V 24797

306V

2793

10V 20782

16V 25876

500V 22367

Section 6
Ref Value Description Tol % Part No.
co 18pf Ceramic 10 500V 22367
Cl0 05uF  Ceramic 20 12V 19657
Cl1 05uF  Ceramic 20 12V 19657
Ci2 470pF Ceramic 10 500V 22383
C13 18pF  Ceramic 10 500V 22367
Cl4 1500pF Ceramic 10 500V 22388
C15 05uF  Ceramic 20 12V 19657
Cle 05uF  Ceramic 20 12V 19657
C17 60pf swing  Trimmer 30286
Ci8 1.5-8pF Trimmer 17998
C19 27pF  Ceramic 20 500V 22369

0-160pF
A.Q.T.

C20 4700pF Ceramic 25 500V 22393
C21
Cc22
C23 047uF Polyester 20 400V 3398
C24 18pF  Ceramic 10 500V 22367
C25  400uF Electrolytic A9 25v 20784
C26 05uF  Ceramic 20 12V 19657
Cc27 0.1uF Lemlac 30V 19647
TRANSISTORS
TR2 2N 3053 (CV8890) 4039
TR3 2N 930(CV7493) 21548
TR4 BSX 20 (CV7555) 23307
TRS BSX 20 (CV7555) 23307
TR6 BSX 20 (CV7555) 23307
TR7 BSX 20 (CV7555) 23307
TRS BSX 20 (CV7555) 23307
TR9 BSX 20 (CV7555) 23307
TRI1O BSX 20 (CV7555) 23307
TRI11 BSX 20 {CV7555) 23307
TRI12 BSX 20 (CV7555) 23307
INTEGRATED CIRCUITS
IC1 Decade 6995879 25873
1C2 Decade 6995879 25873
1C3 Decade 6995879 25873
IC4 Decade 6995879 25873
IC5 Decade 6995879 25873
IC6 Decade 6995879 25873
IC7 Decade 6995879 25873
IC8 5992729 24094
ICo 5991429 24091
DIODES
D1 CV 7356 30807
D2
D3 IN 4003 50V 23642
D4 IN 4003 50V 23642
D5 43V Zener (CV 7141) 5 400mWw27320
D6 20V Zener (CV 9084) 5 400mW 19955
D7 IN 914 (CV 7367) 23802
D8 IN 4003 50V 23642
MISCELLANEOUS
XL1 Crystal IMHz 22350
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TRI
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|
|
|
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TOP VIEW OF INTEGRATED CIRCUITS
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ATTENUATOR AND AMPLIFIER ASSEMBLY Ref Value  Description Tol % Part No.
Ref Value  Description Tol % Part No. C8 +50

RESISTORS c9 0.047yF Ceramic Murata '35 12V 19657
R1 IM Carbon 10 250V 1171 C10 200uF Electrolytic 20 10V 20782

AClrating Cl11  0.047uF Ceramic Murata +:558 30V 2793
W 319

w787 . +50
lﬁw A C12  0.047uF CeramicMurata 33 12V 19657

1
e o C13  0047uF Ceramic Murata '33 12V 19657
w314 Cl14  3204F Electrolytic 20 64V 23591

R2 100k  Cracked Carbon
R3 5.6k Cracked Carbon
R4 120k Cracked Carbon
RS 120k  Cracked Carbon
Ro6 22k Cracked Carbon
R7 8.2k Cracked Carbon

R33 1k Cracked Carbon
R34 12k Cracked Carbon

LW 384
YW 1685

5
5
5
5
5
5
R8 33k  CrackedCarbon 5 %W 317 C15  0.047uF Ceramic 30 12v 19657
R9 47k  CrackedCarbon 5 /W 386 Cl6 1000uF Electrolytic 20 6.4V 24797
R10 1k Cracked Carbon 5 KW 384 ;
i Cl17  15pF Ceramic 10 500V 22366
Rl 1k CrackedCarbon 5 /W 384 Ci8  200uF Electrolytic 20 10V 20782
RI12 68k  Cracked Carbon 5 %W 313 +50
R13 6.8k Cracked Carbon 5 Lw o 313 C19 0.047uF Ceramic Murata ?8 12V 19657
R14 1k Cracked Carbon 5 YW 384 C20  120pF Disc Eric 801 500V 22377
RIS 22k  Cracked Carbon 5 Lw 425 C21  150pF Disc Erie 801 10 500V 22378
RI6 332  Cracked Carbon 5 Y%w 2931 C22  68pF  Disc Eric 801 10 500V 22374
RI17 3302 Cracked Carbon 5 Y%w 1894 C23 1000uF Electrolytic 20 6.4V 24797
g}g %,glﬂ (C:rﬂdl:eg gargon g 1/"’3 ll’sigi €24  0047yF CeramicMurata '3 12V 19657
racKe arpon s s
R20 1.5k Cracked Carbon 5 w385 C25 320uF Electrolytic +§g 6.4V 23591
R21 82002 Cracked Carbon 5 LW 1637 C26 0.047uF Ceramic 30 12V 19657
R22 33082 Cracked Carbon 5 %W 1894 €27  18pF  Ceramic Eric 801 10 500V 22367
R23 332  Cracked Carbon 5 W 2931 C28 15pF  Ceramic Erie
R24 1580 Cracked Carbon 5 LW 2085
R25 1.5k  Cracked Catbon 5 %W 385 €27  18pF Ceramic Erie 801 10 500V 22367
%%91 §§8 gra0§eg gafgon ?5 15% lggz C28  15pF Ceramic Erie 801 10 500V 22366
racked Carbon A . +50
R28 1k Cracked Carbon s Lw 384 C29 0.047uF Ceramic Murata R 12V 19657
R29 330 Cracked Carbon 5 YW 2931 C30 1000uF Electrolytic 20 6.4V 24797
R30 159  Cracked Carbon 5 LW 2085 C31
R31 330 Cracked Carbon 5 %W 1894 C32 320uF Electrolytic 20 6.4V 23591
R32 12k Cracked Carbon g W 1685 C33  0.047uF Ceramic 39 12v 19657
5
R35 12k  Cracked Carbon 5 W 1685
R36 1k Cracked Carbon 5 YW 384 TRy TR W 30576
R37 27k  Cracked Carbon 5 %W o 311 IR2 BSX 20 (CV 7555) 231307
R38 12k  Cracked Carbon 5 LW 1685 TR3 BSX 20 {CV 7555) 33307
R39 1.8k  Cracked Carbon 5 YW 310 TR4 BSX 20 (CV 7555) 23307
R40 4708 Cracked Carbon 5 Y%w 1373 RS BSX 20 (CV 7555) 23307
R41 2.7k Cracked Carbon 5 %W 311 TRG BSX 20 (CV 7555) 33307
R42 1.2k  Cracked Carbon 5 %W 2087 TR7 BSX 20 (CV 7555) 53307
R43 1.2k  Cracked Carbon 5 YLw 2087 TRS BSX 20 (CV 7555) 33307
R44 1k Potentiometer Erie TRO BSX 20 (CV 7555 23307
Eric Type 84 20  A4/29699 )
R45 1022 Cracked Carbon 5 w2259
CAPACITORS
C1 0 MISCELLANEOUS
C2 4.7pF. Mica +¥pF 4502 S1 Switch Slider DP/DT
C3 AT7pF Mica +¥pF 4502 Aeriel Pressings 25869
c4 33pF  Mica 5 350V 4779
Cs 68pF  Mica 5 350V 4513 D1 IN916 (CV 7368) 1949
o 100pF Ceramic Erie 801 10 500V 22376 D2 IN914 (CV 7367) 23802
Cc7 0.047uF Ceramic Lemco  +50 D3 75V Zener (CV 7104) 5 400mW22173

1210k 30 30V 2793 D4 75V Zener (CV7104) 5 400mW22173
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O = = ~ Om O oV
/7477 | R4 1 ;7-;77
—
PRINTED CIRCUIT BOARD
ASSEMBLY No. 29678 PRINTED CIRCUIT BOARD ASSEMBLY No. 30512 NOTES

Fig. 3 INPUT AMPLIFIER CIRCUIT DIAGRAM AO/SK 2271

SKA AND CI ARE CALLED FOR
ON INTERCONNECTIQN DIAGRAM,
DRAWING No. AO/SK 2273

Sl IS SHOWN IN 10mV POSITION.
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Component List and lllustrations

DECADE & DISPLAY CIRCUIT (cont.)

€38  0.047uF
C39  0.047uF
C40  18pF

C4l  0.047uF
C42  0.047uF
C43  0.047uF

TRANSISTORS
TR1
TR2
TR3
TR4
TRS
TRé6
TR7
TR8
TRS
TRI10
TR11
TR12
TRI3
TR14
TRI15
TRi6
TR17
TRI18
TRI1S
TR20
TR21
TR22
TR23
TR24
TR25

DIODES
D1

D4
D5

D§

Ceramic Erie +50
Transcap -30
Ceramic Erie +50
Transcap -30
Ceramic Erie 801 +10
Ceramic Erie +50
Transcap -30
Ceramic Erie +50
Transcap -30
Ceramic Erie +50
Transcap -30

BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 {(CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
V405A {(CV 7594)
BCY 70 (CV 9023)
BFW 11

BSX 20 (CV 7555)
BCY 70 (CV 9023)
BSX 20 {CV 7555)
BSX 20 (CV 7555)
BSX 20 (CV 7555)
V4054 (CV 7594)
BSX 20 (CV 7555)

IN 4148(CV 7367)

IN 4148(CV 7367
IN 4148(CV 7367)

1N 4148(CV 7367)

12v

12v
500V
12v

12V
v

19657

19657
22367
19657

19657
19657

23307
23307
23307
23307
23307
23307
23307
23307
23307
23307
23307
23307
23307
23307
23307
19689
23354
30526
23307
23354
23307
23307
23307
19689
23307

23802

23802
23802

23802

Section 6
Ref Value Description Tol % Part No.
D9 IN 4148(CV 7367) 23802
D11 IN 4148(CV 7367) 23802
D13 IN 4148(CV 7367) 23802
Dié IN 4148(CV 7367) 23802
D17 IN 4148(CV 7367) 23802
D18 1N 4148(CV 7367) 23802
INTEGRATED CIRCUITS
IC1 59-926-29P 24090
IC2 59926-29P 24000
IC3 69-958-79 25873
ic4 69-958-79 25873
IC5 69-958-79 25873
IC6 69-958-79 25873
IC7 539-960-79 24096
IC8 59-960-79 24096
IC9 59-960-79 24096
IC10 59-960-79 24096
iC11 39-960-79 24096
iC12 59.960-79 24096
IC13 59.959-79 24095
IC14 59-959-79 24095
ICIS5 59-959-79 24095
ICl16 59-959-79 24095
1C17 59.959-79 24095
IC18 59.959-79 24095
1C19 59.926-29P 24090
1C20 59-926-29P 24090
IC21 59-914-29P 24091
1C22 59-926-29P 24090
IC23 59.914-26P 24091
IC24 59.926-29P 24090
MISCELLANEOUS
ILP1 ZM 1175 Mullard  Numerical 28127
ILP2 ZM 1175 Mullard  Indicator 28127

Tube Neon

ILP3 ZM 1175 Mullard 28127
ILP4 ZM 1175 Mullard 28127
ILP5 ZM 1175 Mullard 28127
1LP6 ZM 1175 Mullard 28127
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. STOP
START STOP OUTPUT
+5-4V0—
RESET O.
PULSE OUT
+3-8V 0O

[]Rz ]R3 []M 1£20 1 Re7
8] 10 8 10
S + S +
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t iy ’ *
I TRI TR2 TR4 TR3| —T

R)
INPUT _ _
‘@ 4 sz 4l 3

—
[+]
[e

[\1

K
<l Js2 c34 |c3s cae
¢ ov c ov ) e
T L T TT
ovo
RY RS
ce | c4
R6 I
f R70 R71
cs ) ———
MANUAL 272 MANUAL
$TART s sToP
ca2
1 i
I
RI7
fjns RIl f]ma ) —c2s
cis
11 R3S
1t
cn
RIo RIS R20
r—————4% | Rz _‘:)T I ——
RI3
TRS
cal
>, c12 —-—
Y 1% -
1l
ol Tre ) TR7 o RS TRO os TRIO
Id @I @ i Id @
co cio Cla
oL -_ L
- R RI6 - - Ri9
+200V0
+3-8Y O0—
g[lo 1c2 sl 10| 1€19 a[ 10| 1g.22 a] ol 1€.24
s+ s+ s+ s+
2 s —21, Qll 2 af® 2, al®
R
L, A . i I
= &t A a4k 1. Y« at
c ov ¢ ov c ov ¢ ov
1 s 1 s i s ] 5
ovo
|
|

Fig. 4 DECADE AND DISPLAY CIRC}./ITDIAGRAM AO/SK 2269
/
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STOP
OUTPUT

D17
1€y ]R“ i
TRIB
R&4
-
TR20
R8I
TR2I —_ 1
c3a |cas caa
— -
1T 1
—
9
MANUAL
O stop
i
jma ]j 1 [jnzl [T]nu R29 R32 [jnu
R3S
<5 c21
R20 R2S R28 l [ R33
e R22 p————— 1 — RO | [ g N
R23 A3
cle ca3
1 cis - c22 -
11 -_— 2T T
als e |
TRY Trio ) TRII TRI2 TRI3 rtrazs
Ds D8 Do oIl
E B | s @
L] T L |
dcs e dste Jczo
= Ri9 R28 - - R27 R34 -
R4 RSO RSI
a] ol 1c.24 a ILpi a iLp2 a ILP3
S + L ] L ] L]
01234567869 0123456789F 012345678%9
t, qle 00000 00 00000000 0000000000
ey []Rd? L]Ras[]nas[]ﬁua L DP2 DP3
. . 701 23456 7629 01 23456789 701 234567 89
K Qe 1c7 1ce ce
112 14 1g OV + o1y 141y OV 1, 1z 1a 15 OV +
¢ ov
) S l l l l T T T 1
I 5
1 b2 gade .Lc37?l ?z?a?s 1 b2 ba pe
[ 11 . - [ | [ 1
7 4 10 13 3 16+ 7 4 10 13 8 16+ 7 4 10 13 8 To+
1c13 IC14 1cis
6 3 1l 14 | 6 3 1l 14 | 5 3 1 14 )

COUNT

RESET

71 Z2 14 18 oV +

IC3

l
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O +12V
RSS
RESET

SWITCH
INPUT

—C HOLD

— c25
R33 R4l
—T rR3io | 1
R36 y
r— +—mm*
R40
c43
b c24
-
T ]
3 ttaas TRI4 TRIS
DIl @_ DI3 i~ Dl c27
ldl
_ b, H— A
0 TRIS
Jc20 c23
Ras - ;: n27 R42

c20
RS RS2 RS3 RS&
a 1LP3 o 1LPa A iLes a ILPs
= - . -l
] L ] L] .
0123456789 01234567839 01 23456789 0123456789
00860000000 PEO0R0 000 o Sy 000
oL
oP3 oPa oPS5 oPe
10 | 234656 ] IC | 2 3456789 012345678 ICT 234567869
1C9 cio e 1c12
I 1) lalg OV + Wol; la tg OV + Itz 14 1s OV + otz ety OV 4+
I' T T 7T ] i ‘ ] | I I ]
%,l 2 %4 %a i,t <i,2 1,4 %a %I %,2 %4 }s Tl ?2 ?4 ?a
[ [ T 17T [ [ 1] 1
7 4 10 13 8 l6+ 7 4 1013 8 e+ 7 4 1013 6+ 7 4 1013 16+
1c15 1516 1€17 1c1e Ao®
6 3 1 14 ) 6 3 114 ; s 3 1 14 i 6 3 11 ia | T
1
71 12 24 28 OV + 21 T2 14 28 OV + 71 22 24 28 OV + Z1 12 14 18 OV +
—]count 1C3 L{count 1Cca Llcount 1cs COUNT 1Cs
RESET RESET RESET RESET

l It l

ASSY. NO 30810
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Component List and lllustrations

INTERCONNECTION DIAGRAM

Ref Value

RESISTORS

R75 2.7k
Rev.

R76  SMygy

R8¢t 10k

R&4 7582

R85 270k

CAPACITORS

Cl 0.15uF

C73 S000pF

C74  5000pF

€75 1000pF

C76 i000pF

SWITCHES

S1

S2

§3

S4

S5

S6

57

S8

59

S10

Description Tol %

Cracked Carbon +5
Control Pot A.B.
AY45

I/Bw
Includin,
318 25877

Part No,

311

Ciacked Carbon %5 %W 11503
Metal Film 2 BW 28780
Cracked Carbon 5 YW 1679
Tropyfol ‘M’ 10 400V 2366
Erie K350011/C08 3 3KV 1514
Exie K350011/C08 ;3] 3KV 1514
Cap.Feed Thro’ 20
Erie K2600/361 480 SO0V 3313
Cap.Feed Thro’ -20
Erie K2600/361 480 500V 3313
"Time Units 25664
Function - 25665
PBSIM Rendar 4881
PBSIM Rendar 4881
PBSIM Rendar 4881
. . Part of R76
Ariel Pressings 24545
Slider 2P2W A/P RA2302
Slider 2P2W A/P RA2302 24545
SP/DT MST 105D Waycom 23995-
DP/DT MST 205PA 27816

Ref Value

SOCKETS
SKA
SKB
SKC
SKD
SKE
SKF

MISCELLANEQUS

TR1

MR2

ILP7
ILP8
ILP9
ILP1O

T1
L1
L2

Section 6
Description Tol % Part No.
Connector Plug No. 1 30498
Connector Plug No. 1 30498
Connector Plug No. | 30498
B/1. E6013 4mm Black 25675
B/L E6013 4mm Black 25675
B/L E6013 4mm Biack 25675
B/L E6013 4mm Black 25675
Rendar MJ600/A 2726
Bulgin P429 4478
Belling Lee L5362 2.5A 21189
Belling Lee L562 2.5A 21189
Belling Lee L562 100mA 4876
Belling Lee L754 2A 1255
2N3055 (CV 8889, 9195) 3813
Bridge Rectifier VS 248
2 Amp 26784
Indicator Neon Hivac 3L 12781
Indicator Neon Hivac 3L 12781
Indicator Neon Hivac 3L 12781
Indicator Neon Hivac 3L 12781
Transformer MTo660
Choke 1A Dubilier 666 11212
Choke 1A Dubilier 666 11212
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— . —— —

ov
FOR 10OV
TO 30V g EMITTER
OPERATION TRI
COLLECTOR
BASE
FS3 i 0 +C7
==
|
-
ov
TIME UNITS
£ }—0 TIME UNITS SUT
0 TIME UNITS
FSa GATE TIME
—
(— uTs.
12v 1
RESET 10 SEC. 1 SEC
MR ? Q 9
p— — =« ——
FOR 200V
TO 250V P e RN [ R P
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I
I
SlaF d !
[€) 3 1
5 |
.
8 7 !
s ;
14 o o !
iz 7
0, 6
--Fs2c [_'_'-
A . R8S (
Cc7s C7s — l
A — -
i
.
L L2 O + 200V
c73
C7a
1 -
w1 | T—_——j————— = oo - -
FSI[ ]Fsz
1
!
1
s & l Veesad d
L GND.
SUPPLY
SKK -
I
0?07
-4 L I -t
10 - '|0
10 - -
gt . « .
st R8I
SHOWN IN 10°6 POSITION R76
TIME UNITS: SECS SAMPLE
s2a8 s2b8 RATE
M 21 2! 2
PERIODS m /ﬁ\. © °
SINGLE PER TIME B-8
NG L oo ag W, . /\o .
FREQUENCY o o TIME B-C 0
15
cutcx m - cour & b A N >L
13 i=]
OFF & N COUNT A B-8
s2 e
SHOWN IN'OFF’ POSITION :Ii _____________________ o

Slaff]siaB s20F []s208 S2bFf}S2bR  S2¢

FRONT FRONT
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ov
TIMEBASE AND POWER SUPPLY R75 SKE
0 EMITTER IMHz
ouTePUT (| MHz

tzCOLLECTOR

BASE ov EXTERNAL
. STD STD

+C7 175V~ INPUT SKH

-0

TIME UNITS OUT oV 12vn
—O TIME UNITS

- 2OV O 200V v
onv lus ov I
'
'

GATE TIME
u.Ts. BALANCED
| INPUT
RESEY 10 SEC. 1 SEC IOOmS 10mS im$ 100uS 10O4S AS TB IN +3-8V UNREG +18V  + 5V 750 CEN.

? 3 0 o o [ I~ ov 9 o © —o———'— 1 TAP
S I _T_l‘ SN AN AN DU M N S .T_______ SKL  SKM  SKN s\}p
- +
FY'EVU_A?OT‘ '—T_- T -'
ASSEMBLY
L}

‘ BALANCED INPUT
ASSEMBLY

e e 3

i
E—
|

L

Ccl
FOLLOW/STORE
SWITCH T
s9

A
L
—C Q g3 —
N R85 1Py iLP8 ILPO ILPIO OV STORE GATE ’ B AC
PULSE '
I A INPUT
AMPUIFIER ?
. DISPLAY BOARD . :ASSLEMBEYRI

FROM TR3e O l .

: 4S10 SHOWN IN 750
M.STOP M.START +5-4V +3-8v STT STOP RESET OV  INPUT HOLD +16V SWITCH, YO C32 + ' UNBALANCED POSITION
O+ 200V o [¢] o) [ [ ] [+ [+ o—]
. » — s —] s —— ] — e mdme - c— o] — e — e - = ’
+ 20V
P ooy NG
' ' '
ouT oV i 5
i ‘ °
vl o
,,,,, f 750 IMQ 750 BAL
————— O TERM. (AT REAR)

pp—— e R T

INPUT SELECTION SWITCH
$—————(SKD RESET

L

& l— L.
RSt \c - — 1 sLope —
HOLD T*-O ‘B’ INPUT ' €’ INPUT
AMPLIFIER AMPLIFIER
;:‘:g‘-i RESET STOP START <8
)
. Sk8 . ' SKC

‘ '8’ INPUT l

| GND OUTPUT l
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Component List and lllustrations Section 6

B & C INPUT AMPLIFIER CIRCUIT Ref Value  Description Tol % Part No.

Ref Value Description To! % Part No. CAPACITORS

RESISTORS Cl  00474F Erie Transcap "33 12V 19657

i

RIV 47ki2 - Cracked Carbon 5 W 318 C2  OISF Polyester Film 10 160V 4538

R2 39kQ2 Cracked Carbon 5 /SW 1639 C426 Mullard -10

R3  680Q Cracked Carbon 5 %W 309 €3 125uF "Eectrolytic  +50 23V 20775

R4 33kl Cracked Carbon 5 %W 317 c4 18pF  Ceramic Ene 801 10 500V 22367

R5 278 gracﬁed Carbon 5 :/sW 311 Cs 18pF  Ceramic Erie 801 10 500V 22367

R6 4702 racked Carbon 5 KW 1373 . +80

R7 10k Cracked Carbon 5 Y4 W 11503 C6  0.duF  Eric 20 S0V 19647

R8 27k Cracked Carbon 5 %BW 316 C7  0.5¢F Polyester Film 10 160V 4538

RY 56082 Cracked Carbon S %W 308

RI0  39kQ Cracked Carbon 5 Lwo o312 8 12.5uF C“?E?eﬁ"t‘r‘gf;gc ;19 25V 20775

RI1 33k Cracked Carbon 5 /W 317 C9  18pF  Ceramic Exie 801 10 SO0V 22367

Eg ?ijéﬂ gfacteg gafgoﬂ 2 1?& ggg C10  18pF  Ceramic Erie 801 10 500V 22367
facked -aroon YA €426 Mullard -10

Ri4 47k Cracked Carbon 5 W 318 CIT o 320uF “TElecirolytic  +50 64V 23591

RI15 39k Cracked Carbon 5 YW 1639

Rl6 68002 Cracked Carbon 5 i/SW 309 TRANSISTORS

R17 33k§2  Cracked Carbon 5 KW 317 TR BC 108 (CV10440) 26110

RI18 2.7k82  Cracked Carbon 5 YBLw o 311 TR? BSX20 (CV 7555) 23307

R19 47082 Cracked Carbon 5 Yw 1373 TR3 BSX20 (CV 7555%) 23307

R20  10k§2  Cracked Carbon s YW 11503 TR4 BC 108 {CV10440) 26110

R21 27k§}  Cracked Carbon 5 i/SW 316 TRS BSX20 (CV 7555) 23307

R22 56002 Cracked Carbon 5 /3W 308 TR6 BSX20 (CV 7555) 23307

R23 3.9k Cracked Carbon 5 %W o 312

R24 33k§2  Cracked Carbon 5 %Bw 317

R25 4.7k§2  Cracked Carbon 5 YW 386 DIODES

R26 1k&2 Cracked Carbon 5 %W 384 Dl IN 4148{CV 7367) 23802

R27 6882 Cracked Carbon 5 %W 1640 D2 IN 4148(CV 7367) 23802
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57 SLOPE SELECTION

Ri4 ﬁRI?’ R18

R25

SKC

INPUT ¢’ —O0—

1,

R26 l

TRS6

PRINTED CIRCUIT BOARD ASSEMBLY No 27995

4:9V

R27

— 13
L F

_l_c' *;J:‘E” RI [T]Ra R4 RS
T RIO R12
—4
<
SKB

INPUT '8’ )_Q O— —]

36V

TR2 cs

B

l
|
|
I
|
|
|
|
|
|
O
[

|
RI3 4l

TR3

Fig. 6 B + C INPUT CIRCUIT DIAGRAM A1/SK 2268 C © |sLoPE SELECTION

—1—=°

|
|
|
|
I
|
I

OUTPUT ‘¢’
TO FUNCTION
SWITCH

ouTPUT 'R’
TO FUNCTION
SWITCH
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Component List and lllustrations Section 6

BALANCED INPUT CIRCUIT
Ref Value Description Tol % Part No.

RESISTORS
R82 758 Metal Oxide MRS -2 1AW 28780
or TRS

R83 1.2k  Cracked Carbon -5 %W 2087

R8&6 4.7k Cracked Carbon 5 LW 386

1.5K—4.7K §.0.T.
CAPACITORS
C78 1%pF  Trimmer Lemco ;23 500V 17998
c79 47pF  Ceramic +1pF 500V 29649
MISCELLANEOUS
T2 Toroid Wlndlngs A2/301
T3 on 8.T.C. Core Type } 230199
T4 CRO71/12A/A/SA601 A4/30201
SKL Connector 1/S50/14 30203
SKM Connector 1/850/14 30203
SKN Connector 1/880/14 30203
SKP Connector 1/S80/14 30203

T
R82 sa |
CSKM
—c79
{SKN
o
N coue 588
e S

ASSY No. 30195

Fig. 7 BALANCED INPUT CIRCUIT DIAGRAM A2/SK 2272
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Component List and lllustrations Section 6

C17 COARSE FREQUENCY ADJUST

XTAL OVEN

HINGED TIMEBASE AND
POWER SUPPLY ASSEMBLY

C18 FREQUENCY ADJUST

3-8V SUPPLY LINK

POWER SUPPLY

SUPPLY VOLTAGE ADJUST

Fig. 8 COMPONENT LAYOUT (TOP VIEW) N ANRIFIER, SCREEN
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Component List and lllustrations

1 c32 Balanced input box 'B’and C input amplifier

Section 6

TR1
5-4V Regulator
transistor

3 ] c78 Mains filter

A Amplifier cover

Amplifier fixings T2 T4 Decade and display assy.

Fig. 9 COMPONENT LAYOQUT (UNDERSIDE VIEW)



