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HANDBOOK VALIDITY

This Issue of the handbook is prepared for the following
instrument serial numbers:-

9835: commencing at No. 1630
9837: commencing at No. 1730
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TECHNICAL SPECIFLCATION

TYPES 9835 and 9837

NOTE: The data given applies to both instruments except where otherwise indicated.

1. MEASURING FUNCTIONS
Frequency, _
Single Period and Multiple Period
Ratio and Multiple Ratio
Time interval - Single Line and Double Line
Totalizing. :
2. PRINCIPAL ELECTRICAL PARAMETERS .
2.1 Channel 'A' Input Amplifier (A.C. Coupled) : |
Frequency Range: 835 9837 7
10Hz to 20MHz 10Hz to 80MHz '
Sensitivity: 9835: 10mV (variable by means of LEVEL control).
9837: As for 9835 up to 20MHz. Above 20MHz
the LEVEL control is operated in the "HF" y:
(switched) position with fixed 10mV ,@\___‘t..-"
sensitivity up to 60MHz R
Above 60MHz the sensitivity is reduced to
o
20mV. 5
Maximum Input Level: 250V r.m.s. up to 10kHz aF
50V r.m.s, up to 100kHz 3,.'
10V r.m.s. above 100kHz.
Input Impedance: IM ohm shunted by 25pF A ‘
Coupling: 400V D.C. o |
Connection: B.N.C. socket mounted on front panel.
2.2 Channels 'A' ond 'B' (D.C. Coupled) 2
Frequency Range: ' D.C. to 5MHz. &%
Sensitivity: +1V + 0.25V or contact closure to earth. Y
Maximum Input Level: +35Vv.
Pulse Duration: 100ns minimum at trigger points. ‘S
9835/9837 Tech. Spec. (1)
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2.3

2.4

2.5

Input Impedance:
Connection:

Frequency Measurement

Input:
Frequency Ranges

and
Gate Times:

Period Measurement

Range:

Clock Unit:

Input Channel:
Coupling:

Periods Averaged:

Single Period:

Time Interval (Single Line)

Time Range:
Input Channel:

Trigger Slope:

Clock Units:

9835,/9837

9835

9837 S

Approximately 10k ohm.

B.N.C. socket mounted on front panel.

Channel 'A",

A.C. Mode: 10 Hz to 20 MHz
D.C. Mode: D.C, to 5 MHz
Gate Times: 100ps to 10s in decade steps

y
"H.F," A.C.:- 10 Hz to 80 MHz
"Normal" A.C.:- 10 Hz to 20 MHz.
D.C. Mode:- D.C. to 5 MHz.
Gate Times:- 100us to 10s, except in
"H.F." mode where gate

. times are 400us to 40s.

Tus - 1 sec.

Tps

A

A.C.or D.C.

1 - 10° in decade steps.

Coan be measured also as specified under
"Time Interval (Single Line)" below.

Tps to 10° sec. (Approximately 28 hours).
'8', D.C. coupled.

Start:- + or - slope selection switch.
Stop:- + or - slope selection switch.

lus - 100ms in decode steps

Tech. Spec. (2)
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{nput:

2.6 Time Interval (Double Line)

Time Range:
Start Channel:
Stop Channel:

Coupling:

Positive pulse or contact closure. (Pins are
provided for fitting bounce protection capacitors).

lus to 105 sec. (Approximately 28 hours).

Other details are for single line measurement. _

2.7  Single Period Measurement

See 2.5 above.

2.8 Ratio Measurement

Inputs:
2.8.1 Higher Frequency Input:
Coupling:

Frequency Range:
2,8.2 Lower Frequency |nput:
Coupling:

Frequency Range:

Reads:
Multiplier 'n’:
2.9 Totalising
Input Channel:
Coupling:

Maximum Rate:

9835,/9837

B
AAI
D.C.
W

Channel 'A’.

A.C. or D.C.

0 - 20 MHz.

Channel 'B'.

D.C. i

0-2MHzforn=1
0—5MHzforn=]0toTOs.

Frequency A
X n
Frequency B

1 - 10° in decade steps.

Al
A.C. or D.C.

5 x 106 events per second,

Tech. Spec. (3)



Pulse Pair Resolution: Not less than 0.2psec.
Pulse Width: 100ns minimum at trigger points.

Prescaling: Evenls may be pre—scaled in decade steps
from 1 = 107 (n).

No. of Input Events

Reads:
n
Manual Start - Stop: By push buttons on front panel.
Successive operation of the start - stop
buttons will atlow accumulation of events,
when using 'Single Shot'.
Electrical Start - Stop: As for 2,5 Time Interval (Single Line).

~2.10 Frequency Standard

2,10.1 Frequency: SMHz,

Temperature Stability: + 8 parts in 106 over instrument operating
temperature range.

£ 3 parts in 10% over temperature range

+20 to +40°C.,
Average Ageing Rate: Better than % 1 part in ‘IO6 per month.
2.10.2 Internal Standard Output
Frequency: _ 1 MHz.
Output Level: 3V p~p rectangular wave.
Connector: B.N.C. socket at rear of instrument.
Impedance: Approximately 1k Q..

2,10.3 External Standard Input

NOTE: It should be noted that the accuracy of mecsurement is directly related
to the accuracy of the frequency standard used.

Frequency: 1 MHz.
Minimum Level: 100mV r.m.s.
Maximum Level: 10V r.m.s., 400V d.c.

9835/9837 Tech. Spec. (4)



Input Impedance:

Connector:

Display
Number of Digits:

Sample Rate:

Check:

Reset:

Power SUEE'Y

Voltage Ranges (a.c.):.

Frequency:

. Consumption:

1k ohm approximately (A.C. coupled).

B.N.C. socket at rear of instrument.

Six in-line numerica! indicator tubes with
automatically positioned decimal points.

Latching is provided as an option (Option 03).

Display time continuously variable from 0.25
to typically 7 seconds, with a switched

SINGLE SHOT position.

Push-button selects check or operate mode.

Push button for manual reset or single shot.

Selected by soldered connection to tappings
on power transformer. The following ranges
are provided for:-

103-116V 188-212V
113-127V 207-233V
226-254V

A notice on the rear panel must show the
voltage range selected. Suitable adhesive

labels are supplied with the instrument for
use with ranges other than 226-254V.

45 ~ 440 Hz.
Approximately 30 V. A,

PRINCIPAL MECHANICAL PARAMETERS

Dimensions:

Height:
Width:
Depth:

Weight:

9835/9837

Case 82.6mm (3.1/4")
Overall 100mm (3.15/16")
Case 219mm (8.5/8")
Overall 248mm (9.3/4")
Case 254mm (10")
Overall 276mm (10.7/8")
2.7kg. (61bs.)

Tech. Spec. (5)
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4.1

4.2

4.3

5.0

9.2

9.3

ENVIRONMENTAL CONDITIONS

Operating Temperature Range:

Storage Temperature Range:

Homidity:

OPTIONS

Data Output Option 01

Information Format:

Logic Levels:

Supply Output:

Command Qutput:

Hold Input:

Latch Display Option 03

9835 9837
0 To +55°C 0 to +45°C up to 60MHz

+15 to +35°C above 60MHz

-20°C to +70°C.

95% R.H. at 40°C.

NOTE: All logic levels are TTL Compatible

4 line BCD weighted 1248 per display
tube and 3 line decimal point positions.

'"1' state +2,5V to +4.,5V
‘0" state 0 to +0,5V.

OV and +5V from 180Q) source.

2.5V to 4.5V
Off level Oto 0.5V.

2,5V to 4.5V

Off level 0 to 0,5V

When Hold goes from '1' to '0' level it
automatically instigates a reset action.

Previous measurement is displayed whilst the instrument resets and completes a new
measurement., The instrument automatically updates the display at the end of each

measurement.

The instrument is automatically unlatched for Time [nterval and Totalise Modes.

Option 04: 9440 Frequency Standard

Frequency:

Temperature Stability:

Warm-up Time:

Average Ageing Rate:

9835,/9837

5MHz.

+ 1 part in 10% over the temperature
range 0 - 55°C.

2 minutes for 1 p.p.m.
+3 parls in 107 during first month.

+2 parts in 10~ during first year.
+1 part in 100 in second year and thereafter.

Tech. Spec. (6)
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INTRODUCTION

1.1 The Universal Counters Type 9835 and 9837 are compact lightweight instruments

providing a wide range of facilities in convenient form at moderate cost. The two
instruments are almost identical in basic design, construction and facilities provided, except
that the model 9837 employs a divider assembly which extends the range of frequenc
measurement to at least 80 MHz without reductien of resolution. The contents of this
handbook apply equally to both instruments except for a few items, principally concerned
with frequency measurement on the "h.f." range, where additional circuit information
should be noted.

FACILITIES

1.2 (a) Frequency measurement ranges: 9835: A.C. coupled: up to 20 MHz
D.C. coupled: up to 5 MHz.

9837: A.C. coupled: up to 80 MHz.
D.C. coupled: up to 5 MHz.
(b) Period Measurement, 1 to 105 periods in decade steps, a.c. or d.c. coupled.

(c) Ratio Measurement.

(d) Time Interval, single or double line, with either manual or electrical start/stop
signals, the latter having trigger-slope selection and choice of either pulse or
contact closure source.

(e) Totalize, with electronic or manual control.

1.3 By potentiometer control the display time can be varied between 4 second and 10
seconds approximately, and by turning this control fully anti-clockwise a Hold (Single

Shot) facility is obtained. In this Hold condition single shot readings are obtainable by use

of the adjacent Reset push-button. The readout is displayed on six in-line numerical indicator

tubes with automatic positioning of the decimal point. In the standard version the display is

unlatched, but a latched (stored) display is available at customer's option (Option 03).

1-1
9835,9837



INPUTS

Model 9835

1.4 The Channel 'A’ input feeds into either an a.c. or a d.c. coupled amplifier,

according to the setting of the AC/DC Selector switch. The ‘Level’ control which
operates on the input to Channel 'A', provides fine adjustment of signal attenuation to assist
stable counting in the presence of background "noise”. When this control is set to minimum
attenuation the instrument has a sensitivity of 10mV r.m.s. (o.c. coupled). The Channel ‘B’
input is exclusively d.c. coupled.

Model 9837

1.5 For measurements below 20 MHz the input details described in the previous parograph

apply equally to the 9837. For frequency measurement above 20 MHz, however, the
LEVEL control in the 9837 may be switched to a fixed "HF" pesition which introduces a
divide-by-four stage into the 'A’ channel signal path. The sensitivity in this mode is fixed
at 10mV. On "HF", division by four is also introduced into the frequency reference path,
thus extending the gate times by a factor of 4 thereby maintaining the same resolution as on
the lower frequency measurements.

FREQUENCY REFERENCE OSCILLATOR

1.6 A discrete component 5 MHz oscillator is fitted in the standard version of the instru-

ment, but at customer's option a fast-warm-up oscillator unit from the Racal range
may be fitted. (Option 04). The internal reference is available as a 1 MHz square-wave
signal from a 1kQ source at a socket on the rear panel. Also on the rear panel a socket is
available for the connection of an external 1 MHz frequency. standard.

DATA OUTPUT (Option 01)

1.7 At customer's opton a 36~way socket can be fitted to the rear panel which will

provide o 4~line b.c.d. output weighted 1 2 4 8 per display tube. Also provided
are decimal point (d.p.) information, 'Hold' and 'Command' lines and an auxiliary +5V
output via 180 ohms.

CONSTRUCTION

1.8 The instrument circuils are contained on two printed circuit boards. The larger

assembly is referred to as the Motherboard, the circuit details of which are shown in
Fig.4.6 at the rear of the handbook. Mounted above the Motherboard is the smaller Counter
Disploy Assembly which can be easily detached, whilst remaining fully operational, thus
providing excellent access to all parts of the instrument for servicing purposes.

MODIFICATIONS

1.2  Commencing at serial number 1630 (9835) and 1730 (9837) the plug-in voltage selector
is discontinued and a toggle-type Power switch is fitted to conform with |.E.C. '
regulations. The text of the handbook conforms to the new arrangement.

1-2
9835,/9837



CHAPTER 2

- — e

POWER CHECKS

Connecting Plug

2.1 Fit a suitable plug to the power lead in accordance with the following colour
code:-
Brown ... ... ... ... ... line
Blue ces tas see sae ... npeuiral
Green/Yellow vee +». ... earth (ground)

A.C. Voltage Selection and Fuse

2.2 (1) Check that the power fuse on the rear panel is correctly rated for the
local a.c. supply, as follows:-
200~-250V ... ..o siv vue v.. 125 mA onti-surge
100~ 125V ... ... ... ... ... 250 mA anti-surge

(2)  Check that the voltage tapping on the power transformer is correct for
the local a.c. supply. Verify that the label on the rear panel indicates
correctly the selected voltage range. Altemative labels are provided with
the instrument. To remove the case unscrew the two captive "Pozidriv"
screws which are recessed in the plastic "feet” on the rear panel. The
chassis can then be withdrawn.

INSTRUMENT SELF~-CHECK

2.3 Inthe CHECK mode the 1 MHz reference derived from the frequency standard

is fed through the counting and display circuits. Complete details of the
self-check on all functions are contained in Chapter 5. The rapid operational check,
given in Table 2.1 below, will confirm that the instrument is counting correctly on all
functions.

(1) On the rear panel set the Frequency Standard switch to INT. (or to
EXT. if external standard is in use).

(2) Connect the instrument to the mains supply and set the POWER switch
to ON. Note that the display tubes illuminate.

(3)  Set the DISPLAY TIME controls to a short display time (anti~clockwise).

9835/9837 2-1



(4) Depress the CHECK push=button.

(5) Operate the Function switch and Range buttons and check the
readouts according to Table 2.1 below. For comprehersive details
of the check refer to Chaopter 5 pora. 5.2).

(6) Rotate the DISPLAY TIME control and check that the display
time varies accordingly.

TABLE 2.1

Instrument Self-Check Operation

FUNCTION REQUIRED READOUT

Frequency-A Reads 1 MHz

Period-A Reads Tus

Time Intervol Counts chosen clock units when

B & B-A START button depressed

Ruf%o A Refer to Chapter 5,

"B para. 5.6.
. A . _ .

Totalize - Totalizes chosen clock units
(according to Range button
selected) for eperations of Start
and Stop buttons

Amplifier Serviceability

2.4 To supplement the Self-Check procedure of para. 2-3, the serviceability

of the input amplifiers can be verified by feeding the signal from the 1 MHz
O/P socket on the rear panel into the 'A* and 'B' input sockets on the front panel. (See
Chapter 5, para. 5.7). Channel 'A' may be checked using both positions of the AC/DC
switch.

9835,/9837 2-2
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CONNECTION OF EXTERNAL FREQUENCY STANDARD

2.5 The requirements for the external reference frequency source are given in the
Technical Specification. It should be borne in mind that the accuracy of measure-
ment is directly related to the accuracy of the frequency standard used.

(1) Set the slide switch on the reor panel to EXT.

(2) Connect the external frequency standard source to the socket marked
) MHz INPUT on the rear panel.

OPERATING
NOTE: If unfamiliar with the instrument the user is recommended to

read the description of the controls ond connections commencing
on page 2-8,

FREQUENCY MEASUREMENT

2.6 In this mode the unknown frequency is gated to the counter decades for the gating
period selected by the chosen Range push-button. For frequencies below 10 kHz the

use of period mode will give greater resolution.
(1) Set the POWER switch to ON.

(2) Set the following controls:-
(a) Function switch to FREQUENCY-'A'.
(b) AC/DC switch to AC or DC, as required.
(¢) If using A.C. mode sef tﬁe LEVEL control as follows:-
(i) 9835: As required for signal conditions.

(ii) 9837: Frequencies up to 20 MHz, same as 9835.
Frequencies above 20 MHz set LEVEL control to "H.F." (switched)

position.
(d) PULSE/CONTACT switch to PULSE.
(3) Connect the unknown signal to the 'A’ input socket.
(4) Select the Range push-button which fills the display. (See para.2.60)

(5) Adjust the DISPLAY TIME control as required. If operating on SINGLE SHOT
press the RESET button when a new reading is required.

(6) If counting is erratic adjust the LEVEL control to obtain steady counting.

(7) To interpret the display follow the guide line from the selected Function Switch
position and note the units engraved above the particular Range button in use.

9835/9837



Overspill Procedure

2.4a To obtain high resolution when measuring higher frequencies it may be necessary

to "overspill" one or more of the left-hand digits. First of all, select a short
gate time and record the most significant digits displayed, then select a Range button giving
a longer gate time to display the less significant digits to the required resolution.

PERIOD MEASUREMENT

2.7 This mode is recommended for measuring low frequencies in the range 10 Hz

to 10 kHz with inproved resolution. The incoming unknown signal is
taken to the time-bose decade dividers, the output of which (selected by the Range push
buttons) is used to gate the internal frequency standard to the counter decades. The
display indicates the actual value of the period of the incoming signal.

(1)  Set the POWER switch to ON.

(2) Set the following confrols:~
(a) Function switch to PERIOD 'A".
(b) AC/DC switch to AC or DC, as required.

(¢) If using AC mode, set the LEVEL contro! according to
Signal conditions.

(d)  PULSE/CONTACT switch to PULSE.
(3) Connect the unknown signal fo the 'A' input socket.

(4)  Select the number of cycles fo be timed, by depressing the relevant Range
push-button. A greater number of cycles gives enhanced resolution.

(5) Set the DISPLAY TIME control to give a suitable display time
ond if necessary adjust the LEVEL control for steady counting .

(6) |If operating on SINGLE SHOT press the RESET button when a
new reading is required. '

TIME INTERVAL B

2.8 This mode is used for measuring time interval between successive events such
as chronometer readings, and is particularly useful for pulse width measurement.

2.9 In this mode, the counter decades count the ‘clock' pulses derived from the

internal frequency standard which are selected by the Range buttons. Measure-
ment control is on a single line by start/stop signals derived from the 'B' input, or manually
by operation of the START/STOP push-buttons.

9835,/9837 2-4



TIME INTERVAL B (Continued) -

(1)  Set the POWER switch to ON.

(2) Set the following controls:-
(@) The Function switch to TIME |NTERVAL 'B'.
(b)  The PULSE/CONTACT switch as required,

(c) Set the left-hand TRIGGER SLOPE switch to I or L
to determine the polarity of the switching edge required to
start the count.

(d)  Set the right=hand TRIGGER SLOPE switch to determine
the Stop edge polarity.

(3) Connect the unknown signal to input socket 'B'.
(4) Select the Range push-bution which fills the display .
(5)  Adjust the DISPLAY TIME control os required.

(6) If operating on SINGLE SHOT press the RESET button whenever a
new reading is required.

(7)  For manual contro! press the START and STOP buttons as required.

TIME INTERVAL B — A

2.10 This mode is similar Yo that for Time Interval ~ B, except that the measurement

control is on two lines. The start and sfop commands are given either manually
by operation of the start/stop push-buttons or electronically by the start/stop signals being
fed to the B and A channels respectively.

(1)  Set the POWER switch to ON.

(2) Set the following confrols:-
(@) The FUNCTION switch to TIME INTERVAL B8 — A.
(b) The AC/DC switch to DC.
(c)  The PULSE CONTACT switch as required,

(d) Set the left~hand TRIGGER SLOPE switch to .S or "L to determine
the polarity of the switching edge required to start the count.

(e)  Set the right=hand trigger switch to determine the Stop
edge polarity.

9835 /9837 2-5
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(3) For electronic control connect the Start signal to input socket
'B' and Stop signal to input socket 'A'.

(4)  Select the Range push=button which fills the display.
(5)  Adjust the DISPLAY TIME control as required.

(6) If operating on SINGLE SHOT press the RESET button whenever a
new reading is required.

(10) For manual control press the START and STOP buttons as required.

RATIO n%

2.11 In this mode, two unknown signals are fed to inputs ‘A’ and 'B'.

Generally the higher frequency is fed from input socket 'A' to the counter
decades and the lower frequency is fed through input socket ‘B’ to the time=-base
decades, but this input arrangement may be reversed, as for example, when the lower
frequency has a smaller omplitude (e.g. 10mV) and the higher frequency a considerably
larger amplitude. The display indicates the ratio . A and the reading must be

B

divided by the foctor 'n' to obtain the ratio %— .

(1)  Set the POWER switch to ON. ;

(2) Set the following controls:- |
(@)  The FUNCTION switch to RATIO n%—-. - |

(b)  The AC/DC switch to AC or DC as appropriate.

(c) The PULSE/CONTACT switch to PULSE.

(3) Connect the input signals to sockefs 'A' and 'B'.
(See para. 2.11 above).

(4)  Set the DISPLAY TIME contro! to give a suitable display time, and,
if on AC, adjust the LEVEL control for stable measurement .

(5) If operating on SINGLE SHOT press the RESET button whenever
a new reading is required.

(6) Press the Range push-butfon which gives a full display without
overspill.

9835/9837 2-6



(7)  To obtain the true ratio the displayed reading must be divided
by the factor 'n' indicated above the selected Range button.
TOTALIZE %
2.12 In this mode, signals on input socket 'A' are prescaled and taken to the

counter decades. The count can be controlled manually by the START and
STOP buttons, or electrically by timing signals connected to socket 'B'. This mode
permits a number of events occurring with random timing to be counted over a chosen

period.
(1)
(2)

(4)

(5)

(7)

(8)

9835/9837

Set the POWER switch to ON.,

Set the following controls.

(a) The Function switch to TOTAL é .

(b) The AC/DC switch to DC.

(¢) The PULSE/CONTACT switch as required.

(d)  Set the left~hand TRIGGER SLOPE switch to J or L
to determine the polarity of the switching edge
required to start the count.

(e) Set the right-hand TRIGGER SLOPE switch to determine the
Stop edge polarity.

Connect the signal to be totalized to socket ‘A’ and the electrical
timing signals (if used) to socket 'B'.

Select the Range push button which will provide suitable units
for the count. For example, if the 10° buton is depressed the
display will be in units of 1000.

Set the DISPLAY TIME control as required.

If operating on SINGLE SHOT, press the RESET button before
taking o reading. \

If manual control is being used press the START butfon to commence
counting and the STOP button fo terminate counting.

In order to obtain the true total the displayed reading must be
multiplied by the scaling factor 'n' indicated above the selected
Range button.

e PP



Function Switch

Push Button Switch Bank

9835,/9837

TABLE 2.2

DESCRIPTION OF CONTROLS

A six-position rotary switch which selects the
facility required, as follows:~

Position

Mode

...
2...
J...

NOTE:

Frequency Measurement (‘A' Channel)
Period Measurement (‘A' Channel)

Time Interval, single line. (Start
and stop signals are applied to the
'B' Channel input).

Time Interval; double line.
(Start signal on Channel B, Stop
signal on Channel A).

Ratio n% see para. 2.11,

Total é— . Provides accumulated

total of events applied to Channel A,
with pre-scaling by the factor 'n'
according fo the switch selected in
the Range push-button bank .

To read the display in the correct
units for a particular function,

simply follow the guide line from the
chosen Function switch position to
the appropriate line in the table of
units engraved above the Range push-
buttons .

This switch bank of 7 push buttors selects the

following:

(a)  Six operating ranges (gate times) in decade
steps. These are referred to in the hand-
book as the "Range" push-buttons.

(b)  Self Check (CHECK button depressed) or
normal operation (CHECK button

released).

2-8
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PULSE/CONTACT switch This slide switch selects the input mode for the

input d.c. amplifiers, as follows:-

(@) PULSE Position. This position is for normal
operation with electronically derived signals.
Triggering occurs at a nominal +1 volt d.c.

(b) CONTACT Position. This position is used for
measurement where the timing signals are
obtained from contact closures. The Trigger
slope selection still applies in this mode, for
example, ~ L trigger slope is used for contact
closing and the I slope for contact opening.

AC/DC Switch This switch selects either a.c. or d.c. coupling in
the 'A' channel amplifier.
Operation on DC Mode

The use of d.c. mode is recommended in the following
circumstances:

(a) For signals having a slow rate of rise and fall
(e.g. sinusoidal signals of frequency lower
than 10 Hertz).

(b) For signals of rectangular waveform which have
a mark/space ratio other than 1:1, provided
the frequency is less than 5 MHz.

LEVEL Control This potentiometer control sets the level of signal
applied to the A.C. amplifier. In the 9837 the
control has a switched position ("H.F.") which is

provided for operation in "Frequency' mode above
20 MHz. |n this setting the sensitivity is fixed at

10mV.

START and STOP Push Buttons These push buttons provide for manual control of
start and stop in the time interval and totalizing
functions.

TRIGGER SLOPE switches These slide switches permit selection of either

positive-going or negative-going triggering edges.

RESET Push Button To obtain a new reading when on long or infinite
display time the RESET button should be briefly
depressed, which clears the instrument down to
zero and initiates o new measurement .

2-9
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DISPLAY TIME Control

POWER Switch

9835/9837

A combined potentiometer and switch.

Tumed clockwise it increases the display
time. If turned fully anti-clockwise until
the switch operates, the display is then

held and further updating is prevented except
by use of the RESET push button, which gives
a Single Shot facility.

This is a single~-pole toggle switch in the
line side of the a.c. supply between the
mains filter and the mains transformer

primary.

2-10



CHAPTER 3

INTRODUCTION

3.1 This chapter briefly outline thebasic principles of the instruments, with simplified

block diagrams to represent the principles of each setting of the Function switch.
Refinements such as Trigger Slope controls are not shown. Note that the = 4 stages shown for
the 9837 in Fig.2.1 apply only in the Frequency measurement mode and therefore do not
appear in subsequent block diagrams.

FREQUENCY MEASUREMENT (Fig.2.1)

3.2 The signal of unknown frequency is applied to the 'A' Input where it is amplified,
shaped, and applied to the signal input of the main gate. The decade dividers of the
time base are driven by the frequency standard and provide a selection of gate waveforms,
one of which is chosen by depressing the appropriate Range push-button. The chosen gate-
waveform is applied to the main gate where it allows the unknown signal to pass through to the
decade counting chain for a defined time interval. At the end of the gating period the count
is stopped and the total displayed. Unless SINGLE SHOT has been selected the counter will
then reset and repeat the cycle of operations. When measuring frequency with the 9837 model
the input signal is divided by 4 whenever the LEVEL control is set to '"H.F.' The 1 MHz reference
is also divided by 4 to provide extended gate times which permit the input frequency to be read
without applying a correction factor.

Self Check
9837 Only Push Button
HE \‘:_ _____ _: o " hiﬁ
o\o- 3 ' ° =
""""" )
° L -4 1 (\ Main
R Gate

AC [A.C.Amp A v Check Signal To l
[ ? )—f_ Sl'?: der - Gate T —= Counter
npY i Decades

DCo + |—

D.C.Am 1MHz Control
d
Shapér
------- ~ " Range Buttons
© 00 9 0 Gate Times)
EXT b Time Base Decades
Internal r——-
Freq >— Freq. —3 b'/— ~ 100 >
Std. Standard | v A& Lo 10kHz
! i (or 2.5kHz)
{..1.._-_1-}
| 24 ) NOTES: (1) =4 Stages fitted only in 9837.

' ' (2) Links 'a' and 'b' fitted only in 9835.
‘9837 Un']yJ

Fig.2.1 Frequency Measurement
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SELF CHECK

3.3 In the Self Check mode the standard frequency of | MHz takes the place of the

'A' channel unknown frequency, thus providing a check on the frequency
measurement system. This self check is also applicable to the other functiors of the
instrument. The 1 MHz readout being interpreted as frequency or time units of 1 micro-
second, as appropriate to the function selected. On the subsequent block diagrams the
CHECK gate is omitted for clority purposes.

PERIOD MEASUREMENT (Fig. 2.2)

3.4 The period of a waveform is measured by counting the number of clock pulses
which occur during one or more cycles of that waveform. Greater accuracy is

obtained by measuring over as many cycles os possible.

3.5 The signal of urknown frequency is applied to the 'A' Input and after amplifi-

cation and shaping is applied to the time base decades. In the time base the
unknown signal generates a selection of gate waveforms, one of which is selected by depress-
ing the appropriate Range push-button. The chosen gating waveform is applied to the main
gate to determine the number of clock pufses counted.

A IWSEC  MAIN GATE
CLOCK PULSES -
A SHAPER | COUNTER
K }_f DECADES
INPUT
ocC
D C AMP
SHAPER
CONTROL
T T NUMBER OF PERIODS AVERAGED
exT INTERNAL TIMEBASE
ST0 ) FREQ DIVIDER
INPUT STANOARO DECADES

Fig. 2.2 Period Measurement
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3.6 Clock pulses from the frequency standard are fed fo the signal input of the main

gate and are counted in the counting decades during the time interval controlled
by the selected time base output. The main gate then closes ond the display shows the
total of clock pulses counted, which is the average period of the unknown signal .

TIME INTERVAL - B (Fig. 2.3)

3.7 In this mode the instrument is effectively serving as a stop-watch. Start and Stop

signals ore supplied electronically from an input on the 'B' channel or manually
by operating the START and STOP buttons. The polarities of the input triggering edges ore
determined by the Trigger Slope switches, the left hand switch for the Start polarity and the
right hand switch for Stop polarity. The time interval is measured by counting clock units
derived from the frequency standard.

3.8 The 1 microsecond output derived from the frequency standord is opplied to the
time base decades and a suitable clock unit is selected from the decaode outputs by

depressing an appropriate Range button. These pulses are then coupled fo the signal input

of the main gate and are totalled in the counter decades during the interval between the

Start and Stop signals. The resultant time units are displayed for a period determined by

the setting of the Display Time conirol.

TRIGRER SLOPE
SWITCHING
"STAAT ‘sTOP
SLoPE SLOPE MAIN GATE
o DC AP TRIGGER ELECTRONIC 10
8 > 8 SLOPE CIART |~ COUNTER
INPUT SHAPER SELECTION STOP > OECADES
MANUAL
START A CONTROL [
s10° oA
______ % CLOCK UNITS
EX? INTERNAL MRz TIMEBASE
STD )~ FREQ > DIVIDER
INPUT STANDARD DECADES

Fig. 2.3 Time Interval - Single Line
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TIME INTERVAL B—» A (Fig. 2.4)

3.9 This mode operates on principles similar to TIME INTERVAL -~ B, except that
control is on two lines. The Start command is selected from events occuring
on the 'B' Input, and Stop commands from events on the 'A’ Input. The reodout, which
represents the true time interval between events on the 'B' and ‘A’ channels, is displayed
for a period detemmined by the Display Time control .

‘sTop’

SLOPL SWITCH

MAIN GATE
bc¢c dC ANP OPE 10
) %T;E < L COUNTER
" SHAPER 7 DECADES
INPUT
o STOP
5’ 5 De .AHP Zﬁg N CONTROL f=mrt
PNPUT SNAPER stApT — —
'START' SLOPE
Switew . T =7 = == TLOCK UNITS
EXT INTERNAL AMH 2 TIMEBASE
510)-——)—-— FREQ > DI1VIDER
INPUT STANOARD NECADES

Fig. 2.4 Time Interval - Double Line
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RATIO néB (Fig. 2.5)

3.10 The principle of operation is very similar to Frequency Measurement, except that
the time base oufput is not derived from the frequency standard. |[nstead, one of
the frequencies to be compared (usually the lower of the two) is applied to the 'B' Input and
divided in the time base decades (factor 'n'). The other frequency is applied to the ‘A’
tnput and coupled to the signal input of the Main Gate. A waveform from the time base
decades (derived from the 'B' Input) is selected to gate the 'A’ channel signal by depressing
an appropriate Range push-button. Since the time base output is a divided version of the i
‘B' signal, the read-out gives a count which corresponds to the ratio of the two input
frequencies multiplied by the factor 'n'. The particular 'n' factor used is that shown
adjacent to the selected push-bution.

MA(N GATE '
AC AC AMP :
s & t > 10
SHAPER ———~ COUNTER
INPUT DECADES
* T D.C
‘ D.C. AMP "'
N _
> & 4‘!
SHAPER F g
CONTROL
|
LI RATIO MULTIPLIER (n) ‘
‘A’ D.C.AMP TIMEBASE é
Y & DIVIOER =L F |
. J > E
INPUT SHAPER DECADES
[
5
¥
|
i
1
|
Fig. 2.5 Ratio Measurement :
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TOTAL % (Fig. 2.6)

3.1 The events to be counted are applied to the ‘A’ Input and ofter amplification and

shaping are coupled to the input of the time base decades. An output is selected
from an appropriate time base decade by depressing the relevant Range push-button. This
scaled output is coupled to the signal input of the Main Gate.

3.12 A command level from the START push-button opens the Main Gate and allows

counting to commence; the gate is closed by a command from the STOP push-
button. Automatic Start/Stop can be arranged by applying suitable confrol pulses to the
'B' Input socket. '

MAIN GATE
10
——— COUNTER
DECADES
" D¢ AMP START/ sTQP
By ) > CONTROL o
INPUT SRAPLR
START ( {STOP
- ¥- T PRESCALER  (n)
_ 71979 ¢
cA. De AMP T(IMEBASE
INPUT a > N DIVIDER
SHAPIR DECADES

Fig. 2.6 Totalize
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CHAPTER 4

INTRODUCTION Sy

4,1 Except for the Counter Display Assembly and heavier items of the power supply, the

entire circuit for the instrument is mounted on a single printed ¢ircuit boord (p.c.b.)
referred to as the Motherboard. The overall circuit is shown m@tg 4,6 at the back of the
book; on this diagram coloured boundary lines are superimpased in order to indicate
approximately the functional areas of the circuit. These marked areas, which are jdentified
by the code letters A to M, have no significance other than to assist comprehension of the

circuit description and are referred to in the taxt as follows:— . ff‘f‘ n :
Area on Fig.4.6 Title - ' tha - Hy q "
- A .C.Amplifierand Shaper G. ... .. Decimal Point (B -;)Encodmg &
B.....o... Frequency Standard H...... Time Base Input .Gating P o
C........ D.C.Amplifiers and Shopers J . . . ... Time Base Dividers and Range
D.....+v... Trigger Slope Selection ' . Push~Buttons
E........ Counter Gating K.. .... Main Control Circuit
F ..... ... Control Circuit Gating L ...... Power Supply Circuit

- ML Divider Board (fitted in

Model 9837 only)

4.2  In the instrument extensive use is made of integrated circuit packages, and these are
identified by the annotation "IC" with a number to identify the particular package

ond a suffix letter (e.g. 1C21a) to identify that part of a particular IC being referred to in the

description. Near the lower right hand corner of Fig.4.6 will be found a key to the logic

symbols used, which conform to the type of symbol found in the manufacturer's data sheets,

to which reference should be made for detailed information on the various |C packages.

SIGNAL PATHS

NOTE 1:  Reference should be made to the Simplified Block Diagram on page 3-7.
2:  For o description of the H.F. Divider Board refer to page 4-17.

'A’ Channel Signal Paths

4.3  The ‘A' Channel employs separate amplifier /shapers for a.c. and d.c., the individual

shaper stages feeding into a common output stage. (Q9). Signals are applied ot SKI1
and selection of the required amplifier path is made by the AC/DC switch S11. In the AC
position of the switch the signal amplitude can be adjusted by the LEVEL control R151, from
which signals are opplied via pin 38 to the A.C. amplifier stages Q1 to Q9.

9835/9837 .



4.4 A.C. Amplifier. The input employs a high impedance low capacitonce F.E, T, stoge,

followed by amplifiers Q2 to Q5 which drive the Schmitt Trigger shaper Q7/Q8 via
the emitter-follower Q6. The shaped signal is applied via C14 to the base of Q9, this stage
being common to both a.c. and d.c. paths.

4,5 D.C. Amplifier. The d.c. amplifier employs an integrated circuit Schmitt Trigger
1C23a, which feeds via C15 to the base of Q9. This amplifier is discussed in the
paragraphs dealing with the Pulse/Contact switch (pora.4.50).

'A' Channel Output (Type 9835)

4.6a From d9 the signal passes via a link to 1C22d/|C22f where the path divides, signals
x inthe Frequency or Ratio modes being offered to the Counter gating at IC18a for
release to. the Main Gate IC18c, the signal being also offered to the time base input gating

Sy (‘IC%‘d) fer dpphcahon to the time base in the Period and Totalize modes. When the CHECK
-, mode is sejecfed ‘Q10 is turned on, thus inhibiting the external signals ot Q% and releasing the

T<MHz reference to the signal paths via 1C22e.

‘A" Channel Output (Type 9837)

4.6b The link referred to in para.4.6a is not fitted in the 9837, the signal from Q9 being

fed from pin 49 of the Motherboard to the H.F. Divider Board (Area M in Fig.4.6)
returning to the common signal path via pin 47. The H,F, Divider Boord is described on
page 4.17 and the divider switching on page 4-3.

'B' Channel Signal Paths

4,7 Signals applied to the 'B' input socket (SK2) either have a timing function (Stop/Start)
in which case they are applied to the Main Control Circuit, or they are used in
Ratio measurement, in which case they are directed via |Cée to the Time Base.

4.8  After amplification in Q14 and shopiﬁg in the Schmitt Trigger IC23b the signals are
processed by the Trigger Slope Selection gates IC21 (Fig. 4.6 Area D) with Gating

.. (Area H) according to the position of the Function switch.

SELF CHECK MODE

4.9  Asshown in Fig.4.6, the CHECK push-button S2g in the "Norma!” operating position

applies OV to the junction of R35/R36, which keeps Q10 turned 'off' and allows ‘A’
channel signals to flow through Q9 and 1C22d/1C22f. At the same time the OV applied to
(C22e/4 inhibits the 1 MHz reference signal which is present on pin 5 of this IC.

4.10 When the push-button 52g is depressed (CHECK), the OV connection is removed, thus
allowing Q10 to tum on which inhibits the 'A' channel signals at Q9. The logical '1"

at the junction of R35/R36 opens 1C22e which releases the 1 MHz reference signal into the

‘A’ channel signal paths. By use of the Function switch the operation of the instrument using

this 1 MHz reference can be checked in Frequency, Period and Totolize modes. it will be

noted that this check procedure does not include the amplifiers, these can be checked however,
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by linking SK4 (1 MHz O/P) to the 'A' and ‘B' input sockets in turn, os described in Chapter

5para. 5.7.

4.10a In the 9837 if Self Check is operated when in FREQUENCY mode, with the LEVEL
control set to "H.F.", the reference frequency will be divided by four. The readout,

however, is the same as with a 1 MHz reference because the ratio of signal to time base drive

is still 1:1.

FUNCTION SWITCHING

4.11  Function selection involves the routeing of signals to their appropriate destinations
via a system of logic gates, employing Boolean algebra applied to the selected
position of the Function switch S1. Referring to Fig. 4.6 it will be seen that the principal
gating systems are associated with the Counter, Control Circuit, Time Base and. decimal
point encoding, in Areas E, F, G and H. Each of these gating systems is dnchssed sepuratély
although provision of a detailed logical analysis is beyond the scope of this hondbook s

Function Logic Levels

4.12 The switching logic levels are derived from +5V via the resistor bank R67 to R71

in conjunction with the Function switch S1. The resistors have a common connection
to +5V whilst their opposite ends are connected individually to the contacts of switch S
and to the various gating lines throughout the system. Thus the goting lines will be at
logical '1' (+5V) except the line for the chosen operating mode, which will be earthed (logical
‘0') by the selected contact of switch S1.

4.13a To provide decimal point (d.p.) information the d.p. encoder gates (Area G) inter-
rogate not only the Function switch setting but also the time bose selection. This is
discussed in para. 4,23,

H.F. Mode (Type 9837 only)

4.13b In the 9837 the LEVEL control has a ganged switch. In the 'H,F.' position of this F
control the switch is opened, thereby applying a '0' to the gating circuits in the H.F. .~

Divider Board. Provided the Function switch is on FREQUENCY this introduces division-by- .

four into the 'A' channel signal path and also into the path of the 1 MHz reference which J

drives the time base. The divider action can only operate when a '0' is also supplied from

the Function switch ST, which occurs only in the FREQUENCY setting. On all other modes

the H,F. Divider Assembly provides a straight-through path. Refer to page 4-17 for a

description of the Divider Assembly.

9835,/9837
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RANGE (TIME BASE) CONTROL

Time Bose, Qutput Switching

NOTE: Refer fo Area J in Fig. 4.6.

4.26 The time base chain comprises the decade dividers |C10 to 1C14, the various

timing signals being obtained from pin 8 of 1Céc and pin 11 of each decade
package. An output is selected by a contact on the push-butions 520 to S2f respectively
and connected to the inverter Q25. From Q25 the selected signal is fed to the control
circuit gating via 1C4c or ¥o the counter gating via IC18e,

Time Base {nput Gating

NOTE: - Refer fo Area HonFig. 4.6.

4.27 The particular input signal which drives the time base is determined by the
Function switch. The driving signal may be either a 10 kHz or 1 MHz

reference derived from the frequency standard or an external signal via input channels

‘A or 'B'. The time base gating circuit (IC%a, b and ¢, IC5¢c and {C6) selects the correct

input in accordance with logic signals supplied via switch S1. The details of the time base

input paths are as follows:-

Function Time Base Input Source
Frequency ... 10 kHz reference from 1C2 via IC%.
Period ...... . Signa! from 'A' channel! via 1C22f.
Time interval ...... 1 MHz reference from 1C24¢ via 1C9a.
Ratio ..... Signal from 'B' channel via IC21c.
Totalize ..... Same as Period mode.

; © 4.28 The time base input gating operates as follows:-

(a) On Period and Totalize the 'A' channel signals are fed via |Céd, the two
" modes being logically detected by 1C8¢c.

(b)  On Ratio the 'B' channel signals are fed via |Cée, the mode being
logically defected via 1C1%a.

(¢) On Frequency and Time |nterval modes the frequency standard signal
at 1C6a/13 is fed to the time base, the mode logic on 1C6a/1 being detected
via 1C5¢c (which argues logically that because neither Period, Ratio
nor Totalize modes are called up the required mode must be Frequency or
Time Interval). These two modes require different reference frequencies,
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thus necessifating a subsidiory detection process in |C9a and b between
the 10 kHz and 1 MHz frequency standards. The 10 kHz signal is fed
through 1C9b/9 on Frequency mode, detection being by 1C8d, otherwise
the 1 MHz signal passes through 1C%a to 1Céa.

COUNTER GATING CIRCUIT

NOTE: Refer to Area E in Fig. 4.6.

S_ignof Paths and Main Gate

4.29 The function of the counter gating circuit is to release the appropriate type of

signal to the counter for an accurately timed period. Selection of signal
input is mode by the Function switch in conjunction with resistors R67 to R71 (see para.
4.12) and 1C's 180, 18d and 18e, the actual timing of the count period being controlled
in the Main Gate 1C18¢ by the waveform generated in the Confrol Circuit (IC14a) and
applied via TP1 and |C18b. (see para. 4.33). Whilst the Main Gate is open the signal
is fed via pin 9 of the Motherboard to the counting chain in the Counter Display
Assembly .

Counter Gating
4.30 The relationship between Function switch setting and signal selection is as
follows:- '
Function Signal Offered Input Path Mode
to IC18¢ Detection
Frequency Channel 'A' IC18a, 1C22f Via IC19b
Period 1 MHz (1 psec units) 1C18d, 1C24c Via 1C19d
Time Int. Time Base O/P IC18e, Q25 Via IC17a
Ratio Channel 'A’ Same as Frequency
Total Time Base O/P Same os Time Int.  (See NOTE below) . . -

NOTE: The selected time base signol for Time Interval and Totalize modes is fed via
IC18e under control detected by IC17a. This gate (IC17a) argues that since
neither the channel 'A' path nor the 1 MHz (Period) path is open, then the
time base signal must be required.
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& o
- Rl
Y W

e e a



B MAIN CONTROL CIRCUIT

£~

NOTE: Refer to Areas K and F in Fig. 4.6.
Introduction

4.31 The function of the Main Contro! Circuit is to provide waveforms for the following
timing processes:-

(a)  Stort/Stop signals in Time Interval and Totalize modes.

(b) Control of the measurement period via the Main Gate |C18¢c.
() Display Time Control.

(d) Reset and Print Command.

(e) Transfer pulse, which, when using a latched display, transfers the
stored count to the display.

4.32 The Main Control Circuit itself is enclosed in Area K in Fig. 4.6, but the

system of gates to the left of IC16a (Area F) determines the inputs to 1C16a for
each setting of the Function switch. A selection of Control Circuit waveforms is shown
in Fig. 2.8. (page 4-9 ).

Main Gate Bistoble |Cléa

4.33 The timing waveform applied fo the Main Gate (Fig. 2.8 waveform b) is generated
in the D-Type bistable 1C16a and extracted as the Q output from pin 8.  When

{Cléa is switched to the "set" condition (by an edge at either pin 10 or pin 11) it causes

the Q output 1o fall to OV which via 1C18b opens the Main Gate, thus allowing the signal

to pass fo the counter until 1C16a is "restored” by a succeeding input edge. This causes

the Q to revert to the “high" level which closes the Main Gate, thus terminating the

count period and initiating the display period.

Display Bistable 1C16b

4.34 At the instant of Main Gate closure the positive=going edge on 1C16a/8
triggers the Display Bistable 1C16b which, via the Q output on pin 5

(Fig. 2.8 (d)) provides a print command output via R93 and also releases the 'hold' on the

display time circuit as described in para. 4.36.
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4.35 At the end of the display period o negative edge (Reset) is applied to 1C16b/1
(Clear) which generates a 0V level a? IC18b/5. This turns on Q19 which
inhibifs the display time generator during the ensuing measurement period.

Display Time Control and Print Command

4.36 The Display Time Generafor comprises the clamping transistor Q19 and the

ragenerative switch Q20/Q21, the time constant being determined by C32
charging from +5V via R82 ond the panel-mounted DISPLAY TIME potentiometer R152.
Ganged with R152 is the switch S19, by turning R152 fully anti=clockwise to the "click”
(Single Shot) position, switch S19 is opened and C32 cannot charge, thus preventing
generation of a Reset pulse and maintaining the display indefinitely. A single update can
be obtained by pressing the manual Reset button (S17).

4.37 At the instant of Main Gate closure the Q output from 1C16b/5 goes to
logic '1' which, inverted in 1IC15d, turns off Q19 thus removing the clomp
from C32 which commences to charge through R82 and the Display Time potentiometer
R152. Copacitor C32 charges until the voltage at Q20 emitter is taken obove that at
the base, (fixed by RB9/R90) at which point Q20 begins fo conduct, feeding current
into Q21 base. This turns on Q21, bringing down the level at the junction of R89/R90
which turns Q20 on harder. This regenerative action resulfs in o very rapid switch-on
and C32 discharges via RB5. The time taken for this discharge determines the width
of the Reset pulse. (Fig. 2.8 (f) and (g)).

4.38 Reset Pulse. When the regenerative switch Q20/Q21 fires, the junction of

R8%/R90 falls sharply towards OV, and shorHy afterwards rises again as C32
becomes discharged. This is the Reset pulse which is fed to pins 5 and 10 of IC15 and
appears as a positive pulse on pins 6 and 8 of that IC. (Fig. 2.8(g)). The Reset pulse
from |C15¢ is fed to the Time Base and the Reset pulse from IC15b serves the Counter
Display Assembly.

4.39 Function of Q18 and D5. The bistable package IC16 requires a negative

reset pulse, whereas elsewhere in the instrument a positive reset is used. The
necessary reset inversion for 1C16 is provided by Q18, The diode D5 isolates the manual
Stop line from the electronic reset line.

4.40 Transfer Pulse. This pulse is derived from the main gate closure edge at |1C16a/9

this negative-going edge being differentiated by C33 and then inverted in IClb,
|C17b and Q22 from which it is fed as a positive pulse via pin 4 of the p.c.b. to the
Counter Display Assembly, where, if the instrument is equipped for latched display, it
transfers the new reading fo the display. The purpose of 1C17b is to simulate a condition
of continuous transfer when operating in Time Interval and Totalize modes. The connection
to IC17b/5 is in parallel with the Function gating on |C18e/4 which is also controlled on
those two modes, thus an unlatched display is provided.
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4.4] Manual Reset. When the RESET push=button S17 is depressed it places a OV

on IC1b, IC15b and IC15¢c. Referring to |C15b and ¢ it is evident that this
action generates a reset pulse identical in purpose to the electronic one; the application
of this manual reset to IC1b generates a transfer pulse, which sets the display to zero at
the same time as the counter is reset.

Start/Stop Push-Butfons

4.42 By depressing the START push-button (S15) OV level is connected to the Main

Gate Bistable C16a/10. This toggles the bistable into the "main gate open*
condition. By depressing the STOP push-button (518) the OV is applied to 1C16a/13 which
resets the bistable and closes the main gate.

External 'Hold' and Reset

4.43 On receipt of @ Command pulse from the Control Circuit the data recording
device (printer) will commence to print and at the same time will generate o
'Hold' signal which is applied fo the instrument via pin 10 of the Motherboard. This
inhibits any further measurement until the printer hos recorded the dota just received.
At the end of the 'Hold' period the instrument is released to commence a new measurement,
To avoid the unnecessary delay which would occur if the Display Time Generafor were
allowed to complete its cycle, provision is made for an artificial reset via 1C15a with C34
and R91, the waveforms being shown in Fig. 2.9, below.

i

+ve Hold Signal
from Printer. -
(MBA pin 10) _ | .
IC150/3 ; ..
]
_ I
Q21 base (differentiated k -
by C34/R91) Clipped
: by D6

Junction R89/R90

"~

Reset at Collector
Q21

External Hold and Reset Fig. 2.9
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4.44 The positive 'hold' from the printer is inverted in IC15a and 1C15d to clamp Q19
and prevent any charging of the display time capacitor C32 (para. 4.37).

On completion of the printout the ‘hold' input falls to OV, this negative edge being

inverted in IC15a and differentiated by C34/R91 to turn on-Q21, which produces a

negative pulse at the junction of R89/R90. This is similar in form to the Reset pulse

generated by the Display Time Circuit as described in para. 4.38.

MAIN CONTROL CIRCUIT INPUT GATING

|ntroduction

4.45 This circuit, which is enclosed in Area F of Fig. 4.6, determines the type of
signal fed to pin 11 of the main gate blsfnble ICl16a. The choice of signal is

controlled by the Funchon switch, as fol lows:—

(@) On the Frequency, Period and Ratio modes the main gate bistable must
be driven by an input from the time base. (See next paragraph).

(b)  On the Time Interval and Totalize modes the required drive is
' Start/Stop information from random events supplied via the input
amplifiers and Trigger Slope gates (para. 4.54).

The selection between the signals in Group (a) or'(b) is made by 1C4a, band ¢ feedmg
into 1Cla. . .

Input from the Time Base

4,46 The drive from the time base for Frequency Period and Ratio is gated in |C4c,

the drive being fed to pin 9 and the gate being switched at pin 11 by logic
signals derived from the Function switch detected via inverter IC17c from Counter Gating
signals (see para. 4.30). During the display period this input to IC16a is inhibited by a
signal from the display bistable applied to 1C4c/10. (see para. 4.49).

'Start' ond 'Stop' Gating

4.47 'Start' Line. The general Start line is from the ‘B' channel amplifier via

1C21¢/8 1o 1C1e/11. Switching is on pins 9 and 10 of IC1c, which receive a
logical '1' in the Time Interval and Totalize positions of the Function switch and this
releases the Start signal via C30 to 1C4b/5. 1t now remains to ensure that the Start
signal is applied at the correct instant, this is the function of pin 4 on 1C4b which, whilst
the main gate bistable 1C16a is at rest (i.e. waiting to start a measurement) will be
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supplied with a logical '1' from the Q output at IC16a/8, thus keeping |C4b open. It
may be noted that at the same time the opposite level at 1C16a/9 will be keeping the

Stop gate 1C4a closed (pin 1). When a Start signal is received, 1Cléa will toggle,

which opens the Main Gate and at the some time reverses the states of 1C4a/1 and 1C4b/4.

4.48 'Stop’ Lines. There are two sources of Stop signal to be considered, as
follows:~

(@) On Time Interval=Single Line, the Stop signal is supplied via the 'B'
channel and |C21f, with preliminary gating selection being made in
IC7¢, which is opened for single~line Time Interval mode by a '1'
on pin 4 applied via IC17d. On "double-line" mode, however,
1C17d is inhibited by the '1' applied to pin 12, thus closing 1C7e.
The Stop signal is fed via IC7f and C31 to 1C4a/13, this latter IC
being opened o receive a Stop signal by the Q output ('1') level
applied to pin 1 from the main gate bistable whenever the Main
Gate is opened.

(b)  The alternative Stop signal occurs on Time Interval - Double Line,
the source being the 'A’ channel d.c. amplifier with routeing via
1C22¢ to 1C7d/2, this latter IC being opened in the Time Interval
B~A position of the Function switch vie 1C19c. From 1C7d the
Stop signal is routed via IC7f and C31 to 1C4a/13, as above.

Control Circuit Input Inhibit

4.49 It is essential to inhibit all friggering of the Main Gate Bistable during the

_ display period. This is ensured by feeding the Q output from pin 6 of 1C16b
to pins 3, 2 and 10 of I1C4, thus closing all triggering paths fo 1C1éa from the moment that
the display period commences until the general reset occurs.

D.C. AMPLIFIERS and PULSE/CONTACT SWITCH

NOTE: Refer to Area C in Fig. 4.6.

4.50 The 'A' Channel d.c. amplifier is Q11 and Q13 with Schmitt Trigger |C23a

and the 'B' Channel employs an identical circuit around Q12, Q14 and 1C23b.
For both amplifiers the input trigger levels are arranged to be compatible with TTL
circuitry and are nominally 1V above ground.
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PULSE Position of Switch S14

4.5] Refer to Fig. 4.6 (Area C) and comsider the 'B' Channel d.c. amplifier as

an example. The input is on pin 34 and with switch 514 in the PULSE
position, the resistors R42, R45 with R47, R49 and R5) are arranged to give a trigger
point on 1C23b which is equivalent to a nominal 1V above ground at pin 34. It will
be noted that R40 is grounded through the PULSE connections of switch 514, Similar
considerations apply to the 'A' channel d.c. amplifier.

CONTACT Position of S14.

4.52 Many users, particularly in industry, will need to trigger the instrument from
contact closures, a requirement which is met by the CONTACT position of S14.

By switching 'o CONTACT the OV connection is removed from the junction of R39

with R40 and R43 and the p.d. at this point establishes a positive bias at the inputs to

Q11 and Q12, thus relieving the user of any obligation to provide a voltage level.

"Contact Bounce” Filtering in D.C. Amplifiers

4.53 To minimise the effects due fo "contact bounce™ in the user's equipment, a

filter capacitor may be connected in paraliel with R44 ('A' Channel) or R4S
('B' Channel). Pins 41/42 and 39/40 are provided fo facilitate the fitting of such a
capacitor. The capacitor should be of a ceramic type; the capacitance value is not
critical and is dependent upon the degree of contact bounce occurring in the user's
equipment, volues in the range .01 pF to 0.1 pF will generally prove adequate. |t
should be noted, however, that the frequency response of the d.c. amplifiers will be
affected by the fitting of such filter copacitors and the capac1fance value therefore
should not be larger than necessary.

TRIGGER SLOPE SELECTION

Introduction

4.54 Trigger Slope selection enables the user to choose the required polarity of
triggering edge on the input waveform. The input signals are supplied via the
d.c. amplifiers, shaped in the Schmitt Trigger iC23a (‘A’ Channel) or 1IC23b ('B' Channef)
and applied fo slope selection gates (Area D in Fig. 4. b . The gating network is
offered a choice of inverted or non=inverted signals from each channel, and the appropriate
gate is opened according o the logic levels supplied via the associated Trigger Slope
switches, S13 (START) or S12 (STOP), thereby determining the polarity of the signal which
is to trigger the main control circuit. Three output lines are provided, o general "Stort"
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line via 1C21c and separate "Stop" lines for Time Interval Single-Line (IC21f) and Time
Interval Double-Line (1C22c). These lines are active simultaneously, it being the function
of the main contro!l cirevit gating (1C1e, 1C7d/1C7¢€) to direct the use of these Start/Stop

signals.

Trigger Slope Switching

4.55 The logic levels for control of the slope selection gates are provided by switches

$12 and S13 in conjunction with 5V and resistors R37/R38. With 512 and S13
in the positions shown in Fig. 4.4, the lines via pin 30 and pin 31 of the Motherboard are
at OV, this logical '0' applying a closure to 1C22a/13, 1C21d/3 and 1C21a/13 with the
altemative polarity gates being opened by a '1' from the inverters |C20b and [C20c. In
the opposite positions of the switches, however, R37 and R38 will be disconnected from OV
and these control lines will rise towards +5V, thus reversing the logic signals just referred
to. The START switch S13 operates only on the slope gates for the Start signal (1C21a/
IC21b) but since there are two Stop lines the switch S12 is connected to both pairs of
"Stop" slope gotes (1C220/1C22b and 1C21d/1C21e).

Slope Selection Signal Paths

4.56 The signal paths through the Slope Selection gates may be summarized by the
following table in conjunction with Area D in Fig. 4.6.
Slope Switch Slope Selection
Signal Input Inverter Setting Gates Output
Channel
1 ttA N > —r > IC220/]
Stop” (D/L) A" icoay Ly |c22b/1_o} - 12
11 " . N > _r —_— |C21d/2
Stop” (5/1) e BT Y NG IC2'Ie/4} C21f
"Start" (Both o on 5 J —s—1c21an
Lines) e B Y 71— IC21b/10} 1C2)e
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COUNTER DISPLAY ASSEMBLY : 19-0632 Fig. 4.2

4.57 This Assembly is of conventional design, consisting of a chain of six BCD
decade counters (IC13 to 1C18) each decade producing o four-line output with
8-4-2-1 weighting, which drives the associated indicator tube (V1 to V8) via ab.c.d.~
to—decimal decoding and driving stage (1C1 fo 1C6). At customer’s option provision is
made for the fitting of o latch package (1C7 to 1C12) in the b.c.d. output from each
decade. With the latch option the output from the latch packages is stored whilst the
counters are accumulating a new measurement. On receipt of the transfer pulse from
the Main Conftrol Circuit, via pin 12, the counter information is released to update the
display. The four-line b.c.d. output from each counter decade is made available for
data printout via the 180 ohm resistors R14 to R37, the required connections to the
rear panel of the instrument being availoble under Option 01.

4.58 - Decimal point (d.p. ) information is provided in the indicator tubes V1, V2 and
V3 when a logical '1', received from the Motherboard via pins 6, 7 or 8,

turns on the appropriate transistor Q1 to Q3. The d.p. drive signal is also cvo:loble for

data readout via R10 to R12.  (Option 01). Also with Option 01 the +5V supply is

available for use in a data readout system via R13.

NOTE ON OPTION 01:

In early deliveries of the instrument the latch packages of Ophon 03
are fitted whenever Option 01 is called for,

POWER SUPPLY

Introduction

4.59 The power supply circuit is shown in Area L in Fig. 4.6. The bulkier items,

such as mains transformer, are ottached fo the main chassis whilst rectifiers and
stabilizing components are mounted on the Motherboard. Soldered tappings on the transformer
provide for operation from 100 - 130V or 190 - 260V a.c. supplies. The d.c. outputs are
+200V for indicator tubes, and stabilized +5V and -6.8V to the Motherboard, the +5V
also being supplied to the Counter Display Assembly.

4.60 The o.c. power is connected by a plug and socket to the Mains

Filter Assembly via the surge-resisting fuse FS11, which is accessible on the
rear panel, From the mains filtes the a.c. input is routed via the front panel POWER
switch to the mains transformer T1.

Restifiers and Stubilizigg Circuit
4,61 The +5V system employs a full-wave rectifier D11 with fuse FS2 on the output. The

value of F52 differs in 9835 and 9837, Stabilization is by a conventional regulating
system consisting of series transistor Q51 (mounted on the rear panel to ensure adequate heot
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dissipation) reference zener diode D9, the driver Q24 and amplifier Q23. Any variation
of the +5V output level is detected by Q23 and a correcting signal is applied via Q24 to
Q51. The system is pre~set to +5V by potentiometer R103; it is important that this
adjustment is made with the voltage selector comrectly set for the supply.

4.62, The ~6.8V output is provided by the rectifier D12 with simple stabilization
provided by zener diode D8. Rectification of the +200V is provided by D10,
which provides on unstabilized output fo the anodes of the numerical indicator (Nixie)

tubes.

H.F. DIVIDER ASSEMBLY 19-0666 (Fitted in 9837 only)

Signal Path

4,63 The signal from pin 49 on the Motherboard enters the H.F. Divider Assembly ot
pin 1 ond is applied via emitter~follower Q1 to the puise amplifier Q2. From
Q2 the signal is offered two parallel paths as follows:- '

(a) The "division" path is via the high—speed Schottky TTL package [C4a/1C4b,
arranged as a divide-by-four stage, to the gate ICla.
(b) The "straight-through' path is direct from Q2 to the gate IClc.
The particular signal received by the output amplifier Q3 is determined by the state of the

gates |Cla and ICl¢, these gates being controlled by logic levels applied to pin 4 of the
p.c.b. from the Function switch and to pin 3 from the H.F. switch (LEVEL control).

Reference Frequency Path

4.64 The 1 MHz reference signal is processed in a manner similor to the h.f. signal
. except that no input amplifiers are required. The signal entry to the p.c.b. at
pin 5 is followed by division-by-four in the conventional D~type package 1C3a/1C3b. The

straight-through path is via the gate 1C2a to IC2b. Selection between divided or non-divided

output is made by the switched logic |levels described in the next paragraph.

Switching Logic

4.65 ' Switching levels are opplied to pins 3 and 4 of the p.c.b. A logical '1' applied

to either pin 11 or 12 of [C2d will enable the straight-through paths, that via
IC2a and IC2b for the 1 MHz reference and via IClc and ICIb for the h.f. signal. This is
the condition for alt Functions except FREQUENCY, because the Function switch will main-
tain a '1" in all modes except FREQUENCY .

4.66 With the Function switch set to FREQUENCY a logical '0' will be applied to pin

11 of IC2d, but the siraight-through condition will be maintained until a ‘0" also

appears on pin 12 of IC2d, which occurs when the LEVEL control is switched to "HF". With
both inputs to IC2d now at '0' the gates IClc and 1C2a will close and 1Cla and 1C2¢ will
open, thus releasing the divided outputs to the Motherboard.
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CHAPTER 5

INTRODUCTION

51  This chapter contains information under the following main headings:-

(a) Instrument Self-Check Procedure

Commencing at paragraph 5.2, these tests provide a check-out
procedure, without use of test instruments, which may be used at
any time to venfy operational servnceoblllry

(b) Test Equipment Requnred

List of test instruments required for calibration procedures is given in -
Table 5.1..

(c)- Dismantling Instructions

Refer o paragraph 5.8.

(d) Calibration
Commencing ot paragraph-5.10 tests are given fo check power supply
adjusiments, frequency and sensitivity measurements and oscillator

alignment. These tests are recommended for use in an overhaul or
fault finding procedure.

SELF~CHECK PROCEDURES

NOTE: It is assumed that the instrument has been prepared for use as instructed in
Chapter 2. Unless stated otherwise, digital readouts will have the normal
tolerance of one count.

FREQU ENCY CHECK

5.2 (1)  Set the following confrols:~
(a) Function switch to FREQUENCY 'A’.
(b)  DISPLAY TIME fully anti-clockwise in SINGLE SHOT position.

(c) Depress the n(1) push-button,
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(2)
@)
(4)
(5)

©)

PERIOD CHECK

5.3 )
(2)
@)

9835,/9837

Press the RESET bution ond verify that the display reods 0001.00.
Select the n (10) push=button,
Press the RESET buton and verify that the display changes fo 001.000.

Rotate the DISPLAY TIME clockwise from the switched SINGLE SHOT
position to the minimum variable position.

Depress the remaining Range push-buttons in turn and verify that the
following readings are obtained. '

RANGE DISPLAY ; Tolerance
kHz (109) 01000.0
kHz (10°) 1000.00

' 4 + 1 count
kHz (10%) 000.000

Hz (10°) 00000.0

Set the Function switch to PERIOD 'A'.
Check that DISPLAY TIME is not set to SINGLE SHOT.

With CHECK selected, depress each Range push-BuHon in turn and verify
that the foltowing readings are obfained. .

RANGE DISPLAY " Tolerance
ms (1) 000.001
ps (10) . 00001 .0
ps (109 0001.00 -
us (109) 001.000 - F1count
ns (10%) 01000.0
ns (109) 1000. 00
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TIME INTERVAL CHECKS

5.4 Time Interval = B

(M

Set the Function switch o TIME INTERVAL 'B'.

9835/9837

(2)  Check that DISPLAY TIME is not set fo SINGLE SHOT.
(3) With CHECK selected, depress each Range push-button in turn and verify
that the decimal point positions are as follows:—=
RANGE DISPLAY Remarks
ms (1) 000.000
> ms (10) 0000.00
- ms (102) 00000.0 Obsetve D.P.
3 position
sec (10°) 000.000
sec (104) 0000.00
sec (10°) 00000.0
(4) Press the START button.
(5) Okbserve the display and verify that the count ‘clocks’ in 0.1 second increments
(i.e. 10 digits per second).
(6) Press the STOP button and check that the disploay resets to all zeros after
an appropriate period as set by the DISPLAY TIME contol .
N 5.5 Time Interval B— A
LA
(1)  Set the Function switch to TIME INTERVAL B— A,
(2) Repeat operations (3) to (6) of para. 5.4.
RATIO CHECK
5.6 (1) Connect the 1MHz OUTPUT socket on the rear panel to the 'B' input
socket on the front panel using a coaxial lead.
(2) Set the Function switch to RATIO n%
(3) With CHECK selected, depress the n (10°) Range push-button.
(4) Verify that a readout of 001000 is obtained.
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TOTALIZE CHECK AND AMPLIFIER SERVICEABILITY CHECK

5.7 (1)  Connect the 1 MHz signal as in para. 5.6 (1).
(2) Set the Function switch to TOTAL % .
(3) 'With CHECK selected, depress the n (1) Range push-but_'ton.
_ (4)  Verify that a readout of 000001 is obtained with a tolerance of +1, -0.

(5) Operate both of the TRIGGER SLOPE switches and the PULSE/CONTACT
switch and verify the same reading as in (4) for any combination of these
switches.

(6) Release the CHECK push~button.

(7)  Transfer the 1 MHz connector from the 'B' input to the 'A' input socke-r.
(8) Set the AC/DC switch to AC.

(9) Rotate the LEVEL control fully anti-clockwise .

(10) Press the START button and verify that a display at 1 MHz rate is obtained.
(11) Rotote the LEVEL control fully clockwise and note that counting ceases.
(12)  Set the AC/DC switch to DC.

(13) Press the STOP button and verify that the display resets fo zero after an
appropriate display time.

(14) Depress the n (103) Range push~button and turn the DISPLAY TIME
control to the SINGLE SHOT position.

(15) Operate the START and STOP butions repeatedly and verify that the

successive counts are accumulated by the display.

DISMANTLING INSTRUCTIONS

Removal of Case

5.8 Unscrew the two captive 'pozidriv"" screws which are recessed in the plastic
"feet" on either side of the rear panel. The chassis can then be withdrown.

Removal of Readout Beard

5.% Remove the two screws which cre located towards the rear of the board. Slide
the board back to clear the front retaining slot and lift upwards, removing the
board as far as the wiring will allow. This will permit access to the Motherboard.
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Removal of H.F. Divider Board (9837 Only)

35.%

Tests on the board should be made "in situ". To remove the board, extract the

two retaining screws and unsolder connecting wires as necessary .

TABLE 5.1
TEST EQUIPMENT

TEST EQUIPMENT

BRIEF SPECIFICATION

SUITABLE MODEL

Multimeter

20 000 ohm/volt. AC/DC
0-250V D .C., 2% f.s.d.

AVO Model 8

L.F. Signal Generator

Range 15 Hz - 15 MHz
S5mV-~- 2Vr.m.s.

Racal=Airmec 399

H.F. Signal Generator

30kHz-20MHz {up to 60MHz for 9837)
Output: TmV = 1.1V r.m.s.

Racal-Airmec 201A

(30MHz)
or Type 407 (80MHz)

Oscilloscope
(general purpose)

Bandwidth: d.c. to 40MHz
Sensitivity: approx. 50mV/cm

Tektronix 543 or
543

H.F. Millivoltmeter 0 to > 500MHz Racal CT56%
ImV to 300mV
PULSE GENERATOR 1kHz = 1TMHz, with 100ns to 100us
pulse width, Amplitude 50mV to
3V approx, calibrated to 10% or better.
1MHz FREQUENCY- Nominally 1V r.m.s. with an
STANDARD accuracy of £1 part in 107,
ACCESSORIES
(@) 50Q coaxial leads, BNC to BNC connectors .
(i) Three at 3 ft (1 metre) length, approximately.
(i) One at 2 ft (60cm.) length, approximately.
(b) Three BNC 'T' pieces.
(¢) One BNC 500 terminating pad.
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- POWER SUPPLY CHECKS

CALIBRATION

5.10 (1) Check that the transformer tappings are correct
for the supply voltage.

(2) Connect the mains supply and set the POWER switch to ON,

(3) Using the multimeter, check d.c. voltages at the following test
points and make adjustments, if necessary, to obtain the required

reading.
TABLE 5.2a
Power Supply Tests
Test Point Required Reading Adjustment
Counter/Display Assembly: pin 37 + 200V within £ 15V None
Counter/Display Assembly: pin 5 + 5V within £ 0,25V i Adjust R103 on
Motherboard
Motherboord: Test point TPé - 6.8V within £ 0.4V | None
TABLE 5.2b
Fuses
Fuse Function Location Value
A.C.Supply Rear Panel 125 mA - 200-240V .
. _ 250 mA - 100-125V antisurge
D.C. Internal

FS2 - 1A in 9835 quick

FS1 - 60 mA
1.25A in 9837‘} action

FREQUENCY AND SENSITIVITY CHECKS

NOTE: Instructions for the use of the LEVEL control include the word "variable".
This indicates to users of the 9837 that the "H .F," (switched) position of the

control is not to be used although the instruction may say "fully anti-clockwise".

FREQUENCY MODE

5.11 Equipment Required (See Table 5.1)

Signal Generator

Mill

ivoltmeter

BNC 'T' piece with 500 termination

9835,/9837
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5.12 Procedure
(1) Set the Instrument controls as follows:~
(a) AC/DC switch to AC.
(b) LEVEL control fully anti-clockwise (variable) position.
(c) DISPLAY TIME to minimum variable (anti-clockwise)
(d) Function switch to FREQUENCY - A. '

(2) Connect the signal generator to the 'A' input socket using 'T' piece and 50
ohm termination.

(3) Refer to Table 5.3 below. Select each Range push-button and apply the
corresponding signal generator input frequency, the 10mV level in each case
to be accurately adjusted by millivoltmeter measurement.

J (4) At each input frequency check for stable and accurate readout.
TABLE 5.3
9835 (and 9837 up to 20 MHz)
Rangseer::r;:ufron Input Frequency Input Level
MHz (1) 20 MHz )
MHz (10) 20 MHz ;
, 2 10mV r.m.s.
MHz (10) | 10 MHz ; checked by
kHz (103) 1 MHz § millivoltmeter
Y kHz (104 1 kHz 100 kHz )
- Hz (105) ' 15 Hz ;
9837 Only, With LEVEL control set to "H,F."
kHz (103) 1 MHz )
MHz (1) 30 MHz )) 10mV r.m.s.
MHz (1) 60 MHz )

(5) Set the AC/DC switch to DC. In the 9837 set the LEVEL control to a
variable position.

(6) With an input frequency of 15 Hz increase the input amplitude to 1V r.m.s.
and check that the 15 Hz readout is maintained.

5-7
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(7) To check the LEVEL control proceed as follows:-

(i) Set the AC/DC switch to AC and select the MHz (n = 1) range push-
button.

(i) Apply 15 MHz at approximately 10mV to the 'A’ channel input socket.

(iii) With the LEVEL control set fully anti~clockwise (variable) check for a
stable display.

(iv) Increase the signal generator output level to 500mV approx.

(v) Turn the LEVEL control clockwise and verify that in the fully clockwise
position the count has stopped.

PERIOD MODE

5.13 (1) Set the Function switch to PERIOD~A and the remaining controls as in
para.5.12.

- (2) Connect the signal generator to the 'A' input socket using 'T' piece and
50 ohm termination.

(3 (3) Refer to Table 5.4 below. Select Range buttons and input frequencies and
for each setting monitor several displayed readings.

TABLE 5.4
| Input
Range Push- " Tolerance
- Button Selected
Frequency Level
n (1) 15 Hz ) 50mV r.m.s. +0.3% of reading
n (1) 50 Hz ) checked 10.3% of reading
n (1) 100 Hz ) by milli~ +0.3% of reading
n(10) 100 Hz ) voltmeter +0.03% of reading

RATIO Mode

5.14 Equipment Required

As listed in para.5.11 plus two BNC~to=BNC coaxial leads and an additional
'T' piece. ’
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(2)

3)

(4)

Procedure

Set the controls as follows:

(@) Function switch o RATIO né

B
(b) AC/DC switch to DC.
(¢) Both TRIGGER SLOPE switches to _'r"
(d) DISPLAY TIME to minimum variable (anti-clockwise).

Fit BNC 'T' pieces to the 'A' and 'B' input sockets and join
the two 'T' pieces with the short length of BNC=to~BNC coaxial
cable.

Fit a 50 ohm load fo one 'T' piece and connect the signal
generator output to the other, so that input is applied to both
channels simultaneously with termination in 50 ohms.

Apply o 2MHz signal ot a level of 1 volt r.m.s. and verify
that with n(1) Range button depressed the display reads 000001
with a tolerance of +1 count.

Depress the n(10) o n(105) Range buttons in turn and verify
that "times 10" readings are displayed with a folerance of +1
count.

TIME INTERVAL Modes

5.16

Equipment Required

(a)
(b)
(c)

&

Oscilloscope

Pulse Generator

Three BNC 'T' pieces and a 50 ohm load.
Two BNC=to~BNC coaxial leads.

Time Interval='8" Channel

9835 /9837

(1)

Set the controls as follows:

(a) Function switch to TIME INTERVAL-B

(b) DISPLAY TIME to minimum variable (anti-clockwise).
(¢) PULSE/CONTACT switch to PULSE

(d) Select n(1) Range push-buton.
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5.17

5.18

Cont'd.

(2) Using two BNC 'T* pieces connect the Pulse Generator, the oscilloscope

and a 50 ohm termination to the ‘'B' channel input socket.
(3) Apply a positive-going pulse of 100 psec. width and 1kHz p.r.f.

(4) Increase the pulse height relative to ground to obtain o stable
readout. Check that the pulse height is +1 volt £0,25V.

(5) Increase the pulse height to +2 volts and check the readout
with various settings of the TRIGGER SLOPE switches, as in
Table 5.5 below. ,

TABLE 5.5
TRIGGER SLOPE
SWITCHES READOUT TOLERANCE
START STOP (milliseconds)

I I 1.0
I 1 0.1
1 1T 1.0
T J 0.9

Al

£,02 millisees.

(6)  Set the PULSE/CONTACT switch to CONTACT and verify that the
reading of 0.9 millisecs is unchanged. Reset PULSE/CONTACT
switch to PULSE,

(7) Reduce the pulse width until the unit is just counting correctly and
check that the pulse width is less than 50 nanosecs measured at the
+1 volt (half pulse height) level .

(8) Continue with the Time Interval B~A check in the next paragraphs.

Time Interval - Double Line

NOTE: The equipment required is listed in para. 5.16.

(1)  Refer to para. 5.16 operation (2) and with an odditional 'T' piece
and a short BNC~to=BNC lead connect the test equipment and
load to both input sockets.

9835 /9837



5.18 (2)

(3)

(4)

Set the Function switch to TIME INTERVAL B-A and the AC/DC switch
to DC. The other control settings as in para. 5.16 (1).

Repeat the tests as for Time=Interval=B, (Para. 5.17 operations (3)

to (7).

The test equipment should remain connected for the "Totalize" checks.

TOTALIZE Mode

5.19 Equipment Required

As for

Time Interval. (See para. 5.16).

) 5.20 Procedure

(1)

Connect the test -equ?pmenf as for Time Infervcl-;B (para. 5.17(1)).

9835,/9837

(2)  Set the Function switch to TOTAL. ﬁ; :

(3) Depress the CHECK push-~button and repeat the tests as detailed for
Time Interval-B. (para. 5.17), but referring to Table 5.6 below
for the readout details.

TABLE 5.4
TRIGGER SLOPE
SWITCHES READOUT TOLERANCE
START STOP
g J 001 000 ;

- . 000100 ) Al

1 L 001000 ) £20 digits

g iy 000900 )
(4) In addition:-

(¢) Release the CHECK button.
(b)  Press the START button and observe a continuous count.

()  Press the STOP button and verify that an arbitrary count is
displayed and reset.

5-11



(5) Test equipment may remain connected for Display Time check.

DISPLAY TIME CHECK

5.21 (1)  With a suitable signal applied to the 'A’ channel input, opérofe the
instrument as for Totalize mode.

(2)  Set the DISPLAY TIME control to minimum variable (anti-clockwise)
position. '

(3) Depress the START and STOP buttons in turn fo display an
arbitrary count. Verify that display time is approximately 250
milliseconds.

(4)  Turn the DISPLAY TIME control fully clockwise, >repeaf
operation (3) and verify that display time is not less than
4 seconds, typically 7 seconds.

(5) Turn the DISPLAY TIME control fully anti-clockwise to the
SINGLE SHOT (click) position. Then depress the RESET button
verifying that this clears the display and provides a new count.

INTERNAL FREQUENCY STANDARD

CAUTION: Allow a warm-up period of not less than one hour before making this
check. - ,

5.22 Equipment Required

(a) 1 MHz External Frequency Standard accurate to £ 1 part in 108
and with output level 1 volt r.m.s.

(b)  Oscilloscope

5.3 Calibration Procedure

(1) Connect the 1 MHz External Frequency Standard to the EXT
trigger input of the Oscilloscope.

(2) Set the Oscilloscope controls to "EXT TRIGGER" and to
1 psec/cm Time Bose™.

(3)  On the rear panel of the 9835/9837 set the switch to INT and connect
the oscilloscope probe to the socket "1 MHz O/P". '

9835 /9837 5-12
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Okbserve the oscilloscope display for 10 seconds and check that less
than one cycle of the displayed waveform passes o fixed mark on the
c.r.t. in this time. If necessary odjust the trimmer C21 on the

Motherboard to achieve this accuracy.

NOTE:  When the fast-warm-up oscillator is fitted (Option 04)
the adjustment is made in the oscillator unit via a
hole in the rear panel .

Disconnect the external frequency standard from the oscilloscope
and transfer it to the 1 MHz | /P socket on the 9835/9837.

External Standard |nput Check

Set the controls'as follows:=

(@)  Function switch fo FREQUENCY-A.

(b) Depress the CHECK push=button.

(¢) Depress the "kHz (103)"chge push~button.
(d)  Set the rear panel slide switch to EXT.

From the external frequency standard apply a signal of 1 MHz
at not less than 100mV r.m.s. to the rear panel socket

"I MHz I/P".

Verify that the counter readout is 1000.00, (tolerance + 1 count).

Disconnect the external frequency standard.

Iﬁternol Standard Output Check

4.24 (1)
(2)
3)
(4)
5.25 (1)
(2)

Set the rear panel slide switch to INT,

With instrument switched on and thoroughly warmed up, check
with an oscilloscope at the rear panel socket "1MHz O/P" for a
rectangular waveform at 1 MHz with amplitude not less than 1 volt
peak-to-peak .

DATA READOUT CHECK (When Option 01 fitted)

5.26 Equipment Required

()
(b)

9835 /9837

Printer, or Print Simulator

Signal Generator.
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5.27

9835 /9837

(M

(2)

(3)

(4)

(6)

(7)

Procedure

Connect the Printer (or Print Simulabr) via the 36-way BCD connector
on the reor panel.

With 50-ohm termination apply an input from a signal generator to
the 'A' input socket.

Operate the instrument as for FREQUENCY mode and display all
digits in turn.

Verify that Printer (Simulator) readout (sfx digits) is identical
to that of the unit under test,

Check that decimal points are correctly positioned for change in
Range buﬂons/Funcﬁon switch selections. (There are no d.p.
on RATIO or TOTAL).

Check that the instrument disploy is "held" during the print-out
period. (Print Simulator PRINT lomp illuminated).

Disconnect all test geor.
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SECTION_3

ORDERING OF SPARE PARTS

To be assured of satisfactory service when ordering replacement parts, the
customer is requested to include the following information. '

(a) Insirurnedf type and serial number.

(b) The type reference of the Assembly in which the particular
item is located.

(c) The Racaol Part number and circuit reference of each item
being ordered.

It should be noted that @ minimum charge of £5 sterling is applicable to
all orders.

. The name of the manufacturer (Vendor) quoted in the right-hand column of
the Parts List is for general information only. Racal Instruments Limited,
reserves the right to supply an equivalent or improved part by another
manufacturer, if necessary.
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PARLS LIST
CONTENTS

Page

Main Chassis Assembly ... ... (11-0741) 6-2

Mains Filter Assembly ... ... : 6-3

Counter Display Assembly ... (19-0632) ' 6-3
Motherboard Assemblies ... (See NOTE (b) below) 6-4

. to
! , 6-7
H.F. Divider Assembly ... (19-0866) (9837 only) 6-8

NOTES

Replacement Resistors

The Erie Type 15 composition resistor which has o 0.4 inch (10mm) leod
spocing may be replaced by the Mullard Type CR16 carbon film type.
In cases where the printed circuit board has resistor mounting holes with 0.5 inch
(12.5mm) spacing, the recommended replacement resistor is the Mullard CR25,
330mW, carbon film type. The Mullard CR25 may also replace those 3 watt 5%
metal oxide resistors which have 0.5 inch hole spacing.

~—

Models 9835 and 9837

Parts List details are common to both instruments, except for the following:=

(o) Minor differences in Main Chassis components (see page 6-2).

(b) A few differences in Motherboard components. Parts List 19-0633 refers
to the 9835. A few components will differ in the 9837; refer to page 6-7
for details of the 9837 (Motherboard Type 19-0668).

(c) The H.F. Divider Assembly is fitted only in the 9837.

Mullard CR25 Resistors

Although these resistors are rated at 330mW the user may fit a suitable & watt
resistor whenever a CR25 is not available.

6-1
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Part — Tol.
No. Description Rat. o Value

Component
References

Vendor/Type

MAIN CHASSIS ASSEMBLY (Parts List 11-0741 & 11-0773)

NOTE: The following items ore located in various parts of the instrument
but not on any printed circuit board. |tems mounted on printed
circuit board assemblies are listed under 19-0740 19-0632, 19-0633,

19-0638 and 19-0666.
Miscellaneous Components: Mode! 9835

20- 6613 Potentiometer, Log,

LEVEL control , M R151/520 AB Electronics Type 45
20-6612 Potentiometer, Log

(with switch) DISPLAY TIME 470k R152/519 AB Electronics Type 45
21-4528 Capacitor: '

‘ Polyester 400V 20 .047p  CS1 . Mullard C296~AC-A47K
21-0580 Copacitor, Elec. 16V ~10+50 6800p C52 Mullard 071-15682
22-6104 Transistor, high power Q51 Motorola MJE3055
22-1650 Rectifier, potted bridge Dl Waycom Varo V5248
23-0043 Fuselink, anti-surge (200-240V) 125mA  FS11 Beswick TDC123/0 125
23-0031 Fuselink, anti-surge (100-125V)250mA FS11 Bulgin F286/0.25
23-0044 Fuseholder for FS11 5%20mm (1EC) Pfisterer 031-1401
23-4013 Switches, push-button

START,STOP,RESET 515,816,517 Bulgin Q1639/1
23-4042 Switches, slide -"AC/DC, S$11,512,513,) Jeanrenaud

TRIGGER SLOPE, PULSE/ S14,518 51M/8mm

CONTACT, EXT/INT
23-4071 Switch, toggle, POWER (IEC) S3 Moarquadt 1620.0101
23-3194 Receptacle, Mains (IEC) Otto Heil 6061-1
23-3195 Power plug (mates with 23-3194) Otto Heil 4010
23-3005 Sockgis - coaxial - BNC, 961094/U EE;: gEi, Amphenol 31-2211
23-3019 Free coaxial plug for SK1-SK4 Amphenol UG/88U
17-4037 Transformer, mains T1 Racal Insts.
23-8000 Ferrite Bead ('A' Channel Amp. input)  FXI . Mutlard FX 1242
23-3012 Data Output socket: 36 way (Option 01) Amphenol 57-40360
23-3008 Plug 36-way, free, data output (Option 01) Ampheno! 57-30360
9440 Alternative Frequency Standord (Option 04) Racal Insts.

Miscellaneous Components: Model 9837

Miscellaneous chassis-mounted components are identical to those in the
Model 9835, except for the LEVEL control, details of which are as foltows:-

20-6621 Potentiometer, Log M
(with switch)

9835/9837

R151/520 AB Electronics Type 45
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Part Tol. Valpe COmponent

No. Description Rat. o%. References Vendor/Type

MAINS FILTER ASSEMBLY 19-0740
17-4059 Choke Assemblies 250uH 1,12 Racal Insts.
21-0002 Paper 250V 5mbn Cl Siemens B81211-A-B33
21-1540 Ceramic 500v 25 4700p C2 Erie 811

COUNTER DISPLAY ASSEMBLY: 19-0632
Resistors ,

watts Ohms

20-2102 Carbon Film 0.33 5 1k R1,R2,R3 Mullard CR25 :

20-2103 Carbon Film 0.33 5 10k R4,R5,R6,
' R7,R8,R9 Mullard CR25

Additional Resistors (Option 01, Data Qutput)

20-2181 Carbon Film 0.33 5 180 R10 to R37 inc. Mullard CR25
Tronsistors

22-6057 Silicon: high voltage Nixie driver Q1,Q2,Q3 Ferranti ZTX.342
integrated Circuit Packages

22-4503 Decade Countet (Selected) 1C13 Racal Insts.

02-4046 BCD to Decimal Decoder/Driver IC1to ICé inc. Texas 74141

22-4049 Decode Counter iICl4 to IC18

inc.  Type 7490

Additional Integrated Circuits (Option 03, Latched Display)
22-4051 Quadruple Latch IC7 to IC12 inc. Type 7475

Numerical Indicotor Tubes

26-1015 Numerical Indicator, side view, 2d.p. VI to V6 inc. I.T.T. 58705 3

6-3
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Part Description Rat. Tol. Value Component

No. % References Vendor/Type

MOTHERBOARD ASSEMBLY 19-0633 (Model 9835)
(See page 6-7 for Mode! 9837).

Resistors
watts ohms
20-4458 Meral Oxide 1 5 100k - RI Erie MO6
20-1553 Carbon Film 0.33 10 10M R2 Mullard CR25
20-2272 Carbon Film 0.33 5 2.7k R3 Mullard CR25
20-2392 Carbon Film 0.33 5 3.% R4,R8,R13,R19 Mullard CR25
20-2103 Carbon Film  0.33 5 10k R5,R9.R14,R20,)
R33,R37,R38,R44
- R45,R54,R63,
R65, R67I R68/ MU“OI‘d CR25
R69,R70,R71,
R72,R73,R74,
R80,R81,R83,
RB84,R88
20-2561 Carbon Film 0.33 5 560 R6,R10,R16,
. R27 Mullard CR25
20-2181 Carbon Film 0.33 5 180 R7,R11,R17,
R22,Ré46, R93,} Mullard CR25
' R95,R96
20-2101 Carbon Film 0.33 5 100 R12,R18
: R58,R85 Mullard CR25
20-2220 Carbon Film 0.33 5 22 R1S " Mullard CR25
20~4029 Metal Oxide 3 | 22k R24 Electrosil TR4
20-4030 Metal Oxide ¥ 1 33k R25 Electrosil TR4
20-2221 Carbon Film 0.33 5 220 R26,R77,R78,
' R92,R101,R109 Mullard CR25
20-2102 Carbon Film 0.33 5 Tk R27,R56,R57,
R59,R?1,R106 Muliard CR25
20-4011 Meta| Oxide 4 1 470 R28,R29 Electrosil TR4
20-4027 Metal Oxide 3 1 120 R30 Electrosil TR4
20-4028 Metal Oxide 3 o 680 R31 Electrosil TR4
20-2471 Carbon Film 0.33 5 470 R32,R34;R50,
R51,R62 Mullard CR25 -
20-2472 Carbon Film 0.33 5 4.7k R35,R36,R64* Mullard CR25
20-2222 Carbon Film 0.33 5 2.2k R39,
' R61,R75,R76,8 Mylfard CR25
R79,R86,R87,
R89 .
20-2473 Carbon Film 0.33 5 47k R40,R43,
R$7 Mullard CR25
20-3222 Metal Oxide % 5 2,2k R41,R42 Erie MOS5
20-2331 Carbon Film 0.33 5 330 R48,R49,R110 Mullard CR25
20~-2332 Carbon Film 0.33 5 3.3k R52,R53,R60,
"~ R9O,R104 * Mullard CR25
20-2152 Carbon Film 0.33 5 1.5k R46,R47 Mullard CR25
20-2822 Carbon Film 0.33 5 8.2k R82 . Mullard CR25

*NOTE: Ré4 is 1.2k in earlier models. The value of R104 may be
2.7k. See Note on page 6-5.
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Component
References

Part Tol.

No. Description Rat. 9 Value Vendor/Type

MOTHERBOARD ASSEMBLY 19-0633 (Cont'd)

Resistors (contd)

watts ohms _
20-2153 Carbon Film 0.33 5 15k R55 . Mullard CR25
20-2122 Carbon Film 0.33 5 1.2k R94,R102 Mullard CR25
20-2474 Carbon Film 0.33 5 470k R98,R99 . Mullard CR25
20-2470 Carbon Film 0.33 5 47 R100 Mullard CR25
20-6557 Variable, linear 2 20 1.5k R103 (See Note)Davall 80P/2
20-3102 Metal Oxide % 5 Tk R105 Erie MOS v
20-3471 Metal Oxide 3 5 470 R108 Electrosil TRS
NOTE: In some models R103 is Tk in which case a value of 2.7k is preferable
for R104.
Capacitors F
21-1525 Ceramic 10 2700  Cl,C30,C3,
. C33 - Erie 831.N4700
21-1039 Tantalum 18v 20 22, C2,C13,C35 |.T.T. TAG 22/16
21-1616 Ceramic 12v 20 0.1 C3,C4,C16,
C17,C18,C19,
’ C24,C28,C40 Murata DD-600.8C12
21-1038 Tantalum 6.3V 20 474 C5,Cé6,C8,
C10,C12 .T.T. TAG 47/6.3
21-1517 Ceramic 10 56p c7,C9, Erie 831, N1500
21-1516 Ceramic 10 47p C14,C15,C29 Erie 831.N1500
21-2621 Silver Mica 125v 5 27p C20 (See Note) Lemco MS.89/1
21-6030 Trimmer 2-15p 2 Jackson 5890 Tetfer VPC
21-2631 Silver Mica 125V 5 330p C22,C23 Lemco MS.89/1
21-1532 Ceramic 20 1000p C25,C26,C27,
C34 Erie 831.K350081
21-1003 Tantalum 2V 20 5 32 I.T.T. TAG 15/25
21-1528 Ceramic 10 470p C33 Erie 831.K120051
21-1003 Tantalum 25v 20 15p C36 1.T.T. TAG 15/25
21-4523 Polyester 250v 20 0.22, C37 I.T.T. PMT2R
21=4516 Polyester 250V 20 1.0,  C38 I,7.T. PMT2R 1.0M250
21-0512 Electrolytic 25V 100, Cc39 Erie=Hunt 20102-100~
0101-0Z-0250
21-1520 Ceramic 500V 10 100p CHl Erie 831.N3300 __
Diodes ) |
22-1029 Silicon D1, D2, D3, 5
D4,D6,D7  Type 1N4149
22-0001 Germanium D5 Hughes HD1870

NOTE: The value of C20 is subject to test in the range 22pF, 27pF, 33pF, 39pF.

§-5 . |
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Part - Tol. Component
No. Description Rot. % Value References Vendor/Type
MOTHERBOARD ASSEMBLY 19-0633 (Continued)
Diodes (contd)
22-1811 Voltage regulator 6.8V D8 Mullard BZYB8-C4V8
22-1810 Voltage regulator 6.2V D9 Mullard BZY88-C4V2
22-1605 Rectifier: 600V 1A D10 Texas 1N4005
221650 Rectifier, potted
bridge, 200V 2A D11 Waycom Varo VS248
22-1602 Rectifier 100V 1A D12 Motorola 1N4002
Transistors
22-6101 F.E.T. N-channel Ql Siliconix W300A
22-4017 Silicon: npn Q2 to Q5 inc.
High-speed switch Q7 to Q10 inc. Type 2N2369
Q13to Q19 incp. . o oo
Q21,22,23,25 ) Feront :
22-6041 Silicon npn Qé,Q24 Mullard BC109
22-6010 Silicon pnp Q11,Q12 Motorola 2N4126
22-6038 Silicon pnp Q20 Tronsistron TESO14
or
SGS BFX 48
Integrated Cireuvit Packages x
22-4053 Triple 3-input Pos. NAND gate IC1,1C4 Type 7410
22-4049 Decade Counter 1C2,3,10,11
: 1IC12,13,14,
{C25 Type 7490
22-4045 Quad 2-input Pos. NOR gate . I1C5,1CY7 Type 7402
22-4084 4-wide 2-input AND/OR -input gates 1C6,1C18 Type 7453
22-4066 Expandable dual 2-wide,
2-input, AND/OR invert gate IC7,1C9%,1C21,
: 1C22,1C24 Type 7450
22-4044 Quad 2-input Pos. NAND gate IC8,1C15,1C19
IC20 Type 7400
22-4048 Dual-D Bistable IC16 Type 7474
22-4083 Dual NAND Schmitt Trigger 1C23 Type 7413
6~-6
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Part . Tol. Component
No. Description Rat. % Value References Vendor/Type
MOTHERBOARD ASSEMBLY (Contd.)
Miscellaneous ltems
17-0053 Switceh rotary: Function S1 Racal Insts.
17-0087 Switch bank: push-button S2 Racal Insts.
17-2087 Crystal: 5MHz X1 Racal Insts.
23-0000 Fuselink: 60mA FS1 Bulgin F270 0.060
23-0006 Fuselink: 1A (9835) FsS2 Bulgin F270 1.0
23-0042 Fuselink: 1.25A (9837) FS2 Tp.Rec.Sprs. 5515
23-0034 Fuseholder ~ Tp.Rec.Sprs. 5229
MOTHERBOARD 19-06648 (Fitted in Model 9837) .
(Parts details are identical to the 9835 (Motherboard 19-0633) except
for the following items)
Resistors (changes in valule)
20-4075 Metal Oxide W ] 4.7k R24 Electrosil TR4.
20-4094 Metal Oxide W 1 6.8k R25 Electrosil TR4
20-2220 Carbon Film /4 5 22 R26 Mullard CR25
20-2681 Carbon Film 1/4 5 680" R27 (See Note) Mullard CR25
20-2103 Carbon Film - 1/4 5 10k R33 Multard CR25
20-4009 Metal Oxide 1/4 2 150 R30 Erie MO4
NOTES: 1. RI12 and R18 are not fitted in the 9837. : .
: *2. Value of R27 is selected on test. Altemative 3302 Part No. 20-233). '
Capacitors |
|
21-1509 Ceramic 10 12p* C41 (See Note)Erie 832 NO30
20-1517 Ceramic 10 56p Cl4 Erie 831 N 1500 .
21-1574 Ceramic 10 120p c29 Erie YD
NOTE:  Altemotive values for C41, selected on test, are 27p (21-1513) or 56p (21-1517)
Diode (additional component)
22-1033 Silicon Hot Carrier D13 Hewlett Packard
HP5082-2811
Transistor (change of type)
22-46009 Silicon npn Q6 Type 2N4124 or

9835/9837
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Tol.

Component

Part No. Description Rat. % Value References Vendor/Type
H.F. DIVIDER ASSEMBLY: 19-0666
(Fitred in 9837 only)

Resistors
20-2222 Carbon Film 1/3 5 2.2k R1,RS Mullard CR25
20-2332 Carbon Film 1/3 5 3.3k R2 -Mullard CR25
20-2221 Carbon Film 1/3 5 220 R3 Mullard CR25
20-218) Carbon Film 1/3 5 180 R4,R6 Mullard CR25
20-2121 Carbon Film 1/3 5 120 R9 Mullard CR25
20-2472 Carbon Film - 1/3 5 4.7k R7,R10 Mullord CR25
20-2102 Corbon Film 1/3 5 1k R8 Mullard CR25
20-247 Carbon Film 1/3 5 470 R11 Mullard CR25
Capacitors _
21-1616 Ceramic 12v 10 0.1y C1,C2,C3,

C5,C6,C7,

, Cc9 Murata DD.600.BC.12
21-1518 Ceramic 10 68p Cc4 Erie 8B31. N2200
21-1516 Ceramic 10 47p C8 Erie 831. N1500
21-1039 : 16V 20 22y cio (.T.7. TAG 2216
Diodes and Transistors
22-0001 Diode, germanium D1 Hughes HD1870
22-6017 Transistor, silicon, npn Q1,Q3 Type 2N2369%
22-6059 Transistor, silicon, npn Q2 Mullard BFX89
[ntegrated Circuits
22-4044 Quad 2-input Pos. Nond Gate IC1 Type 7400
22-4045 Guad 2~input Pos. Nor Gate IC2 Type 7402

122-4048 Duol D Bistable - 1C3 Type 7474
22-4093 Dual JK Edge Triggered Bistable . IC4 Texas 745112
)
6-8
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AMENDMENT

Overall Circuit Diagram. Figure 4.6

1. In Area 'K' the value of capacitor C32 should be changed from ]m 't@"lﬁz
The details in the Parts List (page 6-5) are correct.

In Area 'L' insert new capacitor C38, 1.0y, between the |ow;ééy‘_
and OV rail.
The details are given in the Parts List (page 6-5).
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