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1192-Z Operating Instructions 
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To operate the 1192-Z Counter, proceed as follows: 
a. Connect the 6-in. coax ial cable supplied (P/N 

0776-2000) with the 1192-Z between the 10 1/ 100: 1 OUT 
connector on the 1157-B Scaler and the INPUT A connec­
tor on the 1192 Counter. 

b. Check that the line-voltage switches on both the scaler 
and counter are f!ach in the proper position for the voltage 
available. 

c. Connect the power cords supplied between the power 
source and the instruments. 

d. Turn the 1157 SENSIT IVITY contro l left to its stop, 
init ially. 

e. Connect the signal to be measured to the IN PUT 
connector (maximum level, 7 V rms). 

f. Set the MULTIPLY COUNTER READING BY switch 
to the desired ratio. The pilot light should glow. 

g. Turn the SENSITIVITY control cw, as required, to 
obtain an indication in the green sector of the INPUT 
LEVEL meter. More detailed instructions are given in the 
11 57 Instruction Manual, Operation Section. 

h. Set the AC-DC switch to the AC posit ion on the 1192 
Counter. 

i. Set the INPUT ATTEN buttons to 10:1 or 100: 1. 
j . Center the TR IGGER LEVEL control. 
k. Set the POWER-OFF switch to the POWER position. 
I. Set the range switch to the desired count ing time or 

number of periods or ratios averaged. 
m. Set the DISPLAY control to the desired display t ime. 
n. Depress the desired measurement pushbutton. If a 

TIME INTERVAL measurement is to be made. set the 
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range switch to TI ME INTERVAL and depress one of the 
T IME INTERVAL pushbuttons. If a COUNT measurement 
is to be made, do not depress the COUNT pushbutton unti l 
it is desired to start the measurement. If a RA TIO measure­
ment is to be made, connect the second signal (lower 
frequency) to the INPUT B connector on the rear panel of 
the 1192. If an external standard frequency is to phase lock 
the counter, connect it to IN PU T Band set the EXT TIME 
BASE switch to the proper position. A RAT I 0 measure­
ment and a phase-locked counter can not ex ist at the same 
t ime. 

o. Depress the STORAGE pushbutton on the rear panel 
if the storage mode is not desired, bu t leave it unlatched if 
storage is desired. 

p. Connect any desired data-reading instruments to the 
optional DATA OUTPUT connector on the rear panel of 
the 1192. 

q. Depress the RESET button. release it and read the 
answer to t he measurement (remember to al low for the 
X10 or X 100 scal ing factor) on t he front-panel visual reg is­
ters. after t he amount of t ime set on the range switch has 
elapsed. Measurements will cont inue to be made if the 
DISPLAY control is in any position except HOLD. If a 
measurement reading does not appear or is erratic, check 
that the scaler INPUT LEVEL reading is in the green range 
and adjust the TRIGGER LEVEL control or decrease the 
INPUT ATTEN setting on the counter. /""" 

More detailed counter instructions are given in the 1192 
Operat ion section of this manual. 
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Condensed Operating Instructions 
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Type 1192 Counter (P/ N 1192-9708). 

To perf.orm a measurement w ith the 1192 Counter, 
proceed as fo ll ows: 

a. Connect the input signal to be measured to t he INPUT 
A connector (use INPUT ATTEN pushbuttons, it neces­
sary) . It a RATIO measurement is to be made, connect the 
second signal to the INPUT B connector. If an external 
standard frequency is to phase lock t he counter, connect it 
to INPUT B and set the EXT TIME BASE switch to the 
proper position. 

b. Check that t he l ine-voltage switch is in the proper 
posit ion. 

c. Set t he AC-DC switch to the desired position. 
d. Set the INPUT ATTEN buttons to 10:1 or 100:1. 
e. Center the TR IGGER LEVE L control. 
f. Switch the POWER-OFF switch to the POWER posi­

tion. 
g. Set the range switch to t he desired counting t ime or 

number of periods or rat ios averaged. 
h. Set the DISPLAY control to the desired display time. 
i. Depress t he desired measurement pushbutton. If a 

T IME INTERVAL measurement is to be made, set the 

range switch to TI ME INTERVAL and depress one of t he 
T IME INTERVAL pushbuttons. If a COUNT measurement 
is to be made, do not depress the COUNT pushbutton until 
it is desired to start the measurement . 

j. Depress t he STORAGE pushbutton on the rear panel, 
if the storage mode is not desired, but leave it unlatched it 
storage is desired. 

k. Connect any desired data-read ing instruments t o the 
optional DATA 0 UTPU T connector on t he rear panel. The 
decimal point and range information wil l not be printed 
out, just the numerals ot the answer. 

I. Depress the RESET button , release it and read the 
answer t o the measurement on t he f ront-panel visual regis­
ters, after t he amount of t ime set on the range switch has 
elapsed. Measurements wi ll continue to be made it the 
DISPLAY contro l is in any posit ion except HOLD. It a 
measurement reading does not appear or is erratic adjust 
the TR IGGER LEVEL control or decrease the INPUT 
A TTEN setting. 



Specifications 

MEASUREMENT RANGES AND ACCURACY 

Frequency: De to 32 MHz: lOO·flS to 10-s counting gate times; dis­
plays Hz, kHz, MHz units with positioned decimal point. Accuracy, 
~ 1 count ~ time-base accuracy. 

Period: To 100 s in 7-digit model (10 s in 6-digit, 1 s in 5-digit 
models) with 0.1 ·_~tS resolution ; single and multip le period to 101; 
displays p. s, ms, ns with positioned decimal point; count s 10·MHz 
time base, 1 MHz, and 100 kHz. Accuracy , depends on signal-lo· 
noise ratio of input signa l, input noise, and the :!: 1-count ermr 
(see note). 

Frequency Ratio : 1 to lOS. Frequency "A", de to 32 M Hz, is m•:as­
ured over 1 to 10' periods of frequency "B", 50 Hz to 10 M Hz. 
Accuracy, :!: 1 count of " A" :!: trigger error of "B" divided by 
number of ratios counted (see note). 

Note- Trigger error in time measurements: ± 0.3% of one p,~riod 
7 number of periods averaged, for a 40·dB input signa I-to-noise 
ratio. This assumes no noise 1nternal to the counter. For input 
signals of extremely high signa l-to-no ise ratio. the trigger error in 
i'S will be < 0.0003 ; t he signal slope in V/i'S. 

Time Interval: 0.1 i'S to 100 s (to 10 s and 1 s in 6·d igit and 5· 
digit models) measured by counting 10-, 1·, or 0.1-MHz signal 
from i nternal clock; displays ms with posit ioned dec ima I poin t. 
Accuracy, :!:: 1 count :!:: t ime-base accuracy. Interval measured is 
between separate commands supplied to "start " and "stop" BNC 
connectors on rear panel. Measures duration of pulse applied to 
" start" terminal with "slop" terminal grounded. Storage is dis­
abled i n this mode. 

Count: Reg ister capacity, 10', 10>, lOS depending on model. Events 
at up to 32-MHz rate accumulated between startj stop commands 
from manual panel button. or externally between separate "start " 
and "stop" commands applied to rear BNC connectors or on ly 
during ·'start" command pulse with " stop" terminal grounded. 

INPUT 

Frequency: Channel "A", de to 32 M Hz (3 Hz to 32 MHz ac­
coupled); channel "B", 50 Hz to 10 MHz. 

Sensitivity: Channel "A", 10 mV rms (sine wave) de to 20 MHz. 
20 mV rms to 32 MHz; channel "B", 100 mV rms (sine wave) 400 
Hz to 10 MHz, 1 V rms down to 50 Hz. "A" tr igger level adj ust· 
able = 100 mV, "B" trigger level fixed: "A" slope negative -going, 
"8" slope positive-going. 

Attenuator: Channel "A" only, x1, x10, x100, x1000 (0, 20, 40, 60 
dB). Low-capacitance 10:1 probe available. 

Voltage Rating: Input should not exceed 400 V pk ac or de, chan­
nel "A". Channel "B" input should not exceed 400 V de or 80 
v rms. 

Impedance (all attenuator settings): "A" approx 1 M!'l shunted with 
27 pF. With low-capacitance probe, 10 M!l shunted with 7 pF. 
Channel "B" approx 10 k!'l shunted with 20 pF. 

Start/Stop Inputs: Contact closure to ground or saturated NPN 
transistor capab le of 6-mA max sink, or pu lse input with d~ta "0" 
<+0.3 V and data "1" >+2.0 V: should not exceed 1 W i nto 50 f! 
(-7 v de and + 12 V de or:!: 70 V for short, 1 %-duty-ratio pulses). 

10·MHZ TIME BASE 

Stability: < ± 2 x 10-• per month. Room-temperature crystal CO· 
efficient, <3 X 10-1/ °C from 0° to 55• C, total drift frOm 0° to 
55•c < 4 x 10-•. With 10% line-voltage variation, <2 x 10-a. 

Manual Adjustment Range: :!: 1 x 10-5 with internal control. 

Internal Phase Lock: T ime-base osci llator can be locked to ex· 
ternal standard frequencies at 1 MHz and 100 kHz of ::::100 mV 
rms into 10kfl. Lock range is wider than :!:1 x 10-5, 

DATA PRESENTATION 

Display: 5, 6, or 7 digits, long-life, high-intensity neon readout 
with automatically positioned decimal point and measurement 
dimensions. Also on panel, spi ll indicator that lights if register 
capacity is exceeded, and a counting indicator light. 

Storage: Display and spill-indicator can be either stored or not, 
as controlled by rear panel push button. 

Measurement Rate: Time between measurements adjustable from 
10 ms to >10 s and oo. 

Data Output (optional): Fu lly buffered 1·2·4·8 BCD output at stand­
ard OTL levels 19-mA sink current) . Data "0" is 0.5 V max, data 
"1" is + 5 V behind 6 kfl. 

GENERAL 

Environmental Operating Range: 0 to 55•c ambient. 

Power Required: 100 to 125, 200 to 250 V, 50 to 400 Hz, 22 W. 

Accessories Available: 1157-B Scaler for extending frequency 
range to 500 MHz, data Pr inter, digital-to-analog converter, and 
digital-data acouisition equipment. Also low-capacitance 10:1 
Input Probe 1158·9600. 
Mounting: Convertible-bench cabinet, rack mount. 

Dimensions (width x height x depth): Bench, 81/2 x 37/e x 131/2 in. 
(220 x 99 x 345 mm); rack , 19 x 31/2 x 12¥4 in. (485 x 89 x 325 mm). 

Weight: Net, 7112 lb (3.5 kg); shipping (est) 11 lb (5 kg), 

Specifications (1192-Z) 

1192-Z specifications are same as for 1192 except: 

Frequency: De to 500 MHz. 
INPUT (to 1157-B Sealer. for frequencies. above 32 MHz. 
Minimum Amplitude: 0.3 v pk-pk (0.1 V rms), most sensitive range. 
Maximum Signal: 7 V rms (1 W) . 
Impedance: AC-coupled, 50 fl. 

GENERAL 

Power Requ ired: 100 to 125 or 200 to 250 V, 50 to 400 Hz, 36 W. 

Dimensions (width x height x depth): Bench, 17 x 37/e x 14 in. 
(435 x 99 x 355 mm}; rack, 19 x 31/2 x 12'¥4 in. (485 x 89 x 325 
mm). 

Weight: Net, 14 lb (6.5 kg); shipping (est), 18 lb (8.5 kg) . 

Catalog 
Number Description 

1192 Counter (32 M Hz), Bench models 
5-digit readout 
6-digit readout 
7-digit readout 

1192·Z Counter (500 MHz, incl Scaler) 
Bench models 

5-digit readout 
6-digit readout 
7-digit readout 

Options for 1192 and 1192-Z 
Option 1 Relay rack mounting 
Option 2 BCD Data Output 

1158-9600 P6006 Probe, Tektronix Catalog No. 
010-0127-00 (not sold separately) 

PATENT NO. 3,328,564 

GR EXPERIMENTER Ref : Vol. 43, Nos. 7 & 8, JULY/AUG '69. 
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1.1 PURPOSE. 

The 1192 is a general-purpose, de to 32-MHz counter· 
timer for the measuremenL of frequency, period, frequency 
rat io, time interval, and number of events. 

1.2 DESCRI PTION. 

The counter employs a f ive-, six-, or seven-digit visual 
register comprised of high-intensit y gas-readout tubes con­
taining 0.51 0-in. high digits. with automatic display of 
decimal 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 out puts f rom the internal storage to drive auxiliary 
data-hand ling equipment. 

INPUT A has a high-impedance, low-noise FET circuit 
preceded by a four-position step attenuator. Controls for 
trigger level, polarity, and coupling are also provided. The 
1-MD. input impedance of IN PUT A is independent of 
control sett ings and thus permits the use of general­
purpose, low-capacitance oscil loscope probes. 

INPUT B has a 10-kD. input impedance, 50-Hz to 
10-MHz frequency range and a f ixed trigger level. 

1.3 CONTROLS, CONNECTORS AND INDICATORS. 

Figure 1-1 shows and Table 1-1 identif ies the front-panel 
controls, connectors and indicators. Figure 1-2 shows and 
Table 1-2 identifies the rear-panel controls and connectors. 

1.4 ACCESSO RI ES SUPPLIED. 

Table 1-3 I ists the accessories supplied with the 1192 
Counter. 

1.5 EQUIPMENT AVAILABLE. 

1.5.1 500-M Hz Frequency Range. 

To extend the upper frequency to 500 MHz, the counter 
can be used with the 1157-B Scaler. The scaler is a com­
pletely self-contained 500-MHz direct-counting frequency 
divider with 10 :1 and 100:1 division. Together with this 

prescaler. (Figure 1-3) the 1192 frequency range is ex­
tended to 320 MHz In the 10:1 position and 500 MHz in 
the 100: 1 posi tion. The input sensitivity of the prescaler 
is better than 100 mV rms and 300 mV pk-pk. 

1.5.2 Signal Scanni ng. 

To automatically and sequential ly connect a number of 
signals for measurement, the counter can be used with the 
1770 Scanner System. The scanner selects one of up to 100 
signals (de to 100 MHz) and presents it to t he counter for 
measurement. The number of channels, the number of lines 
switched per channel, and t he line terminations can be 
var ied to su it the application and a high-temperature cable 
(- 75 to +250°C) can be supplied to connect to com­
ponents in an environmental chamber. 

1.5.3 Greater Accuracy. 

For greater stabil ity and accuracy, the counter can be 
used with the 11 15 Standard-Frequency Oscillator. The 
oscillator provides an output of 1 V rms into 50 D at 
f requencies of 100kHz, 1 MHz, and 5 MHz. The oscillator 
signal is fed into INPUT B to phase lock the counter 
oscillator. 

1.5.4 Digital Recording. 

For digital records of the measurement data, counters 
w ith the data output option can be used with the 1137 
Data Printer. The pr inter records up to twelve columns at 
pr int rates up to three lines per second. 

1.5.5 Analog Output and X-Y Recording. 

For analog measurement data. counters with the data 
output option can be used with the 11 36 Digital-to-Analog 
Converter. The converter changes the digital data from the 
counter t o a voltage or current proportional to the numer­
ical value of any t hree consecutive digits or the last two 
digits of data. St orage circuits in the converter permit use 
with intermittent as wel l as continuous BCD data. If an 
X-axis input is provided, an X-Y recorder can then be used 
to record t he measurements vs temperature or voltage, etc. 

INTRODUCTION 1-1 
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Figure 1-1 Front-panel controls, connectors and indica tors (P/N 1192-9708). 

Table 1-1 

FRONT-PANE L CONT ROLS, CONNECTORS, AND INDICATORS 

Fig. 1-1 

Ref. 

2 

3 

4 

5 

6 

Name 

INPUT A 
DC-32 MHz 

SPILL 

COUNT 

Range 

RESET 

1-2 INTRODUCTION 

Description 

BNC connector, socket 
(A-J1) 

Incandescent lamp 

Incandescent lamp 

Visual register 

Seven-position range 
switch (C-S1) 

One-position push­
button switch (B-51 K) 

Function 

Input signal connector for channel A. 

Lights when most significant digit is 
greater than nine, indicating overflow. 

Lights when measurement is in progress. 

High-intensity gas readout tubes that 
provide visual indication of measure­
ment value, including the decimal 
point. 

Used to set GATE T IME, PERI ODS 
OR RAT IOS AVERAGED or T IME 
INTERVAL. 

Resets the counter to zero. 



Table 1-1 (cont) 

FRONT-PANEL CONTROLS, CONNECTORS, AND INDICATORS 

Fig. 1·1 Name Description Function 
Ref. 

7 DISPLAY Rotary knob control Establishes the time for t he display before 
with switch at ccw end the next measurement is taken. 
(A-R1, A-54) 

8 COUNT Two-position push- Initiates count measurements when 
START-STOP button switch (8-S1J) depressed; terminates count measure-

ment when released. 

9 TRI GGER LEVEL Rotary knob control (A-R2) Sets trigger level of INPUT A signal. 

10 RATIO A/8 Two-position push- Causes counter to measure the ratio 
button switch ( 8-S 1 H) between the INPUT A and 8 signals 

when depressed. 
PERIOD OR TIME 
INTERVALS 

11 10 J..IS Two-posit ion push- Causes counter to measure the period 
button switch (B-S1 G) or time interval at 10 p.s increments 

when depressed. 

12 1J..LS Two-position push- Causes counter to measure the period 
button switch (B-S1 F) or t ime interval at 1 p.s increments 

when depressed. 

13 0.1 J..IS Two-position push- Causes counter to measure the period 
button switch (8-Sl E) or time interval at 0.1 J..1S increments 

when depressed. 

14 FREQUENCY Two-position push- Causes counter to measure the frequency 
button switch (8-S1 D) of the IN PUT A signal when depressed. 

15 POWER-OFF Two-position toggle Applies line voltage to instrument 
switch (A-S 1) 

16 100kHz TEST Two-position push- Applies a 100-kHz signal internally to 
button switch (B-S1C) the counter for check ing its operation. 

17 AC-DC Two-position toggle Selects either ac or de coupl ing for the 
switch (A-S2) INPUT A signal. 

INPUT ATTEN 
18 100:1 Two-position push- Attenuates the INPUT A signal100: 1 

; button switch (B-S1 B) when depressed. 

19 10:1 Two-position push- Attenuates the INPUT A signal 10:1 
button switch (B-S1A) when depressed. 

1000:1 Depress both the 100:1 Attenuates the INPUT A signal 1000: 1 
and 10:1 switches. 

INTRODUCTION 1-3 



Fig. 1·2 
Ref. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Name 

FUSE 

FUSE 

100 V-1 25 V, 
200 V-250 V, 
50-400Hz 

DATA OUTPUT 

INPUT B 

STOP 

START 

EXT TIME BASE 
100kHz (IN) 
1 MHz (OUT) 

STORAGE 
ON (OUT) 
OFF (IN) 

1-4 INTRODUCTION 

Table 1·2 

REAR-PANEL CONTROLS AND CONNECTORS 

Description 

Extractor-post fuse 
holder (A-F 1) 

Extractor-post fuse 
holder (A-F2) 

Two-position slide 
switch, screwdriver 
operated (A-S3) 

Fifty-pin connector 
(optional) accepts 
Cinch or Amphenol 
P/N 57-30500 Multiple 
Plug ( D-J 1) 

BNC connector, jack 
(A-J3) 

BNC connector, jack 
(A-J4) 

BNC connector, jack 
(A-J5) 

Two-position push· 
button switch (B-S28) 

Two-position push­
button switch (8-S2A) 

Power plug, 3-wire 
(A·J2) 

Function 

Contains 4/10-A fuse for 100- to 125-V 
operation. 

Contains 2/1 0-A fuse for 200- to 
250-V operation. 

Selects line voltage. 

Supplies 1-2·4-8 BCD measurement data 
and control signals to external equipment 
(Figure 2-3). 

Input connector for channel B. Used 
for ratio measurements or external 
oscillator locking. 

Accepts a negative pulse to stop TIME 
INTERVAL measurement or close the 
gate after a COUNT measurement. 

Accepts a negative pulse to start a 
TIME INTERVAL measurement or open 
the gate for a COUNT measurement. 

When switch is depressed the internal 
oscillator w ill lock to a 100-kHz signal 
applied to INPUT B. When in the released 
position, the internal oscillator will lock 
to a 1-MHz signal applied to INPUT B. 

When STORAGE switch is unlatched 
storage circuits are activated and the 
measurement is displayed during the 
display cycle as well as the measurement 
cycle. When depressed the storage circuits 
are disabled and the count will be displayed 
according to the front-panel DISPLAY switch. 

Accepts 3-wire ac line cord to power 
instrument. 
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Figure 1·2 Rear-panel controls and connectors (P/ N 1192-9710). 

Name 

Power Cord 

Table 1-3 

A CCESSORIES SUPPLIED 

Description 

7-foot , 3-wire 

Rack Adaptor Set* 

' Suppl ie d w ith rack ·mount instrumen ts only. 

1.5.6 DC Recording. 

GR Part 
Number 

4200-9622 

0480-9722 

For de records of the measu rement data, counters wi th 
the data outpu t option can be used w ith t he 11 36 Digital­
to-Analog Converter and a 1521 Graphic Level Recorder. 
The recorder provides a 4-in. wide continuous recording 
with an accuracy of ±1% ful l scale, a resolution of ±0.25% 
of ful l scale, and recording speeds of from 2.5 in. per hour 
to 75 in. per minute. 

1.5.7 Systems. 

S i nee additional equipment can expand the basic 
capabi lity of the 1192 Counter to a complete measurement 
facility, General Radio has arranged to supply complete 
systems and inquir ies are invited. Each system is custom 
tailored to ind ividual requ irements and includes only the 
equipment necessary to perform t he required task; com· 
pletely assembled and checked as a unit. 

Such systems have w ide application and can be used for 
I abo ra tory development production mon itoring, f inal 
quality assurance, production-lot sorting, incoming inspec­
tion, environmental testing, rel iabil ity evaluation, etc., on 
an automatic or semi-automatic basis. 

1.5.8 Line-Voltage Regulation. 

The GR 1591 Variac® Automatic Voltage Regu lator is 
available to stabilize the line-vo ltage input. 

1.6 PATCH CORDS AND ADAPTORS. 

Table 1·4 lists some General Radio patch cords and 
adaptors t hat can be used w ith the 1192. Consult the 
latest General Radio Catalog for a complete list. 

Figure 1·3 1192 Counter and 1157-B Scaler in a rack-mount configuration. 

INTRODUCTION 1·5 
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Table 1-4 

A VAl LABLE INTERCONNECTION ACCESSORIES 

TYPE 
NO. 

274-NO 
274-NOM 
274-NQS 

274- NP 
274- NPM 
274-NPS 

274-NL 
274-NLM 
274-NLS 

274-LLB 
274-LLR 
274-LMB 
274-LMR 
274-LSB 
274-LSR 

~~ ~ 1560-P95 

'8 .... 1 u ~ 874-R34 

IUl ~ 874·R33 

274-QBJ 

DESCRIPTION 

Double-plug patch cord, In-line 36" l ong 
Double-plug patch cord, In-line 24" l ong 
Double-plug patch cord, in-l ine 12" l ong 

Doubl e-plug patch cord, right-angle 36" long 
Double-plug patch cord, right-angle 24" long 
Doubl e-plug patch cord, righ t-angle 12" l ong 

Shielded double-plug patch cord, 36" I ong 
Shiel ded double-plug patch cord, 24" long 
Shiel ded double-plug patch cord, 12" long 

Single-pl ug patch cord, black, 36" long 
Single-pl ug patch cord, red, 36" l ong 
Single-pl ug patch cord, black, 24"' long 
Singl e-plug patch cord, red, 24" long 
Singl e-p l ug patch cord, black, 12" long 
Single-plug patch cord, red, 12" long 

Adeptor cable, dou ble-plug to telephone plug, 36" 

Coaxial patch cord, double plug to G R874, 36" long 

Coaxial patch cord, t wo p lugs to GR874 , 36" long 

Adaptor, sh ielded double plug to BN C Jack 

CATALOG NO. 

0274-9860 
0274-9896 
0274-9861 

0274-9880 
0274-9892 
0274-9852 

0274-9883 
0274-9882 
0274-9862 

0274-9468 
0274-9492 
0274-9847 
0274-9848 
0274-9849 
0274-9850 

1560-9695 

0874-9692 

0874-9690 

0 274-9884 

776-A Patch cord, shielded double plug to BNC plug, 36" long 0776-9701 

~~ tr 874-R22A Coaxia l patch cord G R874 to GR874, 36" long 0874-9682 

~ fT- 776·8 Patch cord, GR874 {right-angle) to BN C plug, 36" long 0776-9702 

·~ ++- 776-C Patch cord, BNC plug to BNC plug, 36" long 0776-9703 

r, TI++- 776-D G R874 to G R874, both r ight-angl e, 36" long 0776-g704 

274-l JXA 

1-6 INTRODUCTION 
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2.1 DIMENSIONS. 
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2.4 RE LAY-RACK MOUNTING 
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Figure 2-1 Dimensions of the 1192 Counter (inches). 

Figure 2-1 shows the dimensions of both the bench- and 
rack-mount counter. 

Figure 1-2) on the rear panel. A 0. 2-A fuse is used in the 
200- to 250-V circuit, a 0.4-A fuse in the 100- to 125-V 
circuit. The proper fuse is connected by the slide switch. 
Power consumption is approximately 22 W. 

2.2 POWER CONNECTIONS. 

The wiring of the power transformer can be switched, by 
means of the 2-position sl ide switch (3, Figure 1-2) on the 
rear panel, to accept 50- to 400-Hz I ine power of either 
1 00- t o 125-V or 200- t o 250-V. 

Connect the 3-wire power cable (P/N 4200-9622) sup­
plied to the l ine and to the 3-term inal male connector (10, 

2.3 BENCH USE. 

The instrument is delivered completely assembled in a 
metal cabinet, ready for bench use. A convenient bail, 
located between the front feet, can be pulled down to raise 
the front of the instrument and provide a better view of the 
control settings. 
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2.4 RELAY-RACK MOUNTING. 

2.4.1 Single Instrument and Blank Panel (Figure 2-2). 

Rack Adaptor Set (P/N 0480-9722) is available to con­
vert the portable bench model for use in an EIA standard 
RS-310 19-in. relay rack with universal mounting-hole 
spacing. Table 2-1 lists the parts included in the Rack 
Adaptor Set. The conversion procedure is as follows (Figure 
2-2): 

a. Loosen the two captive 1 0/32 screws in the rear of 
the cabinet, near the sides, until the instrument is free; slide 
the instrument forward, out of the cabinet. 

b. Remove the four feet from the cabinet. Simply push 
out the two rear feet. Spread the bail (A, Figure 2-2) 
slightly and the two front feet (B) and the bail wi ll drop 
out. Be sure to save all parts for possible reconversion of 
the instrument to bench mounting. 

c. Push out the plugs from the four bosses (C) on the 
sides of the cabinet, near the front. Use a hammer and a 
small punch inside the cabinet to push each plug outward. 
Do not damage the threads in the threaded holes. 

d. Press the subpanel (D) into the blank panel (E). to 
form a liner for the latter. 

e. At tach the short flange of the blank panel to the 
front of the cabinet (on either side of the cabinet, as 
desired) using two 5/16-in. screws (F). Note that the screws 
enter in opposite directions - one from inside the cabinet 
and one from the flange side, as shown. 

f. Pierce and push out the plug in the lower rear boss 
(G) on the side toward the blank panel only, as shown. 

g. Attach one end of the support bracket (H) to the 
lower rear boss. The bracket must be placed so that the 

screw passes through a clearance hole, into a tapped hole. 
Lock the bracket in position with a 5/16-in. screw (J). 

h. Attach the other end of the support bracket to the 
lower, rear hole in the wide flange, as shown, using a 
5/16-in. screw (K). 

i. Attach one Rack Adaptor Assembly (0, including 
handle) to the side of the cabinet opposite the blank panel, 
using two 5/16-inch screws ( U. Again, note that the screws 
enter in opposite directions, one from inside the cabinet 
and one from outside. Use the upper and lower holes in the 
assembly. 

j . Attach the other Rack Adaptor Assembly (0, in­
cluding hand le) to the wide flange on liner (D) and the 
flange on the blank panel (E) . Use two 5/16-in. screws (M) 
through the two holes in the flange that are nearest the 
panel and through the upper and lower holes in the 
assembly. Again, the screws enter in opposite directions. 

k. Install the instrument in the cabinet and lock it in 
place with the two captive screws through the rear panel 
that were loosened in step a. 

I. Place a straight edge across both the instrument panel 
and the blank panel. Loosen the screw (J) through the slot 
in the support bracket (H). Exert a slight pressure on the 
blank panel (E) so that it forms a straight line with the 
instrument panel, and tighten the screw (J) in the bracket, 
to lock the panels in this position. 

m. Slide the entire assembly into the relay rack and lock 
it in place with the four 9/16-in. screws (N) with captive 
nylon cup washers. Use two screws on each side and tighten 
them by inserting a screwdriver through the holes (P) in the 
handles. 

Figure 2-2 Method of mounting the counter and a blank panel in a relay rack. 
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Fig. 2-2 
Ref. 

E 

D 

Q 

H 

F, J, K, L, M, 

N 

Table 2-1 

PARTS INCLUDED IN THE RACK ADAPTOR SET, 
P/N 0480-9722 (Figure 2-2) 

No. Used 

2 

Item 

Blank Panel 

Sub-Panel 

Rack Adaptor Assembly 

Support Bracket 

Hardware Set 
includes 
8 Screws, Phillips head 10-32, 5/16 in. 

4 Screws, Phillips head, 10-32,9/16 in. 
with white nylon cup washers 

GR Part No. 

0480-8932 

0480-8952 

0480-4902 

0480-8524 

0480-3080 

2.4.2 Reconverting to Portable Bench Mounting. 

To reconvert t he instrument for bench use, reverse the 
procedure, first removing the entire assembly installation of 
instrument, cabinet , and blank panel from the rack. 

four screws (N) with nylon washers to lock the instruments 
in the rack. The required hardware is listed below: 

Next remove: 
a. The instrument from its cabinet. 
b. The support bracket (H) from the cabinet (Figure 

2-2). 
c. The blank panel (E) (with handle attached) from one 

side of the cabinet. 
d. The Rack Adaptor Set (handle) from the other side 

of the cabinet. 
Push the two rear feet into the cabinet; slide the bail (A) 

and two front feet (B) into place. Install the instrument in 
its cabinet and lock it in place with the two captive screws 
through the rear panel. 

CAUTION 
Be careful that the OAT A OUTPUT clamps 
don't get jammed inside the cabinet. 

2.4.3 Rack-mounting Two Instruments. 

Two instruments of the same panel size (such as two 
1192 counters or one 1192 and an 1157-B Scaler 500 MHz) 
can be mounted side-by-side in a standard 19-in. relay rack. 
Use the mounting procedure, substituting the second in­
strument for the blank panel. Do not use the support 
bracket (H , Figure 2-2), but insert three screws through the 
bosses in the adjacent sides of the cabinets, two near the 
front (C) and one near the rear (G) . The four feet and the 
bail must, of course, be removed from each cabinet. Use the 

3 Screws, Phillips head, 10-32, 5/16 
4. Screws, Phil lips head, 10-32,9/16 with nylon washers 

NOTE 
When mounting the 1192 Counter and the 
11 57-B Scaler side-by-side, the 1157-B should 
be mounted to the left of the 1192 as seen 
from the front (Figure 1-3). 

2.5 DATA OUTPUT SOCKET (OPTIONAL) . 

2.5.1 Connections. 

Measurement data is available at the DATA OUTPUT 
socket, D-J1, (Figure 2-3) on the rear panel of instruments 
with this option, for use by auxiliary data-handling equip­
ment. This socket is a 50-pin Amphenol Type 57 socket 
which mates with a 50-pin Amphenol Type 57-30500 plug. 

PIN VIEW 1192·2 

Figure 2-3 Data output socket signals. 
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7 

0 
S0901 pin 13 

Signal D71 

S0901 pin 14 
Signal 072 

S0901 pin 38 
Signal 074 

S0901 pin 39 
Signal 078 

OUT PUT S IGNAL 

DC COUPLED 

I 
6 

I I 
11 

D61 

12 
062 

36 
064 

37 
068 

9mA 

Table 2-2 
DATA SIGNALS 

I 
5 

I 
4 

7 3 
9 7 

D51 041 

10 8 
052 042 

34 32 
054 044 

35 33 
058 048 

I 
3 

7 
5 

031 

6 
032 

30 
034 

31 
038 

+0.4V-

1 

DATA I 

+5V~ 

OV- O 

1191-2- 13 

Figure 2-4 OTL levels from the data output socket for 

signals 011-078 and PGT. 

2.5.2 Data Signals. 

Table 2-2 il lustrates the data output signals from the 
various digits of the counter. Four 1-2-4-8 weighted BCD 
signals are available from each of the decades in the counter 
at standard DTL levels (data 0::::. ground with a 9-mA sink 
capabili ty, da ta 1 ::::. +5 V behind 6 kQ ±20%). 

Table 2-3 lists the decimai-BCD eq uivalents and Figure 
2-4 il lt1strates the de-coupled output signal. 

2.5.3 Print Command SignaL 

Figure 2-5 shows the pr int command signal (PGT) avail­
able at D-J 1, pin 24. The signal has standard DTL levels as 
shown in Figure 2-4 (DA TA 0 ~ ground w ith a 9-mA sink 
capabi I ity and DATA 1 ~ +5 V behind 6 kQ ±20%) . The 
PG T signal is in the 1 state during the total d isplay cycle 
and in the 0 state during the measurement cycle and reset 
cycle. The minimum time tor maximum data transfer is 11 
ms. 

2.6 START-STOP CONNECTION. 

The START and STOP input jacks are used to accept 
signals to or iginate and terminate measurements in the ti me 
interval mode. These jacks also provide a remote control for 
opening and closing t he gate in the count mode. 

When the START jack center terminal is connected to 
ground, the coumer starts to count the interval clock in the 
ti me interval mode or the input suppl ied to t he INPUT A 
jack in the count mode, unti l the STOP input center 
term inal is grounded. The START input must be removed 
before the STOP infJul is applied and the STOP inpllt 
must be of less duration then the disp lay t ime, wh ich can 
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I I 
2 I 

8 4 
3 1 

Table 2-3 
DECIMAL-BCD EQUIVALENT 

Decimal 1-2-4-8 
BCD 

0 0 00 0 
1 1 0 00 
2 01 0 0 

1-B IT 021 011 
3 1 1 0 0 
4 0 0 1 0 

4 2 5 1 0 1 0 
022 012 2-BIT 6 0 1 1 0 

28 26 4-BIT 024 014 

7 1 1 1 0 
8 000 1 
9 1 0 0 1 

29 27 8-BIT 028 018 

be set from 1 0 ms to 10 s. If the STOP input is connected 
to ground permanently, the STA RT input cont rols the 
counter and the ti me interval is measu red or the INPUT A 
signal counted, as long as the START input is connected to 
groLJnd. 

2.7 LINE-VOLTAGE REGULATION. 

The accuracy of measurements accomplished with pre­
cision electronic test equipment operated from ac line 
sources can often be seriously degraded by fluctuations in 
primary input power. L ine-voltage variations as much as 
±5% are common ly encountered, even in laboratory en­
vironments. Although most modern electronic instruments 
incorporate some degree of l ine-voltage regu lation, consid­
erat ion to possible power-source problems should be given 
for every instrumentation set-u p. The use of line-voltage 
regulators between power lines and t he test equipment is 
recommended as t he only sure way to eliminate the effects 
on measurement data by low line voltage, transients, and 
other power phenomena. 

The General Radio Type 1591 Variac® Automatic 
Voltage Regulator is a compact and inexpensive unit 
capable of holding ac power w ithin ±0.2% accuracy for up 
to a rack fu ll of sol id-state instrumentat ion. The 1591 
possesses a basic capacity of 1 kVA w ith no distort ion of 
the input waveform. This rugged electromechanical regu­
lator comes in bench or rack-mount conf igurations, both o'f 
which permi t direct plug-in of measurement-instrument 
power cords. 

Further details can be found in your G R catalog or in 
the GR Experimenter for October, 1967. 

PGT 

Figure 2-5 Print command signal (PGT). 
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3.1 OPERATIONAL CHECKS 
3.2 INPUT CONTROLS 
3.3 FREQUENCY 
3.4 PERIOD 
3.5 RATIO 
3.6 COUNT 
3.7 TIME INTERVAL 
3.8 RESET CONTROL 
3.9 DISPLAY CONTROL 
3.10 EXTERNAL TIME BASE 
3.11100kHzTESTSIGNAL 
3.12 ACCURACY . . ... 
3.13 START AND STOP INPUTS 

CAUTION 
Do not exceed maximum signal ratings (INPUT 
A , 400 V de or 400 V ac pk; INPUT B, 400 V 
de or 80 V ac pk) . 

. 3-1 

. 3-5 

. 3-8 

. 3-8 

. 3-9 
. 3-10 

3-1 1 
3-12 
3·12 
3-12 

.3-1 2 

.3·13 

.3·15 

3.1 OPERATIONAL CHECKS. 
3.1.1 General. 3.1.2 Character Indication. 

This procedure can be used for incoming inspection, 
operator fam il iar ization, or as a periodic check on the 
operat ion of the instrument. Table 3-1 I ists the external­
equ ipment needed for these checks. 

Set t he controls as foll ows: 

Name 

General-Purpose 
Oscillator 

Standard- Frequency 
Oscillator 

Patch Cord 

Patch Cord 

Tee Connector 

•or equivalent. 

AC-DC ..... . ... .. ... AC 
INPUT ATTEN 
T RIGGER LEV EL 

Table 3·1 
TEST EQUIPMENT 

Minimum Use Specification 

Generates 1-kHz sine wave, 
adjustable 0 to 5 V. 

Generates 100kHz or 1 MHz with an 
amplitude > 100 mV rms into 10 kD. 
Frequency must be~ ±10·5 

of the 100-kH z or 1-M Hz signal. 

Double-plug-to-BNC adaptor cable 
to connect general-purpose 
osci llator to counter. 

G R874®·to-BNC adaptor cable to 
connect standard-frequency oscill ator 
to counter (2 required) . 

GR874 connectors in a t ee 
configuration for joining two 
cables at the standard-f requency osci llator 

10: 1 and 100:1 switches released 

Recommended Unit• 

GR 1310 Oscil lator 
(PI N 1310-9701) 

G R 1115 Standard· 
Frequency Osci llator 
( P/ N 11 15-9801) 

GR776·A 
Patch Cord 
(P/N 0776-9701) 

GR776-B 
Patch Cord 
(P/N 0776-9702) 

GR874-T 
Tee 
(P/N 0874-9910) 

. . f ully cw 
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Table 3-2 
CHARACT ER INDICAT ION* 

Measurement Gate T ime - Periods or Ratios Averaged TIME 

Push Button 100 IJS·1 1 ms-10 10 ms-102 100 ms-103 1 s-104 10 s-105 INTERVAL 

FREQUENC Y 0.00 MHz 0.000 MHz 0.0000 MHz 0.00 kHz 0 000 kHz 0.0 Hz 

PERIOD 

0. 1 flS 0 0000 ms 0 00 flS 0.000 fl S 0.0000 flS 0.00 ns 0 .000 ns 0.0000 ms 

1 flS 0 000 ms 0.0 fl$ 0.00 flS 0.000 flS 0.0 ns 0.00 ns 0.000 ms 

10 f..IS 0.00 ms 0 flS 0.0 f..IS 0.00 JJ.S 0 ns 0 0 ns 0 .00 ms 

'There are no decimal points 'for RATIO or COUNT measurements. 

D ISPLAY . .. . ...... . . .. . 
POWER-O FF .. . . .. ..... . 
STORAGE ON-OFF (rear panel ) 

. .. HOLD 

. . POWE R 
.OFF !Depressed ) 

Depress t he proper measurement button and check deci­
ma l-point location and symbol for all range settings as 
shown in Table 3-2 (d igits rnay be other than zero). These 
deci mal positions apply to all counter models. 

3.1.3 Frequency Mode. 

Set the contro ls as fo llows: 
POWER OFF ... . 
STORAG E ON-OFF 
100 kHz TEST 
D ISPLAY 
Range ... . . 

. . POWER 
. OFF 

. Depressed 
.... 1 s 

. 10 ms- 1 02 

Depress t he FR EOU ENCY mode bu t ton. The counter 
will count the internal 100kHz T EST signal for 10 ms and 
then display it for 1 s. The visual d isplay w ill be 000.1000 
MHz (00.1 000 MHz for 6-d igit counter and 0.1000 MHz for 
5-digit counter) ± 1 count. 

3.1.4 Period Mode. 

Set the controls as show n in paragraph 3.1.3. To check 

the three PERIOD positions. proceed as follows: 
a. Depress the 0. 1-JJ.S push button. The counter wi ll 

count the 10-MH7 internal signal for 100 periods o f the 
100kHz TEST signal and d isplay the results for 1 s. The 
visual register w ill read 0010.000 JJ.S (010.000 fl S for 6 -d igit 
counter and 10.000 f..IS for 5-digit counter). 

b. Depress t he l · f..IS push button. The counter will count 
the internal 1-IVlHz signal for 100 periods of the internal 

1OOkHz TEST signal. The visual register wi ll d isplay 
00010.00 JJ.S (00 10.00 flS for 6-d igit counter and 010.00 flS 

for 5-digit counter). 

3-2 OPERATI ON 

c. Depress the 10-flS push button. The counter will count 
the internal 100-kHz signal for 100 periods. The visual 
register will d isplay 000010.0 JJ.S (00010.0 JJ.S for 6-digit 
counter and 0010.0 JJ.S for 5-digit counter) 

3.1.5 Count Mode. 

Set the controls as shown in paragraph 3. 1.3 except 
depress the COUNT STA RT-STOP push button . 

When the COUNT but ton is depressed the counter will 
start count ing the internal 100-kHz signal and, w hen it is 
pressed again and released , the counter will stop count ing 
and d isplay an arbitrary number for 1 s before it is reset. I f 
the ST.<\R T button is pushed before the display t ime is up, 
t he cou nter will totalize. i.e, the new count wi ll be added 
to the orig inal count and the f inal answer will be t he t otal 
of the two measurements . 

A reset pulse is generated automatically when going 
f rom any measurement mode to the COUNT mode. This 
insures that t he f irst measurement made in the COUNT 
mode is an accurate measurement. 

3.1.6 Ratio Mode. 

Set the controls as shown in paragraph 3. 1.3 except set 
the range switch to the 100 ms-103 position. 

Connect an external sine-wave signal (less than 10 MHz, 
greater than 100 mV rms) to the INPUT B connector on 
the rear panel and depress the RATIO push button on the 
f ront panel. The visual register w ill count for a time of 1 rY 
periods of the INPUT 8 signal. The 100kHz T EST signa l is 
used instead of an external signal at IN PUT A and it is the 
INPUT 8 signal d iv ided by 100. The visual register wil l 
display 0000010 (000010 for 6-d igit cou nter and 00010 for 

5-digit counter). The measurement w ill be d isplayed for 1 s 
before being repeated. Under these measu rement condi· 
t ions, the INPUT B signal is t he time base tor the counter. 
(Before proceeding, disconnect the INPUT B signal). 
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Table 3-3 
GATE-TIME CHECK-FREQUENCY MODE 

G ate Visual Display 
Time 7 Digits 6 Digits 5 Digits 

100 .us 00000.10 MHz 0000.10 MHz 000.10 MHz 

~ rns 0000.100 MHz 000.100 MHz 00.100 MHz 

10 ms 000.1000 MHz 00.1000 MHz 0.1000 MHz 

100 ms 00100.00 kHz 0100.00 kHz 100.00 kHz 

1 s 0100.000 kHz 100.000 kHz *00.000 kHz 

10 s 100000.0 Hz *00000.0 Hz *0000.0 Hz 

* Indicates SPI LL lamp is on at left-hand end of visual register. This 
means t hat t he count overflowed t he register. 

Table 3-4 
PERIODS-AVERAGED CHECK -(1 ,us) 

Periods Visual Display 
Averaged 7 Digit 6 Digit 5 Digit 

1 0000.010 ms 000.010 ms 00.010 ms 

10 000010.0 .us 00010.0 .us 0010.0 .us 

102 00010.00 .us 0010.00 .us 010.00 .us 

103 0010.000 .us 010.000 .us 10.000 .us 
104 010000.0 ns 10000.0 ns *0000.0 ns 

105 10000.00 ns *0000.00 ns *000.00 ns 

* Indicates SPILL lamp is on at left-hand end of visual register. 
This means that the count overflowed the register. 

3.1.7 Range Switch. 

Gate Time. 

Recheck the counter controls and see that they are set as 

fol lows: 

POWER-OFF . 
STORAGE ON-OFF 
100kHz T EST . 
FREQUENCY . 
DISPLAY . .. 

. . POWER 
____ OFF 

. Depressed 

. Depressed 

. .... ls 

Set the range switch to the 100-J.LS position. The 
counter will count for 100-,us and display the results for 
1 s in the visual registers. Table 3-3 lists the visual-regis­

ter readings to be expected as the various GATE Tl ME 
settings of the range switch are checked. 

Periods or Ratios Ayeraged. 

NOTE 
Be sure that the counter has stopped counting 

before the reading is checked. 

To check these switches proceed as follows : 
a. Set the controls as I isted in paragraph 3.1. 7 Gate Time 

except the PER I 0 D 1-l.ts push button should be depressed 
The counter now counts the internal 1-MHz signal for the 
number of periods of the 100-kHz signal that is indicated 
by the setting of the range switch. Table 3-4 lists the 
visual-register readings for the settings of the range switch. 

b. Depress the 0.1-,us push button. The vi sua I register 
wi ll read what is shown in Table 3-3 , except each read ing is 
moved 1 dig it to the left. The spi II lamp wil l come on in t he 
105 position, for the 7-digit version. 

c. Depress the 1 0-,us pushbutton. The v isual register wi ll 
read what is shown in Table 3-3, except each reading is 
moved one d igit to the right. 

3.1.8 Time Interval. 

A t ime interval can be measured w ith a 0.1-, 1-, or 1 0-,us 
reso lution between a start and stop pulse. Set the counter 
controls as follows: 

POWER-OFF . 
100kHz TEST . 
TIME INTERVAL 
Range Switch 
DISPLAY .. .. 

. POWE R 
Released 

. . 0.1,us 
. T IME INTERVAL 

.. - . .. - 1 s 

Connect the START input on the rear panel momen­
tarily to ground and note that the cou nter counts at a 
1 0-MHz rate (the seventh digit counts at a 0.1-s rate) . 
Connect the STOP input momentarily to ground and note 
that t he counting stops. The display will terminate after 

1 S. 

Repeat this procedure with the l ·J-LS T IME INTERVAL 
button depressed and note that the counter counts at a 
1-MHz rate (the seventh d igit counts at a 1-s rate) . 

Repeat the original procedure with the 10-,us button 
depressed and note that the counter counts at a 100-kHz 
rate (the sixth d igit counts at a 1-s rate). 

3.1.9 Display Control . 

Set the controls as shown in paragraph 3.1.3 and press 
the FREQU ENCY mode button. Vary the DISPLAY con­
trol frorn 10 s to 10 ms and note that the counter displays 
the measurement for approximately the indicated time . 

NOTE 
Numerals may appear to "pi le up" at the short­

est DISPLAY t imes. 

Rotate the control to its farthest ccw position (HO LD) and 
note that the display time is infinite. 

3.1.10 Reset. 

The RESET push button resets all internal ci rcuitry to 
zero and holds it at zero as long as it is depressed. Leave the 
controls as set for paragraph 3.1 .9 and hold the RESET 
button depressed Note that the v isual register resets to zero 
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and stays at zero while the but ton is depressed. Release the 
button and note that a measurement is initiated. 

3.1.11 Indicator lamps. 

Count. Press the COUNT pushbutton and see that the 
COUN T lamp on t he left-hand end of the visual register 
turns on, ind icating that the counter is counting. When the 
COUNT button is again depressed and released, the lamp 
w il l go out. Th is ind icates that the main gate is shut off, 
terminating the count. 

~pill. To check the spill lam p, set the controls as follows: 

100k Hz TEST 
PER IOD 0.1 JJ.S 
DISPLAY .. 
Range Switch . 

. Depressed 

. Depressed 
. 1 s 
105 

The SPIL L lamp w ill glow as long as the register is 
displaying t he measurement, ind icating t hat the most sig­
nificant f igure has spilled over to the left. 

3.1 .12 Input A. 

The INPUT A circuit takes the input waveform and 
translates each threshold crossing into a pulse for the count­
er to count The TRIGGER LEVEL control determines the 
setting of the thresho ld at which ·the counter t riggers. It can 
be varied from ccw to cw over a range of ±100 mV, ±1 V, 
±10 V, or ±100 V, depending on the setting of the INPUT 
ATTEN buttons (1 :1, 10:1, 100:1, or 1000:1, respective. 
ly) . 

Set the controls as follows: 

FR EQUENCY 
DISPLAY 
Range Switch 
TRIGGER LEVEL 
100kHz TEST . 

. Depressed 
. . 1 s 

. 1 s 
Centered 

. Unlatched 

To check the sensitivity levels, proceed as fo llows: 

a. Apply an ext ernal 1-k Hz sine-wave signal to the 

INPUT A connector. Adjust the 1-kHz signal level so 
that a 1-kHz reading is just obtained w ith the TRIGGER 
LEVEL centered. 

b. Turn the TRIGGER LEVEL control fu lly cw and 
increase the signal level until the counter begins to count. 

c. Depress the 10:1 INPUT ATTEN button and notice 
t hat the counter will count only at the most sensitive 
spot on the TRIGGER LEVEL control (near the + and 
- l ine) with t he same input signal. By inserting the 10:1 
attenuator the 1 0: 1 change introduced by setting the 
TRIGGER LEVEL cw has been balanced off and the 
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counter wi ll trigger only at a point that is 10 t imes more 
sensitive, the center of the TRIGGER LEVEL control. 

d. Set the TRIGGER LEVEL control to t he fu ll cw 
position and increase the input signal until the counter 
begins to count. 

e. Depress the 1 0: 1 button again to release it and 
depress the 100:1 button. Notice t hat the counter w ill 
again count on ly at its most sensitive posit ion (near the+ 
and - line). 

f . Set the TRIGGER LEVEL to its f ul l cw position and 
increase t he input signal level until the counter begins to 
count . 

g. Depress the 10:1 INPUT A TTEN button so total 
attenuation is 1000:1 and notice that the TRIGGER LEVEL 
must be set to its most sensitive position t o obtain a read­
ing. 

3 .. 1.13 Trigger level. 

To check the TRIGGER LEV EL control, set the con­
trols as follows: 

STORAGE . . 
TRIGGER LEVEL 
COUNT . . .. 

.Depressed (OFF) 
. . . . . CW 

. . . . . Depressed 

Disconnect any signal from INPUT A and momentarily 
depress the RESET button. Turn the TR IGGER LEVEL 
in a ccw direction to its stop then back to the cw end. The 
right-hand digit in the visual register w ill display a 1. Re­
peat the ccw-cw swing of the TRIGG ER L EVEL control 
and note t hat the numbers accumulate in the registers. 
This indicates that the TRIGGER LEVEL control is work­
ing properly . 

3.1.14 Storage . 

A push-button switch is provided on t he rear panel to 
control the storage circuits. The advantage of using t he 
st orage mode is that no fl icker is observed during the count 
cycle and, therefore, the last measurement remains dis­
played in the registers until t he next measurement has been 
completed and is ready t o be displayed. The counter em­
ployes a storage register for all the counting registers as well 
as t he spill circu it. 

To check the storage operation, depress 100kHz TEST 
and FREQUENCY, while leaving the STORAGE button 
unlatched. The display wil l remain constant , but t he 
COUNT I ight will indicate the counter is counting. 

If the storage feature is not needed, depress the push 
button to the 0 F F (IN) position. This operation has been 
checked in the modes previous to storage. 
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3.1 .15 External Time Base. 

The internal 10-M Hz osci I Ia tor can be locked to an 
external 1-MHz or 100-kHz freq uency source with a greater 
than 100 mV rms amplitude into 10 kU. A rear-panel push 
button is used to select the frequency to be used. 

In order for the cou nter to lock on the external signal, 
the frequency must be within ±10-5 of the 1-MHz or 
100-kHz signal. To check whether the external signal meets 
these requirements, connect the signal to the 1 N PUT A 
connector on the front panel and check that it reads 
1000.000 kHz ±10 Hz or 100000.0 Hz± 1 Hz. 

If a 1-MHz external lock signal is used, set t he EXT 
TIME BASE control on the rear panel to the out posit ion 
and connect the 1-M Hz signal to the IN PUT B connector. 
To check that the signal has phase locked the counter, also 
connect t he signal to t he INPUT A connector, depress the 
FREQUENCY button and set t he range switch to 10 s. The 
reading in the visual register should be 000000.0 with the 
SPILL lamp lit. Remove the INPUT B connection and the 
visual register should indicate the reading observed when 
the external frequency was originally measured at INPUT 
A. The only case that will not produce a change is if t he 
external and internal oscillators are w ith in ±1x1 o-7 of each 
other. 

3.2 INPUT CONTROLS. 

3.2.1 Characteristics. 

Table 3-5 lists t he input characteristics of the IN PUT A 
and INPUT B chan nels. 

3.2.2. Input A. 

There are four front -panel contro Is that affect the IN· 
PUT A signal. Two of these controls are the INPUT ATTEN 
push buttons, the third is the AC·DC switch, and the fourth 
is the TRIGGER LEVEL control. 

.The two attenuator but tons are used to set the hysteresis 
of the counter (e.g., set the mini mum sensit ivity of the 
instrument). The best hysteresis value is one that is much 
larger t han the largest noise signal expected at the input, 
but where t he signal is adequately larger than the hysteresis 
to guarantee steady triggering. Under general operating con­
ditions, the max imum attenuation avai lable shou ld be in 
use and then decreased until a steady reading is disp layed in 
the visual register. A counter should rarely be used without 
any attenuation, except for very small input signals, since 
noise with a typical 5-mV rms level can trigger t he counter. 

The AC-DC switch determines the coupling between the 
INPUT A connector and the A Input circuit. Maximum and 
minimum values of frequency and amplitude are given in 
Table 3-5. As a general rule the counter w ill be operated in 
the AC position. 

The TRIGGER LEVEL control is used to move the 
triggering point to a position on the waveform where the 

slope is steep and therefore often void of noise pulses. For 
the average waveform, the TR IGGER LEVEL should be set 
to the + and - line (zero crossing) since the steepest slope 
occurs at th is point. When the input signal is a positive- or 
negative-going pu lse, the trigger level must be moved away 
from the zero level, because damped oscil lations often 
occur at t he base l ine (zero level) . The INPUT ATTEN push 
buttons cont rol the range of the TRIGGER LEVEL con­
trol. The various ranges are I isted as part of Table 3-5. 

3.2.3 Input B. 

The INPUT B connector on the rear panel is used only 
for RATIO measurements and as an input for t he external 
t ime base input t o lock the internal crystal oscill ator. The 
tr igger level is f ixed for IN PUT Bat a slightly positive level 
and the hysteresis is f ixed at less than 100 rnV rrns (1 Vat 
frequencies less than 400 Hz). 

3.2.4 General Settings. 

The input controls can be set as follows for most mea­
surements: 

a. Connect the input signal to the INPUT A connector 
on the front panel. If a probe is used, insert the probe 
between the unknown signal and the INPUT A connector 

b. Set the AC-DC switch to the AC position. This switch 
can be set to t he DC position for a very low frequency 
signal or when used with pu lse inputs when t he de values 
are known. 

c. Set the INPUT ATTEN push buttons for 100:1 or 
10: 1. The largest possible setting should be used, if the 
signal is adequate When a large attenuation is used, the 
chance of erratic readings due to noise pulses is red uced . 

d. Center the TRI GGER LEVEL control. If an ac signal 
is noisy at the zero crossing, rotate the TR IGGER LEVE L 
control in t he positive or negative direction t o obtain a 
stable reading. When the input signal contains a de compo­
nent, set the TRIGGER LEVEL cw or ccw to obtain a 
measurement (paragraph 3.2.5). 

3.2.5 Special Settings. 

Table 3-6 shows some examples of input signals that 
require special adjust ments of the input controls. These 
settings are variations of the general settings given in 
paragraph 3.2.4. The voltages shown are at the input to 
t he tr iggering circuits; after attenuation by t he probe (if 
used) and the INPUT ATTEN switches. 
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Table 3-5 
INPUT CHARACTERISTICS* 

Without Probe Wi th Probe Trigger Level Range 

Input Attenuator Minimum Maximum Minimum Maximum•• Without Probe With Probe 

A 1 : 1 10 mV rms, 400 V de or 100 mV rms, 
30 mV pk-pk ac pk 300 mV pk-pk 
to 20 MHz. to 20 MHz. 
20 mV rms, 200 mV rms, 
60 mV pk-pk 600 mV pk-pk 
to 32 MHz. to 32 MHz. 

10:1 100 mV rms, 400 V de 1 V rms, 
300 mV pk-pk or ae pk. 3 v pk -pk 
to 20 MHz, to 20 MHz, 
200 mV rms, 2 V rms, 
600 mV pk-pk 6 v pk-pk 
to 32 MHz. to 32 MHz. 

100:1 1 V rms, 400 V de 10 V rms, 
3 v pk-pk or ac pk. 30 v pk-pk 
to 20 MHz. to 20 MHz. 
2 V rms, 20 V rms, 
6 v pk-pk 60 v pk-pk 
to 32 MHz. to 32 MHz. 

1000: 1 10 V rms, 400 V de 100 V rms, 
3 v pk-pk or ae pk 300 v pk-pk 
to 20 MHz. to 20 MHz. 
20 V rms, 200 V rms, 
60 v pk-pk 600 v pk-pk 
to 32 MHz. to 32 MHz. 

8 None 100 mV rms, 400 V de, No 
300 mV pk-pk 80 V ae pk. Probe 
above 400Hz. 
1 V rms, 
3 v pk-pk 
below 400 Hz. 

• Frequency, INPUT A : de coupled, de to 32 MHz; ac coupled. 3Hz to 32 MHz. 
Frequency, .INPUT B: ac coupled only, 50 Hz to 10 MHz. 

600 V de 
or ae pk-pk 

600 V de 
or ae pk-pk 

600 V de 
or ae pk-pk 

600 V de 
or ae pk-pk 

No 
Probe 

Impedance, INPUT A : 1 MS1 shunted with 27 pF. wi thout probe; 10 Mil shunted with 7 pF, with probe. 
Impedance, INPUT B: 10 kS"2shunted with 20 pF , wit hout probe. 

±100 mV ±1 v 

±1 v ±10 v 

±10 v ±100 v 

±100 v ±1000 v 
~ Limited by 
probe rating.) 

Fixed No 
Position Probe 
T rigger 
Level 

• • Less o ver 4.5 MH z : 500 V at 5.5 MHz, 400 Vat 7 MHz, 300 V at 9 MH z . 200 V at 14 MH z, and 100 V at 25 MHz. 
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Problem 

Insufficient signal. Signal level 
is less than hysteresis; no trig­
gering occurs. 

De component. Signal contains 
positive de component; with + 

55 
V 

TR IGGER LEV EL control cen- m -
tered, no trigger occurs. 

Excessive de component, low 
duty ratio. Signal contains a 
large positive de component; 
no triggering occurs. 

Noise. Noise peaks exceed 
hysteresis; erratic and erro· 
neous t rigger occurs. 

Am signal. Amplitude modu· 
ration reduces signal below 
hysteresis; counts are missed. 

+ IOV-

omv_ 

- • v_ 

OV• 

Table 3-6 

SPECIAL INPUT-SIGNAL CONDITIONS 

Solution 

Signal level increased or atten­
uat ion decreased ( INPUT ATTEN 

set from 1000 or 100 or 10 to 1); 
proper triggering occurs. 

Trigger level set to same value 
as de component of signal 

(TR IGGER LEVEL control + 55 mV_ 
turned cw; if de component 
had been negative, TRIGGER 
LEVE L control would have 
been tu rned ccw); proper tr ig­
gering occurs. 

+ 25 mv_ 

OmV_ 
TRIGGER LEVEL contro l 
turned cw, if pu lses had been 

Ac coupling used to el iminate negat ive, TR IGGER LEVEL 
de component; low duty ratio control would have been turned 
prevents triggering. ccw; proper tr iggering occurs. 

ov-

Trigger level set out of noise 

Hysteresis increased by going 
to t he next larger attenuation 
or signal level decreased so that 
noise peaks do not exceed hys-

range; proper t r iggering occurs. teresis; proper trigger ing occurs. 

Signal level increased or atten­
uation decreased; proper trig­

gering occurs. 
OtnV_ 
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3.3 FREQUENCY. 

3.3.1 General. 

The 1192 Counter wi II measure frequencies up to 
32 MHz with a resolution of 0.1 Hz (F igure 3-1) . The fre­
quency mode is selected by depressing t he FREQUENCY 
push button on the front panel of t he counter. Counting 

Fig u re 3 - 1 
measurement. 

times are set by the GATE Tl ME positions on the range 
switch. This switch also automatically selects the decimal­
point position and the measurement units. The display 
t ime is set by the DISPLAY control. 

The resolution of a measurement is often an important 
measurement consideration. The short gate t imes avai 1-
able in t he 1192 shou ld be used for low-resolution or 
high-frequency measurements and the longer gate t imes 
for high resolution or low-f requency measurements. A 
measurement made w ith a 5- or 6-digit counter can be made 
to have the same resolut ion as a 7-digit counter by maki ng 
the measurement twice, first measuring the most signi f icant 
digits and then the least significant digits. Table 3-7 shows 
the resolution avai lable from the 1192 Counter for the 
GATE T IME positions. 

3.3.2 Settings. 

To make a frequency measurement, proceed as follows: 
a. Set the POWER - OFF switch to POWER. 
b. Depress t he front-panel FREQUENCY push button. 

c. Set the range switch to the desired GATE T IME 
position. 

d. Set the DISPLAY control to t he desired position. 
e. Connect t he input signal to the INPUT A connector. 
f . Set the IN PUT ATTEN push buttons, the AC-DC 

switch, and the TR IGG ER LEVEL control to the proper 
posit ions, as out lined in paragraph 3.2.2. 

g. Read the measured value of the input signal from t he 
visual register. 

3.4 PERIOD. 

3.4.1 General. 

If the frequency of the input signal is low enough that 
adequate resolut ion cannot be obtained w ith the gate t imes 
available, or the measurement ti me is longer than desired 
for a frequency measurement , use the period mode. There 
are t hree PERIOD-mode push buttons; 0.1ps, 1 ps, and 
lOps. The 0.1-ps PERIOD button is depressed for maxi­
mum resolution measurements and for period measure­
ments of high-frequency signals. When t his position is 
used, t he 10-MHz internal signal is counted and the 
length of the count gate is determined by the INPUT A 
signal. 

The l ·J1S PER IOD position counts the 1-MHz internal 
signal and is used for medium resolution and low frequency 
measurements. 

The 10-ps PERIOD posit ion counts the 100-kHz internal 
signa l and is used f or low resolution and very iow f requency 
measurements. This position should also be used to pre­
vent spil lover in a 5- or 6-d igit counter when the signal is 
averaged over several periods. 

The range switch PER IODS AND RATIOS AVERAGED 
posit ions determine the number of periods for which the 
gate is open (Figure 3-2) The longer t he gate remains open 
the less t he noise on the input signal wil l affect the final 

Table 3-7 
FREQUENCY MEASU REMENT 

Gate T ime 

Function 100 jJS 1 ms 10 ms 100 ms 1 s 10 s 

RESOLUTION 10kHz 1 kHz 100Hz 10Hz 1 Hz 0. 1 Hz 

SPILL (max imum 
before overf low) 

5-D IGIT COUNTER No Spill No Spil l 10 MHz 1 MHz 100kHz 10kHz 

6-DIGIT COUNTER No Spill No Spil l No Spill 10 MHz 1 MHz 100 kHz 

7-DIGIT COUNTER No Spill No Spill No Spi ll No Spill 10 MHz 1 MHz 
± ( 1 count + t ime-base accuracy) 

I I I 
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Figure 3 -2 Sine-wave signal for period measurement. 

measurement, since the noise gets reduced through t he 

averaging process. No matter how many periods are aver­

aged, the fi nal answer disp layed in the v isual reg ister wil l be 

the time for one period, including the decima l point and 

measurement units. Table 3-8 shows the measurement reso­

lut ion possi ble and also the maximum periods that can be 

measured with 5-, 6- . and 7-digit counter models, before 
the most significant d igit is lost by register overflow. 

3.4.2 Settings. 

To make a period measurement, proceed as fo llows: 

a. Set t he POWER-OF F switch to POWER . 

b. Depress front-panel PERIOD AND T IME INTERVAL 

push button desired. 

c. Set the range sw itch to the h ighest number of PER l-

ODS OR RATIOS AVERAGED that w ill give a reasonable 

measurement t ime and not produce any spillover. 

d . Set the D I SPLAY contro I to t he desired position. 

e. Connect the input signal to the INPUT A connecto r. 

f . Set t he INPUT ATTEN push but tons, the AC-DC 
switch, and the TR IGGER LEV EL contro l to the p roper 

posit ions as outl ined in paragraph 3.2.2. 
g. Read the measured value o f the inpu t-signal period in 

the v isual register. The reading d isp layed in the v isual re~ is­

ter is the value of one period , regardless of how many 

periods were averaged. 

3.5 RATIO. 

3.5.1 General 

A ratio measurement is made betw een two inpu t signals, 

one connect ed to the f ront-panel INPUT A connector and 

the ot her connected to the rear-panel IN PUT 8 connector. 

The pu lses that are counted are derived f rom t he INPUT A 

signa l and the count ing t ime is establ ished by t he period of 

the IN PUT B signal. The range switch selects the number of 

ra tios to be averaged from 1 to 105 (Figure 3-3). 
The lower f requency signal is normally applied to the 

INPU T B connector and the higher to INPUT A. The 

T able 3-8 

PERIOD MEASUREMENT 

Periods Averaged 

Function 1 10 102 103 104 105 

RESOLUTION* 

±( 1 count +trigger error 

+time-base accuracy) 

0 lJ,LS O.l J.LS 10ns 1 ns O.lns l Ops 1 ps 

1J,LS lJ,LS 0 l J.LS 10ns 1 ns O.lns lOps 
1 0J,LS 1 OJ,ts 1J,ts O. lJ.LS 10ns 1 ns O.lns 
7-D IGIT SPILL *~ t 

0 lJ.LS 1 s 0.1 s 10ms l ms 0.1ms 10J,LS 
lJ,LS 1 Os 1s 0.1 s 10rns l ms 0 .1ms 

l0J.LS 100s lOs l s 0 .1 s lOms 1 IllS 

6-DI GIT SPILL**,t 

0. l J.LS 0.1 s lOms l ms 0.1ms 1 OJ,ts lJ.LS 
1J,LS 1s 0.1 s 10ms 1ms 0 .1 ms 1 OJ,ts 
1 OJ,ts 10s 1s 0.1 s 10ms 1 ms 0 .1 ms 
5-DIGIT SPI LL ** ,t 

0.1J.LS 10ms 1 rns 0.1ms 1 0J,LS 1J,LS 0.1 J.LS 
lJ,LS 0.1 s l Oms 1ms 0 1 rliS 10J,LS lJ.LS 
l OJ.LS 1s 0 .1 s lOms l ms 0 .1 ms 1 OJ.LS 

• Resolutio n averaged for one period. 
• •Values indicate time for 1 period at which spi ll will occur. For example, it a seven-digit counter cou nts for o ne period 
with the 0 .1-)lS t ime base, the visual register w ill spill over (SPILL) if the input s ignal has a period greater t han 1 s. 

t lf t he most sign ificant figure of a period is known, the period measurement con be ex tended by a factor of ten if the 
known most significant figure is allowed to spill over. If two f igures are known, a factor of one hund red is possible, e tc. 
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Table 3-9 
RATIO MEASUREMENT 

Rat ios Averaged 

Function 1 10 102 103 10
4 10 5 

RESOLUTION 0 
b I . I I 

etermined y the Input A si$Jnal. 
ACCURACY ±( 1 input A count + input B trigger error) 

MAXI MUM RATIO 
WI THOUT SPI L L 
7-DIGI T COUNTER 107 :1 
6-0I GIT COUNTER 106 :1 
5-0IG IT COUNTER 105 : 1 

reading of the visual register is the ratio A/8 ti mes the 
number of rat ios averaged. 

The resolut ion of a RATIO measurement wil l increase as 
the number of rat ios averaged is increased, however, re­
member to divide the answer read in the visual register by 
the factor of ten that the range switch is set to, in order to 
obtain the correct ratio between the signals. 

If the lower signal is less than 50 Hz, the signals can be 
interchanged and, by use of t he range switch, a rat io read­
ing can be obtained. For example, if a 30-Hz signal is 
connected to INPUT A and a 1000-Hz signal is connected 
to INPUT B. the A/8 ratio would be 0.03. Since there are 
no decimal points displayed in the RATIO mode, the range 
switch must be moved to the 102 posit ion to obtain a 
reading of 3 in the visual register. Therefore, the rat io of 
the signals wou ld be 3 divided by 102 or 0.03, as stated 
before. 

3.5.2 Settings. 

To make a RAT I 0 measurement. proceed as follows: 
a. Set the POWER-OFF switch to POWE R. 
b. Depress the front-panel RATIO A/8 push button. 
c. Set the range switch to the number of ratios averaged 

desired (Tab le 3-9 ). 
d. Set the DISPLAY contro l to the desired position. 
e. Connect signal A to the INPUT A connector on t he 

front panel and signal B to the rear-panel INPUT B connect­
or. 

f. Set t he INPUT A TTEN push buttons, the A C-DC 
switch, and the TRIGGER LEVEL control to the proper 
posit ions as outl ined in paragraph 3.2.2. 

g. Read the rat io between the two signals from the visual 
register. Remember that if more t han one ratio is averaged 
the reading in the visual register must be divided by t he 
number of ratios averaged to obtain the correct ra tio. 
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106 :1 105 :1 
105 :1 104 :1 
104 : 1 103 :1 

3.6 COUNT. 

3.6.1 General. 

104 :1 
103 :1 
102 :1 

103 :1 102 : 1 
102 :1 10 :1 
10:1 1 : 1 

Signals fed into the IN PUT A connector can be counted 
up to 32 x 106 events/second for an arbitrary length of 
time. This t ime period can be set manually by the front­
panel COUNT push button. remotely by applying start and 
stop pulses, or remotely by a gate. 

In t he general case, in wh ich an event is counted over 
one interval only, the OISPLA Y control f unctions in its 
usual manner, i.e., the visual register will reset to Lero after 
t he display t ime has elapsed. However, if it is desired to 
total ize the count, i.e., add one interval to t he next, the 
OI SPLA Y control should be set to the HOLD posit ion. The 
effect of a totalized count will also occur if the 0 ISPLA Y 
cont rol is set to a longer t ime than the interval allowed 
before a second measurement is init iated. 

3.6.2 Manual Settings. 

To make a count measurement using the manual 
COUNT push button, proceed as follows: 

a. Set the POWER-OFF switch to POWER. 
b. Set the INPUT ATTEN push bu ttons, t he A C-DC 

switch, and the TRIGGER LEVEL control to the proper 
positions as outlined in paragraph 3.2.2. 

Figure 3-3 Input signals for a ratio measurement. 



c. Connect the input signal to INPUT A. 
d. Set the DISPLAY control for the display time desired. 

If totalization is desired. set the DISPLAY control to 
HOLD. 

e. Depress the COUNT push button and the counter will 
start counting the signal connected to INPUT A. If the 
counter was previously used in any other measurement 
mode, a reset pulse wil l be generated when the COUNT 
button is depressed, so that the count wil l start f rom zero. 

f. To terminate the cou nt, depress the COUNT button 
again and it wil l release. 

NOTE 
When the COUNT button is depressed, no other 
measurement-mode button will stay depressed. 
Therefore, before going to any other measure­
ment mode. release the COUNT button and 
t hen depress the desired measurement-mode 
button. 

3.6.3 Stop and Start Settings. 

To make a count measurement using the START and 
STOP connectors on the rear panel. proceed as follows: 

a. Set the POWER-OFF switch to POWER. 
b. Set the INPUT A TTEN push buttons. the AC-DC 

switch, and the TRIGGER LEVEL control to the proper 
positions as outlined in paragraph 3.2.2. 

c. Depress the RATIO push button. 
d. Connect the input signal to t he INPUT A connector. 

Do not connect any signal to t he INPUT B connector. 
e. Connect a signal to the START connector on the rear 

of t he counter. Refer to the spec if ications page for t ne 
signal values. Once t his signal is applied, t he counter will 
start count ing. 

f . Connect a signal to the STOP connector on the rear of 
the counter. Refer to the specif ications page for the signal 
values. Once this signal is applied to the counter t he count­
er wil l stop counting, assuming that the start input has been 
terminated. 

g. Set the DISPLAY control for the display time desired. 
If totalization is desired. set the D I SPLA Y control to 
HOLD; also. if the display time is longer than the intervals 
between counts. the counter will totalize. 

NOTE 
If the counter is used in the storage mode, the 
width of the stop pulse must be less than the 
display time. otherwise the counter will operate 
as in the non-storage mode. 

3.6.4 Remote Gate Settings. 

To make a cou nt measurement using a remote gate as a 
control. proceed as follows: 

a. Set t he POWER-OFF switch to POWER. 

START u 
!--cOUNTING TIME INTERVAL-I 

u STOP 

119?-V 

Figure 3·4 Time-interval measurement start and stop 
pulses. 

"t---=OURATION -----j 
Figure 3·5 Pulse-duration measurement triggering 
points. 

b. Set the IN PUT A TTE N push buttons, t he A C-DC 
switch, and the TR IGGER LEVEL control to the proper 
positions as outlined in paragraph 3.2.2. 

c. Depress t he RA T l 0 push button. 
d. Connect t he input signal to the INPUT A connector. 

Do not connect any signal to the IN PUT B connector. 
e. Depress the STORAG E push button to its non-storage 

position on the rear of the counter. 
f. Connect the STOP inpu t on the rear panel to ground. 
g. Connect the remote gate to the START input on the 

rear panel. Refer to the specifications page for signal levels. 
As long as the remote gate is in its low state. the counter is 
counting the signal at INPUT A. When the remote gate goes 
to its high state. the counter will stop and display the 
measurement. 

h. Set the DISPLAY control for t he display time desired. 
If totalizat ion is desired, set the DISPLAY control to 
HOLD. A lso. if the display t ime is longer t han t he intervals 
between counts. t he counter will totalize. 

3.7 TIME INTERVAL. 

3.7.1 General. 

The time interval between two signals. or the duration of 
a signal, can be measured in the TIME-INTERVAL mode 
down to a reso I uti on of 100 ns. Between the start and stop 

Table 3-10 

T IME-INTERVAL MEASUREMENT* 

Time Base 

Function 0 .1J..$ 1J..$ lOJ..$ 

MAXIMUM INTERVAL 
BEFORE SPILL 
7-DIGIT COUNTER 1s 10s 100s 
6-DIGIT COUNTER 0.1s 1s 10s 
5-DIGIT COUNTER 0.01s 0.1s 1s 

·•The resolution f or each counter is the value of the timebase (0.1 
IJS, 11JS, o r 10JJS) ± ( 1 count + trigger error + timebase accuracy) . 
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pulses, or within the duration of the signal being measured, 
the count er counts its internal clock (F igures 3-4 and 3-5). 
The internal clock is selected by the front-panel TIME 
INTERVAL pushbuttons. The 0.1-J..LS position counts the 
10-MHz signal, the 1-J..LS position counts the 1-MHz signal, 
and t he 1 0-,us position cou nts the 100-kHz signal. Table 
3-10 states the resolution and spil l t ime for each counter. 

3.7.2 Start and Stop Pulse Settings. 

To make a t ime-interval measurement between two pu ls­
es, proceed as follows: 

a. Set the POWER-OFF switch to POWER. 
b. Depress the PER IOD OR T IME INTERVAL push 

button desired. Use the 0.1 -,us button for maximum resolu· 
tion and short intervals, the 1-,us button tor medium resolu­
tion and longer intervals, and the 1 0-J..LS button tor the least 
reso lution and longest intervals. 

c. Set the range switch to T IME INTERVAL. 
d. Connect the start pu lse to the rear-panel START 

connector. 
e. Connect t he stop pulse to the rear-panel STOP con­

nector. Refer to paragraph 3. 12. for signal levels. 

NOTE 
The start pulse must be terminated before the 
stop pulse is appl ied. If storage operation is 
used. the stop pulse must be less than the 
display t ime (otherwise the storage mode oper­
ates l ike the non-storage mode) . 

f . Set the DISPLAY control t o the desired position. If 
the storage mode is to be used, set the DISPLAY control 
for a longer t ime than the duration of the stop pulse. If the 
DISPLAY control is set to HOLD, or to a longer display 
t ime t han the time difference between the stop pulse ter­
minating one measurement and the start pu lse init iating the 
next measurement, the counter wil l total ize all the time­
interval measurements. 

3. 7.3 Pulse-Duration Settings. 

To measure the duration of a pulse, proceed as fo llows: 
a. Set the POWER-OFF switch to POWER. 
b. Depress the PERIO R OR T IME INTERVAL but ton 

desired (paragraph 3.7 .2, step b). 
c. Set the range switch to T IME INTERVAL. 
d. Connect the rear-panel STOP connector to ground. 
e. Connect the pu lse whose t ime duration is to be 

measured to the rea~-panel START connector. 
t. Set the rear-panel STORAGE button to the OFF 

position. 
g. Set the DISPLAY contro l for the desired length of 

display t ime. 

NOTE 
If the DISPLAY control is set to HOLD or to a 
longer display time than the time between the 
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end of one pulse and the beginning of the next, 
the counter wil l totalize al l the t ime durations 
measured. 

3.8 RESET CONTROL. 

The RESET push button sets all t he internal circu its in 
the counter to zero and holds them in their reset position 
until the button is released. This button is also used to 
initiate new measu rements, when the display time is set for 
infinit y (HOLD position). 

3.9 DISPLAY CONTROL. 

T he DISPLAY control determines the t ime the counter 
displays a measurement before the next measurement is 
initiated. The display t ime can be continuously adjusted 
from 10 ms to greater than 10 s (typically 12 s). 

The counter also has an infinite-display-time position 
called HOLD. In th is position the counter displays the last 
measurement indefin itely or until the RESET button is 
depressed. 

A storage register is employed in the counter that 
st~res and displays the resu lts of one measurement while 
another measurement is being taken. The total display 
time in this mode is the sum of the display t ime as set by 
the DISPLAY control and the gate length, or the number 
of periods, as set by the range switch. 

3.10 EXTERNAL TIME BASE. 

The 1192 Counter can be phase locked to an external 
signal. Paragraph 3.1.15 outlines the procedure for obtain­
ing a lock to an external signal. 

3.11 100kHz TEST SIGNAL. 

The 1OOkHz TEST signal is used to check t hat t he 
internal logic circuitry is operating properly. In t he FRE­
QUENCY, PERIOD and COUNT modes, the 100-kHz signal 
is used instead of the IN PUT A signal. In the RAT I 0 mode, 
the t est signal is the INPUT B signal divided by 100. This 
signal was used as the primary test signal in the checks 
presented in paragraph 3.1. The signal can be measured at 
any time by setting t he controls as if making a measure­
ment of a signal at the IN PUT A connector. For example, 
to make a frequency measurement of t he signal , proceed as 
fo llows: 

a. Set the POWER-OFF switch to POWER. 
b. Depress the FREQUENCY and 100kHz TEST push 

buttons. 
c. Set the DISPLAY control to t he desired length of 

t ime. 
d. Set the range switch to the GATE Tl ME desired. 
e. Read the 100-k Hz value from the visual register. The 

SPI LL lamp will light if the GATE TIME is set to 1 s or 
10 s for a 5-digit counter and if set to 10 s for a 6-digit 
counter. 



3.12 ACCUR ACY. 

3.12.1 Error Sources. 

Accuracy is determined by up to three factors, de­
pending upon the measuring mode: 

Measuring Mode 

Frequency 

Period 

Error Sources 

±( 1 count 1 time-base accuracy) 

±( 1 count 1 trigger error of A input+ 
time-base accuracy) 

Time Interval ±( 1 count + start- and stop-input trigger 

error , +time-base accuracy) 

Ratio ±( 1 count + tr igger error of B input) 

Manual Count ±( 1 count + error in manual operation of 
pushbutton) 

Remote Count ±( 1 count+ start-input trigger error) 

3.12.2 The ±1 Count Uncertainty. 

In all digital counters, frequency is measured in terms of 
pulses representing the signal zero crossings w ithin an 
accurately established time interval called the gate. What 
should be measured, to define the frequency, is the precise 
number of time intervals representative of the unknown 
frequency that occur within the gate. 

For expositional purposes, consider the pulse repre­
senting the input signal as infinitely short and the gate as 
infinitely fast. If the gate length var ies very sl ight ly in t ime. 
li ke t.L in Figure 3-6, and if both pulses at the ends of the 
gate are counted, the count is 11 , even if the actual total 
number of intervals is 10. If all the pulses within the gate 
are counted except the one at the beginning or at the end, 
the count would be 10 and wou ld correspond to the correct 
number of time intervals counted. If all pulses within the 
gate are counted except those at the beginning and at the 
end. the count would be 9, even if the number of intervals 
is 10. In these three instances, the count could be 11. 10 or 
9, therefore, t he <:orrect reading is 1 0±1 count. 

For frequency, the resolut ion is greatest , and the error 
caused by the ±1 count ambigu ity is small est , when the 
largest number of counts get accumulated in the register, so 
that the percentage accuracy caused by the ±1 count error 
is: 

1 X 100 % 
F X G 

where G = gate length in seconds and 
F =the f requency of the measured signal in hertz. 

For period and ratio measurements, where the input 
signal determines the length of the gate, the highest 
reso lution and the smallest count error coincide with the 
largest number of counts accumulated during one meas­
urement . This is t he case when the input signal is averaged 
over many periods or ratios and the int ernal frequency is 
highest. The ±1 count error is: 

Ep 1 X 100 % 
nXPXF 

where n =(lumber of periods averaged, 
P = the t ime in seconds or one period of the input 

signal, 
F = the interna l frequency in hertz; it is either 10 MHz 

(0.1 IJS). 1 M Hz ( 1 IJSl. or 100 kHz ( 10 J.LS). 

For time interval, the best resolution and smallest ±1 
count error is obtained by counting the highest internal 
frequency 

± error % 
1 X 100 
TXF 

where T = the t ime of one t ime interval in seconds and 
F =the internal f requency in hertz. 

Figure 3-7 shows the resolution and the accuracy in 
percent for both frequency and period modes. It also shows 
the frequency at which the register overflows and the spill 
lamp turns on. To obtain max imum resolution of a 
h igh-frequency signal . two measurements can be carried out 
by f irst measuring t he most-significant digits on a short gate 
and then obtaini ng t he max imum resolution on a very long 
gate. 

To use Figure 3-7, enter the chart at the frequency of 
the input signal on the horiLontal axis, go straight up to the 
first intersection of the diagonal. From that intersection 
find resolution and accuracy on vertical axes. 

For example, in the FREQUENCY mode, for an input 
frequency of 106 Hz (on the horizontal axis). go vert ically 

INPUT SIGNAL 

2 3 4 5 6 7 8 9 10 II 

~~:~~~m~~~ I I I I I I I I I I I 
~· - -~· 

GATE TIME J L 
119131 

Figure 3-6. Variations possible in coincidence of ze ro 
crossings and gate lines. 
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Figure 3-7. A summary of the GR 1192 resolution 
and display characteristics in its PERIOD and FRE- ~ 

QUENCY modes. Within the white area resolution • 
is highest in the FREQUENCY mode. The 1-rns GATE 
TIME prevents spill-over at the highest counting fre­
quency; for period measurements, the 100-kHz coun­

>­u 
<t 
a: 
:::> 

ter clock permits up to 1-s periods to be measured 
without spill-over in the 5-digit counter, while the 
10s -PERIODS control permits parts-per-million res­
olution at an input frequency of 1 MHz. 

~0.001 
<t 

up to first diagonal intersection, at 1 0-s gate-time, to find 
t he resolution to be 1 X 1 o-7 or .00001% accuracy. At the 
next intersection, 1 s gate-time. the reso lution is 1 X 1 o-6 or 
.0001% accuracy. The same resolution and accuracy can be 
obtained in the PER 100 mode, using the opposite diagonal 
and measuring 1 0-MHz (0.1 -p.s) internal signal for 105 

periods. 

3.12.3 Trigger Errors Of Inputs A and B. 

The accuracy of a period or rat io measurement is 
affected by trigger error. Th is is the time uncertainty of the 
triggering point of the counter input circuits. This uncer­

tainty is caused by noise on the input signal or variation of 
the triggering level because of drift and noise in the 
counter. (See Figure 3-8). 

SIGNAL- LEVEL 
UNCERTAI NTY 

(2 Vnl 

TRIGGERING ERROR 

TRIGGER · LEVEL 
UNCERTAINTY 

,..__ ____ 6T -------;~ 

l 'i.' 'r> 

Figure 3-8. The measurement uncertainty region 
for a digital counter. 
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The error in seconds can be expressed as 

2 Vn 
triggering error = ~ T = -S-

where 

S =the slope of the input signal at the triggering 
point in volts/second and 

V n= peak value of noise vo ltage. 

Or, for a sine-wave input w it h triggering at t he cross­
ing of t he zero line 

Vn 
error in period measurement = ± V 

rr • s·n 

where 
V n = peak value of noise voltage, 
V s = peak value of signal voltage and 
n = number of periods counted. 

The larger the signal-to-noise ratio and the more periods 
counted the more accurate the reading is. Table 3-11 shows 
the possible time uncertainty of the triggering point with 
respect to the time for the period or ratio measurement 
versus the signal-to-noise ratio. For extremely large signal­
to-noise ratios, the counter 's internal input noise starts to 

become important. 

0 
(/) 

w 
a: 



Table 3-11 

ERRORS IN PERIOD OR RATIO MEASUREMENT 

PERIODS OR RATIOS AVERAGED SETTING 
Signal-T o-Noise 

Ratio 1 10 

20dB ( 10:1) 3.18• 10"2 3.18• 10"3 

40 dB (100: 1) 3.18• 10"3 3.18• 10'4 

60 dB (1000: 1) 3.18• 10"4 3.18•10"5 

80 dB (10,000: 1) 3.18•10-S 3.18• 10'6 

Note: Applies only to sine-wave inputs. 

For A input, the counter's internal noise is typically 75 pV 
pk, or, so that the LH = tr iggering error in IJ.S can be 
expressed as 

t:.J = .00015 
s 

where S = slope V / JJ.S. 

For input B the internal noise is typically 660 JJ.V pk and 
the triggering error 

where S = slope VI JJ.S 

t:.T = .00132 
s 

The input noise at the start and stop input does not have 
any appreciable effect on the measurement, as those signals 
have fast front edges used to trigger the input. 

3.12.4 Time-Base Accuracy. 

The accuracy of f requency, period, and time-interval 
measurements is affected by t ime-base accuracy, which is 
dependent upon the stabil ity of t he internal crystal osci l-

102 103 10
4 

105 

3.18• 10-4 3.18•10"5 3.18• 10"6 3.18•10"7 

3.18• 10"5 3.18• 10'6 3.18• 10"7 3 .1 8•10"8 

3.18•10"6 3.18•10"7 3.18• 10"8 3.18•10'9 

3.18• 10"7 3.18•10'8 3.18• 10"9 3. 18•10"1 0 

lator. The osci llator f req uency drifts with ambient tem­
perature, line voltage variation, and aging. Details are 
given in para. 4.3.4. 

3.13 START A ND STOP INPUT 

3.13.1 Operating L evels 

The input is energized by a zero. level, or contact-clo­

sure-to-ground, and de-energized by a one level, or open 
input. The zero level must be ~ +0.3 V and capable of 
sinking an output current of 6 mA. The one level must be> 
+2.0 V, but no special current capabi lit y is necessary as an 
internal pull-up resistor (to +5 V) is provided. The start 
input must be terminated before the stop input is supplied, 
otherwise the start input acts as both start and stop pulse. 

3.13.2 Voltage Rating 

De Levels. The input is protected by limiting circuits 
consisting of a 50-.Q series resistor and limiting diodes. 
Thus, f or one levels < + 12.7 V and zero levels> -7 .7 V, no 
damage can occur. 

Pulse Commands. For narrow pulses the vol tage rating 
can be much greater. For instance, with a 1% duty-ratio 
pu lse, the one level can go to +75 V and a zero level can go 
to -70 V. 

Table 3-12 
MAXIMUM RESOLUTI ONS FOR IDEAL SINE WAVES 

PERIODS OR RATIOS AVERAGED SETTINGS 
INPUT SIGNAL 

102 103 104 105 
PEAK 1 10 

10 mV 2 X 10·3 2 X 10·4 2 X 10·5 2 X 10"6 2 X 10·7 2 X 10"8 

100 mV 2 X 10·4 2 X 10'5 2 X 10"6 2 X 10·7 2 X 10·8 2 X 10·9 

1 v 2 X 10·5 2 X 10·6 2 X 10·7 2 X 10"8 2 X 10·9 2 X 10"10 

10 v 2 X 10"6 2 X 10·7 2 X 10·8 2 X 10"9 2 X 10"10 2 X 10·11 

100 v 2 X 10·7 2 X 10·8 2 X 10·9 2 X 10' 10 2 X 10·11 2 X 10'12 
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To f ind the max imum safe zero level, V 1 , if the one 
l-evel, V2 , ~ +5.7 V, use Figure 3-9, after fi rst computing 
the duty ratio, (-1

- 1-), using t 1 as the time duration at 
t l + t2 

the V 1 level and t2 as the t ime durat ion at the V2 level. 

Double Limiting. If the lim it ing circuit is active dur ing 
the V2 level, as well as during the V 1 level, so that the 
V2 level ~ +5.7 V and the V 1 level also~ - 0.7 V, use 
one of the equations below. 

- 100 
• 90 
-eo 
· 70 

~ - 60 

6 - $0 
> 
I -40 

> 

~ 
I 

If V2 is known 

v, ma> =-( 

I 

50 (t1 + t2) - (V2 - 5.7)2 X t 2 

t l 

I 
v2 ~+5.7V~ 

- v, 

d -30 
> 
"' -' 
0 

~ 
~ 

-........ 
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Figure 3-9. Maximum start/stop pulse voltage ratings 
with respect to duty ratio. 
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Theory-Section 4 

4.1 BLOCK DESCR IPTION 
4.2 INPUT CIRCU IT (BOARD B) 
4.3 T IME-BASE OSCILLATOR (BOARD C) 
4.4 DIVI DER CIRCUITS (B OARD B) 
4.5 REGISTER CIRCUIT (BOARD C) 
4.6 DISPLA Y CIRCUIT (BOAR D C) 
4.7 BUFFER CIRCUIT (BOA RD D) 
4.8 PROGRA M CI RCUIT (BOARD B) 
4.9 MEASUREMENT MODES 

4-1 
4-4 

4-4 

4-6 
4·8 

.4·10 

.4·1 1 

.4-1 1 

.4-11 

Mnemonic identity codes for signals occurring in the counter, and fre­
quently referred to in this section, are fully described in the "SIGNAL 
INDEX" in Section 6. 

NOTE 
Each reference designator used in ou r schematic 
diagrams and circuit descriptions now includes 
an ini t ial letter, before a hyphen, to identify 
the subassembly. The numeric portion ot each 
designator is generally shor ter than wou ld be 
the case if a block of numbers was assigned to 
each subassembly A new designat ion WT 
(wire- t ie point) replaces the customary A T 
(anchor term inal) . The letter before the hyphen 
may be omitted only if clearly understood, as 
within a subassembly schematic diagram. 
Examples: B·R8 = B board, resistor 8; D-WR 2 = 
D board, w ire- ti e point 2, CR6 on the V 
schernatic is a shortened form of V-CR6 = V 
board, diode 6. The instrument may contnin 
A-R 1, B- R1 , C-R 1. and D-R 1, etc:. 

4.1 BLOCK DESCRIPTION. 

4.1.1 Introduction. (Figure 6-3) . 

--1 ~A PERIOD (I m s) 

INPUT b 

--j -A TO B IN TERVAL (0.5ms) 

INPUTB u u 

INPUT A 
INPUT B 

AO 
EXO 

osc 

1----B P£RI00( 10ms )---~ 

An electronic counter coun ts electr ical pu lses. one at a 
t ime, and displays the total The total is equal to the rate at 
which the pu lses occur (for periodic signals) multiplied by 
the time t he counter is allowed to count (Figure 4-1 ). 

GTOU TI lo [ ~ I~ L I. Is 16 17 Ia 19 lo I ~ !2 13 

The type of measurement made depends on the source 
of the pu lses and the source of cont rol for the counting 
tirne. The pulse source can be the signal to be measured 
(input signal ) or the interna l 10-MH z oscillator (clock 
signa l). The counting-ti me control source can be manually 
operated pushbut tons. the input signal, or the clock signal 
(Table 4-1 ). 

GTOUT2 l ~~L----

Figure 4-1 . Re lation of internal time-base signals to 
the counting o peration. 
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Counting 
Measurement (pulse source) 

COUNT Input A 

PERIOD 
0.1 JJS 

1ps 

10 JJS 

FRE­
QUENCY 

TIME 
INTER­
VAL 

4·2 THEORY 

Clock 
(10 MHz) 

Clock 
(1 MHz) 

Clock 
(100kHz) 

Input A 

Clock 
(0.1, 1 or 

10 ,us) 

Table 4-1 
COUNTING-TIME CONTROL SOURCES 

Timing 
(control source) 

Manual 

INPUT A 

INPUT A 

INPUT A 

Clock 

START 
and 

STOP 

Count 

(pulse rate X counting t ime) 

Input A rate X START­
t o - STOP t ime 

Clock rate X input A 
period X number of 
periods averaged 

Clock rat e X input A 
period X number of 
periods averaged 

Clock rate X input A 
period 

Input A rate X clock 
period (or decade multiple 
of clock period) 

Clock rate X input 
interval 

Example 

A 1-kHz symmetrical square-wave 
input signal is applied, t he STA RT 
button is pushed, and, after 10 
seconds, the STOP button is pushed. 
Count = 103 X 10 = 104 = 10,000. 

A 1-kHz symmetrical square-wave 
input signal is applied, the count 
starts automatically w ith one nega­
tive zero-crossing and stops with the 
next. Count= 107 X 10"3 = 104 

for one period. Since each clock 
period is 10"7 s. measurement= 
104 X 10-7 = 10"3 = 1 ms. 

Using the 1-kHz square-wave input. 
count= 106 X 10"3 = 103 for one 
period. Since each clock period is 
10·~'s. measurement= 103 X 10"6 = 
10"3 = 1 ms. 

Using the 1-kH7 square-wave input, 
count = 105 X 10"3 = 102 for one 
period. Since each clock period 
is 10·5 s. measurement = 102 X 10·5 

= 10"3 = 1 ms. 

A 1-kHz symmetrical square-wave 
input signal is applied, the count 
starts automatical ly and, i f GATE 
TIME is set to 1 s. stops precisely 
107 clock periods ( 107 X 10·7 = 
1 s) later. Count = 103 X 1 = 
103 = 1000 counts in one second. 
measurement = 1 kHz. 

1. A negative·going pulse is fed 
into the START input at t ime zero 
and the time interval is ini tiated. 
The next negative·going pulse fed 
into the STOP input will terminate 
the measurement (assuming that the 
start pu lse has been terminated). 
2. Ground the STOP inpu t and 
feed a negat ive-going pulse w ith a 
durat ion equal to the desired t ime 
interval into the START input. 
The measurement will start on the 
negat•ve-going transit ion and terminate 
on the positive-going transition. 



Table 4-1 (cont.) 
COUNTING-TIME CONTROL SOURCES 

Counting Timing Count 
Measurement (pulse source) (control source) (pulse rate X counting time) Example 

RATIO Input A Input B Input A rate X input A 1-kHz symmetncal square-wave 
(A/B) B period 

4.1.2 Input Circuits. 

Input A. The signal to be measured is applied to the 
INPUT A connector on the front panel. The signal is fed 
through the AC-DC and ATTEN switches into the input 
circuit (paragraph 4.2) and processed to form a pulse 
outpu t at the desired triggering thresho ld (negative-going 
tero-crossing). 

Input B. The INPUT B connector is located on the rear 
panel. A signal is fed into this connector for a RATIO 
measurement or to phase lock the internal crystal oscillator 
to an external standard of 1 MHz or 100 kHz. The input 
signal is amplified and converted to a square wave (AO, 
EXO). 

4.1.3 Clock. 

The clock signal (OSC) is the output of a prec1s10n 
5·MHz oscillator doubled to 1 0-MHz. The OSC signal is fed 
into a doubler circuit for conversion to 10 MHz. This 
1 0-MHz signal is applied to a Schmitt circuit for processing 
into a square-wave input for the clock divider. The clock 
divider is a series of three decade counters that divide the 
input 10-MHz signal down to output signals of 1 MHz, 100 
kHz and 10kHz. 

4. 1.4 Timing. 

Timing, in part, is controlled by t he t ime base. which 
contains fi ve cascaded decades. By means of the range 
switch, the output (Figure 4·1) frorn any one of the 
decades can be selected as the output from the t ime base 
(GTOUT2). 

Before each measurement, an RE3 pulse presets all 
time-base decades to 9. The fi rst input pulse (GTOUT1) t0 

the time base. after the RE3 pu lse is terminated, therefore, 
sets all decades to 0 and produces an ou tput pu lse from 
each decade. 

input signal is applied to input A 
and a 100-Hz pulsed input signal 
is applied to input B. The count 
starts automatically w ith one posi-
tive zero-crossing of input B and 
stops with the next if number of 
RATIOS AVERAGED is set to 1. 
Count = 103 X 10-2 = 10; i. e .. 
input A is ten times the fre-
quency of input B. 

Since the output from one decade is always selected by 
the range switch as the output from the time base, the first 
GTOUTl pulse produces an output (GTOUT2) from the 
time base. The occurrence of the next GTOUT2 pulse is 
determined by the setting of the range switch; e.g., if it is 
set to 10, the next GTOUT2 pu lse occurs after 10 GTOUTl 
pulses. 

4.1.5 Counting. 

The pulses to be counted (AOUT6) are applied to the 
decade-counting registers. the counting registers count 
them, and storage registers store the count. 

The stored count is applied to the display circu it, which 
contains the decorders and readout tubes used to display 
the count visually. 

4.1 .6 Display Time. 

After a measurement has been completed. a negative CG 
pulse (F igure 4·2) is generated. The negative CG transition 

CG MEASURE DISPLAY MEASURE 

TR 

-------;.---, 1;--------;.---, r----rT :u l--r--U-.. 9001'• 

L sn ev OISPL AY J 
SWITCH 

10 ms TO 10 s 

Figure 4 ·2. Oisplay timing diagram. 

11Q1 10 
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tr iggers a c lear pulse ( C L) and a transfer pulse (TR) that are 
used to transfer the data from the count ing register to the 
storage register. 

The negative CG transition also triggers a delay whose 
duration is contro lled by the DISPLAY control. During this 
delay, no new measurement can be made. After the delay, 

an RE pu lse occurs, which sets t he counting register to 
zero. sets the time-base decades to 9, and resets the ma in 
and counting gates in preparation f or a new measurement. 
The counting gate disconnects the counting decades f rom 
the storage decades. 

4.2 INPUT CIRCUIT (BOARD B). 

4.2.1 General. 

The input c ircu it contains two separate channels, A and B. 

IN PUT A is the main input used in all the measurement 
modes except TIME INTERVAL. This input has a control 
to switch the input from ac to de coupl ing. The attenuator 
and amplifier are used to-condition the signal before the 
threshold detector. A TRIGGER LEVEL control is pro­
vided to adjust the threshold detector level. The IN PUT A 

circuit operates on the negative-going transition of a pulse. 
INPUT B is used in the RATIO mode and to lock the 

internal crystal to an external signal. The triggering level of 
this channel is fixed and triggering occurs on the positive­
going transition of a pu lse. 

4.2.2 Coupling and Attenuation. (Figure 6-4.) 

The signal to be measured is applied to the IN PUT A 
connector, A-J1 on the front panel , and passes through the 
ac-dc switch, A -S2, when the switch is set to de or t hrough 
A -C1, when it is set to AC. The signal is then applied 
directly to the symmetrical trigger stage or through a X 10, 
X100 or X1000 attenuator to the symmetrical trigger, 
depend ing on the setting of the INPUT ATTEN push­
buttons. The INPUT A TTEN pushbutton switches, 8-81 A 
and B-S 1 8. have four possib le combinations of attenuation. 
If both switches are left out, the attenuat ion is zero; if the 
10:1 switch is depressed, t he attenuation is X10; if the 
1 00: 1 switch is depressed, the attenuation is X 1 00; and if 
both the 10: 1 and 100: 1 switches are depressed, the atten­
uation is X 1 000. 

4.2.3 INPUT AMPLIFIER 

The input amplifier consists of three differential ampl i­
fier stages in cascade. At t he input are a series resistor and 
two l imiter diodes used to limit the input signal. The f irst 
stage or the amplifier is a dual n-channel FET. The FET has 
extremely high input impedance and, by being dual, it has 
very good temperature stability. The second stage is a 
differential amplifier followed by a third stage differential 
amplifier. The third stage drives the level detector, which 
translates the input signal to a squared output w ith very 
fast transitions. Typicall y, an input signal of 7 rnV rms is 
enough to drive the Schmitt circuit. 

4-4 THEORY 

Trigger-Level Control. The tr igger-level con',rol on the 
front pa nel (A- R2) sets the de vol tage apr lied to the 
reference gate input, of the dual FET. Th is de level change 
is t ranslated to the input -signal side of t he FET, so that the 

t rigger level is varied at the input with in t he range of ±1 00 
rnV . When t he attenua tor is liSed the trigger level can be 
expressed as trigger level = ±(100)x attenuator setting in 
mV. so that the trigger levels for the range of attenuator 
settings are ±100 rnV, ±1 V, ±10 V, and ±100 V. 

4.2.4 SCHMITT Cl RCUIT 

The Schmitt circu it is a level detector where t heoulpu l 
goes to a "1" stat e for input above a level V2 and goes to a 
"0" state output for a level below V 1 . The dif ference 
between V 2 and V 1 is called the hysteresis of the c ircuit . 
When the hysteresis is t ranslated to the input terminal. it is 
t ypically 7 mV rms (20 rnV pk-pk ). The smallest signal 
amp I itude that will typica lly t rigger the coun ter is 7 m V 

and. if the attenuator is used. the counter sensitivity is 7 
mV x attenuator setting, or 7 mV, 70 mV, 700 rnV, or 7 V 
for the four attenuator settings. The tr igger-level control 
can move the hysteresis w ith in range shown in the previous 
paragraph. 

4.3 TIME-BASE OSCILLATOR (BOARD B) . (Figure 6-7.) 

4.3.1 General. 

The clock circuit generates a 10-MHz clock signal that is 
counted by the register circu it for period or time-interval 
measurements, or is used by the c lock divider to obtain 
precise tirne intervals for ·frequency measurement. The 
clock signal is also applied to the input circuit for use as a 
100-kHz test signal. The clock frequency can be phase­
locked to an external source for greater accuracy. 

4.3.2 Frequency Control. 

The clock signal originates in a 5-MHz crystal-controlled 
oscillator 8-01. The frequency is adjusted by B-C3 and a de 
voltage, VA, applied to a varactor, 8-CR 1. The capacitance 
of B-CR1 is determined by the VA potential, a de voltage 
appl ied from the phase-lock detector. 

The 5-MHz output from the oscillator is fed into a 
buffer amplifier, 8-02, and doubled at the coli ector of 
8-03. 8-04 is a level amp I ifier to lower the oscil lator level 

to an amplitude necessary to drive an integrated Schmitt 
circuit. The output from B-04 collector is the OSC 10-M Hz 
signal. Th is signal is fed to a Schmitt circuit for translation 

to square waves and then to the clock divider to produce 
1-MHz. 100-kHz and 10-kHz outputs. 

4.3.3 Phase lock. 

The internal crystal oscil lator can be locked to an 
external frequency source having a frequency of 1 MHz or 
100 kHz and an amplitude larger than 100 mV rms. This 
signal is applied to the INPUT B connector, A -J3, on the 
rear panel This signal is amplified and squared in the input 
8 circuit and applied to the pulse detector as EX01 and 
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is then compared w ith the internal clock signal, PH, in a 
phase detector, B-1 C9. The 1-MHz or 100-kHz internal 
clock signal mus t be selected by a rear-panel pushbutton 
switch. 

Figure 4-3a shows the t iming of t he signals when the 
oscillator frequency corresponds to the external frequency. 
The PH signal switches B-IC9 to its Q state and the external 
input signal switches it back to the 0: state, 180 °later. The 
output waveform from t his act ion is an exact square wave. 
This waveform in inverted, integrated and supplied to the 
varactor diode. The de value is approximately +4.5 V. 

Figure 4-3b shows the t iming when the internal clock 
frequency is lower than the externa lly applied lock signal. 
The PH signal switches B-IC9 to it s Q state and the 
external signal returns it to the Q state earlier than for the 
correct frequency. This signal is then inverted and inte· 
grated before being appl ied to the varactor diode. The de 
level is more positive than for t he correct frequency, 
causing the capacitance of the varactor diode to be 
decreased and the internal clock frequency to be increased, 
bringing it into lock w it h t he external signal. 

Figure 4-3c shows the case where the internal clock 
frequency is higher than the ext ernally applied frequency. 
The phase-lock circu it now produces a de level to the 
varactor diode that is less than 4.5 V, increasing the 
capacitance of the varactor diode and decreasing the 
internal clock frequency unti l it locks with the externally 
applied signal. 
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Figure 4-3. Phase-lock diagrams for clock frequencies: 
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Table 4-2 
TIME-BASE ACCURACY 

Temperature drift ±Drift With 

Worst drift ± 10% Line•Voltage ± Long 
Time base ± Drift/C0 within temp. range Variation Term Drift 

INTERNAL 0° - 55°C 0°C - 55°C <2 X 10"8 <2 X 1 o-6 /month 
OSCILLATOR <3 X 10'7/°C <4 X 10·6 * 

EXTERNAL LOCK 0°- 50°C 0°- 50°C <1Xl0'11 <1 x 10' 10/day 
SIGNAL < 1 xw· 11tc < 1 x 10·11 tc 

*Total drift from frequency at room temperature (23°C) from 0° to 55°C. 

4.3.4 Time-base Accuracy. 

General. The accuracy of the frequency, period, and 
t ime-interval measurement modes is affected by t ime-base 
accuracy, which is dependent on the stability of the 
internal crystal oscil lator. 

The oscillator drifts w ith temperature changes, l ine­
voltage changes, and aging. If the internal oscillator is 
locked to an external stable osci llator, l ike the 11 15-C. the 
drift will be that of the external oscillator only. 

The internal oscil lator can be adjusted if maximum 
accuracy is desired. The instrument shou ld fi rst operate for 
1 or 2 hours in the environment in which it is used. 

Calibration. To set the internal crystal oscil lator, use the 
counter to measure the output fro m a known frequency 
source and then adjust t he internal oscil lator unt il agree­
ment is reached. 

Settings. For frequencies > 330kHz, push the f requency 
button and set t he range switch to gate of 10 s. Apply a 
known signal to input A. Adjust the internal oscillator, 
through the hole in the bottom of the cabinet until the 
known frequency is displayed. If t he input signal is 1 MHz, 
the oscillator can be set to ±1 X 10·7 . If the input signal is 
10 MHz, the oscillator can be set to ± 1 X 1 o-8 . 

For a frequency of <330kHz, push the 0. 1 fJ.S period 
button and set the number of periods to 1 05

. For a 
100-kHz signal, the oscillator can be set to ±1 X 10· 7 . For a 
10-kHz signal, the oscillator can be set to ±1 X 10·8 , but it 
is not feasible to set the oscillator much closer than 1 X 
10·7

, on account of temperature drift. 
The internal crystal oscillator can also be set to ±1 X 

10·7 if heterodyned in a radio receiver aga inst WWV and 
adjusted for zero beat. 

4.4 DIVIDER CIRCUITS (BOARD BAND C). 
4.4.1 General. (Figures 6·7/6-13.) 

The time-base divider controls the timing of the counter 
(the length of t ime the counting register is all owed to 
cou nt ). The output is control led by the range switch, wh ich 
together w ith the measu rement pushbuttons, controls the 
measurement characters, i.e., the un it of measurement 
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(symbol) and the decimal-point location. The exact func­
tion of the time-base divider depends on which measure­
ment button has been depressed. It is used to cou nt-down 
the clock frequency, to generate the exact gate length, or to 
count-down t he INPUT A to determine the number of 
periods counted, or the same for the input signal tn the 
ratio measurement mode. The basic function, however, is 
that of a decade divider. 

The clock divider is also a series of decade dividers. 
These dividers are used to divide the oscill ator frequency 
down from 10 MHz to 1 MHz and 100 kHz (all 3 used 
as the clock for PERIOD mode) and to 10 kHz for 
FREQUENCY. 

4.4.2 Decade Operation. 

The time-base circuit conta ins five cascaded IC decades. 
(IC36-IC40), the clock divider conta ins three (IC1 -IC3). 
each of the integrated circuits consists of fou r flip f lops (see 
Figure 4-4) . The flip flops are connected in series and, 
w ith feedback, count down 10:1. Each is a normal J-K 
flip-flop, in which the output changes only w ith a negative· 
going transit ion applied to the CP inputs, which occur only 
when the output of the preceding f lip-flop changes from 1 
to 0. 

The CP input normally is a complementing input; i.e., 
when an input pu lse arrives, the flip-flop changes state, if it 
was in the 0 state (A, B, C, or D = 1) it changes to the Q 
state (A, B, C, or D = 1) and (A, B. C. or D = 0) or if it was 
in the Q state it changes t o the Q state. However, additional 
signals are applied to the J input of ffB and to the R and S 
inputs of ffD to convert what normally would be simple 
binary counting (division by 16) to 1-2-4-8 binary-coded­
decimal counting (d ivision by 10). 

Outputs. At the tenth input pu lse, a decade produces an 
output that is applied to the input of the next decade. The 
input to the first time-base decade, IC36, is GTOUT1 (TB1 
in the clock divider). therefore, the negative output 
transit ion from decade 1 occurs after ten such pu lses. The 
negative-output transition from decade 2 occurs after 100 
GTOUT1 (TB1) pulses, and so on. Since there are five 
decades in the time-base circu it, the circui t can count down 



Table 4-3 
DECADE COUNTING SEQUENCE 

Input HA(1) HB(2) ffC(4) HD(8) 

Pulse A B c 0 

none 0 0 0 0 

1st 1 0 0 0 
2nd 0 1 0 0 
3rd 1 1 0 0 
4th 0 0 1 0 
5th 1 0 1 0 
6t h 0 1 1 0 

7th 1 1 1 0 
8th 0 0 0 1 

9th 1 0 0 1 
10th 0 0 0 0 

GTOUTl by up to 105
. The clock divider starts with a 

10-MHz signal and divides it down to 10kHz. by a fact or of 
103

. Table 4-3 shows the counting sequence of a decade 
counter and Figure 4-4 shows the connections of a decade 
counter. 

4.4.3 Timing. 

Range Signals. The output from the last fl ip-flop of each 
decade (D TOUT 1 - DTOUT 5) is connected through the 
range switch, to the main gate f l ip-flop input-CP terminal, 
as GTOUT 2. 

Decimal Notes 

0 C=O which sets S input 
of ffD t o 0 and prevents 
it from setti ng to D. 
D=O which sets R input 
of ffD to 0 and prevents it 
from setting to D. D=l 
which sets J input of ffB 
to 1 and al lows it to 
set to B. 

1 
2 
3 
4 
5 
6 C=l which sets S input· 

of ffD to 1 and al lows 
it to set to D. 

7 
8 C=O which sets S input 

of f fD t o 0 and prevents 
it from setting to D. 
0=1 which sets R input 
of ffD to 1 and allows 
it to D. 
5=0 which sets J input 
of ffB to 0 and prevents 
it from setting to B. 

9 
0 D is set to 0 directly by 

A. 
B (and therefore C) is 
prevented from setting 
to 1 by the 0 level at 
at the ffB J input . 

Timing Signal. The outputs of all the time-base dividers 
are connected to C-S1 and leave the range switch as the 
GTOUT2 signal. At the end of the display cycle, a reset 
pulse is generated, RE3, which set s all the t ime-base 
dividers to 9. 

The first GTOUTl pulse, therefore, sets all decades to 0. 
Since all decades produce an output on the 9-0 transition, 
and since the range switch always is connected to one of 
the ti me-base divider outputs, except in time interval, t he 
first GTOUTl pulse produces a GTOUT2 pulse (negative 
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Figure 4-4. Basic decade counter logic. 

transition). This opens the main-gate and the next GTOUT2 
negative transition closes the main gate. The GTOUT1 pulse 
occu rs a multiple of 10 after the f irst GTOUT1 pulse. 

General. The range switch and measurement push· 
buttons automatical ly select t he proper unit o'f measure­
ment or symbol and decimal point for the measurement 
being made, Table 4-4). 

Symbol. A 3-in. plastic disk is attached to the range 
switch behind t he front panel. This disk contains a set of 
symbols for each setting of the range switch; one set for 
frequency measurements, one for period measurements, 
and one for time interval measurements. No symbol is 
necessary for ratio or count measurements. The symbol for 
t ime-interval measurements is always ms; see Table 4-4. 

Behind the disk is a set of two lamps, one of wh ich is 
energized by the appropriate signal from the measurement 
pushbuttons. Each lamp ill uminates the proper symbol for 
the measurement being made. 

Decimal Point. In addition to the contacts that enable 
the 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 and three are 
for period and time-interval measurements (0.1, 1, and 10 
,us). No decimal point is necessary for count or ratio 
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 energiLe the symbol lamps and are applied to the 
appropriate section of the range switch to energize the 
proper decimal point. 

4.5 REGISTER CIRCUIT (BOARD C). (Figures 6-11/6-12.) 

4.5.1 General. 

The register circu it contains a counting register that 
counts the pulses appl ied to it and a storage register that 
holds the count while the counting register proceeds w ith 
another measurement. 

Table 4-4 
CHARACTER INDICATION 

Frequency Pe riod and Time Interval 

Range Decimal Symbol Decimal Symbol Decimal Symbol Decimal Symbol 

100,us-1 02 MHz 04 ms 03 ms 02 ms 

1 ms · 10 03 MHz 0 2 ,us 0 1 ,us 01 (right) ,us 

10 ms · 102 0 4 MHz 03 ,us 0 2 ,us 01 .us 

100 ms - 10 3 02 kHz 04 ,us 03 .us 02 ,us 

ls · 104 03 kHz 02 ns 0 1 ns 01 (right) ns 

1Qs- 105 0 1 Hz 03 ns 02 ns 0 1 ns 

T IME INTERVAL - - 04 ms 03 ms 02 ms 

4·8 THEORY 
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4.5.2 Counting Register. 

Count. The counting register contains five, six, or seven 
cascaded IC decades that are the same type of decade and 
operate in the same manner as those used in the time-base 
circuit (paragraph 4.4.2), with the exception of the 
differences explaif.led in the fol lowing paragraphs. 

Input Decade. The first, or input, decade consists of two 
IC's instead of one, C-IC41 and C-IC27. The counting 
register must be capable of operating up to 32 MHz, but the 
normal IC decades operate up to 18 MHz (under typical 
conditions). Therefore, a 50-MHz flip-flop is used at the 
input, which divides the input signal by two. This flip-flop, 
C- IC41, operates in the same manner as flip-f lop A in the 
normal decade. 

Decade Outputs. Only the outputs from the last flip-flop 
(D or 8-weighted) are used from the clock 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. 

Reset. At the end of the display and before the next 
measurement starts, an RE;3 signal f rom the program circuit 
sets t he time-base decades to 9. Reset signals RE1 and 
R E2 are applied to t he opposite reset output of the cou nt ing 
register decades and sets them, instead, to 0. An RE2 signal, 
concurrent with R E3 and also from the reset circuit, 
sets the input flip-flop to 0. Thus, before a measurement 
all counting-register decades are set to 0. 

Input. The counting register counts the AOUT5 pulses. 
The source of these pulses depends on which measurement 
button is pushed and can be the input signal for frequency, 
ratio count and the clock signal, or the clock signal counted 
down, for period and time interval. 

4.5.3 Storage Register. 

General. Each data line from the decades in the counting 
register is applied to a storage flip-f lop made up of two 
cross-coupled NAND gates. These storage flip-flops can be 
connected directly to the counting decades, via the transfer 
gates. 

In the non-storage mode, the transfer gates are always 
open and the state of the storage flip-flops will change with 
the changes of state in the counting decades. 

In the storage modes, the transfer gates are open only 
during the display t imes. While driving the reset and 
counting times, they are disconnected from the counting 
decades, storing the states from the previous cycle. 

Storage Flip-Flops. Details for each DTL storage flip­
flop are shown in Figure 4-5. The outputs are NPN 
transistors, with the emitter grounded and the collector 
returned to + 5 V through a 6-kD resistor. 

If two outputs are connected in parallel and any two 
transistors turn on, the output goes to the "0" state and 
changes the state of the flip-flop. 

Thus, if C L2 goes to the 0 state, the output of G 1 goes 
to the "1" state and output of G2 goes to 0 state, so long as 
the transfer gate is closed (with TR 1 in the 0 state). The 

flip-f lop can go to the opposite state if the output of 
transfer gate G3 goes to 0 state. Then, the output of G 1 
goes to 0 and the output G2 goes to "1 ". 

Transfer gate Theflip-flopisa 2-input NAND gate,where 
one input is the transfer signal, TR 1, and the other is the 
output of the counting decades. When TR 1 goes to the 1 
state and the counting decade is also in its 1 state, the 
output is 0, otherwise it is always 1. 

Non-Storage Mode. When the storage on-off pushbutton 
switch on the rear of counter is set to off, the clear input 
C L2 is always in its 0 state and the transfer input, T R 1, is 
always in the 1 state. (See Figures 4-5 and 4-6} . If the 
output of the counting decade is in the 1 state, the output 
of transfer gate G3 is "0". As G 1 and G3 are connected in 
parallel, the output of G 1 is 0 and output of G2 is 1, and the 
input to G2 is 0. The storage flip-flop has the same state as 
the counting fl ip-flop. If the counting flip-f lop goes to its 0 
state, the output of G3 is 1 and it will no longer pull down 
the output of G 1, so the storage fl ip-flop will go to its 
natural state. With C L2 in its 0 state the output of G 1 is 1 
and, as G3 output is 1, the input to G2 is 1 and the output 
goes to 0. Thus, the storage f lip-flop has the same state as 
the counting f lip-flop during the count, reset, and display 
modes. 

Storage mode. When the storage on-off pushbutton 
switch on the rear of counter is set to ON, the transfer 
pulse input, TR 1, is connected to the transfer circuit and it 
is always at 0, except during the display cycle, and the clear 
input CL2 is always 1, except just in the beginning of the 
display cycle. During the count cycle TR1 is 0 and the 
output of transfer gate G3 is 1, so no change of the storage 
flip-flop can take place independent of the state of the 
counting decade. 

At the beginning of the display cycle, a clear command 
is applied, in which CL2 goes to 0 and TR1 (transfer pulse) 
goes to 1. If the counting decade is in its 0 state, the output 
of G3 is 1 and, as the input to G 1 is 0, the output of G 1 is 
1 and G2 is 0, the same as the counting decade. At the end 
of the display cycle, TR 1 goes to 0, which shuts off the 
transfer gate, so the previous result is stored in the stor·age 
flip-flop through the resett ing of the counting decades and 
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Figure 4-6. Storage register timing diagram. 

the next count cycle. At the second display cycle. the 
counting decades are 1, so the G3 output is 0, switching 
gate G 1 output to 0 and G2 to 1. 

Jam Transfer. A clear-and-transfer period (jam transfer) 
occurs at the end of each measurement. The CL2 pulse 
clears the storage flip-flops of previous data and the T~ 1 
pulse reads in the new data. After the TR 1 pulse, the 
t ransfer NAND gate is inhibited and prevents any further 
changes in the decade outp.~t from affecting the stored data 
until the next jam transfer. Note that with jam transfer the 
storage register changes directly from the o ld data to the 
new data with no intermediate step, such as a zero-set,as is 
common in many storage-t ype counters. Advantages of jam 
transfer are less rf noise from the counter due to readout· 
tube switching and less noise in the output data. 

4.6 DISPLAY CIRCUIT (BOARD C). (Figures 6-11/6-12.) 

4.6.1 General. 

The display circuit converts the BCD data from the 
register circuits to decimal data and appl ies it to the gas 
readout tubes to provide a visual display of the measure­
ment value. 

4.6.2 Decoding. 

Decimal Data. The 1-2-4-8 BCD data (E11 through E78) 
from the storage registers are applied to an associated 
decoder (C-IC42 through C-IC48) in the display circuit. T he 
decoders convert the BCD data to decimal data and apply it 
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to the appropriate cathode of an associated cold-cathode 
gas-readout tube (C-V1 through C-V7). which ionizes the 
surrounding gas to illuminate the proper number. 

Decimal-Point Signals. The decimal-point signals are D1 
t hrough D7. The proper decimal po int is automatically 
energized by the range switch and measu rement push­
but tons (paragraph 4.4.3). 

4.7 BUFFER CIRCUIT (BOARD D). (Figure 6-15.) 

4.7.1 General. 

T he buffer circuit is used for the data-output option 
counters. It provides 1-2-4-8 BCD measurement data to the 
DATA 0 UTPUT socket, D-J 1 on the rear panel. for use by 
a printer or other piece of data-handl ing equipment. 

4.7.2 Operation. 

Buffered Data. Signals D11 through D78 are the outputs 
from the buffered-data circuit that consists of five I C's. 
each of which contains six inverters. A set of four inverters 
is used to buffer the output from each of the storage 
flip-flops in the register circuit. The inverters consist of 
DTL integrated circuits w ith a driving capability of 5 V 
behind 6 kfl f or a 1 state. and a maximum of 0.4 V w ith a 
current-sinking capabil ity of 9 mA in the 0 state. 

The BCD data ( E11 through E78) from the storage 
f lip-flops is appl ied to the buffer-circuit inverters. is 
complemented, and emerges as BCD data (D11 through 
D78). which is applied to the DATA OUTPUT socket, 
D-J1. 

j .. 



Print Command. A print command (PGT) is also 
available (paragraph 2.5.3) that is a buffered and inverted 
CG signal f rom the program circui t. PGT is 1 for display. 

4.8 PROGRAM CIRCUIT (BOARD B). 

4.8.1 General. 

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

4.8.2 Store. (Figure 6-4.) 

Clear. At the end of a measurement, CG goes to the 0 
state. The negat ive transit ion associated with this change is 
fed t hrough a differentiating network (B-C23. B-CR20) and 
a DTL inverter (8-IC5) into the input of a power gate 
(B-IC8 ). The output waveform, CL, is a negative-going pulse. 
::2.5ps duration. The 0 state of CL clears the storage 
flip-flops in the register circuit of previous data. 

Transfer. The transfer pulse (TR) is derived from CG 
output and is fed into a power gate (B-IC8) and through the 
STORAGE ON-OFF switch (B-S28) to al l the transfer gates 
in the display circuit. The 1 level of the TR pulse opens the 
t ransfer gates (TR 1 at the register circui t ) and the numbers 
accumulated in the count registers are transferred into the 
storage f li p-flops. The 0 level of TR prevents any further 
changes in the counting register from affect ing the storage 
fl ip-flops. TR 1, is in 1 level during the display cycle and at 
0 during reset and cou nting cycles. 
Storage Disable. When the STORAGE ON - OFF switch 
(8-S2B) is depressed, the CL 1 signal is set to the 0 state 
and TR1 is set to 1. The storage f lip-flops continue to up­
grade their contents to the contents in the counting 
register, since the transfer gates remain in the 1 state. 

4.8.3 Display Time. 

General. The display time is the time between measure­
ments, from the time the main gate closes to the ti me the 
reset pu lse occurs. This must be adjustable to allow 
observation of the visual register and to allow for operation 
of external devices. such as printers and other pieces of 
data-handling equipment. In the non-storage mode, the 
display t ime is the only ti me that the measurement data can 
be observed in the visual register. 

Circuit Operation. At the end of a measurement, the CG 
signal goes to 0, which causes the TR signal to assume the 1 
state and initiate t he display timing circuit (Figure 4-2). 
This turns off 8-020 and capacitor B-C25 charges towards 
+15 V, at a rate determined by t he DISPLAY time control 
potentiometer. When 8-C25 has reached ~ 10 V. B-021, 
B-Q23 and B-Q22 turn on, produc ing a reset pulse that is 
inverted t hrough B-IC5 to give RE. Capacitor B-C25 
discharges towards ground through B-Q20 and when ~e 
capacitor voltage gets down to ~4 V, the reset pulse (R E) 
turns of f. The w idth of the reset pulse is ::;,goo /JS and the 
charging t ime of t he capacitor can be varied from 10 ms to 

greater than 10 s. The HOLD posit ion of the DISPLAY 
switch produces an infinite display t ime. 

Manual Reset. When the manual RESET button is 
pushed, a reset pulse is produced with a durat ion equal to 
the time the button is depressed. This is accomplished by 
causing AM to be zero (ground}. thus. turning on B-023 
and B-IC5 to produce a reset pulse (RE). Simultaneously, a 
clear pu lse (CL) is applied to the storage fl ip-flops, 
generated by the manual-reset button. 

A reset pu lse will also be generated when any ot t he 
measurement mode pushbuttons are released. The pulse will 
reset everything in the counter except the storage f lip-flops. 
Thus. when going from the FREQUENCY mode to 
PER I OD 0. 1 ps mode, for exam pie, the old data is erased 
when a reset pu lse, RE, is generated . Assuming the counter 
is in the FREQUENC Y mode, as the PER IOD 0.1 ps 
pushbutton is depressed, the FREQUENCY pushbutton 
becomes unlatched. The unlatching causes signal RA 1 to 
become ungrounded, turning on B-031, and changing RA 1 
from the 1 to the 0 state. The negative transition of RA 1 
makes the base of 8-023 go to t he 0 state, turning on 
B-023. When B-Q23 goes on, a 1 state appears at the B- IC5 
input , causing a negative-going RE signal, the reset pulse. 
The reset-pu lse duration will be the charging time of B-C26 
(9.4 krl X 1 pF) :=;,1Q ms. or the time that it takes to latch 
the PERIOD 0.1 ps pushbu tton (grounding DS2, thus 
turning on B-Q31 and raising RA 1 to the 1 state). 
whichever is shorter. 

The advantage of this system is that the f irst measure­
ment made in the new mode will be a meaningful answer. 
This is especially important when going to t he COUNT 
mode, since meaningful measurements should start when 
t he COUNT button is depressed. When operating t he 
COUNT but ton, no reset pulse is produced. therefore, 
successive counts can be added, if the DISPLAY switch is in 
HOLD. A reset pu lse is generated if only the RESET button 
is depressed when t he DISPLAY sw itch is in HOLD. If the 
DISPLA Y switch is not in the HO LD position, a reset pulse 
will occur after the display ti me has elapsed. However. if 
the COUNT button is aga in depressed before the elapsed 
display ti me the second count w ill add to t he f irst 
and the counter is totalizing . 

4.9 MEASUREMENT IVIODES. (Figu res 6-3/ 6-4/ 6-9.) 

4.9.1 General. 

The type of measurement to be made is determined by 
six pushbuttons on the f ront panel. The buttons are 
labelled FREQUENCY, PERIOD OR T IME INTERVAL 
(0.1 ps, 1 !JS or 10 ps), RATIO (A/8) and COUNT 
(START-STOP). These pushbuttons set up the program and 
they also energize the un it lamps in the visual display. 

4.9.2 Count. 

In the count rnode, no decimal points or units are 
displayed. 
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Figure 4-7. Count mode timing diagram. 

Quiescent. With any measurement button except 
COUNT latched, the RA 1 signal is high. As the COUNT 
button is depressed, the latched button unlatches, causing 
RA1 to go low and ener~izing the COUNT-button func­
tions. At the same time. RE goes to the 0 state. resett ing 
the whole counter, except the storage registers. This ensures 
a correct first reading when the count mode is used. 

Start. WhP-n the count bu tton is depressed {START, 
Figure 4-7), ST goes to 0 and the main-gate out put signal 
(MG) goes to 1 (gate open). At this point. the counting 
decades start counting the IN PUT A signal AOUT5. The 

COUNT 
GATE 

counting lamp also comes on. to indicate that a measure­
ment is being taken. 

Stop. When the COUNT button is released, SP1 goes to 
0 and the main gate is turned off. This stops the count and 
generates t he t ransfer and clear pulses, transfering the 
counted result int o the storage f l ip-flops for visual display. 
The visual display will remain for t he duration set with the 
DISPLAY switch. Thus, if a count from zero is desired on 
the next count. wait for the DISPLAY time to elapse or 
push the RESET button. However, if it is desired to totalize 
the count {i.e., add one measurement to the ot her). set the 
DISPLAY switch to HOLD. This wi ll prevent a reset pulse 
from being generated, except when the RESET button is 
pushed. 

4.9.3 Frequency. 

Quiescent. In t he F R EOU ENCY mode, decimal points 
0 1. 02, 03 and 04 (Table 3-2) are used. These, along 
with the proper unit that is displayed in the window to the 
right of the digits. are selected by the position of the range 
switch. When the F R EOUENCY pushbutton is depressed, 
the circuits are interconnected as shown in Figure 4-8. The 
GATE Tl ME (range) switch can be set for gate times 
between 100 JJS and 10s. The illustration shows a 1-ms 
setting. 

Start. At the end of the display t ime, or by manually 
depressing t he RESET button, a reset pu lse. RE. (Figure 
4-9 ) is produced that sets the count gate f lip-flop to Q, 

opens the count gate to allow GTOUT1 pulses to be fed into 
the time-base dividers, sets the counting decades to 0, sets 
the main gate f lip-flop to 0. and sets the time-base dividers 
to 9. The first GTOUT1 pulse, which comes through the 
count gate into the t ime-base dividers after the reset pulse 
has terminated, sets the time-base dividers to 0. fl ipping t he 
main-gate fl ip-flop to the Q state, thus starting t he 
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measurement and al lowing the first counting fl ip-flop to 
change state in accordance with the input signals from the 
INPUT A circuit (AOUT5). The output of the first 
counting flip-f lop is fed into the rest of the counting 
registers. 

The T IN 1 input signal is a 10-kHz signal ( 1 00 1-LS), derived 
from the time base oscil lator by the internal clock divider 
that is counted in the time-base dividers. 

Stop. When the first divider goes back to 0 (this is only 
for the 1-ms gate time), the main-gate flip-flop retu rns to 
the 0 state. This prevents any more AOUT5 pulses f rom 
being counted and set s the count gate fl ip-flop to 0. 
preventing any more clock pulses (GTOUTl ) from entering 
the t ime-base dividers. This terminates the measurement. 

4.9.4 Period (Figures 4-8/4-10.) 

The A input is used to stop and start the counter while 
the internal clock frequency ( 10 MHz, 1 MHz, or 100kHz) 
is being counted. The period time interval button can be 
locked at .01 11s, 1 115 or 10 1-LS and the range switch set 
from 1 period to 105 periods. When a reset pulse arrives 
from the reset circuits, it sets all the counting decades to 0 
and the t ime-base decade dividers to 9. The main-gate flip 
flop is set to Q and the count-gate f l ip f lop to Q. 

The f irst pulse corn ing from the input circuit, AOUT, is 
applied, as T l N 1, through the pu lse-forming network and 
the open count gate (IC7), to the time-base decade-divider 
chain, setting the ti me-base dividers to 0. This output 
(GTOUT2) is brought back into the main-gate flip flop, 
IC6, which is set to the Q position. Thus, signal MG goes to 
0, allowing the counting fl ip flop, IC41, and the counting 
decades to count the time-base signal . be it 10 MHz, 1 MHz 
or 100kHz. 

Further pulses coming from the input A circuit (AOUT) 
are applied to the time-base decade divider and, if the range 
switch is set to 1 0 periods, the 1Oth pu lse after the start 
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Figure 4-9 . Frequency-mode timing diagram. 

pulse sets the main-ga te flip f lop (I C6) to its 0 posit ion and 
also sets the count-gate fl ip f lop to its Q position. turning 
off the count gate. 

The number of periods counted is determined by the 
division rate of the time-base divider, which ranges from 1 
to 105 

4.9.5 Ratio A/8 (Figure 4-11 ). 

The ratio A/B mode is very similar to the frequency 
mode with the except ion that the internal time-base is 
replaced with the B signal applied to t he input B .channel. 

I STOP 
f COUNTING 

GTOUT2 ~~-----~ 
MG 

AOUiS I I I I I I I I I I I I I I I I I I I I I I I I 
IC4t 0 

1191-JI 

Figure 4·10. Period mode timing diagram. 
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Figure 4-11 . Ratio mode timing diagram. 

The signal applied to input B. after being ampl ified (06), 
is put into a thresho ld device (07 /08) for translation into 
pulses. When the RA Tl 0 button is depressed, this signal is 
routed as TIN1 through the count gate into the time-base 
decade dividers. The input A signal is applied as AOUT. 
and AOUT5 to I C41 . 

The reset pulse (RE) sets the counting decades to 0 and 
t he time-base divider decades to 9. Simu ltaneously, the 
main-gate f l ip flop, IC6, is set to Q and the count gate fl ip 
f lop to Q, opening the count gate. The first pu lse of Tl Nl . 
after the reset pu lse, that passes through the count gate ~s 
GTOUTl sets the t ime-base dividers to 0, and opens the 
main gate, I C6, starting the counting of IC41 and the 
counting decades. 

When an increment o f 10" pu lses of GTOUT1, depending 
on the setting of range switch, has entered the time-base 
decade divider, GTOUT2 goes to 0, stopping the counting 
and preventing any more of the TIN1 signal from entering 
the t ime-base decade dividers. 

4.9.6 Time Interval (Figure 4-12). 

The time interval between two start and stop pulses, or 
duration of the start pulse, is measured by counting the 
10-MHz, 1-MHz, or 100-kHz internal t ime-base frequencies. 
depending on which of the time interval push-buttons is 
pushed. The reset pulse terminating the display time 
sets the main-gate flip-flop toO. The negative pulse applied 
to the start input sets the main-gate f l ip-flop (IC6) to G. 
opening the main gate and lett ing IC41. and the decade 
dividers, cou nt the AOUT5 signal derived from input A. 

The negative pulse at the stop terminal stops the 
counting by setting the main-gate and count-gate flip flops 
to 0 . If the next start pulse arrives before the reset pulse, 
the start pu lse also sets the count gate toO. This prevents a 
reset pulse from ever being produced. so that the counter 
now totalizes the events in the counting decades. 

The time duration of the start pu lse can also be 
measured by permanent ly setting SP low. Then, as long as 
the STA RT input (or ST) is low, the counter is counting. 

A0UT5 I I I I I I I I I I I I I I I I I I I II I I I II I I I I I I I I 
I I"" •<---COUNT ----- I TOT4LIZE COUNT 

MG 

I C41 

11Q}.n 

Figure 4-12. Time-interval mode timing diagram. 
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4.9.7 START AND STOP INPUT 

The start and stop input is applied to the main gate 
fl ip-flop, IC6 and it in turn opens and closes the main gate. 
To energize the main gate, the start input must reach the 
low level , V 1 ~ +0.3 V. For the stop input to turn o ff the 
main gate, it must approach the low level V1 ~ +0.3 V. For 
both start and stop inputs, the external circu it ry must be 
able to sink 6 ma. If the start input is not terminated when 

the stop input is applied, the start input overrides the stop 
input and, if both arc applied simul taneously, the main gate 
turns on at the beginning of the start input and o ff at its 
termination. 

For t he signals to be terminated, the input must be high 
V 2 ~ +2 V. The inpu ts have an internal 4.7-kQ pull-up 

resistor to +5 V, thus no current capabi I i ty is necessary. 
The input operates wi thout any fur ther complication. with 
relay contact-closures-to-ground, NPN· transistor ·to-ground, 

or integrated-circuit switching. 
However, for pulse and de level inputs outside the range 

V 1 ~ -0.7 V and V2 ~ +5.7 V, an internal limiting circuit 
becomes operative. It is a 50-D. 1-W series resistor with 
diodes, connected to +5.0 V and ground. The maximum 
input is limited by the power dissipation of the 50-Q 
resistor. De level inputs lasting in excess of 5 s must stay 
wi t hin the range V2 ~ +12. 7 V and V 1 ~ ·7 .7 V. 

For narrow pu lses, the average power d issipat ion •nust 
be < 1 \N in the 50 Q resistor. Details covering special 
operating prob lems associated with th is c ircu itry are given 

in paragraph 3. 13. 
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Service and Maintenance-Section 5 

5.1 GR FIELD SERVICE. . 
5.2 INSTANT RETURN . . 
5.3 MINIMUM PERFORMANCE STANDARDS 

5.4 TR OUB LE ANALYSIS 

5·1 

5·1 
5·1 
5·3 

5·6 5.5 REPAIRS 

5.1 GR FIELD SERVICE. 

The two-year warranty attests the quality of materials 
and workmanship in our products. When difficulties do 
occur, our service engineers wil l 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 last page of manual). giving full 
information of the trouble and of steps taken to remedy it. 

Be sure to mention the serial, I D. and type numbers of the 
instrument. 

5.2 INSTRUMENT RETURN. 

Before returning an instrument to General Radio for 
service. please contact our Service Department or nearest 
District Office requesting a "Returned Material" number. 
Use of this number will ensure proper handling and 
identification. For instruments not covered by the warran· 
ty, a purchase order shou ld be forwarded to avoid 
unnecessary delay. 

5.3 MINIMUM PERFORMANCE STANDARDS. 
5.3. 1 General. 

The following checks are designed to verify counter 
operation in a quantitative way. They supplement the 
self-check procedures of paragraph 3.1. The procedure must 
be followed in the order given to provide a smooth 
checkout procedure. In the event of failure. consult 
paragraph 5.4. 

NOTE 

The readouts are given in relation to a seven­
digit counter. Some read ings on a five or six· 
digit counter may cause the SPILL light to 
illuminate. 

5.3.2 Internal Test. 

The 100-kHz internal test can be performed as follows: 
a. Apply power and depress the FREQUENCY and 100 

k HL TEST buttons and check that all other pushbuttons. 
front and rear, are not depressed. 

b. Set the GATE T l ME to 10 s. Note that the "Hz" lamp 
is illuminated at the right·hand end of the display window. 

c. Set the DISPLAY control to Is. 
d. The digital indicators should indicate 100000.0 Hz 

after 10 s. 
e. Rotate the GATE TIME control to Is. 100 ms. 10 ms. 

I ms, and 100 t.J.S and note that the indicators read the 
equivalent of 100kHz in each position (see Table 3·2). An 
on-scale indication for a six·digit counter will occur at Is; 
for a f ive-digit , at 1 00 ms. 

5.3.3 Storage Mode. 

When the rear-panel STORAGE switch is not depressed. 
the counter is in the storage mode. This was evident in 
paragraph 5.3.2, step g, when the digits remained stationary 
and didn't cycle from zero to nine during the 10-s 100-kH7 
measurement. Depress the STORAGE switch and set the 
GATE TIME to 10 s. Note that the digits do cycle from 
7ero to nine during a measurement and that the word 
COUNT illuminates at the left-hand end of the display 
w indow. 

5.3.4 Display Time. 

Check the display time as follows: 
a. Set the range switch GATE TIME to 1 sand make 

sure the DISPLAY switch is still set to 1 s. 
b. Observe that the display time is 1 s. 
c. Rotate the DISPLAY switch to 10 sand observe that 

the display time is approximately 10 s. 
d. Rotate the DISPLAY sw itch to the 10-ms position 

and observe a barel y percepti ble d isplay ti me, approxi· 
matel y 1 0 ms. 

e. Rotate the DISPLAY switch to the HOLD position. 
Observe that the count holds in the display tubes. 

5.3.5 Reset. 

To check the reset circuit, unlatch the 100 kHz TEST 
pushbutton by depressing and releasing it. Push the RESET 
button on the front panel and note that all the digits read 
..:ero and t hat the COUNT lamp is extingu ished. 
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figure 5-1. Test setup. 

5.3.6 Frequency Measurement. 

To ch~ck the frequency operation, proceed as fol lows: 
a. Set the DISPLAY switch to 1 sand retain the 1192 

settings of paragraph 5.3.2. 
b. Connect the 1310 to INPUT A as shown in Figure 

5-1. 
c. Set the 1310 FREQUENCY to 1 kHz and set the 

output to read 10 mV rms, as observed on the 1808 
voltmeter. 

d. Set the 1192 TRIGG ER LEVEL control to the black 
line. depress the FREQUENCY button, and make sure the 
ATTENUATOR buttons are unlatched. The 1192 should 
count the 1 kHz to within ±1 count. 

NOTE 
Slight adjustment of the TRI GGER LEVEL 
control may be required to find the max imum 
sensitivity point. 

e. Set the 1310 to 10kHz, again at 10 mV, and observe 
that the 1192 counts the 10 kHz to within ±1 count. 
Disconnect the 1310 from the counter 

f. Connect the 1003 signal generator to the 1192; both 
20-dB pads should be in the circuit. Set the frequency of 
the 1003 to 1 MHz and the OUT PUT to 1 V rms, as 
mon itored on the 1806 meter. The counter should read 1 
MHz ±1 count. 

g. Set the frequency to 20 MHz same level; the 1192 
should read 20 MHz ±1 count. 

h. Increase the OUTPUT of the 1003 to 2 V, rms, and 
set the frequency to 32 M Hz. The counter should read 32 
MHz ±1 count. 

5.3.7 Ratio Measurement. 

To chen!< the ratio operation, proceed as follows: 
a. Depress the RATIO button (the FREQUENCY button 

w ill automatically unlatch). 
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b. Set the 1192 GATE TIME switch to 10 ms. 
c. Connect a second 874-T to the original tee and thence 

to the 8-INPUT jack at the rear of the 1192, via a GR 
776-A patch cord, as shown in Figure 5-1 . 

d. Attach the other end to the A -1 NPUT jack and set the 
output of the 1310 to 100 mV. 

e. Set the frequency of the 1310 to 400 Hz; the 1192 
should display 0000100 ±1 count. 

f . Maintain the 1 00-mV level and set the f requency of 
the 1310 to 100kHz; the 1192 should again display 
000100 ±1 count . 

g. Replace the 1310 with the 1 003 signal generator. 
h. Remove one 20-dB pad from the circuit shown in 

Figure 5-1 and connect the generator to one leg of the 
second coaxial tee t hat goes to INPUT A and Bon the 1192. 

i. Set the frequency to 1 0 MHz and the output to 1 00 
mV. 

j. Observe that the 1192 displays 000100 ±1 count. 

5.3.8 Data Output. 

For counters with the optiona l data output, the output 
levels can be checked wi th the general-pu rpose VOM. 

Proceed as fol lows: 

a. With no signal connected to the counter, measure each 
pin of the DATA 0 UTPUT socket with a D prefix (data 
line) to be 0 V (Figure 2-3) . RESET depressed. 

b. Connect the 131 0 oscillator to the IN PUT A jack. 
c. Set the oscillator 888XXX Hz and measure t he 8-bit 

lines (D18, etc.) to be +5 V and all 1-, 2- and 4-bit lines 
(D11, D1 2, D14, etc.) t o beO V. (Table 2-2.) 

d. Set the oscill ator to all sevens and measure the data 
lines. The 1-, 2- and 4-bit lines should read +5 V; the 8-bit 
lines should read 0 V. This checks each l ine in both of its 
states. 

e. Monitor oin 25 for +5 V, in all cases. 



f . Check that pin 50 is connected to chassis ground in all 
cases. 

g. Ascertain that pin 24 (PGT) is high (+5 V) during the 
display time and then depress the COUNT BUTTON and 
check that pin 24 is low (0 V) during t he measurement 
ti me. 

5.3.9 Lock-Range Check. 

a. Set the 1192 to the frequency mode and set the gate 
ti me to 1 s. Inject a signal ~ 100 mV rms from t he 1003 
into the input·A channel. 

b. Adjust the 1003 for a read ing on t he 1192 of 
1.000,000 MHz ±1 count. 

c. Unlatch the external t ime-base button (to t he 1 MHz 
posit ion). Apply the signa l fro m the 1003 also to t he input 
B channel. See Figure 5-1 for interconnection details. 

d. Slow I y increase t he vernier frequency on the 1 003 
unt il the 1192 reading differs by ±1 count 

e. Remove t he input to the B channel and the counter 
readi ng should be ~1 .0000 1 0 MHz. Repeat step d for a 
vern ier-frequency ad just ment in the opposite direct ion and 
counter should read < 0.999990 MHz. 

f. Latch the external t ime-base button to 1 00 kH z and 
set the gate t ime for 10 s. Repeat steps b through d for 100 
kHz and read 100,000 0 Hz ±1 Hz. 

5.4 TROUBLE ANALYSIS 
5.4.1 General 

If unable to obtain the performance call ed for in the 
minimum performance procedures of paragraph 5.3,use the 
procedures that fol low to isolate t rouble to a replaceable 
detail part Refer to Figu re 5-1 for test-equ ipment connec­
t ion and to Table 5-1 for suggested test equipment. Full 
circuit details and parts information, given in Section 6, 
used in conjunction with the circui t theory presented in 
Section 4,shou ld facil itate repair. 

5.4.2 Initial Procedures. 

a. Release the two captive screws at the rear of the 
instrument and sl ide the counter out of its case. 

b. Prepare a test set·up as shown in Figure 5-1. 
c. Refer to Figures 5·3 and 5·4 to locate test points and 

secondary adjustments. 

5.4.3 Power-Supply Checks (Figure 6-6). 

a. With t he Variac off and the I NCR EASE control ccw, 
connect the power cable 'from t he 11 92 to the Variac and 
turn the power switches on. 

b. Gradually increase the voltage to 115 V , while 
monitoring t he wattmeter to see that power does not 
exceed 22 W. 

c. Measure the +5 V regulated supply; if necessary, 
adjust R- R37 to get exactly 5.0 V (Figure 5-3). 

d. Measure the + 15-V and -15-V supplies; t hey shou ld 
read +15 ±0.5 V and -15 ±0.5 V. 

e. Swing the line voltage between 100 V and 125 V. 

Observe that the regulator circu its of the +5, +1 5, and the 
-15 V supplies hold within ±02 V. 

5.4.4 Oscillator Checks (Figure 6-7). 
a. Remove the Data Output board (if the instrument is 

equipped w ith this option). Refer to paragraph 5.5.3. 
b. Connect Channel 1 of the oscil loscope to the out put 

of the crystal oscillator (B-R12, to ground) and depress the 
1192 RATI O button. 

c. Set the time base on the oscilloscope to 0.1 11s/div. 
d. Look for~ 2 Vat 10 MHz. 
e. If necessary, adjust B-L2 for max imum amplitude. 

NOTE 
Typical internal t ime-base signal waveforms are 
shown in the left-hand column of Figure 5-2. 

5.4.5 Clock-Divider Checks. 

a. Depress the 1192 FREQUENCY button. 
b. Connect the oscil loscope to pin 14 of IC1 (TB1 ) and 

observe a 1 0-M Hz puIs e. 
c. Move t he oscil loscope to Pin 11 of I C 1, Pin 11 of I C2, 

and Pin 11 of IC3, to observe 1-MHz, 100-k Hz and 10-k Hz 
pulses, respectively. These outputs shou ld have a 20% duty 
rat io. 

&:4.6 Internal Control Signals. 

To verify proper oper-ation of internal control signals in 
t he counter, a check of waveforms shown in the appropri­
ate schematic diagrams in Section 6 is recommended. 
Detailed waveforms of typical control signals that display 
more irregular shapes are shown in center column of Figure 
5·2. 

5.4. 7 Trigger-Level Adjustment. 

a. Latch the FREQUENCY mode push button, set the 
GATE T IME switch to 100 rns, and unlatch both attenua­
tor buttons. 

b. Connect an input signal of 100kHz to input A, f ro m 
the 1310 oscil lator, at 100 mV rrns as measured on t he 
1808 meter. 

c. Set the trigger-level control on the f ront panel to the 
mid-range position (b lack line). 

d. If necessary, ad just t he B-R77 potentiometer w it h a 
small screwdr iver unt il the counter reads 100kHz. 

e. Reduce the output of t he 1310 while adjusting B-R77 
to maintain t he 100 kHz reading. The minimum signal at 
the opt imum set ting of B-R77 is< 10 mV. 

5.4.8 Attenuator Checks. 

To check the operation of the attenuators in the input 
circui t, proceed as follows: 

a, With the 1192 in the FREQUENCY mode, apply a 
10-kHz signal wi th the 1310 oscil lator to INPUT A See 
Figure 5-1 for the set up. 

b. Set t he output of t he 131 0 for 10 mV, as indicated on 
the 1808 voltmeter. With no attenuation in the 1192, a 
steady 10-kHz display shou ld be seen. 

c. Depress the 10:1 attenuation control on the 1192 and 
the display should be all zeroes. 

d. Increase the output of the 1310, as observed on the 
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~ . ~ .. ' , ., . ' . '• 

~ "' "' >:"' I"<" :" "' "' . 
. : .... j .... l .......... . 

I.OV 0.1 Jl- S 

TB2 

r ~I , n r 
I 

.. 
c 

I.OV 0 .2 Jl-S 

TB3 

1.0 v 2.0 Jl-S 

TB4 

I.OV 20.0 !J.S 

TI ME BASE CONDITIONS: 
DC SCOPE COUPLED INPUT 
WITH RESPECT TO GROUND 
PLANE. COUNTER IN FRE­
QUENCY OR PERIOD MODE. 

GTOUTI 

1.0 v 0.05 p..s 

MG 

1.0 v 5.0 ms 

1.0 v 2 .0 !J.S 

1.0 v 10.0 ms 

:::1 ;....E:=:; 

=:;_ ::::;; ;;;;;;o, 
!:ii !!! 
lliii· iiiiil. 

' :=I :ill · 
:::1 I' 

I 

J 
VARIOUS 2.0 ms 

I . IC5- PIN 9 0 TO 5 V 
2 .020-COL 0 TO 10.4 V 
3. 022-COL 0 TO 11.5 V 
4.023-COL 0 TO 15 V 

INPUT CIRCU ITS 
INPUT A 

VARIOUS 20.0}1-S 

AOUT5 

1.0 v 0.05J1-S 

IN PUT B 

VARIO US 20.0 }J-S 

EXO 

2.0V 2.0 !J.S 

5.0 v pk-pk 

IC4- PIN 12 0 TO 5 V 

027- COL 0 TO 3.5 V 

025-COL -3.3 TO -4.2 V 

5.0 v pk-pk 

OS- COL 8 TO 15 V 

07-COL 10 TO 14.5 V 

06-COL 4 TO II V 

1192.JlX 

Figure 5·2. Selected waveforms typically found in a properly functioning 1192 counter. 
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Table 5-1 
TEST EQUIPMENT 

Function 

R F Generator 

Low Frequency 
Oscillator 

Metered Variac® 

Electronic 
Voltmeter 
(VTVM) 

Electronic 
Voltmeter Rf Tee 

Rms Voltmeter 

Oscilloscope 
(Dual Trace) 

Coaxial Pad 

VOM 

Coaxial Tee 

Coaxial Load 

Patch Cord 
(Coax ial ) 

Adaptor 
(Coaxial) 

Patch Cord 

•or equivalent 

+100 

Recomme nded 
Type* 

GR 1003 

GR 1310 

GR W5MT3W 

GR 1806 
(with probe) 

GR 1806-P1 

GR 1808 

Tektronix 454 
( P6045 probe) 

GR 874-G20 (2) 

Triplet 630 NA 

GR 874-T (2) 

GR 874-W50B 

GR 776-A (4) 

GR 777-03 

GR-874-R22A 

1808, to 100 - 50 mV, at which ti me the counter should 
again display a steady 10-kHz reading. 

e. Depress the att enuation contro ls on the counter for a 
100 :1 setting and the display should become all zeroes 
aga in. +1 

t. I ncr ease the output of the 1310 to 1.0 -o.5 V. and look 
for the counter to again display a steady 10-kHz reading. 

5.4.9 A-Input Circuit (Figure 6-8). 

To verify correct operation of the amplifier and wave­
shaping stages in the INPUT A circuits 

a. Arrange the equipment as shown in Figure 5-1, using 
the 1310 oscillator as a 10-kHz sou rce; use the oscilloscope 
to set the amplitude to 5.0 V pk-pk. 

b. Set the 1192 controls for FREQU ENC Y mode, with 
TRIGGER LEVEL centered (display board removed). 

c. Set the oscilloscope time base for 20 JJ.S/div and 
synchronize it on the input signal. 

d. Look for the waveforms shown in panel K of Figure 
5-2, which are typical of properly functioning counter. 
Measurements are made with the X1 0 probe, from the test 
points indicated, with respect to ground. 

e. To check higher-frequency operation, substitute the 

Minimum 
Characteristics 

67kHz - 80 MHz; 1 ppm stability; 50n 

2Hz - 2 MH7, ± 2% accuracy; 600n 

300 W/150 V, full-scale, meters 

1.5 - 1500 V full-scale, ± 2% accuracy 

20 Hz to 1.5 GHz: coaxial, son 

1 0 Hz - 10 MH7; ± 1% accuracy fu 11 -scale 

De to 150 MHz 

50n; 20 ± 0.30 dB 

De accuracy - ± 2% 

50S1 

50n ± 0.5% 

3/4-in. binding-post plug/BNC plug; 3 ft. 

3/4-in. binding post t o GR874® 

GR874 connectors. 3ft. 

1003 as the source (as shown in Figure 5-1 with both 20-dB 
pads). 

f . Set the f requency to 10 MHz at 2.0 V (20 mV into 
11 92 ) and look for the waveform shown in panel L of 
Figure 5-2. 

5.4.10 B-lnput (Figure 6-7) . 

To verify proper operation of the amplifier and wave­
shaping stages of the INPUT B circuits: 

a. Arrange the equipment as shown in Figure 5-1. using 
the 1310 oscillator as a 1 0-k H7 source; use the oscilloscope 
to set the amplitude to 5.0 V pk-pk. 

b. Set the 1192 controls for the F R EOUENCY mode. 
with the TR IGGER LEVEL centered. (display board 
removed) . 

c. Set the oscilloscope time base for 20 JJ.S/d iv and 
synchronize it on the input signal 

d. Look for the waveforms shown in panel N of Figure 
5-2. which are typical of a properly functioning counter. 
Measurements are made with the probe. from the test 
points indicated , with respect to ground. 

e. If phase· lock is unsatisfactory, increase the input 
signal to 100 kHz (at an amplitude of 150 mV rms as 
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determined by the 1808 meter) and look for the 
waveform shown in panel 0 of Figure 5·2. 

5.4.11 Count and Main Gate Flip-Flops. 

a. Remove the display board f rom the 1192 and depress 
the FREQUENCY button. 

b. Connect the VTVM to Pin 3 of I C6 and note that t he 
VTVM reads ~ 0 V. 

c. Connect a jumper wire from chassis ground to Pin 13 
I C5 ( R E 1) and note that t he VTVM now reads ~ 4.0 V. 

d. Move theVTVMto Pin 15 of IC6(MG)and read~ 0 V. 
e. Connect a ground w ire to START connector center 

conductor and now read ~ 4.2 V. Remove the ground wire 
and push the COUNT button. Again read~ 4.2 V. Restore 
1192 to FREQUENCY mode. 

f. Move the VTVM to Pin 11 of IC6 (CG) and touch the 
ground wire to the STOP connector center conductor. The 
VTVM shou ld read ~ 0 V and remain there when the 
ground wire is removed. Repeat the above procedure using 
the START connector. The VTVM shou ld read~ 3.8 V. 

5.4.12 Display Circuit. 

a. With the Display Board removed, set the 1192 
controls for FREQUENCY mode, and 10-s display t ime. 

b. Connect the VTVM to PIN 9 of IC5 (TR) and 
momentarily ground t he STOP BNC connector center 
conductor. Read~ 5 Von the VTVM. Momentarily ground 
the START connector and read~ 0 V. 

c. Move the VTVM to Pin 8 of IC5 and momentar ily 
ground the STOP connector. Read ~ 0 V. Momentarily 
ground START connector and read~ 0.6 V. 

d. Move the VTVM to collector of Q20 and momentarily 
ground the STOP connector. The VTVM should take~ 10 s 
to reach 10 V and then settle back to 8 V. Momentarily 
ground the START connector and note that the VTVM 
qu ickly drops to~ 0 V. 

e. Move the VTVM to Pin 10 of I C5 ( R E) and set the 
display t ime for 1 s. Momentarily ground the START 
connector. The VTVM shou ld read ~ 5 V. Momentarily 
ground the STOP connector and, after 1 s of delay (Display 
Time), the VTVM will change to 0 V. 

5.4.13 Gated Time Base. 

a. With the display board removed, connect the oscillo­
scope (XlO probe) to Pin 6 of IC7 (G TDUT1 ). Set t he 
sweep time to 0.1 ms/cm. 

b. Momentarily ground the STOP connector and observe 
0 Vdc. 

c. Momentari ly ground the START connector and 
observe a pulse train with a 0.1-ms period. The pulse 
duration is~ 40 ns and its ampl itude is~ 4 V. 

5.4.14 Readout Circuits (Figure 6·11). 

To veri fy operation of the readout circuits of t he 
counter, proceed as follows: 

a. Reinstall the display board in the counter. Place the 
1192 in the COUNT mode and disable the storage functions. 
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b. Connect the 1310 osci llator to INPUT A and set it to 
2Hz. 

c. Depress the 1192 RESET button and observe each 
digit in the right-most readout tube. 

d. After t he readout has cycled 0-9, increase the 1310's 
frequency by a factor of 10 and repeat steps c and d until 
all digits have been checked. 

e. Set the 1192 in FREQUENCY mode with a 10-sgate 
t ime for store operation. 

f. With t he 1310 oscillator set at 777XXX Hz, inject the 
signal into the A INPUT connector, then switch the counter 
to STORE. 

g. If the 3 most-significant digits display 7's, shorten the 
gate times to move the 7's display through the digits to the 
right . If the 7's display holds throughout then t he 1, 2, 4, 
binary paths of the display board are all functioning 
properly. 

h. Reset the gate time to 10 sand reset the oscillator to 
888XXX Hz. Repeat the previous procedures to verify 
operation of the binary-8 path in the display. 

5.5 REPAIRS 
5.5.1 Knob Removal. 

To remove the knobs on the front-panel contro ls, either 
to replace one that has been damaged or to replace the 
associated control, proceed as f ollows: 

a. Grasp t he knob firm ly with the fingers close to the 
panel and pull the knob straight away from the panel. 

b. Observe t he position of the setscrew in the bushing 
when the control is fu ll ccw. 

c. Release the setscrew and pull the bushing off the 
shaft. Use a 3/16-in. Allen wrench. 

NOTE 

To separate the bushing from the knob, i-f for 
any reason they should be combined off of the 
shaf t, drive a mach ine tap a turn or two into the 
bushing to provide sufficient grip for easy 
separation. 

5.5.2 Knob Installation. 

To install a knob assembly on the control shaft: 
a. Mount the bushing on the shaft, using a small slotted 

piece of wrapping paper as a shim for adequate panel 
clearance. 

b. Orient the setscrew properly on the bushing, w ith 
respect to step b in paragraph 5.5.1, and lock the setscrew 
with a 3/16-in. A llen wrench. 

NOTE 
If the end of the shaft protrudes t hrough the 
bushing, the knob cannot seat properly. 

c. Place the knob on the bushing with the retention 
spring opposite the setscrew. 

d. Push the knob in unt il it bottoms and pull it slightly, 
to check that the retention spring is seated in the groove in 
the bushing. 



TRANSFER GATES 
(C-IC20-C-IC26) 

DISPLAY BOARD 
(FIGURE 6-10) 

DISPLAY TUBES 
(C-VI -C-V7l 

C-SI 

DISPLAY TUBE 
DRIVERS 

(C-IC42-C-IC48) 
PROGRAM BOARD 

(FIGURE 6-5) 
DATA-OUTPUT BOARD 

(FIGURE 6 -1 4) 

-
-R37 

Figure 5-3. Top interior view of 1192 - all boards in place. 

B-R77 B-IC4 B-IC7 B-L2 B-XI 

Figure 5-4. Top interior view of 1192 - Program Board only. 

NOTE 
If the retention spr ing in the knob is loose, 
reinstall it in the interior notch with t he small 
slit in the inner diameter of the wall. 

5.5.3 Data-Output Board. 

Removal, 

To remove the data-output board (optional) from the 
counter chassis, proceed as fo llows: 

a. Remove the cabinet from the chassis. 

b. Unplug the jumper w ire from the data output board 
to t he display board at the display board (Figure 5-3) . 

c. Remove t he two No. 3-48, 5/16-in. screws, No. 3 
lockwashers and No. 3-48 nuts f rom t he OAT A 0 UTPUT 
socket. 

SERVICE 5-7 



d. Grasp the etched-circu it board and unplug the board 
from the display board socket (C-J16) by moving t he 
data-output boa rd t oward the rear of the instrument . The 
entire board wi ll slide through the DATA OUTPUT hole in 
t he rear panel. 

CAUTION 

Be careful when feeding the free bus wire 
through the hole in the rear panel. 

Installation. 

To install a data-output board , reverse the procedure 
given in paragraph 5.5.3. If the data-output board is being 
install ed in an instrument that originall y didn't have one, 
remove the No. 3-48 hardware from the blank plate over 
the DATA OU TPUT hole and then foll ow the reverse of the 
procedure in paragraph 5.5.3. 

5.5.4 Display Board (Figu re 5-3). 

Removal. 

To remove t he display board, proceed as follows: 
a. Perform the procedures of paragraph 5.5.3. If your 

counter doesn't have a data-output board, perform only 
step a of paragraph 5.5.3. 

b. Remove the knob (paragraph 5.5.1 ) from the range 
switch on the front panel. 

c. Remove the four No. 6-32 screws f rom the display 
boa rd and remove the phenolic retainer on the tubes. 

d. Li ft up carefu lly on the rear of the display board until 
the plug and socket between the display and program 
boards disconnects. 

e. Sl ide the display board toward the rear of the counter 
until the boa rd hits capacitor B·C20. If t he board catches 
anywhere, lift up and continue to move backwards. 

f . Lift the display board out of the counter chassis. 

5.5.5 Readout· Tube Replacement. 

Installation. 

To instal l the display board, reverse the procedure of 
paragraph 5.5.4. 

To replace one of the readout tubes, proceed as follows: 
a. Perform the procedures of paragraph 5.5.4. 
b. Remove the phenol ic retainer board f rom the tubes 

and remove the defective t ube from its socke . 
c. Instal l the t ube ( B-5859S Burroughs Corp .. Plainfield. 

N. J.) in the socket and reverse the procedure of para­
graph 5.5.4. 

NOTE 

When installing a new tube, slide the pad almost 
to t he ends of t he leads before installing the 
tube in its socket. This procedure helps to line 
up the tube pins. 
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5.5.6 Switch Replacement. (Figure 5·4). 

CAUTION 

Power must be off. 

Pushbutton Switches. 

The 10-section switch at the front of the instrument is 
difficult to replace, due to the number of contacts that 
enter the program board. Replacement can be attempted 
with a soldering iron and a solder sucker; however, it is 
recommended t hat the instrument w ith a fau lty switch be 
returned to General Radio according to t he procedure of 
paragraphs 5.1 and 5.2. 

The 2-section switch at the rear of the instrument has 
on I y 12 contacts into the program board and can be 
replaced with the use of a soldering iron and a solder 
sucker. 

The pushbutton caps can be replaced if they are broken 
w ithout replacing the entire switch. Remove the damaged 
cap (it may have some glue on it) and be sure that the 
surface of t he switch is reasonably clean. Slide the new cap 
on t he switch and, if necessary, apply a smal l amount of 
any general-purpose glue to maintain a solid fit. 

Toggle Switch. 

The two sub-miniature toggle switches on the front 
panel (POWER -OFF and AC·DC) can be replaced by 
unsoldering the w ires and removing the nut from the front 
panel. 

Slide Switch. 

The power-l ine slide switch can be replaced by unsolder· 
ing the w ires and removing the mounting hardware. 

5.5.7 IC Removal / Installation. 

Socket Mounted. 

IC's t hat are mounted in sockets (drivers and the fif th 
and sixth digit sections of t he display board) can be 
removed by insertion of a small-bladed screwdriver under 
the end of the IC and gently prying the IC up out of its 
socket. 

When install ing an IC in a socket, put all the leads from 
one side of the IC in the socket fi rst and push t he I C to that 
side until the leads on the other side I ine up with their 
socket holes. Push these leads into the socket and release 
the IC. 

Board Mounted. 

An IC can be removed f rom an etched-circuit board with 
a soldering iron and a solder sucker (such as a Soldapuli t*). 
Clean the solder from each pin on the IC and remove the IC 
from the board . 

Insert the new IC in the holes left by the old one, and 
solder each pin. Be careful not to burn the etched-circuit 
board. 

• Registered trademark of Edsyn, Inc., 15954 A rminta St., 
Van Nuys, Cali fornia, 91406. 



Parts Lists and Diagrams -Section 6 

Item 

Mechanical Parts 
Signal Index . . 
Block Diagram . 
Federal Manufacturer's List 
Interconnection Diagram ABCD 
Program Board B Etched-Circuit Layout 
Power Supply Schematic D iagra rn, B 1 

Page 

6-3 
6·4 
6-7 
6-8 
6-9 

. 6·11 

. 6-11 
Input B, T ime-Base Osci llator, Phase-Lock 
Schemat ic Diagrams, 82 . . . . . . . . . 
Input A Schematic Diagram, 83 . . . . . 
Program and Display Schematic Diagrams, 84 
Display Board C Etched-Circu it Layout 

Detector and Clock Divider 
.6-13 
.6-15 
.6·17 
.6-19 

Digital and V isual Display Schematic Diagram, Part 1, C1 
Digital and V isual Display Schematic Diagram, Part 2, C2 
Time-Base Divider Schematic Diagram, C3 
Data-Output Board D Etched-Circuit Layout 
Data-Output Schematic Diagram, D . . . . 

NOTE 
Each reference designator used in our schematic 
diagrams and circuit descriptions now includes 
an initial letter, before a hyphen, to identify 
the subassembly. The numeric portion of each 
designator is generally shorter than would be 
the case if a block of numbers was assigned to 
each subassembly. A new designation WT 
(wire-t ie po int) replaces the customary AT 
(anchor terminal). The letter before t he hyphen 
may be omitted only if clearly understood, as 
w ithin a subassembly schematic d iagram. 
Examples: B-R8 = 8 board , resistorS; D-WR2 = 

D board , w ire-t ie point 2, CR6 on the V 
schematic is a shortened form of V-CR6 = V 
board, diode 6. The instrument may co ntain 
A-Rl , B-R1, C-R1, and D-Rl, etc. 

.6-19 

.6-21 

.6-23 

.6-25 

.6-25 

PARTS & DIAGRAMS 6-1 



2 

\ PANEL) 

10 

9 

Figure 6-1. 1192 mechanical parts. front view. 

4 5 6 
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Figure 6-2. 1192 mechanical parts, rear view. 
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MECHANICAL PARTS LIST 

Figure Fed Mfg 

Reference Name De..:ription GR Part No. Mfg Code Part No. Fed Stock No. 

1 1 Window Window, viaual register 1192-7001 24655 1192-7001 
1 2 Cabinet asm. Cabinet asm. 4181-2528 24655 4181-2528 
1 Includes: Bail 5250-2123 24655 5250-2123 
2 Foot , soft, rear 5260-2060 24655 5260-2060 
1 Foot, rigid, right front 5250-2121 24655 5250- 2121 
1 Foot, rigid, left front 5250-2120 24655 5250-2120 
1 3 Knob asm. Knob, RANGE, including 

retainer 5220-5402 5520-5221 24655 5520-5221 
1 4 Dial asm. Dial asm., RANGE 1192 -1010 24655 1192-1010 

(behind panel) 
2 5 Knob asm. Knob, DISPLAY and TRIGGER LEVEL 5520-5121 24655 5520-5121 

including retainer 5220-5403 
1 6 Switch Pushbutton, multiple, switch 7880-1600 24655 7880-1600 

B-S1 
Plastic pushbutton only 1192-5989 24655 1192-5989 

1 7 Switch 2 -position toggle switch, 

sWitch 
POWER OFF , A -S1 7910-0791 95146 MST-205N 

1 8 2-position toggle switch, 7910-0790 95146 MST-105D 
AC-DC, A-S2 

1 9 Socket Connector, INPUT, A-J 1 4230-2301 09408 UG-1094/U 
1 10 Gasket Rubber gasket 5331-3086 24655 5331-3086 

REAR PANEL 
3 1 Socket Connector, A-}3 , INPUT B; A-)4 4230-2300 81349 UG-1094/U 5935-853-7596 

2 Switch 
STOP; A-)5, START 
Pushbutton, multiple swit ch, B-S2 7880-1610 24655 7880-1610 
Pushbutton only 1192-5989 24655 1192 -5989 

1 3 Plug Power plug, 3-wire, A-}2 4240-0600 24655 4240-0600 5935-816-0254 
2 4 Fuseholder Fuse motmting device 5650-0100 71400 I-IKP-H 5920-284-7144 
1 5 S\vitch Slide switch, LINE VOLTAGE 7910-0831 42190 4603 

SELECTOR, A -S3 
1 6 Connector *Multiple plug, DATA OUTPUT, D-J1 4230-4049 93916 57-40500 5935-062-1776 

MISCELLANEOUS 
**Cover plate 1192 -8050 24655 1192 - 8050 
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SIGNAL INDEX 

Signal Description Fig. Ref. 6-

AOUT Trigger output from INPUT A signal. 3, 4, 8 
AOUT1 Trigger out put from 100kHz TEST switch. 4 
AOUT2 Trigger output from 0.1 J.1S PER IOD and T IME INTERVAL switch. 4 
AOUT3 Trigger output from 1 JJ.S PERIOD and T IME INTERVAL sw itch. 4 
AOUT4 Trigger output from 10 JJ.S PERIOD and TIME INTERVAL switch. 4 
AOUT5 Trigger ourput from RATIO switch. 3, 4, 8. 11 
A IN INPUT A coupling signal. 4 
A IN1 10: 1 A TTENUATOR input. 100 1 ATTENUATOR output. 4 
A IN2 10:1 ATTENUATOR output, INPUT A circu it input. 4,8 
AI N3 RATIO switch output; INPUT A circuit input. 3, 4, 8 
B Logic 1 signal (+5 V) 4,9 
CG Count gate output signal. 4,9,1 1, 15 
CL Clear pu lse from program and display circu it. 3,4,9 
CL1 Clear pu lse from STORAGE switch. 4 
CL2 Clear pulse from RESET switch. 4 
D1 Decimal point control signal for C-V1 4, 11 
D2 Decimal point control signal for C-V2 4, 11 
D3 Decimal point control signal for C-V3 4, 11 
D4 Decimal point control signal for C-V4 4, 11 
D11 1st digit 1-bit buffered data output. 15 
D 12 1st digi t 2-bit buffered data output. 15 
D14 1st digit 4-bit buffered data output. 15 
D 18 1st digit 8-bit buffered data output. 15 
D21 2nd digit 1-bit buffered data output. 15 
D22 2nd digit 2-bit buffered data output . 15 
D24 2nd digit 4-bit buffered data output . 15 
D28 2nd digit 8-bit buffered data output . 15 
D31 3rd digit 1-bit buffered data output. 15 
D32 3rd digit 2-bit buffered data output. 15 
D34 3rd digit 4-bit buffered data output. 15 
D38 3rd digit 8-bit buf fered data out put. 15 
0 41 4th digit 1-bit buf fered data output. 15 
0 42 4th digit 2-bit buffered data output. 15 
044 4th digit 4-b it buffered data out put. 15 
D48 4th digit 8-bit buffered data output. 15 
D51 5th digit 1-bit buffered data output. 15 
D52 5th digit 2-bit buffered data output. 15 
D54 5th digit 4-bit buffered data output. 15 
D58 5th digit 8-bit buffered data output. 15 
D61 6th digit 1-bit buffered data output. 15 
D62 6th digit 2-bit buffered data output. 15 
D68 6th digit 8-bit buffered data output. 15 
D71 7th digit 1-bit buffered data output. 15 
D72 7th digit 2-bit buffered data output. 15 
D74 7th digit 4-bit bu ffered data output. 15 
D78 7th digit 8-bit buffered data output. 15 
DP1 Decimal point control signal for 0.1 ps PER I OD and T l ME 

INTERVAL. 4 
DP2 Decimal point control signal for 1 ps PER IOD and TIME INTERVAL. 4 
DP3 Decimal point control signal for 10 ps PER I OD and Tl ME 

INTERVAL. 
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Signal 

DP4 
DTOUT 1 
DTOUT2 
DTOUT3 
DTOUT4 
DTOUT5 
Ell 
E1 2 
E14 · 
E18 
E21 
E22 
E24 
E28 
E31 
E32 
E34 
E38 
E41 
E42 
E44 
E48 
E51 
E52 
E54 
E58 
E61 
E62 
E64 
E68 
E71 
E72 
E74 
E78 
EXO 
EX01 
GTOUT1 
GTOUT2 
INB 
LF 
LT 
MG 
osc 
PGT 
PH 
RA1 
RA1 
RE 
RE1 
RE 1 
RE2 

Description 

Decimal point control signal for FREQUENCY operation. 
Time-base divider output, GT01 divided by 10. 
Time-base divider output, GT01 divided by 100. 
Time-base divider out put, GT01 divided by 1000. 
Time-base divider output, GT01 divided by 10,000. 
Time-base divider output, G R01 divided by 100,000. 
1st digit 1-bit complement. 
1st digi t 2-bit complement. 
1st digit 4-bi t complement. 
1st digit 8-bit complement. 
2nd digit 1-bit complement. 
2nd digit 2-bit complement . 
2nd digit 4-bi t complement. 
2nd digit 8-bit complement. 
3rd digit 1-b it complement. 
3rd digit 2-bit complement. 
~rd digit 4-bit complement. 
3rd digit 8-bit complement. 
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-bi t complement. 
6th digit 2-bi1 complement 
6th digit 4-bit complement. 
6th digit 8-bit complement. 
7th digit 1-bit complement. 
7th digit 2-bit complement. 
7th digit 4-bit complement. 
7th digit 8-bit complement. 
Output signal from INPUT B circuit to RATIO push button. 
Output signal from INPUT B circuit to phase-lock detector. 
Gated time·base pulses. 
Gated time·base pulses from the range switch. 
INPUT B signal. 
Signal to frequency-unit designator (Hz, kHz. MHz) . 
Signal to time-un it designator (ns J.lS, ms). 
Main gate output signal. 
Output signal from the internal oscil lator. 
Print command from Data Output board . 
Input to phase-lock detector. 
Resetting control line from F REOUENCY and RA TI O switches. 
Control line for start and stop of main gate. 
Reset pulse from the display t iming circui t. 
Reset pulse for f irst four counting registers and Main gate F F. 
Reset pulse for count gate F F 
Register reset pulse for fifth. sixth and seventh registers. 

Fig. Ref. 6-

4 
3,4, 13 
3,4, 13 
3,4, 13 
3,4, 13 
3, 4, 13 
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4, 11,1 5 
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4,11,15 

4, 11' 15 
4, 11 ' 15 
4, 11 , 15 
4,11 , 15 
4,11, 15 
4, 11 , 15 
4, 11, 15 
4,11,15 
4,11, 15 
4, 11, 15 
4, 11 , 15 
4, 12, 15 
4, 12. 15 
4, 12. 15 

4, 12, 15 
4, 12, 15 
4, 12, 15 
4, 12, 15 
4, 12, 15 
4, 12, 15 
4, 12, 15 
4, 12, 15 
4, 12, 15 
3, 4, 7 
4 , 7 
3,4,9, 13 
3, 4,9 
4, 7 
4, 13 
4,9, 13 
3,4.9,11 , 12 
3,4, 7 
15 
3,4, 7 
4, 9 
4,9 
3,4,9, 13 
4, 9, 11, 13 

4, 12, 13 
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Signal Descrip tion Fig. Ref . 6· 

RE2 Reset pu lse for counting gate and first f lip-flops in counting register. 4, 11' 13 
RE3 Reset pulse for the f ive ti me-base dividers. 4, 13 
RE3 Reset pulse for spil l circuit . 4, 12, 13 
RM Reset pulse from RESET button to display t iming circuit. 4, 9 
SP Pulse from STOP INPUT. 4,9 
SP1 Stop pulse from COUNT switch. 4, 9 
ST Pu lse from STA RT INPUT. 4,9 
TB1 Clock out put (10 MHz). 3, 4, 7 
TB2 Clock output d ivided by 10 ( 1 MHz). 3,4, 7 
TB3 Clock out put divided by 100 (1 00kHz) 3, 4, 7 
TB4 Clock output divided by 1000 (10k Hz). 3, 4, 7 
TI N Clock divider input. 3, 4, 7 
TIN1 Count-gate input. 4, 9 
TR Transfer pulse to initiate display t ime and to storage swit ch. 3,4, 7 
TR1 Transfer pulse input to t ransfer gates. 4, 11 , 13 
TR1 Transfer pulse input f or SPILL and COUNT circuits. 4, 12 
INT OSC Internal osci I lator output. 4 
VA Phase-lock detector output. 3, 4, 7 

6-6 PARTS&. DIAGRAMS 



CO<M 

00192 
00194 
00434 
00656 
01009 
01121 
01295 
02114 

<! 02606 
02660 
02768 
03508 
03636 
03888 
03911 
04009 

0471 3 
05170 
05624 
05820 
07126 
07127 
07261 
07263 
07387 
0 7595 
07828 
07829 
079 10 
07983 
07999 
08730 
09213 
09408 
09823 
09922 
11 236 
11599 

--~040 
498 
S72 

.2697 
12954 
13327 
14433 
146 55 
14674 
14936 
15238 
15605 
16037 
17771 
19396 
19644 
19701 
21335 
22763 
23342 
24446 
24454 
24455 
24655 
26806 
28520 
28959 
30874 
32001 
33173 
35929 
37942 
38443 
4093 1 
42190 
42498 
43991 
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FEDERAL MANUFACTURER' S CODE 

From Federal Supply Code for Manufacturers Cataloging Handbooks H4-; 
(Name to Code) and H4-2 (Code to Name) as supplemented through Augurt, 1968. 

M•nufecturer Cod<l 

Jones Mfg. Co, Chicago, llllnolt 49671 
Waltco Electronics Corp, L.A., Calif, 49956 
Schweber Electronics, W"tburg, L.l., N.Y. 63021 
Atrovox Corp, New Bedford, M an. 54294 
A ldtn Products Co, Brockton, Mess, 54715 
Alle n·Bredlev. Co, Mllweut<ee, Wl.c. 56289 
Texas lnatruments~ Inc~ Dallas, Texas 59730 
Fe rroxcube Corp, S•ugertles, N.Y. 124 77 59875 
Fenwel L.ab Inc , Morton Grove, 111. 60399 
Amph enol Electron Corp, Broadview, Ill, 6 1637 
Fette>~., o .. Ple lnn, Ill. 60016 61864 
G. E. S em lcon Prod, Syracu se, N. Y. 13201 63060 
Grayburne, Yonker•. N.Y. 10701 63743 
Pvrofllm RHistor Co, Ceder Knoll a, N.J. 65083 
ClalreK Corp, New York, N.Y. 10001 66092 
Arrow·Hart & Hegeman, Hertford, Conn. 70485 

06106 70563 
Motorola, Phoenix, A ri z. 85008 70903 
Engr'd Electronics, Santa Ana, Calif . 92702 71126 
Barbtr·Colmen Co, Rockford, Ill, 61101 71294 
Wakefield Eng, Inc, Wakefield, Men. 01880 71400 
Olgltron Co, Pet edena, Calif. 71 468 
Eagle Signal {E. W. Bibs Co), Baraboo, Wise. 71590 
Avnet Corp, Culver City. Calif. 90230 71666 
Fa irchild Camera, Mountain VIew, Calif. 71707 
81rtcher Corp, No. l.os AngeiM, C,aJif. 71744 
A mer S emlco nd, Arlington Hts, Ill. 60004 71785 
Bodine Corp, Brldg;eport, Conn.. 06605 71823 
Bodine EICKtr1c Co, ChicagO, ttl. 60618 72136 
Cont D evice Corp, H awthorne, Calif. 72259 
St a te La bs Inc, N.Y., N.Y. 10003 72619 
Bo rg fnst. , Oeleven, Wise, 53115 72699 
Vemallne Prod Co, Franklin l.ekn, N.J. 72765 
G.E. S emiconduct or, Buf1al o, N.Y. 72825 
S ter·Tronlc:s Inc, Georgetown, Mau. 01830 72962 
Burge11 Battery Co, Freeport, Ill, 72982 
Bu rndy Corp, Norwalk, Conn. 06 852 73138 
C.T.S. of Berne, Inc, Berne, Ind. 46 7 11 73445 
Chandler Evans Corp, W, Har-tford, Conn, 73559 
National Semiconductor, Danbury, Conn, 73690 
Crvst•lonlcs. Carnbrld~. Matt. 021 40 73899 
RCA, Wo odbridge. N.J. 74193 
Clarostt t Mfg Co, Inc, Dover, N.H. 03820 74861 
D ickso n Electronic'S, ScotUdala, Ar'lt. 74970 
Solltron Devices, T appe n, N.Y. 10983 75042 
IT T Sem k ond lctors, W.Patm Beach, F la. 753 82 
Cornaii· Dublllat Electric Co. Newark, N.J. 75491 
Corning G lau Works, Corning, N.Y . 756 08 
General Instru men t Corp, H icksville, N. Y , 75915 
ITT, Semiconductor Olv, Lawrence, Men. 76006 
Cu tl t t·Hammer Inc, Milwaukee, Wltc. 53233 76149 
Spruce Pine Mica Co, Spruce Pine, N.C. 76487 
S inger Co, Diehl Olv, Somerville, N.J. 76545 
llllnola Tool Works, Pakton Olv, Chicago, Ill, 76684 
LRC Electronics, Horseheads, N. Y. 76854 
Elec tra Mfg Co, Independe nce, Kansaa 67301 77147 
Fafnir S earing Co, New Briton, Conn. 77166 
U l 0 Electronics Corp, Hollywood, Fla. 77263 
Avnet Electronics Corp, Franl<ll n Perk, Ill. 77339 
G. E •• Schanectodv. N.Y. 12305 77542 
G. E., Eleoc;:tronics Comp, Syracuse, N.Y. 77630 
G. E. {La m p Olv,, Nela Perk, Cleveland, O hio 77638 
General Red lo Co, W, Concord, Mats, 01781 78189 
A m erlce n Zettlet Inc~ Costa M ... , Cellf. 78277 
Hayman Mfg Co, Kenilworth, N.J . 78488 
Hof-fm an Electronic s Corp, El Monte, Calif. 78553 
1.8.M, A rm o nk , New York 79089 
Jensen Mfg. Co, Chicago, Ill, 60638 797 25 
G. E. Comp, Owensboro, Ky. 4 2301 79963 
Constente Co , Mont. 19, Qu e. 80030 
P. R. Mallory & Co Inc, Indianapolis, Ind. 80048 
Merlin-Rockwell COfP, Jamestown, N, Y, 80131 
Honovwell Inc, Minneapolis, Minn . 55408 80183 
Mutor Co, Chicago, ttl. 60638 80211 
Netlo nel Co, Inc, Melrose, Mess. 0 2176 80258 
Norm&-Hoffmen, S tanford, Co nn. 06904 80294 

Manuhtcturtt CO<M Monufocturer 

RCA. Now York. N.Y. 10020 80431 Air Filter Corp. Milwaukee. Wise. 53218 
Raytheon Mfg Co, Welthem, Men. 02154 80583 Hammarlund Co, I nc~ New York, N.Y. 
Sengamo Electric Co. Sprlngllolcl. Ill. 62705 80740 Beckmtn lns trume ntl, Inc, Fullerton, CaiJf. 
Shallcrots Mfg Co, Selma, N.C. 81030 lnternttlontl t ntturm ent, Orange,. Conn. 
Shute Brothers, Inc. Evtnston, Ill. 8 1073 Grt yhlll Inc, LaGrange, Ill. 60525 
Spra gue Electric Co, N. A d am s, Mess. 81143 lsolontl t• Mfg Corp. Stirli ng. N.J. 07980 
Th omas and 8em Co. Elizabeth. N. J. 07207 81349 Military S pecifications 
T RW In<:, (Accesso r1es Olv), Cl~elend, Ohio 81350 Joint Arm v·Nevy Speclf lcattons 
Torrington Mfg Co, Torrington, Conn. 81751 Colu mbus Electronks Corp, Yonkers, N.Y. 
Uni on Carbide Corp .. New York, N.Y. 10017 81831 Flltron Co, Flushing. L ; l •• N.Y. 1 1354 
United-Carr Festentr Corp, Bouon, Mau. 81840 LedeK Inc, Dey ton, Ohio 45402 
Vlctoteen Instrument Co, Inc, Cleveland, 0 . 81860 B.erry·Wrlght Corp, Watertown, Mass. 
Ward Leonard Electric Co, M t. Vernon, N. Y, 82219 Sylvania Elec Prod, Emporium, Penn. 
Westinghouse (Lamp Olv), Bloomfield, N.J. 82273 Indiana Pettern & Model Works, LePort, Ind. 
WHton lnstrument1, Newark, N.J. 82389 Swltchcroft Inc, Chic ego, Ill. 60630 
Atlantlc·lndla Rubber, Chlcogo, Ill. 60607 82647 Met.als & Controls Inc:, Attleboro, Mast, 
Amperlte Co, Union City, N.J. 07087 82807 Milwaukee R11lstor Co, Mllwav kee, Wise, 
Belden M fg Co. Chloogo, Ill. 60644 8 3033 Meissner Mfg, (Megulre l nd) Mt. Cermel, Ill. 
Bronson, Homer 0, Co, Beacon Falls, Conn. 83058 Carr Fastener Co, Cambridge, Mats. 
Canfield, H.O. Co, Clifton Forge, Ve. 24422 83186 VIctory Englnoor lng. SPringfield. N.J. 07081 
Bussman {McGrew Edison), St. Lou is, Mo. 83361 Bearing SPecialty CO, Sen Francisco, Cellf, 
ITT Cannon Elec. L .A •• Colli. 90031 83587 Soler Elec tric Corp, Warren, Penn. 
Centreliib, Inc, Milwaukee, Wise. 53212 83740 Union Carb1de Corp, New York, N.Y. 10017 
Continental Ca rbon Co, Inc, New Yo r'k, N.Y. 8 3781 Natlonel Electro n ics Inc, Geneva, 111. 
Coto Coli Co Inc, Providence, R. I. 84411 TRW Capac ito r Dlv, Og.ell.ala, Nebr. 
Chkego Min iature La mp Wo rks, Chicago. Ill. 84835 Lehl~ Metel Prods, Cambt'ldge, Mass. 02140 
Cinch Mfg Co, Chico~. Ill. 60624 84971 T A Mig Corp, Len A nvel es. Calif. 
Dernell Corp, Ltd, Downey, Calif. 90241 86577 Precision Metal Prods, Ston.hem, Ma:Ss,. 02180 
Electro Motive Mfg Co, Wilm ington, Co n n. 86684 RCA (Elect. Comp & D•v), Harriso n, N.J. 
Nytronics Inc, Berkeley Heights, N.J . 07922 86687 REC Co rp. Now Rochollo, N.Y. 10801 
Olallght Co, Brooklyn. N .Y. 11237 86800 Cont Electronics Corp, Brooklyn, N.Y. 1 1222 
General lnstr Corp, Newark, N.J. 07104 88140 Cutler•Hamm er Inc, Lincoln, Ill. 
Drake Mfg Co, Ch icago, Ill. 606!56 88219 Gould Net,. Bettorles Inc, Trent on, N.J. 
Hu gh H. Eby Inc, Pt'!lladelph la, Penn. 19144 88419 Corneii· Oublller, Fvquay ~Varlna, N.C. 
Elastic Stop Nu t Corp, Union, N.J. 07083 88627 K & G M fg Co. New York. N.Y. 
Erie Technologica l Products Inc, Erie, Penn, 89482 Ho luer·Cebot Corp, Bo-ston, Mau. 
Seckmen Inc, Fullerton, Cellf. 92634 89665 United Trantform•r Co, Chicago, Ill. 
Amperex Electronics Co, Hlcktvlllo, N.Y. 90201 Mallo ry Capac ito r Co, Indianapolis, Ind. 
Carling Electric Co, W.Hertford, Conn. 90750 Wes tinghouse Electric Corp, Bo1ton, Mass, 
Elco Resistor Co, New York, N.Y. 90952 Ha rdwer,e Products Co, Reeding, Pen n. 19602 
JFD Electronics Corp, Brooklyn, N.Y. 91032 Continental Wire Corp, York. Penn. 17405 
Hei nemann Electric Co, Tre nto n, N.J. 91146 ITT (Cennon Electric: Inc), Salem, Man. 
lndurtrlal Condennr Co rp, Chic ago, IIi. 9t293 J ohanson Mfg Co, Boonton, N.J. 07005 
E. F. Johnson Co, Wet.ca, Min n. 56093 91506 Au get Inc, Attleboro, Meu. 02703 
I RC Inc. Phlledalphle. Ponn. 19 106 91598 Chandle r Co, Weth ersfield, Conn. 06109 
Kulka Electric Corp , Mt. Vernon, N.Y. 91637 Da le El ectronics Inc, Columbu s, Nebr. 
Lafayette Industrial Electronics, Jamfc,a, N.Y. 91662 Elco Corp, Willow Grove, Penn. 
Li nden and Co, Providence, R.I. 91719 General Instruments, lne, Dalles. Texa.s 
Ututtuw, Inc, O ttt Plain" , Ill. 6 0016 91929 Honeywell Inc, F rHPort, Ill. 
Lord MfgCo. Erlo. Pen n. l651 2 92619 Elec.lre tnsu l Corp, Woodside, L.l., N.Y. 
Mallory Electric Corp, Ottro lt,, Mic h. 4 8204 92678 E. G.&G., Bos ton, Mau. 
James Millen Mfg Co, Malden, Men. 02 148 9 3332 Sylvania Elect Prods, Inc, Woburn, Men. 
Mueller Elec:trlc Co, Clevefend, O hio 44114 93916 Cremer Produc ts. Co, New York, N.Y. 10013 
National Tube co, Pittsburg, Penn. 94144 Raytheon Co, Components Olv, Quincy, Mass. 
Oak Mfg Co, Crystel Lako, Ill. 94154 Tung Sol EIKtrlc Inc, Newark. N.J. 
Pe-tton MacGuyer Co, Providence, R.I. 95076 G atdo Mfg Co, Cumberland, R.I. 
Pas .. Seymour, Syracuse, N.Y. 95121 Ouelltv Componontt Inc, St. Mery•,, Penn. 
Pierce Roberti Rubber Co, Tr,enton, N. J. 95146 Alco Electronics Mfg Co, Lawrence, Mas.s. 
Pos it ive Lockwasher Co, Newark, N.J. 95238 Continental Connector Corp, Woodside, N.Y. 
Aay-0-Vac Co, Madlson, Wise. 95275 Vltra mon, Inc , Bridgeport, Conn. 
T RW, Electron1c Comp, Cemden, N.J. 08103 95354 Methoclo Mfg co. Chicago. Ill. 
Gene ral Instruments Corp, Brookl yn, N.Y. 95412 General Electric Co, Sc henectady, N.Y. 
Shekeproof (Ill. Tool Works). Elgin, Ill. 60120 9 5794 Anaconde Amer Bren Co. Torrington~ Conn. 
S igma Instruments Inc, S. Brelntree, Mess. 96095 Hl-0 Ofv. o f AerovoK Corp, Orlean~ N, Y. 
St.ckpole Carbon Co, S t . Marys, Penn. 96214 TeKat lnu-ruments Inc, Dallas. Texas 75209 
Tlnnerman Producu , Inc:, Clevelend, Ohio 96256 Thorderson-Meluner, Mt, Carmel, Ill. 
RCA, Rec Tube & Sem lc:ond, Murison, N.J. 96341 M icrowave Asaocle-t" Inc, Burlin gton, Mess. 
WI remold Co, Hertford, Conn. 06110 96791 A m ph•nof Co rp, J onavllle, Wise, 53545 
Zierlck Mfg Co, New RocheiJe, N.Y. 9 6906 Military S ta ndards 
Prfttole Fastener, Toled o, O hio 98291 S eel ectro Co rp, Mamaroneck, N.Y. 10544 
VIckers Inc, St. Louis, Mo. 98474 Compar Inc , Burllngeme, Calif, 
Electronic Industries Auoc , Washington, D.C. 9882 1 North Hills Electronics Inc, Glen Cove, N.Y. 
Sprague Products Co, No. Adams, Me n . 99180 Trensltron Electronics Corp, Melrose, Mess. 
Motorola lnc:, Frank lin Park, Ill. 60131 99313 Vorlon, Polo A l to, Colli. 94303 
Standard 011 Co, Lafeyette, Ind. 99378 Atlte Corp, Winchester, Man. 01890 
Bourns Inc, Riverside, Cellf. 92606 99800 Delevan Electro nics Corp, E. Aurora, N.Y. 

1\JOTE 
Parts and components with the prefix A are 
mounted on the chassis. Prefix B indicates t he 
Program Board, C the Display Board. and D the 
Data-Output Board. A designation. adjacent to 
a signal block indicates the schematic. which 
shows the pertinent circuit detail s (e.g., 82 is 
the second B-board schematic). A 82 will be 
found on the lower right-hand side of a sche­
matic to indicate the location of the diagram. 
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Ref Des Description 

CAPACITOR 

A- C1 Ceramic 0.047 JJF +80-20 250 V 

FUSES 

A-F1 
A-F2 

PLUGS 

A-Jl 
A-J2 
A-j3 
A-j4 
A-j5 

Slo-Blo 4/10A 
Slo-Blo 2/10A 

Connector, Multiple Socket 
Connector, Power Plug 
Connector, Mutiple Socket 
Co1mector, Multiple Socket 
Connector, Multiple Socket 

TRANSFORMER 

A-Tl · Power 

RESISTORS 

A-R1 Pot. Comp. 500 kQ ±10% 
A-R2 Pot. Comp.l kQ ±10% 

SWITCHES 

A-Sl Toggle 
A-S2 Toggle 
A-S3 Toggle 
A-$4 

ELECTRICAL PARTS LIST (cont) 

GR Part No. 

4409-3479 

5330-0900 
5330-0600 

4230-2301 
4240-0600 
4230-2300 
4230-2300 
4230-2300 

Fed Mfg Code Mig Part No. 

72982 3851, 0.047 [lF +80-20% 

71400 MDL, 0.4 Amp 
71400 MDL, 0.2 Amp 

09408 UG-1094A/U 
24655 4240-0600 
81349 UG-1094/U 
81349 UG-1094/U 
81349 UG-1094/U 

0345-4033 24655 0345-4033 

6041-0100 
6041 -2109 

01121 GA, 500 kQ ±10% 
01121 GA, 1 kn ±10% 

7910-0791 95146 MST-205N 
7910-0790 95146 MST-1050 
7910-0831 42190 4603 
Part of A-R1 
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ELECTRICAL PARTS LIST (cont) 

Ref Des Description GR Part No. Fed Mfg Code Mfg Part No. Fed Stock No. 

CAPACITORS 

B- C1 Mica, 100 pF ±1% 500 V 4710-0010 14655 22A, 100 pF ±1% 
B-C2 Mica , 121 pF ±1% 500 V 4710-0031 14655 22A, 121 pF ±1% 
B-C3 Trimmer 7-25 pF 350 V 4910-2043 72982 538-002, 7 to 25 pF N300 
B-C4 Mica, 965 pF ±0.5% 300 V 4710-1965 14655 22A, 965 pF ±0.5% 
B-C5 Ceramic, 0.01 pF +80-20% 100 V 4401 -3100 
B-C6 Ceramic, 0.01 pF +80-20% 100 V 4401-3100 80131 CC61, 0.01 JJF +80-20% 5910-974-5697 
B-C7 Mica, 130 pF ±1% 500 V 4710-0130 14655 22A, 130 pF ±1% 
B-C8 Ceramic, 0.01 iJF +80-20% 100 V 4401-3100 80131 CC61, 0.01 JJF +80-20% 5910-974-5697 
B-C9 Ceramic, 160 pF ±5% 500 V 4404-1165 72982 831, 160 pF ±5% 
B-C10 Ceramic, 82 pF ±5% 500 V 4404-0825 72982 831, 82 pF ±5% 
B-Cll Electrolytic, 6.8 iJF ±20% 6 V 4450- 4800 56289 150D685X0010A2 5910-936-1332 
B-C13 Ceramic, 0.0033 1-lF ±10% 500 V 4406-2338 72982 811, .00331JF ±10% 5910 -836-5740 
B-Cl4 Electrolytic 31JF +150-10% 350 V 4450-6161 90201 20/000046335/01/00 
13-Cl5 Electrolytic 4951JF +150-10% 35 V 4450-6135 24655 4450-6135 
B-C16 Ceramic .01pF +80-20% 100 V 4401-3100 80131 CC61 , .01iJF +80- 20% 5910-974-5697 
B-C17 Electrolytic 3921JF +150-10% 35 V 4450-6162 90201 20/000046 334/01/00 
B- C18 Electrolytic 20iJF +150-10% 25 V 4450-6063 90201 20/000046 336/01/00 
B-C19 Ceramic .01!-lF -t-80-20% 100 V 4401-3100 80131 CC61, .01!-lF +80-20% 5910-974-5697 
B- C20 Electrolytic 3200JJF +75 -10% 15 V 4450-6220 80183 32D322G015AAOB 
B-C2l Ceramic 0 .l iJF +80-20% 10 V 4431 -4109 80183 20C202 
B-C22 Ceramic 68pF ±10% 500 V 4404-0688 72982 831, 68pF ±10% 
B-C23 Ceramic .0022JJF ±10% 500 V 4406-2228 72982 811, .00221-lF ±10% 
B-C24 Ceramic 330pF ±10% 500 V 4404-1338 72982 831, 330pF ±10% 5910-974- 5702 
B-C25 Electrolytic 22JJF ±20% 15 V 4450-5300 56289 150D226X001SB2 5910-752-4270 
B-C26 Electrolytic 1iJF ±20% 35 V 4450-4300 56289 150D105X0035A2 5910-726-5003 
B-C27 Ceramic 220pF ±10% 500 V 4404-1228 72982 831, 220pF ±10% 
B-C28 Electrolytic 470pF ±10% 500 V 4405-1478 72982 801, 470pF ±10% 
B-C30 Ceramic 820pF ±10% 500 V 4405 -1828 72982 801, 820pF ±10% 
B-C31 Electrolytic 470 pF ±10% 500 V 4405-1478 72982 801, 470 pF ±10% 
B-C32 Ceramic, 82 pF ±5% 500 V 4404- 0825 72982 831, 82 pF ±5% 
B-C33 Ceramic, 0.01 iJF +80-20% 100 V 4401-3100 80131 CC61, 0.01 JJF +80-20% 5910- 974-5697 
B-C34 Ceramic, 0.047 JJF +80-20% 250 V 4409 -3479 72982 3851, 0.047 pF +80-20% 
B-C35 Ceramic, 0.01 iJF +80-20% 100 V 4401-3100 80131 CC61, 0.01 flF +80-20% 5910- 974-5697 
B-C36 Electrolytic, 6.8 f.LF ±20% 6 V 4450-4800 56289 150D685X0010A2 5910-936-1332 
B-C37 Electrolytic, 3.3 1-lF ±20% 15 V 4450-4600 56289 1500335X0015A2 5910-837-9325 
B-C38 Ceramic, 15 pF ±5% 500 V 4410-0155 72982 811, 15 pF ±5% 
B-C39 Ceramic, 160 pF ±5% 500 V 4404-1165 72982 831, 160 pF ±5% 
B-C40 Ceramic, 10 pF ±5% 500 V 4410 -0105 72982 811, 10 pF ±5% 
B-C41 Ceramic, 0.001 f.lF ±10% 500 V 4405-2108 72982 801, 0.001 f.LF ±10% 5910-914-0087 
B-C42 Ceramic, 22 pF ±5% 500 V 4404- 0225 72982 811, 22 pF ±5% 
B-C43 Ceramic, 0.01 iJF +80-20% 100 V 4401-3100 80131 CC61, 0.01 iJF +80-20% 5910-974-5697 
B-C44 Ceramic, 0.01 pF +80-20% 100 V 4401 -3100 80131 CC61, 0.01 pF +80-20% 5910-974-5697 
B-C45 Ceramic, 22 pF ±5% 500 V 4410-0225 72982 811, 22 pF ±5% 
B-C46 Ceramic, 0.01 pF +80-20% 100 V 4401 -3100 80131 CC61, 0.01 IJF +80-20% 5910-974-5697 
B-C47 Ceramic, O.C1 f.lP +S0-20% 100 V 4401-3100 80131 CC61 , 0.01 iJF +80-20% 5910-974-5697 
B-C48 Ceramic, 0.01 JJF +80-20% 100 V 4401-3100 80131 CC61, 0.01 JJF +80-20% 5910-974-5697 
B- C49 Electrolytic, 3.3 iJF ±20% 15 V 4450-4600 56289 1500335X0015A2 5910-837-9325 
B-C50 Electrolytic, 3.3 JJF ±20% 15 V 4450-4600 56289 150D335X0015A2 5910-837- 9325 
B-C51 Electrolytic, 6.8 JJF ±20% 6 V 4450-4800 56289 150D685X001 OA2 5910-936-1332 
B-C52 Electrolytic, 82 pF ±5% 500 V 4404-0825 72982 831, 82 pF ±5% 
B- C53 Electrolytic, 22 pF ±5% 500 V 4410-0225 72982 811, 22 pF ±5% 
B-C54 Electrolytic, 0.01 iJP +80-20% 100 V 4401-3100 80131 CC61, 0.01 f.LF +80-20% 5910-974-5697 

DIODES 

B-CR1 Type V-lOOA 6084-1006 84411 li\1953 
B-CR2 Type IN4009 6082 -1012 24446 li\14009 5961-892-8700 
B-CR3 Type IN4009 6082-1012 24446 IN4009 5961-892-8700 
B-CR4 Type IN3604 6082 -1001 24446 IN3604 5961-995-2199 
B-CR5 Type L.\13604 6082-1001 24446 IN3604 5961-995-2199 
B-CR6 Type li\13254 6081-1002 09213 IN3254 5961-082-3988 
B-CR7 Type L."J3254 6081 -1002 09213 IN3254 5961-082-3988 
B-CR8 Type IN3254 6081-1002 09213 IN3254 5961 - 082 -3988 
B-CR9 Type li\13254 6081-1002 09213 IN3254 5961-082 -3988 
B- CR10 Type L.\13253 6081-1001 79089 IN3253 5961 - 814-4251 
B-CRll Type ll'-13253 6081-1001 79089 IN3253 5961-814-4251 
B-CR12 Type IN3253 6081-1001 79089 IN3253 5961-814-4251 
B-CR13 Type IN3253 6081-1001 79089 IN3253 5961 -814-4251 
B-CR14 Type IN3253 6081-1001 79089 IN3253 5961-814-4251 
B-CR15 Type li\13253 6081-1001 79089 IN3253 5961-814-4251 
B-CR16 Type li\13253 6081-1001 79089 IN3253 5961-814-4251 
B-CR17 Type IN3253 6081 -1001 79089 IN3253 5961 -814- 4251 
B-CR18 Type IN9758 6083 -1019 91032 IN975B 
B-CR19 Type IN9578 6083 -1009 07910 IN957B 
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Figure 6-5. Program circuit etched-board assembly 
(P/ N 1192-4710). 

NOTE: The board is shown foil -side up. The number appearing on the 
foil side is not the part number. The dot on the foil at the transistor 

socket indicates the collector lead. 
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ELECTRICAL PARTS LIST (cont) 

Ref Des Description GR Part No. Fed Mfg Code Mfg Part No. Fed Stock No. 

B-CR20 Type JN3604 6082-1001 24446 lN3604 5961 -995-2199 
B-CR21 Type lN4009 6082-1012 24446 lN4009 5961-892-8700 
B-CR22 Type IN995 6082 -1002 80368 IN995 
B-CR23 Type IN4009 6082-1012 24446 lN4009 5961-892- 8700 
B-CR24 Type lN4009 6082-1012 24446 1N4009 5961-892- 8700 
B-CR25 Type lN4009 6082-1012 24446 IN4009 5961-892-8700 
B-CR26 Type IN4009 6082 -1012 24446 1N4009 5961- 892 -8700 
B-CR27 Type 1N4009 6082- 1012 24446 IN4009 5961-892-8700 
B-CR28 Type IN3604 6082 -1001 24446 lN3604 5961-995-2199 
B-CR29 Type 1N3604 6082-1001 24446 IN3604 5961-995-2199 
B-CR30 Type 1N995 6082 -1002 80368 IN995 
13-CR31 Type IN3604 6082 -1001 24446 lN3604 5961 - 995-2199 
B-CR32 Type IN995 6082-1002 80368 IN995 
B-CR33 Type IN995 6082-1002 80368 IN995 
B-CR34 Type 1N4009 6082-1012 24446 IN4009 5961-892 -8700 
B-CR35 Type 1N4009 6082-1012 24446 1N4009 5961-892 -8700 
B-CR3.6 Type lN995 6082-1(>02 80368 1N99S 
B-CR37 Type 1N995 6082-1002 80368 IN995 
B-CR38 Type IN995 6082-1002 80368 IN995 
B-CR39 Type lN3604 6082-1001 24446 IN3604 5961-995-2199 

INDUCTORS 

B-Ll Molded, 22 1-1 H ±10% 4300-2600 99800 1537, 22 1-1H ±10% 5950-668-5867 
B-L2 Inductor Asm . 1192-2000 24655 1192-2000 
B- L3 3.3 IJH ±10% 4300-1401 99800 1537, 3.3 IJH ±10% 

INTEGRATED CIRCUITS 

B-IC1 Digital, Type SN7490N 5431 -8190 01295 SN7490N 
B-IC2 Digital, Type SN7490N 5431-8190 01295 SN7490N 
B-IC3 Digital, Type SN7490N 5431 -8190 01295 SN7490N 
B-IC4 Digital, Type SG83-03 5431 -9603 93332 SG83-03 
B-lCS Digital, Type DTfJL-936 5431 - 9362 07263 DT!JL-936 
B-fC6 Digital, Type SN7476N 5431-8176 01295 SN7476N 
B-!C7 Digital, Type SN74HOON 5431-8200 01295 SN74HOON 
B-IC8 Digital, Type DTtJL-932 5431-9322 07263 DT!-IL-932 
B-IC9 Digital, Type DTfiL-948 5431 -9482 07263 DT!JL-948 

CRYSTAL 

8-Xl Piezo, 5 MHz. 5075 -5701 24655 5075 -5700 

TRANSISTORS 

B-Ql Type 2N4275 8210-1126 23342 2N4275 
B-Q2 Type 2N4275 8210-1126 23342 2N4275 
B-Q3 Type 2N4275 8210-1126 23342 2N4275 
8-Q4 Type 2N3905 8210-1114 04713 2N3905 
8-Q5 Type 2N4275 8210-1126 23342 2N4275 
B-Q6 Type 2N4275 8210-1126 23342 2N4275 
B-Q7 Type 2N4275 8210-1126 23342 2N4275 
B-Q8 Type 2N4275 8210-1126 23342 2N4275 
B-Q9 Type TIP29 1192-8100 24655 1192-8100 
8-Q10 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749 
B-QU Type 2N3414 8210-1047 24446 2N3414 5961 - 989-2749 
B-Q12 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749 
B-Q13 Type TlP30 8210-11 91 01295 TIP30 
B-Q14 Type 2N4125 82 10-1125 93916 2N4125 
B-Q15 Type MJE3055 1192-8110 24655 1192-8110 
8-Q16 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749 
B-Q17 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749 
8-Q18 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749 
B-Ql9 Type 2N3414 8210-1047 24446 2N3414 5961 - 989- 2749 
B-Q20 Type 2N5189 8210-1163 06111 2N4258 
B-Q21 Type 2N3391A 8210-1092 24454 2N3391A 
B-Q22 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749 
B-Q23 Type 2N4125 8210-1125 93916 2N4125 
B-Q24 Type DN259 8210-1170 17856 DN259 
B-Q25 Type 2N4258 8210-1136 93916 2N4258 
8-Q26 Type 2N4258 8210-1136 93916 2N4258 
B-Q27 Type 2N3563 8210-1066 07263 2N3563 
B-Q28 Type 2N3563 8210-1066 07263 2N3563 
B-Q31 Type 2N3414 82 10-1047 24446 2N3414 5961-989-2749 

6-12 PARTS & DIAGRAMS 



ELECTRICAL PARTS LIST (cont) 

Ref Des Description GR Part No. Fed Mig Code Mfg Part No. Fed Stock No. 

RESISTORS 

B-Rl Comp. , 56 kfl ±5% 1/4 W 6099-3565 75042 BTS, 56 kf! ±5% 5905 -800-0179 
B-R2 Comp., 3.3 kfl ±Hl% 1/4 W 6099-2339 75042 BTS, 3 .3 kQ ±10% 
B-R3 Comp., 100 n ±5% 1/4 W 6099-1105 75042 BTS, 100 n ±5% 
B-R4 Comp. , 470fl ±5% 1/4 W 6099-1475 75042 BTS, 470 n ±5% 5905-683-2242 
B-RS Comp., 1 kQ ±10% 1/4 W 6099-2109 75042 BTS, 1 kQ ±10% 
D-R6 Comp., 4.7 kf! ±10% 1/4 W 6099-2479 75042 BTS, 4. 7 kn ±10% 
B-R7 Comp. , 330 n ±5% 1/4 w 6099-1335 75042 BTS, 330 Q ±5% 5905 -686-3369 
B-R8 Comp., 820 !2±5% 1/ 4 W 6099-1825 75042 BTS, 820 n ±5% 
S-R9 Comp. , 2.4 kf! ±5% 1/4 W 6099-2245 75042 BTS, 2.4 kf! ±5% 5905-683- 7724 
B-R10 Comp. , 11 kf! ±5% 1/4 W 6099-3115 75042 BTS, 11 kQ ±5% 
n-Ru Comp. , 560 n ±10% 1/4 W 6099-1569 75042 STS, 560 n ±10% 
B-R12 Comp., 150 n ±5% l/4 w 6099-1155 75042 BTS, 150 n ±5% 5905-683 -2243 
B-R13 Comp. , 33 kn ±5% 1/4 W 6099-3335 75042 BTS, 33 kf! ±5% 
B-R14 Comp., 6.8 kf! ±5% l/4 W 6099-2685 75042 13TS, 6.8 k!2 ±5% 5905-686- 9997 

n-~15 Comp. , 3.3 kP. ±10% 1/4 W 6099-2339 75042 BTS, 3.3 kf! ±10% 
B-R16 Comp. , 4.7 kn ±10% 1/4 W 6099 -2479 75042 13TS, 4.7 k ±.tO% 
13-Rl7 Comp., 4. 7 kP. ±10% 1/4 W 6099-2479 75042 BTS, 4.7 k ±10% 
B-Rl8 Comp., 1 kn ±10% 1/ 4 W 6099-2109 75042 BTS, 1 kQ ±10% 
13-R19 Comp., 10 kn ±10% I /4 w 6099-3109 75042 BTS, 10 kf! ±10% 
13-R20 Comp., 28.7 kf! ±5% 1/ 4 W 6250-2287 75042 CEA, 28 .7 kQ ±I % 5905-691-0572 
B-R21 Comp., 27.4 k!'l ±I % 1/ 4 W 6250-2274 75042 CEA, 27.4 kSl 1% 5905-702 -0541 
B-R22 Comp., 4.3 kn ±5% 1/4 W 6099-2435 75042 BTS, 4.3 kQ 5% 
B-R23 Comp. , 330 n ±5% 1/4 W 6099-I335 75042 13TS, 360 n 5% 
B-R24 Comp ., 8.2 kf! ±5% 1/4 W 6099-2825 01121 RC20GF8225 5905- 299-1971 
B-R25 Film , 3 .6 k!'l ±5% 1/4 W 6099-2365 01121 13TS, 3 .6 kf! 5% 5905-577-0627 
B-R26 Comp., 470 n ±5% 1/4 w 6099-1475 75042 BTS, 470 n 5% 5905 -683 -2242 
B-R27 Comp., 330 n ±5% 1/4 W 6099-I335 75042 BTS, 470 n 5% 
B-R28 Comp., 4.7 kf! ±5% I / 4 W 6099-2475 75042 STS, 4.7 kfl 5% 
S-R29 Comp., 220 P. ±5% 1/4 W 6099-1229 75042 STS, 220 n 5% 
B-R30 Comp., 560 n ±IO% 2 w 6120-1569 01121 HB, 560 n I O% 
S-R31 Comp. , 51 kf! ±5% 2 W 6120-3515 01121 RC20GF513J 5905-279-3496 
B-R32 Comp., 10 n ±5% 1/2 w 6100-0105 01121 RC20GF100J 5905-190-8883 
B-R33 Comp., 8.2 kSl ±5% 1/2 W 6100-2825 01121 RC20GF822J 5905 -299-1971 Cl 

B-R34 Comp. , 2.7 n ±5% 1/4 w 6099-9275 75042 STS, 2. 7 f! 5% 
lOOp· 

B-R35 Comp. , 3 .3 kQ ±10% 1/4 W 6099-2339 75042 STS, 3.3 kfl 10% 
B-R36 Film, 3.32 kf! ±1% 1/8 W 6250-1332 75042 CEA, 3.32 kQ 1% 
B-R37 Poe., Comp. 1 kn ±10% 6056-0138 11236 115, 1 kQ 10% 

VA l>-S-R38 Film, 2.55 kfl ±I% 1/8 W 6250-1255 75042 CEA, 2.55 kf! 1% 
B-R39 Comp. , 6.8 n ±5% 1/4 w 6099-9685 75042 BTS, 6.8 n 5% 
B-R40 Comp. , 2 kQ ±5% 1/4 W 6099-2205 75042 BTS, 2 kQ 5% 5905 -279-4629 
13-R41 Comp. , 2 kn ±5% I /4 w 6099-2205 75042 BTS, 2 kfl 5% 5905-279-4629 
B-R42 Comp. , 10 kQ ±10% 1/4 W 6099-3109 75042 BTS, 10 k!2 H>% 
B-R43 Film, 11 kn ±1% 1/8 w 6250-211 0 75042 CEA, 11 kf2 1% 5905- 68I -494l 
B-R44 Film, I2.I kf! ±I% 1/8 W 6250-2121 75042 CEA, 12.1 kfl 1% 
B-R45 Voltage, 0.39 n ±5% 6760-8395 75042 BWH, 0.39 Q 5% 
B-R46 Comp. , 4.7 kQ ±10% 1/ 4 W 6099-2479 75042 BTS, 4.7 kQ 10% 
13- R47 Pihn, 2 kn ±1% I/4 w 6350-1200 75042 CEB, 2 kfl 1% 5905-538-3516 
B-R48 Film, 1 kQ ±1% 1/4 W 6350-1100 75042 CEB, 1 kfl 1% 5905- 892 -7018 
D-R49 Comp ., 1.5 kQ ±10% 1/4 W 6099-2I 59 75042 BTS, 1.5 kQ 10% 
B- RSO Comp. , 1 kst ±10% 1/4 W 6099-2109 75042 BTS, 1 kQ 10% 
13-R51 Comp., 4.7 kn ±I O% 1/4 w 6099-2479 75042 BTS, 4. 7 kQ 10% 
B-RS2 Comp., 4.7 kn ±10% 1/4 w 6099 -2479 75042 BTS, 4.7 k!l 10% 
B-R53 Comp., 4.7 kQ ±IO% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10% 
B-R54 Comp ., 4.7 kn ±10% 1/4 w 6099-2479 75042 STS, 4.7 k!'l 10% 
B-R55 Comp., 1.2 kf2 ±10% 1/4 W 6099-2129 75042 BTS, 1.2 k!l 10% 
B-R56 Comp .. 10 kf! ±10% 1/ 4 W 6099-3109 75042 STS, 10 kQ 10% 
13-R57 Comp., 270 !l ±10% 1/4 W 6099-1279 75042 STS, 270 n H>% 
B-R58 Comp., 1 kQ ±10% 1/4 W 6099-2109 75042 STS, 1 kn I O% 
B-R59 Comp., I Mfl ±I O% 1/4 W 6099-5I 09 75042 STS, 1 Mn 10% 
B-R60 Comp., 4.7 kO ±10% 1/4 W 6099-2479 75042 STS, 4.7 kQ 10% 
B-R61 Comp., 15 n ±10% 1/4 W 6099-0159 75042 BTS, 15 Q 10% 
13-R62 Comp. , 4 70 n ±10% I W 6110-1479 0112I GF, 470 n 10% 
B-R63 Comp., 470 n ±5% 1/4 w 6099-1475 75042 BTS, 470 n 5% 5905-683 -2242 
B-R64 Comp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4. 7 kQ 10% 
B-R65 Comp., 1.8 kQ ±10% 1/4 W 6099-2189 75042 STS, 1.8 kQ 10% 
B-R66 Comp., 4.7 kQ ±10% 1/ 4 W 6099-2479 75042 BTS, 4.7 kQ 10% 
B-R67 Comp., 47 kQ ±IO% 1/4 W 6099-3479 75042 STS, 47 kf! IO% 
13-R68 Comp., 1 M!l ±5% I/4 W 6099-5105 75042 BTS, 1 Mfl 5% 
B-R69 Comp., 33 kQ ±5% 1/4 W 6099-3335 75042 BTS, 33 kQ 5% 
13-R70 Comp., 1 kfl ±5% 1/4 W 6099-2105 75042 BTS, 1 kQ 5% 5905-681-6462 
B-R71 Comp. , 1 kn ±5% 1/4 W 6099-2105 75042 BTS, 1 kfl 5% 5905-68I-6462 
B-R72 Comp. , 100 kO ±5% 1/4 W 6099-4I05 75042 BTS, 100 k!2 5% 5905- 686-3129 
B-R73 Comp. , 47 kst ±10% 1/4 W 6099-3479 75042 BTS, 47 kfl 5% 
B-R74 Comp., 91 n ±5% 1/4 W 6099-0915 75042 BTS, 91 n 5% 
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ELECTRICAL PARTS LIST (cont) 

Ref Des Description GR Part No. Fed Mfg Code Mfg Part No. Fed Stock No. 

B-R75 Comp., 91 fl ±5% 1/4 W 6099- 0915 75042 BTS, 91 n5% 
B-R76 Con1p., 390 fl ±5% 1/4 W 6099-1395 75042 BTS, 390 fl 5% 
B-R77 Pot., Comp., 100 kfl ±10% 6049-0281 01121 2V1041 
B-R78 Comp., 12 kfl ±5% 1/4 W 6099-3125 75042 BTS, 12 kSl 5% 
B-R79 Comp., 62 !1 ±5% I/4 W 6099-{)625 75042 BTS, 62 fl 5% 
B-R80 Comp. , 62 fl ±5% 1/4 W 6099-0625 75042 BTS, 62 fl5% 
B-R81 Comp., 12 kfl ±5% 1/4 W 6099-3125 75042 BTS, 12 kfl 5% 
B-R82 Comp., 390 Sl ±5% 1/4 W 6099-1395 75042 BTS, 390 n 5% 
B-R83 Comp., 510 n ±5% I/4 W 6099-1515 75042 BTS, 5I O !1 5% 5905- 801-8272 
B-R84 Comp .• 47 n ±5% 1/4 W 6099-0475 75042 BTS, 47 fl 5% 
13-R85 Comp., 47 n ±5% I/4 W 6099- 0475 75042 BTS, 47 fl 5% 
B-R86 Comp., 1 kfl ±10% 1/4 W 6099-2I09 75042 BTS, 1 k!"! 10% 
B-RS7 Comp., 1 kfl ±10% I/4 W 6099-2109 75042 BTS, 1 kfl10% 
B-RS8 Comp., I kfl ±10% I/4 W 6099-2109 75042 BTS, 1 k!"! 10% 
B-R89 Comp. , 910 kfl ±5% 1/4 W 6099-4915 75042 BTS, 910 kQ 10% 
B-R90 Comp., 110 kQ ±5% 1/4 W 6099-4115 75042 BTS, llO kfl 5% 
B-R91 Comp .• I Mfl ±5% 1/4 W 6099-5105 75042 BTS, 1M!"! 5% 
B-R92 Comp., 10 kfl ±10% 1/4 W 6099-3109 75042 BTS, IO kfl 10% 
B-R93 Comp .. I kfl ±5% 1/4 W 6099-2105 75042 BTS, 1 k!1 5% 5905-68I-6462 
B-R94 Comp., 47 kfl ±10% 1/4 W 6099-3479 75042 BTS, 47 kfl 10% 
B-R95 Comp., 4.7 kfl ±10% I/4 W 6099-2479 75042 BTS, 4.7 kfl 10% 
B-R96 Comp. , 47 n ±IO% I W 6ll0-0479 01121 GB, 47 n 10% 
B-R97 Comp., 47 n ±10% 1 W 6110- 0479 01121 GB, 47 n I O% 
B-R98 Comp., 4.7 kfl ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kSl 10% 
B-R99 Comp., 2 kfl ±5% 1/4 W 6099-2205 75042 BTS, 2 kfl 5% 5905-279-4629 
B- R100 Comp., 4.7 k!1 ±10% 1/4 W 6099-2479 75042 BTS, 4. 7 kfl 10% 
B-RIO! Comp., 150 n ±5% I/4 W 6099-ll55 75042 BTS, 150 fl 5% 5905-683-2243 
B-R102 Comp., 1 kfl ±10% I/4 W 6099-2I09 75042 BTS, 1 kfl 5% 
B-R103 Comp., 2 kfl ±5% 1/4 W 6099-2205 75042 BTS, 2 kQ 5% 5905-279-4629 
B-R104 Comp. , 1 kfl ±10% 1/4 W 6099-2109 75042 BTS, 1 kfl 10% 
B-R105 Comp., 4 7 fl ±5% 1/2 W 6100-0475 Oll21 RC20GF470J 5905 -252 -4018 
B-R106 Comp., 47 n ±5% 1/2 W 6100-0475 01121 RC20GF470J 5905-252 -4018 
B-RI07 Comp. , 10 Sl ±5% 1/2 W 6100-0105 01121 RC20GF100J 5905-190-8883 
B-R108 Comp., 10 kfl ±10% 1/4 W 6099-3109 75042 
B-R109 4.7 kQ ±10% I/4 w 6099-2479 75042 BTS, 4.7 kfl 10% 
B-RUO I kfl ±5% 1/4 W 6099-2105 75042 BTS, 1 kfl 5% 5905-681-6462 

SWITCHES 

B-SI Push Button, Multiple 7880-1600 24655 7880-1600 
B-S2 Push Button, Multiple 7880-1610 24655 78S0-16IO 

JACKS 

8-}1 Multi ple Socket 4230-1510 02660 57-1393 
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ELECTRICAL PARTS LIST (coot) 

Ref Des Description 

CAPACITORS 

C-Cl Ceramic , 0.01 flF +80-20% 100 V 
C-C2 Electr olytic , 6.8 pF ±20% 6 V 
C-C3 Ceramic , 0.01 flF +80-20% 100 V 
C- C4 0.001 f.IF +80-20% 500 V 

DIODES 

C-CR1 Type IN4009 

LAMPS 

C-DS1 Pilot Light 
C-DS2 Pilot Light 
C-DS3 Pilot Light 
C-DS4 Pilot Light 

INTEGRATED CIRCUITS 

C-IC8 Digital, Type DTflL-936 
C-IC9 Digital, Type DTflL-936 
C-ICIO Digital, Type DTI!L-936 
C-ICll Digital, Type DTflL-936 
C-IC12 Digital, Type DTflL-936 
C-IC13 Digital, Type DTf.IL-936 
C-ICl4 Digital, Type DTflL-936 
C-IC15 Digital, Type DTflL-936 
C-IC16 Digital. Type DTf.IL·946 
C-IC17 Digital, Type DTflL-946 
C-IC18 Digital. Type DTI!L-946 
C-IC19 Digital, Type DTflL-946 
C·IC20 Digital. TvPe DT~JL-946 
C-IC21 Digital, Type DTf.lL-946 
C-IC22 Digital, Type DTf.lL-946 
C-IC23 Digital, Type DTI!L-946 
C-IC24 Digital, Type DTflL-946 
C-IC25 Digital, Type DTf.IL-946 
C· IC26 Digital, Type DTf.lL-946 
C-IC27 Digital, Type SN7490N 
C-IC28 Digital, Type SN7490N 
C-IC29 Digital, Type SN7490N 
C· IC30 Digital. Type SN7490N 
C-IC31 Digital, Type SN7490N 
C-IC32 Digital, Type SN7490N 
C-IC33 Digital, Type SN7490N 
C-IC34 Digital, Type DTf.lL-946 
C-IC35 Digital. Type DTI!L-936 
C-IC36 Digital, Type SN7940N 
C-IC37 Digital, Type SN7940N 
C-IC38 Digital, Type SN7940N 
C-IC39 Digital. Type SN7940N 
C-IC40 Digital, Type SN7940N 
C-IC41 Digital, Type SF203 
C-IC42 Digital, Type DTf.lL-960 
C· IC43 Digital. Type DTf.IL-960 
C- IC44 Digital, Type DTf.lL-960 
C-IC45 Digital, Type DTf.IL-960 
C-IC46 Digital, Type DTf.IL-960 
C-IC47 Digital, Type DI)JL-960 
C·IC48 Digital, Type DTflL-960 

SOCKET 

C-}1 
C-]2 
C·J3 
C-]4 
C-]5 
C-]6 
C·J7 
C-]15 
C· J16 
C-]17 

Multiple Plug 
Multip~e Socket 
Signal Jack 

*For SiX Digit Cl.For Seven Digit 

6-18 PARTS & DIAGRAMS 

GR Part No. Fed Mfg Code Mfg Part No. 

4401-3100 
4450-4800 
4401-3100 
4404-2109 

80131 CC63, 0.01 f.IF +80-20% 
56289 150D685X0010A2 

6082-1012 

5600-1200 
5600-1200 
5600-1200 
5600-1200 

80131 CC63 0.01 1!1~ +80-20% 
72982 831, 0.0022 f.IF +80·20% 

24446 IN4009 

71744 CM7 -345 
71744 CM7·345 
71744 CM7-345 
71744 CM7-345 

5431-9362 07263 DTf.lL-936 
5431-9362 07263 DTf.lL-936 
5431 - 9362 07263 DTflL-936 
5431-9362 07263 DTpL-936 
5431-9362 07263 DTtJL-936 
5431-9462 07263 DTf.!L- 936 
5431-9462 07263 DTflL-936 
5431·9462 07263 DTf.lL-936 
5431 - 9462 07263 DTf.!L-946 
5431-9462 07263 DTf.lL-946 
5431-9462* Cl. 07263 DTflL-946 
5431·9462 A 07263 DTf.IL-946 
5431 - 9462 07263 DTI.1L-946 
5431 - 9462 07263 DTf.!L-946 
5431-9462 07263 DTf.IL-946 
5431- 9462 07263 DTflL-946 
5431-9462 07263 DTf.IL- 946 
5431·9462* Cl. 07263 DTf.1L·946 
5431 -9462 A 07263 DTf.IL-946 
5431-8190 01295 SN7490N 
5431-8190 01295 SN7490N 
5431-8190 01295 SN7490N 
5431 - 8190 01295 SN7490N 
5431·8190 01295 SN7490N 
5431 - 8190* A 01295 SN7490N 
5431-8190 Cl. 01295 SN7490N 
5431-9462 07263 DTpL-946 
5431 - 9463 07263 DTtJL-9362 
5431-8190 01295 SN7940N 
5431 - 8190 01295 SN7940N 
5431-8190 01295 SN7940N 
5431-8190 01295 SN7940N 
5431-8190 01295 SN7940N 
5431 - 9605 11293 SF203 
5431 - 9602 07263 DTf.IL-960 
5431-9602 07263 DTf.!L-960 
5431·9602 07263 DTpL-960 
5431-9602 07263 DTf.!L- 960 
5431-9602 07263 DT)-IL-960 
5431-9602* A 07263 DTflL -960 
5431·9602 A 07263 DTf.IL-960 

7540-0400 
7540-0400 
7540-0400 
7540-0400 
7540- 0400 
7540-0400 
7540- 0400 
4220-1510 
4230-4530 
4260-1291 

92379 #SK-207 
72379 #SK-207 
92379 #SK -207 
92379 #SK-207 
92379 #SK -207 
92379 #SK -207 
92379 #SK -207 
02660 57-1389 
02660 225-21521-105 
70563 380598-1 

Fed Stock No. 

5910-974 -5697 
5910-936-1332 
5910- 974-5697 

5961-892-8700 



·-

Figure 6-10. Display circuit etched -board assembly 
(P/N 1192-4700). 

NOTE: The board is shown foil -side up. The number appearing on the 
foil side is not the part number. The dot on the foil at the transistor 
socket indicates the collector lead. 
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Figure 6 ·11. Digital and visual display schematic C1 
diagram, part 1. 
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Ref 01!$ 

C-]18 
C-]19 
C-]25 
C-]26 
C-)32 
C-)33 
C-]42 
C-]43 
C-]44 
C-]45 
C-]46 
C-]47 
C-]48 

SWITCHES 

C-$1 Rotary Wafer 

TRANSISTORS 

C-Ql Type 2N3414 
C-Q2 Type 2N3414 

RESISTORS 

C- Rl 47 HI ±5% 1 W 
C- R2 47 k!"l ±5% 1 W 
C- R3 47 kU ±5% l W 
C-R4 47 kQ ±5% 1 W 
C·R5 47 k!"l ±5% 1 W 
C-R6 47 kQ ±5% 1 W 
C·R7 47 kU ±5% 1 W 

Oeocription 

C-R8 4.7 k!"l ±10% 1/4 W 
C·R10 4.7 kU ±10% 1/4 W 
C-Rll 4.7 kQ ±10% 1/4 W 
C- R12 4.7 kU ±10% 1/4 W 
C· Rl3 4.7 kQ ±10% 1/4 W 
C-R14 4.7 krl ±10% 1/4 W 
C·R15 4.7 kQ ±10% 1/4 W 
C-Rl6 100 Q ±10% 1/4 W 
C-R17 68 Q ±10% 1/4 W 

TUBES 

C-V1 Thbe 
C·V2 1\Jbe 
C·V3 Thbe 
C-V4 Tube 
c-v5 Thbe 
C-V6 1\tbe 
C-V7 1\Jbe 

* For Six Digit C.For Seven Digit 

ELECTRICAL PARTS LIST (cont) 

GR Part No. 

7540-1814 
7540-1814 
7540-1814 
7540-1814 
7540-1814 
7540-1814 
7540 -1816 
7540 -1816 
7540-1816 
7540-1816 
7540-1816 
7540-1816 
7540-1816 

Fed Mfg Code Mfg Part No. 

70763 141·001-111N 
70763 141 - 001-111N 
70763 141-001-111N 
70763 141 · 001-ll1N 
70763 141·00l-111N 
70763 141 · 001-111N 
70763 l41·00l-112N 
70763 141 · 001-ll2N 
70763 141-001-112N 
70763 141·00l-112N 
70763 14l-001 -112N 
70763 141·001-112N 
70763 14l -001-112N 

7890-5316 24655 7890-5316 

8210-1047 24446 2N3414 
8210·1047 24446 

6110-3475 01121 RC32GF473J 
6110-3475 01121 RC32GF473J 
6110-3475 01121 RC32GF473J 
6110-3475 01121 RC32GF473J 
6110-3475 01121 RC32GF473J 
6110-3475 01121 RC32GF473J 
6110-3475 01121 
6099-2479 75042 BTS, 4.7 kQ ±H>% 
6099-2479 75042 BTS, 4. 7 kU ±10% 
6099-2479 75042 BTS, 4. 7 k!"l ±10% 
6099-2479 75042 13TS, 4. 7 kQ ±10% 
6099-2479 75042 BTS, 4.7 kQ ±10% 
6099 -2479 75042 BTS, 4. 7 k!"l ±10% 
6099-2479 75042 BT S, 4. 7 kQ ±10% 
6099-1109 75042 BTS, 100 n ±10% 
6099-0689 75042 BTS, 68 !"l ±10% 

5437-0850 83781 NL-845 
5437-0850 83781 
5437-0850 83781 
5437-0850 83781 
5437-0850 83781 
5437- 0SSO*t. 83781 
5437-0850 c. 83781 

Fed Stock No. 

5961-989-2749 

5905-299-2013 
5905 -299-2013 
5905 -299-2013 
5905- 299-2013 
5905-299-2013 
5905-299- 2013 

- -
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Figure 6 ·12. Digital and visual display schematic C2 
diagram, part 2 . 
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Figure 6 -13. Time-base divider schematic d iagram. C3 
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Ref Des De!Cription 

SOCKET 

D-Jl Connector, Multiple Socket 

INTEGRATED CI RCU ITS 

D-IC1 Digital, Type DTflL-936 
D-IC2 Digital, Type DTf.lL-936 
D-IC3 Digital, Type DTflL-936 
D-IC4 Digital, Type DTf.lL-936 
D-IC5 Digital, Type DTflL-936 

6-24 PARTS & DIAGRAMS 

ELECTRICAL PARTS LIST (cont) 

GR Part No. Fed Mfg Code 

4230-4049 93916 57-40500 

5431-9362 
5431-9362 
5431-9362 
5431-9362 
5431-9362 

07263 DTflL-936 
07263 DTfJL- 936 
07263 DTfJL-936 
07263 DTJJL-936 
07263 DTfJL-936 

Mf g Part No. Fed Stock No. 

5935-062-1776 



Figure 6-14. Data-output circuit etched-board 
assembly (P/N 1192-4721). 

NOTE: The board is shown foil-side up. The number appearing on the 
foil side is not the part number. The dot on the foil at the transistor 
socket indicates the collector lead. 
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