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INTRODUCTION

There are two versions of the 1191-Z Counter; 100 MHz and 500 MHz. The 100-MHz version is a combination of
the 1191 Counter and a 10: 1 frequency divider (the 1156 Decade Scaler) and the 500-MHz version is a combina-
tion of the 1191 Counter and a 100: 1 frequency divider (the 1157 Scaler). Both versions provide all the features
of the counter alone plus the extra benefits of higher-frequency operation and both versions are available in
either bench-mount or rack-mount configurations. -

Description Catalog Number
1191-Z Counter {(100-MHz), bench model 1191-9900
1191-Z Counter (100 MHz), rack model 1191-9901
1191-Z Counter (500 MHz), bench model 1191-9902
1191-Z Counter (500 MHz), rack model 1191-9903

Condensed information for the 1191-Z Counter is given on the next four pages. Complete information is con-
tained in the instruction manuals for the individual instruments as follows:

J1191- Hz) 1191-Z (500 MHz) |
*1156 Decade Scaler 1191 Counter **1157 Scaler 1191 Counter
page page page page
Introduction 1 1-1 1-1 1-1
Installation 7 2-1 2-1 21
Operation 13 31 31 31
Principles 17 41 4-1 4-1
Maintenance 25 51 51 51
Parts and Diagrams 29 6-1 6-1 6-1

*Included with instructions for the 1191-Z Counter (100-MHz) only.
**|ncluded with instructions for the 1191-Z Counter (500-MHz) only.
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100-MHz COUNTER DESCRIPTION

This is condensed information. Further details are
contained in the instruction manuals for the individual
instruments.

CHARACTERISTICS

Frequency range -----.... Dc to 100 MHz

Input impedance ---...... 5082 or 50082

Sensitivity -------------- 30 mV rms, 100 mV pk-pk

Maximum input - -« -+ - SENSITIVITY | Maximum Inputs Benclt model 11 93-& Gounter (190 8tHz).
control Pulse, | Sinewave,
setting Dc peak rms
0.1v 12V 12V 1.4V
0.2v 4V 4V 2.8V
0.5V t5V 10V bV
1.0V 15V +20V 5V
1.0V (50082) +15.8V | +20V 14V

The 1191-Z Counter (100 MHz) consists of an 1156 Decade Scaler, whose output frequency is one tenth of
the input frequency, and an 1191 Counter, whose input is the divided-down output from the scaler, The
conbination forms a general-purpose, dc-to-100-MHz counter-timer for the measurement of frequency, period,
period average, frequency ratio, time interval, and number of events. It provides an eight-digit visual

register with automatic display of measurement dimensions and incorporates an internal storage feature

that allows continuous correction of data without flicker,

ACCESSORIES SUPPLIED

All of the accessories supplied with the individual instruments are included with the 1191-Z, plus the following:

Quantity Description GR Part Number
1 Instruction sheet 1191-0120
1 Cable assembly, GR874® to BNC 0874-2710
1 Bench-cabinet assembly (supplied with bench- 4177-1191
model counter in lieu of bench cabinets for each
instrument)

DIMENSIONS
Bench model (for rack models, see instruction manuals for individual instruments).
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1 SPECIFICATIONS

MEASUREMENT RANGES AND ACCURACY

Frequency: Dc to 20 MHz; 1-us to 10-s counting gate times. Accuracy, 1
count + time-base accuracy.

Single Period: 110 10° s measured by counting 0.1-4s to 105 intervals de-
rived from internal 10-MHz clock. Accuracy (see note).

Multiple Period: 1 to 10 periods measured by counting internal 10-MHz
clock. Accuracy, (see note).

Time Interval: 0.1-us to 10 s measuraed by counting 0.1-us to 10-s intervals
derived from internal 10-MHz clock, Lccuracy (see note). Interval is
measured between “'start” and “stop” signals driving the input channels
independently, or from a single signal with common connection between
channels, as for pulse-duration measurements,

Frequency Ratio: 1 to 10° Frequency “A", dc to 20 MHz, is measured
over 1 1o 10® periods of frequency “B", dc to 10 MHz. Accuracy, +1 count
of “A" + trigger error divided by number of “B"" periods.

Count: Register capacity, 10 % Events are accumulated between “'start” and
“stop” commands from manual panel buttons or, externally, from contact
closures or solid-state switches. In “count”, storage is automatically disabled.

INPUT

Frequency: Channel “A”, dc to 20 MHz (3 Hz to 20 MHz ac-coupled). chan-
nel "B", dc to 10 MHz (3 Hz to 10 MHz ac-coupled).

Sensitivity: 10 mV rms sine wave, 30 mV pk-pk pulse; trigger level variable
+ 100 mV.

Attenuator: x1, x10, x100 (0, 20, 40 dB); low-capacitance 10:1 probe
available.

Vaoltage Rating: Input voltage should not exceed 150 V on x1 or 300 V on
%10 or x100,

Impedance (all attenuator settings): Approx 1 ME1 shunted by 35 pF. At
rear connectors (supplied mounted, unwired}, shunt C increases to approx
70 pF.

Signal Polarity: Front-panel control permits selection of positive- or negative-
going signal sense for triggering.

10-MHz TIME-BASE OPTIONS

Room-Temperature Oscillator

Stability: <2 X 10~/ C from 0° 10 50°C. Drift less than + 2 X 10" per
month. With + 10% line-voltage variation, <2 X 107%,

Manual Adjustment Range: + 1 X 10 ~* at rear-panel control.
High-Precision Oscillator (in proportional-control oven)

10 © o o
Stability: <2 X 10 / Cfrom0 to 50 C when operated continuously.
Drift £1 X 107 per week, approx 2 X 1077 per day after 1 momhlof
continuous operation. With + 10% line-voltage variation, <2 X 10

Manual Adjustment Range: £ 1 X 107 at rear-panel control.

Time-Base Output: 10-MHz square wave, 2 V pk-pk behind 50 {1 at rear-
panel BNC connector.

External Phase-Lock: Both time-base oscillators can be locked to external
standard frequency at 0.1, 1, 2.5 5, or 10 MHz, of at least 1 V rms into 1 k{1
A front-panel phase-lock indicator lamp is provided.

NOTE — Error in time meausrements. * 0.3% of one period +

number of periods averaged, for a 40-dB input signal-1o-noise ratio.

This assumes no noise internal to the counter, For input signals of ex-
tremely high signal-to-noise ratio, the trigger error in ps will be < 0,0005
+ the signal slope in V/us. Time measurements, in addition, are subject
1o the £ 1 count and time-base accuracy statements,

2 SPECIFICATIONS

DATA PRESENTATION
Display: B-digit display with automatically positioned decimal point and
measurement dimensions. High-intensity neon readout tubes.

Storage: Display can be either stored or not. Operator can select from approx
100 us to 10 s or infinity for display time (in normal mode)} and for data
holdoff time (in storage mode).

Data Output (in some models): Fully buffered 1-2-4-8 BCD output at stand-
ard DTL levels; data zero is 0.5 V max and data 1 approx 5 V behind 6 kf2.
PROGRAMMING

Input: All instrument functions controllable by closure to ground within
capabilities of DTL micrologic (2- to 6-mA sink current required), except

PERIOD and TIME INTERVAL require approx 50-mA-capacity external
closures for added load of dimension-display lamps.

Functions controlled by other than contact closure:
Input Threshold: Requires dc voltage of £ 100 mV corresponding to
desired threshold level,

Display Time: Requires RC circuit to ground. Display/hold-off interval is
approx one RC time constant.

MNonprogrammable functions: Input attentuator, input ac/dc coupling,
separate/common switch, self-test, internal/external control of time-base
oscillator, and frequency adjustment of time-base oscillator.

GENERAL
Environmental: Instrument operating range 0° to 50° C ambient air
Power Required: 100 to 125 or 200 to 250 V, 50 1o 400 Hz, 32 W,

Accessories Supplied: Rack-mounting hardware set, power cord, spare fuses.

Accessories Available: Input probe, 1156 Decade Scaler for measurement 10
100 MHz; 1157 Scaler (100-10-1) for measurement to 500 MHz, 1137 Data
Printer, and other GR digital-data acquisition equipment.

Dimensions (width x height x depth) Bench model, 19 x 3-7/8 x 12-3/4 in.
(485 x 99 x 325 mm); rack model, 19 x 3-1/2 x 11 in. (485 x B9 x 280 mm)

Net Weight (approx): 22 Ib (10 kg)
SPECIFICATIONS — FOR INPUT PROBE — 1158-9600

Input Impedance: 10 MSl shonted by approx 7 pF when used with 1191
counter.

Attenuation: X10 (20 dB).

Voltage: 600 V dc or ac pk-pk, max up to 5.7 MHz; less at higher frequencies.

Length: 3-1/2 ft.

Catalog
Number ¥ Description
1191 Counter
1191-9700 Bench Model
1191.9701 Rack Model
11919702 Bench Model with Data Qutput
Option
1191.9703 Rack Model with Data Output
Option
11919704 Bench Model with High-Precision
Time-Base Option
11919705 Rack Model with High-Precision
Time-Base Option
11919706 Bench Model with both Options
1191.9707 Rack Mode! with both Options
1158-9600 PGO06 Probe, Tekironix Catalog No

010-0127.00 Inot sold scparately)

U S. Patent number 3,328,564
GR Experimenter Nov-Dec 1967



2 CONDENSED OPERATION

Referenced paragraphs contain unabridged information.

CAUTIONS

Do not exceed maximum signal input ratings (150V on X1 or 300V on X10 or X100 without probe, 600V with probe).
Be sure line switch on rear of instrument is set for proper line voltage.
Turn off power before removing or replacing etched boards.

INPUT CHARACTERISTICS (3.4.1)

Frequency INPUT A Dc coupled: dc to 20 MHz Ac coupled: 3 Hz to 20 MHz
INPUT B Dc coupled: dc to 10 MHz Ac coupled: 3 Hz to 10 MHz
Levels POLARITY & ATTEN setting Without Probe With Probe
minimum maximum minimum *maximum
EXT PRO 10mV rms, 150Vdc or 100mV rms, B600Vdc or
30mV pk-pk ac pk-pk 300mV pk-pk ac pk-pk
1 10mV rms, 150Vdc or 100mV rms, 600Vdc or
30mV pk-pk ac pk-pk 300mV pk-pk ac pk-pk
10 100mV rms, 300Vdc or 1V rms, 600Vdc or
300mV pk-pk ac pk-pk 3V pk-pk ac pk-pk
100 1V rms, 300Vdc or 10V rms, 600Vdc or
3V pk-pk ac pk-pk 3V pk-pk ac pk-pk
Impedance 1M$2 shunted by 35pF 10MSQ2 shunted by 7pF

* Less over 4.5 MHz: 500V at 5,5 MHz, 400V at 7 MHz, 300V at 9 MHz, 200V at 14 MHz, and 100V at 26 MHz,

CONTROL SETTINGS

Signal connection. ......... . INPUT A
AC-DC . v awn PSRRI AC
POLARITY & ATTEN....... +1
THRESHOLD ..... e centered
SEPARATE — COMMON. . ... SEPARATE
DISPLAYTIME............ 100us to 10 SEC

or SINGLE MEASURE
SET 0.isnssiseees ViR push to set zero

or initiate measurement
SET9......... e i push and hold to set nine
RANEE : oovsvmness — 10% for FREQUENCY

or 1 for PERIOD

or 1 for INTERVAL
or 10 for RATIO

or — for COUNT

(3.4.2) Connect second signal to INPUT B for INTERVAL and
RATIO measurements,

(3.4.2, 3.4.3) Set to DC for very-low-frequency signals.

(3.4.2, 3.4.3) Set POLARITY to - if it is desired to trigger on
negative slopes, Set ATTEN to 10 or 100 for noisy signals or
signals that exceed 150Vdc or ac pk-pk.

(3.4.2, 3.4.3) Set cw or ccw (+ or -) when the input signal con-
tains a dc component and the AC-DC switch is set to DC.

(3.4.2) Set to COMMON for duration measurements.

(3.5) Set to 100us through 10 SEC for automatically initiated
measurements, Set to SINGLE MEASURE for manually ini-
tiated measurements (push SET O button to initiate measure-
ment).

(3.5) With no input signal, push to set zero. With an input sig-
nal, push to initiate a new measurement,

(3.5) Push during a measurement (COUNTING lamp lit) and
hold in until measurement is complete (COUNTING lamp
extinguished) to set nine.

(3.6) These initial settings provide either the maximum dis-
play capacity to prevent an accidental spill or a reasonable
measurement time for most normally encountered signals,
After the first measurement, the RANGE switch can be set as
desired,

CONDENSED OPERATION 3



MEASUREMENTS

Frequency (3.7). Frequency can be measured from dc to 20 MHz with a resolution of up to 0.1 Hz,
Push the FREQUENCY button, set the RANGE and DISPLAY TIME controls as desired, connect *
COUMTING TIME: 1us TO 10w e

the signal to INPUT A, and set the input controls to obtain a measurement.

Period (3.8). Signal periods can be measured from 100ns to 1Gs with a resolution of up to 100ns.

For periods less than 10s: Push the PERIOD button, set the RANGE and DISPLAY TIME controls

as desired, connect the signal to INPUT A, and set the input controls to obtain a measurement.

For periods greater than 10s: Push the INTERVAL button, set the RANGE and DISPLAY TIME counTing Tmee

controls as desired, connect the signal to INPUT A, and set the input controls to obtain a measure- e e
ment,

Interval (3.9). The time interval between two signals can be measured from 100ns to 1Gs with a s L
resolution of up to 100ns, Push the INTERVAL button and set the RANGE and DISPLAY TIME 2l covmtons a1 srvemar
controls as desired. Connect the first signal to INPUT A, connect the second to INPUT B, and set »
the input controls to obtain a measurement,

M

as

Phase (3.10), The phase difference between two signals can be measured indirectly from 0 to 360°,
Push the INTERVAL button, set the RANGE control to 1, and set the DISPLAY TIME control as
desired. Connect the reference signal to both INPUT A and INPUT B, set the A and B POLARITY .

& ATTEN controls to the same settings, and set the other A and B input controls to obtain a L COUNTING TIME+ | WTERVAL
measurement, Use the THRESHOLD controls to zero the reading (set the visual register to within

+ 1 count of zero). Disconnect the reference signal from INPUT B and connect the second signal s /\/\/\
in its place (do not disturb the settings of the input controls), and compute the phase angle from:

b= . intervafx 360°
signal period

ey

Duration (3.11). Pulse durations can be measured from 100ns to 1Gs with a resolution of up to
100ns, Push the INTERVAL button and set the RANGE and DISPLAY TIME controls as desired.
Connect the signal to INPUT A and set the SEPARATE — COMMON switch to COMMON. For *

positive pulses, set the A POLARITY to + and the B POLARITY to -; for negative pulses, set the Voo )
A POLARITY to - and the B POLARITY to +. Set the other input controls to obtain a measure-
ment,

Ratio (3.12). The frequency ratio of the signal applied to INPUT A with respect to the signal A /\/\/\/\/\/\/
applied to INPUT B can be measured to 10® ;1 with a resolution of 1 A count. Push the RATIO

button and set the RANGE and DISPLAY TIME controls as desired. Connect one signal to INPUT  ~]courus nue

A and connect the other to INPUT B, and set both sets of input controls to obtain a measurement.,

e

Count (3,13). From 1 to 100 million events can be counted at rates up to 20 million per second,
Push the COUNT button, set the DISPLAY TIME control as desired, and push the START button,

Connect the signal to INPUT A, set the input controls so that counts register, and push the STOP * /\/\/\/
button. If the DISPLAY TIME control is set to SINGLE MEASURE, push the SET 0 button to =m'fm':;m;';3;‘l
clear the registers (with any other setting of the DISPLAY TIME control, the registers will clear puTTONS

automatically). Push the START button to initiate the count and push the STOP button to termi-
nate it.

[y

4 MEASUREMENTS



100-MHz COUNTER OPERATION
PRELIMINARY
Be sure the line switch on the rear panel of each instrument is set for the proper line voltage, then connect them

to a source of power and turn the POWER switches on. Connect the OUTPUT of the scaler to INPUT A of the
counter, connect the signal to be measured to the INPUT of the scaler, and set the controls as follows:

Counter

AC-DC ---vcemmmmceeaa oo AC

POLARITY & ATTEN —-------- +1

THRESHOLD --==------c-2-2 -centered

SEPARATE-COMMON ----- ---- SEPARATE

DISPLAY TIME ----------- -- 100usto10 SEC or SINGLE MEASURE. Set to 100us through 10 SEC for
automatically initiated measurements (push SET O button to initiate
measurement),

SETO --cmemmmmmeaiaa o Push to set zero or initiate measurement. With no input signal, push to set
zero. With an input signal, push to initiate a new measurement.

SET9 --cmemiceieieeot Push and hold to set nine. Push during a measurement (COUNTING lamp
lit) and hold in until measurement is complete (COUNTING lamp extin-
quished) to set nine.

RANGE -=-----csmecamamans 104 for FREQUENCY  These initial settings provide either the maxi-
or 1 for PERIOD mum display capacity to prevent an accidental
or 10 for RATIO spill or a reasonable measurement time for
or --- for COUNT most normally encountered signals. After the

first measurement, the RANGE switch can be
set as desired.

Scaler:

SENSITIVITY  --cmcecmnnaas As required,

TRIGGER LEVEL ---------- Adjust for an indication on the counter,

Note: With no input signal to the scaler and with maximum counter sensitivity (POLARITY & ATTEN set to
+1 or -1) and dc coupling (AC-DC set to DC), the counter may count 120 Hz due to hum. To avoid this, set the
POLARITY & ATTEN switch to +10 or set the AG-DC switch to AC.

MEASUREMENTS

Frequency. Push the FREQUENCY button, set the RANGE and DISPLAY TIME controls as desired, and set
the TRIGGER LEVEL control to obtain a measurement. The measured value is 10X the indicated value; e.g.,
an indicated value of 3.876 MHz is actually 38.76 MHz.

Period. For periods less than 1s: Push the PERIOD button, set the RANGE and DISPLAY TIME controls as
desired, and set the TRIGGER LEVEL control to obtain a measurement. The measured value is 1/10 the in-
dicated value; e.g., an indicated value of 837.634ns is actually 83,7634ns, For periods greater than 1s : Push
the INTERVAL button, set the RANGE and DISPLAY TIME controls as desired, and set the TRIGGER
LEVEL control to obtain a measurement. The measured value is 1/10 the indicated value; e.g., an indicated
value of 213.76s is actually 21.376s.

Interval, phase, and duration. To make these measurements, disconnect the scaler output from the counter
input and use the counter alone as described in its instruction manual.

Ratio. Push the RATIO button and set the RANGE and DISPLAY TIME controls as desired, Connect the
second signal to INPUT B of the counter and set the TRIGGER LEVEL and counter B input controls to
obtain a measurement. The measured value is 10X the indicated valus; e.g., an indicated value of A/B =
15.000: 1 is actually 150.000:1.

Count. Push the COUNT button, set the DISPLAY TIME control as desired, and push the START button. Set
the TRIGGER LEVEL control so that counts register and push the STOP button, If the DISPLAY TIME
control is set to SINGLE MEASURE, push the SET 0 button to clear the registers (with any other setting of the
DISPLAY TIME control, the registers will clear automatically). Push the START button to initiate the count
and push the STOP button to terminate it. The measured value is 10X the indicated value; e.g., an indicator
value of 7583 is actually 75830,



500-MHz COUNTER DESCRIPTION

This is condensed information, Further details are con-
tained in the instruction manuals for the individual
instruments.

CHARACTERISTICS

Frequency range ----------- Dc to 500 MHz
Input impedance ----------- 500
Sensitivity ---------------- 100 mV rms, 300 mv pk-pk
Maximum input ----------- 5V rms.
Bench model 1191-Z Counter (500 MHz).

The 1191-Z Counter (500 MHz) consists of an 1157 Scaler, whose output frequency is one hundreth of the input
frequency, and an 1191 Counter, whose input is the divided-down output from the scaler. The combination
forms a general-purpose, dc-to-500-MHz, counter/timer for the measurement of frequency, period, period average,
frequency ratio, time interval, and number of events. It provides an eight-digit visual register with automatic
display of measurement dimensions and incorporates an internal storage feature that allows continuous correction

of data without flicker.

ACCESSORIES SUPPLIED
All of the accessories supplied with the individual instruments are included with the 1191-Z, plus the following:

Quantity Description GR Part Number
1 Instruction sheet 1191-0120
1 Cable assembly, GR874 to BNC 0874-2710
1 Bench-cabinet assembly (supplied with bench-model 4177-2191
counters in lieu of bench cabinets for each instrument)

DIMENSIONS

Bench Model (for rack models, see instruction manuals for individual instru ments).
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500-MHz COUNTER OPERATION

PRELIMINARY

Be sure the line switch on the rear panels of each instrument is set for the proper line voltage, then connect
them to a source of power and turn the POWER switches on. Connect the OUTPUT of the scaler to

INPUT A of the counter, connect the signal to be measured to the INPUT of the scaler, and set the controls
as follows: ’

Counter:

AC-DC ------------- AC
POLARITY & ATTEN - +1
THRESHOLD -------- centered

SEPARATE-COMMON - SEPARATE

DISPLAY TIME ------ 100 us to 10 SEC or SINGLE MEASURE. Set to 100 us through 10 SEC for
automatically initiated measurements. Set to SINGLE MEASURE for manually
initiated measurements (push SET 0 button to initiate measurement).

SETQ -------=====-=~ Push to set zero or initiate measurement. With no input signal, push to set zero.
With an input signal, push to initiate a new measurement.

SET9 ----cc-ev-n-- Push and hold to set nine. Push during a measurement (COUNTING lamp
lit) and hold in until measurement is complete (COUNTING lamp extinguished )
to set nine.

RANGE -------=-=-=--- 104 for FREQUENCY These initial settings provide either the maximum
or1 for PERIOD display capacity to prevent an accidental spill or a
or 10 for RATIO reasonable measurement time for most normally
or--- for COUNT encountered signals. After the first measurement,

the RANGE switch can be set as desired.

Scaler:

SENSITIVITY =--==---- In the green on INPUT LEVEL meter. First set SENSITIVITY fully ccw
(minimum sensitivity), apply signal, then turn cw until INPUT LEVEL
needie is as close as possible to the center of the green shaded position,

MEASUREMENTS

Frequency. Push the FREQUENCY button, set the RANGE and DISPLAY TIME controls as desired,
and set the A THRESHOLD control to obtain a measurement. The measured value is 100X the in-
dicated value; e.g., an indicated value of 3.876 MHz is actually 387.6 MHz,

Period. For periods less than 100ms: Push the period button, set the RANGE and DISPLAY TIME
controls as desired, and set the A THRESHOLD control to obtain a measurement. The measured
value is 1/100 the indicated value; e.g., an indicated value 837.634 ns is actually 8.37634 ns, For
periods greater than 100ms: Push the INTERVAL button, set the RANGE and DISPLAY TIME
controls as desired, and set the A THRESHOLD to obtain a measurement. The measured value is
1/100 the indicated value; e.g., an. indicated value of 213.76s is actually 2.1376s.

Interval, phase, and duration. To make these measurements, disconnect the scaler output from the
counter input and use the counter alone as described in its instruction manual.

Ratio. Push the RATIO button and set the RANGE and DISPLAY TIME controls as desired. Connect

the second signal to input B of the counter and set the A THRESHOLD and B input controls to obtain

a measurement. The measured value is 100 X the indicated value; e.g., an indicated value of A/B = 15.000:1
is actually 1500.000: 1.

Count. Push the COUNT button, set the DISPLAY TIME control as desired, and push the START button,
Set the A THRESHOLD control so that counts register and push the STOP button. If the DISPLAY TIME
control is set to SINGLE MEASURE, push the SET 0 button to clear the register (with any other satting o f
the DISPLAY TIME control, the register will clear automatically). Push the START button to initiate

the count and push the STOP button to terminate it. The measured value is 100X the indicated value;
e.g., an indicated value of 7583 is actually 768300,
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1.1 PURPOSE

The 1191 is a general-purpose, dc-to-20 MHz counter-timer for the measurement of frequency, period, period average, frequency
ratio, time interval, and number of events.

1.2 DESCRIPTION

The counter employs an eight-digit visual register comprised of high-intensity gas-readout tubes, with automatic display of dec-
imal point and measurement dimensions. An internal storage feature provides a continuous display of corrected data without
flicker,

Models are available with high-speed buffered 1-2-4-8 BCD outputs from the internal storage to drive auxiliary data-handling
equipment. All models offer remote programability of the measurement function, the range, and most of the secondary controls
such as display time. The functions are dc controlled, the majority by simple contact closures to ground.

Two high-sensitivity input channels are incorporated, each with a high-impedance, low-noise FET circuit preceded by a three-
position step attenuator and each with controls for trigger level, slope, polarity, and coupling. The 1-M£2 input impedance is
independent of control settings and thus permits the use of general-purpose, low-capacitance oscilloscope probes.

The 1191 is offered with one of two time bases, a room-temperature crystal oscillator which affords adequate stability for many
applications, or a high-precision oscillator with proportional temperature control for greater accuracy. Either time base can be

phase-locked to an external standard frequency of 0.1, 1, 2.5, 5, or 10 MHz.

Extensive use of integrated circuits offers a high degree of reliability and modular construction greatly simplifies repair to pro-
vide the user with the maximum in dependability as well as performance.

1.3 ACCESSORIES SUPPLIED

Qty Description GR Part Number
1 Instruction manual 1191-0100
1 Power cord, 7-foot, 3-wire 4200-9622
1 Spare fuse, 0.4A 3AG 5330-0900
1 Spare fuse, 0.2A 3AG 5330-0600
1 Board extender 4215-2034
Bench model: 1 Bench-cabinet assembly 4172-4004
Rack model: 1 Rack-cabinet assembly 4174-3040
1 Hardware set 4174-2000

INTRODUCTION 11
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TYPE 1191 COUNTER

17 3 1615

1.4 FRONT PANEL

14 13 12

BNC connectors. For connection of input signal. Input signal can also be connected to
rear-panel (see paragraph 1.5).

Two-position toggle switches. Select ac or dc coupling of input signal,

Eight-position rotary switches. Select polarity (+ or -) and attenuation (1X, 10X, or 100X)
of input signal, or external programming of trigger threshold control, or internal 10-MHz
test signal for presentation to input circuits,

Potentiometer with grounded center position, concentric with POLARITY & ATTEN
switch. Sets trigger level from -100mV, through ground, to +100mV.

Twelve-position rotary switch. Sets interval between measurements from 100us to 10s or
infinity.

Pushbutton switch. Sets registers to zero or, when DISPLAY TIME switch is set to
SINGLE MEASURE, initiates measurement,

Eight high-intensity gas readout tubes. Provide visual indication of measurement value
including decimal point.

Pushbutton switch. Initiates count measurements,

Four incandescent lamps. One used to illuminate START and STOP button legends, and
one each used to illuminate unit-of-measurement for frequency, period, and interval
measurements,

Ten-position rotary switch. Selects duration of measurement for frequency measurements,
number of periods averaged for period measurements, counting rate for interval measure-
ments, or rate of input-B periods counted for ratio measurements. Decimal point and
unit-of-measurement are automatically controlled by RANGE switch.

Five-button, mutually exclusive, push-button-switch assembly, Selects type of measure-
ment to be made: frequency, period, interval, ratio, or count.

Push-button switch, Terminates count measurements,

Neon lamp. Lights when time-base oscillator is not properly locked to external lock signal
(if one is used).

Incandescent lamp. Lights when measurement is in progress.

Push-button switch. Sets registers to nine.

Two-position toggle switch, Applies line voltage to instrument,

Two-position toggle switch. SEPARATE setting keeps inputs separate. COMMON setting
connects inputs together at attenuator output terminals,



1.5 REAR PANEL

N 10
T INPUT oo missas is s s e sson BNC jack (mounted but not wired; see paragraph 2.8). For connection of input signal.
Input signal is usually connected to front panel (see paragraph 1.4),
2 EXTDRIVE ........c0vvun BNC jack. For connection of external phase-lock signal.
3 OUT10MHz..... TR BNC jack. 10-MHz time-base oscillator output to external equipment.
4 DATAOUT .......cvvnvnnnn 50-pin connector (optional). 1-2-4-8 BCD measurement data and control signals to ex-
ternal equipment.
B FREQADD i vwaimmicazas Screwdriver-operated potentiometer, Adjust frequency of time-base oscillator.
6 PROGRAMMING INPUT ..... 36-pin connector. For connection of remote-programming signals.
7 STORAGE — DISABLE....... Two-position toggle switch. DISABLE position switches out storage feature.
B Fuses ..ovceimanimvenesies Upper fuse for 115-V operation, lower fuse for 230-V operation.
9 Powerconnector ............ Three-pin male connector. For connection to power line; accepts 3-wire power cord
supplied.
10 Einei e sva s s e saeas Two-position screwdriver-operated slide switch, Selects line-voltage, 100 to 125V or 200
to 250V.
11 TIMEBASE................ Two-position toggle switch, For selection of internal time base only or internal time base

phase-locked to an external signal applied to EXT DRIVE connector.
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1.6 EQUIPMENT AVAILABLE

1.6.1 100-MHz FREQUENCY RANGE

To extend the upper frequency to 100MHz, the counter can
be used with the 1156 Decade Scaler. The scaler is a com-
pletely self-contained, 100-MHz, direct-counting frequency
divider with a sensitivity of better than 30mV rms or 100mV
pk-pk. '

1.6.2 500-MHz FREQUENCY RANGE

To extend the upper frequency to 500MHz, the counter can
be used with the 1157 Scaler. The scaler is a completely self-
contained, 500-MHz, direct-counting frequency divider with
a sensitivity of better than 100mV rms or 300mV pk-pk.

1.6.3 SIGNAL SCANNING

To automatically and sequentially connect a number of sig-
nals for measurement, the counter can be used with the 1770
Scanner System. The scanner selects one of up to 100 signals
{dc to 100MHz) and presents it to the counter for measure-
ment. The number of channels, the number of lines switched
per channel, and the line terminations can be varied to suit
the application and high-temperature cable (-75 to +250°C)
can be supplied to connect to components in an environ-
mental chamber.

1.6.4 GREATER ACCURACY

For greater stability and accuracy, the counter can be used
with the 1115 Standard-Frequency Oscillator. The oscillator
provides an output of 1V rms into 5082 at frequencies of
100KHz, TMHz, and BMHz with a stability of approximately
ten times better than that of a counter with the high-
precision time-base option.

1.6.5 DIGITAL RECORDING

For digital records of the measurement data, counters with .. _
the data output option can be used with the 1137 Data l ‘ :‘3 . (= § i
Printer. The printer records up to twelve columns at print N
rates up to three lines per second. = ‘ :
v s
-
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1.6.6 ANALOG OUTPUT AND X-Y RECORDING

For analog measurement data, counters with the data output
option can be used with the 1136 Digital-to-Analog Converter.
The converter changes the digital data from the counter to a
voltage or current proportional to the numerical value of any
three consecutive digits or the last two digits of data. Storage
circuits in the converter permit use with intermittent as well
as continuous BCD data. If an X-axis input is provided, an
X-Y recorder can then be used to record the measurements

Vs temperature ar VO“BQE, etc.

1.6.7 DC RECORDING

For dc records of the measurement data, counters with the
data output option can be used with the 1136 Digital-to-
Analog Converter (described above) and a 1521 Graphic
Level Recorder. The recorder provides a 4-inch-wide con-
tinuous recording with an accuracy of *1% of full scale, a
resolution of £ 0.25% of full scale, and recording speeds of
from 2.5 inches per hour to 75 inches per minute.

1.6.8 SYSTEMS

Since additional equipment can expand the basic capability
of the 1191 Counter to a complete measurement facility,
General Radio has arranged to supply complete systems and
inguiries are invited. Each system is custom tailored to in-
dividual requirements and includes only the equipment nec-
essary to perform the required task; completely assembled
and checked as a unit.

Such systems have wide application and can be used for
laboratory development, production monitoring, final quality
assurance, production-lot sorting, incoming inspection, en-
vironmental testing, reliability evaluation, etc., on an auto-
matic or semi-automatic basis.

=@ Q
fe s
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Installation

SECTION 2

General
1 POWOE: i e e ves 241
2.2 Environmental . .........ccnnnnnnannnnns cee. 22
23 Dimensions ..........c0vvennnrnnenneninnns 23
24 Mounting.......oovnvnennennnns PR K 24
Signal Data
2.5 Data Out Socket,S0901 ............. vereeee. 26
2.6 Programming Input Socket, S0950 ............. 28
2,7 Time base jacks, J951,J952. ........c0vvvennnn 2-10
2.8 Input jacks, J953,J954 . ........... cersreese. 210

2.9 Inputconnection.........evvveevernnnnnens. 211

2.1 POWER

Power requirements are 100 to 125V or 200 to 250V, 50 to
400Hz, 32W. A line switch, S502 on the rear panel, selects
the line-voltage range. For 115-V operation, F501 (0.4A,
3AG Slo-Blo) protects the instrument and for 230-V oper-
ation, F502 (0.2A, 3AG Slo-Blo) protects the instrument.

Connection to the power line is made by means of a 7-foot,
3-wire power cord, supplied, that attaches to the power con-
nector, PL501 on the rear panel. The long cylindrical pin is
connected directly to the chassis of the instrument (chassis
ground, = ,designated GND).

INSTALLATION
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2.2 ENVIRONMENTAL

2.2.1 TEMPERATURE

Operating................. 0to+50°C
Nonoperating. ............. -40to+75°C

Test procedure: Unpacked, cabinet off. Instrument is off for 24 hours at +75"”C, off for 4 hours at +50°C, and on for two hours

at +50°C during which time performance is checked. Instrument is then off for 24 hours at -40°C, off for 4 hours at 0°C, and on
for 2 hours at 0°C during which time performance is checked.

2.2.2 HUMIDITY

Operating.......... vevee.. 95% RH and +40°C

Test procedure: Unpacked, cabinet off. Instrument is off for 24 hours at 50% RH and +40°C, off for 24 hours at 95% RH and
+40°C, and on for 2 hours at 95% RH and +40°C during which time performance is checked.

2.2.3 VIBRATION

Nonoperating. ............. 0.03 in. from 10 to 55 Hz

Test procedure: Unpacked, cabinet off. (A one-minute cycle is a scan of the specified frequency range from the lower limit to
the upper limit and back to the lower limit in one minute.) Instrument is vibrated 0.03 in. pk-pk for 15 one-minute cycles over
a frequency range of 10 to 55 Hz in each plane and for 5 minutes at any major resonance frequency, after which performance is
checked.

2.2.4 BENCH HANDLING (MIL-STD-810A, procedure VI)

Nonoperating. . ............ 4 in. or 45°

Test procedure; Unpacked, cabinet off. Instrument is raised 4 in. or 45°, whichever occurs first, and allowed to drop freely on
a wooden bench 4 times in each plane, after which performance is checked.

2.2.5 SHOCK
Nonoperating.............. 30G, 11ms

Test procedure: Unpacked, cabinet off. Instrument is subjected to three 30-G, 11—ms shocks in each plane, after which per-
formance is checked.
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2.3 DIMENSIONS

2,3.1 BENCH MODEL

A~
A
]

/17

DIMENSIONS IN INCHES

©

i
U@

2.3.2 RACK MODEL

DIMENSIONS IN INCHES

O
|t

N,
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2.4 MOUNTING

2.4.1 BASIC DATA

The 1191 Counter is a rack-bench instrument with slide blocks, has a panel height of 3% in, (2 units), a depth of 10 in., and
dissipates 32W,

2.4.2 CABINET OPTIONS

Bench model. For bench use. Includes a tilt-base, nonvented, bench-f;abinet assembly. To convert to a rack model, proceed as
follows:

BENCH CABINET ASSEMBLY
““"-

INSTRUMENT

REAR
COVER SCREWS

—
—
~— =
- —~—_
>
SLIDE iy /ﬁ&/EL
BLOCKS -~ SCREWS

a.  Order a 4174-3040 rack-cabinet assembly and a 4174-2000 hardware set.

b. Disconnect any cabling from the front and rear panels of the instrument, remove the panel screws from the front, and
pull the instrument out of the bench cabinet.

¢. Remove the rear-cover screws and remove the rear cover from the bench cabinet. Place the rear cover on the rear of the
rack cabinet and secure it to the rack cabinet with the rear cover screws.

d. Install the rack cabinet in the relay rack and insert the instrument in it (see paragraph 2.4.3).
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Rack model. For installation in an EIA standard 19-in. relay rack. Includes a rack-cabinet assembly. To convert to a bench model,
proceed as follows:

RACK-CABINET ASSEMBLY

REAR
COVER
SCREWS

Co_

REAR P
BRACKET i
SCREWS & 0’6,,/
NUTS

REAR
SUPPORT
SCREWS SLIDE

& NUTS BLOCKS I ) PANEL SCREWS

FRONT SUPPORT
SCREWS

a. Order a 4172-2642 bench-cabinet assembly, two 4171-8601 tracks, two 4171-8802 rear brackets, and eight 7170-1308
screws,

b. Install the tracks on the front and rear channels inside the bench cabinet; place the wide end of the tracks to the rear
and the flat side against the channels; secure each track with two screws.

c. Install the brackets on the rear channels inside the bench cabinet; place the notch in the brackets around the tracks,
secure each bracket with two screws,

d. Disconnect any cabling from the front and rear panels of the instrument, remove the panel screws from the front, and
pull the instrument out of the rack cabinet. :

e. Remove the rear-cover screws and remove the rear cover from the rack cabinet. Place the rear cover on the rear of the
bench cabinet and secure it to the rear brackets with the rear-cover screws.

f.  Insert the instrument in the bench cabinet; straddle the tracks with the slide blocks, and secure it to the cabinet with
the panel screws.

2.4.3 RACK MOUNTING (rack models)
To install a rack-model instrument in an EIA standard 19-in, relay rack, proceed as follows:
a. Remove the panel screws, slide the instrument out until it stops, lift the front, and pull it out of the cabinet.

b. Insert the cabinet in the rack and secure it to the front of the rack with_the front-support screws.

c. If the rack contains a rear support, remove the rear-cover sCrews and remove the cover. Attach the brackets to the cab-
inet with the rear-bracket screws and nuts; use the set of slots that most nearly aligns the bracket with the rear support.
Secure the bracket to the rear support.

d.  Push the tracks all the way in. Place the rear of the instrument in the cabinet, lift the rear so the rear slide blocks strad-
dle the tracks, and push the instrument in until it stops. Lift the front, pull the instrument out so that the tracks fol-
low, and then push in so that the front slide blocks straddle the tracks. Push the instrument all the way in and secure it
to the rack with the panel screws.
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2.5 DATA OUT SOCKET, S0901

2.5.1 CONNECTIONS

Measurement data are available at the DATA OUT socket,

S0901 on the rear panel of instruments with this option, for

use by auxiliary data-handling equipment. This socket is a
60-pin Amphenol Type 57 socket (GR part number 4230-

PGT

+5v

PRT

L4

D82 D72 D62 D52 D42 D32 D22 DI2

D&l | DTI

06! oS! [D41 |03
L )

paion
| ;

\

|5~:, 49[42[1

21;]24I;§iz

1 o S o v t 1 1
R EOEEEDE 12 11j10 978 1'6! s[a[3T271)

T T
3loi29[als|
I

7 :ﬂaﬂqlu a2ja1 iqas[:s‘a?‘sa]uiu 33 3231
1 5| I 1

4049) which mates with a 50-pin Amphenol Type 57 plug sl—ui TPy rrrTi « obelos Df Tl Dl‘F
i 4 D7 4/044 D34[D24 | D14
(GR part number 4220-3050, Amphenol part number 57- HEV D88 D78 D68 DSE D48 D38 D28 DI8
30500). PIN VIEW 1191.212
2.5.2 DATA SIGNALS
8 7 6 5 4 3 2 | Decimal 1-2-4-8
O[O I |7]3|7|8]4 BCD
0 0000
S0901pin | 15 | 13 | 11 9 7 5 3 1 LBIT 5 b
Signal D81 D71 D61 D51 D41 D31 D21 D11 3 1100
S0901 pin 16 14 12 10 8 6 4 2 28IT 4 0010
Signal D82 D72 D62 D52 D42 D32 D22 D12 5 1010
S091pin [ 40 [ 38 [ 36 [ 34 [ 32 | 30 | 28 | 26 | o 2 0110
Signal D84 D74 D64 D54 D44 D34 D24 D14 8 0001
S0901 pin 41 39 37 35 33 31 29 27 8BIT 9 1001
Signal D88 D78 D68 D58 D48 D38 D28 D18 )
D1.1 thru D88 rr?eamrement Flata. (diagram G). Four 1-2-4-8 OUTPUT sionaL VT A ii;: (i ]
weighted BCD signals are available from each of the decades DC COUPLED BAT
in the counter at standard DTL levels (data 0= ground with — "'O-::— ATA
a 10-mA sink capability, data 1 = +5V behind 6K + 20%). - ol

Range data is not available.
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25.3 PRINT COMMAND SIGNALS

S0901 pin 24 23
S0950 pin 17 34
Signal PGT SO+ PRT + PRT
Most d.ata handling eqmp.mel:%t requnre's a suqnal to initiate its MEASURE—pispLaY |« MEASURE —+] DisPLAY k- MEASURE
operation or to synchronize its operation with that of the
counter. Four such signals are available from the counter: e 1
(4] B
- | SET BY DISPLAY
TIME SWITCH
SO+ E
——l je— R 2 us OR =90 us
PRT J l I
o
—a j=—&|ms
1
PRT+ 4
1191.2-14
PGT (diagram G). This is a buffered signal at a standard DTL raa SV | 1
level (data O ~~ ground with a 10-mA sink capability, data &UESE:L:;“"' ® +4.9v
= +5V behind 6K + 20%) and is used to initiate the OB DISPLAY
operation of data handling equipment such as digital-to- 10mA ov— -
analog converters.
SO+ (diagram H). This is a non-buffered, 2-us pulse (with +5.0V
DISPLAY TIME of < 100ms) or 90-us pulse (with DISPLAY ~ OUTPUT sienaL 100pA  4aov !
TIME of 2 100ms), behind 1K§2, whose trailing edge initiates be couPLED o a—
the measurement in the counter, It is available from the PRO- pdol ov— 0 i
GRAMMING INPUT socket, S0950 pin 17 and can be used il
to indicate the counter is about to make a new measurement,
PRT (diagram G). This is a buffered signal at a standard DTL
level (data 0 & ground with a 10-mA sink capability, data 800 KA $8Y 7 ]
12 +5V behind 6K + 20%) that goes to the 1-level 1ms g Ll 4oV
after the end of a measurement and goes to the O-level at the foma +°::— DISPLAY
beginning of a measurement. The 1-ms delay allows the 191-2:170
measurement data to settle before the positive transition
initiates the operation of an external device, such as a printer.
PRT+ (diagram H). This is a nonbuffered 6-V signal behind GUEPUT menaL 3 VS 4V -
4.7KS2 with the same timing characteristics as PRT above, DC COUPLED DISPLAY
but is inverted. 10mA +°‘:: o ]
191217
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2.6 PROGRAMMING INPUT SOCKET, S0950

-1 CONNECTIONS 45V 80UT  SDIS PER BREF POA TB6 TB2
: functions of all front-panel controls, except the AC-DC, S?-i- F20 [ocCl | R lSTO POB ITBB T84 T8O
>ARATE — COMMON, SET 9, and POWER switches, and [l ! [ (RN NEEE
+ attenuator function of the POLARITY & ATTEN switch, WIS 075 P AT [T T ‘ .
1 be controlled remotely by means of connections to the ['a '?:‘5"5!'4[""['2—!" I 'ol s ai  aik "—! 4 | 2 I 2]t
OGRAMM'NG INPUT SOCkEt, 80950 on the rear pane[. 36|35 34l3332(31| 30 ?g-la 3‘2? 2-5 ?_5]24 2;{2—;? 20—[_9-
is socket is a 36-pin Amphenol Type 57 socket (GR part i [[’ IIJ lll [T I| ['TI‘ I:‘rJT!T 'I.iv
mber 4230-4036) which mates with a 36-pin Amphenol [ [ [ [ | ] |
'pe 57 plug (GR part number 4220-3036, Amphenol part Hi5v[-56VDC2| C |RPB AREFINOA TB5|TBI
imber 57-30360). Example: of external programming are GND PRT DRES Tl STA NOB TB7 TB3
ntained in paragraph 5.6.12.
PIN VIEW 1191-2-18
6.2 MEASUREMENT CONTROL
S0950 pin 10 28 1 29
Signal none PER TI R Cc
MEASUREMENT FREQUENCY PERIOD INTERVAL RATIO COUNT
Jiagrams D and L). To program the MEASUREMENT func- ' FREQUENCY
ion remotely push the FREQUENCY button and, except {NO SIGNAL REQUIRED)
vhen the FREQUENCY program is desired, set the appro-
riate signal to 0 (ground). When the FREQUENCY button +8Vmax— PERIOD
s pushed, the counter is programmed for frequency measure- INPUT sionaL O™ Y ":QTERXAL'?
nents, automatically and without need of any external signal. 0c: SoUeLED +0.6V AN COu
The 50-mA sink-current for PERIOD, INTERVAL, and somA oy 2 ]
COUNT measurements is used to enable the appropriate
gates and to energize the symbols (MHz, msec, START-STOP, +BV mox —
etc.) in the visual display. The 6-mA sink current for RATIO INPUT SiGNAL OmA +3V (0
measurements needs only to enable the gates; no symboals are DC COUPLED RATIO
used in the visual display. - +oal: ) ]
m

Nei2-19

NOTE: Visual register symbol and decimal-point indications are not valid when measurement or range is externally programmed:
If the measurement is externally programmed but the range is not (i.e. if the FREQUENCY button is pushed but the
RANGE switch is set to a position other than EXT PROG) the visual register will display the symbol and decimal point
for frequency (even though a period, interval, ratio, or count external program signal is applied) in addition to the sym-
bol for the measurement externally programmed. If both the measurement and range are externally programmed, the
visual register will display the EXT PRO symbol but will display no decimal point at all.

2.6.3 RANGE CONTROL
FREQUENCY MHz | .OMHz .00MHz .000MHz .OKHz .00KHz .000KHz "~ .0OHz
PERIOD .0000msec |.00000msec |.000usec |.0000usec |.00000usec [.000nsec | .0000nsec |.00000nsec [ .000psec
INTERVAL .Ousec psec | .00Omsec .Omsec msec .00sec .Osec sec .00ksec
RATIO .0 .00 .000 .0000 | .00000( .000000 | .0000000 |.00000000
COUNT
S0950 pin 1 19 YA 20 3 21 4 22 5]
Signal TBO TB1 TB2 TB3 TB4 TBS TB6 TB7 TB8
RANGE 1 10 10 10 10 10 10 10 10
TBO thru TB8 range inputs (diagram L). To program the
RANGE switch function remotely, set the RANGE switch to omA "':V 1]
EXT PROG and set the appropriate signal to 0. These are L,:Pgo'z::.:::“ i PROGRAM
standard DT L-level inputs (data 0~ ground with a 1.6mA +0.5V 5 ]
sink capability, data 1~ +5V behind 6K * 20%). LA o
1191.2-20

NOTE: Visual register symbol and decimal-point indications are not valid when measurement or range is externally programmed:
If the range is externally programmed but the measurement is not (i.e., if the RANGE switch is set to EXT PROG but a
measurement button other than FREQUENCY s pushed) the visual register will display no symbol and no decimal point.
If both the range and measurement are externally programmed, the visual register will display the EXT PRO symbol but

will display no decimal point.
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2.6.4 DISPLAY TIME CONTROL DISPLAY DRES DC1 DC2
TIME resistance (10uF) (0. 1uF)
S0950 pin 30 13 31 desired to ground
_ Signal DRES | DC1 | DC2 | 1005 Hort round
DRES, DC1, DC2 display time inputs (diagram H). To pro- 1ms 9.1KQ ground
gram the DISPLAY TIME control function remotely, set the 10ms 91KQ ground
DISPLAY TIME switch to EXT PROG, connect a resistor-of 50ms 430K ground
the proper valve from DRES to ground, and set DC1 or DC2 100ms 11KQ ground
to 0 {(ground) as shown in the table. The diaplay time is ap- 200ms 24KY ground
proximately (within 20%) one circuit time constant. A 910- 500ms 62K ground
resistor is in series with DRES so that DRES =~ (10 T or 10 1s 120K nd
T) -900 where T is the display time desired. For example, for 2 240KQ o 5
a 5-ms display time, DRES = (10 x5x 10 ) -900 = 50,000 & 620K e
900 ~ 49.1KS2. 108 T o
2.6.5 INPUT CONTROL : g
INPUT INPUT A INPUT B
S0950 pin 23 6 25 24 4 8
Signal NOA | POA REF A NOB | POB REFB
Control - - | THRESHOLD | + - |THRESHOLD o
. INPUT sienaL oma +2v T
POA, NOA, POB, NOB polarity inputs (diagram C). To pro- 56 COURLED PROGRAM
gram the polarity function of the POLARITY & ATTEN +0.2V
switches remotely, set the POLARITY & ATTEN switch to oA oy C] -
EXT PROG and set the appropriate signal to O (ground). eay S0 39080 9122
REF A, REF B threshold inputs (diagram C). To program the 2008013 T ok ra 0N e
THRESHOLD control function remotely, set the POLARITY e r [:‘.,. . | ' ek
& ATTEN switch to EXT PROG and apply a dc level of from wele InF (™3
+0.1V to -0.1V to the appropriate signal input. P . - ¥ ¥
2.6.6 OTHER CONTROLS AND SIGNALS $0080-33 %0 O]
{| S0950 pin 26 9 27 12 16 17 34
Signal STA STO RPB SDIS 80OUT PRT
Function START | STOP | SETO0 | STORAGE DISABLE | SPILL PRINT COMMANDS
STA, STO start and stop inputs (diagram D). To control the INPUT sienaL OmA :::..— 1l START, ]
START and STOP pushbutton functions remotely (to initiate  oc courLED STOP
and terminate count measurements), set the appropriate sig- - +0.6V 5
nal to 0 (ground) for at least 100ns. ov “olioons MiNle—
1191-2.23
_______ 1
RPB set 0 input (diagram H). To control the SET 0 push- ] _i .__i
button function remotely (reset) proceed as follows: b i | -
i i
Method 1. Disconnect R949 from ground and add an external, L *
normally closed switch as shown. To set zero (reset), momen- Lo —
tarily open switch. < mam | 1ua MIN [._
+8YV
Method 2. Set RPB to 1 for at least 1us; leave R949 connected  INPUT sieNAL OmA  Lav :
to ground. DC COUPLED RESET
L mA +0.8V—r—5 D
SDIS storage disable input (diagram H). To program the Y= el
STORAGE-DISABLE switch function remotely (S851 on the oA +8V—
rear panel), set the STORAGE-DISABLE switch to STORAGE  INPUT siguat VT DISABLE
and set SDIS to 1 (open circuit) to enable the storage feature ¢ +0.8V
or to 0 (ground) to disable it. ImA ov ] —
191.2:26
8 OUT spill output (diagram E, F). When the decade for the re e
most significant digit changes from 7 to 8, 8 OUT goesto the o irpuT signaL 3.5mA “"-‘: i
1-level. When the decade changes from 9 to 0, 8 OUT returns  pe coupLen 3 MSPILL
to the O-level. Thus, when 8 OUT is at the 1-level, it indicates +0.8Y — —
the counter registers are 98 to 100% full. Omh ov—L0

SO+, PRT print commands. See paragraph 2.5.3.
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2.7 TIME BASE JACKS, J951, J952

EXT DRIVE, J951. Both the room-temperature-oscillator and the high-precision-oscillator models can be phase-locked to a 0.1,
1, 2.5, 5, or 10-MHz signal of any waveshape and of at least 1V rms or 3V pk-pk into 1K§2. Connect the signal to the EXT
DRIVE jack, J951 on the rear panel, and set the TIME BASE switch, S952 also on the rear panel, to EXT LOCK. With the
POWER switch on, the front-panel ®LOCK OUT neon must be extinguished. If it is not, the internal oscillator is not properly
locked to the external signal.

The room-temperature oscillator will lock on a stable external signal that is within approximately 100Hz of its nominal frequency
and the high-stability oscillator will lock on a signal within 10Hz of its nominal frequency.

OUT 10MHz, J952. The internal clock signal is available as a 10-MHz square wave of 2V pk-pk behind 50£2 at the OUT 10MHz
jack, J952 on the rear panel.

2.8 INPUT JACKS, J953, J954

INPUTS A and B, J953 and J954. If it is desired to connect
the A, the B, or both of the input signals to the rear, unsolder
the appropriate cable from its storage position and solder it
directly to the corresponding front-panel input connector.
This raises the input capacitance to approximately 70pF.
MOVE A INPUT CABLE

(BK} TO A INPUT
CONNECTOR

MOVE B INPUT CABLE
(BN) TO B INPUT
CONNECTOR
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The input terminals are BNC jacks and the input impedance is 1MS2 shunted by 35pF so that the
inputs are compatible with many general-purpose oscilloscope probes. The input terminals can
also be adapted to GR874 connectors, which are 50-§ hemaphroditic and accept a broad line of
adaptors to convert the terminals for use with most any commercial or military connector.

P6006

874-R20A
874-R20LA
874-R22A

874-R22LA

874-QBPA

874-QHPA

874-QLPA

874-QLTP

874-QMDP

874-QNP
874-QNPL

874-QMMP
874-QMMPL
874-QSCP

' 874-QTNP

-Tektronix probe, 10X, TOMS2

-7pF, 3.5 ft

Coaxial jumper cable, BNC
connectors

Coaxial output cable, BNC con-
nector on one end, GR874 on
the other

Coaxial patch cord, low loss
cable

Coaxial patch cord, same,
locking connectors

Coaxial patch cord, general-
purpose cable

Coaxial patch cord, same,
locking connectors

Adaptor, GR874 to Type BNC

Adaptor, GR874 to Type HN

Adaptor, GR874 to Type LC

Adaptor, GR874 to Type LT

Adaptor, GR874 to Type

Microdot
Adaptor, GR874 to Type N

Adaptor, same, locking GR874
connector

Adaptor, GR874 to Type OSM/
BRM, NPM, STM

Adaptor, same, locking GR874
connectors

Adaptor, GR874 to Type SC

Adaptor, GR874 to Type TNC

1158-9600

0776-2000

0874-2700

0874-9680

0874-9681

0874-9682

0874-9683

0874-9800

0874-9804

0874-9806

0874-9808

0874-9820

0874-9810
0874-9811

0874-9822

0874-9823

0874-9812

0874-9816

2.9 INPUT CONNECTION

PO | -
(==
— =[]

P e

[ |

INSTALLATION

1191-2-29b
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Operation | secton 3

General

31 TiltBase ........cv00nuene o e e AT
3.2 Operational Checks ........ccovvvenrnnneen. 32

Controls
3.3 RearPanelControls.............. vEsiaeEees S0
34 InputControls......... e PP |1
3.5 Display Time, Set 0, and Set 9 Controls ...... .. 38
3.6 RangeControl ...... T R BT cees 39
Measurements
3.7 Frequency ....... S R e e T . 310
3.8 Period ...... S T R R R R .. 310
39 iInterval ............ S e R P % |
30 PHEEE .cvvnvvssa v s s mies sivev R T . 311
311 Duration ........ccvvennunnns R TR 3-12
3.12 Ratio ........... S T T 312
1T Count s wsmwsisnwivnvisas e seveneee 13
3.14 Remote Programming ...... R R L T e 313
Miscellaneous
315 Accuracy ..........ccvnenennn rrsssaaaans 3-16

CAUTION: Do not exceed maximum signal input ratings (150V on X1 or 300V on X10 or X100 without probe, 600V with
probe).
CAUTION: Be sure line switch on rear panel is set for proper voitage.

3.1 TILT BASE

Bench model 1191 Counters incorporate a tilt-base which,
when opened and tilted, provides a convenient angle to view
the visual register and control settings. The base itself is %-in.
deep and allows for the storage of the instruction manual and
other small accessories.

To open, push the toggles back (under the cabinet, in front,
one on each side). To tilt, lift the front of the cabinet up and
pull the foot forward. To close, push the foot back, lower the
front of the cabinet, and pull the toggles forward.
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3.2 OPERATIONAL CHECKS

This procedure can be used for incoming inspection, familiarization, or as a periodic check on the operation of the instrument.

3.2.1 CHARACTER INDICATION

Control settings: AandBACDC.................. AC SEPARATE—COMMON....... SEPARATE
A and B POLARITY & ATTEN...... +1 DISPLAYTIME............. SINGLE MEASURE
Aand BTHRESHOLD ............ fullycw POWER ...........civueenn on
1. Push each MEASUREMENT button and check decimal-point location and symbol for all RANGE settings as follows (digits
may be other than 0):
MEASUREMENT RANGE switch settings _
button EXT PROG 1 10 102 103 104 10% 106 107 100
FREQUENCY EXT PRO MHz OMHz 00MHz .000MHz .OKHz 00KHz .000KHz OHz
PERIOD .0000msec | .00000msec | .000usec | .000Opsec | .00000usec | .00Onsec | .0000nsec | .0000Onsec .000psec
INTERVAL .Ousec sec .00msec .Omsec msec .00sec Osec sec .00
RATIO 0 .00 .000 0000 | 00000 | .000000 | .0000000 | 00000000
START START START | START START START | START START START
COUNT STOP STOP STOP STOP STOP STOP STOP STOP STOP
3.2.2 TRIGGER CIRCUITS
Control settings: AandBACDC ................ AC SEPARATE—COMMON ...... SEPARATE
(from previous step) A and B POLARITY & ATTEN .... +1 DISPLAYTIME ............ SINGLE MEASURE

Aand B THRESHOLD........... fullyew POWER ............ccvunn on

2. Set RANGE to 1, push INTERVAL button, and push SET 0 button; visual register will display 0000000.0usec. Turn A
THRESHOLD fully ccw; COUNTING lamp will light. Turn B THRESHOLD fully cow; COUNTING lamp will extinguish
and visual register will display some arbitrary number.

With no input signal applied, the input levels are at ground potential so that when the THRESHOLD controls are rotated, they
simulate 200-mV negative input transition. For interval measurements, channel A initiates the measurement and channel B
terminates it.
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3.2.3 SET 0 AND SET 9 CONTROLS

Control settings: AandBACDC ................ AC SEPARATE—COMMON ... ... SEPARATE
(from previous step) A and B POLARITY & ATTEN ... +1 DISPLAY TIME. .. .......... SINGLE MEASURE
A and B THRESHOLD........... fullycew RANGE................... 1

3. Push COUNT button and push SET 0 button; visual register will display 00000000.
With no input signal applied, the SET O button sets the registers to zero.
4. Push SET 9 button; visual register will display 99999999,
With the COUNT button pushed, the SET 9 button immediately sets the registers to nine.
5. SET A POLARITY & ATTEN to TEST 10MHz and set RANGE to 10" . Push FREQUENCY button and push SET 0 button;
COUNTING lamp will light and visual register will display 00000.000KHz; after one second, COUNTING lamp will extin-

guish and visual register will display 10000.000KHz, + 1 count.

With an input signal applied (in this case, the 10-MHz internal-clock signal), the SET O button initiates a new measurement for
all MEASUREMENT button settings, except COUNT.

6. Push SET 0 button then immediately push SET 9 button and hold in until COUNTING lamp extinguishes; COUNTING
lamp will light and visual register will display 00000.000KHz; after one second, COUNTING lamp will extinguish and visual
register will display 99999.999KHz.

With an input signal applied, the SET O button initiates a measurement, the SET 9 button sets the counting register to nine, and,
at the end of the measurement, a transfer signal transfers the nines from the counting register to the storage register for display.

3.2.4 DISPLAY TIME CONTROL

Control settings Aand BACDC............. AC SEPARATE—COMMON . .. ... SEPARATE

(from previous step) A POLARITY & ATTEN .. ... TEST 10MHz DISPLAY TIME. .. .......... SINGLE MEASURE
B POLARITY & ATTEN ..... +1 RANGE ................... 10
Aand B THRESHOLD ....... fully ccw MEASUREMENT . .......... FREQUENCY

7. Set DISPLAY TIME to 1 sec; COUNTING lamp will repetitively light for one second and extinguish for one second; visual
register will display 10000.000KHz, * 1 count.

For all measurements, except COUNT, the DISPLAY TIME switch controls the time interval between measurements (COUNTING
lamp extinguished) and the RANGE switch controls the measurement (COUNTING lamp lit).
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3.2.5 MEASUREMENTS

Control settings: Aand B ACDC  cvo v smas AC SEPARATE—COMMON. . ..... SEPARATE
(from previous step) A POLARITY & ATTEN ..... TEST 10MHz DISPLAY TIME. .. .......... 1 sec

B POLARITY & ATTEN ..... +1 RANGE...onspenawmsisiemmama 10

A and B THRESHOLD....... fully ccw MEASUREMENT ........... FREQUENCY

8. Push PERIOD button; COUNTING lamp will repetitively light for one second and extinguish for one second; visual register
will display 100.00000nsec, * 1 count.

The visual register displays the period of the 10-MHz internal clock signal (0. 1us).
INTERVAL measurement was checked in step 2.

9. Push RATIO button and set B POLARITY & ATTEN to TEST 10MHz; COUNTING lamp will repetitively light for one
second and extinguish for one second; visual register will dispaly 1.0000000, * 1 count.

The visual register displays the ratio of A/B which, in this case, is 10MHz/10MHz = 1. For ratio measurements, channel B initiates
the measurement and terminates it after a number of input B events have occurred as set by the RANGE switch; in this case 107 x
the period of the 10-MHz internal clock signal = 1 second.

10. Push COUNT button and push STOP button. Push START button; COUNTING lamp will light and visual register will change
rapidly. Push STOP button; COUNTING lamp will extinguish and visual register will display some arbitrary number for one
second then set to zero.

For COUNT measurements, the START button initiates the measurement (in this case, the counter is counting the 10-MHz in-
ternal clock signal) and the STOP button terminates it.
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3.3 REAR PANEL CONTROLS

3.3.1 CHARACTERISTICS
Line voltage. 100 to 125 or 200 to 250V, 50 to 400Hz, 32W.

Time-base external drive. Both the room-temperature-
oscillator and the high-precision-oscillator models can be
phase-locked toa 0.1, 1, 2.5, 5, or 10-MHz signal of any -
waveshape and of at least 1V rms or 3V pk-pk into 1KS2. The
room-temperature oscillator will lock on a stable external sig-
nal that is within approximately 100Hz of its nominal fre-
quency and the high-stability oscillator will lock on a signal
within 10Hz of its nominal frequency.

3.3.2 SETTINGS

LiNe v el iy eidew s n Ees 4 nsm i dm i 100-125V For line voltages of from 100 to 125V.
or 200-250V For line voltages of from 200 to 250V.
TIME'BASE :uvesisswe v b omnmridaamis INT If internal oscillator is to be used alone.
or EXT LOCK If internal oscillator is to be phase-locked to an external signal.

When the TIME BASE switch is set to EXT LOCK and an
external signal is connected to the EXT DRIVE connector,
the front-panel ®LOCK OUT neon must be extinguished. |f
it is not, the internal oscillator is not properly locked to the
external signal.

NOTE: If the TIME BASE switch is set to EXT LOCK and no
external lock signal is applied, the oscillator frequency
will be set to its low extreme and, therefore, will not

be properly calibrated.
STORAGE-DISABLE ................... STORAGE If storage feature is desired.
or DISABLE If storage feature is not desired.

The counter employs a storage register for all measurements
except COUNT. This allows the visual register to change only
after a measurement has been completed and thus prevents
flicker. If this feature is not desired, set the STORAGE-
DISABLE switch to DISABLE.
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3.4.1 CHARACTERISTICS

3.4 INPUT CONTROLS

Frequency INPUT A | Dc coupled: dc to 20 MHz Ac coupled: 3 Hz to 20 MHz
INPUT B | Dc coupled: dc to 10 MHz Ac coupled: 3 Hz to 10 MHz
Levels POLARITY & Without robe With Probe
ATTEN setting minimum maximum minimum *maximum
EXT PRO 10mV rms, 180Vdc or | 100mV rms, 600Vdc or
30mV pk-pk ac pk-pk 300mV pk-pk | ac pk-pk
1 10mV rms, 150Vdc or | 100mV rms, 600Vdc or
30mV pk-pk ac pk-pk 300mV pk-pk | ac pk-pk
10 | 100mV rms, 300Vdcor | 1V rms, 600Vdc or
300mV pk-pk | ac pk-pk 3V pk-pk ac pk-pk
100 | 1V rms, 300Vdcor | 10V rms, 600Vdc or
3V pk-pk ac pk-pk 3V pk-pk ac pk-pk
* Less over 4.5 MHz: 500V at 5.5 MHz, 400V at 7 MHz,
300V at 9 MHz, 200V at 14 MHz, and 100V at 25 MHz.
Impedance 1MS2 shunted by 35pF 10MS2 shunted by 7pF

3.4.2 GENERAL SETTINGS

These settings cover most cases. Exceptions are also noted here and in paragraph 3.4.3.

Signal connection. . ..........

THRESHOLD

SEPARATE—-COMMON

3-6

--------------

TYPE 1191 COUNTER

-----------

-----------

-----------

INPUT A

Connect second signal to INPUT B for INTERVAL and
RATIO measurements.

Set to DC for very-low-frequency signals.

Set POLARITY to - if it is desired to trigger on the negative
slopes. Set ATTEN to 10 or 100 for noisy signals or signals
that exceed 150Vdc or ac pk-pk.

If it is desired to use the internal 10-MHz test signal for chan-
nel A, set the A POLARITY & ATTEN to TEST 10MHz, If it
is desired to use the internal test signal for channel B, set both
the A and B POLARITY & ATTEN controls to TEST 10MHz.

NOTE: To use the 10-MHz test signal in channel B, both the
A and B POLARITY & ATTEN controls must be set
to TEST 10MHz.

Set cw or ccw (+ or -) when the input signal contains a dc
component and the AC-DC switch is set to DC.

Set to COMMON for duration measurements.



3.4.3 SPECIAL SETTINGS

These signals require input-control settings that may differ slightly from the general settings. The voltages shown are at the input
to the triggering circuits; after attenuation by the probe and ATTEN switch.

Insufficient signal. Signal level Signal level increased or atten-
is less than hysteresis; no trig- uation decreased (ATTEN set
gering occurs. from 100 or 10 to 1; or X1

1191-3-4 probe used instead of X10
probe); proper triggering

OCCuUrs.
1191-3.7
Dc component. Signal contains Threshold level set to same
positive dc component; with +55 mV._ value as dc component of sig-
THRESHOLD control cen- nal (THRESHOLD control + 55mV.
tered, no trigger occurs. turned cw, if dc component

had been negative, THRESH-
OLD control would have been
turned ccw); proper triggering 1191-3-8
oceurs,

1191-3-5

large positive dc component,
no triggering occurs.

Excessive dc component, low
duty ratio. Signal contains a
+10 V.

1191-3-10

THRESHOLD control turned

7 cw, if pulses had been negative,
3 @ ' Ac coupling used to eliminate  THRESHOLD control would
dc component; low duty ratio  have been turned ccw; proper
prevents triggering. triggering occurs.

O mV._

1191-3-6

Noise. Noise peaks exceed
hysteresis; erratic and erro-
neous triggering occurs.

IR

"3 [LIESH

Or signal level decreased so that
Threshold level set out of noise  noise peaks do not exceed hys-
range; proper triggering occurs.  teresis; proper triggering occurs.

Signal level increased or atten-
uation decreased; proper trig-
gering occurs.

Am signal. Amplitude modu-
lation reduces signal below Il |
hysteresis; counts are missed. ov- 4§ §

(X
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3.5 DISPLAY TIME, SET 0, AND SET 9 CONTROLS

3.5.1 SETTINGS

DISPLAY TIME....... 100us to 10sec
or SINGLE MEASURE

SET Qiccvvaianan . «. . push to set zero

or push to start measurement

SET 9 cvnmmnnsnnss . push and hold to set nine

38 TYPE 1191 COUNTER

For automatically initiated measurements.
For manually initiated measurements.

The DISPLAY TIME switch sets the hold-
off time; i.e., the time between the end of
one measurement and the beginning of the
next. During this time the measurement
data is retained unchanged to permit visual
observation or data processing. The DIS-
PLAY TIME can be set from 100us to 10s
or infinity as follows:

Setting Display Time
(approximate)

100us 100us Automatic. With these settings, the measure-
- 1ms ments are initiated automatically. At the end

10ms of the display time, a new measurement is
50ms started, proceeds for a time determined by
100ms 100ms the program conditions (MEASUREMENT
- 200ms and RANGE control settings) and the signal
- 500ms being measured, and then terminates. After
1sec 1s the measurement terminates, the display
- 2s time starts, ends, and a new measurement
- 5s begins automatically. For COUNT measure-
10sec 10s ments, the registers set to zero after the dis-
play time and a new measurement starts only
when the START button is pushed.
SINGLE infinity Manual. With this setting, the measurements

MEASURE are initiated manually. After a measurement
has been completed, the registers retain the
result indefinitely or until the SET O button
is pushed. For all measurements except
COUNT, the SET 0 button initiates a new
measurement. For COUNT measurements,

the SET 0 button sets the registers to zero.

The counter employs a storage register that stores and displays the results
of one measurement while another measurement is being made. The tota/
display time, therefore, is the sum of the display time, as set by the
DISPLAY TIME control, and the measurement time, as determined by
the program conditions and the signal being measured.

With no input signal.
With an input signal.

With no input signal applied and with any settings of the DISPLAY
TIME, RANGE, and MEASUREMENT controls, the SET O button sets
the registers to zero.

With an input signal applied and with any settings of the DISPLAY
TIME, RANGE (except EXT PROG), and MEASUREMENT controls,
the SET 0 button initiates a new measurement; i.e., terminates any
measurement in progress, sets the registers to zero, and starts a new
measurement. With the RANGE switch set to EXT PROG, the SET 0
button simply sets the registers to zero.

To set the registers to nine, push the SET 9 button during a measurement
(COUNTING lamp lit) and hold it in until the measurement is complete
(COUNTING lamp extinguished). With the COUNT button pushed or
with the rear-panel STORAGE-DISABLE switch set to disable, the SET 9
button can be pushed and released at any time to set the registers to nine.



3.6 RANGE CONTROL

3.6.1 CHARACTERISTICS

Precision. The RANGE switch determines the precision (number of significant digits) with which
the measurement is made. The higher the range, the greater the precision except for INTERVAL
measurements where the reverse is true and COUNT measurements where the RANGE switch is
not used. The effects of the RANGE switch on precision are tabulated under the various measure-
ment procedures (paragraphs 3.7 through 3.12).

Spill. In exchange for precision however, significant digits may be dropped (spilled) from the
registers since counting times are longer (except, again, for INTERVAL or COUNT measurements).
The effects of the RANGE switch on precision are also tabulated under the various measurement
procedures (paragraphs 3.7 through 3.12).

Accuracy. |n addition to precision and spill, the RANGE switch also affects the significance of the
+ 1 count uncertainty (paragraph 3.14.2) and the trigger error (paragraph 3.14.3).

3.6.2 SETTINGS
RANGE e i s s i s s v e 10 for FREQUENCY
or 1 for PERIOD
or 1 for INTERVAL
or 10 for RATIO
or - for COUNT (has no effect)

These initial settings provide either the maximum display
capacity to prevent an accidental spill or a reasonable measure-
ment time for most normally encountered signals. After the
first measurement, the RANGE switch can be set as desired.
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3.7.1 CHARACTERISTICS

3.7 FREQUENCY

The frequency of sinewave signals or of pulse signals with
greater than 50-ns separation can be measured from dc to
20MHz with a resolution of up to 0.1Hz. The pulses that are
counted are derived from the input signal and the counting
time is set by the RANGE switch in decade increments from
10 x the 0.1-ps internal clock period (1us) to 10® x the clock

A
LWUNTING TIME: lus TO 10s

period (10s).
RANGE Switch Setting
1 10 10° 10° 10* 10° 10° | 107 | 10°
Maximum count (spill) - -~ - — - - - 10MHz
Minimum count (resolution) u:;:!e 1MHz 100KHz 10KHz 1KHz 100Hz 10Hz 1Hz | 0.1Hz

Accuracy

* (1 count + time-base accuracy)

3.7.2 SETTINGS

Push the FREQUENCY button, set the RANGE and DISPLAY TIME controls as desired, connect the signal to INPUT A, and
set the input controls to obtain a measurement.

3.8.1 CHARACTERISTICS

3.8 PERIOD

Signal periods can be measured from 100ns to 1Gs with a
resolution of up to 100ns. For periods less than 10s, the pulses
that are counted are the 10-MHz pulses derived from the in-
ternal clock and the counting time is set by the RANGE switch
in decade increments from 1 period to 102 periods of the in-
put signal. For periods greater than 10s, the pulses that are
counted are the pulses derived from the internal clock and set
by the RANGE switch in decade increments from 1 x 10MHz
(10MHz) to 10* x 10MHz (0.1Hz) and the counting time is 1

period of the input signal.

COUNTING TIME
170 10° PERIODS

Accuracy

+ (1 count + trigger error + time-base accuracy)

RANGE Switch Setting
1 10 10 10° | 10* | 10° 10° | 107 10®
< 10s maximum count (spill) 10s 1s 100ms 10ms 1ms | 100us 10us 1us 100ns
<10s (resolution)| 100ns | 100ns | 100ns 100ns | 100ns | 100ns | 100ns | 100ns 100ns
> 10s maximum count (spill) 10s 100s 1ks 10ks | 100ks 1Ms | 10Ms | 100Ms 1G
> 10s minimum count (resolution) | 100ns 1us 10us 100us 1ms 10ms | 100ms 1s 10s

3.8.2 SETTINGS

Periods less than 10 seconds. Push the PERIOD button, set the RANGE and DISPLAY TIME controls as desired, connect the
signal to INPUT A, and set the input controls to obtain a measurement.

Periods greater than 10 seconds. Push the INTERVAL button, set the RANGE and DISPLAY TIME controls as desired, connect
the signal to INPUT A, and set the input controls to obtain a measurement.
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3.9 INTERVAL

3.9.1 CHARACTERISTICS

The time interval between two signals can be measured from A f
100ns to Gs with a resolution of up to 100n. The pulses that

are counted are derived from the internal clock and set by the
RANGE switch in decade increments from 1 x 10MHz (10MHz) g
to 1078 x 10MHz (0.1Hz) and the counting time is the time
interval between the two signals.

—bl COUNTING TIME: | INTERVAL fe—

RANGE Switch Setting
1 10 10° 10° 10° 10° 10° 10" 10®
Maximum count (spill) 10s 100s 1ks 10ks 100ks 1Ms 10Ms 100Ms 1bs
Minimum count (resolution) | 100ns 1us 10us 100us 1ms 10ms 100ms 1s 10s
Accuracy * (1count + trigger error + time-base accuracy)

3.9.2 SETTINGS

Push the INTERVAL button and set the RANGE and DISPLAY TIME controls as desired. Connect the first signal to INPUT A,
connect the second signal to INPUT B, and set the input controls to obtain a measurement. For maximum accuracy, set the A
and B POLARITY & ATTEN controls to 1.

NOTE: If another A event occurs before a B event, the counter measures the interval between the two A events, i.e., the counter
measures the A period.

3.10 PHASE
3.10.1 CHARACTERISTICS

The phase difference between two signals of the same fre- A

quency and amplitude can be measured indirectly from O to

360°. The quantity measured is actually the time interval be-

tween the two signals and the measurement technique is the COUNTING TIME: | INTERVAL
same as that for INTERVAL measurements (paragraph 3.9.1).

It is important, for any degree of accuracy, that both signals

be of the same amplitude and that the amplitudes be as high

as possible.

3.10.2 SETTINGS

Push the INTERVAL button, set the RANGE control to 1, and set the DISPLAY TIME control as desired. Connect the reference
signal to both INPUT A and INPUT B, set the A and B PO LARITY & ATTEN controls to the same settings, and set the other A
and B controls to obtain a measurement. Use the THRESHOLD controls to zero the reading (set the visual register to within + 1
count of zero).

Disconnect the reference signal from INPUT B and connect the second signal in its place (do not disturb the settings of the input
controls) and compute the phase angle from _ _interval o

~ signal period ® 360

Representative measurements:

Input Interval
Frequency | 100ns | Tus 10us 100us | 1ms 10ms 100ms | 1s

0.1Hz 360 | 36u° | 360p° | 3.6m° | 36m> | 360m° | 3.6° 36°
1Hz 36u° 360u° | 3.6m° | 36m®° 360m° | 3.6° 36°
10Hz 360u° | 3.6m° | 36m° | 360m° | 3.6° 36°
100KHz | 3.6m° | 36m° | 360m° | 3.6° 36°
1KHz 36m° | 360m° | 3.6° 36°

{ 10KHz 360m° | 36°
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3.11 DURATION

3.11.1 CHARACTERISTICS

Pulse durations can be measured from 100ns to 1Gs with a

5

precision of up to 100ns. The measurement technique is

similar to that of INTERVAL measurements (paragraph 3.9.1). C?UDNUE:%;:‘ME

The pulses that are counted are derived from the internal clock

and set by the RANGE switch in decade increments from 1 x

10MHz (10MHz) to 10™8 x 10MHz (0.1Hz) and the counting

time is the pulse duration of the input signal.

RANGE Switch Setting
1 10 0* | 10° 10° 10° 10° 10" | 10

Maximum count (spill) 10s 100s 1ks 10ks 100ks 1Ms 10Ms 100Ms 1bs
Minimum count (precision) 100ns 1us 10us 100us Tms 10ms 100ms 1s 10s
Accuracy + (1 count + trigger error + time-base accuracy)

3.11.2 SETTINGS

Push the INTERVAL button and set the RANGE and DISPLAY TIME controls as desired. Connect the signal to INPUT A and
set the SEPARATE—COMMON switch to COMMON. For positive pulses, set the A POLARITY to + and the B POLARITY to=
for negative pulses, set the A POLARITY to—and the B POLARITY to +. Set the other input controls to obtain a measurement.

3.12 RATIO

3.12.1 CHARACTERISTICS

The frequency ratio of the signal applied to INPUT A with

respect t? the signal a!pplied to INPUT B can be measured to COUNTING TIME
10%: 1 with a resolution of 1 A count, The pulses that are | B PERIOD
counted are derived from the signal applied to INPUT A and
the counting time is the period of the signal applied to B
INPUT B.
RANGE Switch Setting
1 10 10° 10° 10* 10° 10° 10" | 10°
Maximum count (spill) 10%:1 [ 107:1 | 1081 | 10%:1 | 10*:1 [ 10°:1 | 10%:1 | 100 1:1

Minimum count (resolution)
Accuracy

+ (1 A count + B trigger error)

3.12.2 SETTINGS

Push the RATIO button and set the RANGE and DISPLAY TIME controls as desired. Connect one signal to INPUT A and con-
nect the other to INPUT B, and set both sets of input controls to obtain a measurement.
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3.13 COUNT

3.13.1 CHARACTERISTICS

From 1 to 100 million events can be counted at rates up to

20 million per second. The pulses that are counted are de- A
rived from the input signal and the counting time is controllec
manually by the START and STOP buttons. COUNTING TIME: MANUALLY CON-
TROLLED BY START AND STOP
Maximum count (spilll 100 M BUTTONS

Minimum count 1

3.13.2 SETTINGS

Push the COUNT button, set the DISPLAY TIME control as desired, and push the START button. Connect the signal to INPUT
A, set the input controls so that counts register, and push the STOP button. If the DISPLAY TIME control is set to SINGLE
MEASURE, push the SET 0 button to clear the registers {with any other setting of the DISPLAY TIME control, the registers
will clear automatically). Push the START button to initiate the count and push the STOP button to terminate it.

3.14 REMOTE PROGRAMING

Referenced paragraphs contain additional details.
Set: To: To Remotely Program:

A POLARITY & ATTEN EXT PROG (2.6.5, 5.6.12) A polarity (closure to ground) and A threshold ( £ 100mVdc
voltage). AC-DC switch function and attenuator and TEST 10MHz functions
of POLARITY & ATTEN switch are not remotely programmable.

B POLARITY & ATTEN EXT PROG (2.6.5, 5.6.12) B polarity (closure to ground) and B threshold ( * 100mVdc
voltage). AC-DC switch function and attenuator and TEST 10MHz functions
of POLARITY & ATTEN switch are not remotely programmable.

DISPLAY TIME EXT PROG (2.6.4, 5.6.12) Display time {closure to ground and resistance to ground).
RANGE EXT PROG (2.6.3, 5.6.12) Range (closure to ground).

MEASUREMENT FREQUENCY (2.6.2, 5.6.12) Measurement (closure to ground).

STORAGE-DISABLE (rear)] STORAGE (2.6.6, 5.6.12) To enable or disable storage feature (closure to ground).

No special settings necessary: (2.6.6, 5.6.12) To set 0 (open from ground), to start (closure to ground), and

to stop (closure to ground).

Other functions not programmable: SEPARATE—COMMON switch, SET 9 pushbutton, TIME-BASE (rear) and
FREQ ADJ (rear).
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3.15 ACCURACY

3.15.1 ERROR SOURCES

Accuracy is determined by up to three factors depending upon the measurement:

Frequency *(1 count + time-base accuracy)

Period * (1 count + trigger error + time-base accuracy)
Interval  £(1 count + trigger error + time-base accuracy)
Ratio + (1 count + trigger error + time-base accuracy)
3.15.2 1-COUNT UNCERTAINTY

The *1-count uncertainty is a concomitant of the measurement process used in counters. It occurs with all measurements
(except COUNT where the quantity or event is represented by a brief pulse) but will be explained in terms of a frequency

measurement only:

Zero crossings counted. In all counters, frequency is meas-

ured in terms of pulses that represent the signal zero_crossings.

What we would like to measure to define frequency, is the
precise number of intervals, representative of cycles, of the
unknown frequency that occur within a known time interval,
but this is not possible.

+1 count. An input frequency of 10 units, with respect to the
gate time, is applied to the counter. |f the gate is enabled just
before the first pulse, the counter’s register accumulates a
count and indicates 1, but a full time interval has not yet
elapsed. |f the gate is then inhibited just after the eleventh
pulse, the register indicates 11, 1 count high since it is repre-
sentative of only ten intervals.

Correct count. |f the gate is enabled a short time after the
first pulse, the first pulse is not counted and the register in-
dicates the correct value of 10.

-1 count. If the gate is inhibited a short time before the
eleventh pulse, the eleventh pulse is not counted and the
register indicates 9, 1 count low since it is representative of
ten intervals.

LT AVAVAVAVAVAVAVAVAVAVAVAY

] 2 3 4 5 6 T 8 9% 100 W
ZERO CROSSINGS
TME INTERVALS
GATE TIME J lL
1191325
#1 COUNT I I
191328
CORRECT I I I
-1 COUNT | | | | | I
191327

Affects on measurements. Since the RANGE control sets the gate time, the  1-count uncertainty affects the accuracy of all
measurements in direct proportion to its setting (except COUNT measurements where it is switched out of the circuit). A *1
count amounts to the following errors:

MEASUREMENT RANGE Switch Setting
2 3 3 6 7 8
1 10 10 10° 10 10 10 10 10

Frequency +1MHz +100KHz +10KHz | *1KHz +100Hz | *10Hz +1Hz +0.1Hz
The longer the gate time, as set by the RANGE switch, the greater the accuracy because more pulses are
accumulated while the # 1-count error remains constant.

Period £100ns | *10ns | #1ns | £100ps | *10ps | #1ps | £100fs | *10fs | #1fs
The longer the gate time. as set by the RANGE switch, the greater the accuracy because more pulses are
accumulated while the % 1-count error remains constant,

Interval £100ns | tlus | £10us | £100us | £ 1ms | £10ms | £100ms| *1s | +10s
The longer the time between counted pulses, as set by the RANGE switch, the lesser the accuracy because
the accumulated pulses represent greater periods of time while the * 1-count error remains constant.

L -2 -3 . -5 -6 _ -

Ratio £1:1 | £10™:1 | %1071 | £1070 | x10™1| £1070 | 2107|210 | £10
The longer the gate time, as set by the RANGE switch, the greater the accuracy because more pulses are
accumulated while the  1-count error remains constant.
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3.15.3 TRIGGER ERROR

The accuracy of period, interval, and ratio measurements is
affected by trigger error which is a time uncertainty associated
with triggering. This uncertainty is due to the triggering-level
crossings of the signal which can vary because of drift, hum
pickup, noise, etc., and to the trigger level of the counter it-
self-which can also vary because of similar reasons.

TRIGGERING-LEVEL UNCERTAINTY

=

TIME
UNCERTAINTY

SIGNAL—LEVEL UNCERTAINTY 1191.3.28

Normal inputs. When the input signal contains noise, trigger error is primarily a function of the input signal-to-noise ratio and the
Vn

number of periods averaged. Trigger error in % = 30 where V= peak noise voltage, Vs = peak noise voltage, and p = number

S .
of periods of averaged. The greater the signal-to-noise ratio and the higher the RANGE switch setting, the lesser the trigger error;
as follows:

Signal-to-Noise Ratio RANGE Switch Setting
] 10 10° 10° 10° 10° 108 107 10"
2048 ( 10 1 voltage! % | 3x 107'% [ 3x107%% | 3x1072% | 3x107%% | 3x107°% | 3x107%% | 3x10779% | 3x 10 %

107 | 3x 1077 [ 3 107%% | 3x109% | 3x107°% | 3x107%% | 3x10°™% | 3x107%% | 3x 1077
% 1072% [ 3 107%% | 3% 1074% | 3% 1075% | 3x107%% [ 3x 10°%% [ 3x 107% [ 3x10°2% [ 3x 10"
x

6008 | 1,000 1 voltaye!
107% | 3x10™% [ 3x107%% | 3x107%% [ 3x1077% [ 3x 107%% | 3x107%% | 3x107'%% | 3x 1071

3
40dB | 100 1 voliaget | 3
2
80dB (10,000 1 voltagel | 3

Low-noise inputs. When the input signal is noise free, the trigger error is a function of the internal noise in the counter which is
< 500uV. Trigger error in us is less than 0.0005/S where S is the signal slope in V/us at the input to the triggering circuit (after
the probe and attenuator]. The faster the risetime or the greater the amplitude, the lesser the trigger error; as follows:

Siynal Slope Signal Amplitude (pk-pk]
Risetime Frequency 50m Vv 100mV 500mV v 5v 10v 50V 100V
350ns TMH 4 Hns 2.2ns 450ps 220ps | 45ps 22ps 45ps | 2.20s
175ns 2MH 2.2ns 11ns 220ps 110ps | 22ps 1ps 2.2ps | 1.1ps
T0ns SMH7 880ps | 450ps BHus 45ps 8.8ps | 4.5ps | 880fs | 450is
35ns 10MH, 450ps | 220ps 4505 22ps 45ps | 22ps | 450ts | 220is
17 5ns 200H, 220ps 110ps 2205 11ps 22ps | Yps | 220fs | 1101s

3.15.4 TIME-BASE ACCURACY

The accuracy of frequency, period, and interval measurements is affected by time-base accuracy which is dependent on the type
of time base used, oscillator drift, ambient temperature, and line voltage as follows:

Time Base Specifications
Drift Line Variation Temp. Variation
after 30 days with * 10% line from 0°C
continuous operation voltage variation to +50°C
Room-temperature oscillator < 25 10%mo < £2x 108 < 2% 1077°C
High-stability oscillator < 21 x 107 Mwk < +2x10-10 < *2x107'9°C
1115.B external drive < 255 107"y < +ix10M < +1x1071Y3C

Calibration. Set the rear-panel TIME BASE switch to INT, push the FREQUENCY button, and set the RANGE switch to 10%
Connect a known frequency to INPUT A, set the input controls to obtain a measurement, and adjust the FREQ ADJ, R950 on
the rear panel, until the visual register displays exactly the value of the known frequency. For maximum accuracy, use a known
frequency of 10MHz, allow the counter to warm up for one to two hours before adjustment, and adjust the oscillator at the line
voltage and ambient temperature under which the counter is normally operated.

NOTE: The self-test procedure (TEST 10MHz] does not check the accuracy of the time-base (clock) oscillator.
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digh-precision-oscillator
additional data.

Warm-up. The oscillator stabi-
lizes about 40 minutes after
turn-on in an ambient tem-
perature of 20°C. For lower
temperatures, warm-up time
increases about one minute
per°C.

Drift. After one-month con-
tinuous operation so the aging
rate is less than 2 x 10 per
day, the oscillator will drift
less than 1 x 1078 per hour,

2 hours after turn-on.

Temperature. The specification
of less than 2 x 107'%°C is
taken from the maximum
slope at the high or low tem-
peratures of the frequency-vs-
time curve. This is typically a
parabolic curve with a maxi-
mum value and a zero slope at
about 35°C,

Short-term stability. For a one-
second averaging time, short-
term stability = (&f/f) < 1 x
107 Orms,
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4.1 BLOCK DESCRIPTION

jram AQ. ~ A PERIOD (Ims)
INPUT A
—+| |e—& To B INTERVAL (0.5 ms)
INPUT B _* { §
electronic counter counts electrical pulses, one at a time, f#——————8 PERIOD (lOms) ———
i displays the total. The total is equal to the rate at which OPQOSITIVE ZERO ®NEGATIVE ZERO

»pulses occur (for periodic signals) multiplied by the time ChRoSSiNe SRS
2 counter is allowed to count.

.1 INTRODUCTION

1e type of measurement made depends on the source of the pulses and the source of control for the counting time. The pulse

urce may be the signal to be measured (input signal) or the internal 10-MHz oscillator {clock signal). The counting-time con-
ol source may be manually-operated pushbuttons, the input signal, or the clock signal as follows:

leasurement Counting Timing Count Example
(pulse source] (control source) (pulse rate x counting time)

‘OUNT Input A Manual Input A rate x START-to- A 1-KHz symmetrical square-wave input signal
STOP time is applied, the START button is pushed, and,
after 10 seconds, the STOP button is pushed.
Count = 103 x 10 = 10* = 10,000.

’ERIOD Clock Input A Clock rate x input A period A 1-KHz symmetrical square-wave input signal
is applied, the count starts automatically with
one positive zero-crossing and stops with the
next. Count = 107 x 1072 = 10*, Since each
clock period is 1077s; measurement = 10% x

1077=10% = 1ms.
FREQUENCY Input A Clock Input A rate x clock period A 1-KHz symmetrical square-wave input signal
(or decade multiple of clock is applied, the count starts automatically and
period) stops precisely 107 clock periods (107 x 1077=

1s) later. Count = 10® x 1 = 103 = 1000 counts
in one second; measurement = 1KHz.

INTERVAL Clock Inputs Aand B Clock rate x input interval A 1-KHz symmetrical square-wave input signal
is applied to input A and a 100-Hz pulsed in-
put signal, derived from the 1-KHz signal, is
applied to input B. The count starts auto-
matically with one positive zero-crossing of
input A and stops with the next positive zero
crossing of input B. Count = 107 x 0.5 x 1073 =
5 x 10°, Since each clock period is 10™7s; meas-
urement =5 x 103 x 1077 =5 x 10~ = 0.5ms.

RATIO (A/B) Input A Input B Input A rate x input B A 1-KHz symmetrical square-wave input signal
period is applied to input A and a 100-Hz pulsed input
signal is applied to input B. The count starts
automatically with one positive zero-crossing
of input B and stops with the next. Count =
103 x 1072=10; i.e., input A is ten times the
frequency of input B.
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4.1.2 INPUT SIGNALS (input board C)

A OUT, B OUT. The signals to be measured are applied to the
input board where they are processed to form positive pulses
at the desired triggering threshold (zero-crossing).

4.1.3 CLOCK (clock board J)

CLK. The clock signal is the output of a precise 5-MHz
oscillator doubled to 10-MHz.

4.1.4 TIMING (time-base board L]

N OUT. Timing, in part, is controlled by the time-base board
which contains eight cascaded decades. By means of the
RANGE switch, the output from any one of the decades can
be selected as the output from the time-base board,

INPUT A
INPUT B

A OUT
B OuUT

1157.4.2

SR AVAVAVAVAVAVAVAVAVAVAVAVA

1191-4.3

NIN
Lo Ul s Us U Vs U Us U L,
N ouT J L—I. 119144

Before each measurement, an SO+ pulse from the program board presets all time-base decades to 9. The first input pulse (N IN)
to the time-base board, therefore, sets all decades to O and produces an output pulse from each decade,

Since the output from one decade is always selected by the RANGE switch as the output from the time-base board, the first
N IN pulse produces an output (N OUT) from the time-base board. The occurance of the next N OUT pulse is determined by the
setting of the RANGE switch; e.q., if it is set to 10, the next N OUT pulse occurs after 10 N IN pulses.

4.1.5 COUNTING (register board E and display circuit F)

GCK. The pulses to be counted (GCK) are processed by the
format board and are applied to the register board. The reg-
ister board contains a counting register that counts the GCK
pulses and a storage register that stores the count.

The stored count is applied to the display circuit which con-
tains the decoders and readout tubes used to display the
count visually.

4.1.6 DISPLAY TIME (program board H)

CL, TXR. After a measurement has been completed, a nega-
tive F21 pulse is generated by the format board. The negative
F21 transition triggers a clear pulse (CL) and a transfer pulse
(TXR) from the program board that are used to transfer the
data from the counting register to the storage register on the
register board.

SO+. The neaative F21 transition also triggers a delay whose
duratian is controlled by the DISPLAY TIME switch. During
this delay, no new measurements can be made, After the de-
lay, arn SO+ pulse occurs which sets the counting register to
zero, sets the time-base decades to 9, and resets the timing
flip-flop on the format board in preparation for a new meas-
urement.

1191.4.5

F2l MEASURE | DisPLAY [measure | DispLaY [ MEASURE
} t [
cL P !
TXR ] I |
]
S0+ [ I M

[SET BY DISPLN’_’
TIME SWITCH 137804
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4.1.7 MEASUREMENTS (format board D)

The format board determines the type of measurement to be made and is controlled by five pushbutton switches. These push-
buttons control several gates (represented on the block diagram as switch sections A through D) that route the various signals to

the timing and counting circuits as follows:

Count. Before a measurement, F11 is O which inhibits the
counting gate. ’

Start. With the COUNT button pushed, the START button

is connected to the counting flip-flop start input and A OUT
is connected to the counting gate. When the START button
is pushed, it sets F11 to 1 which enables the counting gate
and allows the A OUT pulses to pass through, emerge as GCK,
and go on to the register board to be counted.

Stop. With the COUNT button pushed, the STOP button is
connected to the counting flip-flop stop input. When the
STOP button is pushed, it sets F11 to O which inhibits the
counting gate and stops the count.

Result. Input-A events are counted from the time the START
button is pushed to the time the STOP button is pushed.

Period. Before a measurement, SO+ from the program board
sets F21 to 1 which enables the timing gate; F11 is O which
inhibits the counting gate.

Start. With the PERIOD button pushed, A OUT is connected
to the timing gate. The first A OUT pulse passes through the
timing gates, emerges as N IN, and is applied to the time-base
board. The first N IN pulse causes an N OUT positive transi-
tion which is applied to the counting flip-flop with the
PERIOD button pushed. N OUT sets F11 to 1 which enables
the counting gate and allows the CLK clock pulses, applied
to it with the PERIOD button pushed, to pass through,

emerge as GCK, and go on to the register board to be counted.

Stop. If the RANGE switch has been set to 10, the second
N OUT positive transition occurs with the tenth N IN pulse.
With the PERIOD button pushed, N OUT is applied to the
counting flip-flop stop input and the second N OUT positive
transition sets F11 to O which inhibits the counting gate and
stops the count. The negative F11 transition sets F21to 0
which inhibits the timing gate.

Result. Clock pulses are counted during the time of the input-
A period or decade multiple of the input-A period.
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Frequency. Before a measurement, SO+ from the program
board sets F21 to 1 which enables the timing gate; F11is 1
which inhibits the counting gate.

Start. With the FREQUENCY button pushed, the CLK clock
pulses are applied to the timing gate. The first CLK clock
pulse passes through the timing gate, emerges as N IN, and is
applied to the time-base board. The first N IN pulse causes an
N OUT positive transition which is applied to the counting
flip-flop start input with the FREQUENCY button pushed.
N OUT sets F11 to 1 which enables the counting gate and
allows A OUT, applied to it with the FREQUENCY button
pushed, to pass through, emerge as GCK, and go on to the
register board to be counted.

Stop. If the RANGE switch has been set to 10, the second

N OUT positive transition occurs with the tenth N IN pulse.

With the FREQUENCY button pushed, N OUT is applied to
the counting flip-flop stop input and the second N QUT posi-
tive transition sets F11 to O which inhibits the counting gate
and stops the count. The negative F11 transition sets F21 to
0 which inhibits the timing gate.

Result. Input-A events are counted during the time of a
decade multiple of the clock period.

Interval. Before a measurement, SO+ from the program board
sets F21 to 1 which enables the timing gaie; F11 is 0 which
inhibits the counting gate.

Start. With the INTERVAL button pushed, the CLK clock
pulses are applied to the timing gate. They pass through the
timing gate, emerge as N IN, and are applied to the time-base
board. If the RANGE switch has been set to 10, N OUT is
one-tenth the rate of N IN. With the INTERVAL button

pushed, A OUT is applied to the counting flip-flop start input.

When an A OUT pulse occurs, it sets F11 to 1, which enables
the counting gate and allows N OUT, applied to the counting
gate with the INTERVAL button pushed, to pass through,

emerge as GCK, and go on to the register board to be counted.

Stop. With the INTERVAL button pushed, B OUT is applied
to the counting flip-flop stop input. When a B OUT pulse
occurs, it sets F11 to 0, which inhibits the counting gate and
stops the count. The negative F11 transition sets F21to 0
which inhibits the timing gate.

Result. Decade increments of the clock frequency are counted

from the time of an input-A event to the time of an input-B
event.
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Ratio (A/B). Before a measurement, SO+ from the program

board sets F21 to 1 which enables the timing gate, F11is 0 """P..u
which inhibits the counting gate. lwr] ‘llj comTme |-Fn
2 FLIP-
= e T —rz ST FLoe
Start. With the RATIO button pushed, B OUT is applied to W
the timing gate. The first B OUT pulse passes through the LN i
timing gate, emerges as N IN, and is applied to the time-base e

board. The first N IN pulse causes an N OUT positive transi-

tion which is applied to the counting flip-flop start input, with

the RATIO button pushed. N OUT sets F11 to 1 which enables o piid
the counting gate and allows A OUT, applied to it with the |;'T"" sTor

RATIO button pushed, to pass through, emerge as GCK, and > NNV
1

RATIO

£

go on the register board to be counted.

Stop. |f the RANGE switch has been set to 10, the second

YK
L
_[LC
s
2

— e
-
"

T 11TC

N OUT positive transition occurs after the tenth N IN pulse. :

With the RATIO button pushed, N OUT is applied to the " I_t _‘ ‘l.r | “ 1 _L_ _L‘l_‘
counting flip-flop stop input and the second N OUT positive o AU U L L |' P |
transition sets F11 to 0, which inhibits the counting gate and k™ 1

stops the count. The negative F11 transition sets F21to 0

which inhibits the timing gate. o

U

Result. Input-A events are counted during the time of an f\: :_L‘J._'J.—LTJU._‘WJT‘.T'WJ.T'
I

input-B period or decade multiple of the input-B period.

T

4.2 INPUT BOARDC

Diagram C. The input board contains two separate channels, A and B, that generate positive pulses when the input signal crosses
a preset triggering threshold, generally at or near the input zero-crossing. A set of switches for each channel provides a choice of
coupling, attenuation, polarity, and triggering threshold. The channels are identical, except for frequency response, and the cir-

cuit action will be described in terms of channel A.
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4.2.1 COUPLING AND ATTENUATION

ASIG attenuator output. The signal to be measured is applied to the INPUT A connector, J901 on the front panel, and passes
through the AC-DC switch, S910, when the switch is set to DC or through C301 when it is set to AC. The signal is then applied
directly to the symmetrical trigger stage or through a X10 or X100 attenuator to the symmetrical trigger, depending on the
setting of the POLARITY & ATTEN switch.

The POLARITY & ATTEN switch, S908 on the front panel, has eight positions. The first (fully ccw) position, EXT PRO, is used
when external programming of polarity and threshold is desired and allows the input signal to pass directly to the symmetrical
trigger without attenuation. The next three positions are used when it is desired to trigger on the negative slope, and the next-to-
the-last-three positions are used when it is desired to trigger on the positive slope. The last position, TEST 10MHz, blocks the
normal input signal and provides, instead, a 10-MHz test signal, TST, from the clock board. The output from S908, ASIG, is
applied to the symmetrical trigger.

The SEPARATE—COMMON switch, S912 on the front panel, disconnects BSIG from the B symmetrical trigger and connects,
instead, ASIG, when the switch is set to COMMON. This allows two points on the same signal to be selected for triggering; e.g.,
for duration measurements, channel A can be set to trigger on the positive slope and channel B can be set to trigger on the
negative slope.

4.2.2 SYMMETRICAL TRIGGER

Input and reference. The input signal, ASIG, is applied to the input transistor, Q201 an n-channel FET in the input side of the
symmetrical trigger stage, which provides a high input resistance. CR201 and CR202 are voltage limiters to protect Q201 from
excessive input amplitudes.

The bias for Q201 is set by its source potential which, in turn, is set by the conduction of Q202, an n-channel FET in the ref-
erence side of the symmetrical trigger. The conduction of Q202 is set by the threshold potential at its gate, AREF (or REFA
from an external source when the POLARITY & ATTEN switch is set to EXT PRO).

THRESHOLD control. The THRESHOLD control, R908 concentric with the POLARITY & ATTEN switch on the front panel,
sets AREF from -0.1V through ground, to +0.1V. This voltage determines the threshold for triggering and, together with the
30mV pk-pk hysteresis of the stage, determines the ASIG voltage necessary for an output from the symmetrical trigger.

. ; 4 ASIG Ty = = —TRIGGER
For example, an input signal, ASIG, with a 60-mV pk-pk 60my, p-TO-p SOMY = — — BESET
amplitude and a 60-mV dc component is applied to Q201 o
: HYSTERISIS — — — — — /
gate. The THRESHOLD control is set for a 0-V (ground) 20mvV,p-T0-p_ OV————
AREF potential. In this case, ASIG is always more positive
than the upper hysteresis level (trigger} and Q201 remains on. el —{ | ==
This holds Q203 off, Q205 on, and Q207 off. With 9207 +ls?_g;'£ N
held off, Q208 is held on and the output from the trigger
flip-flop at Q208 collector is held at the 1-level; no trigger Q207 ¢ |
ion i i AOUT
action is possible. —sEgpz N N

191417

The THRESHOLD control is now rotated cw to a point where AREF is 60mV. ASIG can now drop below the lower hysteresis
level (reset) and turn off Q201 which turns off Q208 and sets Q208 collector to the O-level. Another output is taken from the
other side of the flip-flop (Q207 collector) and is inverted with respect to Q208 collector.

4.2.3 OUTPUT

A OUT channel output. The outputs from the trigger flip-flop are applied to two amplifiers, Q21 0 and Q211. Only one amplifier
is enabled at a time. |f the POLARITY & ATTEN switch is set to one of the - positions, an emitter return, NOA, is supplied to
Q211 and it is enabled; if the POLARITY & ATTEN switch is set to one of the + positions, an emitter return, POA, is supplied
to Q210 and it is enabled.

Either transistor conducts with a positive (1-level) input. If the POLARITY & ATTEN switch is set to one of the - positions,
Q210 is enabled and the output from Q207 is amplified and inverted by Q210, amplified and inverted again by Q209, and ap-
pears as a positive pulse at Q209 collector, A OUT, coincident with the threshold level on the negative slope of the input signal.
If the POLARITY & ATTEN switch had been set to one of the + positions a similar but reverse action would have occurred and
A QOUT would have been coincident with the threshold level on the positive slope of the input signal,
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4.3 CLOCK BOARD J

Diagram J. The clock board generates a 10-MHz clock signal that is counted by the register board for period or interval measure-
ments or is used by the time-base board to obtain precise time intervals for frequency measurement. The clock signal is also
applied to the input board for use as a test signal and to a rear-panel connector for use by external equipment. The clock fre-
quency can be phase-locked to an external source for greater accuracy if desired.

4.3.1 FREQUENCY CONTROL

‘VCFA frequency control. The clock signal originates in a 5-MHz crystal-controlled oscillator, Q409. The frequency is adjusted
by C410 and a dc voltage, VCFA, applied to a varactor, CR402. The capacitance of CR402 is determined by the VCFA potential
which, in turn, is set by the Freq Adj, R950 on the rear panel, which will vary the frequency * 100Hz.

JECK 10-MHz output. The 5-MHz output from the oscillator is doubled and amplified by a differential amplifier, Q410 and
Q411, and applied to a paraphase amplifier, Q412. The output from Q412 collector is the JECK 10-MHz signal which is ampli-
fied by another differential amplifier, Q413 and Q414, and applied to another paraphase amplifier, Q415.

OCK clock output. The output from Q415 collector is applied through C423 to the OUT 10MHz connector, J352 on the rear
panel, for use by an external device.

TST test signal. One output from Q415 emitter is applied through R444 to the input board for use as a test signal.

CLK clock signal. A second output from Q415 emitter is applied through R443 to either the format board, where it is gated to
the time-base board for frequency and interval measurements, or to the register board, where it is counted for period measure-
ments.

4.3.2 PHASE LOCK

TBL external drive. By means of a sampling phase detector,

an externally applied signal, of any waveshape, with a fre- = S il
quency of 0.1, 1, 2.6 5, or 10MHz, and with an amplitude of

at least 1V rms into 1K2, can be used to control the clock — r—
frequency. This signal, TBL, is applied to the EXT DRIVE’

connector, J951 on the rear panel, to a Schmitt circuit, Q401 JL i

and Q402, which converts the input waveshape to a square 19418

wave of the same frequency as the input.

JL interogate pulse. The output from the Schmitt circuit is taken from Q402 collector, amplified by Q403, shaped by Q404,
and again amplified by Q405. The output from Q405 collector through R415 is the JL interogate pulse.

JCKL sample signal. The JL interogate pulse is applied to Q406 emitter and momentarily enables Q406. The amount of con-
duction of Q406 is determined by the JDCK 10-MHz clock signal at its base which, in turn, determines the level of JCKL at
Q406 emitter.

PHCV frequency control. JCKL is buffered by Q407, filtered by C406, C407, and R420, and emerges as a dc signal, PHCV,

which is applied to the TIME-BASE switch, S952 on the rear panel. When this switch is set to EXT LOCK, PHCV becomes the
VCFA level that controls the oscillator frequency.
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For example, a 5-MHz external-lock signal, TBL, is applied:
|samPLE | |SamPLE 2

Correct clock frequency. When the clock frequency is correct,
JDCK will be in-phase with TBL and the samples will always
be taken at the positive zero-crossings of JDCK. Since all
samples are taken at the same JOCK level, PHCV remains
constant.

T e

1B q

1191-4-19

High clock frequency. When the clock frequency is high, SAMPLE | SAMPLE 2
JDCK will be out-of-phase with TBL and the samples will be ToL
taken at different points of JDCK. The first is taken at the o~—
positive zero-crossing as before so there is no change in PHCV. JDeK P .
But the second is taken on the positive portion of JDCK; HIGH T~ ~ ~—
Q406 conducts less and PHCV decreases. When PHCV

decreases, it decreases the oscillator frequency to bring e | S
JDCK back on phase with TBL. N4

Low clock frequency. When the clock frequency is low, JDCK

will be out-of-phase with TBL and the samples will be taken SAMPLE | |sampLE
at different points of JDCK. The first is taken at the positive TBL

zero-crossing as before so there is no change in PHCV. But
the second is taken on the negative portion of JDCK; Q406 JDCK o -
conducts more and PHCV increases. When PHCV increases, Low T~ -
it rncrea.ses the oscillator frequency to bring JDCK back in — —
phase with TBL. 1 9t

PLMN out-of-lock. From the example above it can be seen that whenever the JDCK clock signal is out-of-phase with the TBL
external lock signal, PHCV changes from a dc signal to an ac signal whose frequency is the difference between JDCK and TBL.
This ac signal, passes through C408 to Q408 whose output, PLMN, drives the #LOCK OUT neon, V959 on the front panel, to
provide a visual indication of an out-of-lock condition whenever JDCK differs from TBL by over approximately 1Hz.

4.4 OSCILLATOR CIRCUIT |

No diagram. The oscillator circuit is part of the circuitry used for the high-precision time-base counters. It is a 10-MHz oscillator
that serves the function of the oscillator portion of the clock board, which is replaced by an amplifier board JA to complete the
circuitry of the high-precision time-base option.

45 AMPLIFIER BOARD JA

Diagram JA. The amplifier board is part of the circuitry used for the high-precision time-base counter. It is the same as the
clock board J except it contains no oscillator stage. Instead, it is driven by a 10-MHz signal from the oscillator circuit J which
completes the circuitry of the high-precision time-base option.
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4.6 TIME BASE BOARD L

Diagram L. The time-base board controls the timing of the counter (the length of time the counting register is allowed to count).
It, in turn, is controlled by the RANGE switch which also, in conjunction with the MEASUREMENT pushbuttons, controls the
measurement characters, i.e., the unit of measurement (symbol) and the decimal-point location.

The exact function of the time-base board depends on which MEASUREMENT button has been pushed and may be to generate
precise time periods, to count-down the clock frequency, or to count-down the input-A or input-B events. The basic function,
however, is that of a decade divider.

4.6.1 DECADE OPERATION

Count. The time-base board contains eight cascaded IC dec- S| AL | iy [ AC M) |0 { vt N
ades, each of which consists of four flip-flops. The flip-flops S5 O U O O O e D
respond only to negative pulses applied to their CP inputs s Qo i 8 M g Wy o wiang
which occur only when the output of the preceding flip-flop R z E =
changes from 1 to 0. 25
Alh

The CP input normally is a complementing input; i.e., when —
an input pulse arrives, the flip-flop changes state, if it was in e B e
the Q state (A, B, C, or D = 1) it changes to the Q state (A, ®a
B, C, or D = 1) or if it was in the Q state it changes to the Q i
state. However, additional signals are applied to the J input 5
of ffB and to the Rand S inputs of ffD to convert what nor- T Y B e e
mally would be simple binary counting (division by 16) to T A N B (e iy e
1-2-4-8 binary-coded-decimal counting (division by 10). U“._ e

[ 1 | 1] ]
The decade counting action is as follows: Lt o ! i Ty i, T T
Decade outputs. After ten input pulses, a decade produces an “la . " B e o o 18 10 o o e 08
output which is applied to the input of the next decade. The i 7Y D] oy by
input to the first decade is N IN from the format board, there- T ——
fore the negative output transition from decade 1 occurs after i i T L R
ten N IN pulses, the negative output transition from decade * L 8 st ). v g 0 b i D
2 occurs after 100 N IN pulses, and so on. Since there are T e
eight decades, the time-base board can count-down N IN by e
up to 108,

4.6.2 TIMING

TB1 thru TB8 range signals. The output from the last flip-flop of each decade is connected to a two-input positive nand-gate
(range gate). The second and enabling input to each range gate is from the RANGE switch (TB1 thru TB8) via an inverter (range
inverter). The RANGE switch is mutually exclusive, i.e., it enables one, and only one, range gate at a time.

N OUT timing signal. The outputs of all range gates are connected together (wired or logic) and leave the time-base board as the
N OUT signal. Before a measurement starts, an SO+ signal from the format board sets all decades to 9.

The first N IN pulse, therefore, sets all decades to 0. Since all decades produce an output on the 9-0 transition and since the
RANGE switch always enables one range gate, the first N IN pulse produces an N OUT pulse (positive N QUT transition). The
occurrence of the next N OUT pulse is determined by the RANGE switch; e.g., if the RANGE switch is set to 102, the next
N OUT pulse occurs after 100 N IN pulses.
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4.6.3 CHARACTER
INDICATION

The RANGE switch and

LeP LTP LeP LSP  L4P L3P L2P  LIP _
MEASUREMENT pushbuttons
automatically select the proper ulnr P30l | INTERVAL
; COUNT [Peos [Peoz| PERIOD
unit-of-measurement or symbol as—toer] rasovEicy

and decimal point (characters) 191422

for the measurement bein

made 9 RANGE MEASUREMENT

’ FREQUENCY PERIOD INTERVAL RATIO COUNT
Decimal | Symbol | Decimal | Symbol | Decimal | Symbol | Decimat | § ymbol | Decimal Symbol

EXT - EXTPRO| - - - - = _ _  |START-sTOP
1 = = L4P ms LIP us Z _ _ |sTAaRT-STOP
10 - MHz L5P ms - s L1P % _ |sTAaRT-sTOP
10 LIP | MHz L3P us L2p ms L2P - _ |STARTsSTOP
10 L2P | MHz L4P us LIP ms L3P _ _ |sTamRTsSTOP
10 L3P | MHz L5P us -~ ms L4P _ _ |sTaRT-STOP
10 L1P | KHz L3P ns L2pP s L5P 22 _ |sTaRT.sTOP
10 L2P | KHz L4pP ns LIP s L6P _ _ |sTaRrTSTOP
10 L3P | KHz L5P ns - s L7P _ _ |START.sTOP
10 L1P | Hz L3r ps L2p - L8P =2 _ |sTaRTsTOP

Symbol. A 3-inch plastic disc is attached to the RANGE switch behind the front panel. This disc contains a set of symbols for
each setting of the RANGE switch: one set for frequency measurements, one for period measurements, and one for interval
measurements. A START-STOP symbol, separate from the disc, is illuminated for count measurements to indicate the fact that
the START and STOP pushbuttons are to be used only when the COUNT button is pushed. No symbol is necessary for ratio
measurements.

Behind the disc is a set of three lamps, one of which is energized by the appropriate signal (PER, F, or T1) from the MEASURE-
MENT pushbuttons. Each lamp illuminates the proper symbol for the measurement being made. The MEASUREMENT push-
buttons are mutually exclusive; only one at a time can be depressed.

Decimal point. In addition to the contacts that enable the range gates, the RANGE switch also contains four sets of contacts to
energize the decimal points in the readout tubes: one set is for frequency measurements, one is for period measurements, one is
for interval, and one is for ratio. No decimal point is necessary for count measurements.

Since the decimal points are actually cathodes in the readout tubes, they are energized by returning them to ground. The ground-

level signals are the same signals used to energize the symbol lamps (F, PER, T1, or, in this case, R) and are applied to the ap-
propriate section of the RANGE switch to energize the proper decimal point.
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4.7 REGISTER BOARD E

Diagram E, F. The register board contains a counting register that counts the pulses applied to it and a storage register that holds
the count while the counting register proceeds with another measurement.

4.7.1 COUNTING REGISTER

Count. The counting register contains eight cascaded |C decades which are the same type of decades and operate in the same
manner as those used in the time-base board (paragraph 4.6.1) with the following exceptions:

Input decade. The first, or input, decade consists of two |Cs instead of one, IC102 and 1C101. The counting register must be

" capable of operating up to 20MHz but the normal IC decades operate only up to 10MHz (as specified under worst-case conditions).
Therefore, a 20-MHz flip-flop is used at the input which divides the input signal by two. This flip-flop, IC102, operates in the
same manner as flip-flop A in the normal decade.

Decade outputs. Only the outputs from the last flip-flops (D or 8-weighted) are used from the time-base decades but the outputs
from all flip-flops are used from the counting-register decades to provide a full 1-2-4-8 BCD output.

Set zero. Before a measurement starts, an SO+ signal from the program board sets the time-base decades to 9. This.same signal is
applied to the opposite reset input of the counting-register decades and sets them, instead, to 0. An SO- signal, concurrent with
SO+ and also from the program board, sets the input flip-flop to 0. Thus, before a measurement, all counting-register decades
aresetto 0.

SET 9 push-button. When the SET 9 button, S906 on the front panel, is pushed it sets 89- to 0, which sets the output of the
input flip-flop to 1, sets 89+ to 1, which sets the output of ffA and ffD of each decade to 1 and the output of ffB and ffC to 0.
Thus, when the SET 9 button is pushed, it sets each decade to 9 (1-2-4-8 BCD 1001).

Input. The counting register counts the GCK pulses from the format board. The source of these pulses depends on which
MEASUREMENT button is pushed and may be the input signal, the clock signal, or the clock signal counted down.

4.7.2 STORAGE REGISTER

DECADE
DATA

General. Each data line from the decades in the counting
register is applied to the storage register which contains a
NAND-gate, a wired AND-gate, an inverter, and another

NAND-gate for each line. The output AND-gate function
(wired-AND) is obtained by connecting the output of the tptond
second NAND-gate back to the output of the first NAND- s
gate and can be explained as follows:
) -1 ——
The equivalent output circuit of each NAND-gate is that of an ouUTRUT i x Kjojtiels !
npn-transistor amplifier with a 6-KS2 collector load. A 1-level AND-SATE I oloji 1 —1
output, therefore, is behind 6KS2 (through the collector load . zlofolofo | ______ _
to +5V) and a O-level output is behind = 0£2 (through the i N
transistor to ground). When the outputs from two such NAND- iTORASE : wlal +8V
gates are connected together, the O-level output predominates . INVERTER I
because it is behind a much lower impedance; e.g., if one ! v|i|o
NAND-gate output is 1 and one is 0, the resultant output at cLd = o«
their junction is 0 and the associated truth table is that of an T S
AND-gate. stomee |1 xreloqoll
MAND-SATE = Y|jojo|i]1
I zjtjujujo
L =
77 Suma '-'-‘E
2 11914-23
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OUTPUTS: ——DISABLE Y STORAGE

DECADE
DATA

TXR

I
(o}
|
0
TRANSFER |
NAND-GATE O
STORAGE |
INVERTER ©
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0

|

0

|

0

rd

CcL

STORAGE
NAND-GATE
OUTPUT
AND-GATE

S IS VR i

|—|_L— i =] -
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o
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-1

Ol

ol

(]|
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Disable. When the STORAGE-DISABLE switch, S951 on the rear panel, is set to DISABLE or when the COUNT button is
pushed, CL from the program board is set to 0 and TXR from the program board is set to 1.

Storage inhibit. From the NAND-gate truth tables it can be seen that whenever one input is zero, the output is 1. And from the
AND-gate truth table it can be seen that whenever one input is 1, the output follows the second input. Thus, when CL is 0, the
storage NAND-gate output is 1 and since this 1-level is applied to the output AND-gate, the output of the AND-gate will follow
the input supplied to it by the transfer NAND-gate.

Transfer enable. From the NAND-gate truth tables it can be seen that whenever one input is 1, the output is the complement of
the second input. Thus, when TXR is 1, the transfer NAND-gate output is the complement of the decade data. This comple-
mented decade data passes through the output AND-gate to become the storage register output.

Thus, when storage is disabled, the storage register output is from the transfer NAND-gate and since this gate accepts data
directly from the decade, the storage register is constantly corrected as the decade data changes.

Storage. When the STORAGE-DISABLE switch is set to STORAGE and when any MEASUREMENT button except COUNT is
pushed, CL is set to 1 and later TXR is set to O.

Storage enable. The com.plemented decade data from the output AND-gate is applied to the storage inverter which complements
the data and applies it to the storage NAND-gate. When CL is 1, the storage NAND-gate complements this input and applies it
to the output AND-gate where it is applied back tHrough the inverter to the storage NAND-gate in a regenerative loop that holds
the data in the storage NAND-gate.

Transfer inhibit. When TXR is 0, the transfer NAND-gate output is 1 and since this 1-level is applied to the output AND-gate, the
output of the AND-gate will follow the input supplied to it by the storage NAND-gate. And, since the O-level TXR signal has
inhibited the transfer NAND-gate, its output is independent of the decade data.

Thus, when storage is enabled, the storage register output is from the storage NAND-gate. Since this gate accepts data from the
transfer NAND-gate, which is inhibited and unable to correct as the decade data changes, except during the clear-and-transfer
period, the storage register corrects only when the clear-and-transfer occurs and not when each decade data change occurs.

Jam transfer. A clear-and-transfer period (jam transfer)occurs at the end of each measurement. The CL pulse clears the storage
NAND-gate of previous data and the TXR pulse reads in the new data. After the TXR pulse, the transfer NAND-gate is inhibited
and prevents any further changes in the decade output from affecting the stored data until the next jam transfer. Note that with
jam transfer the storage register changes directly from the old data to the new data with no intermediate step, such as a zero-set
as is common in many storage-type counters. Advantages of jam transfer are less rf noise from the counter due to readout-tube
switching and less noise in the output data.
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4.8 DISPLAY CIRCUITF

Diagram E, F. The display circuit converts the BCD data from the register board to decimal data and applies it to gas readout
tubes to provide a visual display of the measurement value.

4.8.1 DECODING

Decimal data. The 1-2-4-8 BCD data (E11 thru E88) from the storage register on the register board are applied to an associated
decoder (1C951 through 1C958) on the display circuit. The decoders convert the BCD data to decimal data and apply it to the
appropriate cathode of an associated cold-cathode gas-readout tube (V951 through V958), which ionizes the surrounding gas to
illuminate the proper number.

L1P thru L8P decimal-point signals. The proper decimal point is automatically energized by the RANGE switch and MEASURE-
MENT pushbuttons (paragraph 4.6.3).

4.9 BUFFER CIRCUITG

Diagram G. The buffer circuit is used for the data-output option counters. It provides 1-2-4-8 BCD measurement data to the
DATA OUT socket, S0901 on the rear panel, for use by a printer or other piece of data-handling equipment.

4.9.1 OPERATION

D11 thru D88 buffered data. The buffer circuit consists of six |Cs, each of which contains six inverters. A set of four inverters is
used to buffer the output from each of the storage NAND-gates on the register board.

The BCD data (E11 thru E88) from the storage NAND-gates is applied to the buffer-circuit inverters, is complemented, and
emerges as BCD data (D11 thru D88) which is applied to the DATA OUT socket,

PGT and PRT print commands. Two print commands are also available (paragraph 2.5.3), PGT which is a buffered and inverted

F21 signal from the format board (paragraph 4.11.2) and PRT which is a buffered and inverted PRT+ signal from the program
board (paragraph 4.10.3).

4.10 PROGRAM BOARD H

Diagram H. The program board generates the store signals used for the jam-transfer function, the reset signals used to control
display time, and the print command signals used to initiate external devices.

4.10.1 STORE MEASURE—y—DISPLAY-[MEASURE T—DISPLAY—,
F2! B
CL clear. At the end of a measurement, F21 from the format ~ =
board goes to 0 and turns on Q712 in the clear and transfer cL 1]
generator which turns on Q713 and sets CL to 0. The O-level - |
CL signal clears the storage nand-gate, on the register board
(paragraph 4.7.2) of previous data. 1003 TO 108
- S0+ J—"_
TXR transfer. The negative CL transition turns off Q714 and
sets TXR to 1. C709 maintains the O-level at Q714 base for so- U U
about 800ns and thus causes the TXR 1-level to be about
200ns longer than the CL O-level. The 1-level of the TXR F20 . 1 L
pulse reads in new data to the storage NAND-gate and the
O-level of the TXR pulse prevents :’riy fuﬂherg;ang&s in the PR + == N J L
c4!ecad}e output from affecting the stored data (paragraph PRT 1 = l [-
. 1.2). 1191425
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Storage disable. When the STORAGE-DISABLE switch, S951 on the rear panel, is set to DISABLE, it sets SDIS to 0 which holds
on Q712. With Q712 held on, Q713 is held on which sets CL to 0. With CL at 0, Q714 is held off which sets TXR at 1. With CL
at0and TXR at 1, the storage register is by-passed and the visual register accepts the counted data directly from the counting
register (paragraph 4.7.2).

Also, when the COUNT button is pushed, C is set to O which_causes the same action as when the STORAGE-DISABLE switch
is set to DISABLE, i.e., it by-passes the storage register and allows the visual register to accept data directly from the counting
register.

4.10.2 DISPLAY TIME

SO+ reset. During a measurement, SO+ is held at 0 by Q707 which is held on by Q705. Q705 is held on by Q704 which, in turn,
is held off by Q702. And Q702 is held on by Q701, which is held on by the 1-level F21 signal from the format board. At the
end of a measurement, F21 falls to 0 and turns off Q701 which turns off Q702.

Q702 collector cannot fall immediately to O (ground) however, because of C703 and C701 or C702 that have charged to 1
(= +15V). After a period of time, determined by the RC time constant connected to Q702 collector, the capacitors discharge
sufficiently towards O to turn on Q704, When Q704 turns on, it turns on Q705, which turns off Q707 and sets SO+ to 1.

The length of time SO+ remains 1 is determined by the size of the capacitance connected to Q702 collector and the resistance
in its charge path. The capacitance is made up of C703 and the capacitor switched on by the DISPLAY TIME control, C701 or
C702. The resistance is the emitter-to-collector resistance of Q702 and is essentially constant. For the first four settings of the
DISPLAY TIME control, the 1-level duration of SO+ is = 2us and for the last eight settings it is 90us.

SO- reset. SO+ is also applied through C708 to Q708, is inverted, and appears at Q708 collector as SO-. The SO+ and SO- signals
are coincident but SO+ is always longer.

Display time control. During the time between the end of a measurement and the occurrence of the SO+ and SO- reset signals,

the counter is prevented from starting a new measurement (SO+ enables the timing gate on the program board; if it is not enabled,
measurements are inhibited, paragraph 4.11.2). This time is determined by the size of the RC network connected to Q702 col-
lector which, in turn, is controlled by the DISPLAY TIME switch, S907. The DISPLAY TIME switch thus controls a holdoff

time between measurements to allow for the observation of the visual register or to allow for the operation of external devices,
such as a printer or other piece of data-handling equipment.

RPB set zero. When the SET 0 button is pushed, it allows RPB to rise to 1 and turn on Q703 which turns on Q704. Q704 turns
on Q705 which turns off Q707 and sets SO+ to 1 and SO- to 0. This resets the counter immediately without the delay (holdoff
time) normally caused by the DISPLAY TIME control.

Also, when the RANGE switch setting is changed, it momentarily allows RPB to rise to 1, which causes the same action as when
the SET O button is pushed, i.e., it immediately resets the counter.

4.10.3 PRINT COMMAND

PRT+ print command. During a measurement, F20 from the format board is 0 which holds off Q709. With Q709 off, Q710 is
on and their common-emitter potential is set at =+5V by the divider action of R722, Q710, R723, CR712, and R724. This
+5-V level keeps Q711 on which sets PRT+ to 0.

At the end of a measurement, F20 rises to 1 which turns on Q709. With Q709 on, Q710 is off and their common-emitter poten-
tial is set at = OV by the divider action of R721, Q709, R723, CR712, and R724. This 0-V level turns off Q711 which sets
PRT+ to = +5V. PRT+ is applied directly to the PROGRAMMING INPUT socket, S0950 on the rear panel, and via an inverter
on the buffer circuit as PRT to the DATA OUT socket, SO0901 on the rear panel of counters with that option.
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4.11 FORMAT BOARD D

Diagrams AW and D. The format board is controlled by the MEASUREMENT pushbuttons and controls the signals to the time-
base board and register board to determine the type of measurement to be made.

4.11.1 MEASUREMENT SELECTION

Measurement push-buttons. The type of measurement made GATE | Levers MEASUREMENT SusmARY
is determined by nine gates on the format board. These gates B R S
are controlled by format levels from the MEASUREMENT mw | ' 0 ' 1
pushbuttons; one level (PER, TI, R, and C) from each push- o ! o [ o | o |renioo
button except FREQUENCY. Each level is isolated by an RC £ o L 1| o | o |mresva
network and all except C are buffered by inverters on 1C601 ¥™ o ¥ ! 9 o |NTERVAL
and then applied to the measurement gates as shown in the sym™ ° ° o] o [meRva
table. ? hild 1 1 [} 1 1 ::E{’J‘U::CY. PERIOD, RATIO, COUNT
*“TROF E NGE SWITCH ISSET TO 1
8 | *Teoe 1 1 1 1 1 ALL WHEN RANGE SWITCH ISSET TO 1
The MEASUREMENT pushbuttons, in conjunction with the e o 0 0 1 o [mato
RANGE switch, also energize the character lamps (unit-of- 0 | renr o ! o | o o |eemioo
measurement or symbol and decimal point) for the measure- cog | : ° : ! N O
ment to be made (paragraph 4.6.3). o i ' N ' i

* TBOP iz 1| when RANGE switch s et 10 1
In order to simplify the discussions that follow, the PER, TI,
R, and C format levels will be replaced by FREQ, PERIOD,
INTERVAL, RATIO, and COUNT equivalent format levels.
Thus, for example, when the FREQUENCY button is pushed,
it sets the FREQ equivalent format level to 1 and enables
gates 1 and 11 (and 7 if the RANGE switch is set to 1).

4.11.2 TIMING

N IN time-base input signal. The input to the time-base board is N IN from the timing gates (positive NAND-gates 9, 10, and 11)
which are controlled by the format levels and F21 from the timing flip-flop, IC602. Before each measurement, F21 isset to 1
by the SO+ signal from the program board (paragraph 4.10.2) which is applied to IC602 at the end of the display-time interval,
The signal-input to gate 11 is the CLK 10-MHz clock signal, to gate 10 is the A OUT shaped input-A signal, and to gate 9 is the
B OUT shaped input-B signal.

Since timing is controlled by the N OUT signal, which is derived from the N IN signal (paragraph 4.6.2), the timing gates allow
the clock signal to control timing for frequency and interval measurements, the input-A events to control timing for period
measurements, and the input-B events to control timing for ratio measurements. Timing is controlled manually for count meas-
urements.

4.11.3 COUNTING

GCK counting register input signal. The input to the counting register on the register board is GCK from the counting gates
(positive NAND-gates 1, 2, and 3) which are controlled by the format levels and F11 from the counting flip-flop, IC603. Before
each measurement, F11 is set to O by the SO- signal from the program board (paragraph 4.10.2) which is applied to 1C603 at
the end of the display-time interval. The signal input to gate 2 is the CLK 10-MHz clock signal, to gate 3 is the N OUT time-base
output, and to gate 1 is the A OUT shaped input-A signal.

Since the input to the counting register is the GCK signal, the count is derived from the clock signal for period measurements,
from the counted-down clock signal for interval measurements, and from input-A for frequency, ratio, and count measurements,

COUNTING lamp. When F11 is 1, one of the counting gates is enabled which provides the couﬁting register with pulses to count.

T_he 1-level F11 signal is also applied to Q604, is amplified, and emerges as GL, which drives the COUNTING lamp, P905 on the
front panel, to indicate a count is in progress.

416 TYPE 1191 COUNTER



4.11.4 COUNT

Quiescent. Before a measurement, F11 is O which inhibits all
counting gates including gate 1. When the COUNT button is
pushed, it sets the COUNT equivalent format level to 1, which
provides an enabling input to gate 1.

Start. When the START button is pushed, it sets STA to 0.
This sets the counting flip-flop to Q which sets F11 to 1 and
enables gate 1. The shaped input-A events, A OUT from the
input board, pass through gate 1, emerge as GCK, and are
counted by the counting register on the register board.

Stop. When the STOP button is pushed, it sets STO to 0. This
sets the counting flip-flop to Q which sets F11 to 0 and in-
hibits gate 1. Since this deprives the register board of an input,
the count stops.

Visual register at end of measurement:
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4.11.5 PERIOD

Quiescent. Before a measurement, F11 is 0, which inhibits all
counting gates including gate 2, and F21 is 1, which provides
an enabling input to all timing gates including gate 10. When
the PERIOD button is pushed, it sets the PERIOD equivalent
format level to 1, which enables gates 10 and 7. When the
RANGE switch is set to any position except EXT PRO or 1,
one of its outputs (TB1 thru TB8) enables a range gate on the
time-base board; assume the RANGE switch is set to 10, which
allows an N OUT pulse (positive N OUT transition) coincident
with the first and tenth N IN pulse (paragraph 4.6.2).

Start. When a shaped input-A event, A OUT from the input
board, arrives, it passes through gate 10 emerges as N IN, and
is applied to the time-base board, which produces an N OUT
pulse. N OUT passes through gate 7 and complements the
counting flip-flop (sets it from Q to Q) which sets F11 to 1
and enables gate 2. CLK clock pulses pass through gate 2,
emerge as GCK, and are counted by the counting register on
the register board.

Stop. Succeeding shaped input-A events, A OUT, also pass
through gate 10, emerge as N IN, and are applied to the time-
base board where they are simply counted down. The tenth
A OUT pulse, however, produces an N OUT pulse from the
time-base board. N OUT passes through gate 7 and again
complements the counting flip-flop (this time it resets it from
Q to Q) which sets F11 to 0 and inhibits gate 2. Since this
deprives the register board of an input, the count stops. The
negative F11 transition resets the timing flip-flop to Q, which
resets F21 to 0 and inhibits gate 10. This blocks A OUT and
completes the measurement.

Single period. The action for single-period measurements
differs slightly; the time-base board is by-passed. Instead, when
the RANGE switch is set to 1 (single period), it sets TBOP

(via an inverter on IC601) to 1 which enables gate 8. N IN
pulses pass through gate 8 (and thus by-pass the time-base

board) and are applied to gate 7 in lieu of N OQUT pulses. Single-

period measurements are also possible when the INTERVAL
button is pushed (paragraph 4.11.7).

Visual fegister at end of measurement:
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4.11.6 FREQUENCY

Quiescent. Before a measurement, F11 is O which inhibits all
counting gates including gate 1, and F21 is 1 which provides
an enabling input to all timing gates including gate 11. When
the FREQUENCY button is pushed, it sets the FREQ equiv-
alent format level to 1 which enables gates 11 and 7. When
the RANGE switch is set to any position except EXT PRO
or 1, one of its outputs (TB1 thru TBB) enables a range gate
on the time-base board; assume the RANGE switch is set to
10, which allows an N OUT pulse (positive N QUT transition)
coincident with the first and tenth N IN pulse (paragraph
4.6.2).

Start. When a CLK clock pulse arrives, it passes through gate
11, emerges as N IN, and is applied to the time-base board
which produces an N OUT pulse. N OUT passes through gate
7 and complements the counting flip-flop (sets it from Q to
Q) which sets F11 to 1 and enables gate 1. Shaped input-A
events, A OUT from the input board, pass through gate 1,
emerge as GCK, and are counted by the counting register on
the register board.

Stop. Succeeding CLK clock pulses also pass through gate 11,
emerge as N IN, and are applied to the time-base board where
they are simply counted down. The tenth CLK pulse, how-
ever, produces an N OUT pulse from the time-base board.

N QUT passes through gate 7 and again complements the
counting flip-flop (this time it resets it from Q to Q) which
sets F11 to 0 and inhibits gate 1. Since this deprives the
register board of an input, the count stops. The negative F11
transition resets the timing flip-flop to Q which resets F21

to 0 and inhibits gate 11. This blocks CLK and completes

the measurement.

Visual register at end of measurement:
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4.11.7 INTERVAL

Quiescent. Before a measurement, F11 is O which inhibits all
counting gates including gate 1, and F21 is 1, which provides
an enabling input to gate 5 and all timing gates including gate
11. When the INTERVAL button is pushed, it sets the
INTERVAL equivalent fromat level to 1 which enables gates
B, 6, and 11. When the RANGE switch is set to any position’
except EXT PRO or 1, one of its outputs (TB1 thru TB8)
enables a range ga*e on the time-base board; assume the
RANGE switch is set to 10, which allows an N OUT pulse
(positive N OUT transition) coincident with every tenth N IN
pulse (paragraph 4.6.2).

Start. When a shaped input-A event, A OUT from the input
board, arrives it passes through gate 5 and complements the
counting flip-flop (sets it from Q to Q) which sets F11 to 1
and enables gate 3. CLK clock pulses pass through gate 11,

emerge as N IN, and are applied to the time-base board, which

counts them down by ten and applies them as N OUT to gate
3. They pass through gate 3, emerge as GCK, and are counted
by the counting register on the register board.

Stop. When a shaped input-B event, B OUT from the input
board, arrives, it passes through gate 6 and sets the counting
flip-flop to Q, which sets F11 to 0 and inhibits gate 3. Since
this deprives the register board of an input, the count stops.
The negative F11 transition resets the timing flip-flop to Q
which resets F21 to 0 and inhibits gate 11. This blocks CLK
and completes the measurement.

Direct clock frequency. The action for direct-clock-frequency

count differs slightly; the time-base board is by-passed. In-
stead, when the RANGE switch is set to 1 (direct clock fre-
quency), it sets TBOP (via an inverter on 1C601) to 1 which
enables gate 8. N IN pulses pass through gate 8 (and thus by-
pass the time-base board) and are applied to gate 3 in lieu of
N OUT pulses.

Single period measurements. When the INTERVAL button is
pushed, single period measurements are also possible. If no
input B signal is applied or if another input-A event occurs
before an input-B event, A OUT passes through gate 5 and
again complements the counting flip-flop (this time it sets it
from Q to Q) which sets F11 to 0 and inhibits gate 3. Since
this is the same action normally produced by B OUT to stop
the count, the count stops. However, instead of a measure-
ment of the interval between A and B being made, a measure-
ment of the interval of one A to the next A is made, i.e., a
measurement of a single A period is made.

Visual register at end of measurement:
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4.11.8 RATIO (A/B)

Quiescent. Before a measurement, F11 is 0 which inhibits all
counting gates including gate 1, and F21 is 1, which provides
an enabling input to all timing gates including gate 9. When
the RATIO button is pushed, it sets the RATIO equivalent
format level to 1, which enables gates 7 and 9 and provides an
enabling input to gate 1. When the RANGE switch is set to
any position except EXT PRO or 1, one of its outputs (TBO
thru TB8) enables a range gate on the time-base board; assume
the RANGE switch is set to 10 which allows an N OUT pulse
(positive N QUT transition) coincident with every tenth N IN
pulse (paragraph 4.6.2).

Start. When a shaped input-B event, B OUT from the input
board, arrives, it passes through gate 9, emerges as N IN, and
is applied to the time-base board which produces an N OUT
pulse. N OUT passes through gate 7 and complements the
counting flip-flop (sets it from Q to Q) which sets F11 to 1
and enables gate 1. Input-A events, A OUT from the input
board, pass through gate 1, emerge as GCK, and are counted
by the counting register on the register board.

Stop. Succeeding input-B events, B OUT, also pass through
gate 9, emerge as N IN, and are applied to the time-base board
where they are simply counted down. The tenth B OUT event,
however, produces an N OUT pulse from the time-base board.
N QUT passes through gate 7 and again complements the
counting flip-flop (this time it resets it from Q to Q) which
sets F11 to 0 and inhibits gate 1. Since this deprives the
register board of an input, the count stops. The negative F11
transition resets the timing flip-flop to Q which sets F21 to

0 and inhibits gate 9. This blocks B OUT and completes the
measurement.

Single input-B period. The action for single input-B period
count differs slightly; the time-base board is by-passed. In-
stead, when the RANGE switch is set to 1, it sets TBOP (via
an inverter on 1C601) to 1 which enables gate 8. N IN pulses
pass through gate 8 (and thus by-pass the time-base board)
and are applied to gate 7 in lieu of N OUT pulses.

Visual register at end of measurement:
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4.12 POWER SUPPLY V

Diagram V. The power supply provides three regulated low voltages (-5.6V, +5V, and +15V), one unregulated low voltage (+3V),
and one unregulated high voltage (+250V).

4.12.1 FIFTEEN-VOLT BOARD VH

+15 volts. CR501 through CR504 from a bridge rectifier that supplies an unregulated dc voltage to the emitter of the series
regulator, @500, whose collector provides the regulated +15-V output to the other circuits in the instrument. This output is also
divided down by R501, R502, and R507 and is applied to a set of error amplifiers (Q502 and Q501 and Q503) which control
the conduction of the series regulator to maintain a constant +15-V output over a broad range of load and input-line-voltage
variations.

For example, if the +15-V output at Q500 collector tries to go more positive, Q502 base goes more positive and causes Q502 to
conduct more heavily. Its collector goes less positive which causes Q501 to conduct more heavily and brings Q501 collector more
positive. This causes Q500 to conduct less which brings the +15-V output back down.

4.12.2 FIVE-VOLT BOARD VL

+9 volts. This is the unregulated dc voltage for the +5-volt supply.

+5 volts. This supply operates the same as the +15-V supply except the first error amplifier is a voltage comparator.

-5.6 volts. This supply is regulated by a 5.6-V Zener diode to ground and is supplied by a half-wave rectifier, CR556.

+250 volts. This supply is an unregulated dc voltage supplied by a half-wave rectifier, CR555, and filtered by C552 and R554.
It supplies the readout tubes on the visual register and the #LOCK OUT neon bulb.
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CAUTION: Turn off power before removing or replacing etched boards. Do not apply excessive heat to etched boards. Use
thermal-contact compound for series-regulator power transistors.

5.1 WARRANTY

We warrant that each new instrument manufactured and sold by us is free from defects in material and workmanship, and that,
properly used, it will perform in full accordance with applicable specifications for a period of two years after original shipment,
Any instrument or component that is found within the two-year period not to meet these standards after examination by our
factory, District Office, or authorized repair agency personnel, will be repaired, or, at our option, replaced without charge, ex-
cept for tubes or batteries that have given normal service,

5.2 SERVICE

The two-year warranty stated above attests the quality of materials and workmanship in our products. When difficulties do
occur, our service engineers will assist in any way possible, If the difficulty cannot be eliminated by use of the following service
instructions, please write or phone our Service Department (see rear cover), giving full information of the trouble and of steps
taken to remedy it. Be sure to mention the serial and type numbers of the instrument.

Before returning an instrument to General Radio for service, please write to our Service Department or nearest District Office,

requesting a “‘Returned Material Tag.” Use of this tag will ensure proper handling and identification. For instruments not
covered by the warranty, a purchase order should be forwarded to avoid unnecessary delay.

5.3 ROUTINE MAINTENANCE

5.3.1 CLOCK CALIBRATION

Every six months, check and, if necessary, readjust the frequency of the internal clock oscillator as follows:

Set the rear-panel TIME BASE switch to INT, push the FREQUENCY button, and set the RANGE switch to 10 . Connect a
known frequency to INPUT A, set the input controls to obtain a measurement, and adjust the FREQ ADJ, R950 on the rear

panel, until the visual register displays exactly the value of the known frequency.

For maximum accuracy, use a known frequenty of 10MHz, allow the counter to warm up for one or two hours before adjust-
ment, and adjust the oscillator at the line voltage and ambient temperature under which the counter is normally operated.
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5.4 REPAIR NOTES

5.4.1 KNOB REPLACEMENT

To remove a knob, grasp it securely and pull—hard. The knob should pull off the bushing P
attached to the shaft. If, by some chance, the bushing should come off, insert a tap of the same P o ‘
size as the hole in the bushing (1/8, 1/4, or 3/8"") a few threads into the hole and pull the bush- -

" ing out of the knob. Reinstall the bushing on the shaft and tighten the set screws, I -

To replace a knob, place it over the bushing and push. The 1191 includes the following knobs:

Knob GR Part Number Knob GR Part Number Knob GR Part Number

APOLARITY & ATTEN 6520-56331 BPOLARITY & ATTEN| 5520-6331 |DISPLAY TIME| 5500-56321
A THRESHOLD 6520-5131 B THRESHOLD 5520-5131 |RANGE 5500-5321

65.4.2 ETCHED BOARDS

Extenders. The counter features modular construction which greatly simplifies troubleshooting and repair, Most of the cir-
cuitry is mounted on plug-in etched boards that can be raised abave the instrument by means of board extenders for access to
components and test points. One such board extender is supplied as an accessory and is stored in the spare socket, SO980 the
rear-most socket on the right-hand side of the chassis. It is a 24-pin extender GR part number 4215-2034, and will accommo-
date all plug-in boards except the register board and the power supply boards, To use the extender, install it so the arrow
labeled "left’ points to the left-hand side as viewed from the front.

Replacement. For minimum down-time, a defective board can be replaced immediately and thus keep the instrument on-line
while the defective unit is being repaired. Defective boards may be repaired in your facility or sent to the nearest General Radio
Repair Center (see rear cover) for repair or replacement. The 1191 contains the following etched boards:

Etched Board Type Socket GR Part Number| Etched Board | Type Socket | GR Part Number
*C Input plug-in S0920 1191-4720 |l Oscillator? wired-in — 1158-4010
D Format plug-in S0960 11914760 |J Clock plug-in " | S0940 1191-4740
E Register plug-in S0910, S0911 11914710 | JA Amplifier? plug-in | S0940 11914780
F Display wired-in - 1191-2700 |L Time-Base plug-in | S0930 11914730
G Buffer! wired-in - 11912790  |*VH Fifteen-Volt| plug-in | S0501 11568-4751
H Program plug-in S0970 11914770 |*VL Five-Volt plug-in | SO550 1191-2756

*Adjustment recommended: see paragraph 5.6.4 for input board, paragraph 5.6.2 for fifteen-volt board, and paragraph 5.6.2
for five-volt board.

1 Installed only in models with data-output option.

2 Installed only in models with high-precision time-base option.

Repair. Excessive heat can ruin an etched board by stripping off (delaminating) the etched wiring. To remove a transistor or
integrated circuit, unsolder each pin with a 20 to 30-W soldering iron and use a desoldering tool (such as a Soldapullt @, Edsyn
Inc., Box 868, Arleta, Calif.) to remove as much solder as possible. Then use a screwdriver or similar tool to gently push each
pin away from the side of the hole and separate it from any remaining solder. After all pins have been freed, the component
can be lifted from the boards; easily and without application of excessive heat.

6.4.3 OSCILLATOR CIRCUIT |

The oscillator circuit (installed in models with the high-precision time-base option) is a sealed unit and must be replaced if de-
fective; it cannot be repaired.

5.4.4 POWER SUPPLY V
The series-regulator power transistors, Q500 and Q550 mounted on the chassis in the left rear corner, are each electrically
isolated from the chassis by a mica insulator, |f one of these transistors is replaced, be sure the mica insulator is installed be-

tween the transistor and the chassis and is coated on both sides with Dow Corning no. 5 silicone thermal-contact compound
or equivalent. ;
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5.5 TROUBLESHOOTING PROCEDURE

CAUTION: Turn off power before removing or replacing etched boards;

Diagram AJ. Additional information contained in paragraphs 3.2 Operational Checks, 5.6 Calibration Procedure, and 6.1 Signal
Index.

55.1 PRELIMINARY

Introduction. These steps should localize most troubles to a specific board and, in some cases, to a specific stage. Each step
must be performed in the order given and must pass before proceeding to the next step {unless noted otherwise) because each
one serves as the foundation for the next. Defective boards may be repaired in your facility or sent to the nearest General Radio
Repair Center (see rear of book) for repair or replacement. Unless trouble is encountered, perform only the bold-face portion
of each step.

When a board is indicated as the source of trouble, the problem can also be the socket connections to the board (the board is
not seated properly in the socket or the contacts are dirty or misaligned). If a board is intermittent or if a replacement board
fails to work, remove the board then reinsert it.

When a transistor is indicated as the source of trouble, the problem can also be the components or wiring associated with the
transistor.

Equipment required. The specifications given are those necessary for the troubleshooting of the instrument and are not neces-
sarily those of the suggested equipment.

Characteristics Suggested Equipment

Voltmeter........... Range: 4 to 250Vdc The 1806 Electronic Voltmeter
Impedance: 20,00082/V min

Counting lamp. The COUNTING lamp can be used as a visual indication of the operation of the counter if the measurement
time (COUNTING lamp on) or display time (COUNTING lamp off) is 100ms or greater. The lamp cannot respond faster than
100ms,

Sequential counting. The counter can be set to provide its own controlled-repetition-rate pulses so that the count can be visu-
ally observed, even in the least-significant digit: Set the rear-panel STORAGE-DISABLE switch to DISABLE, set the A and B
POLARITY & ATTEN switches to + 100, and push the INTERVAL button, To start the action, turn the A THRESHOLD
control back and forth through its full range. Use the RANGE control to set the repetition rate (repetition rate equals clock
frequency divided by range, e.q., for RANGE 1 repetition'rate =10"/1 = 10MHz, for RANGE 8, repetition rate = 107 /108=
0.1Hz). To stop the action, turn the B THRESHOLD control back and forth through its full range.
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6.56.2 POWER

This step checks certain settings of the MEASUREMENT and RANGE controls for the presence of the outputs from the five-
volt board in the power supply.

1. Set controls as indicated: A and B POLARITY & ATTEN... + 100 DISPLAY TIME .... SINGLE MEASURE
Aand B THRESHOLD ......... centered RANGE ........... “10?
AandBAC-DC .............. AC MEASUREMENT .... FREQUENCY
SEPARATE-COMMON ......... SEPARATE POWER............ OFF

Turn POWER on; if visual register displays 0000000.0MHz (digits may be other than 0), proceed to next step.

If a readout tube displays no number, interchange it with one that does; if indication changes, trouble is display board readout
tube (diagram E, F); if indication does not change, trouble is circiitry associated with readout tube (note digit and proceed to
next step).

If digits and decimal point are not lit, check fuse; if ok, trouble is five-volt board + 250-V supply (diagram V).
If decimal point is not lit but MHz symbol is, turn RANGE switch cw to other positions; if other decimal points light, trouble is
display board readout tube V958 (diagram E, F). If other decimal points do not light, push RATIO button; if decimal point

lights, trouble is FREQUENCY push-button (diagram L); if decimal point still does not light, trouble is RANGE switch
(diagram L).

If MHz symbol is not lit but decimal point is, push PERIOD button; if mSEC symbol does not light, trouble is five-volt board
+ 9-V supply (diagram V; if + 8-V supply has failed, so has + 5-V supply and when the + BV is missing, all ten figures in each
readout tube will be lit and will be fuzzy); if mSEC symbol lights, trouble is visual register P903 (diagram L).

If MHz symbol and decimal are not lit, trouble is FREQUENCY push-button (diagram L),

5.5.3 CLEAR AND TRANSFER

This step checks the program board clear and transfer stages.

Control settings: A and B POLARITY & ATTEN.... +100 DISPLAY TIME .... SINGLE MEASURE

(from previous step) A and B THRESHOLD .......... centered RANGE........... 10
AandBAC-DC......coiveeuenn AC MEASUREMENT, ... FREQUENCY
SEPARATE-COMMON . ......... SEPARATE POWER: . «o e on

2. Push COUNT button then push SET 9 button; if visual register displays 39999999 START/STOP, proceed to next step.
If one or two digits are not 9, trouble is circuitry associated with readout tube (note digit and proceed to next step).

If most digits are not 9, trouble is program board Q712, Q713, or Q714 (diagram H).

If START-STOP symbol is not lit, trouble is visual register P904 (diagram L).

5.5.4 RESET

This step checks the program board reset stages.

Control settings: A and B POLARITY & ATTEN..... + 100 DISPLAY TIME .... SINGLE MEASURE
(from previous step) A and B THRESHOLD ........... centered RANGE........... 102
Aand BAC-DC . .vivieiviassven AC MEASUREMENT. ... COUNT
SEPARATE-COMMON ,......... SEPARATE POWER ........... on

3. Push SET 0 button; if visual register displays 00000000 START/STOP, proceed to next step.
If one or two digits are not 0, trouble is circuitry associated with readout tube (note digit and proceed to next step).

If most digits are not O, trouble is program board Q703, 4, 5, 6, 7, or 8 (diagram H).
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5.5.5 COUNTING FLIP-FLOP

This step checks the format board counting flip-flop and COUNTING lamp driver,

Control settings: A and BPOLARITY & ATTEN ....+100 DISPLAY TIME.... SINGLE MEASURE

(from previous step) A and B THRESHOLD .......... centered RANGE .......... 10?
AandBACDC .......ocvvvvnnnn AC MEASUREMENT... COUNT
SEPARATE-COMMON .......... SEPARATE POWER wasnevass on

4. Push START button then push STOP button; if COUNTING lamp lights when START button is pushed ard extinguishes
when STOP button is pushed, proceed to next step.

If COUNTING lamp does not light, trouble is START button (diagram D), format board 1C603, Q604, or Q606 (diagram D),
or visual register COUNTING lamp P905 (diagram D).

If COUNTING lamp does not extinguish, trouble is STOP button (diagram D), or format board IC 603, Q604, or Q605
(diagram D).

5.5.6 TIMING FLIP-FLOP AND A CHANNEL

This step checks the format board timing flip-flop and gates 7, 8, and 10, and the input board A channel,

Control settings: A and BPOLARITY & ATTEN ... +100 DISPLAY TIME .... SINGLE MEASURE

(from previous step) A and B THRESHOLD .......... centered RANGE ........... 102
AandBAC-DC ......cvvvinnnns AC MEASUREMENT, ,,. COUNT
SEPARATE-COMMON .......... SEPARATE POWER . . vui s on

5. Push PERIOD button, set RANGE to 1, and push SET 0 button. Turn A THRESHOLD back and forth through full range
twice. If COUNTING lamp lights when A THRESHOLD is turned the first time and extinguishes when it is turned the second,
proceed to next step.

1f COUNTING lamp does not light, set A POLARITY to-100 and turn A THRESHOLD; if COUNTING lamp lights, trouble is
input board Q210 (diagram C); if COUNTING lamp does not light:

Push RATIO button and turn B THRESHOLD; if COUNTING lamp lights, trouble is input board Q201, 2, 3,4,5,6,7,8,9, or
10.(diagram C), A THRESHOLD control R908 (diagram C), PERIOD button (diagram L), or format board Q610 or 1C601
{diagram D); if COUNTING lamp does not light, trouble is format board Q607, Q608, IC601, or IC602 (diagram D).

If COUNTING lamp does not extinguish, trouble is format board |C602 (diagram D).

5.5.7 B CHANNEL

This step checks the input board B channel and the format board gate 9.

Control settings: A and BPOLARITY &ATTEN .. ... +100 DISPLAY TIME ....SINGLE MEASURE
(from previous step) A and B THRESHOLD.. .......... - RANGE . .owvivaivos 1
Aand BACDC .......covvvnnnnn AC MEASUREMENT....PERIOD
SEPARATE-COMMON .......... SEPARATE POWER:, i vvainwaa on

6. Push RATIO button and push SET 0 button. Turn B THRESHOLD back and forth through full range twice. If COUNTING
lamp lights when B THRESHOLD is turned the first time and extinguishes when it is turned the second, proceed to next step.

If COUNTING lamp does not light, set B POLARITY & ATTEN to - 100 and turn B THRESHOLD; if COUNTING lamp lights,
trouble is input board Q261 (diagram C); if COUNTING lamp does not light, trouble is input board Q251, 2, 3, 4,5, 6, 7,8,9,
or 60 (diagram C), B THRESHOLD control R909 (diagram C), RATIO button (diagram L), or format board 1C601 or Q609
(diagram D).
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5.5.8 CLOCK, TIME-BASE, AND DISPLAY

The step checks the clock board (or oscillator circuit and amplifier board in counters with the high-precision time-base option),
the time-base board, the register board, and the display circuit.

Control settings: A and BPOLARITY & ATTEN ....+100 DISPLAY TIME .... SINGLE MEASURE

(from previous step) A and B THRESHOLD .......... s RANGE........... 1
AandBACDC......ccuun e NG MEASUREMENT. ... RATIO
SEPARATE-COMMON .......... SEPARATE ROWER uoimsemaisimnn on

7. Set A and B POLARITY & ATTEN to TEST 10MHz, center A and B THRESHOLD, and set RANGE as indicated below
(after each RANGE change, push SET 0 button to initiate measurement); if indications are proper; proceed to next check.

RANGE 10 10? 10° 104 10° 10° 107 10°
Visual register 1.0 1.00 1.000 1.0000 | 1.00000 | 1.000000 | 1.000000 | .00000000
Measurement time 1us 10us 100us 1ms 10ms 100ms 1s 10s
(COUNTING lamp lit)

If COUNTING lamp fails to extinguish on all If COUNTING lamp fails to extinguish on all
of these ranges, trouble is time-base board of these ranges, trouble is time-base board
IC304 (diagram L). 1C309 (diagram L),

If COUNTING lamp fails to extinguish on all of these ranges, trouble is |
time-base board 1C306 (diagram L).

If COUNTING lamp fails to extinguish on one of the following ranges, trouble is time-base board

(diagram L):
IC304 or | 1C304 or I IC304 or | 1C304 or | IC309 orl IC308 0or] 1C309 or | 1C309 or
1C306 1C306 1C306 1C306 IC306 1C306 Q301 Q302

If most-significant digit is constant but too low, trouble is time-base board decade (diagram L) at
which improper digit first appears (e.g., if indication is 1, 1.0, .800, .8000, etc., trouble is IC303):
IC302 | 1C301 ] 1Ic303 1 1c305 | 1c3o7 | 1c3e8 | 1c3to0 | 1c311

If most-significant digit is constant but too high, trouble is register board decade (diagram E, F) at
which improper digit first appears (e.g., if indication is 1, 1.0, 1,00, 2.000, 2,0000, etc., trouble is
1IC117):

IC101or] 1IC109 | 1IC110 | 1C117 | IC118 | 1125 | 1C126 | I1C133
1C102

If one or two digits are improper, check levels to associated display circuit decoder (diagram E, E;
ATO51 thru AT982):

Decimal _ 0 _ _ 1 . _ 9 _ _
BCD 1 2 7 'EVI 1 2 4 Bvl 1 2 4 8
level 46V +5V 4BV +5V| OV 46V 4BV +5V|OV +6V 4BV OV
If levels to decoder are proper, trouble is display circuit decoder (diagram E, F) associated with im-

proper digit; if levels are improper, trouble is register board transfer or storage stages (diagram E, F)
associated with improper digit.

If COUNTING lamp fails to light on all RANGES, trouble is clock board (diagram J) or, in counters
with high-precision time-base option, oscillator circuit or amplifier board (diagram JA).
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559 FORMAT BOARD GATES

The step checks the remaining format board gates.

Control settings: Aand B POLARITY & ATTEN ... TEST 10MHz DISPLAY TIME ..., SINGLE MEASURE_
(from previous step) Aand B THRESHOLD .......... centered RANGE & v.vviins 108
Aand BAC-DE . .ivisuciiaveeing AC MEASUREMENT. ... RATIO
SEPARATE-COMMON .......... SEPARATE POWER ........... on

8. Push FREQUENCY button, set DISPLAY TIME to 1 SEC, and set RANGE to 107 ; if COUNTING lamp repetitively lights
for one second and extinguishes for one second and visual register displays 10000.000 kHz, *1 count, proceed to next check.

If digits are improper, trouble is format board IC601 or Q611 (diagram D).

9. Push PERIOD button; if COUNTING lamp repetitively lights for one second and extinguishes for one second and visual
register displays 100.0000 nSEC, * 1 count, proceed to next check.

I digits are improper, trouble is format board IC601 or Q602 (diagram D),

10. Push COUNT button and push STOP button. Push START button then, a second or two later, push STOP button; if
COUNTING lamp lights and visual register changes rapidly when START button is pushed and if COUNTING lamp extinguishes
and visual register displays some arbitrary number for one second then resets to zero after STOP button is pushed, proceed to

next check.
If display does not change, trouble is format board 1C601.

11, Push INTERVAL button, set A and B POLARITY & ATTEN to + 100, and set RANGE to 10°. Turn A THRESHOLD
back and forth through full range then, a second or two later, turn B THRESHOLD back and forth through full range; if

COUNTING lamp lights when A THRESHOLD is turned and if COUNTING lamp extinguishes and visual register displays
some arbitrary number after B THRESHOLD is turned, instrument is operating properly in all major respects.

If display does not change, trouble is format board 1C601, Q603, Q603, or Q606 (diagram D).
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5.6 CALIBRATION PROCEDURE
and Minimum Performance Standards

CAUTION: Turn off power before removing or replacing etched boards.

Diagram AJ. Additional information is contained in paragraphs 3.2 Operational Checks, 5.5 Troubleshooting Procedure, and
6.1 Signal Index.

5.6.1 PRELIMINARY

Introduction. This procedure can be used for calibration or for verification of minimum performance standards. In either case,
the steps must be performed in the order given and must pass before proceeding to the next step (unless noted otherwise) be-
cause each one serves as the foundation for the next. Defective boards may be repaired in your facility or sent to the nearest
General Radio Repair Center ‘see rear of book) for repair or replacement.

Calibration. The 1191 Counter incorporates the high reliability inherent in conservatively-designed solid-state digital circuitry
and routine calibrations are unnecessary except for clock calibration (paragraph 5.6.11).

Minimum Performance Standards (MPS). For incoming inspection or for other situations where it is desired simply to verify the
counters’ primary specifications and not to adjust, correct, or otherwise optimize the circuits or check such secondary charac-
teristics as power supply voltages, only the MPS steps (MPS1, MPS2, etc.) need be performed.

Equipment required. The specifications given are thaese necessary for the performance of the calibration procedure or minimum
performance standard and are not necessarily those of the suggested equipment.

Equipment Characteristics Suggested (GR equipment unless noted otherwise)
*Autotransformer .... Output: 100 to 125 Vac, 32W WSMT3VM, WEMT3A, WEMT3W, or WoMT3AW
Meter: * 3% accuracy Metered Variacg Autotransformer,
VOBEr v esesiams Range: 0.09 to 2560 Vdc, £2% 1806 Electronic Voltmeter,
accuracy
Impedance:  20,00082/V min
Oscilloscope ......... Bandwidth: 50MHz, dual trace Tektronix 453, or 544, 546, 547, or 556 with a 1A1
Sensitivity:  50mV/div including plug-in.
10X probe
Impedance:  10MS2 including 10X
probe
Pulse generator  ...... PRF: 1KHz, 20% accuracy 1398 Pulse Generator or 1217 Pulse Generator and 1201
Duration: 300ns to 200us, *20% or 1203 Power Supply.
accuracy
Amplitude:  200mV to 20V pk-pk
into TMQ2
Signal generator . ..... Frequency: 11to20MHz, £1% 1001 or 1003 Standard Signal Generator or 1205 Stand-
accuracy ard Sweep-Frequency Generator.
Amplitude: 10 to 20mV rms into
5002
Frequency synthesizer . Frequency: 4Hz to 10MHz, £1% 1163 Coherent Decade Frequency Synthesizer.
accuracy
Amplitude: 1V rms into 5082
Known frequency ... Frequency: 0.1,1,25,5, or 10MHz; 1115 Standard Frequency Oscillator,

< 5x 1071 stability
Amplitude:  20mV rms into 5082

Coaxial patchcord .... 3-foot, 5082, GR874 connector 874-R20A Coaxial Patch Cord, part number 0874-9680
Tee connectors (2) .... GR874 connectors 874-T Tee, part number 0874-9910
Adapter ........ ..... GR874 to BNC 874-QBPA Adaptor, part number 0874-9800
Termination ......... 5082, GR874 connector 874-W50B Resistive Termination, part number
0874-9954
Attenuator .......... 10X (20dB voltage), 5052, GR874 874-G20 Fixed Attenuator, part number 0874-9572
connectors
Testplug ........ .. Amphenol Type 57, 36-pin, Amphenol
part number 57-30360, GR part num-
ber 4220-3036, wired as shown, s
*Not necessary for minimum performance standards. =
aTokQ+ !os::-'- wOB
1 REFA LEADVIEW

19152
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5.6.2 POWER SUPPLY
This step checks the supply voltages from the fifteen-volt board and five-volt board in the power supply (diagram V).

Setup. Connect counter to autotransformer, set autotransformer for 115-V output, and set counter as follows:

Aand BPOLARITY & ATTEN.,,..+1 DISPLAY TIME ..... SINGLE MEASURE
Aand B THRESHOLD .......... centered RANGE ........... 1
AandBACDC .. viiecenvvanana DC MEASUREMENT ..., FREQUENCY
SEPARATE-COMMON .......... SEPARATE POWER ........... on
Procedure Indication
+ 15 volts. Connect voltmeter and scope to + 15V (S0501-5). + 15V must be + 15Vdc; if not, adjust R502.
Vary line voltage from 100 to 125V, + 15V must be + 14.85 to + 15,15Vdc. Ripple must not ex-

ceed 50mV pk-pk.

+ 5 volts. Set line voltage to 1156V and connect voltmeter and + BV must be + 5Vdc; if not, adjust R560.
scope to + 5V (S0550-13).

Vary line voltage from 100 to 125V, + 5V must be + 4,95 to + 5.05Vdc. Ripple must not exceed
50mV pk-pk.

-5.6 volts. Connect voltmeter and scope to -5,6V (S0550-5) -6.6V must be -5.3 to -5.9Vdc. Ripple must not exceed 50mV

and vary line voltage from 100 to 125V, pk-pk.

+ 250 volts. Connect voltmeter and scppe to + 250V + 250V must be + 210 to + 290Vdc, Ripple must not exceed

(S0550-15) and vary line voltage from 100 to 1256V, 200mV pk-pk,

Set line voltage to 115V and disconnect voltmeter and scope.
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MPS 1 5.6.3 INPUT ATTENTUATORS

This step checks the attenuator function of the A and B POLARITY & ATTEN controls (diagram C).

Control settings: Aand BPOLARITY & ATTEN.... +1 DISPLAY TIME ... .. SINGLE MEASURE
(from previous step) A and B THRESHOLD ......... centered RANGE........... 1
Acand B AG-DC v oo unasii-sisenas DC MEASUREMENT.. .. FREQUENCY
SEPARATE-COMMON ,........ SEPARATE POWER ........... on .

Setup. Set rear-panel STORAGE-DISABLE switch to STORAGE and TIME-BASE switch to INT. Set pulse generator for 1-KHz,

300-ns, positive pulses.
Procedure

A attenuator. Set A POLARITY & ATTEN to + 1. Connect
scope channel 1 to INPUT A connector behind panel and
connect channel 2 to ASIG (output of attenuator, S0920-1).
Connect pulse generator to INPUT A and set output for ex-
actly 200mV pk-pk (4 div on scope channel 1).

Set A POLARITY & ATTEN to-1.

Set A POLARITY & ATTEN to -10 and set generator amp-
litude for exactly 2V pk-pk (4 div on scope channel 1).

Set APOLARITY & ATTEN to + 10.

Set A POLARITY & ATTEN to + 100 and set generator
amplitude for exactly 20V pk-pk (4 div on scope channel 1),

{amplitude 3.6 to 4.4 div, overshoot < 0.3 div, noise < 0.5
div on scope channel 2).

Set A POLARITY & ATTEN to-100,

B attenuator. Set B POLARITY & ATTEN to + 100, Connect
scope channel 1 to INPUT B connector behind panel and
connect channel 2 to BSIG (output of attenuator, S0920-16),
Connect pulse generator to INPUT B and set output for ex-
actly 4V pk-pk (4 div on scope channel 1),

Set BPOLARITY & ATTEN to -100.

Set B POLARITY & ATTEN to -10 and set generator ampli-
tude for exactly 2V pk-pk (4 div on scope channel 1),
Set B POLARITY & ATTEN to + 10,

Set B POLARITY & ATTEN to + 1 and set generator ampli-
tude for exactly 200mV pk-pk (4 div on scope channel 1).

Set BPOLARITY & ATTEN to -1.

Disconnect scope and pulse generator.
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Indication

ASIG amplitude must be exactly 200mV with no overshoot
or undershoot (4 div on scope channel 2).

ASIG must be same as above,

ASIG amplitude must be 180 to 220mV and undershoot
must be less than 40mV (amplitude 3.6 to 4.4 div, under-
shoot <0.8 div on scope channel 2).

ASIG must be same as above.

ASIG amplitude must be 180 to 220 mV, overshoot must be
less than 60mV, and noise must be less than 50mV pk-pk
(amplitude 3.6 to 4.4 div, overshoot < 0.3 div, noise < 0.5
div on scope channel 2).

ASIG must be same as above.

BSIG amplitude must be 180 to 220mV, overshoot must be
less than 60mV, and noise must be less than 50mV pk-pk

(amplitude 3.6 to 4.4 div, overshoot <0.3 div, noise <0.5
div on scope channel 2),

BSIG must be same as above,

BSIG amplitude must be 180 to 220mV and undershoot must

be less than 40mV (amplitude 3.6 to 4.4 div, undershoot
<0.8 div on scope channel 2),

BSIG must be same as above,

BSIG amplitude must be exactly 200mV with no overshoot
or undershoot (4 div on scope channel 2).

BSIG must be same as above.



5.6.4 INPUT TRIGGER

This step checks the symmetrical trigger, output stage, and THRESHOLD voltages on the input board (diagram C). Sensitivity

is checked in paragraph 5.6.10.

Control settings:
(from previous step) A and B THRESHOLD .
Aand B AC-DC .......

SEPARATE-COMMON ..

Aand BPOLARITY & ATTEN.... —

N .. centered
veeens... DC
vesan... SEPARATE

DISPLAY TIME......
RANGE ..........:
MEASUREMENT .... FREQUENCY
POWER on

INGLE MEASURE
1

Setup. Turn off counter POWER, remove clock board J (or amplifier board JA in high-precision oscillator counters) and time-

base board L., Turn POWER on and set A and B

Procedure

A threshold. Turn A THRESHOLD fully cew
and connect voltmeter to AREF (S0920-6).

Turn A THRESHOLD fully cw.

B threshold. Turn B THRESHOLD fully ccw
and connect voltmeter to BREF (S0920-21).

Turn B THRESHOLD fully cw.

Disconnect voltmeter,

@ B channel. Terminate cable from standard
signal generator in 5082, connect it to
INPUT B, and set generator for 1-MHz,
10V rms at input to counter. Connect scope
to Q258 collector (on right-hand side of in-
put board).

@ Center B THRESHOLD.

Connect scope to BOUT (S0920-24),

Set BPOLARITY & ATTEN to + 1,
© A channel. Connect generator to INPUT A

and connect scope to Q208 collector (on
left-hand side of input board).

@Center A THRESHOLD.,

Connect scope to AOUT (S0920-9).

Set APOLARITY & ATTEN to + 1,

Disconnect standard signal generator and
scope. Turn POWER OFF, replace clock
board (or amplifier board) and time-base
board, and turn POWER on,

POLARITY & ATTEN to-1.

B2V

1191-5-3

30 ns 1191-55

BOUT must be same as above,

®s2V

55

EQUAL 19157

2TO3V

-

20 TO
30 ns 119158

AOUT must be same as above,

Indication

AREF must be -0.09 to -0.11Vdc.

AREF must be + 0.09 to + 0.11Vdc.

BREF must be -0.09 to -0.11Vdc.

BREF must be + 0.09 to + 0.11Vdc.

Rounding of corners must be equal; if not,
adjust Current R274 (lower potentiometer).
Use B THRESHOLD to maintain proper

triggering.

Counter must trigger; if it doesn’t, adjust
Balance R254 (upper potentiometer), R274
and R254 interact, repeat adjustments if
necessary.

BOUT must contain a minimum of spurious
oscillations and noise.

Rounding of corners must be equal; if not,
adjust Current R224 (lower potentiometer).
Use A THRESHOLD to maintain proper trig-

gering.

Counter must trigger; if it doesn’t, adjust
Balance R204 (upper potentiometer), R224
and R204 interact, repeat adjustments if
necessary.

AQOUT must contain a minimum of spurious
oscillations and noise.
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5.6.5 CLOCK OUTPUT

This step checks the clock board doubler output (diagram J) for room-temperature-oscillator counters or the amplifier board
amplifier output (diagram JA) for high-precision-oscillator counters. Frequency accuracy is checked in paragraph 5,6,11,

Control settings: A and BPOLARITY & ATTEN.... +1 _ DISPLAY TIME ..... SINGLE MEASURE
(from previous step) A and B THRESHOLD .......... centered RANGE s vswmeased
AandBACDC ....... ...cono... DC MEASUREMENT .. ..FREQUENCY
SEPARATE-COMMON ,......... SEPARATE POWER ........... on

Setup. Lock frequency synthesizer to a known frequency, connect synthesizer to rear-panel EXT DRIVE connector, and set
synthesizer for 10MHz, 1V rms. )
Procedure Indication

JECK must be maximum (8 to 10V pk-pk) with minimum dis-
tortion; if not, adjust L403,

Doubler or amplifier. Set rear-panel TIME-BASE switch to
EXT LOCK and connect scope to JECK (Q412 collector on
clock board or amplifier board).

OUT 10MHz. Connect scope to OCK (rear-panel OUT OCK must be =2V pk-pk.

10MHz connector).

Oscillator (room-temperature-oscillator counters only). Set ®LOCK OUT lamp must be extinguished; if not, adjust C410,
rear-panel TIME-BASE switch to INT, connect voltmeter to
VCFA (S0940-24), and set rear-panel FREQ ADJ to center

of voltage range then disconnect voltmeter,
Disconnect scope.
MPS 2 5.6.6 CLOCK PHASE LOCK

This step checks the clock board phase-lock stages (diagram J) for room-temperature-oscillator counters or the amplifier board
phase-lock stages (diagram JA) for high-precision-oscillator counters. Frequency accuracy is checked in paragraph 5.6.11,

Control settings: Aand B POLARITY & ATTEN,...+1 DISPLAY TIME ..... SINGLE MEASURE
(from previous step) A and B THRESHOLD .......... centered RAMGE anaavvwsn 1
AandBACDC ......covvvnvnnn DC MEASUREMENT . ... FREQUENCY
SEPARATE-COMMON .......... SEPARATE POWER ........... on

Setup. (for MPS procedure only, calibration procedure setup is same as previous paragraph, 5.6.5). Lock frequency synthesizer
to a known frequency, connect synthesizer to rear-panel EXT DRIVE connector, and set synthesizer for 10MHz, 1V rms,

Procedure Indication

Lock range. Set rear-panel TIME-BASE switch to EXT LOCK
and lower synthesizer frequency until $LOCK OUT lamp
lights; note frequency. Raise frequency, through point where
®LOCK OUT lamp extinguishes, to point where it again
lights; note frequency.

Disconnect frequency synthesizer and set TIME-BASE switch
to INT.
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Range between lower and upper frequency must be at least
200Hz fur room-temperature-oscillator and at least 20Hz for
high-precision oscillator.



5.6.7 REGISTER AND DISPLAY

This step checks the régister board decades, transfer gates, and storage stages (diagram E, F), the display circuit decoders and
readout tubes (diagram E, F), and the format board counting flip-flop and gate 1 (diagram D),

Control settings: A and B POLARITY & ATTEN....+1 DISPLAY TIME ....SINGLE MEASURE

(from previous step) Aand B THRESHOLD ......... centered BANGE . ivuiwvevus 1 -
AandBACDC ..........cvn.. DC MEASUREMENT . ... FREQUENCY
SEPARATE-COMMON .......... SEPARATE POWER .......... on

Setup. Connect frequency synthesizer to INPUT A and set synthesizer for = 4Hz and 1V rms (minimum), Connect voltmeter to
80UT spill (rear-panel PROGRAMMING INPUT socket, SO950-16).

Procedure

Set A POLARITY & ATTEN to+ 10 and push COUNT
button.

Push START button,

Push STOP button.
Push SET 9 button

Disconnect frequency synthesizer and voltmeter.

Indication

START-STOP lamp must light.

COUNTING lamp must light. Least-significant (right-hand)
digit must count (advance sequentially) and carry to the next
digit on the 9-0 transition (0,1, 2,3,4,5,6,7,8,9, 10, 11,
12, etc.). Each of the eight digits in the visual register must
count and carry properly, Increase synthesizer frequency, as
necessary, to speed count. BOUT must be O when most-
significant (left-hand) digitis O, 1, 2, 3,4, 5, 6, or 7 and

=~ + 5V when most-significant digit is 8 or 9,

COUNTING lamp must extinguish,

Visual register must display 999999999,
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MPS 3 5.6.8 PROGRAM AND TIME BASE

This step checks the program board display time generator (diagram H), the time-base board decades and range gate (diagram L),
and the format board timing flip-flop and gates 7 and 11 (diagram D).

Control settings: A POLARITY & ATTEN ., ., +10 DISPLAY TIME ..... SINGLE MEASURE
(from previous step) B POLARITY & ATTEN.... +1 RANGE ........... 1
A and B THRESHOLD ..... Centered MEASUREMENT. ... COUNT
Aand BAC-DC ,......... DC POWER ..covieazanins on
SEPARATE-COMMON ..... SEPARATE

Setup. Set A POLARITY & ATTEN to TEST 10MHz and connect scope to PGT print command (rear-panel DATA OUT socket,
S0901-24 on counters with data output option or to £21 signal, S0960-17 on counters without data output option).

Procedure Indication

Time base. Set RANGE as follows and push SET 0 button for Visual register must display (within £ 1 count):
each new measurement:

10 00000010 MHz
102 0000010.0 MHz
10° 000010.00 MHz
104 : 00010.000 MHz
10° 0010000.0 kHz
108 010000.00 kHz
107 10000.000 kHz
108 0000000.0 Hz
Set RANGE to 10 and ground SDIS storage disable (rear- Visual register must show counts accumulating during meas-
panel PROGRAMMING INPUT socket, S0950-12), urement (storage disabled).
Remove ground. Sk B
Display time. Push FREQUENCY button and set DISPLAY OTO+05V ] I.I- PGT (or F21) must be as
TIME and RANGE as follows: T shown,
DISPLAY
TIME 1191.5%
DISPLAY TIME RANGE Display time must be as follows:
100us 103 80 to 120us
=L 103 0.8 to 1.2ms
— 103 8 to 12ms
= 102 40 to 60ms
100ms 106 80 to 120ms
— 106 160 to 240ms
— 106 400 to 600ms
1SEC 106 0.81t0 1.2s
- 106 1.6 to 2.4s
— 106 4 to 6s
10SEC 106 Bto12s
Print commands. (PGT checked above.) Set DISPLAY TIME  , og o+5y—3110m PRT+ must be as shown.
to 100ms, set RANGE to 10, and connect scope to PRT + 070 +0.8V. = I "
printcommand (rear-panel DATA QUT socket, S0901-23 on e —
counters with data-output option). 191-5-10
-
Connect scope to PRT print command (rear-panel PRO- +4.9 TO +8y_ J0O0m PRT must be as shown,
GRAMMING INPUT socket, S0950-34). 0710 +o‘5v.r
r—10ms
1191-5-11
Connect scope to SO+ print command (rear-panel PRO- 40 TO +8V 100 ms SO+ must be as shown,
GRAMMING INPUT socket, S0950-17). ' :r
0TO +05v.d|
. - |- M90us
Disconnect scope. 191.5.12
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MPS 4 5.6.9 FORMAT

This step checks the format board remaining gates (diagram D),

Control settings: A POLARITY & ATTEN, ... TEST 10MHz DISPLAY TIME ......... 100ms

(from previous step) B POLARITY & ATTEN.... +1 RANGE .....ccvvnienrnaes 10%
A and B THRESHOLD .,... centered MEASUREMENT ........ . FREQUENCY
Aand BAC-DC .......... DC POWER: .uazaevaass s on
SEPARATE-COMMON ..... SEPARATE

Satup. Set A POLARITY & ATTEN to + 1, DISPLAY TIME to SINGLE MEASURE, and RANGE to 1.

Procedure Indication

Period. Push PERIOD button, push SET 0 button, and COUNTING lamp must light,

turn A THRESHOLD back and forth through full range.

Interval. Push INTERVAL button, push SET 0 button, and COUNTING lamp must light.

turn ATHRESHOLD back and forth through full range.

Ratio. Push RATIO button, push SET O button, and turn B COUNTING lamp must light.

THRESHOLD back and forth through full range.

MPS 5 5.6.10 INPUT SENSITIVITY

This step checks the input board A and B channel sensitivity {diagram D).

Control settings: Aand B POLARITY & ATTEN ..., +1 DISPLAY TIME . ... SINGLE MEASURE

(from previous step) A and B THRESHOLD ......... centered RANGE ......... 1
AandBACDC .........cocvn.. DC MEASUREMENT ., ... RATIO
SEPARATE-COMMON . ......... SEPARATE POWER cvomowrrsne on

Setup. Connect a tee-connector to output of standard signal generator. Terminate a cable from tee connector in 5082 and con-
nect it to INPUT A, Terminate a second cable from tee connector with 2 X10, 50-8 attenuatorand connect it to INPUT 8, Set
DISPLAY TIME to 100us, set RANGE to 10% , and push FREQUENCY button,

Procedure Indication

A channel. Set generator for 20MHz, 10mV rms at INPUT A Visual register must display generator frequency

and set A THRESHOLD to obtain a measurement, (0020000.0kHz) *1 count.

B channel. Set generator for 10MHz, 10mV rms at INPUT B, Visual register must display generator frequency
push RATIO button, and set B THRESHOLD to obtain a (001.00000) %1 count.

measurement,

Disconnect standard signal generator,
MSP 6 5.6.11 CLOCK FREQUENCY

This step checks the clock board oscillator accuracy (diagram J) for room-temperature-oscillator counters or the oscillator cir-
cuit accuracy (no diagram) for high-precision-oscillator counters.

Control settings: Aand B POLARITY & ATTEN ..., +1 DISPLAY TIME . ... .... 100us

(from previous step) A and B THRESHOLD ......... centered RANGE ....vvvvunnnnns 105
AandBACDC .........eenns. DC MEASUREMENT......... FREQUENCY
SEPARATE-COMMON .,........ SEPARATE POWER ....vvvvvvnnnn. on

Setup, Lock frequency synthesizer to a known frequency, connect synthesizer to INPUT A, and set synthesizer for 10MHz,
1V rms. Set DISPLAY TIME to 1SEC and RANGE to 108 ,

Procedure Indication

Frequency. Set A THRESHOLD to obtain a measurement, Visual register must display 1 (spill) 0000000.0 Hz; if it
doesn’t, adjust rear-panel FREQ ADJ R950 until it does,

Disconnect frequency synthesizer.
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MPS 7 5.6.12 EXTERNAL PROGRAMMING

This step checks the ability of the counter to be externally programmed and is primarily a check of the wiring to the rear-panel
PROGRAMMING INPUT socket, S0950, 80UT was checked in paragraph 5.6.7, and SDIS and PRT were checked in paragraph
5.6.8.

Control settings: Aand B POLARITY & ATTEN . ... +1 DISPLAY TIME ......... 1SEC

(from previous step) A and B THRESHOLD ......... centered RANGE........covnvune 108
AandBACDC ............... DC MEASUREMENT ........ FREQUENCY
SEPARATE-COMMON .......... SEPARATE POWER ....ccivvennnnnn on

Setup. Connect test plug (see paragraph 5.6.1) to rear-panel PROGRAMMING INPUT socket,
Set DISPLAY TIME to SINGLE MEASURE and RANGE to 106 .
+8V BOUT  SDIS PER REFB POA TBE TB2

S0+|F20 |DCI | R |STO|POB |TB8 |TB4 | TBO
L il

1 1 1 ALK 1 1 == '!'
\l!-flﬁ:!l!l!lzlllcssrf«%lsz{/
[ss{s;{yqss'[sz]\r]w]?alzn]zr]zs]?-lz«t!z!]u[e-|zo]|9|

NNADERRRRNRE

+i5V|-88V|DC2| C |RPS|REFA|NOA | TB3|TBI
GND PRT DRES TI STA NOB TBT TB3

PIN VIEW 1191513
Procedure Indication

Measurement. Ground pins on PROGRAMMING INPUT The following symbols must light:

socket as follows (push SET 0 button for each new measure-

ment):
No ground. 000000.00 kHz

nSEC
Ground PER period (S0950-10). 000000.00 kHz
SEC

Ground Tl interval (S0950-28). 00000000 kHz
Ground C  count (S0950-29, keep ground connected)., 000000,00 START/STOP kHz
Ground STA start (S0950-26). COUNTING lamp must light,
Ground STO stop (S0950-9). COUNTING lamp must extinguish,
Push SET 9 button, 999999.99 START/STOP kHz
Connect RPB set zero (S0950-27) to + 5V (S0950-18). 000000.00 START/STOP kHz

Disconnect S08950-29 from ground and disconnect S0950-27 from S0950-18).

Range. Ground R ratio (S0950-11, keep ground connected), Visual register must display 00000010MHz = 1 count

set RANGE to 10, set A and B POLARITY & ATTEN to

TEST 10MHz, push SET 0 button, and set A and B

THRESHOLD to obtain a measurement.

Set RANGE to EXT PROG and ground pins on PROGRAM- Visual register must display (within % 1 count):

MING INPUT socket as follows (push SET O button for each
new measurement):

516 TYPE 1191 COUNTER



Ground TBOrange 1 (S0950-1)
Ground TB1 range 10 (S0950-19)
Ground TB2 range 10? (S0950-2)
Ground TB3 range 10° (S0950-20)
Ground TB4 range 10* (S0950-3)

Ground TBS range 10° (S0950-21)
Ground TB6 range 10¢ (S0950-4)
Ground TB7 range 107 (S0950-22)
Ground TB8 range 10® (S0950-5)

Display time. Set RANGE to 107 and ground pins on PRO-
GRAMMING INPUT socket as follows:

Ground DC2 0.1-¢F capacitor (S0950-31).

Ground DC1 10-uF capacitor (S0950-13).

Disconnect S0950-11 from ground.

Input Control. Push INTERVAL button, set A POLARITY &
ATTEN to + 1, BPOLARITY & ATTEN to-1, SEPARATE-
COMMON to COMMON, and RANGE to 10. Set pulse gen-
erator for 1-kHz, 200-us, positive pulses, connect it to
INPUT A, and set A and B THRESHOLD to obtain a meas-
urement.

Set A and B POLARITY to EXT PROG. Ground POA posi-
tive A (S0950-6) and NOB negative B (S0950-24).

Ground NOA negative A (S0950-23) and POB positive B
(S0950-7).

Disconnect pulse generator and test plug.

00000001 EXT PRO
00000010 EXT PRO
00000100 EXT PRO
00001000 EXT PRO
00010000 EXT PRO

00100000 EXT PRO
01000000 EXT PRO

10000000 EXT PRQO
00000000 EXT PRO

COUNTING lamp must repetitively light for 1s and extinguish
briefly { = 50ms).

COUNTING lamig must repetitively light for 1s and extinguish
for = 3 or 4s,

Visual register must display =~ 00000200us.

Visual register must display same as above.

Visual register must display =~ 00000800us.
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MPS 8 5.6.13 DATA OUTPUT (data output counters only)

This step checks the availability of the measurement data and is primarily a check of the buffer circuit (diagram G) and the wir-
ing to the rear-panel DATA OUT socket on counters with the data out option, PGT and PRT were checked in paragraph 5.6.8.

Control settings: A and BPOLARITY & ATTEN.... EXT PROG DISPLAY e ewidnse SINGLE MEASURE
(from previous step) A and B THRESHOLD ......... — RANGE........... 10
AandBACDC ........onnunn. DC MEASUREMENT. ... INTERVAL
SEPARATE-COMMON .......... COMMON PDWER i uuvivi e on

Note. This procedure uses a voltmeter to measure the data out, If a printer, compatible with the 1191, is available, a quicker and
simpler method to check the data out is to connect the printer to the DATA OUT socket and observe the data directly in deci-
mal form on the printer,

Procedure Indication
Zero. Push COUNT button PaT oéz pfz oee oSz odz o3z p22 viz All bits OV,
and SET 0 button. Connect Hl.w PT‘r 1y oei OTI Df D?l o?l D3I OTI DIl
| [

Itmeter to each data line 1 1 T 1 T : 1 1 1 1
‘;81 T?h?; 0088]. \[zs[zq[z:]zz]z-]zu{m]w]nr]-s]m{u uinz{ulm] s[e7Te]«a3]2]" /
@[nlaquﬂql 6| 4*'414 s[alzla |quoias su_[sr':{s'su[ul:ls.'!'z{sl [30]29[28]27[26]

AREEERAREEN N
BND D84 D74 /D64 (D54 (D44 | D34 | D24|DI4
Rt S el el Yl b ot
+i5v D88 D78 D68 D58 D48 D38 D28 DIO
PIN VIEW © o o © © © o6 o
1191-5-14
Nine. Push SET 9 button. PeT noz n'rz oc 0S8 D42 032 DSR2 OI2 All 1 and 8 bits + 5V and all
Connect voltmeter to each +sv|eRT o8 |o7i o6l '0%i [o4 |o% |0kt |oit 2 and 4 bits OV.
data line (D11 thru D88). NN ERE L iy
\[zs]za[z."]zzk-|zo!u9|us]:r|rs]|5]m{: ‘l"}."l"’l’lﬂ |6]=[a]3]2]]
|3¢[4s]ael4 7[ae] as[aa]a3[a2]a1]40{30]30]37[36]35[34]33]32]3: [30]25[z8]27]2¢]
AL ) 1 i 1 4 I Ll | 1 Ll
N EERRREAREARRANARN
aND 9'4 D74 |DE4 D54 (D44 034 Dﬂ 0!‘
+15V m ore nu'nso’o« o3e *02s°ols °
PIN VIEW +5 +6 45 48
1191.5-15
Seven.* Set visual register to 45 48 48 48 48 48 s 48 All 1, 2, and 4 bits + 5V and
seven and connect voltmeter ivid 0oL PTE oL 005 DAL P22 Pt DIz, all 8 bits OV.
. h li D11 th +6V|PRT D.I U?I (1 ]] J D4I D’! tl on
to each data line | thru HEEEENEN 1 i | [ !_ NN
DBBI. 1 1 # ) L 1 17 1 1
\[z?ﬁ4 u]zz]zu]zo]mpa].rf|s|:s]u{r3]12}n|m] sle]7 [ s {4[:[2[.‘[/
[sc[as]aea 7[a6] as[aa]a3]a2]s n]4o]ss]:u‘sr]3€[35]sa]a!i az] 3 Iloi:s{zc[zvlzb[
Al i | L 1 T I | I I I v
IEEENEERERERE l | I
@ND D:‘qll":l D“TDS4| D44|D34:D24/ D14
wdBL. n? i i"ui"bs"nsf“bu
1191.5-16

*To set visual register to seven either (1) Connect a synthesizer to INPUT A and set synthesizer to 07, 777, 777. Set RANGE

to 107 , push FREQUENCY button, and set A THRESHOLD to obtain a measurement. This method checks all except the last
(8th) decade buffer. Or (2) use the sequential counting mode; i.e., Set the rear-panel STORAGE-DISABLE switch to DISABLE,
set the A and B POLARITY & ATTEN switches to + 100, and push the INTERVAL button, To start the action, turn the A

THRESHOLD control back and forth through its full range. Use the RANGE control to set the count rate. To stop the action
after a count of 77777777, turn the B THRESHOLD control back and forth through its full range.
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6.1 SIGNAL INDEX

Signal Description **Characteristics Disgram Principles
*Coanections fsource in parenthesis)

AOUT A channel output S0920-9, S0960-1 P, +200mV, + 3.5V, 26ns, —, 100ns. See 5.6.4. (C),D (4.2.3),4.11

AREF A channel threshold S908-202F, S0920-6 DC, OV. See 5.6.4. (C) (4.2.2)

ASIG A channel attenuator output S908-209F-R, S0920-1 AC, 300mV pk-pk, 10MHz. See 5.6.3 {C) (4.21)422

BoUT B channel output S0920-24, S0960-11 P, +200mV, + 3.5V, 25ns, —, 100ns, See 5.6.4. (C).D (4.2.3)4.11

BREF B channel threshold S909-202F, S0920-21 DC, 0V. See 5,6.4. (C) (4.2.2)

BSIG B channel attenuator output S309-209-F-R, S0920-16  AC, 300mV pk-pk, 10MHz. See 5.6.3. (C) (4.2.1)4.2.2

c Count program P904, S0950-29, S0960-7, S0970-5 DC, + 8.5V with 2-V pk-pk 120-Hz ripple. See 2.6.2, (L),D (4.11.1),4.10.1

5.6.12.

cL Clear storage S0911-5, S0970-3 P, + 5V, -5V, 60ns, 100ns, 600ns. (H),E, F (4.10,1),4.7.2

LK 10-MHz clock to timing and winding gates S0930-11,  SW, + 200mV, + 2,6V, 16ns, 15ns, 100ns. (JorJA),D (4.3.1).4.11
$0940-12, S0960-5

N Count program, isolated (D) (4.11.1)

pc1 Display time program 10uF capacitor $907-108F, See 2.6.4,5.6.12, (H) (4,10.2)
S0950-13, S0970-7

pc2 Display time program 0.1-u4F capacitor S907-104F, DC,0V. See 2,6.4,5.6.12, (H) (4.10.2)
S0950-31, S0970-8

DRES Display time program resistor S907-101R, S0950-30,  DC, OV. See 2.6.4, 5.6.1. (H) (4.10.2)
S0970-9

on 1st digit 1-bit buffered AT882, S0901-1 DC, 0V, See 2.5.2,5.6.13. (G) (4.9.1)

D12 1st digit 2-bit buffered AT881, S0901-2 DC, 0V. See 2.5.2, 5.6.13. (G) (4.9.1)

D14 1st digit 4-bit buffered AT880, S0901-26 DC, 0V. See 2,5.2,5,6.13. IG) {4.9.1)

D18 1st digit B-bit buffered AT879, S0901-27 DC, OV, See 2,5.2,5.6.13, (G) (4.9.1)

b1 2nd digit 1-bit buffered AT874, S0901-3 DC, + 5V. See 2,5.2, 5.6.13. (G) (4.9.1)

D22 2nd digit 2-bit buffered AT877, S0801-4 DC, OV, See 2,56.2,5.6.13, (G) (4.9.1)

D24 2nd digit 4-bit buffered AT876, S0901-28 DC, 0V, See 2,5.2,5.,6.13. (G) (4.9.1)

D28 2nd digit 8-bit buffered AT875, S0901-29 DC, 0V, See 2,5.2,5.6.13. (G) (4.9.1)

o 3rd digit 1-bit buffered AT874, S0301-5 DC, 0V, See 2,5,2,5.6.13, (G) (49.1)

D32 3rd digit 2-bit buffered AT873, S0901-6 DC, 0V, See 2.5.2,5.6.13. (G) 14.9.1)

D34 3rd digit 4-bit buffered AT872, S0901-30 DC, OV. See 2,5.2, 5.6.13. (G) (4.9.1)

D38 3rd digit 8-bit buffered AT871, S0901-31 DC,0V. See 2.5.2,5.6.13. (G) (4.9.1)

D41 4th digit 1-bit buffered AT870, S0801-7 DC, OV. See 2.5.2, 5.6.13. (G) (4.9.1)

D42 4th digit 2-bit buffered AT869, S0801-8 DC,0V. See 2.5.2,5.6.13. (G) (4.9.1)

D44 4th digit 4-bit buffered AT868, S0801-32 DC, 0V, See 2.5.2,5.6.13. (G) (4.9.1)

D48 4th digit B-bit buffered AT867, S0901-33 DC, OV. See 2,6.2,5.6.13. (G) (4.9.1)

DB1 5th digit 1-bit buffered AT866, S0901-9 DC, 0V, See 2.5.2, 5.6.13. (G) (4.9.1)

D62 5th digit 2-bit buffered ATBE5, S0901-10 DC, 0V, See 26,2, 5.6.13. (G) (49.1)

D54 5th digit 4-bit buffered AT864, S0901-34 DC, 0V, See 2,62, 5.6.13. (G) (4.9.1)

D58 5th digit 8-bit buffered ATB63, S0901-35 DC, 0V, See 2.5.2,5.6.13. (G) (4.9.1)

D61 6th digit 1-bit buffered ATB62, S0901-11 DC, 0V. See 2.5.2, 5.6.13. (G) (4.9.1)

D62 6th digit 2-bit buffered AT861, S0901-12 DC,0V. See 2.5.2,5.6.13. {G) (4.9.1)
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Signal

D71
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6.1 SIGNAL INDEX (cont)

Description
*Connections

6th digit 4-bit buffered ATB60, S0901-36
6th digit 8-bit buffered AT859, S0901-37
7th digit 1-bit buffered ATB58, S0901-13
7th digit 2-bit buffered AT857, S0901-14
7th digit 4-bit buffered AT856, S0901-38

7th digit 8-bit buffered AT855, S0901-39
8th digit 1-bit buffered AT854, S0901-156
8th digit 2-bit buffered AT853, S0901-16
8th digit 4-bit buffered AT852, S0901-40
8th digit 8-bit buffered AT851, S0901-41

1st digit 1-bit complement ATB32, AT982, S0910-16
1st digit 2-bit complement AT8B31, AT981, S0910-15
1st digit 4-bit complement ATB30, AT980, S0910-14

1st digit 8-bit complement ATB29, AT979, S0910-13
2nd digit 1-bit complement ATB28, AT978, S0910-2
2nd digit 2-bit complement AT827, AT977,5S0910-11
2nd digit 4-bit complement AT826, AT976, S0910-1C
2nd digit 8-bit complement AT825, AT975, S0910-9

3rd digit 1-bit complement AT824, AT974, 50910-8
3rd digit 2-bit complement AT823, AT973, S0910-7
3rd digit 4-bit complement ATB22, AT972, S0810-6
3rd digit 8-bit complement AT821, AT971, 50910-5
4th digit 1-bit complement

4th digit 2-bit complement
4th digit 4-bit complement
4th digit 8-bit complement
5th digit 1-bit complement
5th digit 2-bit complement

5th digit 4-bit complement
5th digit 8-bit complement
6th digit 1-bit complement
6th digit 2-bit complement
6th digit 4-bit complement

6th digit B-bit complement

7th digit 1-bit complement AT808, AT958, S0911-16
7th digit 2-bit complement AT807, AT957,S0911-15
7th digit 4-bit complement ATB06, AT956, S0811-14
7th digit 8-bit complement AT805, AT955, S0911-13

8th digit 1-bit complement AT804, AT954, S0911-12
8th digit 2-bit complement AT803, AT953, S0911-11
8th digit 4-bit complement ATB02, AT952, S0911-10
8th digit 8-bit complement ATB01, AT951, S0911-9
Counting gate control complement S0960-21

Counting gate control complement S0860-17,
S0970-1

Timing gate control complement S0960-20,
50970-22

Timing gate control

Counting pulses S0910-22, S0960-3

TYPE 1191 COUNTER

**Characteristics

DC, 0V, See 2.5.2, 5.6.13.
DC,0V, See 2.5.2,5,6.13
DC, 0V, See 2.5.2, 5.6.13.
DC, 0V, See 2.5.2,5,6.13.
DC, 0V, See 2,5.2,5,6.13.

DC, 0V, See 2.5.2,5.6.13.
DC, 0OV, See 2.5.2, 5.6.13.
DC, 0V, See 2.5.2, 5.6.13.
DC, 0V. See 2.5.2,5.6.13.
DC, OV. See 2.5.2,5.6.13.

DC, + 5V,
DC,+ 5V,
DC, + 5V.

DC, + 5V,
DC, ov.

DC, + 5V,
DC,+5V.
DC.+ 5V,

DC, +5V.
DC,+5V.
DC, + 5V,
DC, + 5V,
DC, + 5V.

DC,+5V.
DC, + 5V.
DC,+ 5V,
DC, +5V.
DC, + 5V,

DC, +5V.
DC, + &V,
DC, + 5V.
DC, + 5V,
DC, + 5V.

DC, + 5V,
DC, +5V.
DC, + 5V,
DC, + 5V.
DC,+ 5V,

DC, + 5V,

DC,+ 5V.

DC, + 5V,

DC, + 5V,

P, + &V, -5V, 10ns, 40ns, 1.2us, with 500mV pk-pk
10-MHz noise,

P,+200mV, + 4,5V _50ns, 10ns, 1,2us with 500mV
pk-pk 10-MHz noise,

P, + 5V, -5V, 12ns, 50ns, 1.2us with 200mV pk-pk
10-MHz noise.

P,+200mV, + 4,5V, 75ns, 1Qns, 1,2us with 200mY
pk-pk 10-MHz noise

PT, + BV, -6V, 6ns, 20ns, 30ns, train of 11

Disgram

Principles

(source in parenthesis)

(G)
(G)
(G)
(G)
(G)

(G)
G)
iG)
(G)
(G)

(E,F)
(E, F)
(E, F)

(E, F)

(E, F}
(E,F)
(E, F)

(E.F)
(E.F)
(E,F)
(E.F)
(E, F)

(E, F)
(E, F)
(E.F)
(E. F)
(E. F)

(E.F)
E.F)
(E. F)
(E.F)
(E, F)

(E,F)
(E, F)
(E, F)
(E, F)
(D)

(D)

(D). H

(D), H

(D) E.F

(4.9.1)
(4.9.1)
(49.1)
(4.9.1)
4.9.1)

(49.1)
(4.9.1)
(49.1)
(4.9.1)
(4.9.1)

(4.7.2) 4.8.1, 491
(4.7.2)4.8.1,49.1
(4.7.2),4.8.1,49.1

14,7.2),4.8.1,48.1
(4.7.2),4.8.1,49.1
4.7.2),4.8.1,49.1
(4.7.2),4.8.1,49.1

(4.7.2),4.81,49.1
(4.7.2),4.8.1,49.1
(4.7.2),4.8.1,49.1
(4.7.2) 481,491
(4.7.2),4.81,48.1

(4.7.2),4.8.1,49.1

(4.7.2),48.1,49.
(4.7.2),48.1,49.1
(4.7.2),4.8.1,49.1

(4.7.2),4.8.1,49.
14.7.2),4.8.1,49.1
(4.7.2),4.8.1,49.1
(4.7.2),48.1,49.1
(4.7.2),4.8.1,49.1

(4.7.2),4.8.1,49.1
(4.7.2) 481,491
(4.7.2),4.8.1,49.1
(4.7.2),4.8.1,49.1
(4.7.2),48.1,48.1

(4.7.2),4.8.1,48.
(4.7.2),4.8.1,49.1
(4.7.2),4.8.1,49.1
(4.7.2),4.8.1,4.9.1
(4.11.3),41

{4.11.3)
(4.11.2).4.10.2
4.11.2)49.1,
4.10.1,4.10.2411

(4.11.3),4.7.1,
411
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NOA
NOB

NOUT

ouT

PERN .

PERP
PGT

PHCV

PLMN

6.1 SIGNAL INDEX (cont)

Description
*Connections

Counting lamp drive P905, S0960-24

Chassis ground, AT850, AT901, AT903, C502 case,
$904-C, S908 ground lug, S0901-50, S0910-3,
S0911-6-8, 50920-2-10-11-15-17, S0930-3-5,
50940-5-13-21, S0950-36, S0960-2-15, S0970-17
Clock oscillator ground AT910, S0940-23

Clock 10-MHz to detector

Clock 10-MHz amplifier output

Clock sample signal

Clock interogate puls

1st digit decimal point S902-102F

2nd digit decimal point S902-103F
3rd digit decimal point S902-104F
4th digit decimal point $902-109F

5th digit decimal point S802-106F
6th digit decimal point S902-107F
7th digit decimal point S802-108F
8th digit decimal point $902-109F
Timing pulses S0930-4, S0960-6

A channel negative slope program S908-112F,
S0920-7, S0950-6

B channel negative slope program S909-112R,
50920-22, S0950-7

Timing pulses scaled S0930-6, S0960-4

10-MHz clock to external jack AT904, J952,
S0940-15
Register spill S0911-3

Period program P02, S0950-10, S0960-9

Period program buffered

Period program complement

Timing gate control buffered complement AT885,
S0901-24

Phase-lockfrequency control $952-1, S0940-8

Phase-lock-out lamp drive AT983, S0940-10
A channel positive slope program S908-111F,

*“Characteristics

P,+9.5V,-9,6V, —, —, 1.25us with 2V pk-pk 120-Hz
ripple.

AC, + 13V, 4V pk-pk, 10-MHz
AC, + 3V, 6V pk-pk, 10-MHz, See 5.6.5.
P,+ 200mV,+ 2 to + 3V, —, —, 100ns,

P,+8V,+6V,—,—, 100ns.
DC,+ 13V.
DC,+ 13V.
DC,+13V.
DC,+ 13V.

DC,+ 13V,
DC,+13V.
DC,+13V.
DC,+13V.
P, + 5V, -6V, 50ns, 5ns, 60ns.

DC, + 1.8V, See 2.6.5, 5.6.12.

DC, + 1.8V. See 2.6.5, 5.6.12.

DP, + 5.2V, 4.8V, —, —, 1.8us; 800-ns interval;
+5.2V, 4,8V, —, —, 200ns

SW, 0V,11.25V, 15ns, 10ns, 100ns. See 5.6.5.
DC,0Vv.

DC,+ 3.8V. See 2.6,2,5.6.12

DC,+5V.

DC, + 200mV.

P, + 5V, 4.8V, Tns, 250ns, 1.3us. See 2.5.3, 5.6.8.
DC,+3to+4V.

DC, + 13V with 4 to 10V pk-pk 120-Hz ripple.
DC, OV, See 2.6.5, 5.6.12.

* Com Ve
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Disgram Principles
(source in parenthesis)
(D) (4.11.3)
C,D,E,F,G
H,1,J,JA L
v
()
(W)}
() (4.3.1)
(Jor JA) (4.3.2)
{J or JA) (4.3.2)
(L) (4.6.3),4.8.1
(8] {4.6.3) 4.8.1
(L) (4.6.3),4.8.1
L) (4.6.3),4.8.1
L) (4.6.3).4.8.1
(L (4.6.3),4.8.1
(L) (4.6.3),4.8.1
L (4.6.3),4.8.1
(D), L (4.11.2)4.6.1,
4.11

(c) (4.2.3)
(C) (4.2.3)
(L),D (4.6.2),4.11
{J or JA) (4.3.1)
(E, F)
(L,D {4.6.3)
(D) (4.11.1)
(D) (4.11.1)
(G) (4.9.1)
{J or JA) (4.3.2)
{J or JA) (4.3.2)
{C) 14.3.2)
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Signal

PRT
PRT+

REFA
REFB
RN
RP

RPB
sDIs

STA
sTO

SO+

TBL
TBO

TBOP
81
TB2
B3
TB4

TB5
186
TB7

TB8
T
TIN
TIP
TST

TXR
VCFA
+5V

5.6V
80uUT

+15v

+ 260V

6.1 SIGNAL INDEX (cont)

Description
*Connections

$0920-3, S0950-23

B channel positive slope program S0908-111R,
S0920-18, S0950-24

Print command buffered AT886, S08901-23
Print command AT836, S0950-34, S0970-23

Ratio program S901D-6, S0950-11, S0960-14

A channel external threshold S909-108F, S0950-25
B channel external threshold S909-109F, S0950-8
Ratio program isolated

Ratio program complement

Set zero S902-302R, SB05-NC, S906-NC, S0940-6,
S0950-27, S0970-20

Storage disable $S951-1, S0950-12, S0970-4
Time-base detector output isolated S0940-11

Start S903-NO, S0950-26, S0960-23

Stop S904-NO, 509509, SO960-19

Set S0911-1, S0930-1, S0950-17, SO0960-16, S0970-21
Reset

Set nine S906-NC, S0911-2

Set 9 complement S906-NO, $S0910-18

Time-base external drive J951, S0940-2

Range 1 program $902-302F, S0950-1, S0960-13

Range 1 program complement

Range 10 program S$902-303F, S0930-13, S0950-19
Range 10? program S902-304-F, S0930-15, S0950-2
Range 10? program $802-305F , S0930-16, S0950-20
Range 10* program S902-306F , S0930-14, S0950-3

Range 10 program $902-307F, S0930-17, S0950-21
Range 10¢ program S902-308F, S0930-18, S0950-4
Range 107 program S902-309F, S0930-19, S0950-22

Range 10® program $902-310F, S0930-21, S0950-5
Interval program P901, S0950-28, S0960-10
Interval program buffered

Interval program complement

10-MHz test clock to input channels S908-111F,
50940-14

Transfer to storage S0911-4, S0970-6

Oscillator frequency control $952-2, S0940-24
Supply voltage ATVCC, AT+ 5, AT800, S908-109F,
S0550-13, S0551-13, S0901-25, S0910-17,
$0920-8-23, S0930-2, S0950-18, S0960-22,
S0970-2

Supply voltage S0909-102F, S0550-5, S0920-5-20
Register spill isolated S0911-7, S0851-16

Supply voltage AT501, S907-109F, S0501-5-10,
S$0920-4-19, S0940-1, S0950-35, S0970-24
Supply voltage

66 TYPE 1191 COUNTER

**Characteristics

DC, 0V, See 2.6.5, 5.6.12.

P, 0OV, + 5V, —, —,900ns. See 2.5.3, 5.6.8.
P,+5V,-5V, —, —, 900ns. See 2.5.3, 5.6.8.

DC, + 1.8V with BOOmV pk-pk noise, See 2.6.2,
5.6.12.

DC, open, See 2.6.5.

DC, open, See 2.6.5.

DC, + 1.8V with 200mV pk-pk noise,

DC, OV with 100mV pk-pk noise,

DC, ov.

DC,ov.

P, OV, 200 to 300mV.
DC, + 5V,

DC, + 5V.

P, OV, + 5.5V, 600ns, 20ns, 1.6us. See 2.5.3, 5.6.8.

P, + 5V, -5V, 15ns, 400ns, 1us,
DC,
DbC,
SW,
DC,

DC,
DC,
DC.
oC,
DC,

DC,
DC,
DC,

DC,
DC,
DC.
DC,

AC

ov.

+ BY with 600mV pulse at measurement rate
0V 1,25V, 15ns, 10ns, 100ns.

+ 2V, See 2.6.3,5.6.12,

ov.

0V, See 2.6.3, 5.6.12.
+ 2V, See 2.6.3,5.6.12
+2V.See 2.6.3,5.6.12.
+2V.See 2.6.3,5.6.12.

+ 2V, See 2.6.3,5.6.12.
+ 2V, See 2.6.3,5.6.12.
+ 2V, See 2.6.3,5.6.12.

+ 2V, See 2.6.3,5.6.12.
+ 8.5V, See 2.6.2,5.6.12.
+ 5V,

+ 200mV,

300mV pk-pk 10MHz

P, + 200mV, + 4V, 500ns, 200ns, B0Ons.

DC, + 5V with 200mV pk-pk noise. See 5.6.2,

DC, -5.6V with 200mV pk-pk noise, See 5.6.2.
DC, 0V. See 2.6.2,5.6.7.

DC, + 15V with 400mV pk-pk noise, See 5.6.2.

Diagram Principles
(source in parenthesis)
(C) (4.3.2)
(G) (4.9.1)
{H) (4.10.2),4.9.1
(L), D (4.6.3)
(C) (4.2.2)
(C) (4.2.2)
(D) (4.11.1)
(D) (4.11.1)
(H) (4.10.2)
(H) (4.10.1)
(J or Ja)
(D) (4.11.4)
(D) (4.11.4)
(H},D,E,F, L (4.10.2) 4.6.2,4.7.1
(H),D,E,F, L (4.10.2),4.7.1
(E. F) (4.7.1)
(E.F) (4.7.1)
(J or JA) (4.3.2)
{L),D
(D) (4.11.1).4.11
L) (4.6.2),4.11
(L) (4.6.2) 4.11
(L) (4.6.2) 4.11
(L) (4.6.2) 411
(L) (4.6.2) 411
(L) (4.6.2) 4.11
L) (4.6.2) 4.11
(L) (4.6.2) 4.11
(L),D (4.6.3)
(D) (4.11.1)
(D) {4.11.)
(J or JA), C {4.3.1),4.2.1
(H),E.F (4.10.1),4.7.2
(J) (4.3.1)
(V)1,C,D,E, (4.12.2)
F.G,H, L
(v}, C (4.12.2)
(E, F)
{V),C,H,J,JA (4.12.1)
(4.12.2)

DC, + 250V with 12V pk-pk 120-Hz ripple, See 5.6.2. (V),E,F,J, JA



62 ELECTRICAL PARTS

Reference GR FMC Manufacturers Federal
Designation Description Part Number (see 6.4) Part Number Stock Number
SUBASSEMBLIES

c Input board 1191-4720 24655 11914720

D Format board 1191-4760 24655 11914760

3 Register board 1191-4710 24655 11914710

F Display circuit 1191-2700 24655 1191-2700

*G Buffer circuit 1191-2790 24655 1191-2790

H Program board 1191-4770 24655 11914770

* Oscillator circuit 11584010 24655 11584010

J Clock board 11914740 24655 1191-4740

A Amplifier board 1191-4780 24656 11914780

L Time-Base board 1191-4730 24655 11914730

VH Fifteen-Volt board 11684751 24655 11584751

vL Five-Volt board 1191-2756 24655 1191-2756
CAPACITORS
ci101 Electrolytic, 4.7uF + 20% 10V 4450-4700 56269 150D475X001582 5910-813-8160
c102 Electrolytic, 4.7uF * 20% 10V 4450-4700 56289 150D475X0015B2 6910-813-8160
€103 Electrolytic, 4.7uF £ 20% 10V 4450-4700 56269 150D476X0015B2 5910-813-8160
c201 Ceramic, B2pF + 10% 500V 4404-0828 72982 831, 82pF + 10%
c202 Ceramic, 68pF * 10% 500V 4404-0688 72982 831, 68pF  10%
€203 Ceramic, 6.8pF % 10% 500V 4400-0800 78488 GA, 6.8pF + 10%
C204 Ceramic, 6.8pF % 10% 500V 4400-0800 78488 GA, 6.8pF + 10%
€205 Ceramic, 200pF = 10% 500V 4404-0208 72982 831, 20pF £ 10%
€206 Ceramic, 220pF + 10% 500V 4404-1228 72982 831, 220pF + 10%
c207 Electrolytic, 1uF * 20% 35V 4450-4300 56289 150D 105X0035A2 5910-726-5003
c208 Electrolytic, 1uF  20% 35V 4450-4300 56289 150D105X0035A2 5910-726-5003
c210 Ceramic, .01uF + B0-20% 500V 4401-3100 80131 01uF + B0-20% 5910-974-5697
can Ceramic, .01uF + 80-20% 500V 4401-3100 80131 .01uF + BO-20% 5910-974-5697
c251 Ceramic, 82pF * 10% 500V 4404-0828 72982 831, 82pF £ 10%
€253 Ceramic, 6.8pF + 10% 500V 4400-0800 78488 GA, 6.8pF £ 10%
€254 Ceramic, 6.8pF + 10% 500V 4400-0800 78488 GA, 6.8pF t 10%
€255 Ceramic, 20pF * 10% 500V 4404-0208 72982 831, 20pF + 10%
€256 Ceramic, .001uF + 20% 500V 4404-2109 72982 831,0.001uF £ 20% 5910-983-9994
€257 Electrolytic, 1uF + 20% 35V 4450-4300 56289 150D105X0035A2 5910-726-5003
€258 Electrolytic, 1uF £ 20% 35V 4450-4300 56289 150D105X0035A2 5910-726-5003
€260 Ceramic, .01uF £ B0-20% 500V 4401-3100 80131 CC61, 0.01uF + 80-20% 5910-974-5697
€261 Ceramic, .01uF + 80-20% 500V 4401-3100 80131 CC61, 0.01uF + 80-20% 5910-974-5697
c301 Electrolytic, 4.7uF + 20% 10V 44504700 56289 150D475X001582 5910-813-8160
C401 Ceramic, .01uF + 80-20% 50V 4401-3100 80131 CC61, 0.01uF + 80-20% 5910-974-5697
C402 Ceramic, 27pF * 10% 500V 4404-0278 72982 831, 27pF + 10%
C403 Ceramic, 27pF % 10% 500V 4404-0278 72982 831,27pF % 10%
C404 Ceramic, 100pF + 10% 500V 4404-1108 72982 831, 100pF + 10%
Ca0s Ceramic, 120pF + 10% 500V 4404-1128 72982 831, 120pF % 10%
C406 Ceramic, .0047uF + B0-20% 500V 4405-2479 72982 801, 0.0047uF + 80-20%
Ca07 Ceramic, .0047uF + 80-20% 500V 4405-2479 72982 801, 0.0047uF + 80-20%
Caos Ceramic, .1uF + 20% 25V 4400-2050 80183 5C13,0.1uF * 20% §910-974-5695
C400 Mica, 100pF % 1% 500V 47100010 14655 22A, 100pF 1%
Ca10 Trimmer, 7-to-25pF 49102032 72982 538-006, 7-to-25pF
*Optional
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Reference
Designation

Description

CAPACITORS (cont)

Ca12
Ca13
Cca14
C415
C416

ca17
ca18
C419
Ca20
ca

Ca22
€423

€501
C502
CH51
C552
C553

C554

ceo
thru
C605

C606

c70
Cc702
C703
C704
C705

C706
c707
c708
C709

C710
thru
C713

C714
C7156

cso1
CcB02
C803
CcBo4
805

c807

ce17
ceis

68

Mica, 121pF % 1% 500V
Ceramic, .0033uF + 10% 500V
Mica, 965pF £ 5% 300V
Ceramic, .01uF + 80-20% 50V
Ceramic, .01uF + 80-20% 50V

Ceramic, .01uF + 80-20% 50V
Mica, 130pF % 1% 500V

Ceramic, .01uF + 80-20% 50V
Ceramic, .01uF + 80-20% 50V
Ceramic, .01uF + B0-20% 50V

Electrolytic, 1uF + 20% 35V
Ceramic, .01uF + B0-20% 500V

Electrolytic, 3200uF 15V
Electrolytic, 400X400uF 35V
Electrolytic, 120uF * 20% 10V
Electrolytic, 16uF + 100-10% 150V
Electrolytic, 16uF + 100-10% 150V

Electrolytic, 6.8uF * 20% 6V

Ceramic, .01uF + B0-20% 50V

Electrolytic, 4.7uF + 20% 10V

Electrolytic, 10uF + 10% 256V
Ceramic, .1uF + 20% 25V
Ceramic, ,01uF + 80-20% 500V
Ceramic, .1uF * 20% 25V
Ceramic, .01uF + 80-20% 50V

Ceramic, .01uF + 80-20% 50V
Ceramic, 100pF £ 10% 500V
Ceramic, 150pF £ 10% 500V
Ceramic, .001uF + B0-20% 500V

Ceramic, .01uF + B0-20% 50V

Ceramic, 330pF t 10% 500V
Ceramic, 47pF % 5% 500V

Ceramic, .01uF + B0-20% 50V
Ceramic, 27pF £ 10% 500V
Ceramic, 27pF + 10% 500V
Ceramic, 100pF + 10% 500V
Ceramic, 120pF £ 10% 500V

Ceramic, .0047uF + B0-20% 500V
Ceramic, ,0047uF + 80-20% 500V
Ceramic, .1uF + 20% 25V
Ceramic, .01uF + 80-20% 50V
Mica, 130pF + 1% 500V

TYPE 1191 COUNTER

6.2 ELECTRICAL PARTS (cont)

GR

Part Number

4710-0031
4406-2338
4710-1965
4401-3100
4401-3100

4401-3100
4710-0130
4401-3100
4401-3100
4401-3100

4450-4300
4406-3109

4450-6220
4450-5621
4450-5616
4450-0200
44500200

4450-4800

4401-3100

4450-4700

4450-5800
4400-2050
4406-3109
4400-2050
4401-3100

4401-3100
4404-1108
4404-1158
4404-2109

4401-3100

4404-1338
4404-0475

4401-3100
4404-0278
4404-0278
4404-1108
4404-1128

4405-2479
4405-2479
4400-2050
4401-3100
47100130

FMC
(see 6.4)

14655
72982
14655
B0131
80131

80131
14655
80131
B0131
80131

56289
72982

80183
37942
56289
37942
37942

56289

80131

56288

80183
80183
72982
80183
BO131

80131
72982
72982
72982

80131

72982
72982

80131
72982
72982
72982
72982

72982
72982

80183"

80183
14655

Manufacturers
Part Number

22A 121pF £ 1%
811,0.0033uF £ 10%
22A, 965pF t %%
CC61, 0.01uF + 80-20%
CC61, 0.01uF + 80-20%

CC61, 0.01uF + 80-20%
22A,130pF £ 1% -

CC61, 0,01uF + BO-20%
CC61, 0.01uF + 80-20%
CC61, 0.01uF + B0-20%

150D105X0035A2
811, 0.01uF + 80-20%

32D0322G015AA0B
TT, 400/400uF
1500127 X0010R2
D33104

D33104

150D685X0010A2

CC61, 0.01uF + 80-20%

150D475X001582

D153955

5C13, 0.1uF £ 20%
811, 0,01uF + 80-20%
5C13,0.1uF £ 20%
CC61, 0.01uF + 80-20%

CC81, 0.01uF + 80-20%
831, 100pF + 10%
831, 150pF % 10%
831, 0.001uF + 80-20%

CC61, 0,01uF + 80-20%

831, 330pF 110%
831,47pF £ 5%

CC61, 0.01uF + 80-20%
831, 27pF £ 10%
831, 27pF + 10%
831, 100pF % 10%
831, 120pF +10%

801, 0.0047uF + 80-20%
801, 0.0047uF + 80-20%
5C13,0.1uF +20%
CC61, 0.01uF + 80-20%
22A,130pF +1%

Federal
Stock Number

5010-836-5740

5910-974-5697
5910-974-5697

5910-974-5697
5910-974-5697
5910-974-5697
5910-974-5697

5910-726-5003
6910-977-7579

5910-829-3313
5910-829-3313

5910-974-5697

5910-813-8160

5910-781-7372

5910-974-5695

5910-977-7579

5910-974-5695

5910-974-5697

5910-974-5697

5910-983-9994

5910-974-5697

5910-974-5702

5910-974-5697

6910-974-5695
5010-974-5697



6.2 ELECTRICAL PARTS (cont)

Reference GR FMC Msanufacturers Federal
Designation Description Part Number (see 6.4) Part Number Stock Number
CAPACITORS (cont)
cs19 Ceramic, .01uF + 80-20% 50V 4401-3100 80183 CC61, 0.01uF + BO-20% 5910-974-5697
820 Ceramic, .01uF + BU-20% 50V 4401-3100 80183 CC61, 0.01uF + B0-20% 5910-974-5697
c821 Ceramic, .001uF + 80-20% 500V 4404-2109 72982 831, 0.001uF + 80-20% 5910-983-9994
ce22 Electrolytic, 1uF £ 20% 35V 4450-4300 56289 150D105X0035A2 5910-726-5003
€823 Ceramic, .01uF + B0-20% 500V 4406-3109 72982 811, 0.01uF + B0-20% 5910-977-7579
CcB24 Ceramic, .001uF + 80-20% 500V 4404-2109 72982 831, 0.001uF + B0O-20% 5910-983-9994
€901 Ceramic, .047uF + 80-20% 500V 4409-3479 72982 3851, 0.047uF + 80-20%

Co02 Ceramic, .047uF + B0-20% 500V 4409-3479 72982 3851, 0.047uF + BO-20%

€903 Electrolytic, 4.7uF + 20% 10V 4450-4700 56289 150D475X001582 59108138160
Co04 Electrolytic, 47uF % 20% 20V 4450-5614 56289 150D476X0020R2

€925 Ceramic, 20pF * 5% 500V 44100250 72982 801, 20pF * 5%

926 Ceramic, 1800pF  10% 500V 44062188 72982 811, 1800pF +10%

co27 Ceramic, 22pF 5% 500V 44100226 72982 811,22pF 6%

c928 Ceramic, 220pF + 5% 500V 4404-1225 72982 831, 220pF + 5%

c929 Ceramic, .01uF + 80-20% 50V 4401-3100 80131 CC61, 0.01uF + 80-20% 5910-974-5697
€930 Ceramic, 20pF 5% 600V 4410-0250 72982 801, 20pF + 5%

co3 Ceramic, 1B00pF + 10% 500V 4406-2188 72982 811, 1800pF t 10%

€932 Ceramic, 22pF #+ 5% 500V 44100255 72982 811,22pF % 5%

€933 Ceramic, 220pF +5% 500V 4404-1225 72982 B31, 220pF % 5%

€940 Ceramic, .01uF + 80-20% 50V 4401-3100 80131 CC61, 0.01uF + B0-20% 5910-974-5697
co41 Ceramic, .01uF + 80-20% 50V 4401-3100 80131 CC61, 0.01uF + 80-20% 5910-974-5697
€942 Electrolytic, 1uF +20% 35V 4450-4300 56289 150D105X0035A2 5910-726-5003
DIODES

CR201 Type 1N3604 6082-1001 24446 1N3604 5960-095-2199
CR202 Type 1N3604 6082-1001 24446 1N3604 5960-995-2199
CR203 Type 1N3604 6082-1001 24446 1N3604 5960-995-2199
CR204 Type 1N4009 6082-1012 24446 1N4009

CR251 Type 1N3604 6082-1001 24446 1N3604 5960-995-2199
CR252 Type 1N3604 6082-1001 24446 1N3604 5960-995-2199
CF253 Type 1N3604 6082-1001 24446 1N3604 5960-995-2199
CR301 Type 1N4009 6082-1012 24446 1N4009

CR302 Type INT18A 6082-1006 98925 1IN118A

CR303 Type IN118A 6082-1006 98925 IN118A

CR304 Type 1N4009 6082-1012 24446 1N4009

CR401 Type 1N4009 6082-1012 24446 1N4009

CR402 Type V-100A 6084-1006 84411 1N953

CR403 Type 1N4009 6082-1012 24446 1N4009

CR501

thru Type 1N4140 6081-1014 13327 1N4140

CR504

CR505 Type 1N4009 6082-1012 24446 1N4009

CR506 Type 1N959B 6083-1010 72699 1N959B

CRS51

thru Type 1N4140 6081-1014 13327 1N4140

CR554
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Reference

Designation Description
DIODES (cont)

CRE55 Type 1N3253
CR556 Type 1IN3253
CR557 Type 1IN752
CR558 Type TN4009
CR601 Type 1N995
CRE02 Type 1N995
CR603 Type 1N995
CRE04 Type 1N4009
CR605

thru Type 1N995
CR608

CR609 Type 1N4009
CR610 Type 1N995
CR611 Type 1N995
CR612 Type 1N995
CR613 Type 1N4C09
CRE14 Type 1N995
CR615 Type 1N4009
CR616 Type 1N995
CRB17 Type 1N995
CRE18 Type 1N995
CR619 Type 1N4009
CRB20 Type 1N995
CR621 Type TNG95
CR622 Type 1N995
CR623 Type 1N4009
CR624  Type 1N995
CR625 Type 1N995
CR626 Type 1N995
CR627 Type 1N40O2
CR628 Type 1NG95
CR629 Type 1NGS5
CR630 Type TN995
CRE31 Type 1N40O9
CR632 Type 1NG9S
CR633 Type 1N995
CR634 Type 1N4009
CR635 Type 1N995
CR636 Type 1N995
CRB37 Type 1N985
CR638 Type 1N4009
CR639 Type 1NG95
CRB40 Type TN995
CRB41 Type 1N995
CRB42 Type 1NA00OS
CR643

thru Type 1N995
CR649

CR701 Type 1NGO5

610 TYPE 1191 COUNTER

6.2 ELECTRICAL PARTS (cont)

GR
Part Number

6081-1001
6081-1001
6083-1004
6082-1012

6082-1002
6082-1002
6082-1002
6082-1012

6082-1002

6082-1012
6082-1002
6082-1002
6082-1002
6082-1012

6082-1002
6082-1012
6082-1002
6082-1002
6082-1002

6082-1012
6082-1002
6082-1002
6082-1002
6082-1012

6082-1002
6082-1002
6082-1002
6082-1012
6082-1002

6082-1002
6082-1002
6082-1012
6082-1002
6082-1002

6082-1012
6082-1002
6082-1002
6082-1002
6082-1012

6082-1002
6082-1002

6082-1002
6082-1012

6082-1002

6082- 1002

FMC
(see 6.4)

79089
79089
07910
24446

80368
80368

24446

80368

24446
80368
80368
80368
24446

80368
24445
80368
80368
80368

24446
80368
80368
80368
24446

80368
80368
80368
24446

80368
80368
24446
80368
80368

24446
80368
80368
80368
24446
80368
80368
24446
80368

80368

Manufacturers
Part Number

1N3253
1N3253
1N752

1N4009

1N995
1NG95
1NS95
1N4003

1NG95

1N4D09
1N995
1N995
1NS95
1N4009

1N995
1N4009
1N995
1N995
1NS95

1N4003
1N995
1N995
1N995
1N4009

1N995
1N9S5
1N995
1N4009
1N985

1N995
1N995
1N4009
1NG95
1N995

1N4009
1N995
1N995
1N995
1N4009

1N995
1N995

1N995
1N4D09

1NG95

1N935

Federal
Stock Number

59618144251
5961-814-4251



Reference

Designation Description

DIODES (cont)

CR702

thru Type 1N400S

CRT21

CRBO1 Type 1N4009

CRB02 Type 1N4009

CROO Type IN816

CR902 Type 1NB16

FUSES

F501 0.4A 3AG Slo-Blo for 115-V operation
F502 0.2A 3AG Slo-Blo for 230-V operation

INTEGRATED CIRCUITS

1ciom Type SN7490N Texas Instruments
IC102 Type DTuL950 Fairchild

1C103 Type DTuL945 Fairchild

IC104

thru Type DTuL949 Fairchild

IC108

IC109 Type SN7490N Texas Instruments
IC110 Type SN7490N Texas Instruments
IC11

thru Type DTuL949 Fairchild

IC116

IC117 Type SN7490N Texas Instruments
IC118 Type SN7490N Texas Instruments
IC119

thry Type DTuL 949 Fairchild

IC124

1C301 Type SN7490N Texas Instruments
IC302 Type SN7490N Texas Instruments
1C303 Type SN7490N Texas Instruments
1C304 Type DTuL946 Fairchild

1C305 Type SN7490N Texas Instruments
1C306 Type DTuL936 Fairchild

1C307 Type SN7490N Texas Instruments
1C308 Type SN7490N Texas Instruments
1C309 Type DTuL946 Fairchild

IC310 Type SN7490N Texas Instruments
103N Type SN7490N Texas |nstruments

6.2 ELECTRICAL PARTS (cont)

GR
Part Number

6082-1012

6082-1012
6082-1012

6083-1001
6083-1001

5330-0600

5431-8190
5431-9502
5431-9452

5431-9492

5431-8190
5431-8190

5431-9492

5431-8180
5431-8190

54319492

54318190
5431-8190
5431-8190
5431-9462
5431-8190

5431-9362
54318190
54318190
5431-9462
5431-8190

54318190

FMC
(see 6.4)

24446

24446
24446

14433
14433

71400
71400

01285
07263
07263

07263

01295
01295

07263

01295
01295

07263

01295
01295
01295
07263
01295

07263
01295
01295
07263
01285

01295

Part Number Stock Number

1N4009

1N4009

1NB16
1NB16

MDL, 0.4 Amp
MDL, 0.2 Amp

SN7490N
DTuL9S0
DTuL945

DTuL949

SN7480N
SN7490N

DTuL945

SN7490N
SN7490N

DTuL949

SN7490N

. SNT490N

SN7490N
DTuL946
SN74S0N

DTulL936
SN7490N
SN7490N
DTulL946
SN7490N

SN7490N

5920-537-6654
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6.2 ELECTRICAL PARTS (cont)

Reference GR FMC Manufacturers Federal
Designation Description Part Number (see 6.4) Part Number Stock Number

INTEGRATED CIRCUITS (cont)

1C601 Type DTuL936 Fairchild 5431-9362 07263 DTulL936

1C602 Type DTuL950 Fairchild 5431-9502 07263 DTuL9%0

IC&03 Type DTuL950 Fairchild 5431-9502 07263 DTuL950

1C801

thru Type DTuL946 Fairchild 5431-9462 07263 DTul946

1CBO6

1C951

thru Type CuL960 Fairchild 5431-9602 07263 CulL960

1C958

JACKS

Joo BMNC connector Input A 4230-2301 03408 UG-1094A/U

Jooz BNC connector Input B 4230-2301 03408 UG-1094A/U

Jas1 BMNC connector Time Base Ext Drive 4230-2300 81349 UG-1094/uU

J952 BNC connector Out 10MMz 4230-2300 81349 | UG-1094/U

J953 BNC connector rear Input A 4230-2300 81349 UG-1094/uU

J9b4 BNC connector rear Input B 4230-2300 81349 UG-1094/U
INDUCTORS

L201 10uH £10% 4300-2200 93800 1537, 10uH +10%
L202 10uH +10% 4300-2200 99800 1537, 10uH £ 10%
L203 B8uH t 20% 4300-0500 99800 1537, .68uH * 20%
L204 B8uH £ 20% 4300-0500 99800 1537, .68uH + 20%
L205 39uH £ 10% 4300-1500 99800 1537-26, 3.9uH +10%
L206 1.2uH £ 10% 4300-0900 99800 1537, 1.2uH £ 10%
L251 10uH £10% 4300-2200 99800 1537, 10uH + 10%
L252 10puH £10% 4300-2200 99800 1537, 10uH £ 10%
L253 B8uH £ 20% 4300-0500 99800 1637, .68uH + 20%
L254 B8uH £ 20% 4300-0500 99800 1537, .68uH + 20%
L255 39uH +10% 4300-1500 99800 1537-26, 3.9uH + 10%
L401 1.5uH = 10% 4300-1000 99800 1537, 1.5uH + 10%
L402 22uH £10% 4300-2600 99800 1537, 22uH £ 10% 5950-668-5867
L403 Variable conductor 1191-2150 24655 1191-2150

L404 22uH +10% 4300-2600 99800 1637, 22uH +10% 5950-668-5867
L405 5.6uH  10% 4300-1800 99800 1537-30, 5.6uH + 10%
L8O1 1.5uH £10% 4300-1000 99800 1537, 1.5uH +£10%
L803 Variable inductor 1191-2150 24655 1191-2150

L804 22uH +10% 4300-2600 99800 1537, 22uH £10% 5950-668-5867
LB8O5 47uH +10% 4300-1600

L901 39uH + 10% 4300-3000 99800 2150-38, 39uH * 10%
L902 1.8BuH £+ 10% 43001100 99800 1537, 1.BuH +10%
L903 1.8uH £ 10% 4300-1100 99800 1537, 1.8uH +£10%
LAMPS

P01

thru Type 330, 14V, 80mA, size T 1-% 5600-0309 71744 #330

P905
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62 ELECTRICAL PARTS (cont)

Reference GR FMC Manufacturers Federal
Designation Description Part Number (s0e 6.4) Part Number Stock Number
PLUGS
PL501 3-terminal power plug, consists of:

2-terminal power plug 4240-0600 24655 4240-0600 5035-816-0254
Ground pin 4240-0800 24655 4240-0800
TRANSISTORS

*Q201 Type 2N4416 matched *1191-2900 24655 1191-2900
*Q202 Type 2N4416 matched *1191-2900 24655 1191-2800

Q203 Type 2N4275 82101126 23342 2N4275

Q204 Type 2N4275 8210-1126 23342 2N4275

Q205

thru Type 2N4258 8210-1136 93916 2N4258

Q209

Q210 Type 2N4275 8210-1126 23342 2N4275

Q211 Type 2N4275 82101126 23342 2N4275
*Q251 Type 2N4416 matched *1191-2900 24655 1191-2900
*Q252 Type 2N4416 matched *1191-2900 24655 1191-2900

Q253 Type 2N4275 8210-1126 23342 2N4275

Q254 Type 2N4275 8210-1126 23342 2N4275

Q255

thru Type 2N4258 8210-1136 93916 2N4258
Q259

Q260 Type 2N4275 8210-1126 23342 2N4275
Q261 Type 2N4275 8210-1126 23342 2N4275
Q301 Type 2N3646 8210-1119 07263 2N3646
Q302 Type 2N3646 8210-1119 07263 2N3646
Q401 Type 2N4275 82101126 23342 2N4275
Q402 Type 2N4275 8210-1126 23342 2N4275
Q403 Type 2N3905 8210-1114 04713 2N3905
Q404 Type 2N4275 82101126 23342 2N4275
Q405 Type 2N4258 82101136 93916 2N4268
Q406 Type 2N4258 82101136 93916 2N4268
Q407 Type 2N4275 8210-1126 23342 2N4275
Q408 Type 2N3416 8210-1138 93916 2IN3416
0409 Type 2N4275 8210-1126 23342 2N4275
Q410 Type 2N4275 8210-1126 23342 2N4275
Q411 Type 2N4275 8210-1126 23342 2N4275
Qa12 Type 2N3905 8210-1114 04713 2N3905
0413 Type 2N4275 8210-1126 23342 2N4275
0414 Type 2N4275 8210-1126 23342 2N4275
0415 Type 2N3905 82101114 04713 2N3905
Q500 Type 2N1544 8210-1014 75491 Ni544
Q501 Type 2N3638 8210-1096 07263 2N3638
Q%02 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749
Q503 Type 2N3414 8210-1047 24446 2N3414 5061-989-2749
Q550 Type 2N1544 8210-1014 75491 2N1544

'0201-?02 and Q251-252 are matched pairs; the bias voltage of the transistors in each pair are within 0,2V of each other. If one transistor in a pair is defective,
replace it with an 1191-2900 transistor that has the same colored dot painted on the top.

PARTS AND DIAGRAMS
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6.2 ELECTRICAL PARTS (cont)

Reference GR FMC Manufacturers Federal
Designation Description Part Number (see 6.4) Part Number Stock Number

TRANSISTORS (cont)

Q551 Type 2N3905 82101114 04713 2N3905

Q553 Type 2N3414 8210-1047 24446 2N3414 5961-089-2749

Q554 Type 2N3646 8210-1119 07263 2N3646

Q555 Type 2N3646 82101119 07263 2N3646

Q601 Type 2N4275 8210-1126 93916 2N4275

Q602 Type 2N4275 B8210-1126 93916 2N4275

Q603 Type 2N4275 8210-1126 93916 2N4275

Q604 Type 2N3414 8210-1047 24446 2N3414 5961-080-2749

Q605

thru Type 2N4275 B210-1126 93916 2N4275

Q611

Q701 Type 2N3646 8210-1119 07263 2N3646

Q702 Type 2N3638 B8210-1096 07263 2N3638

Q703 Type 2N3646 8210-1118 07263 2N3646

Q704 Type 2N3906 8210-1112 93916 2N 3906

Q705 Type 2N3646 8210-1119 07263 2N3646

Q706 Type 2N3905 8210-1114 04713 2N3905

Qo7

thru Type 2N3646 8210-1119 07263 2N3646

Q7

Q712 Type 2N4258 8210-1136 93916 2N4258

Q73 Type 2N3646 B8210-1119 07263 2N3646

Q714 Type 2N3646 82101119 07263 2N3646

aeol Type 2N4275 8210-1126 23342 2MN4275

Qe02 Type 2N4275 8210-1126 23342 2N4275

QaBo3 Type 2N3905 B210-1114 04713 2N3905

Qa4 Type 2N4275 B210-1126 23342 2N4275

Q805 Type 2N4258 8210-1136 93916 2N4258

QB06 Type 2N4258 8210-1136 93916 2N4258

Qseo7 Type 2N4275 B8210-1126 23342 2N4275

Q808 Type 2N3416 8210-1138 93916 2N3416

Q810 Type 2N3933 B210-1122 93916 2N3933

Qs Type 2ZN4275 B8210-1126 23342 2N4275

Q812 Type 2N3905 8210-1114 04713 2N3905

Q813 Type 2N4275 B210-1126 23342 2N4275

Q814 Type 2N4275 B8210-1126 23342 2N4275

Q815 Type 2N3905 B210-1114 04713 2N3905
RESISTORS
R201 Composition, 100KS2 + 5% %W 6099-4105 75042 BTS, 100K2 + 5%
R202 Composition, 910K + 5% %W 6099-4915 75042 BTS, 910K % 5%
R203 Composition, 33082 * 5% UW 6099-1335 75042 BTS, 33002 £ 5%
R204 Potentiometer, composition, 5002 * 30% 6049-0105 98474 62TR500
R205 Composition, 330§1 * 5% %W 6099-1335 75042 BTS, 33082 £ 5%
R206 Composition, 20081 £ 5% WW 6099-1205 75042 BTS, 20082 5% 5905-892-0107
R207 Composition, 20081 £ 5% %W 6099-1205 75042 BTS, 2000 + 5% 5905-892-0107
R208 Composition, 2,2K2 + 5% “WW 6099-2225 75042 BTS, 2.2KS1 £ 5%
R209 Composition, 3.3K2 5% “uW 6099-2335 75042 BTS, 3.3KQ2 + 5%
R210 Composition, 3,3K £ 5% %W 6099-2335 75042 BTS, 3.3K1 £5%
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Reference

Designation Description
RESISTORS (cont)

R211 Composition, 22K £ 10% %W
R212 Composition, 2,.2Kf2 £ 10% %W
R213 Composition, 51082 + 5% UW
R214 Composition, 51082 + 5% UW
R215 Composition, 3982 + 5% UW
R216 Composition, 1KE2 £ 10% XWW
R217 Compaosition, 3982 + 5% UW
R218 Composition, 56082 * 5% UW
R219 Composition, 20081 + 5% “4W
R220 Composition, 2K + 5% UW
R221 Composition, 2K2 + 5% UW
R222 Composition, 12082 £ 5% UW
R223 Composition, 12061 + 5% uW
R224 Potentiometer, composition, 1K * 30%
R225 Composition, 10082 + 10% %W
R227 Composition, 1KQ2 £ 10% %W
R251 Composition, 100K£1 + 5% %W
R252 Composition, 910K £ 5% %W
R253 Composition, 33082 £ 5% %W
R254 Potentiometer, composition, 50082 + 30%
R255 Composition, 33082 + 5% UW
R256 Composition, 20001 £ 5% W
R257 Composition, 20081 £ 5% %W
R258 Composition, 2.2K8 * 5% %W
R259 Composition, 3.3K1 * 5% %UW
R260 Composition, 3.3KS2 £ 5% %W
R261 Composition, 2,2K £ 10% %W
R262 Composition, 51082 + 5% %W
R263 Composition, 51082 * 5% UW
R264 Composition, 2.2K + 5% %W
R265 Composition, 3982 * 5% WUwW
R266 Composition, TK£2 £ 10% W
R267 Composition, 3902 + 5% UW
R268 Composition, 56082 £ 5% %W
R269 Composition, 20081 + 5% W
R270 Composition, 2K = 5% %W
R271 Composition, 2K + 5% %W
R272 Composition, 12082 * 5% UW
R273 Composition, 12082 £ 5% %W
R274 Potentiometer, composition, 1K £ 30%
R275 Composition, 10082 £ 10% %W
R276 Composition, 4751 £ 5% UW
R277 Composition, 1K1 * 10% %W
R301 Composition, 4.7KS2 + 10% %W
R302 Composition, 4,7KQ £ 10% %W
R401 Composition, 1KS2 + 10% UW
R402 Composition, 11KS2 £ 5% UW
R403 Composition, 10K + 5% %UW
R404 Composition, 33082 + 5% %W

6.2 ELECTRICAL PARTS (cont)

GR FMC
Part Number (see 6.4)

6009-2229 75042
6099-2229 75042
6099-1515 75042
6099-1515 75042
6099-0395 75042
6099-2109 75042
6099-0395 75042
6099-1565 75042
6099-1205 75042
6099-2205 75042
6099-2205 75042
6099-1125 75042
6099-1125 75042
6049-0106 98474
6099-1109 75042
6099-2109 75042
6099-4105 75042
60994915 75042
6099-1335 75042
6049-0105

6099-1335 75042
6099-1209 75042
6099-1209 75042
6099-2225 76042
6099-2335 75042
6099-2335 75042
6099-2229 75042
6099-1615 75042
6099-1615 75042
6099-2225 75042
6099-0395 75042
6099-2109 75042
6099-0395 75042
6099-1565 75042
6099-1205 75042
6099-2205 75042
6099-2205 75042
6099-1125 75042
6099-1125 75042
6049-0106 98474
6099-1109 75042
6099-0475 75042
6099-2109 75042
6099-2479 75042
6099-2479 75042
6099-2109 75042
6099-3115 75042
6099-3105 75042
6099-1335 75042

Federal
Stock Number

Manufacturers
Part Number

BTS, 2.2KQ +10%
BTS, 2.2KQ + 10%
BTS, 510Q * 5%
BTS, 51082 + 5%
BTS, 390 + 5%

BTS, 1KQ * 10%
BTS, 390 +5%
BTS, 66082 * 5%
BTS, 20002 + 5%
BTS, 2K * 5%

5905-892-0107
5905-279-4629
BTS,2KS2 + 5% 5905-279-4629
BTS, 1200 + 5%

BTS, 1202

62PR1K

BTS, 10022 +10%

BTS, 1K £ 10%

BTS, 100K + 5%
BTS, 910K + 5%
BTS, 33002 + 5%

BTS, 3302 +5%
BTS, 20082 £ 5%
BTS, 20092 + 5%
BTS, 2.2KQ + 5%

BTS, 3.3KQX + 5%
BTS, 3.3KQ * 5%
BTS, 2.2KS £ 10%
BTS, 51002 + 5%
BTS, 51092 + 5%

BTS, 2.2KQ 1 5%
BTS, 39Q2 + 5%
BTS, 1K + 10%
BTS, 3902 + 5%
BTS, 56042 + 5%

5905-892-0107
5905-279-4629
5905-279-4629

BTS, 20022 + 5%
BTS, 2KQ2 £ 5%
BTS, 2KQ £ 5%
BTS, 1209 £ 5%
BTS, 120 £ 5%

62PR1K

BTS, 10082 + 10%
BTS, 470 5%
BTS, 1KQ £ 10%

BTS,4.7KQ + 10%
BTS, 4.7KQ 1 10%

BTS, 1KQ2 £ 10%
BTS, 11K * 6%
BTS, 10KQ2 £ 5%
BTS, 3308 + 5%

PARTS AND DIAGRAMS
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Reference
Designation Description

RESISTORS (cont)

R405 Composition, 1.2K§1 + 5% 4UwW
R406 Composition, 68082 + 5% %W
R407 Composition, 1.5K8 + 5% %W
R408 Composition, 33082 £10% WW
R409 Composition, 10082 *10% WUW
R410 Composition, 27081 * 5% %W
R4 Composition, 5182 +5% %W
R412 Composition, 22080 + 10% “W
R413 Composition, 682 * 5% WW
R414 Composition, 4780 * 5% WW
R415 Composition, 10082 £ 10% “wW
R416 Composition, 5.6KE1 + 5% UW
R417 Compaosition, 82081 $10% “wW
R418 Composition, 5652 + 5% %W
R419 Composition, 39KI1 +5% UwW
R420 Composition, 56K +5% UW
R421 Compaosition, 200K % 5% UW
R423 Composition, 11K + 5% %W
R424 Composition, 39K +5% UW
R425 Composition, 56K * 5% %W
R426 Composition, 4,7KS2 +10% %W
R427 Compaosition, 3.3K8 + 10% W
R428 Composition, 10081 £10% %W
R429 Composition, 47082 £ 10% WW
R430 Composition, TKEl *10% WW
R431 Composition, 33082 £ 10% %W
R432 Composition, 11K * 5% %W
R433 Composition, 2.4K82 £ 5% %W
R434 Composition, B20§1 * 5% %W
R435 Composition, 20002 * 5% %W
R436 Composition, 47081 £ 10% %W
R437 Composition, 39082 * 5% %W
R438 Compaosition, 47081 +10% %W
R439 Composition, 6.2K82 + 5% %W
R440 Compaosition, 18K§1 £ 5% %W
R441 Compaosition, 1K1 £ 10% UwW
R442 Composition, 5181 + 5% UW
R443 Composition, 12082 + 5% %W
R444 Composition, 20K§2 + 10% “UW
R445 Composition, 56§ * 5% UW
R446 Composition, 3302 + 10% %W
R447 Composition, 5181 * 5% 4WW
R501 Composition, 2281 + 5% %W
R502 Potentiometer, wire-wound, 50082 + 10%
R503 Composition, 33082 = 5% 1W
R504 Composition, 75082 + 5% W
R505 Composition, 33081 + 5% %W
R506 Composition, 3980 * 5% %W
R507 Composition, 24081 5% %W
R508 Composition, 100K £ 10% %W

6-16 TYPE 1191 COUNTER

6.2 ELECTRICAL PARTS (cont)

GR
Part Number

6099-2125
6099-1685
6099-2155
6099-1339
6099-1109

6099-1275
6099-0515
6099-1229
6099-0685
6099-0475

6099-1108
6099-2565
6099-1829
6099-0565
6099-3395

6099-3565
6099-4205
6099-3115
6099-3395
6099-3565

6099-2479
6099-2339
6093-1109
6099-1479
6099-2109

6099-1338
6099-3115
6098-2245
6099-1825
6099-1205

6099-1479
6099-1395
6099-1479
6099-2625
6099-3185

6099-2102
6099-0515
6099-1125
6099-3205
6099-0565

6099-1339
6099-0515

6100-0225
6059-1058
6100-1335
6100-1755
6100-1335

6100-0395
6100-1245
6099-4109

FMC
(see 6.4)

75042
75042
75042
75042
75042

75042
75042
75042
75042
75042

75042
75042
75042
75042
75042

75042
75042
75042
75042
75042

75042
75042
75042
75042
75042

75042
75042
75042
75042
75042

75042
75042
75042
75042
75042

75042
75042
75042
75042
75042

75042
75042

BTS,
BTS,
BTS,
BTS,
BTS,

8TS,
BTS,
BTS,
BTS,
BTS,

BTS,
BTS,
BTS,
BTS,
BTS,

BTS,
BTS,
BTS,
BTS,
BTS,

BTS,
BTS.
BTS.
BTS,
BTS,

BTS,
BTS,
BTS,
BTS,
BTS,

BTS,
BTS,
BTS,
BTS,
BTS,

BTS,
BTS,
BTS,
BTS,
BTS,

BTS,
BTS,

Manufacturers
Part Number

1.2K £ 5%
68082 £5%
1.5K8 * 5%
33092 £10%
10082 + 10%

27081 * 5%
5102 + 5%
2200 £ 10%
681 * 5%
4752 * 5%

100$2 £ 10%
5,6KQ + 5%
B20S1 +10%
5682 *5%

39K *56%

56K £ 5%
200K * 5%
11KS2 £ 5%
39K £5%
56K S + B%

47K £10%
3.3K02 £ 10%
100€2 +£10%
47052 £10%
1K £ 10%

330902 + 10%
1K £ 5%
2.4KE8 + 5%
82052 t 5%
20082 % 5%

47080 + 10%
39082 £ 5%
47000 £10%
6.2KQ + 5%
18Kl + 5%

1KSL £ 10%
516 +5%
1200 + 5%
20K+ 10%
568 * 5%

33082 + 10%
5101 + 6%

Federal
Stock Number

5905-892-0107



6.2 ELECTRICAL PARTS (cont)

Reference GR FMC Manufacturers Federal
Designation Description Part Number (see 6.4) Part Number Stock Number
RESISTORS (cont)

R551 Composition, 18K £ 5% %W 6099-3185 75042 BTS, 18K} £ 6%
RS552 Composition, 10K + 10% %W 6099-3109 75042 BTS, 10K ¢ 10%
R553 Composition, 16081 + 5% %UW 6099-1165 75042 BTS, 16081 £ 5%
RS54 Composition, 240K2 + 5% %W 6099-4245 75042 BTS, 240K + 5%
RE55 Composition, B2§2 £ 5% UW 6099-0825 75042 BTS, 820 + 5%
R556 Composition, 8282 *+ 5% UW 6099-0825 75042 BTS, 820 £ 5%
R557 Compaosition, 10KE2 + 10% %W 6099-3109 75042 BTS, 10K £ 10%
RS58 Composition, 5.6K} + 5% %W 6099-2565 75042 BTS, 5,6Kf1 + 5%
RE59 Composition, 5.6K£2 * 5% %UW 6099-2565 75042 BTS, 5.6Kf1 £ 5%
R560 Potentiometer, wire-wound, 1K £ 10% 6057-2109 07999 992P, 1KS2 £ 10%
R561 Composition, 6.2KS2 £ 5% %UW 6099-2625 75042 BTS, 6.2K2 £ 5%
R562 Composition, 15K + 5% %W 6099-3165 75042 BTS, 15K02 £ 6%
R563 Wire-wound, 102 + 10% 2w 67609109 75042 BWH, 182 +10%
R564 Wire-wound, .47 + 10% 2W 6760-8479 76042 BWH, .47 +10%
RE01 Composition, 1K1 £ 10% Uw 6099-2109 75042 BTS, 1KQ2 £ 10%
R602 Composition, 47082 £ 10% %W 6099-1479 75042 BTS, 47082 £ 10%
RE03 Composition, 1K + 10% %W 6099-2109 75042 BTS, 1KQ2 £10%
RG04 Compaosition, 47082 £ 10% %W 6099-1479 75042 BTS, 47082 + 10%
R605 Composition, 1K1 + 10% %W 6099-2109 75042 BTS, 1Kf2 £ 10%
RE06 Composition, 47082 + 10% WW 6099-1479 75042 BTS, 47081 * 10%
RB07 Composition, 2208 £ 5% %W 6099-1225 75042 BTS, 22092 * 5%
RG08 Composition, 1K + 10% 4W 6099-2109 75042 BTS, 1K £ 10%
RE609 Compaosition, 47082 £ 10% WW 6099-1479 75042 BTS, 47080 +10%
R610 Composition, 100K £ 10% “UW 6099-4109 75042 BTS, 100KQ + 10%
RG11 Compaosition, 4708 + 10% %W 6099-1479 75042 BTS, 47082 £ 10%
R612 Composition, 1KQ2 £ 10% %W 6099-2109 75042 BTS, 1K1 £ 10%
R613 Composition, TKSZ £ 10% %W 6099-2109 75042 BTS, 1K1 + 10%
R614 Composition, 47082 £ 10% UW 6099-1479 75042 BTS, 47082 + 10%
R615 Composition, 47082 £ 10% %W 6099-1479 75042 BTS, 47061 + 10%
R616 Composition, 100K * 10% %W 60994109 75042 BTS, 100K + 10%
R617 Composition, 47081 £ 10% %UW- 6099-1479 75042 BTS, 4700 + 10%
R618 Composition, 1K2 £ 10% %W 6099-2109 75042 BTS, 1K £ 10%
R619 Composition, 47082 + 10% %W 6099-1479 75042 BTS, 47081 + 10%
R620 Composition, 47082 + 10% %W 6099-1479 75042 BTS, 4708 + 10%
R621 Composition, 47082 + 10% %W 6099-1479 75042 BTS, 47081 £+ 10%
R622 Composition, 1KS2 £+ 10% %W 6099-2109 75042 BTS, 1K £ 10%
R623 Composition, 47082 + 10% %W 6009-1479 75042 BTS, 47082 + 10%
R624 Composition, 1K§2 + 10% %W 6099-2109 75042 BTS, 1K £10%
R625 Composition, 4700 + 10% %W 6099-1479 75042 BTS, 47002 +10%
R626 Composition, 1K + 10% %W 6099-2109 75042 BTS, 1K1 £ 10%
R627 Composition, 47082 £ 10% %W 6099-1479 75042 BTS, 47082 £ 10%
R628 Composition, 1K1 £ 10% %W 6099-2109 75042 BTS, 1K £+ 10%
R629 Composition, 47082 £ 10% %W 6099-1479 75042 BTS, 47082 + 10%
RE30 Composition, 5157 £ 10% %W 6099-1479 75042 BTS, 47002 £ 10%
RE31
thru Composition, 5152 + 5% “UW 6099-0515 75042 BTS, 5100 £ 5%
R634
R701 Composition, 10K§2 £ 10% %W 6099-3109 75042 BTS, 10K £ 10%
R702 Composition, 1K1 £ 10% %W 6099-2109 75042 BTS, 1K +10%
R703 Composition, 33002 + 10% %W 6099-1339 75042 BTS, 3302 ¢+ 10%

PARTS AND DIAGRAMS  6-17



6.2 ELECTRICAL PARTS (cont)

Reference GR FMC Manufacturers Federal
Designation Description Part Number see 6.4) Part Number Stock Number

RESISTORS (cont)

R704 Compaosition, 56K + 5% %W 6099-2565 75042 BTS, 56K + 5%
R705 Composition, 91082 + 10% %W 6099-1915 75042 BTS, 91002 £10%
R706 Composition, 12001 + 5% 4W 6009.4125 75042 BTS, 120KQ2 * 5%
R707 Composition, 39K + 5% %W 6099-3395 75042 BTS, 39K +5%
R708 Composition, 100K £ 10% %W B099-4109 75042 BTS, 100K22 £ 10%
R709 Composition, 100K = 10% %W 6099-4109 75042 BTS, 100K + 10%
R710 Composition, B.2Kf2 + 10% MW 6099-2825 75042 BTS, B.2K81 £10%
R711 Composition, 100K + 10% %W 6099-4109 75042 BTS, 100K22 £10%
R712 Compaosition, 6.8K2 £ 10% “Ww 6099.2G89 75042 BTS, 6.8k £10%
R713 Compaosition, 27081 + 5% %W £099.1275 75042 BTS, 27051 + 5%
R714 Composition, 47K £ 10% %W B099-3479 75042 BTS, 47K £ 5%
R715 Composition, 10KE1 £ 10% %W 6099-3109 75042 BTS, 10KSX +10%
R716 Composition, 10082 + 10% 4w B6009-1109 75042 BTS, 10082 +10%
R717 Composition, TK2 £ 10% %W 60Y9-2109 75042 BTS, 1KSL £10%
R718 Composition, 4. 7K1 £ 10% “WW 6099-2479 75042 BTS, 4.7K? * 10%
R719 Composition, 10K £ 10% %W 6099-3109 75042 BTS, 10K2 +10%
R720 Compaosition, 200K + 5% %W 6099-4205 75042 BTS, 200K2 +5%
R721 Composition, 20K * 5% %W 6089-3205 75042 BTS, 20K + 5%
R722 Composition, 4, 7K £ 10% %W 6099.2479 75042 BTS, 4.7KS? * 10%
R723 Composition, TK £ 10% %W 6099-2109 75042 BTS, 1K £10%
R724 Composition, 47082 £ 10% %W 6099-1479 75042 BTS, 47080 +10%
R725 Composition, 4, 7K * 10% %W 5029.2470 75042 BTS, 4.7KS2 + 10%
R726 Composition, 10Kf2 + 10% %W B6099-3109 75042 BTS, 10K % 10%
R727 Composition, 3K£1 + 5% W 6099-2305 75042 BTS, 3K2 + 5%
R728 Compaosition, 4. 7K1 £ 10% %W 6009.2479 75042 BTS, 4.7K81 £10%
R729 Composition, 24K} + 5% % G099-2245 75042 BTS, 2.4K + 5%
R730 Composition, 10K2 £ 10% %W 6099-3109 75042 BTS, 10K81 *+ 10%
R731 Composition, TKQ + 10% %W 6099-2109 75042 BTS, 1K +10%
R732 Composition, 2,7KS2 + 10% %W 6099.2279 75042 BTS, 27K £10%
R733 Composition, 5152 * 5% “UW 60929-0515 75042 BTS, 5182 * 5%
R734 Composition, 5182 + 5% %W 60299-0515 75042 BTS, 5181 £ 5%
R735 Composition, 51K * 5% %W G009.2515 75042 BTS, 5.1Kf2 * 5% 5905-279-4623
R736 Composition, 1K1 £ 10% W 6099.2109 75042 BTS, 1K2 + 10%
R737 Composition, 1K + 10% %W 6089-2109 75042 BTS, 1K +10%
R738 Composition, 1K + 10% W 6099-2109 75042 BTS, 1Kf? +10%
RE01 Composition, 1K * 10% %W 6089.2109 75042 BTS, 1KQ + 10%
R802 Composition, 1T1KS? + 5% %W 6099-3115 75042 BTS, 11Kf2 £ 5%
R803 Composition, 10K + 5% 4w 6099-3105 75042 BTS, 10KQ2 +5%
R804 Composition, 33080 + 5% %W 6099-1335 75042 BTS, 33092 +5%
RB05 Composition, 1,.2K8 * 5% WwW B6(29.2125 79042 BTS, 1,2K8 + 5%
R806 Composition, B0 * 5% “UW 60991685 75042 BTS, 68002 £ 6%
RE07 Compaosition, 1,5K11 * 5% “UW 6099.2155 75042 BTS, 1.5K82 + 5%
RE08 Composition, 330§ + 10% %W 65099.1339 75042 BTS, 33092 + 10%
RE09 Composition, 10082 = 10% %W 609g-1109 75042 BTS, 10062 = 10%
RE10 Compaosition, 27001 % 5% UW 50291275 75042 BTS, 27081 + 5%
R811 Composition, 5158 + 5% UwW 60990515 75042 BTS,. 518 £ 5%
R812 Composition, 22080 £ 10% %W 5029-1229 75042 BTS, 22060 £ 10%
RB13 Composition, 6861 £ 5% %W A092-06E5 75042 BTS, 680 5%
R&14 Composition, 4781 £ 5% UW 6099-0475 75042 BTS, 4762 +5%
RB15 Compaosition, 1008 + 10% %W AOGG. 1708 75042 BTS, 10091 + 10%
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Reference
Designation

Description

RESISTORS (cont)

R816
R817
R818
RB19
R820

R821
R823
REB31
R832
R833

R834
RB35
R836
RB37
R838

R839
R840
R841
R842
RB843

R844
RB45
R847
RB48
R849

R850

R903
R904
R905
R906
RO0B

RO09

R910
R911
R912
R913

R914
RI15
RO16
RO17
R918

RG19
RO20
R922
RG24
Raz25

RO44
R945

Composition, 5.6KS2 * 5% %W
Composition, B20§2 + 10% %W
Composition, 5651 £ 5% WWwW

Composition, 39K * 5% %W
Composition, 56K + 5% %W

Composition, 200K £ 5% 4w
Compaosition, 11K * 5% %W
Composition, 33082 £ 10% %W
Composition, 11K £ 5% %W
Composition, 2.4K 82 £ 5% %W

Compaosition, 8209 + 5% UW
Composition, 20082 £ 5% WW
Compaosition, 4708 * 10% %W
Composition, 39082 * 5% %W
Composition, 47082 * 10% %W

Composition, 6.2KS2 £ 5% %W
Composition, 18K + 5% UW
Composition, 1K * 10% %W
Composition, 5182 £ 5% WW
Composition, 12082 + 5% LW

Compaosition, 1K1 * 10% W
Composition, 5651 + 5% WW
Composition, 5182 * 5% W
Composition, 13K * 5% %W
Composition, 2K81 + 5% WUW

Composition, 270K * 5% %W

Composition, 3.9K8 £ 5% UW
Composition, 3.9KS1 £ 5% W
Composition, 390K * 5% %W
Composition, 390K * 5% %W
Potentiometer, composition, 250K £ 10%
A Threshold

Potentiometer, composition, 250KS2 + 10%
B Threshold

Composition, 9.1KQ + 5% %W
Composition, B2K + 5% %W
Composition, 330K + 5% WW
Composition, 12KS2 £ 5% “UW

Composition, 36K + 5% %W
Composition, B2KQ + 5% W
Composition, 120K * 5% %W
Composition, 360KQ + 5% 4W
Composition 510K 5% %W

Composition, 120K + 5% %W
Composition, 2KS2 * 5% %W
Composition, 5180 £ 5% %W
Composition, 1K§2 + 10% WW
Compaosition, TMS2 £ 5% %W

Composition, 10K52 + 5% %W
Composition, TM£2 + 5% W

6.2 ELECTRICAL PARTS (cont)

GR FMC
Part Number (see 6.4)
6099-2565 75042
6099-1829 75042
6039-0565 75042
6099-3305 75042
6099-3565 75042
6099-4205 75042
6099-3115 75042
6099-1339 75042
6099-3115 75042
6099-2245 75042
6099-1825 75042
6099-1205 75042
6099-1479 75042
6099-1395 75042
6099-1479 75042
6099-2625 75042
6099-3185 75042
6099-2109 75042
6099-0515 75042
6099-1125 75042
6099-2109 75042
6099-0565 75042z
6099-0515 75042
6099-3135 75042
6099-2205 75042
6099-4275 75042
6099-2395 75042
6099-2395 75042
6099-4395 75042
6099-4395 75042
6045-1061 01121
6045-1061 01121
6099-2915 75042
6099-3825 76042
6099-4335 75042
6099-3125 75042
6099-3365 75042
6099-3625 75042
6099-4125 75042
6099-4365 75042
6099-4625 75042
6099-4125 75042
6099-2205 75042
6099-0515 75042
6099-2109 75042
6099-5105 75042
6099-3105 75042
6099-5105 75042

Manufacturers
Part Number

BTS, 5.6KS1 £ 5%
BTS, 82092 + 10%
BTS, 5662 * 5%

BTS, 39K £ 5%
BTS, 56K£2 + 5%

BTS, 200K *+ 5%
BTS, 11K + 5%
BTS, 33092 +10%
BTS, 11K2 + 5%
BTS, 2.4KQ + 5%

BTS, 82092 * 5%
BTS, 2002 * 5%
BTS, 47082 * 10%
BTS, 39092 * 5%
BTS, 4702 *10%

BTS, 6.2K * 5%
BTS, 18K + 5%
BTS, 1K £ 10%
BTS, 510 £ 5%

BTS, 12092 £ 5%

BTS, 1KQ £ 10%
BTS, 5682 + 5%
BTS, 519 5%
BTS, 13K = 5%
BTS, 2K + 5%

BTS, 270KQ) * 5%

BTS, 3.9K 5%
BTS, 3.9K82 + 5%
BTS, 390KQ2 * 5%
BTS, 390K * 5%
JT, 250KQ U Taper

JT, 250K U Taper

BTS,9.1KQ + 5%
BTS, 82KQ £ 5%
BTS, 330KQ + 5%
BTS, 12KQ + 5%

BTS, 36K £ 5%
BTS, 62KQ + 5%
BTS, 120K * 5%
BTS, 360Kl £ 5%
BTS, 510K8 * 5%

BTS, 120K * 5%
BTS, 2K§ * 5%
BTS, 512 + 5%
BTS, 1K2  10%
BTS, 1ML + 5%

BTS, 10K *+ 5%
BTS, 1M§2 £ 5%

Federal
Stock Number

5905-892-0107

5905-279-4629

5905-279-4629

PARTS AND DIAGRAMS



6.2 ELECTRICAL PARTS (cont)

Reference GR FMC Manufacturers Federal
Designation Description Part Number {see 6.4) Part Number Stock Number

RESISTORS (cpnt)

R946 Composition, IME2 £ 5% UW 6099-5105 75042 BTS, 1MQ2 £ 5%
R947 Composition, 62082 * 5% %W 6099-1625 75042 BTS, 62082 + 5%
R948 Composition, 5181 + 5% “W 6099-0515 75042 BTS,518 £ 5%
R949 Composition, 1K + 5% %W 6099-2105 75042 BTS, 1KQ £ 5%
R950 Potentiometer, composition, 20K2 * 10%  6010-1000 01121 JU, 20K £ 10%
ADJ 10MHz
R951
thru Composition, 30K £ 5% 1W 6110-3305 o1z RC32GF303J 5805-299-2017
R958
R959 Composition, 220K * 5% %W 6099-4225 75042 BTS, 220K £ 5%
R960 Composition, 1K * 5% % 6099-2109 75042 BTS, 1KQ2 £ 5%
R961 Composition, 15082 £ 5% W 6099-1135 75042 BTS, 15002 £ 5%
R962 Composition, 15082 * 5% W 6099-1135 75042 BTS, 15002 £ 5%
SWITCHES
S501 Toggle, dpst POWER 7910-1300 04009 B83053-5A 5930-909-3510
5502 Slide, screwdriver operated, dpdt line 7910-0831 42190 4603
5901 Assembly of 5 mutually exclusive push- 7880-2060 71590 2K.BC050000028
button switches MEASUREMENT
5902 Rotary, 10-position, 3-section RANGE 7890-5140 76854 265268-BA3
S903 Pushbutton, momentary START 7870-1519 81073 46YY2102-3
5904 Pushbutton, momentary STOP 7870-1519 81073 46YY2102-3
5905 Pushbutton, momentary SET 9 7870-1519 81073 46YY2102-3
5906 Pushbutton, momentary SET O 78701519 81073 4B8YY2102-3
5907 Rotary, 12-position, 1-section DISPLAY 7890-4970 24655 7890-4870
TIME
5908 Rotary, B-position, 3-section A POLARITY 7890-5130 76854 265266-F1
& ATTEN
5909 Rotary, 8-position, 3-section B POLARITY 7890-5120 76854 265265-F1
& ATTEN
S910 Toggle, spdt & AC-DC 79100790
S911 Toggle, spdt B AC-DC 7910-0790 85146 MST-106D
5912 Toggle, spdt SEPARATE-COMMON 7910-0790 95146 MST-105D
5851 Toggle, spdt STORAGE-DISABLE 7910-0790 95146 MST-105D
5952 Toggle, spdt TIME BASE 7910-0790 95146 MST-106D
SOCKETS
S0501 Etched-board, 10-contact 4230-2710 95354 91-6010-1201-00
50550 Etched-board, 15-contact 4230-2715 95354 91-6015-1201-00
50901 External connection, DATA OUT 4230-4049 93916 57-40500
S0910
thru Etched-board, 24 contact 4230-2724 95354 91-6024-1201-00
S0240
50950 External connection, PROGRAMMING 4230-4036 93916 57-40360
INPUT

**Part number includes positioning washer, lockwasher, and two nuts,
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Reference
Designation Description
SOCKETS (cont)
S0951
thru Tube,
S(958
S(960 Etched-board, 24 contact
S0970 Etched-board, 24 contact
S0980 Etched-board, 24 contact
TRANSFORMER
7501 Power transformer
TUBES
vo51
thru visual register
Vo958
Va59 $LOCK OUT
CRYSTAL
X-401

6.2 ELECTRICAL PARTS (cont)

GR FMC

Part Number (see 6.4)
7540-3465 83781
4230-2724 95354
4230-2724 95354
4230-2724 95354
0345-4025 24655
5437-0845 83781
8390-0200 24446
1213-0440 24655

Manufacturers
Part Number

RTS-12

91-6024-1201-00
91-6024-1201-00
91.6024-1201-00

0345-4025

NL-845

NE-2

1213-0440

Federal
Stock Number

6240-179-1811

5055-997-3324

PARTS AND DIAGRAMS
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6.3 MECHANICAL PARTS

Quantity Description
BENCH CABINET for bench models:

Bench-cabinet assembly, till-base, nonvented:
gasket, black neoprene
Foot, extruded black neoprene
Foot assembly
Hinge, aluminum painted black

—_— ) = —

Not included with 4172-4004 but attached to it:

1 Rear cover, aluminum painted gray

2 Screws, 10-32 x 3/8" with black nylon washers,
secure rear cover to cabinet

RACK CABINET for rack models:

2 Side pan assemblies

Not included with 4174-3040 but attached to it

1 Rear cover, aluminum painted gray

2 Screws, 10-32 x 3/8" with black nylon washers,

secure rear cover to cabinet

Not included with 4174-3040:

1 Hardware set; to mount rack cabinet to rack

FRONT PANEL

1 Dress panel

1 Window, 9 3/32" x 1 5/8", yellow plastic, for
visual register

2 Handles, aluminum with black epoxy finish

4 Panel screws, 10-32 x 5/8" binder head with white
nylon washers, secure instrument to cabinet
or rack

A and B POLARITY & ATTEN switches (S908, S909):

2 Bushing assemblies, attach to switch shafts
2 Knob assemblies, snap-fit over bushings

A and B THRESHOLD controls (R908, R909):

2 Bushing assemblies, attach to pot shafts
2 Knob assemblies, snap-fit over bushings

DISPLAY TIME switch (S907).

1 Bushing assembly, attaches to switch shaft
1 Knob assembly, snap-fits over bushing

POWER switch (5501):
1 Nut, 15/32" — 32 dress, secures switch to panel
RANGE switch (5902)

1 Dial assembly
1 Knob assembly, snap-fits over bushing

6-22 TYPE 1191 COUNTER

GR
Part Number

4172-4004
4172-2642
5331-2156
4171-7008

4171-1010
4171-8007

4171-1191
7270-6190

4174.3040

4174-1040

4171-1191
7270-6180

4174-2000

1191-1000
1191.7001

5360-2007
7270-6310

41433127
5520-3331

41431131
5520-5131

41433121
5500-5321

5800-0800

1191-1010
5500-5321

FMC
(see 6.4)

24655
24655
24655
24655

24655
24656

24655
24655

24655

24655

24655
24655

24655

24655
24655

24655
24655

24655
24655

24655
24655

24655
24655

24655

24655
24655

Manufacturers
Part Number

4172-4004
4172-2642
5331-2156
4171-7008

4171-1010
4171-8007

4171-119
7270-6190

4174-3040

4174-1040

4171.1191
7270-6190

4174-2000

1191-1000
1191-7001

5360-2007
7270-6310

4143-3121
5620-3331

41431131
5620-5131

41433121
55600-5321

5800-0800

1191-1010
5500-5321

Federal
Stock Number



Quantity

REAR PANEL

6.3 MECHANICAL PARTS (cont)

Description

7 v (F501, F502):

2
2

Fuseholders, include nuts
Insulaters, black neoprene, over fuseholder
terminals

LEFT-SIDE PANEL

1
4

Slide stop, black nylon, riveted to side panel
Slide blocks, black nylon

RIGHT-SIDE PANEL

1
4

SHELF

[oS IS I S )

Slide stop, black nylon, riveted to side panel
Slide blocks, black nylon

Sockets, power transistor, for Q501, Q550
Terminals (AT503, 901, 903, 910, 911}, no. 6 hole
Grommets, 1/4" hole, 1/8" groove, rubber
Insulators, mica, for Q501, Q550

GR
Part Number

5650-0100
5451-2250

4171-7040
7260-0750

4171-7040
7260-0750

7540-2267
7930-2100
4110-1100
7530-2000

FMC
(see 6.4)

71400
24655

24655
24655

24655
24655

71785
78189
24655
16037

Manufacturers
Part Number

HKP-H
5451-2250

4171-7040
7260-0750

4171-7040
7260-0750

24246
2106-06-00
4110-1100
#7111

Federal
Stock Number

5920-284-7144

5940-502-7462
5325-964-3644

PARTS AND DIAGRAMS

6-23



3 d i ! REGISTER
q‘ ' = - BOARD E
' DISPLAY
CIRCUIT F

@ C410 (HIDDEN) OSCILLATOR
@ R254 B BALANCE CIRCUIT |
(UPPER, HIDDEN) CLOCK BOARD 4
@ R2T4 B CURRENT. OR
(LOWER, HIDDEN) AMPLIFIER
BOARD JA

BOARD L

@ R204 A BA
(UPPER, HIDDEN)

@ R224 A CURBENT-
{LOWER,HIDDEN)

STEPS 8,9,I0, AND Il NOT SHOWN

CLOCK BOARD J

0R
OSCILLATOR CIRCUIT 1

AMPLIFIER BOARD Ja

TIME-BASE

INPUT BOARD €

NN,

b 30960-IT F2i
[ BUFFER CIRCUIT @

! _s0920-24 VCFA
—30940-2¢ BOUT
—30920-21 BREF
L soseo-16 BSIe

AQUT
AREF

REGISTER BOARD E

|
Eg-]— T = }
: LOCATE 1 i i |-t 4
! SFORMAT B | DEC;DE [ DECADE Dacznoz—[ . chnDE
| R63 ICI33 i IC109 | ECIDI Frxz
_L\ e
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Ts G GATE 7 GATE 2 GATE 1
P304 = ici27 ICI08 ICI04
+9V XTI I T I

TIME -+E

lpecape| |oecape] [pecace] [pecapel capE| [pEcape
2 3 ) 5 3 7
€301 ic303 | | |Kc305 Tnc:or ic308 | | |ic3i0

T

DDy DDy by

INPUT BOARD C

L

STORAGE STORAGE

ic 7ic Ic. 2 1c
129 | 128 107 | 106

STORAGE

m

Btﬁ??

-lw

8 &4 2 |

@

-

ic tic
105 | 1c?
]
El8 | EI2
E24 | E21 | El4 | Ell
a2z | 8421

T AT AT AT AT AT AT a7

T9r7 | 979 T 9g) T
976

g?e | 980 82

A CHANNEL

R D

PART OF KCE0I | Q609

PART OF IC60I

R [ _PERP
PE 1)

10

|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
I
t
|

G | (SO B |

'SO-{TIMING |5, 060
FLIP-FLOP
1ce02

|
r : T
DISPLM B0ARD F

|11

DEC(]EDER DECQFDER
Kas 1c9s52

DECODER DECODER
2 I
Kas7 1C 958

T

10 LINE 10 LINE

T
10 LINE 10 LINE

MOST SIGNIFICANT,

R351
30K

+250v + 2507

v VNS
95 / 958).7
EAST SIGNIFICANT

RI57 RI58
30K 30K
+ 250V + 250V

issue 1 MAINTENANCE A




INPUT BOARD C

TIMING GATE

PART OF FORMAT BOARD D

PROGRAM BOARD H

COUNTING GATE

PART OF FORMAT BOARD D

INPUT A Fzi rV\CLE‘ﬂ 8 TRANSFER
ADUT
aouTt BouT
K
CLOCK BOARD J e TIME BASE BOARD L
A ‘lﬂﬂl‘l.‘rs DEGAOEY
F-@tm—_. - REGISTER BOARD E
—
R-® DECADE Lmu DECADE - DECADE DECADE DECADE DECADE _.umoe COUNTING
ce \ e 3 A REGISTER
NOUT
START STORAGE
S0+ REGISTER
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| FLIP-FLOP
COUNTING l
= DISPLAY CIRCUIT F
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1) 2 3 & [} L ] T L

(3 Il I

FREQUENCY
PERIOD
INTERVAL
RATIO
COUNT

SIGWAL FLOW SHOWM FOR FREQUENCY MEASUREMENT

l DECIIIL] DATA

LTI

T

VISUAL
REGISTER

issue 3 BLOCK AQ



COMMECTIONS
—pOUTPUT LEMWES SU8 ASM
p—INPUT FROM ANOTHER SUB ASM
—> OUTPUT REMAINS ON SUB ASM
b= NPUT FROM SAME SUB ASM
HUMBER ADJACENT IS SO- PIN NO.
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3INPUT BOARD C

A QUT
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R

B CHANNEL DUTPUT

SUPPLY VOLTAGE

E POSITIVE SLOPE PROGRAM
BCHANNEL THRESHOLD
SUPPLY VOLTAGE

SUPPLT VOLTAGE

B NEGATIVE SLOPE PROGA AN
CHASS1S GROUND

B ATTENUATOR DUTPUT
CHASSIS GROUND

CHASSIS GROUND

CHASEIS GROUND
ACHANNEL QUTPUT
SUPPLY VOLTAGE
APOSITIVE SLOPE PROGRAM
ACHANNEL THRESHOLD
SUPPLY VOLTAGE

SUPPLY VIOLTAGE

A NEGATIVE SLOFE PROGRAM
CHASSIS GROUND

A ATTENUATOR QuTPUT

INPUT BOARD C

Part number 1191-4720 (the number that appears on
the foil side is not the part number). The dot on the
foil at the transistor socket indicates the collector
lead.

See paragraph 4.2 for principles.



T A COUPLING AND ATTENUATION

| ATTENUATOR
|

POLARITY & ATTEN §

o
0047 J1ER —
-
RI67 b
5@ 106R @

I

S tL g0z

- BuH

*—

L 2

L]
C‘S‘??EQ?Y L

EMPUT a F44 gioKS
J553
Ca .
caz28 RIZES
2207 Ii oK
c925 i RIZE5S
2o T im
C526 - RI26%
00227~ 10K .]v
L
— 8 COUPLINGE AND ATTENUATION

-5.6v

[T

i
L]

o T T ey 5909 — T
' |
I ATTENUATOR |
_} | gliE 10%e |
202 wen @ pgi08R 08K g g |
0047 s i
HIZR —
RI62 L
50 1067 @
*—
P
L903 b
. BuH L]
cozz L rozzg
7954 22 910K 3

cg33 R334
220 /'[ mnri

CBJCI'J_ RI30
20 1M

€33/ RI3
o2z, oK 3

f

COMPONENTS

apacitor values with no decimal point are pF
102 F) and with decimal point are uF (10 F).
lesistor values with k are k2 (10 ©) and with
fare MQY (10% Q). EZ3 indicates front-panel access.
~_Jindicates rear-panel access. & indicates screw-
river- or alignment-tool operated.

I47+

CONNECTIONS

|
|

. "
ol 0" 4rsr.00 L

*5v

’ 2
L .. | g |
I._.n.wc vy

TEST 1OMHe

CHANNEL A

5909, 2057
R
RIO4
3 gx

$909,207R

cRI0Z FEOK

56V
SF08, 2058

A SYMMETRICAL TRIGSER — ]

*5y

TO S908,209R

EXT PROG.

-1o 2

=1 RZ252
+

+1o -
+100

TEST 10MHE

CHANNEL B

]H’.Of‘?!’ﬂ ON S0S80

l;

QOutput leaves subassembly,
Input from different subassembly.

Output

Input

remains on subassembly.

from same subassembly.

-1 -1 + 15V
R218 Lzoz
560 10uH
5908 — 118/ COUNTER
. (206 czo2 3787 0OmV INPUT CIRCUIT ASM
rzul 58 ] (50920/
cgg’ AREF
) }Ir |_ A ourPur _'_I
R216
4ol c940
.ot T
R204
500
{ i
——|-BALANCE
INPUT ° R224 REFERENCE
Sk Fe": s #208 SIDE
2K
] = 5. EV
CURRENT RIS
200
W q+5¥
0207 ¥ pzz0 r22i |0208
2K 13
0.1V TRIGGER p— Ay
“czp3 | FLPCFLOR czo4 =
6.8 6.8
,% |_4 3L
A
:REOE S R2I4 R2i3s R207 &
2200 3510 500 200 3
-0V i i L
L2033 = = L2004
0.68u 0.68uk
s 8 SrMMETRICAL TRIGGER —l
AV Rl *I5Y 3
REFE
L25¢ R268 Lé52
fCuk 560 10wk 50950,8
*i5V -i
R259 R2E60
crRes3 33K 33K |
|
L) oner I
czzs I
cr251 3} 0z52 | e I EQUTEUT =
RE66 104
—8.5v X Co4t
ot o
= 104 F@—
| | % s
A W H
QO ~——|-sacance
R274 REFERENCE *—
Irs R258 5108
G5 e
—] - 5.6V
CURRENT R269
200
A <] +5¥
Q257 T g2y Re7o | 9258
2K 2K N
VA rﬂfﬁafﬂ S aas b i
c253 FLiP=-FLOP cos4 -
68 6.8
hYl Al
Pl P4l
LR257 3 R26E RZE3S  R256¢
3200 <50 5108 200%
= 4‘:
LSy T LES4
O58uH 0.68uH L
SWITCHES

404 F

__ Front, Rear.

Contact: First contact cw from strut is 01,
Section: Section riearest panel is 1.

issue /7 INPUT BOARD C



COUNTING LAMF DRIVE

START

SUPPLY VOLTAGE

COUNTING GATE CONTROL COMPLEMENT
TAING GATE CONMTROL COMPLEMEST
sTOR

RESET

TUAING GATE CONTAOL

SET

CHASSIS GAOUNE

RATIO PROGRAM

RAMGE | PRDGRAN

BCHANKEL DUTPUT
INTERNAL SADGRAN

PERIDT FADOS AV

COUNT PROGRAM
TIMING PULSES

10MHI CLOCK

TIMING PULSES SCALED
COUNTING PULSES
CHASSIS GROUND

ACHANHEL OUTPUT

FORMAT BOARD D

Part number 1191-4760 (the number that appears on
the foil side is not the part number]). The doton the
foil at the transistor socket indicates the collector
lead.

See paragraph 4.11 for principles.



COMPONENTS

Capacitor values with no decimal point are pF
(107'% F) and with decimal point are uF (107 F).
Resistor values with k are k2 (10° ©) and with
Mare M (10° Q). indicates front-panel access.
[Jindicates rear-panel access. # indicates screw-
driver- or alignment-tool operated.

L-14

GATES

DATA IN PARENTHESIS 15 MEASUREMENT
CONTROL SETTING THAT ENABLES GATE;
EXCEPT GATE 8 WHICH (5 ENABSLED BY
SINGLE PERIOD SETTING OF RANSE CONTROL.

1] -
PER o L O o pere il J_ -|-
@ | 5 P
— PERN CEOE C9492 LOCATED
‘:gf’T rJ: 4TuF I fuf owsosec
RE3 = A5V = =
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@ 602 l H orw i CRE4E
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P iD,_._._;‘__p ”e = | '@ CREAS
P bl
@ ceos ] R e - 4
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€ —A _L o cn @9 I
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~N 4
RE632 =
5/ REI0
T80 100K [~ COUNTING FLIP-FLOP —— CRE4T
@ |
C603. _T__I_ 24 P [ en o—jeg-
oL )
T = @ CREIT GATE 10 { PERIOD )
=8 CcRE4!
GATE 5 (INTERVAL) ¢ d_ aourr—idt
L/
CREIB =
A CRE4E
vour GATE 2 [PERIOD ) CRE4O
é;_+‘__ =~ CRE06 14
5
o x iy
asv T 5]
CREZ0 sare 7 (FREQUENCY, PERIOOD,
_J- RATIG, COUNT ) cs0x by e CRE3S
3 Fir _J— C‘Tz‘m _r PERP —i—]
bl .
CRE4S GAFE 9 RATIT)
T e
CRE3O " o » FiC CREOT ) sour
wour e ps | rene—g— @n
4 ~
_I_ GATE BINTERVAL)
CREZS = CREI0
TN ] = b wour C.\_H_‘
. Ci
. cRE37
-1 CRE628 Cﬁl’ih? J— xe p_“_
GATE 8(SINGLE PERIOD RANGE SETTING ) ¥
l—}'b«'”\'ﬁ GATES
|l. CREI4
}:
CREZS
raor
CREII
I reo—id—
CRE3Z
Vo g GATE | (FREQ, RATIO, €O
CRECS
\_ aour G»)—-“—«
+5v CREQI
<
REIE
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CRE2S
- >
CREZE
@i
< o
CRESH £905

CONNECTIONS

Output leaves subassembly,

Input from different subassembly.
Output remains on subassembly.
Input from same subassembly,

TRANSISTOR BASING

nrguss

TRANSISTORS-BOTTOM VIEW

BASE
£a cott
0E0I-603
0605 - 611

®f°

issue 4 FORMAT BOARD D



1 80+ SET
1 SET NINE
3 our REGISTER SPILL
4 TXR TRANSFER TO STORAGE
s CL CLEAR STORAGE
\ & GND CHASEIS GROUND
' I ‘ B ’ BOUT  REGISTER SPILL ISOLATED
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REGISTER BOARD E

Part number 1191-4710 (the number that appears on
the foil side is not the part number). The dot on the
foil at the transistor socket indicates the collector
lead.

See paragraph 4.7 for principles.

DISPLAY CIRCUIT F

Part number 1191-2700 (the number that appears on
the foil side is not the part number). The dot on the
foil at the transistor socket indicates the collector
lead.

See paragraph 4.8 for principles.



COMPONENTS

values with no decimal point are pF

and with decimal point are uF (10 F).
salues with k are k2 (10° ) and with
1(10% ). indicates front-panel access.
‘ates rear-panel access. @ indicates screw-
alignment-tool operated.
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Output leaves subassembly.

Input from different subassembly.
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B DIGIT B80T BUFFERED
B DIGIT &84T BUFFERED
o DNGIT 2484T BUFFERED
B DIGIT T BUFFERED
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PRINT COMMAND BUFFERED

PRINT COMMAND BUFFERED PAT
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TIMING GATE COMTROL

BUFFER CIRCUIT G

Part number 1191-2790 (the number that appears on
the foil side is not the part number). The dot on the
foil at the transistor socket indicates the collector
lead.

See paragraph 4.8 for principles.
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SUPPLY VOLTAGE
PRINT COMMAND

TIMING GATE CONTAOL COMPLEMENT

SET
§ SET ZERD
T RESET
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CHASSIS GAOUND
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R7O3

DISFLAN TIME PROGRAM RESISTOR
DISPLAY TIME PROGHAM 10wF CAPACITOR

DISPLAY TiME PROGRAM 0, 1wF CAPACITOR

TALNSFER TG STORAGE
COUNT PEOCRAN
STORAGE DiSASLE
CLEAR STORAGE
SUPRLY VOLTAGE

TInNG GATE CONTROL

PROGRAM BOARD H

Part number 1191-4770 (the number that appears on
the foil side is not the part number). The dot on the
foil at the transistor socket indicates the collector
lead.

See paragraph 4.10 for principles.
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AMPLIFIER BOARD JA

Part number 1191-4780 (the number that appears on
the foil side is not the part number). The dot on the
foil at the transistor socket indicates the collector
lead.

See paragraph 4.5 for principles.

COMPONENTS

Capacitor values with no decimal point are pF
(107"* F) and with decimal point are uF (10 F).
Resistor values with k are k2 (10° ) and with
Mare ME2 (10° §2). indicates front-panel access.
[Jindicates rear-panel access. @ indicates screw-
driver- or alignment-tool operated.
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CONNECTIONS

Qutput leaves subassembly.

Input from different subassembly.
Qutput remains on subassembly,
Input from same subassembly.
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TIME-BASE BOARD L

Part number 1191-4730 [the number that appears on
the foil side is not the part number). The dot on the
foil at the transistor socket indicates the collector
lead.

See paragraph 4,6 for principles,
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FIFTEEN-VOLT BOARD VH

Part number 1158-4751 (the number that appears on
the foil side is not the part number). The dot on the
foil at the transistor socket indicates the collector
lead.

See paragraph 4.12 for principles.

FIVE-VOLT BOARD VL

Part number 1191-2756 (the number that appears on
the foil side is not the part number). The dot on the
foil at the transistor socket indicates the collector
lead.

See paragrap'h 4,12 for principles.

COMPONENTS

Capacitor values with no decimal point are pF
(10" F) and with decimal point are uF (10 F).
Resistor values with k are k§2 (10° ) and with
MareMQ (10° ). indicates front-panel access.
[CJindicates rear-panel access. @ indicates screw-
driver- or alignment-tool operated.
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CONNECTIONS

Output leaves subassembly,

Input from different subassembly.
Qutput remains on subassembly.
Input from same subassembly.
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00192
00194

01009
01121
01295
02114

02606
02768
03508

03636
03888
03911
04009

04713
05170

05624
05820
07127

07261
07263

07387
07595

07828
07829
07910
07983
07999

08730
09213
09408
09823
09922
11236
11599
12498

12672

12697
12954
13327
14433
14655
14674
14930
15238

15605
16037
19644
15701
21335
24446
24454
24455
24655
26806
28520
28959
30874

35929

37942
38443
40931
4219
42498
43991

49671
49956

5/68

From Federal Supply Code for Manufacturers Cotologing Handbooks Hé-1

FEDERAL MANUFACTURERS CODE

(Mame to Code) ond Hé-2 (Code to Nome) a3 supplemented through June, 1967.

Nome and Add

Jones Mfg. Co., Chicago, [llinois
Walsco Electronics Corp., Los Angeles, Calif.

Saugerties, N. Y. 12477
Fenwal Lab. Inc., Morton Grove, Ill.
Amphenol Electronics Corp.,

Fastex Division of 1ll. Tool Works,

Des Plaines, Ill. 60016
G. E. Semiconductor Products Dept.,

Syracuse, N. Y. 13301
Graybume, Yonkers, N. Y. 10701
Pyrofilm Resistor Co., Cedar Knolls, N. J.
Clairex Corp., New York, N. Y. 10001
Arrow, Hart and Hegeman Electric Co.,

Hartford, Conn. 06106
Motorola Semi-Conduct Product,

Phoenix, Ariz. 85008
Engineered Electronics Co., Inc.,

Santa Ana, Calif. 92702
Barber-Colman Co., Rockford, Ill. 61101
Wakefield Eng., Inc., Wakefield, Mass. 01880
Eagle Signal Div. of E. W. Bliss Co

Baraboo, Wisc.

Avnet Corp., Culver City, Calif, 90230
Fairchild Camera and Instrument Corp.,

Mountain View, Calif.
Birtcher Oorp.. No. Los Angeles, Calif.
American Semi Corp., Arling

Heights, Ill. 60004
Bodine Corp., Bridgeport, Conn. 06605
Bodine Electric Co., Chicago, I, 60618
Continental Device Corp., Hawthorme, Calif.
State Labs Inc., N. Y., N. Y. 10003
Amphenol Corp., Borg Inst. Div.,

Delavan, Wisc. 53115
Vemaline Prod. Co., Franklin Lakes, N. ].
General Electric Semiconductor, Buffalo, N. Y.
Star -Tronics Inc., Georgetown, Mass, 01830
Burgess Battery Co., Freeport, Ill.

Burndy Corp., Norwalk, Conn. 06852
C.P.S. of Berne, Inc., Berne, Ind, 46711
Chandler Evans Corp., W. Hartford, Conn.
Teledyn Inc., Crystalonics Div.,

Cambridge, Mass. U2140
RCA Commercial Receiving Tube and Semi-

conductor Div., Woodridge, N.J.
Clarostat Mig. Co. Inc., Dover, N. H. 03820
Dickson Electronics Corp., Scottsdale, Ariz.
Salitron Devices, Tappan, N. Y. 10983
ITT Semiconductors, W. Palm Beach, Florida
Comell Dubilier Electric Co., Newark N. ].
Coming Glass Works, Corning, N. Y.

General Instrument Corp., Hicksville, N. Y.
ITT, Semiconductor Div. of Int. T. and T,

Lawrence, Mass.

Cutler-H r Inc., Milwaukee, Wisc. 53233
Spruce Pine Mica Co., Spruce Pine, N. C.

LRC Electronics, Horseheads, New York
Electra Mig. Co., Independence, Kansas 67301
Fafnir Bearing Co., New Briton, Conn.

G. E. Schenectady, N. Y. 12305

G. E., Electronic Comp., Syracuse, N. Y.

G. E. (Lamp Div), Nela Park, Cleveland, Ohio
General Radio Co., W. Concord, Mass 01781
American Zettler Inc., Costa Mesa, Calif.
Hayman Mig. Co., Kenilworth, N. J.

Hoffman Electronics Corp., El Monte, Calif.
International Business Machines, Armonk, N.Y.
Jensen Mifg. Co., Chicago, Ill. 60638

Constanta Co. of Canada Limited,

Montreal 19, Quebec
P. R. Mallory and Co. Inc., Indianapolis, Ind.
Marlin-Rockwell Corp., Jamestown, N. Y.
Honeywell Inc., Minneapolis, Minn. 55408
Muter Co., Chicago, Ill, 60638
National Co. Inc., Melrose, Mass. 02176
Norma-Hoffman Bearings Corp.,

Stanford, Conn. 06904
RCA, New York, N. Y.

Raytheon Mfg. Co., Waltham, Mass. 02154

o L

72765

73138

74193
74861
74970

75382
75491

75915
76149

80294

Nome ond Add

Sangamo Electric Co., Springfield, Ill. 62705

Co., Torrington, Conn.

Union Carbide Corp., New York, N. Y. 10017
United-Carr Fastener Corp., Balmn Mass.
Victoreen Instrument Co., hc..

Cleveland, Ohio
Ward Leonard Electric Co., Mt. Vernon, N. Y
Westinghouse (Lamp Div), Bloomfield, N. ].
Weston Instruments, Weston-Newark ,

Newark, N. J.
Atlantic-India Rubber Works, Inc.,
Chi , Il1. 60607

cago,
Amperite Co., l.h.lmCity N. ]. 07087
Belden Mfg. Co., Chicago, [l1. 60644
Bronson, Homar D., Co., Beacon Falls, Conn.
Canfield, H. O. Co., Clifton Forge, Va. 24422
Mmm Mig. Div. of McGraw Edison Co.,
St. Louis, Mo.
Centralab, Inc., Milwaukee, Wisc. 53212
Continental Carbon Co., Inc., New York, N. Y.
Coto Coil Co. Inc., Providence, R. 1.
Chicago Miniature Lamp Works, Chicago, Ill.
Cinch Mifg. Co. and Howard B. Jones Div.,
Chicago, Ill. 60624
Darmell Corp., Ltd., Downey, Calif. 90241

Electro Motive Mlg Go., Willmington, Conn.
Inc., Berkeley Heights, N. J. 07922
mlllgh Co., Bz:wklyn N. Y. 11237
Inst Corp., C i Div.,
Newark, N. J. 07104
Drake Mfg. Co., Chicago, Ill. 60656
Hugh H. Eby, Inc., Philadelphia, Penn. 19144
Elastic Stop Nut Corp., Union, N, J. 07083
Erie Technological Products Inc., Erie, Pern.

Beckman, Inc., Fullerton, Calif, 92634
Amperex Electronics Co., Hicksville, N. Y.
Carling Electric Co., W. Hartford, Conn.
Elco Resistor Co., New Yorx, N. Y.

J. F. D. Electronics Corp., Brooklyn, N. Y
Heinemann Electric Co., Trenton, N. J.
Industrial Condenser Corp., Chicago, Ill.
E. F. Johnson Co., Waseca, Minn. 56093
IRC Inc., Philadelphia, Penn. 19108

Kulka Electric Corp., Mt. Vernon, N, Y.

Lafayette Industrial Electronics, Jamaica, N.Y.
Linden and

Co., Providence, R. I.
Inc., Des Plai , Il 60016
Lord Mfg. Co., Erie, Penn. 16512
Malloy Electric Corp., Detroit, Mich. 48204
James Millen Mfg. Co., Malden Mass. 02148
Mueller Electric Co., Cleveland, Ohio 44114
National Tube Co., Pittsburg, Penn.
Oak Mig. Co., Crystal Lake, Il
Patton MacGuyer Co., Providence, R. L.
Pass- Seymom:. Syracuse, N. Y.
Pierce Roberts Rubber Co., Trenton, N. J.
Positive I.ocknl‘her Co., Newark , N. J.
Ray-0-Vac Co., Madison, Wisc.
TRW, Electronic Component Div.,
Camden, N. ]. 08103
General Instruments Cozp., nmok.lyn N. Y.
Shakeproof Div. of Ill. Tool Works
Elgin, Ill. 60120
Sigma Instruments Inc., S. Braintree, Mass.
Stackpole Chrbm Co., St. Mu:ya. Penn.
Tinnerman Prod Inc., Cl d, Ohio
RCA, Commercial Receiving Tube and Semi-
conductor Div., Harrison, N. J.
Wiremold Co., Hartford, Conn. 06110
Zjerick Mfg. Co., New Rochelle, N. Y.
Prestole Fastener Div. Bishop and Babcock
Carp., Toledo, Ohio
Vickers Inc. Electric Prod. Div.,
St. Louis, Mo.
Electronic Industries Assoc., Washington, D.C.
Sprague Products Co., N. Adams, Mass,
Motorola Inc., Franklin Park, Ill. 60131
Standard Oil Co., Lafeyette, Ind.
Bourns Inc., Riverside, Calif. 92506

Littelf

83033
80431

B0740
81073
81143
81349
81350
81751
81831
81860

82219

82273
82389
82647
82807

83186

B3361
83587
83740
84411
84835

84971
86577

98291
98821
99180
99378

Monufocturers Mome ond Address

Meissner Mfg., Div, of Maguire Industries, Inc.
Mount Carmel, Olinois

Air Filter Corp., Milwaukee, Wisc. 53218

Hammarlund Co. Inc., New York, N. Y.

Beckman Instruments, Inc., Fullerton, Calif,

Grayhill Inc., LaGrange, 11l. 60525

Isolantite Mig. Corp., Stirling, N. J. 07980

Military Specifications

Joint Army-Navy Specifications

Columbus Electronics Corp., Yonkers, N. Y.

Filton Co., Flushing, L. L, N. Y

Barry Controls Div. of Barry Wright Corp.,
Watertown 3

y 8

Sylvania Electric Products, Inc., (Electronic

Tube Div.), Emporium, Penn.
Indiana Pattern and Model Works, LaPort, Ind.
Switchcraft Inc., Chi 11, 60630
Metals and Cmtruln Inc., Arttleboro, Mass.
Milwaukee Resistor Co., Milwaukee, Wisc.
Carr Fastener Co., Cambridge, Mass.
Victory Engineering Corp (IVECO),

Springfield, N. J. 07081
Bearing Specialty Co., San Francisco, Calif,
Solar Electric Corp., Warren, Penn.
Union Carbide Corp., New York, N. Y. 10017
TRW Capacitor Div., Ogallala, Nebr.
Lehigh Metal Products Corp.,

Cambridge, Mass. 02140
TA M[s Corp., Luu Angel , Calif.

Metal P

Pr of ala

Stoneham, Mass, 02180
RCA (Electrical Compwent and Devices)
Harrison. N. J.
Continental Electronics Corp.
Brooklyn, N.Y, 11222
Cutler-Hammer Inc., Lincoln, [i.
Gould Nat. Batteries Inc., Trentom, N. ].
Cornell Dubilier Electric Corp.,
Fuquay-Varina, N, C.
K and G Mig. Co., New York, N. Y.
Holtzer Cabot Corp., Boston, Mass.
United Transformer Co., Chicago, Il
Mallory Capacitor Co., Indianapolis, Ind.
Westinghouse Electric Corp., Boston, Mass.
Hardware Products Co., Reading, Penn. 19602
Continental Wire Corp., York, Penn. 17405
ITT Cannon Electric Inc., Salem, Mass.
Joh Mfg. Co., B . N. ]. 07005
Chandler Co., Wethersﬁeld Conn. 06109
Dale Electronics Inc., Columbus, Nebr.
Elco Corp., Willow Grove, Penn,
General Instruments, Inc., Dallas, Texas
Honeywell Inc., Freeport, Ill.
Electra Insulation Corp., W
Long Island, N. Y.
Edgerton, Germeshausen and Grier,
Boston, Mass.
Sylvania Electric Products, Inc.,
Woburn, Mass.
Cramer Products Co., New York, N. Y. 10013
Raytheon Co. Components Div., Quincy, Mass.
Tung Sol Electric Inc., Newark, N. J.
Garde Mfg. Co., Cumberland, R. 1.
Alco Electronics Mfg. Co., Lawrence, Mass.
Continental Connector Corp., Woodside, N. Y.
Vitramon, Inc., Bridgeport, Conn.
Methode Mfg. Co., Chicago, Ill.
General Electric Co., Schenectady, N. Y.
Ansconda American Brass Co.,
Torrington, Conn.
Hi-Q Div. of Aerovox Corp., Orlean, N. Y.
Texas Instruments Inc., Dallas, Texas 75209
Thordarson-Meissner Div. of McGuire,
Mt. Carmel, Lll.
Microwave Associates Inc., Burlington, Mass.
Amphenoe Corp. Jonesville, Wisc, 53545
Military Standards
CBS Electronics Div. of Columbis Broadcast-
ing Systems, Danvers, Mass.
Sealectro Corp., Mamaroneck. N. Y. 10544
North Hills Electronics Inc., Glen Cave, N, Y.
Transitron Electronics Corp., Melrose, Mass.
Atlee Corp., Winchester, Mass. 018%0
Delevan Electronics Corp., E. Aurora, N. Y.

Aaid,




