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To operate the 1192-Z Counter, proceed as follows.
a. Connect the 6-in. coaxial cable supplied (PIN

0776-20001 with the 1192-Z between the 10: 1/100:1 OUT
connector on the 1157-8 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 ~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 SENSITI'/ITY control left to its stop,
initially.

e. Connect the signal to be measured to the INPUT
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

LEVE L meter. More detailed instructions are given in the
1157 !nstruction Manual, Operation Section.

h_ Set the AC-DC switch to the AC position 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 counting time or

number of periods or ratios averaged.

m_ Set the DISPLAY control to the desired display time.
n. Depress the desired measurement pushbutton. if a

TIME INTERVAL measurement is to be made, set the

range switch to TIME INTERVAL and depress one of the
TIME INTERVAL pushbuttons. If a COUNT measurement
is to be made, do not depress the COUNT pushbutton until
it is desired to start the measurement. If a RATIO 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 INPUT B and set the EXT TIME
BASE switch to the proper position. A RATIO measure
ment and a phase-locked counter can not exist at the same

time.

o. Depress the STORAG E pushbutton on the rear panel
if the storage mode is not desired, but 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 the measurement (remember to allow for the
X10 or X100 scaling factor) on the front-panel visual regis

ters, after the amount of time set on the range switch has

elapsed. Measurements will continue 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

Operation section of this manual.



Condensed Operating Instructions
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TVpe 1192 Counter.

To pertorm a measurement with the 1192 Counter,
proceed as follows~

a. Connect the input signal to be measured to the INPUT
A connector luse INPUT ATTEN pushbuttons, if neces
sary). If 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 the counter, connect it
to INPUT B and set the EXT TIME BASE switch to the
proper position.

b. Check that the line-voltage switch is in the proper

position.
c Set the AC·DC switch to the desired position

d Set the INPUT ATIEN buttons to 10 lor 100 1
e. Cemer the TRIGGER LEVEL control.
f. Switch the POWER-OFF switch to the POWER posi

tion.
g, Set the range swItch to the desired COuntlnq time or

number of periods or ratios averaged
h. Set the DISPLA Y control to the desired display lime
i. Depress the desired measurement pushbutton. If a

TIME INTERVAL measurement is to be made, set the

range switch to TIME INTERVAL and depress one of the
TIME INTERVAL pushbuttons If a COUNT measurement
is to be made, do not depress the COUNT pushbutton umil
it is desired to start the measurement.

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

k_ Connect any desired data-reading instruments to the

optional DATA OUTPUT connector on the rear panel. The
decimal point and range information will not be printed

out, just the numerals of the anS\ver

I. D..:press the RESET button, rdeo5t: it and read the

answer to the measurement on the front-panel visual regis

ters, after the amount of time set on the range switch has

elapsed. Measurements will continue to be made If the

DISPLAY control is ,n any poSItion except HOLD If a
measurement reading does not appear or IS erratic adjust

the TRIGGER LEVEL control or decrease the INPUT
ATTEN setting.



Specifications

Frequency Measurements: DC to 50 MHz; laO-us to 10-s counting
gate times; displays Hz, kHz, MHz units with positioned decimal
point. Accuracy, :::: 1 count::: time-base accuracy.

Period Measurements: 0.1-,15 resolution; single and multiple period
of 10"; displays us. ms, ns units with positioned decimal point;
counts IO-MHz time base, 1 MHz, and 100 kHz. Accuracy, de.
pends on signal-to-noise ratio of input signal, input noise, and
± l-count error --;- number of periods counted (see note).

Frequency Ratio Measurements: 1 to 10'. Frequency A, de to 50
MHz, is measured over 1 to 101 periods of frequency 8. 50 Hz to
10 MHz. Accuracy,,::: 1 count of A ± trigger error Of B --;- number
of ratios <::ounted (see note).

Time Interval and Duration Measurements: Time interval. 0.1-. 1,
or lQ.-p.s resolution measured by counting 1(}-, h or O.l-MHz
signal from internal clock; displays ms with positioned decimal
point. Interval measured is between separate commands applied
to START and STOP BNC connectors on rear. Measures duration
of pUlse applied to START connector with STOP connector
grounded. Storage is disabled in this mode. Counter will also
totalize many time intervals. Accuracy. ::,:_ 1 count:::'::: time-base
accuracy

Count Measuremenu: Register capacity, 10" 10", 101 depending
on version. Events at up to 50-MHz rate accumUlated between
start/stop commands from manual panel button or by separate
start and stop commands applied to rear BNC connectors, or only
during start command with stop connector grounded. Counter will
also totalize al! events during many openings of the gate.
NOTE; Trigger error in time measurements; :::'::: 0.3% of one period
-0- number of periods averaged, for a 40·dB input signal-tOonoise
ratio. This assumes no noise internal to UK' counter. For incut
signals of e:t./remeiy nign signal· to-nOrse ratio. the trigger error in
j.lS will be < 0.0003 -0- signal slope in V If'S.

Data Presentation: Display, 5, 6, or 7 digits: long-life, high.intensity
neon readout tubes with automatically positioned decimal point
and measurement dimf,!nsion; spill lamp lights if register capacity
exceeded; count lamp lights when measurement is in progress.
Measurement rate, time between measurements adjustable from
10 ms to > 10 sand oc. Storage, diSPlay and spi II lamp can be
either stored or not, as controlled by rear pushbutton.

A Input B Input

Frequency dc to 50 MHz 50 Hz to 10 MHz
(3 Hz to 50 MHz

ac coupled)
Sensitivity 10 mV rms to 20 MHz 1 V rms from 50 to

20 mV rms to 35 MHz 400 Hz; 100 mV
30 mV rms to 50 MHz rms to 10 MHz

Trigger level adjustable :!': 0,1, 1, 10, fixed
or 100 V depending on
attenuator setting

slope negative-going negative-going
Attenuator Xl, X10, x100, x1000 none

(0,20,40,60 dB)
Maximum 400 V pk ac or dc, ex- 400 V dc, 80 V rms

signal cept 300 V when dc
coupled at 1,1 atten.

Impedance 1 MO,F27 pF 10 kO,F20 pF
(10 MO,F7 pF
with probe)

Start/Stop Inputs: Closure to ground at 6-mA max sink or pulse of
< -+ 0.3 and> -+ 2-V levels and 1 W max into 50 Q, or pulse of-7
and +- 12 V dc or :::'::: 70 V for short. 1 % duty ratio.

Time Base: Frequency, 10 MHz, Stability, < :::':::1.5 x 10-1>/ month.
Room-temperature crystal coefficient, < :::':::3 x 10'I"C from 0 to
55"C. Total deVIation from frequency at room temperature, < :::':::5
x 10" from 0 to 55°C. With 10% line-voltage variation, < =-2 x 10'.
Manual adjustment range. :::':::1 x 10-" with internal control. Internal
phase lock, time-base oscillator can be locked to external standard
frequencies at 1 MHz and 100 kHz of ~ 100 mV rms into 10 kG.
Lock range >:::':::1 x 10" Output. 100 kHz, and 1 MHz.

Environmental: Temperature, a to 55°C ambient, operating,
Available: 1157-B Scaler to extend frequency range to 500 MHz,
data printer, digital-to-analog converter, GR digital acquisition
equipment, 1158-9600 10;1 low-capacitance probe.
Power: 100 to 125 and 200 to 250 V, 50-400 Hz, 22 W.
Mechanical: Convertible-Bench cabinet. Dimensions (w x h x d),
Bench, 8.5x3.88x12.6 in. (216x99x320 mm); rack, 19x3.5x12.6
in. (483 x 89 x 320 mm), Weight, Bench, 8.4 lb (3.9 kg) net, 10,6
Ib (4.9 kg) shipping; rack, 11 lb (5 kg) net, 15 lb (7 kg) shipping.

1192-Z specifications
Same as 1192 except;
Frequency: DC to 500 MHz.
Input to 1157~8 SC~ler above 50 MHz, SenSitivilY, 100 mV rms,
300 mY pk-pk. Ma:t.lmum Signal, 7 Y rms (1 W). Impedance. 50 n,
ac coupled,
Power: 100 to 125 and 200 to 250 V, 50-400 Hz, 36 w.
Mechanical: Bench or rack models, Dimensions (w x h x d): Bench,
17 x 3.88 x 14 in. (432 x 98 x 356 mm); rack, 19 x 3,5 x 12.75 in.
(483 x 89 x 324 mm). Weight: Bench, 15 Ib (7 kg) net, 20 Ib (9 kg)
shipping: rack, 16 Ib (8 kg) net, 21 lb (IO kg) shipping.

1192·8 Counter (50 MHz) Bench Models

5-digit readout

6-digit readout

7-digit readout

1192·Z Counter (500 MHz with scaler) Bench Models

5·digit readout

&-digit readout

7-digit readout

Relay-rack mounting for 1192·B or 1192-Z
Option 2 BCD Data Output for 1192-B or 1192-Z

1158-9600 Probe, Tei<;tranix P6006 (010-0127-000)
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.

rhe l HJ2 IS a general-purpose, rIc to 50-rvlH! counter

tlrn81 fut the rn8dsulell>crl! uj irequdiiY f!t~riOU, treqiif.TiI:"y

ratio, time interval, and number of events

1.2 DESCRIPTION.

The counter employs a five-, six-, or seven-digit visual

register comprised of high-intensity gas-readout tubes con·

taining O.510-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 outputs fron: the internal storage to drive auxiliary

data-handl ing equipment
INPUT A has a high-irnpedance, low-noise FET circuit

preceded by a four-position ster attenuator Controls for

trigger level, polarity, and couriing are also provided. The

l-Mn Input IITlpedance of INPUT A is independent of
control settings and thus permits the use of general

purpose, low-capacitance ascii !oscope probes

INPUT B has a 10-kS1 input impedance, 50-Hz to

10~MHz frequency range and a fixed trigger level

1.3 CONTROLS. CONNECTORS AND INDiCATORS.

Figure 1 1 shows and Tab.le 1-1 identifies the front"panel

controls, connectors and indicators_ F iyure 1- 2 shows and
: (j[JiC 1 idcntifie:: the rCd: ,.-',,'11::: 'nfl' ,IS

1.4 ACCESSORIES SUPPLIED.

Table 1-3 lists the accessories supplied with the 1192

Counter

1.5 EQUIPMENT AVAILABLE.

1.5.1 GOO-MHz Frequency Range.

To extend the upper frequency to 500 NiH/, the counter

can be used with the 1157-8 Scaler. The scaler is a com

pletely self~contained 50G-MHz direct-counting frequency

divider with 10 1 and 100: 1 division Together with this

prescal8r, (Fiqure 1·3) the 1192 frequencl/ rJngc :s c><
tenGed 1O 500 :'/:H~'. The :::U'-.ll ::;0:!:s'h' ty ,-,f -:-h;-, f',res' ak'r

better than 100 Il:V rrns and 300 rnV pk·pk.

1.5.2 Signal Scanning.

To automatically and sequentially connect a number of

signals for measurernent, the counter can be used with the

1770 Scanner Systern. The scanner selects one of up to 100
signals (de to 100 MHz) and presents it to the counter for

measurement The number of channels, the number of lines

switched per channel, and the line terminations can be

varied to suit the application and a high-temperature cable
(~75 to +250°C) can be supplied to connect to eom

oonents in an envlronrnental chaniDer

1.5.3 Greater Accuracy.

For greater stability and accuracy, the counter can be

used with the 1115 Standard-Frequency Oscillator. The

oscillator provides an output of 1 V rms into 50 n at

frequencies of 100 kHz, 1 MHz, and 5 MHz. The oscil1ator

signal is fed into iNPUT t3 to phase lock the counter

oscillator

i .5.4 Digital Recording

For digital records of the IlleaSUf'enlerit data, counters

with the datd output option can be used with the 1137

pnnt 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 t~\e 1136 Digitai,to-Anaiog

Can'I/'erter. The converter changes the digital dats from the

counter to 8 voltage or current proportional to the numer~

iea! v8.iue of any thrt_'8 constX,utive digits or the last t\VO

digits of data. Storage circuits in the converter permit use

with intennittent as well as continuous BCD data. If an

X-axis input is prOVided, dll X-V recorder can then be used

to record the measurements vs tern perature or voltage, etc

INTRODUCTION 1·1
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Figure 1-1 Front-panel controls, connectors and indicators

Table ,-,

FRONT-PANEL CONTROLS, CONNECTORS, AND INDICATORS

Fig. 1-1

Ref.
Name Description Function

INPUT A
DC-50 MHz

BNC connector, socket
(A-Jl)

Input signal connector for channel A.

2 SPILL Incandescent lamp Lights when most significant digit is
greater than nine, indicating overflow.

3 COUNT Incandescent lamp Lights when measurement is in progress.

4 Visual register High-intensity gas readout tubes that

provide visual indication of measure
ment value. including the decimal
point.

5 Range Seven-position range

switch (C-Sli
Used to set GATE TIME, PERIODS
OR RATIOS AVERAGED or TIME
INTERVAL.

6 RESET One-position push
button switch IB-Sl K)

Resets the counter to zero.

'·2 INTRODUCTION



Table 1-1 (conti

FRONT·PANEL CONTROLS, CONNECTORS, AND INDICATORS

Fig.. 1-1

Ref.

7

8

9

10

11

12

14

15

16

17

18

19

Name

DISPLAY

COUNT

TRIGGER LEVEL

RATIO AlB

PER 100 OR TIME

INTERVALS

10l's

1 J1S

0_' j1S

FREQUENCY

FO\/vER-OFr

100 kHz TEST

!\C DC

INPUT ATTEN

100: 1

10

1000-1

Description

Rotary knob control

with switch at ccw end
(A-R 1, A-S4)

Two-position push·

Rotary knob control (A-R2)

Two-position pUSh

button switch iB-S1 HI

Two-position push·

button switch (B-S1GI

Two-position push

button switch (8-S 1F)

Tv'!o-position push

button sv..'itch (8-S1 E)

Two-position push

button switch (8-S 1Dl

Two-position loggie
S'Nitch IJ'I_-5- 1)

Two-position push

button switch {B-S 1C\

Two-position toggle
SWitch (A-S2)

T'.'mpositior: push
button switch (B-S 1BI

rWO-pOSitlon push

LUltUli :;wilcfl d:3Sj;\)

Depress both the 100: 1

and 10: 1 switches

Funetion

Establishes the time for the display before

the next measurement is taken.

!nitiates count measurements when

ment when released.

Sets trigger level of INPUT A signal

Causes counter to measure the ratio

between the INPUT A and B Signals

when depressed.

Causes counter to measure the period

or time interval at 10 fJ.S increments
when dapressed.

Causes counter to measure the period

or time interval at 1 JlS incrernents
when depressed

C3uses counter to measure the period
or time interval at 0.1 J1s increments
when depressed,

Causes counter to rneasure Hie frequency
of the INPUT A signal vvhen depressed

,A,pp!ies 2 100·kHz signai Internally to

the counter for check inq its oper8tion

Selects either ae or de eouplinq for the

INPUT A signal.

!\ttenuates the !f\JPUT ,I'::., sign2! 100
when depressed.

Attenuates the iNPUT A signal 10

vvi iel i uefJi 8:>S8J.

A.ttcnuates the INPUT A sionai 1000 1

INTRODUCTION 1-3



Fig. 1-2
Ref.

Name

Table 1-2

REAR-PANEL CONTROLS AND CONNECTORS

Description Function

2

3

4

5

6

7

8

9

10

FUSE

FUSE

100 V-125 V,
200 V-250 V,
50-400 Hz

DATA OUTPUT

INPUT B

STOP

START

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

STORAGE
ON (OUT)
OFF liN)

Extractor-post fuse
holder IA-F 11

Extractor-post fuse

holder IA-F2)

Two-position slide
switch, screwdriver

operated (A-S3)

Fifty-pin connector

(optional) accepts
Cinch or Amphenol
PIN 57-30500 Multiple
Plug (D-J1)

BNC connector, jack
(A-J3)

BNC connector, jack
(A-J41

BNC connector, jack
!A-J5)

Two-position push
button switch IB-S2B)

Two-position push·

button switch IB-S2A)

Power plug, 3-wire
(A-J2)

Contains 4110-A fuse for 100- to 125-V
operation,

Contains 2/10-A fuse for 200- to
250-Voperation

Selects line voltage.

Supplies 1-2-4-8 BCD measurement data
and control signals to external equipment
(Figure 2-31.

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 INTERV.A.L measurement or open

the gate for a COUNT measurement

When switch is depressed the internal

oscillator will lock to a 1oo-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-wlre ac line cord to power
instrument.

1-4 INTRODUCTION
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Figure 1·2 Rear-panel controls and connectors

·Supplied with rack-mount instruments only.

Rack Adaptor Set'

Name

Power Cord

Table 1·3

ACCESSORIES SUPPLIED

Description

7-foot. 3-wire

GR Part
Number

4200-9622

0480-9722

1.5.7 Systems.

Since additional equipment can expand the basic

capability of the 1192 Counter to a complete measurement
facility. General Radio has arrangee to supply complete
systems and inquiries are invited Each system is custom

tailored to individual requirements and includes only the

equipment necessary to perform the required task. com

pletely assemblee and checkee as a UOit.
Such systems have wide application and can be used for

laboratory development, production monitoring, final

quality assurance, production-lot sorting, incoming inspec

tion, environmental testing, reliability evaluation, etc., on

an automatic or semi-automatic basis.

1.5.6 DC Recording.

For de records of the measurement data, counters with
the data output optIon car. be used with the 1136 Digltal
to-Analog Converter and a 1521 Graphic Level Recorder
The recorder provides a 4 in. wide continuous recording
with an accuracy of ± 1% full scale. a resolution of ±O 25%

uf full ~L.dle. dnd reeor ing speeds of from 2.5 in. per hour
to 75 in per minute

1.5.8 Line-Voltage Regulation.

The GR 1591 Variac® Automatic Voltage Regulator is
available a stabilize the line-voltage input.

1.6 PATCH CORDS AND ADAPTORS.

Table 1-4 lists some General Radio patch .ords and
adaptors that can be usec With the 1192 Consult the
latest General Radio Catalog for a complete list.

IGOCO~O .

•

Figure 1-3 1192 Counter and 1157-8 Scaler In a rack-mount configuration.

INTRODUCTION 1·5



Table '-4

AVAILABLE INTERCONNECTION ACCESSORIES

TYPE
NO.

274-NQ
274-NQM
274-NOS

274-NP
274-NPM
274-NPS

274-NL
274-NLM
274·NLS

DESCRIPTION

Double-plug patch cord, In-line 36" long
Double-plug patch cord, in-line 24" long
Double-plug patch cord, In-line 12" long

Double-plug patch cord, rlght-angle 36" long
Double-plug patch cord, rlght-an9le 24" long
Double-plug patch cord, right-angie 12" long

Shielded double-plug patch cord, 36" long
Shielded double-plug patch cord, 24" long
Shielded double-plug patch cord, 12" long

CATALOG NO.

0274-9860
0274-9896
0274-9861

0274·9880
0274-9892
0214-9852

0274.9883
0274.9882
0274.9862

274·LLB
274-LLR
274·LMB
274·LMA
274·LSB
274·LSA

:[}==1---,__J:::::;oc-, ....- 156D-P95

Single-plug patch cord, bleck, 36" long
Single-plug patch cord, red, 36" long
Single-plug petch cord, black, 24" long
Single-plug patch cord, red, 24" long
Single-plug patch cord, bleck, 12" long
Single-plug patch cord, red, 12" long

Adaptor cable, double-plug to telephone plug, 36"

0274-9468
0274·9492
0274-9847
0274.9848
0274-9849
0274·9850

1560-9695

TI f.!- 874-R34 Coaxial patch cord, double plug to GA874, 36" long 0874-9692

874-A33

tr- 274-0BJ

Coexial patch cord, two plugs to GA874, 36" long

Adaptor, shielded double plug to BNC jeek

0874-9690

0274·9884

f+- 176-A Patch cord, shielded double plug to BNC plug, 36" long 0776-9701

:=w:pq:: ..-=--- 874-A22A COllxial patch cord GR874 to GR874. 36" long 0874-9682

f-- 776-8 Patch cord, GR874 (right-angle) to BNC plug, 36"loog 0776-9702

2·69

776-C

776-0

Patch cord, BNC plug to 8NC plug, 36" long

GA874 to GA874, both right-angie, 36" long

0776·9703

0776-9704

274.13XA

'-6 INTRODUCTION



Installation -Section 2

2.1 DIMENSIONS .
2.2 POWER CONNECTIONS
2.3 BENCH USE
2.4 RELAY-RACK MOUNTING
2.5 DATA OUTPUT SOCKET (OPTIONAL)
2.6 START-STOP CONNECTION
2.7 LINE VOLTAGE REGULATION

.2-1

.2·1

.2-1

. 2-1

.2-3

24
2-4

-L
0625

120!5

8500

>-----. - ---.-------- 19 000

8 500

~o ~

•
0181

Ii i I

-'-U~
I

}469

!f1 1

II II
I!

BENCH MOUNT,-- __

-------','--,
rF----~~~-_·_·------'I~ I : ~

Figure 2·1 Dimensionsoi the 1192 Counter (inches).

2.1 DIMENSIONS.

Figure 2· 1 show's the dunensions of both the bench and

rack-mount counter.

2.2 POWER CONNECTIONS.

The '"viring Df the pmvcr trdftsfclfrner call be svvitched, bv
""'_'11)': :,flh,' /'Iin';iti,,(l slici!~ c;wir,~h iT F,;aure 1-:7) on the

rear pane!, to accept 50 .. to 400-Hz line power of either
100- to 125-V or 200- to 250 V

Connect the 3-wlre power cable (PIN 4200-96221 sup·
pliecl to the line dnd to the 3-tern:inal [-nale connector 110,

F: igure'l 2) on the rCOf panel O}/\ fuse IS used in the

200- to 2~)O-V circuit (j 04/~ fuse in the iOO- to 125-V

circuit fhe proper fuse is connected by the slide switch.

Power conSUfliptlon IS dpproxlrliEltely 22 \lV.

2.3 BENCH USE.

I he :nstrurnenr IS deiiveu-;(1 c:ornnlerely assernb!ed in a

metai ulbirwt, ready for bench use. A convenient baiL

located between the front feet, can be pulled down to raise

the tront or the Instrurnent and provide a better view of the
'-antral settings

INSTALLATION 2-1



2.4 RELAY-RACK MOUNTING.

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

Rack Adaptor Set (PIN 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 (F igure
2-2).

a. Loosen the two captive 10/32 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 lA, Figure 2-21
sli9htly and the two front feet IB) and the bail will 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 lei 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 ID) into the blank panel lEI, to
form a liner for the latter.

e. Attach the short flange of the blank panel to the
front of the cabinet (on either side of the cabinet, as
desiredl using two 5116-in. screws IF). 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
IGI on the side toward the blank panel only, as shown.

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

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

h. Attach the other end of the support bracket to the
lower, rear hole in the wide flange, as shown, using a
5116-in. screw I KI

i. Attach one Rack Adaptor Assembly 10, including
handlel to the side of the cabinet opposite the blank panel,
using two 5/16~inch screws (LJ. 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 10, in
cluding handle) to the wide flange on liner IDI and the
flange on the blank panel IE). Use two 5/16-in. screws 1M)
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.

L Place a stra'lght edge acroSs both the instrument panel
and the blank panel. Loosen the screw IJ) through the slot
in the support bracket IHI. 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 posit'lon.

m. Slide the entire assembly into the relay rack and lock
it in place with the four 9/16-in. screws INI 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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Table 2-1

PARTS INCLUDED IN THE RACK ADAPTOR SET,
PIN 0480-9722 (Figure 2-21

Fig. 2·2
Ref.

No. u.ed I Item GR Part No.

E Blank Panel 0480-8932

D Sub-Panel 0480-8952

Q 2 Rack Adaptor Assembly 0480-4902

H Support Bracket 0480-8524

F.J. K. L. M.

l--Iardware Set

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

0480-3080

N 4 Screws. Phillips head, 1032.9/16 in.
with white nylon cup washers

c.o,UTION

Be carelul that the DA fA OUTPUT damps
don't get jammed inside the cabinet.

2.4.2 Reconverting to Portable Bench Mounting.

To reconvert the instrument for bench use, reverse the
procedure, first removing the entire assembly installation of

instrument, cabinet. and blank panel from the rack.

Next remove:
a, The instrument from its cabinet.
b. The support bracket {HI from the cabinet (Figure

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

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

of the cabi net
Push the two rear feet into the cabinet slide the bail (A)

and two tront teet (8) Into place. Irlslaii lhe instruillent ill

NOTE
When mounting the 1192 Counter and the
1157-B Scaler side-by-slde. the 1157·8 should
be mounted to the left of the '1192 as seen
frorn the front (F igure 1·3j

2.5 DATA OUTPUT SOCKET (OPTIONAL).

2.5.1 Connections.

four screws (N) with nylon washers to lock the instruments

in the rack. The required hardware is listed below'

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

socket, ILl'). iFlgure 2-3) on me redr Pdnel uf iflstiulilents

with this option, tor use by JUXiliarv data-hanc:liing equip

ment This socket is a 50-pin Arnphenol Type 57 socket

screwsits caLJirlet and lock it in Dlace ,/J:th the t':.'o

through the rear pane!

2.4.3 Rack*mounting Two Instruments.

Two instrurnents 01 the sallie panel SIZE (such 3S "[wo
1192 counters or onc 1192 and an 1157-8 Scaler 500 MHz)
can be mounted side-by-side in a standard 19·in. relay rack.
i..ise the Illountinq procedure, substituting the second In

strument for the blank panel. Do not use the support
bracket (H, Figure 2-21, but insert three screws through the
lJUsses ill the adjacent sides of the cabinets, hvo near the

072 D62 052 D42 D32 022 012
[e'7; iD6; !r:'5i I D4 : D31
I I I I I

~L.-i,! -, ',.-..b.,',',', "'T"'.I-.-'.,.---"----r-l--r"
~t~~Jl~_~L2 ..1. 120119111'1 II 711 fl~LI?LI~.1~,~1~_.L~0J.._~_J~,L~~

~2l~91~,el~71.~!~l?:1;_~~,1~,2 14 i! 14?! J,9 i ~,8T3!;h!6T;,;h,4i3;3h,71.3, 11 ;?l:6E~I~71~~/

I I I i --r i : I I I I I i rTi--T"'T-1'T'T'lTT'1
GNDi ! IID74iD64i054jD44jD34jo24jOi4

07B D58 058 048 038 028 018
PiN ViEW

front (C) and one near the rear (GL The four feet and the

bail rnust, of course, be removed 'from each cabinet. Use the Figure 2-3 Data output socket signals,
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Table 2·2
DATA SIGNALS

Table 2·3
DECIMAL-BCD EQUIVALENT

I I I II
7 6 5

I
4

I
3 2 I

I0 I 7 3 7 8 4
SagOl pin 13 11 9 7 5 3 1 1-81T

Signal D71 D61 D51 D41 D31 D21 Dll

SagOl nin 14 12 10 8 6 4 2
2·81TSignal D72 D62 D52 D42 D32 D22 D12

S0901 pi" 38 313 34 32 30 28 26 4-81TSignal D74 D64 D54 D44 D34 D24 D14

SagOl nin 39 37 35 0-, 31 29 27,)0
8-81TSignal D78 D68 D58 D48 D38 D28 D18

Decimal 1·2-4·8
BCD

0 0000
1 1000
2 0100
3 1 1 00
4 00 1 0
5 1 0 1 0
6 01 10
7 1 1 1 0
8 0001
9 1 00 1

2.6 START·STOP CONNECTION.

Figure 2·4 OTl levels from the data output socket for

signals 011-078 and PGT.

SE T BY
... DiSPLAY ..

CONTROL

SET BY
... DISPLAY

CONTROL

be set from 10 ms to 10 s, If the STOP input is connected

to ground permanently, the START input controls the

counter and the time interval is measured or the INPUT A

signal counted, as long as the ST ART input is connected to

gro~nd.

2.7 L1NE·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. Line-voltage variations as much as

±5% are commonly encountered, even in laboratory en

vironments. Although most modern electronic instruments

incorporate some degree of line'voltage regulation, consid

eration to possible power-source problems should be given

for every instrumentation set·up. The use of line-voltage

regulators between power lines and the test equipment is

recommended as the only sure way to eliminate the effects

on measurement data by low line voltage, transients, and

other power phenomena

The General Radio Type 1591 Varial.--® Automatic

Voltage Regulator is a compact and Inexpensive unit

capable of holding ae power within ±O.2% accuracy for up

to a rack full of solid-state instrumentation, The 1591
possesses a basic capac"lty of 1 k VA with no d'istortion of

the input waveforr-n. This rugged electromechanical regu

lator comes in bench or rack-rnount configurations, both of

which permit direct rJlug-in of rneasurement·instrulllent

power cords.

Further details can be found in your GR catalog or in

the GR Experimenter for October, 1967

Figure 2-5 Print command signal lPGT).

MEA$URE··...... DISPLAY··-' ... MEASURE_DISPLAY"; ... MEASURE

+:::=-Eov_LIf DATA!
9mA

OUTPUT SIGNAL
DC COUPLED

2.5.2 Data Signals.

Table 2-2 Illustrates the data output signals from the

variOUS dlqits of the counter Four' 1-2-4-8 weighted BCD

signals are available frorn each of the decades in the counter

at standcm:J DT L levels (data 0 ::::::: ground w'lth a 9-rl'lA sink

,apabillty, data 1 ::::: +5 V behind 6 U2 ±20?-i))

Table 23 lists the decirnal-BCD equivalents and Figure

2-4 illustrates the dc>counled output signal

2.5.3 Print Command Signal.

FifJllrc 2-::-) shows the orint con:mand signal (PGT) avail·

dbl" at !)·J1, pin 24 The siqnal has standard DTL levels as
shlWirllrl Figure;: 4 {D/\T r\ 0 2: ground with a 9-mA sink

'apability and DATA 1 ~ +5 V behind 6 kQ ±20%}. The

PC; T signal IS In the 1 state during the total display cycle

and In the 0 state [luring the rneasurernent cycle and reset
vcle The IninirnUl1i tlnw for I'ilaximUlll data transfer is 11

rns

fhe STAHT dnd STOP Input jac'ks are used iO accept

slQnals to ori~Jin{Jte and terrninate rneasurernents in the tirne

interval rl,ode These lacks also provide a renlOte control for

openinq dnd closing the (Jatc in the count rnode

VV'hen the ST.i\F~T jdck i-enwr terl'ninal IS connected to

qround, the "Ounter- starts to count the interval cloc:k If, the

lillie Interval rllodc or the Input supplied 10 the INPUT /\

IcKK In the fount mode, until the STOP :nuut center

ter rl',lllal IS cjI'ounejecj rho STi\Rl InDut PHISt fle rerl:ovcci

hefore' the' '-;lOP Ir'lfilit IS alll,dled and the SlOP InrHil
IH,ISt he of less duration then the display time, which can
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Operation-Section 3

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
3.11100 kHz TEST SIGNAL
3.12 ACCURACY
3.13 START AND STOP INPUTS

CAUTION
Do not exceed maximum signal ratings (INPUT

A. 400 V de or 400 V ae pk; INPUT B. 400 V
de or 80 V ae pkl.

.3·1

.3-5

.3·8

.3·8

.3·9
3-10
3-11
" ,"-'). I L

3·12
3·12
312

.3-13

.3·15

101 dnu 1001 svvitches reieasea

. fully cw

3.1 OPERATIONAL CHECKS.
3.1.1 General.

This procedure can be used for incon--ling Inspection,

onerator famiJiari7ation, or as a )Jeriodic check on the

operation of the instfun':ent, Table 31 iists tilt eXleU1Ji

equipment needed for these checks

3.1.2 Character Indication.

Set the controls as follows_

"CDC

TRIGGER l.EVEL

I\C

Name

General-Purpose
Oscillator

Standard- Frequencv
OSLiiiril.Ur

Patel") Coru

Pdldl Curd

I ee Connector

'Of equ!val,,;nt

Table 3-1
TEST EQUIPMENT

Minimum Use Specification

Generates lkHl sine wave,
adjustable a to 5 V.

(~enerates 100 kHz or 1 MHz '.Nith an
arnpinucie >100 ,,,\i rn:s In'to H) U~
Freq\.JPncy [,:""uS! be ~ ±1 0,5

of the lOO-kHz or 1MHz signEd

Double-plug-to·BNC adaptor cable

to connect general·purpose
oscillator to counter

GR874®·to-8NC adaptor cabie to

connect standard-frequency oscillator

to counter 12 required)

G R874 connectors In a tee

configuration for joining two

cables at the standard-frequenl,Y osuHdtur

Recommended Unit*

GR 1310 Oscillator

(P/~< 1:3109701)

GR 1115 5:;tandard
!-::,;r-r:r:r1c,/ (),,;c:ii.Jtor

(PiN l',1'-:,,9BOll

GR77Ch'\
F)atch Cord

(PIN 0776970 1.)

Patch Cord

(PIN 07769702)

GR874T
Tee
(Pit'.! 0374-9910)
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Table 3·2

CHARACTER INDICATION'

Measurement Gate Time - Periods or Ratios Averaged TIME

Push Button 100 ;..5·1 1 ms-l0 10 mS_l02 100 mS_l03 15_104 10 s_105 INTERVAL

FREQUENCY 0.00 MHz 0000 MHz 0.0000 MHi: 000 kHz OOOOkHz 00 Hz

PER 100

o 1 ilS o0000 "'S o00 ilS 0000 ilS 00000 ilS 000 ns 0000 ns 00000 ms

1 }is 000 Irs 00 ilS 000 ils 0000 ilS 00 ns 000 ns 0000 ms

10 ilS 000 ms a ps 00 ilS 000 ilS o ns 00 ns 0.00 ms

"There i!re nc, dcc!1l1d1 pOJIlS for RATIO or COUNT measurements

Depress the proper rneasurer:lent button and check deci

r-n81-point location and syrnbol for all range settings as

shown in Table ::;-2 (digits rnay be other than zero) These

deCimal positions a!l!)ly to all counter rnodels

Depress the FREQUENCY rllOde button The counter

Will c.ount the Internal 100kHz TEST signal for 10 rns and

then display it for 1 s. The visual display will be 000 1000

MHz (00 1000 MHz for 6~diglt counter and 0 1000 MHz for

5digit counter) ± 1 count

3.1.4 Period Mode.

Set the controls as shown in paragraph 3,1,3. To check

the three PERIOD pOSitions, proceed as follows

a. Depress the O,l-MS push button, The counter will

count the 10~\i1HI internal signal for 100 periods of the

lOOk HI TEST signal and display the results for 1 s, The

Visual register Will read 0010,000 MS (010000 Ms for 6-digit

counter dnd 10000 MS for 5-digit counte(1

b Oerlress the 1-MS fJush button. The counter will count

Ole internal l-lvlH/ signal for 100 IJeriods of the Internal

100kH? fEST Signal The visual register will display

0001000 ilS (001000 ilS fOI 6dlglt counter anel 010 00 ils

for 5-digit counter)

DISPUAY

POWER OFF

STORAGE ONOFF (rear panel)

3.1.3 Frequency Mode.

Set the c:ontrols as follows
POWER OFF

STORAGE ONOFF

100 kHl TEST

DISPLA,Y

Range

HOUD

. POWER

OFF lDepressed)

. POWER

. OFF

De!,Jressed
1 s

1011"\5-102

c, Depress the 10·ps push button. The counter will count

the internal 1OO·k Hz signal for 100 periods. The visual

register will display 0000100 ilS (000100 ilS for 6~digit

counter and 0010.0 ps for S-digit counter).

3.1,5 Count Mode.

Set the controls as shown in paragraph 3,1.3 except

depress the COUNT START~STOPpush button.

When the COUNT button is depressed the counter will

start counting the internal 100-kHz signal and, when it is

pressed again and released, the counter will stop counting

and display an arbitrary number for 1 s before it is reset If

the ST ART button is pushed before the display time is up,

the counter will totalize, i.e" the new count will be added

to the original count and the final answer will be the total

of the two measurernents.

A reset pulse is generated automatically when going

from any measurement ll'lOde to the COUNT mode. This

insures that the first measurerYlent made in the COUNT

mode is an accurate rYleasurement

3.1.6 Ratio Mode.

Set the controls as shown in paragraph 3.1.3 except set

the range switch to the 100 rns-l 0 3 position

Connect an external sine-wave signal (less than 10 MHz,

greater than 100 rnV rms) to the INPUT 8 connector on

the rear panel and depress the RATIO push button on the

front panel. The visual register will count for a time of leY

periods of the INPUT B signal, The WOk Hz TEST signal is

used instead of an external signal at INPUT A and it is the

INPUT B signal diVided by 100. The visual register will

display 0000010 1000010 for 6~digit counter and 00010 for

5·digit counter). The measurement will be displayed for 1 s

before being repeated, Under these measurement condi

tions, the INPUT B signal is the tilT18 base tor the counter.

(Before proceeding, disconnect the INPUT B signal)

3·2 OPERATION



Table 3-3
GATE·TIME CHECK·FREQUENCY MODE

Gate Visuai Display
Time 7 Digits 6 Digits 5 Digits

1001'S 00000.10 MHz 0000.10 MHz 000.10 MHz

1 ms 0000100 MHz 000100 MHz 00100 MHz

10 ms 0001000 MHz 001000 MHz o 1000 MHz

100 rflS 0010000 kHz 0100.00 kHz 10000 kHz

1 s 0100.000 kHz 100000 kHz '00.000 kH?

lOs 1000000 Hz '000000 Hz '0000.0 Hz

~!ndicates SPi LL lamp is on at lett hiJ,nd end of 'v'isuai ,egis";,, n-,,~

means that thf' count overflowed the register

Table 3-4

PERIODS·AVERAGED CHECK 11 I'SI

To check these switches proceed as follows

a. Set the controls as listed in paragraph 3.1.7 Gate Time
except the PERIOD l-p$ push button should be depressed
The counter now counts the internal 1-MHz signal for the
number of periods of the lOO-kHz signal that is indicated

by the setting of the rarlt~e switch, Table 3-4 lists the
v!sua!register readings for the settings of the range S\/vikh

b. Depress the O.l-JlS push button rhe Visual register
will read what is shown in Table 3·3, except each reading is
moved 1 digit to the left. The spililarnp will conle on in the
lOS position, for the 7-digit version

c. Depress the 10-;..tS pushbutton, The- visual register will

read what is shown in Table JJ, exc:ent each reaeline is

iTlOved one digit to the right

3.1.8 Time Interval.

A time Interval can be measured with a 0.1 . 1-, or 10-IlS

resolution between a start and stop pulse. Set the counter
controls as follows:

"'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!ows

. POWER
Released

o 11ls
. TIME INTERVAL

1 S

POWER·OFF
100kHz TEST
TIME INTERVAL
Range Switch
DISPLAY

1() S to hJ

3.1.9 Display Control.

Set the control<::, J:i ""hown in I)(lragraph ?' 1 ~'J, and Dress

the FREQUENCY mode button. Vary the LJISPLAY con-

Repeat this procedure with the j-ps TIME INTERVAL
button depressed and note that the counter counts at a

l·MHz rate \the seventh digit counts at a l·s ratel.
Repeat the original procedure with the 10·J1s button

depressed and note that thE, counter counts at a lOO·kH?
rate (the sixth digit counts at a 1-5 rate).

the measurement for approximately the indicated tir-nc_

NOTE
Numerals may appear to "pile up" at the short

est DISPLA Y times

Rotate the control to its farthest ccw position {HOLD) and

note that the display time is infinite.

Connect the START input on the rear panel momen
tarily to ground and note that the counter counts at a
10-MHz rate (the seventh digit counts at a O.l-s rate)

Connect the STOP input mOillentarily to ground and note
that the counting stops The display will terminate after

1 s.

QFF

Depressed
L'jt~l)re:)st:d

1 s
E(2U[>~CY

PC)VVER·U~f

STORAGE ON OFF

100kHzILSI

DISPLAY

Set the range switch to the 100-ps position. The
counter will count for lOQ.ps and display the results for
i s in the visual registers. I able 3-3 lists the visual-regis'

ter readings to be expcctcu as the various GATE Ti~\I~E

settings of the range switch are checked

Periods Visual Display
Averaged 7 Digit 6 Dig1t 5 Digit

1 0000.010 ms 000.010 ms 00010 ms

10 0000100 I'S 000100 I'S 001O.0IlS

102 00010.00 I'S 0010.00 I'S 010.00 I'S

103 0010000 llS 010000 I'S 10000 IlS

104 010000.0 ns 10000.0 ns '0000.0 ns

105 10000.00 ns • 0000 00 ns "'00000 ns

Periods or Ratios Averaged.

NOTE
Be sure that the counter has stopped counting
before the reading is checked

3,1 10 Reset.

The RESET push button resets ail Internal circuitry to

zero and holds it at !ero as lonq as it is denres-sed, Leave rhp
controls as set for paragraph 3.1.9 and hold the RESET
but ton depressed Note that the visual register r'esets to zero
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and stays at zero while the button is depressed. Release the
button and note that a measurement is initiated.

counter will trigger only at a point that is 10 times more
sensitive, the center of the TRIGGER LEVEL control.

3.1.11 Indicator Lamps.

Count. Press the COUNT pushbutton and see that the
COUNT lamp on the left-hand end of the visual register
turns on, indicating that the counter is counting. When the
COUNT button is again depressed and released, the lamp

will go out. This indicates that the main gate is shut off,
terminating the count.

Spill. To check the spill lamp, set the controls as follows:

d. Set the TRIGGER LEVEL control to the full cw
position and increase the input signal until the counter
begins to count.

e. Depress the 10: 1 button again to release it and

depress the 100:1 button. Notice that the counter will
again count only at its most sensitive position (near the +
and - line).

f. Set the TRIGGER LEVEL to its full cwpositionand
increase the input signal level until the counter begins to
count,

100kHz TEST
PERIOD 0.1 Ils
DISPLAY
Range Switch

. Depressed

. Depressed

. 1 s
105

g. Depress the 101 INPUT ATTEN button so total
attenuation is 10001 and notice that the TRIGGER LEVEL
must be set to its most sensitive position to obtain a read
ing.

The SPI L L larnp will glow as long as the register is

displaying the measurement, indicating that the most sig

nificant figure has spilled over to the left.
3.1.13 Trigger Level.

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 TR IGGER LEVEL control determines the
setting of the threshold at which the counter triggers. It can

be varied from ccw to cw over a range of ±10G mV, ±1 V,
±1O V, or ±100 V, depending on the setting of the INPUT
ATTEN buttons (11,101,1001, or 1000:1, respective
ly)

3.1.14 Storage.

To check the TRIGGER LEVEL control, set the con
trols as follows

.Depressed (OFF)
. cw

.Depresseo

STORAGE
TRIGGER LEVEL
COUNT

Disconnect any signal from INPUT A and momentarily

depress the RESET button. Turn the TRIGGER LEVEL
in a ccw direction to its stop then back to the cw end. The
right-hand digit in the visual register will display a 1. Re

peat the ccw-cw swing of the TRIGGER LEVEL control
and note that the numbers accumulate in the registers.
This indicates that the TRIGGER LEVEL control is work
ing properly.

. Depressed
. 1 s
. 1 s

Centered
.Unlatcheo

FREQUENCY
DISPLAY
Range Switch
TRIGGER LEVEL
100kHz TEST

Set the controls as follovv's:

To check the sensitivity levels, proceed as follows:

a. Apply an external 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 with the TRIGGER
LEVEL centered.

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

c. Depress the 101 INPUT ATTEN button and notice
that the counter will count only at the most sensitive
spot on the TRIGGER LEVEL control (near the + and

line) with the same input signal. By inserting the 10:1

attenuator the 10:1 change introduced by setting the
TRIGGER LEVEL cw has been balanced off and the

A push-button switch is provided on the rear panel to

control the storage circuits. The advantage of using the
storage mode is that no flicker is observed during the count
cycle and, therefore, the last measurement remains dis

played in the registers until the next measurement has been
completed and is ready to be displayed. The counter em
ployes a storage register for all the counting registers as well

as the spill circuit

To check the storage operation, depress 100kHz TEST
and FREQUENCY, while leaving the STORAGE button
unlatched. The display will remain constant, but the

COUNT light will indicate the counter is counting_

If the storage feature is not needed, depress the push
button to the OFF (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 lO-MHz oscillator ('.-an be locked to an

external '·MHz or 100-kHz frequency source with a greater
than 100 mV rms amplitude into 10 kD. A rear~panel push

button is used to select the frequency to be used.
In order for the counter to lock on the external signal,

the frequency must be within ±iO" of the l-MHt 01

1OO-k Hz signal. To check whether the external signal lneets
these requirements, connect the signal to the IN PUT A
connector on the front panel and check that it reads
1000000 kHz ±10 Hz or 100000.0 Hz ± 1 Hz

If a l·MHz external lock signal is used, set the EXT
TIMF RASF control nn th0. rear Dimel to the out Dosition

and connect the 1-MHz signal to the INPUT 8 connector
To check that the sIgnal has phase locked the counter, aiso
connect the signal to the INPUT A connector, depress the

HiEQUENCY button ana set the range switch to 10s. The
reading in the visual register should be 000000_0 with the

SPILL lalnp 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 wii I not produce a change is if the

external and internal oscillators are within ±l xl 0- 7 of each
other.

3.2 INPUT CONTROLS.

3,2.1 Characteristics.

Table ]·5 Ilsts the Input c.haractenstlcs of the I NPUT A

and INPUT B channels.

3.2.2. I"put A.

There are four front-panel controls that affect the IN·

PuT I-\. signaL T\NO of these controls are the II\jPUT ATTEi\i
push buttons, the third is the ;\COC switch, and the fourth

is the TRIGGER LEVEL control

slope is steep and therefore often void of noise pulses. For

the average waveform, the TRIGGER LEVEL should be set
to the + and - Iine (zero crossing) since the steepest slope
uccurs CIt this point. When the input signal is a positive or

negative-going pulse, the trigger level must be moved away
from the zero level, because dan'1ped oscillations often
occur at the base line (7ero level), The INPUT AlTEN push

buttons control the range of the TR IGGER LEVE L con
troi. The various ranges are listed as part of Table 3-5.

3.2.3 Input B.

fhe IN PUT 8 connector on the rcaf pJnel is used only
for FiATiO measurements ono 3S on input for the external
tirne bdse input 10 lock the internal crystal oscillator'. The

trigger level isfixcdfof Ir'JPUT Bat d s!!~)ht!y i~":)s!t!ve level

and the hysteresis is fixed at less than 100 mV rms (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 IJsed, insert the rrobe
bet\iveen the unknown signed arid the! f\JPUT ,6. connector

b. Set the AC-DC switch to the AC position_ This switch

can be set to the DC position for a very low frequency
signal or \Nhen used vvith pulse inputs when the dc values

are knovvn.

c. Set the iNPUT III; TTEN push buttons for 100: 1 Of
10 1 The largest possible setting should be used, it the

Signal IS adequate. When a large attenuatJon is used, the

The tvvo atteCiudto.- Lutton:; arc used to set the h,/stercs:s chance of erratif'

instrument). The best hysteresis value is one that is much
larger than the Largest noise signal exoecte(j cit the Inilut
but where the siqnal is adf'quately larger than the hysteresis

10 guarantee steady Undc'r gcr'cr.J! (JtJ:~;l1:inq

ditions, the I'naxir!';urr, atti"rhJation availahle should be in

use and then d(~creased until d steady reading is displayed in
the visual register, A counter should rarely be used without
any attenuation, except for vp:ry "mClll inrlJt signals, since

noise with a typical 5-rnV rms level can trigger the counter
The AC-DC switch deterrnines the coupling bet\ivecn the

,
O(.<I'---,~"j vi

Tabk: 35. !\s a general lule the I~ounter iNdl be operated in
the AC oosition.

The TRIGGER LEVEL control is used to move the
triggering !)oint to (j position on the wdvefmil, where the

d Center the TRiGGER LEVEL control It an Cle- Signal

IS nOISY al [tiP zero (::1'055111(], rcHiHe the TRiGGER LEVEL
control in the positive or neqative direction to obtain a

nent. set the TRICGER LTVEL cw or CC\\' to ohtaln (J

q,easurenient (paragraph 3.2.5).

3.2.5 Special Settings.

settings arc variations of the genera! settings given in
paragraph 3.2.4. The voltages shown are at the input to
the triggering circuits; after attenuation by the probe (It

used) and the I!'-JPUT i\TTEN switches
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Table 3-5
INPUT CHARACTERISTICS'

Without Probe With Probe Trigger Level Range

Input Attenuatar Minimum Maximum Minimum Maximum .... Without Probe With Probe

A 1 1 10 rnV rms, 300 V de or 100 r11V rrns, 600 V de ±100rnV ±1 V

30 rnV pk-pk ac pk 300 rTtV pk-pk or ac pk-pk

to 20 MHz. t020 MHz.

20 mV rms, 200 mV rrns,

60 mV pk-ok 600 mV pk-ok
to 35 klHz, to35MHz,

30 mV rms 300 m V nilS

85 mV pk-pk 850 mV pk-ok

to 50 MHz. to 50 MHz.

10 1 100 mV rms, 400 V de 1 V rnlS, 600 V de ±l V ±10 V

300 mV pk-pk or ac pk. 3 V ok-pk or ac pk-pk

to 20 MHz, to 20 MHz,

200 mV rrns, 2 V rrrlS,

600 mV pk-pk 6 V pk-pk

10 35 MHz, to 35 MHz,
300 IT) V rfilS 3.0 V rrns
850 mV pk-pk 85 V pk-pk

to 50 MHz. to 50 MHz.

1001 1 V rms, 400 V de 10 V rms, 600 V de ±10 V ±100 V

3 V pk-pk or ac pk. 30 V pk-pk or ac pk-pk

to 20 MHz. to 20 MHz_

2 V rms, 20 V rrns,

6 V pk-pk 60 V pk-pk

10 35 MHz, 10 35 MHz,
3,0 V rms 30 V rms

85 V pk-pk 85 V pk-pk

to 50 MHz. 10 50 MHz_

1000 1 10 V rms, 400 V de 100 V rms, 600 V de ±100 V ±1000 V

3 V pk-pk or ac pk 300 V pk-pk or ac pk-pk (Limited by

to 20 MHz. 10 20 MHz_ probe rati ng.)

20 V rrns,
50 V pk-pk
10 35 MHz,
30 V rrns
85 V pk-pk
1050 MHz.

B None 100 rnV rrns, 400 V dc, No No Fixed No

300 mV pk-pk 80 V ac pk. Probe Probe Position Probe

above 400 Hz_ Trigger

1 V rrns, Level

3 V pk-pk
50Hz 10400Hz.

·Frequency, iNPUT A: de coupled, de to 50 MHz; ac coupled. 3 Hz to 50 MHz.
Frequency, INPUT 8 ac coupled only, 50 Hz to 10 MHz.
Impedance, INPUT A 1 MS1shunted with 27 pF, without probe; 10 MS1shunted with 7 pF, with probe.

Impedance, INPUT B 10 kS1shunted with 20 pF. without probe.

4*Lessover 4.5 MHz 500 V at 5.5 MHz, 400 V at 7 MHz, 300 V at 9 MHz, 200 V at 14 MHz, and 100 V at 25 MHz.
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Table 3-ti

SPECIAL INPUT-SIGNAL CONDITIONS

Problem Solution

1nsufficient signal. Signal level

is less than hysteresis; no trig
gering occurs.

Signal level increased or atten

uation decreased (I NPU T A TTEN

set from lOOO or 1DO or 10 to 1),

proper triggering occurs.

Dc component. Signal contains

positive de component; with + 55 mV_
TRIGGER LEVEL control cen-

tered. no trigger occurs

OmV-

Trigger level set to same value

as de component of signal

(TRIGGER LEVEL control + 55 mV I
turned cw .. if de component

had been negative. TRIGGER

LEVE L control would have

been turned ccw); proper trig-

gering occurs.

TRIGGER LEVEL control

turned CWi if pulses had been

negalive. TRIGGER LEVEL

control would have been turned

ccw; proper triggering occurs

Hysteresrs Increased by going

to the next larger attenuatton

nr "'!:InAI Ipypl rlPe rPiiSPO so thiH

nOIse peaks do not exceed hys

teresIs: proper trrggerrng occurs

+ 25 mV_

OmV_

Tngger level set out of noise

range; proper triggering occurs

Ac coupling used to eliminate

dc component low duty ratio

prevents triggering,

+IOV_

Excessive de component, low
duty ratio. Signal contains a
large positive de component.

no triggering occurs.

Noise. Noise peaks ext:eed
hysteresis; erratic and erro

neollS trigger occurs

Am signal. Amplitude modu·
latlon reduces sIgnal belQ\"J

hysteresIs; COunts are Illissed

Signdl level increased or atten

uation decreased' proper trig

genng occurs.
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3.3 FREQUENCY.

3.3.1 General.

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

~ CO'NnN",'M' >00", TO '0'~
Figure 3·1 Sine-wave signal for frequency
measurement.

times are set by the GATE TIME positions on the r~nge

switch. This switch also automatically selects the decimal
point position and the measurement units. The display
time is set by the DISPLAY control

The resolution of a measurement is often an important
measurement consideration. The short gate times avail

able in the 1192 should be used for low-resolution or
high·frequency measurements and the longer gate times

for high resolution or low·frequency measurements. A

measurement made with a 5- or 6-digit counter can be made
to have the same resolution as a 7-digit counter by making

the measurement twice, first measuring the most significant

digits and then the least significant digits. Table 3-7 shows

the resolution available from the 1192 Counter for the
GATE TIME positions.

3.3.2 Settings.

To make a frequency measurement. proceed as follows:
a. Set the POWER· OFF switch to POWER.

b. Depress the front-panel FREQUENCY push button.

c. Set the range switch to the desired GATE TIME
position.

d. Set the DISPLAY control to the desired position.
e. Connect the input signal to the INPUT A connector.
f. Set the INPUT ATTEN push buttons, the AC.OC

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

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

3.4 PERIOD.

3.4.1 General.

I f the frequency of the input signal is low enough that

adequate resolution cannot be obtained with the gate times

available, or the measurement time is longer than desired

for a frequency rneasurement, use the period mode. There
are three PE RIOO·mode push buttons; O.ll's. 1 I's, and
10l's The 0.1-1'5 PERIOD button is depressed for maxi·

mum resolution measurements and for period measure

ments of high-frequency signals. When this position is

used. the 10-MHz internal signal is counted and the
length of the count gate is determined by the INPUT A

signal.

The 1-t!S PERIOD position counts the 1-MHz internal

signal and is used for medium resolution and low frequency
rTleasurements.

The 10·l's PERIOD position counts the 100·kHz internal

signal and is used for low resolution and very low frequency
rneasurements. This position should also be used to pre
vent spillover in a 5- or 6-digit counter when the signal is
averaged over several periods

The range switch PERIODS .L'J.,ND Ri~I,T!OS AVER,6,GED

positions determine the number of periods for which the
gate is open (Figure 3-2l. The longer the gate remains open
the less the noise on the input signal will affect the final

Table 3-7

FREQUENCY MEASUREMENT

Gate Time

Function 100 1'5 1 ms 10 ms 100 ms 1 s 10 s

RESOLUTION 10 kHz 1 kHz 100 Hz 10 Hz 1 Hz 0.1 Hz

SPI LL (maximum
before overflow)

5·01GIT COUNTER No Spill No Spill 10 MHz 1 MHz 100 kHz 10 kHz

6-01GIT COUNTER No Spill No Spill No Spill 10 MHz 1 MHz 100 kHz

7·01GIT COUNTER No Spill No Spill No Spill No Spill 10 MHz 1 MHz

± (1 count + time-base accuracy)
I I I
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'~,'Pi 'T ;\

A ralto rlicaSUrel',lent is (Lade ljetvveen t'vvo inr'iu! signals,

3.5.1 Genera!

3.5 RATiO.

ODS OR RATIOS AVERAGED that will give a reasonable

measurernent tirne and not produce any spillover.

d. Set the DISPLAY control to the desired position.

e. Connect the mput signal to the INPUT A connector

f. Set the INPUT ATTEN push buttons, the ACDC

switch, and the TrilGGER LEVEL control to the pro!ler

positions as outlined in paragraph 3.2.2

g. Read the measured value of the input-signal perioei In

the visual register The reading displayed in the visual reqis
ter is the value of one period, regardless of how fn3ny

periods were averaged.

;'i9 it

0- dnc] I'

I I

J COUNTING TIME [

II TO IO~ PER!ODS:

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

InedS\iifX] with

measurement, since the noise gets reduced through the
averaging process No matter ho\-,,;, rnany periods are aver

aged, the final answer displayed in the visual register wil! be

the tit'no for one period, inc:luciing the decimal point and

111l;,dSUIClllt::!ll unit::>. fauit: J-3 sllOws the IlledSu(81ile!lt reso-

3,4,2 Settings.

To make a period measurGment, proceed as follows

a. Set the POWER·OFF sWitch to POWER

b, Depress from,panel PERIOD /\ND TIME i~~TERVAL.

push button desired

c. Set the range sw itch to the highest nu mber of PER I"

the other connected to the rear-panel INPUT B connector

The pulses that are counted are derived frO:'1 the INPUT A

signal and the counting time IS established by the period of

the INPUT B signal, The range sWitch seiects the nuniber of

ratios to be averaged from 1 to lOs (Figure 3 3)

The lower frequency signal is normally applied to the

INPUT B connector and the higher to INPUT A, The

Table 3-8
PERIOD MEASUREMENT

Periods Averaged

Function 1 10 10' 10' 10'

RESOLUTION'

±Il count + trigger error

+ Time-hase aCClJrBcyl

0, IpS

1IlS

i OilS

6-DIGiT SP:Ll"

o 1/ls

1IlS

iOIl'
h,DiCll i SPiLL~"',t

0, i jJ~

1.l.1s

lOW;

0 l,us iOns 1ns O,los lOps 1ps

illS () 1IlS iOns 1ns Oins lOps

10,us l,us o 1,us IOns . 01 nslib
......

in" () i "', 1(Jp';

i Os 1s () is 1011:S , 111$ 0,1
"

,$

i ~):'

u 1S 101 1 'S i , is 0 l111S -IOflS 1JiS

is A is 10rT:s 1, is o 1,,is lOllSv

iOs IS o 1s 101liS 1Ins 0 1 ITiS

10 1 o 1 III::; 10jJs 1,us 0,1 j1SIVlli" Iii"

0 1::; 1(h';~, 1, I:'; () 1 ,<; lOps IpS

1'- C! 1s i I, ! ,.~, ,: 1 !f',S 0 1!~ rS IO,uS

• Resolution averaged for one period .
• ~ Values indicate time for 1 period at which spill will occur For eXAmple, if a seven-digit counter count~ for one period

with the O.l-~s time base, the visual register will spill over (SPI LL) if the input signal has a period greater than 1 s .
t It the most significant figure of a period is known, the period measurement can be extended by a factor of ten if the

known most significant figure is allowed to spillover. if two fjgures are known, a factor of one hundred is possible, etc
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Table 3-9
RATIO MEASUREMENT

Ratios Averaged

Function 1 10 102 103 10
4 10'

I
RESOLUTION Deternlined by the input A signal
ACCURACY ±(1 input A count + input B trigger error)

M/\XI ~v1Ufv1 RA TI 0

WITHOUT SPI LL

7DiGIT COUNTER 10' 1 106 1 105 1 104 1 103 1 10' . 1
6DIGIT COUNTER 106 1 105 1 104 :1 103 1 10' 1 10 1
(j·DIGIT COUNTER 105 1 104 1 103 1 10' 1 10 1 1:1

reading of the visual register is the ratio AlB times the

number of ratios averaged.

The resolution of a RATIO measurement will increase as
the number of ratios 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 the range switch, a ratio 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 AlB 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 oosition to obtain a
reading of 3 in the visual register. Therefore, the ratio of

the signals would be 3 divided by 10' or 003, as stated

before.

3,5,2 Seltings,

To make a RATIO measurement, proceed as follows:

a. Set the POWER·OFF switch to POWER.
b. Depress the front· panel RATIO AlB push button.

c. Set the range switch to the number of ratios averaged

desired (Table 3·91-
d. Set the DISPLAY control to the desired position.

e. Connect signal A to the INPUT A connector on the
front panel and signal B to the rear·panel INPUT B connect

or.
f. 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.

g. Read the ratio between the two signals from the visual
register. Remember that if more than one ratio is averaged
the reading in the visual register must be divided by the
number of ratios averaged to obtain the correct ratio.
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3,6 COUNT,

3,6,1 General.

Signals fed into the INPUT A connector can be counted
up to 50 x 106 events/second for an arbitrary length of

time. This time 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 the general case, in which an event is counted over
one interval only, the DISPLAY control functions in its

usual manner, i.e., the visual register will reset to zero after
the display time has elapsed. However, if it is desired to

totalize the count, i.e., add one interval to the next, the
DISPLAY control should be set to the HOLD position. The

effect of a totalized count will also occur if the DISPLAY

control is set to a longer time than the interval allowed

before a second measurement is initiated.

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

INPUT A

INPUT B

ICOONnNG nME , m '05 "",OOS 1"--l OF INPUT 8 I---
Figure J.3 Input signals for a ratio measurement.



Figure 3·5 Pulse-duration measurement triggering
points.

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

, 10)_21

iI9),)8

u
LJ I

r-COUNTING TIME INTERVAL-,
STOP

STARTC. Connect the input signal to INPUT A.

d. Set the DI SPLAY 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. !f the

counter was prpviollsly used in any other measurement

mode, a reset pulse will be generated when the COUNT

button is depressed, so that the count will start from zero.

f. To terminate the count, depress the COUNT button

again and it will release.

NOTE

measuremen"t"r1,odc button '.,vi!i St3'y' depressed.

When the COU~~"r button is depressed, no other

Therefore, before going to any other I'TiCaSUre-

3.7 TIME INTERVAL.

3.7.1 General.

The tiefle interval between two signals, or the duration of

a siqnal can be measured in the TIME·INTERVAL mode

down to A rpsoilition of inn ns Rl')t\tJf~pn thr~ start ann ston

r·,ositionS as Oiitiined in paragraph? 72

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

Do not connect any signal to the INPUT 8 connector.

e. Depress the STORAGE push button to its non-storage

position on the rear of the counter.

f. Connect the STOP input 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 DISPlA Y control for the displaY' time desired.

If totalization is desired, set the DiSPLAY control to

HOLD. Also, if the display time is ionger than the intervais

between counts, the counter will totalize.

b. Set the INPUT A TTEN plJsh buttons. the ACDC

switch, and the TRIGGER LEVEL control to the proper

that the start inp~;t has beeniii' wi:: stop
lJ:'f rninated

then 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.
Depress the R/\TIO push button

o. Connect the !flput signal to the INPUI A connector

Do not connect any signal to the INPUT 8 connector.

e Connect a signal to the START connector on the rear

of the counter Refer to the specifications page for the

Signal values. Once this signai is applied, the counter will

start counting.
f. Connect a signal to the STOP connector on the rear of

the counter. Refer to the specifications page for the signa!

values, Once this signal is applied to the counter the count-

g. Set the DISPLAY control for the display tUiie desired_

It totalization is desired, set the DISPLAY control to

HOLD: also, if the disrlav time is lonqer than the intervals Table 3-10

TIME·INTERVAL MEASUREMENT"

NOTE

If the counter is used in the storage mode. the
'vvidth of the stop pulse must be less than the
displav tifne, otherwise the counter will operate

as In the non-storage mode

3.6.4 Remote Gate Settings.

Ta make a count measurement using a remote gate as a

control, proceed as follows
a, Set the POWER OFF switch to POWER.

Time Base

Function 0,11" I 11" 101"

~.'1I\XIMUi\~, iNTERVAL

BFFORF SPII I

7-DIGIT COUNTER 15 lOs 100s
6·DIGII CDUN I ER 0.1 s 1s lOs

5-DIGIT COUNTER 0.015 0.1 s ls

"Tne resolution for each counter is the value of the time base (0.1
Pli, 1ps. or 10j.Ls) ±( 1 count + trigger error + time base accuracy).
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pulses, or within the duration of the signal being measured,

the counter counts its internal clock (Figures 3-4 and 3"5).
The internal clock is selected by the front-panel TIME
I NT ERVA L push buttons. The 0,1-/lS position counts the
10-MHz signal. the l"JJ.s position counts the l-MHz signal,

and the 10-ps position counts the 1OO-k Hz signal. Table
3 .. 10 states the resolution and spill tirne for each counter.

3.7.2 Start and Stop Pulse Settings.

To make a time-i6terval measurement between two puls
es, proceed as follows

a. Set the POWE R·OF F switch to POWE R

b. Oepress the PERIOO OR TIME INTERVAL push
button desired. Use the 0.1 -J..lS button for rnaxi rnu rTi reso lu
tion and short intervals, the 1-J..lS button for medium resolu
tion and longer intervals, and the 1O-tlS button for the least

resolution and longest intervals.
c. Set the range switch to TIME INTERVAL.

d. Connect the start pulse to the rear-panel START
connector.

e. Connect the stop pulse to the rear-panel STOP con
nector. Refer to paragraph 3.12. for signal levels.

NOTE
The start pulse frlust be terminated before the
stop pulse is applied. If storage operation is
used, the stop pulse must be less than the
display time (otherwise the storage mode oper
ates like the non-storage model.

f. Set the DISPLAY control to the desired position. If

the storage mode is to be used, set the DISPLAY control
for a longer time than the duration of the stop pulse, If the

DISPLAY control is set to HOLD. or to a longer display
time than the tirne difference between the stop pulse ter

minating one measurement and the start pulse initiating the

next measurement, the counter will totalize all the time
interval measurements,

3.7.3 Pulse-Duration Settings.

To measure the duration of a pulse, proceed as follows

a. Set the POWER·OFF switch to POWER.
b. Depress the PERIOD OR TIME INTERVAL button

desired Iparagraph 3.7.2. step bI.
c. Set the range switch to TIME INTERVAL.

d. Connect the rear-panel STOP connector to ground.

e. Connect the pulse whose time duration is to be

measured to the rear-pane! START connector. Refer to the
specifications page for signal levels.

f. Set the rear~panel STORAGE button to the OFF
position.

g. Set the DISPLAY cantrol for the desired length of
display time.

NOTE
If the DISPLAY control is set to HO LD ar to a
longer display time than the time between the

3~12 OPERATION

end of one pulse and the beginning of the next,
the counter will totalize all the time durations
measured.

3.8 RESET CONTROL.

The RESET push button sets all the internal circuits 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 measurelilents, when the display tirne is set for
infinity (HOLD position).

3.9 DISPLAY CONTROL.

The DISPLAY control determines the time the counter

displays a measurement before the next measurement is

initiated, The display time can be continuously adjusted
from 10 ms to greater than 10 s (typically 12 sl

The counter also has an infinite-display-time position

called HOLD. In this position the counter displays the last
measurement indefinitely or until the RESET button is
depressed.

A storage reg.ister is employed in the counter that

stores and displays the results of one measurement while

another measurement is being taken. The total display

time in this mode is the sum of the display time 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 100kHz TEST signal is used to check that the
internal logic circuitry is operating properly. In the FRE
QUENCY, PERIOD and COUNT modes. the 100~kHz signal

is used instead of the INPUT A signal. In the RATIO mode.
the test 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 the controls as if making a measure
ment of a signal at the IN PUT A connector. For example,

to make a frequency measurement of the signal, proceed as
follows:

a. Set the POWER~OFF switch ta POWER.

b. Depress the FREQUENCY and 100kHz TEST push
buttons,

c. Set the DISPLAY control to the desired length of
time.

d. Set the range switch to the GATE TI ME desired.
e. Read the 100·kHz value from the visual register. The

SPILL lamp will light if the GATE TIME is set to 1 sar

10 s for a 5-digit counter and if set to 10 s for a 6-digit
counter.



3.12 ACCURACY.

3.12.1 Error Sources.

Accuracy is determined by up to three factors, de

pending upon the measuring mode:

Measuring Mode

Frequency

Error Sources

±( 1 count + time-base accuracy)

For period and ratio measurements, where the input

signal deterniines the length of the gate, the highest

resolution and the smallest count error coincide with the

largest number of counts accumuiated during one meas

urement. This is the case when the input signal is averaged

over niany periods or ratios and the internal frequency is

highest. The +1 (:ount err()( is

Period ±( 1 count + trigger error of A input +
timc.. base accuracy)

Ep=
1 X 100
--~-~ 'Yo
n X p X F

Tirne Interval ±{ 1 count +- start and stop-input trigger

error, + time-base accuracy)
1.... ·

;1 "C·,

p
"'-'""V)

':j"'.• ,

the Iln:e in seconds of one period of the input

Ratio ±( 1 count + trigg(~r error of B input)
siqnal,

F '" the internal frequenr'y in hert/: it is either 10 MHI

iO 1 J.l'ii.l MHI !lllsLor 100kHI (lOllS)

6 9 10 'I

I I I I

, hart at the frequency of

5 6

I I

1 X 100
T X F

2 , ,

I I I I

± error %

finu resolution dr{d J(! ufdC-y Oli vertic-al axes.

'vvhere T '" the tirne of one tinic interval in seconds and

F ;;.; the inteiliai fruqueili.,y iii 1It,rt/

For tilTie interval, the best resolution and smallest ±1

count error is obtained by countinq the highest internal

frequency

Lile inp,,; t .')]9r',01 Gei the; hor" ,:::,C.it~j:

fir(;t liI:;I''-;'" Uf' uf

frequency of 106 HI (on the horizontal axis), go vertic:allv

Figure 3.7 shm','s the resolution and the accuracy in

perceni for both frequency and period triodes_ it also shows

the frequencv at which the register overflows Clnd the spill

lamp turns on. 1'0 obtain rndxinlulTI resolution of a

high-frequency signal two measurements can be carried out

by first flleasuring the 111ost-signific('jllt cJigits or a short gate

and then obtaining the iiidXi,"Ui l rcsolutio!"i on a very long

gate.

,f

±( 1 count + start-and-stop-mput trigger

error)

±( 1 count +- error in manual operation of

pushbutton)

Remote Count I
Manual Count

rlumher of tirr;,c intervals couflted, If ali nulsps within the

gate arc counted except :hose at the lit:y!I!lliny drld at The

IS 10. In these three instances, Hie cOIJnl COu)(j De 11 1001

9, therefore, the correct readin9 IS fO±l !:ount

For frequency, the resolution is greatest, and the error

caused by the ±1 count arnbiguity is snlallest, when the

iargest number of coums~et accurm:iJted in the reyistt:r, su

that the percentage accur]ry r3used hy the ±1 count error

is

3.12.2 The ±1 Count Uncertainty.

In all digital counters, frequency is measured in terms of

pulses representing the signal lero c:rossings within an

accurately established tiine interval c:alied the gelle. 'v\fhal

should be rneasured, to define the frequency, is the precise

number of tirne intervals representative of the unknOvvn

frequency that occur \'vithin 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 varies very slightly in tirne,

like 6t in Figure 3-6, and It both pulses at the ends of the

gate arc counted. the count IS 11 even if the actuai total

number of intervals is 10. If all the pulses within the gate

are counted except the one i'lt the beginning or at the enei,
1he (~ount \A./ouio OP in ;,tnri \N()ldri <lllle"{;!)!II)!l1 lhe lOiil~(l

1 X 1nn

F X G

I;" -r.- ..,-L.'
GATE TiME

where G = gate length in seconds and

F "" the frequency of the IT"ieasured signal in hertz-
Figure 3-6. Variations possible in coincidence of zero
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
aUENCY modes. Within the white area resolution ~,
ts highest in the FREQUENCY mode. The l·ms GATE >- 0011--........-;,
TIME prevents spill-over at the highest counting fre- ~
quency; for period measurements, the loo-kHz coun- ~
ter clock permits up to 10$ periods to be measured ~OOOI
without spill-over in the 5-digit counter, while the c(

lOs .peRIODS control permits parts-per-million res·

olution at an input frequency of 1 MHz.

'0 1--'*---->;.__--'%

r-:=;'~H~'~::;';O~~~~=~~:::~.~..:..~;-.l.""',oi...--~~,.-"--~;JIO-'L 100 I kHz 10 to
INPUT FREOUENCY

up to first diagonal intersection, at 10-s gate-time. to find
the resolution to be 1 X 10-7 or .00001% accuracy. At the
next intersection, 1 s gate-time.the resolution is 1 X 10-6 or
.0001% accuracy. The same resolution and accuracy can be

obtained in the PER 100 mode. using the opposite diagonal
and measuring 10-MHz 10.1-1lS1 internal signal for lOs
periods.

The error in seconds can be ex pressed as

2 Vn
triggering error = t>T =-S-

3.12.3 Trigger Errors Of InpulS A and B.

The accuracy of a period or ratio measurement is
affected by trigger error. This 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 Figure3-8l.

where

S = the slope of the input signal at the triggering
jX>int in volts/second and

V n= peak value of noise voltage.

Or, for a sine-wave input with triggering at the cross·
ing of the zero line

Vn
error in period measurement = ± V

1T. s.n

SIGNAL· LEVEL
UNCERTAINTY

IlVI'I)

I
TRIGGERING ERROR I

;----Ln )1

Figure 3-8. The measurement uncertainty region
for a digital counter.

where
Vn = peak value of noise voltage,
Vs = 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.
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Table 3·11
ERRORS IN PERIOD OR RATIO MEASUREMENT

PERIOOS OR RATIOS AVERAGEO SETTING
Signal-To-Noise

Ratio 1 10 10' 103 104 10'

20 dB 110 1) :318.10-2 318.10' 3.18.104 3.18.10' 3.18.10-0 3.18.10-'
40 dB 1100 1) 3.18.10·' 3.18.10-4 318.10·' 3.18.10-6 318.10-1 3.18.10-8

GOdB (1000 1) :318.10-4 3.18.10-' 3.18.10-6 3.18.10-' 3.18.10-8 :118.10-9

80dB 110,000 1) 318.10-' 3.18.10-6 3.18.10-' :118.10-8 3.18.10.9 3.18.10- '0

Note: Applies only to sine-wave inputs.

For A input, the counter's internal noise is typically 75 tlV
pk, or, so that the llT triggering error in J.LS can be

!atm. The osciHatorfr0.:]uer'j(~Y drifts with ,'1([",hll"n1 tern

[Jerature, line voltage variation, and aging Details are
expressed :JS

'INhere S "'" slope V/fJS

For input B the internal noise is typically 660 j.1V pk and
the triggering error

where S "" slope V /IlS

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

3.12.4 Time-Base Accuracy.

The accuracy at frequency, period. and time·interval
i11CClSurf:;rn(;nts is attw'ted r:)y tlme·base accuracy, which IS

dependent upon the stability of the internal crystal oscil-

3.13 START AND STOP INPUT

3.13.1 Operating Levels

The input is energized by a zero level, or contact·c!o

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 capability 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 Vol13ge Rating

Dc Levels. The input is protected by limiting circuits
consisting of a son series resistor and limiting diodes
Thus, for one levels < +12./ \I and zero levels> -7,7 V, no
darnage can occur

Pulse Commands. For narrow pulses the voltage rating
can be much greater, For instance. wilh a 1% duty-ratio
puise, the one levei can qo to +75 \/ and a zero level can ~jO

to 70 V.

Table 3-12
MAXIMUM RESOLUTIONS FOR IDEAL SINE WAVES

PERIODS OR RATIOS AVERAGED SETTINGS

IV

10 V

!yh)" 7"110 '0
I

. I .,
2 X lOw 1 2 X ';0- j

2XlO '1 7XlO 12

/ X lCJ 1.',

2 X 10 9

10' 10" 104 105

2 X 10' 2X 10-6 2X 10' 2X 10.8

') X 10. 6 7 X 10 7 2 X 10-8 2X 10- 9

2 X 10 8

;2 X 'iU 7

100 V

10 mV 112 X 10
3 12 X 10

4

100 :~.:\/ J) 2 X 10- 4 ! :2 X 10-5

II I
Ii ,.., X 1 fl- 5 I 2 X 10-0

I
'll' .', X l'(V

J
_' II

L "2XI0'

I 2 X 10'

INP~UkGNAL II I 10



To find the rnaximum safe zero level, VI, if the one

~vel. V 2 , ~ +5.7 Vi use Figure 3-9, after first computing
the duty ratio, ("",,~l_I_), using tl as the time duration at

t l + t 2
the VI level and t 2 as the time duration at the V 2 leveL

If Viis known

(~50 III
V 2 max =

Double Limiting. If the limiting circuit is active during

the V 2 level, as well as during the VI level, so that the

V 2 level ~ +5.7 V and the VI level also ~ -0.7 V, use

one of the equations below.

IfV2 is known

V, max=-(
·5.7)' Xl,)

-0.7.

I I I

~
V2~+57V~

-v,

~
~t--...

.............

~I
~

.>0.,.,.,.,
0.01 0,02 0,03 0040.05 "DUTY RATIO

0.2 0.3 0,4 0,5
"

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

4.1 BLOCK DESCRIPTION
4.2 INPUT CIRCUIT (BOARD BI
4.3 TIME-BASE OSCILLATOR (BOARD CI
4.4 DIVIDER CIRCUITS (BOARD BI
4.5 REGISTER CIRCUIT (BOARD CI
4.6 DISPLAY CIRCUIT (BOARD CI
4.7 BUFFER CIRCUIT (BOARD DI
4.8 PROGRAM CIRCUiT (BOARD BI
4.9 MEASUREMENT MODES

4-1
4-4

4-4
4-6
4-8

.4-10

.4·11

.4-11

.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.

--- 8 PERIOD ('0

-..,; !--A TO B il\iTfRVAc i()~",,1

iNPU T 8 U LS

iNPUT A

'No; 'T "

An
E~o

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 nil mbers was assigned to

each subassembly A new designation WT

(wire-tie pOint) replaces the customary AT

(anchor terminall- The letter before the hyphen

may be omitted oniy if clearly understood, as

within a subassembly schematiC diagranL
Examples B-R8 = B board, resistor 8; D-WT2 =

board, diode 6 The instrument may contain
A~Rl B~R'1 C:'RI anU D·Fn et< !\I\/\J\NW\J\J\J\f'

4.1 BLOCK DESCRIPTION.

4.1.1 Introduction. (Figure 6-3),

An electroniC counter counts elE~ctrical nulses, one at a

tirne. and displays the total. The total is equal to the rate at
"\lhieh the pub~s occur (for periud (; :;igndi:.;) !::uiL:~lit::J Ly

the time the counter is allowed to count (Figure 4·11

The tyoe of measurernent inada depends on the source
at the pulses and the source of control for the counting

GTOCT2 l I-~I _

wne I he pulse source can r)e the signal to tle flleasured

(input signal) or the internal lO-MHz oscillator (clock AUU 1';J..1-L.-l.1-I.1---L.....I--l-IL-L-11.-1
signJ!), The counting tin:c control source <:an be n:anua!!y
operated pushbuttons, the input signal, or the clock signal
!Table 411.

Figure 4-1. Relation of internal time-base signals to
the counting operation.
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Table 4-1
COUNTING·TIME CONTROL SOURCES

Measurement

COUNT

PERIOO
0.1 /lS

1 /lS

FRE·
QUENCY

TIME
INTER
VAL

4-2 THEORY

Counting
{pulse source)

Input A

Clock
110 MHz)

Clock
11 MHz)

Clock
1100kHzI

Input A

Clock
10.1, 1 or

10/lsl

Timing
(control source)

Manual

INPUT A

INPUT A

INPUT A

Clock

START
and

STOP

Count

(pulse rate X counting time)

Input A rate X START·
to - STOP tillle

Clock rate X input A
period X nUIT1ber of
periods averaged

Clock rate X input A
period X number of
periods averaged

Clock rate X input A
period X number of periods

averaged.

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

Clock rate X input
interval

Example

A 1~k Hz symmetrical square-wave
input signal is applied, the START
button is pushed, and, after 10
seconds, the STOP button is Gushed.
Count = 103 X 10 = 104 = 10,000.

A l-kHz symmetrical square-wave
input signal is applied, the count
starts automatically with one nega
tive zero-crossing and stops with the
next Count = 10' X 10-3 = 10"
for one period. Since each clock
period is 10~7S, measurement =

104 X 10" = 10-3 = 1 rns.

Using the l-k Hz square-wave input,
count = 106 X 10-3 = 103 for one
period. Since each clock period is
1O~p s, measu rement = 103 X 10-6 =

10.3 = 1 rns.

Using the 1-kHz square-wave input,
count = 10' X 10-3 = 102 for one
period. Since each clock period
is 10-5 s, measurenlent = 102 X 10-5

= 10 3 = 1 rns.

A 1-k Hz symmetrical square-wave
input signal is applied, the count
starts automatically and, if GATE
TIME is set to 1 s, stops precisely
10' clock periods 110' X 10" =

1 sl 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 time zero
and the time interval is initiated.
The next negative-going pulse fed
into the STOP input will terminate
the measurement (assuming that the
start pulse has been terminated),
2. Ground the STOP input and
feed a negative-going pulse with a
duration equal to the desired time
interval into the START inpJt
The measurement will start on the
negative-going transition and terminate
on the positive-going transition.



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

Counting
Measurement tpulse source)

RATIO Input A

(AIBI

Timing
(control source)

Input B

Count
{pulse rate X counting time}

Inpu! A rate X input

B period

Example

A 1-k Hz symmetrIcal square-wave

input signa! is applied to input A
and a 100-Hz pulsed input signal
is applied to input B. The count

starts automatically \r'lith one posi

tive zero-crossing of input Band
'. .~tUf)" VVIl(1 \rlto IleXl II Il\llllUer UI

RATIOS AVEHAGED is set to L
Count 10J X 10. 1 ::;; 10 L€

inout /\ is ten tirTies the fre-

quency of input 8

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 ted
through the AC·DC and A TTEN switches into the input

circuit (paragraph 4.2} and processed to form a pulse
output at the desired triggering threshold (negative-going

zero· crossing 1.
Input B. The iNPUT B connector is located on the rear

panel. A signal is fed into this connector for a RATlO

measurement or to phase lock the internal crystal oscillator
to an external standard of 1 MHz or 100 KHi. The input

signal is arnpiified and converted to a square vvave (AOUT

EXOi

4.1.3 Clock.

The clock signal {OSCi is the output ot a precision

5-MHz oscillator doubled to 1OMHz The OS(' signa! IS fed

into a doubler circuit for conversion to 10 MHz. This
10 ~..1Hz signa! is applied to a Schmitt circuit for processing
Into a square-\'\'iwe inC1uT for thi:-' l'i()(K divider Tile ti()(k

divider is a series of three decade counters that divide the

input IO-MHz signal down to output sigrlais of 1 MHz. 100

4.1.4 Timing.

Timing, in part, is contro,l!.ed by the time base. which

contains five cascaded decades. By means of the range

SWitch, the output (F igure 4- 1j frorn anyone of the

dec,ades can be selected as the output hurT, the t;iT,C base
ICTOUT21

Before edch measurernent, an lit:,') Duise presets aii

tirne.. base decades to 9, The first input oulse (GTOUT1) to

the time base. after the RE3 pulse is terminated. therefore.

sets all decades to 0 and produces an Output pulse from

8ach decade

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 IGTOUT21 tram 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 pulse occurs after 10 GTOUTl

pulses.

4.1.5 Counting.

The pulses to be counted (AOUT5) are applied to the

decade-counting registers, the counting reg,'sters count

then-i. and storage registers store the count

The stored count is applied to the display circuit, '/vhich

contains the decoders and readout tubes used to display

the count visually.

4.1.6 Display Time.

After a measurement has been compieted, a negative CG
pulse (Figure 4·2) IS generateell he negative CG tranSition

'"~C_~:}D[ I""~P'!'.'< I~}c!'.s ":IFl D'S""!'.Y IMfA". ,,,.

• •

if<

=tl
SET c' l)!Si'L.A,

SWITCH

Figure 4-2. Display timing diagram.
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triggers a clear pulse (ell and a transfer pulse (iF) that are
used to transfer the data from the counting register to the
storage register.

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

an RE pulse occurs, which sets the counting register to
zero, sets the time~base decades to 9, and resets the main

and counting gates in preparation for a new measurement.

The counting gate disconnects the counting decades from
the storage decades.

Trigger~Level Control. The trigger-level control on the
front panel (,L\,R21 sets the de voltage applied to the

reference gate input. of the dual FET. This de level change
is translated to the input-signal side of the FET, so that the

trigger level is varied at the input within the range of ±1 00
rnV. When the attenuator is used the trigger level can be
expressed as trigger level = ±(lOO)x attenuator setting in

mV, so that the trigg,~r levels for the range of attenuator
settings are ±100 rnV, ±1 V, ±10 V, and ±100 V.

4.2.4 SCHMITT CI RCUIT

The input amplifier consists of three differential arnpli

fier stages in cascade. At the input are a series resistor and
two lirrliter diodes used to limit the input signal. The first
stage of 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
arnplifier. The third stage drives the level detector, which

translates the input signal to a squared output with very
fast transitions. Typically, an input signal of 7 mV rms is
enough to drive the Schrnitt circuit.

4.2 INPUT CIRCUIT (BOARD B).

4.2.1 General.

The input circuit contains two separate channels, Aand 8.

INPUT 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 coupling. 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 INPUT 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 pulse.

4.2.2 Coupling and Attenuation. (Figure 64.1

The signal to be measured is applied to the INPUT 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 through
A-Cl, when it is set to AC. The signal is then applied
directly to the symmetrical trigger stage or through a X10,

X100 or X1000 attenuator to the symmetrical trigger.
depending on the setting of the INPUT ATTEN push·
buttons. The INPUT ATTEN pushbutton switches, B·S1A
and 8-S 1B, have four possible combinations of attenuation,
If both switches are left out, the attenuation is zero; if the
10:1 switch is depressed, the attenuation is X10; if the

100 1 switch is depressed, the attenuation is Xl 00; and if
both the 10 1 and 100: 1 switches are depressed, the atten·
uation is X 1000.

4.2.3 INPUT AMPLIFIER (Figure 6-8.)

The Schmitt circuit is a level dNector where the output
goes to a "1" state for input above a level V2 and goes to a
"0" state output for a level below VI' The difference
between V2 and Vi is called the hysteresis of the circuit.
When the hysteresis is translated to the input terminal, it is
typically 7 mV rms (20 rnV pk,pk). The srTlaliest signal
amplitude that will typically trigger the counter is 7 mV

and, if the attenuator is used, the counter sensitivity is 7
mV x attenuator setting, or 7 r'nV, 70 rnV, 700 rnV, or 7 V

for the four attenuator settings. The trigger-level control
can move the hysteresis within range shown in the previous
paragraph.

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

4.3.1 General.

The clock circuit generates a 10-MHz clock signal that is

counted by the register circuit for period or time-interval
measurements, or is used by the clock divider to obtain
precise time 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-iVlH; crystal-controlled

oscillator B·01. The frequency is adjusted by B·C3 and a de
voltage, VA, applied to a varactor, B-CR1. The capacitance
of B·CRl is determined by the VA potential, a de voltage
applied from the phase-lock detector.

The 5-MHz output from the oscillator is fed into a
buffer amplifier, B·02, and doubled at the collector of
8-03. B-04 is a level amplifier to lower the oscillator level
to an amplitude necessary to drive an integrated Schmitt

circuit. The output from B·04 collector is the OSC 10·MHz
signal. This signal is fed to an amplifier for translation to
square waves and then to the clock divider to produce
l·MHz, 100·kHz and lO·kHz outputs

4.3.3 Phase Lock.

The internal crystal oscillator can be locked to an
external frequency source having a frequency of 1 MHz or
100 kHz and an amplitude larger than laO 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

B circuit and applied to the pulse detector as EX01 and
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CORRECT FREQUENCY

fN
1 i I
Jill I

! i j

i r Ir

INPUT 8

LOW eLeCt( FREQUENCY

~1Vl
j j I

1\1\1\
iNPUT 5

PH

00

8- rC5
PIN 2

8- Ies
PIN 2

I!

i

119). '),

lL--hl

,---_nil..--_
! i !

~~-Lmc+==+-+----=i+=-
8-05 -~=-.J U U
COLLECTOR

B-lCS
a OUTPUT

b.::'<).:,0

a-05
COLLECTOR

a-rcs
o OUTPUT

a.

HiGH CLOCK FREQUENCY

Figure 4-3. Phase-lock diagrams for clock frequencies:
a. correct, b. low and c. high.

"'),'),

,VVI
f\f\f\

F )((1

INPUT 8

8*lC9
Q OU,I-'U1

'H

'0' ,,~=i~'1.-_fit ._.
COLLEC TORC.

is then c:onmared '"'lith the internal clock siqnal. PH, in d

phase detector, [31CJ The 1 r'}H/ nr 100 kH/ ir:tc~rn(i!

clock signal must ne selected by a redr panel uushbutton
switl:h.

Figure 4-33 shows the timing of the signals when the

oscillator frequency corresponds to the external frequency.

The PH signal switches B-IC9 to its Q state and the external

input signa! s'!'J!tches it ba,:k to the (5 state, 180 °later The

output waveform from this action is an exact square wave.

This waveform in inverted, integrated and supplied to the

v?lraetor diode The de value is aoproximately +45 V

Figure 4·3b shc)\NS thp rirning whf!n Tnp. internal dock

frequency is lower than the extt~rfldliy d~)pii(.'CJ iOlJ.. Sigl'ldL
rhe PH signal switches fj. i C9 to it s Q state and the

external signal returns it to the 6 state earlier than for the
('(Hrr-'('! fre!1iH'nc'y 1111'; ~Iqndi IS tilen inverTed and ifltt'-

grated before being applied to the varactor diode, The de

level is more positive tnan for the correct frequency,

causing the capacitance of the varactor diode to be

decreased and the internal clock frequency to be increased,

bringing it into lock with the external signal.
i= 19ure 4-3c shows the case where the internal clock

frequency is higher than the externaHy applied frequency

Thr nhAsp"lock irc\li1 novv' produces 3 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 until it locks With the externally
applied signal

THEORY 4-5



Table 4·2
TIME·BASE ACCURACY

Temperature drift ±Orift With

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

INTERNAL 0° . 55°C O°C . 55°C <2 X 10-8 <1.5 X lo-'/month
OSCILLATOR <3 X lO";'C <5 X 10.6 •

EXTERNAL LOCK 0° - 50°C 0° . 50°C <1 X 10'" <1 X 10" a/day
SIGNAL <lXl0'";oC <1 X lO''';'C

° Q

"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

time-interval measurement modes is affected by time:base
accuracy, which is dependent on the stabil ity of the
internal crystal oscillator.

The oscillator drifts with temperature changes, line·

voltage changes, and aging. If the internal oscillator is

locked to an external stable oscillator, like the 1115-C, the
drift will be that of the external oscillator only.

The internal oscillator can be adjusted if maximum

accuracy is desired. The instrument should first orerate for

1 or 2 hours in the environment in which it is used_

Calibration. To set the internal crystal oscillator, use the
counter to measure the output from a known frequency

source and then adjust the internal oscillator until agree
ment is reached.

Settings. For frequencies >330 kH;. push the frequency

button and set the 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 the input s'lgnal 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 10.8 .

For a frequency of <no kHz, push the 011's period
button and set the number of periods to lOs. For a
laO-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 huterocJyned in a radio receiver against WWV and
adj usted for zero beat.

4.4 DIVIDER CIRCUITS (BOARD BAND CI.
4,4,1 General. (Figures 6·7/6·13,)

The time-base divider controls the timing of the counter
(the length of time the counting register is allowed to

count), The output is controlled by the range switch, which
together with the measurement pushbuttons, controls the

measurement characters, i.e., the unit of measurement

(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 count-down

the clock frequency, to generate the exact gate length, or to
count-down the INPUT A to determine the number of

periods counted, or the same for the input signal ~n 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 oscillator frequency
down from 10 MHz to 1 MHz and 100 kHz (all 3 used
as the clock for PE RIOD mode) and to 10 kHz for
FREOUENCY.

4.4.2 Decade Operation.

The time-base circuit contains five cascaded IC decades,
IIC36-IC40), the clock divider contains three IIC1·IC31,
each of the integrated circuits consists of four flip flops (see
Figure 4-4), The flip flops are connected in series and,

with feedback, count down 10: 'I. Each IS a normal J·K

flip-flop, in which the output changes only with a negative
going transition applied to the CP inputs, which occur only

when the output of the preceding flip-flop changes from 1
to 0

The CP input normally is a complementing input i.e.,

when an input pulse arrives, the flip-flop changes state, if it

was in the Q state lA, B, C, or D = 11 it changes to the Q
state lA, S, C, or 15 = 11 and lA, B, C, or D =0) or if it was

in the Q state it changes to the Q state. However, additional

signals are applied to the J input of fiB and to the Rand S
inputs of ffO to convert what normally would be simple

binary counting (division by 16) to 1·2·4-8 binary·coded·

decimal counting (division by 10).
Outputs. At the tenth input pulse, a decade produces an

output that is applied to the input of the next decade. The
input to the first time-base decede, IC36, is GTOUT1 ITBl

in the clock divider), therefore, the negat'lve output

transition from decade 1 occurs after ten such pulses. The
negative-output transition from decade 2 occurs after 100

GTOUTl ITB1) pulses, and so on. Since there are five

decades in the time-base circuit, the circuit can count down
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Table 4-3
DECADE COUNTING SEQUENCE

Input ffAll) ffB(2) ffC(4) fID(S)

Pulse A S C 0 Decimal Notes

none 0 0 0 0 (l C=O which sets S input
of ffO to 0 and prevents
it from setting to D.
0=0 which sets R input
of ftD to 0 and prevents it
from setting to 0: 0=1
which sets J input of ffB
to 1 and allows it to
set to B.

1St 1 0 0 0 1
2nd 0 1 0 0 2
3rd 1 1 0 0 3
4th 0 0 1 0 4
5th 1 0 1 0 5
6th 0 1 1 0 6 C=l which sets S input-

of ffO to 1 and allows
it to set to O.

7th 1 1 1 0 7
8th 0 0 0 1 8 C=O which sets S input

of ffO to 0 and prevents
it from setting to O.
0=1 which sets R input
of ffO to 1 and allows
it to 0:
0=0 which sets J input
of ffB to 0 and prevents
it from setting to B.

9th 1 0 0 1 9
10th 0 0 0 0 0 o is set to 0 directly by

A.
8 land therefore C) IS
prevented from setting
to 1 by the 0 level at
at the ffB J input.

GTOUTl by up to 10'. The clock divider starts with a
10-MHz signal and divides it down to 10 kHz. by a factor of
103

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

4.4.3 Timing.

Range Signals. The output from the last flip-flop of each
decade (0 TOUT 1 - OTOUT 5) is connected through the
range switch. to the main gate flip-flop input-CP terminal.
as GTOUT 2.

Timing Signal. The outputs of all the time-base dividers
are connected to C-51 and leave the range switch as the

GTOUT2 signal. At the end of the dISplay cycle. a reset
pulse is generated. RE3. which sets all the time-base
dividers to 9.

The first GTOUTl pOIlse. therefnre sets all decades to 0
Since aU decades produce an output on the 9..Q transition,
and since the range switch always is connected to one of
the time-base divider outputs. except in time intervaL the
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
occurs a multiple of 10 after the first GTOUT1 pulse.

General. The range switch and measurement push
buttons automatically select the proper un'lt of 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 the 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

time-interval measurements is always ms; see Table 4A.
Behind the disk is a set of two lamps, one of which is

energized by the appropriate signal from the measurement
pushbuttons. Each lamp illuminates the proper symbol for
the measurement being m2de.

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 W.l, 1, and 10
jJ.S1. 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 energi/e 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 circuit contains a counting register that
counts the pulses applied to it and a storage register that
holds the count while the counting register proceeds with
another measurement.

Table 4·4
CHARACTER INDICATION

Period and Time Interval

Frequency 0.1 }JS 1.0 j.J.S 10 }JS

Range Decimal Symbol Decimal Symbol Decimal Symbol Decimal Symbol

100/lS'1 02 MHz D4 ms D3 ms D2 ms

1 ms' 10 D3 MHz D2 IlS Dl IlS D1 Iright) IlS

10 ms, 10' D4 MHz D3 IlS D2 /lS Dl IlS

100 ms, 10' D2 kHz D4 IlS D3 IlS D2 IlS

1s, 104 D3 kHz D2 ns Dl ns D1 Iright) ns

lOs ' 105 D1 Hz D3 ns D2 ns D1 ns

TIME INTERVAL - - D4 ms D3 ms D2 ms
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flip-flop can go to the opposite state if the outPut of

transfer gate G3 goes to °state. Then, the output of G1

goes to 0 and the output G2 goes to "'"
Transfer gate The flip-flop is (J 2 input N/\ND gate, \.·vhprn

one input is the transfer signal, TR1, and the other is the

output of the counting decades, \/Vhen TR1 goes to the 1

stntp nnd the countinq 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

el2 is always in its °state and the transfer input TR1, 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
oj transter gate {_;,) is () As Ci i dfl(J G3 dl e \~UiH"::<', lc,j ;;".

paraLle,l, The O~}l!l~,1 (if 0,1 j<; 0 <ind outuut of G? s 1, and the

input to G2 is O. The stur'age flip-flop has the sarm.' state: as
the ("ounting filn flcm if the countinn flip-flop goes to its 0

state, the output of G3 is 1 and it will no longer pull down

the output of G1, so the storage flip-flop will go to its

natural state. With CL2 in its 0 state the output of G1 is 1

and, as G3 output is 1, the input to G2 is 1 ane the output

goes to O. Thus, the storage flip-flop has the same state as

the counting flip-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, TR1, is connected to the transfer circuit and it

is always at 0, except during the display cycle, and the clear

inplJt CI7 is always I, except illS! in the beginning of the

display cycle. During the count cycle TR 1 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 el2 goes to 0 and TR 1 (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 G1 is 0, the output of G1 is

1 and G2 is O. the same as the counting decade. At the end
of the displav cycle, TR 1 goes to 0, whlc:h shuts oft the

transfer g3t8, so the previoll'-; result is stored in the :;toragc

flip-flop through the resettlnq of the counting de:::ades and

Figure 4-5. Storage register operation.

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 tim0base
circuit (paragraph 4.4_2l, with the exception of the

di'fferences explained in the following paragraphs,

Input Decade. The first, Of in(.iut, decade consists of two

les instead of one, C-1C41 and C-1C27. The counting

register must be c:apable of operating up to 50 MHz, but the

normal Ie decades do not operate at that frequency under

typical conditions. Therefore, 3 75-MHz flip-flop IS used at

the input, v\/hich divides the input signal by t\/','·o. This
('-1r41 n,npfntes ,;n the sanw manner as flip flop A

in the norrnal decade.

Decade Outputs. Only the outputs from the last HilJ-flop

(0 or 8-weightedl are used from the clock decades, but the

outputs trorn all tllp·tlops are useo froln the CUUlllH'ig

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 RE3 signal from the program circuit
sets the tirne-t}3se decades to S). Reset signals REl and
RE2 are applied to the opposite resetOiJtpul of the counting

register decades and sets them, instead, to O. An RE2 signal,
concurrent with RE3 and also from the reset circu it,

sets the input flip-flop to O. Thus, before a measurement,

all counting-register decades are set to O.
Input The counting register counts the AQUT5 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 oeriod 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-flop made up of two

cross-coupled NAND gates. These storage flip"flops can be

connected directly to the counting decades, Via the transfer

gdl8S.

in the non-s1c)ldUt-' IrH)(ie the transrer qutcs are 3.II.'.'avs
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 Jisj.Jlay t:IYi8S VI/hilc driving the reset and

counting times, they are disconnected from the countmq

decades, storing the states tram 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 + :) V through a 6-kr2 resistor.

If twO outr1uts dr€ connected in paralld and anv tv'/o

transistors Wfn ali, the: UUqJUl g0t::S to the "0" st;:::t;: J!",;d

changes the state at the fllp·flop.
Thus, jf el2 goes to the °state. the output of G1 goes

to the "'" 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

L.OGIC C!RCUIT
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I
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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 G1 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 TRl
pulse reads in the new data. After the TRl pulse, the
transfer NAND gate is inhibited and prevents any further
changes in the decade outp.Jt from affecting the stored data
until the next jam transfer. Note that with jam transfer the
storage register changes directly from the old data to the
new data with no intermediate step, such as a zero-set,as is
common in many storage-type counters. Advantages of jam
transfer are less rf noise from the counter due to readout
tube switching and less noise in the output data.

to the appropriate cathode of an associated cold-cathode
gas·readout tube IC·Vl through C·V71, which ionizes the
surrounding gas to illuminate the proper number.

Decimal-Point Signals. The decimal-point signals are 01
through 07. The proper decimal point is automatically
energized by the range switch and measurement push
buttons (paragraph 4.4.3)

4,7 BUFFER CIRCUIT (BOARD Dl. (Figure 6·15.1

4.7.1 General,

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

4.6 DISPLAY CIRCUIT (BOARD cl. (Figures 6·11/6·12.)

4.6.1 General.

The display circuit converts the BCD data from the
register circuits to decimal data and applies 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 8CD data IE 11 through E78)
from the storage registers are applied to an associated
decoder IC·IC42 through C·IC481 In the display circuit The
decoders convert the BCD data to decimal data and apply it

4,7,2 Operation.

Buffered Data. Signals 011 through 078 are the outputs
from the buffered-data circuit that consists of five Ie'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
OTL integrated circuits with a driving capability of 5 V
behind 6 kSl for a 1 state, and a maximum of 0.4 V with a
current-sinking capability of 9 mA in the 0 state.

The BCD data IEll through E7B) from the storage
flip-flops is applied to the buffer-circuit inverters, is
complemented, and emerges as BCD data 1011 through
0781, which is applied to the DATA OUTPUT socket.
D·Jl.
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Print Command. A print command (PGT) is also

available (paragraph 25"3) that is a buffered and inverted
CG signal from the program circuit. PGT is 1 for display.

PERIOD 0.1 fJ-S rnode, for exarn;Jle, the old data is erased

\'>.,chen ;:1 reseT r uise. is qr:nerawd the counter

is in thi' FRFDUFhJCY niode. dS the PEr~ICJL) 0.1 fJ-s

pushbutton IS defJreSseo. the F Ii [QUENCY pushbutton

becomes unlatched. The unlatching causes signal RA 1 to

beCOlne ungrounded, turning on B-031, and changing RA'
frCin the 1 to the 0 state The negative transition of RAl
rnakes the base of B·023 go to the 0 state, turning on

B-023, When 8-023 goes on, a 1 state appears at the 8-IC5
input, causing a negative-going RE signal, the reset pulse

The reset-pulse duration will be the charging time of B~C26

(94 kD X 11lFI "'10 rns" or the time that it takes to latch

the PERiOD 0.1 J1S pushbutton tgmunding DS2, thus

turning on 8·031 anej raising RA 1 to the 1 state),

i he advantage ot thiS systel11 IS that the lirst rliedsure

r11cnt made in the new inode will be a meaningful anS\iver

This is esner::iallv imnortant when going to thE' COUNT

fllude. since m8cHlingful rneaSUrCllTCnts shouieJ start when

the COUNT button is deDressed. vVhen operating the

COUNT button, no reset pulse is produced, therefore,

greater than 10 s. The HOLD position of the DISPLAY
switch produces an infinite display time

Manual Reset. When the manual RESET button is

pushed, a reset pulse is produced with a duration equal to

the time the button is depressed, This is accomplished by
causing RM to be zero (ground). thus, turning on B-023
anel t),IC!J to produce 3 reset pulse (HtJ :Jlfnultaneously, a
clear pulse (eLi is applied to the storage flip-flops,

generated by the rnanual-reset button.

A reset pulse will also be generated when any of the

rneasurl';:fnent nlode pushl)uttons are released, The pulse will

reset everything in the counter except the storage flip· flops
n,,:~ '\'h,?n h,::,," ~~:.' ;::8~(JI_H;f\JCV ''''.:'J(~' ~,~;

is 3 negative-going fjuisc.

~csct ancJo

;=:2.5fJ.s 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 (8-IC8) and through the

STORAGE ON-OFF switch (B-S2Bi to all the transfer gates

in the display circuit The 1 level of the TR pulse opens the

transfer gates (TR1 at the register circuit) and the numbers

accumulated in the count registers are transferred into the

storage flip·flops_ The 0 level of TR prevents any further

changes in the counting register frorn affecting the storage

flio-flops. TR 1, is in 1 level during the display cycle and at

Storage Disable. When the STORI-\CJE: OI\J OFF switch
(8-S28) is depressed, the CL 1 signal IS set to the 0 state

and TR1 is set to 1 The sluragelilp-flops continue to up

grade their contents to the contents in the cOlinting

register, Since the transfer gates remain in the 1 state

4.8.2 Store. (Figures 6·4/6·9.1

Clear. At the end of a measurement, CG goes to the 0

state. The negative transition associatedvvith this change is

fed trrrallgh a differentiating ne1vv'ork (£1,-C2:"3. RCP.20) Gnd
a DTL inverter 16-le5) into the input of a power gate

4.8 PROGRAM CIRCUIT (BOARD B).

4.8.1 General.

The pruyrdlll cilLuit generates the store signals used for
the janHransfer function, the reset signals used to control

display time. and the print-command signal used to initiate

external devices.

is df'I:lrr~ssed when the DISPLI-\ Y switch is in I·!OLD If the

thcddta-hand:irlq (:Cii,iiii: 'nil

of external devices s Jch as c)rinters and OTher nieces of

General. The (jlsniilY tlmp is the Tli"l1f, hpiween :T!(,~;'JSljr('~

1n8nts, from the lime the Illain gate closes to thf~ tirne the

reset I:lulse occurs I r'll$ muSt i)(! aOlus'[atJle to allOw

4.8.3 Display Time. (Figure 6·9.1

4.9 MEASUREMErH MODES. (Fifjuree 6"3/6-4/6·9.)

4.9.1 General.

[;c UUSCr\iVO ill tilL: '>;'ISUdl lic}qiSli:1

Circuit Ooeration rr f' ;,"';, 'j,

sl(jnai qOt:'s W U, \\'hicr. ausc's the Ii'; SiCJl'idi to iJSSij the

state drvJ :nitidtc the displav ti nq iit (Fiqurc 4

i (HI tii)1

potc'nu()!nrter. \i\/hen bC.!~ has fQd ;hen ~+i U \i, Iji---!j 1,

r~-C.!):; dlHJ h·C;;;; IIJlII (Jil IH\;\]iJiIIIU ct fl-v~l \'iil\'· iil,d 1\

\ In'; ',iF

r EP\i (\ I

displayed

In the count mode. no dec:irnal points (ir units are

disU'kirges tOv\iarcJs gwuncJ Hlrough U (J)O dnd when the

GlDC:lc!tor voit?QP QPTS dnwn Tn ::::::+4 V the' fP<Pt n! iisp

turns off The width of the reset pulse is c:::{JOO fJS and the

charging tl!Tie ot the capacitor can 1)e \/ar:e(j rrocr, lOn,s to

they also

4.9.2 Count.

the unit larnfiS In the Visual cJ!splav
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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 enerqizing the COUNT·button func·
tions. At the same time, RE goes to the 0 state, resetting
the whole counter, except the storage registers. This ensures
a correct first reading when the count mode is used.

Start. When the count button is depressed (START,
Figure 4·7), ST goes to a and the main·gate output signal
(MGI goes to 1 (gate open). At this point, the counting
decades start counting the INPUT A signal AOUT5. The

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

Stop. When the COUNT button Is released, SPl goes to
oand the main gate is turned off. This stops the count and
generates the transfer and clear pulses, transfering the
counted result into the storage flip-flops for visual display.
The visual display will remain for the 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 other), set the
DISPLAY switcb to HOLD This will prevent a reset pulse
from being generated, except when the RESET button is
pushed

4,9.3 Frequency.

Quiescent. In the FREQUENCY mode, decimal points
Dl, D2, D3 and D4 (Table 3·21 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 FREQUENCY pushbutton is depressed,
the circuits are interconnected as shown in Figure 4-8. The
GATE TI ME (rangel switch can be set for gate times
between 100 ps and lOs. The illustration shows a l·ms
setting.

Start. At the end of the display time, or by manually
depressing the RESET button, a reset pulse, RE, (Figure
4·91 is produced that sets the count gate flip·flop to Q,
opens the count gate to allow GTOUT 1 pulses to be fed into
the time-base dividers, set~the counting decades to 0, sets
the main gate flip~flop to Q, and sets the time-base dividers
to g. The first GTOUTl pulse, which comes through the
count gate into the time-base dividers after the reset pulse
has terminated, sets the time-base dividers to 0, flipping the
main-gate flip-flop to the Q state, thus starting the

I
I

I
I
I
j
I

I

STOP

iRrET

J I,

ur----'---"~-.-,,

START

AOUT5

,
,

j
Sf ---,

I

I

'" ~
I
I,
•

MG --.J
!

C-IC41
Q OUTPUT!...._..,._.J

TO
COUNTING

ADES
C27 TO
CD

DEC
C-l
C·!

COUNT
GATE Q 1ST 0

~GTOUTI TIME-BASE SETS COUNTING
C-IC4

I DIVIDERS CD FF SO
CG

B-rC7 1 , CR J
(I) (10) I~IOZ~ 1~10'~sl:,104) l~/o~) I '(100/-" lms 10ms lOOms 1$ lOs

GATE TIME L1RANGE SWITCH) i---' ACU

MGf--

Q 0 Q Q

COUNT
8-IC6 8-IC6

MAIN
CD GATE SO CD GATE SD

FF FF, CR J , CR J

SET ILSE GTOUT2
RE
Pc

Figure 4.s. Block diagram.
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-HI- -.-JHI-__

STOPSTART

.J

MG

TiN I

G"'-:)UT2

Rf

measurement and allowing the first counting flip-flop to

change state in accordance with the input signals from the

INPUT A circuit (AOUT5). The output of the first
counting flip·flop is fed into the rest of the counting

registers.

The TIN 1 input signal is a lO·kHz signal (1 OOfJS) ,derived
from the time base oscillator by the internal clock divider

that is counted in the tirne-.-base dividers.

Stop. When the first divider goes back to 0 (this is only

for the l·ms gate time), the main·gate flip·flop returns to
the Q state. This prevents any more AOUT5 pulses from

being counted and sets the count gate flip-flop to Q,

preventing any more dock pulses (GTOUT1) from entering

the tirne-base dividers. This terrninates the rneasurerrlcnl.

4,9A Period IFigures 4·8/4·10,1

The A input is used to stop and start the counter while

the internal clock frequency (10 MHz, 1 MHz, or 100 kHz)

is being counted. The period time interval button can be

locked at .01 ps, 1 ps or 10 j1S and the range switch set

frorn 1 period to lOs periods. When a reset pulse arrives

from the reset circuits, it sets all the counting decades to 0
and the time-base decade dividers to 9. The main-gate flip

flop is set to Q and the count·gate flip flop to Q.

The first pulse coming from the input circuit AOUT, is

applied, asr IN1, through the pulse-forming network and

the open count gate (le7), to the time-base decade-.-divider

chain, settinq the time-base dividers to 0, This output

(GTOUT2) is brought back into the main-gate flip flop,

IC6. which is set to the G position. Thus, signal MG goes to

0, dllowing the counting flip flop, IC41, dnd the counting

decades to count the time-base signal be it 10 MHz, 1 MHz

or 100 kHz.
Further pulses corning from the input A circuit (AOUTj

are applied to the time-.-base decade divider and, if the range

switch is set to 10 reriods, the 10th pulse after the start

I I
r 5T
COUNTiNG
FL!p-FlOP
OUTPUT

Figure 4-9. Frequency·mode timing diagram.

pulse sets the main·gate flip flop (le6) to its Q position and

also sets the count-gate flip flop to its 0. position, turning

off the count gate

rhe number of oerlods counted is determined by the

division rate of the tin'le-base divider, which ranges frorn 1

to 10s

4,9,5 Ratio AlB IFigure 4·11).

The ratio AlB mode is very similar to the frequency

mode 'lvith the exception that the internal time-base is

replaced with the 8 signal app! ied to the input 8 channel

PO'," _I'---.L~_.!--l--'--'--'--...L-J..--'- _

GTQUT2 ~~ -'

MG ---.J
i ! I I I I I I I I I I I I I I i I I I ! I I
Ii! J I I ! ! ! I j j i ! j j I j I j I I !

Figure 4·10. Period mode timing diagram.
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NPUT 8

T'';'

GTOUT

GTOUT2 I
RE n
MG ~

AOuT5

1C41 0

Figure 4-11. Ratio mode timing diagram.

The signal applied to input 5, after being amplified 1061,
is put into a threshold device {07/08} for translation into
pulses, When the RATIO 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 IC41,

The reset pulse IREI sets the counting decades to °and
the time-base divider decades to 9. Simultaneously. the
main,gate flip flop, IC6, is set to is and the count gate flip
flop to 0, opening the count gate, The first pulse of TIN 1,
after the reset pulse, that passes through the count gate as
GTOUTl sets the time-base dividers to 0, and opens the
main gate, IC6, starting the counting of IC41 and the
counting decades.

When an increment of 10n pulses of GTOUTl ,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 time-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, l·MHz, or 100-kHz internal time-base frequencies,
depending on which of the time interval push~buttons is
pushed. The reset pulse terrninating the display time
sets the main,gate flip-flop toQ. The negative pulse applied
to the start input sets the main-gate flip,flop IIC61 to 0,
opening the main gate and letting IC41, and the decade
dividers, count 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 Q. If the next start pulse arrives before the reset pulse,
the start pulse also sets the count gate to Q. 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 pulse can also be
measured by permanently setting SP low. Then, as long as
the START input (or ST) is low, the counter is counting.

AOUT:,

~""-COUNT ---- ITOTALIZE COUNT

MG ~

RE Jl
rC41

Figure 4·12. Tim.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
flip-flop, IC6 and it in turn opens and doses the main gate.

To energize the main gate, the staft input must reach the
low level, V 1 < +0.3 V. For the stop input to tUfn off the

rnain gate, it f,:Ust approJch the !O'.',' level V I ,0:( +0,3 V. For

both start and stop inputs, the external circuitry must be
able to sink 6 (I"la. I f the start input is not terminated when

the stop input is applied, the start input overrides the stop
input and, if both are applied simultaneously, the r11ain gate

turns on at the beginning of the start input and off at its
terr-nlnation

For the signals to be tenninated, the inr>ut must be high

V? >- +2 V. The: inputs have an internal 4.7k£1 pu1!-up

resistor to +5-V, thus no current capability is necessary.

The input operates without any further 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

Vi ~ ·0.'7 V and V 2 >- +5,] V, an internal lirniting circuit

becomes operative. It is a 50·n i·W series resistur with

diodes, connected to +5,0 V and grounu. The 11lClxirm,Hli

input is limited by the power dissipation of the so·n
resistor. Dc level inputs lasting in excess of 5 s n1Ust stay

within the range V 2 <+12.7VandV I ;?7.7V

For narrow pulses. the average power cJissi!Jation rnust
ho <' 1 \N in thp l';rLO rp<:i<:tnr I")ntiJilc:; c:overinn sDc<idl

operating problerns associated with this circuitry are given

in paragraph :;,1 J

THEORY 4-15





Service and Maintenance-Section 5

5.1 GR FIELD SERVICE.
5.2 INSTANT RETURN
5.3 MINIMUM PERFORMANCE STANDARDS
5.4 TROUBLE ANALYSIS
5.5 REPAI RS

5-1
5·1
5·1
5·3
5-6

5.1 GR FIELD SERVICE.

The h\io·year \I\iarranty attests the quality of matcrials

and workmanship in our products When difficulties do

occur, our service engineers will assist in any way possible

If the difficulty cannot be eliminated by use of the

follo'u'Jing service instructions, please write or phone our

Service Deparunent (see last page of manual), giving full

information of the trouble and of steps taken to remedy It

Be sure to mention the seriai. 10, and type numbers of the
instrument.

5.2 INSTRUMENT RETURN.

Before u'~turning an instrument to General RadiO tor

service, please contact our Service Department or nearest
DIstrict Office requesting a ". Returned Materiai" nurnoer

Use of this nurilber will Qnsure proper handling and

identification, For instruments not covered by the warran

ty, a purchase order sho'dld he forwarded to avoid

unnecessary delay.

5.3 MINIMUM PERFORMANCE STANDARDS.
5.3.1 General.

self-check procedures ot paragraph 3 i The procl"dur8 rnust

L)e followed In the orcJer given to nrovloe a srnooth

r:heckout orocedure In the ENent of failure, consult

NCill

The readouts are given in relation to a seven

digit counter. Some readings on a five or six

digit c.ounter may cause the SPi L. L light to

illurninate

5.3.2 Internal Test.

The 100-kH/ internal test can be oerformed as follows

a. Apply power and depress the FREQUENCY and 100

kH/ TEST hUT tons and chc(;k That ail other pushbultUflS,

front and rear, are not demcssed

h, Set the G/\TE TIME to 10 $, Note that the "I--IZ" lamp

IS illuminated at the right-hand end of the display window.

c. Set the DISPL/\Y control to is

d, The digital indicators should indicate 100000_0 Hz

after lOs
e Rotate the GATE TIME control to Is. 100 rns. 10 rns.

I rns, and 100 JlS and note that the indicators read the

equivalent of 100 kHz In each position (S()C Table 3-2). An

on-scale indication for a six-digit counter will occur at Is;

for a five-digit at 100 ms

5.3.3 Storage Mode.

When the rear-panel STORAGE switrh is not depressed.

the counter is iii the storage ~!;()de. This was evident in

raragraph 532, step g, when the digitS remained stationary

and didn't cycle frorn zero to nine during the 10-s lOO-kHz

ITiC3SUrCrT1ent. Depress the STORA,GF switch and set the

C.;ATE TI~/1.E to 10 $. Note that the digits do cycle from

zero to nine during a measurement and that the word

COUNT illuminates at the left-hand end of the display
Window.

5.3.4 Display Time.

Lheck me dlsoiay WTie as fOllOWS

sure the DiSPLi\ l' switch IS st11i set to 1 s

Rnt::lt( the' niSPL /\Y ~;'N!rdi to 10 S 2nd observe that

the ulspiay unit: is JPfxoxirnJwiy iO s

,j FjoWte the C)i,'~PlAY SVv'itir; to the i 0 ITiS nosltlon

and observe a barely percept1bit; cJls~}lay tune, approxi
iTlately 10 IT,S

Observe that the count holds in the display tubes

5.3.5 Reset.

10 che::k the reset cirCUIt, unlatch the 100 kHI I CS i

pushbutton by depressing and releaSing it Push the RESE1'

button Oli the front panel and note thJt Jil the digits rCJd

INO and that the COUNT lamr is extinguished

SERVICE 5-1



GR e74-RZ2~

PATCH CORD

GR 1808
RMS cr

METER

GP 776·A
PATCH COPD

GR 1003

GENERATOR

GR874-T
GR8 7 4-W508
LOA V

TE" "'-RO',/iX

'"

-/ARIAC

WSMT3WA

GR 1806
PROSE

"GR g74-G20
PADS

Figure 5-1. Test setup.

5.3.6 Frequency Measurement.

To check the frequency operation, proceed as follows
a. Set the DISPLAY switch to 1 s and 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 TRIGGER LEVEL control to the black
line. depress the FREQUENCY button. and make sure the
ATTENUATOR buttons are unlatched. The 1192 shouid
count the 1 kHz to within ±1 count.

NOTE

Slight adjustment of the TRIGGER LEVEL
control may be required to find the maximum
sensitivity point.

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

f. Connect the 1003 signal generator to the 1192; both
20·dB pads shouid be in the circuit. Set the frequency of
the 1003 to 1 MHz and the OUTPUT to 1 V rms, as
monitored 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 35 MHz. The counter should read 35
MHz ±1 count.

i, Increase the output of the 1003 to 3.0 V and set the
frequency to 50 MHz. The counter should read 50 MHz ±l
count.

5.3.7 Ratio Measurement.

To check the ratio operation, proceed as follows:

5-2 SERVICE

a. Depress the RATIO button (the FREQUENCY button
w'dl automatically uniatchl.

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

to the B·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·INPUT 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 100·mV level and set the frequency of
the 1310 to 100 kHz; the 1192 should again display
000100 ±1 count.

g. Replace the 1310 with the 1003 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 that goes to INPUT A and B on the 1192,

I. Set the frequency to 10 MHz and the output to 100
mV,

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

5.3.8 Data Output.
For counters with the optional data output, the output

levels can be checked with the general-purpose VOM.

Proceed as follows

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

b. Connoct the 1310 oscillator to the INPUT A jack.
c. Set the oscillator 888XXX Hz and measure the 8·bit

lines 1018, etc.) to be +5 V and all 1·, 2· and 4·bit lines
(Dl1.D12,D14.etc.ltobeOV. (Table2·2.1

d. Set the oscillator 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 line in both of its
states.

e. Monitor pin 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 IPGT) is high (+5 V) during the

display time alld then depress the COUNT BUTTON and
check that pin 24 is low (0 V) during the measurement
tirne.

5.3.9 Lock-Range Check.

a. Set the 1192 to the frequency rrlode and set the gate

tin'le to 1 s Inject a signal ~ 100 riiV rms frorn the 1003

into the input·A channel.

l" /\cJ:ust the lmy] for a reading on the 1197 of

1.000,000 MH/ ±1 (,ounl.

Observe that the regulator circuits of the +5, +15, and the

·15 V supplies hold within ±0.2 V

5.4.4 Oscillator Checks (Figure 6-71.
a. Remove the Data Output board (if the instrument is

equipped with this option) Refer to paragraph 5.5.3
b. Connect Channell of the oscilloscope to the output

of the crystai osciilator (B-R12, to ground) and depress the

1192 RATIO button,
c. Set the time base on the oscilloscope to 0.1 ,us/div

d. Look for ""2 V at 10 MHz.
e If necessary, adjust B-L2 for maximum amplitude.

NOTE

f) Prepare a tf>~q set-up as shown in Figure 5·1.

5:4.6 Internal Control Signals.
To verify proper operation of internal control signals in

the counter, a check of waveforms shown in the appropri

ate schernatic diagranls in Section 6 is recommended.

Detailed waveforms of tvpicai 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 F REOUENCY rnode push button, set the
C;ATE TII'v1E switch to 100 ITIS, and unlatch both attenua
tor buttons.

b. Connect an irljJut signal of 100 kHz to input t-\, horn
the 1310 oscillator, at 100 rnV rrns 3S measured on the
1HOH meter

c Set the triooN-level control on the front nanel to the

Typicai internal linle-tJdse Siglldi Wdve[orflls dIe

shown in the left-hand column of Figure 5-2.

'"idranqe position (blac:k line)
Ii if llf-'If-'SSdry .. ,-j,iill,,1 I.ilt-, H·R77 !JCIII'.cfllH)IIIHI'c( With (i

Sllidll suewdriver untii lIk~ IOuI1ttH reads 100 kH/.
(~ RefJwe thp (llrqHIt or thl" l:--nO while adplsting B·R77

to IYlaintain the 100 kHz reading. The minimum signal at
[rli:~ OUliinUiT; seltlllC1 or / / i:S :S;i U

5.4.5 Clock-Divider Checks.

a. Depress the 1192 FREQUENCY button,
b. Connect the oscilloscope to pin 14 of IC1 (TBli and

observe a 10·MHz pulse,
c. Move the oscilloscope to Pin 11 of lel, Pin 11 of IC2,

and Pin 11 of IC3, to ohserve 1-MHz, 100-kHz and lO·kHz
pulses, respectively. These outputs should have a 20% duty
ratio.

0,-3 and ~)A to iocale test points and

uositionJ. /\;;:'+; the siqnal froer: the 100] also to the input

B ,hdnllf':1 :;(~e FIqure 1 for Interconne:tion details

rL S!C\\/\'!V increaSE: thr~ vernier freqliPnry on the 1003

until the 1192 reading differs by ±1 count

e. Remove the IniJul to the B c;hannel and the counter

reading shouid be ;?:1,000010 MH/. Repeat step d for a

adjusl!'!ent in the opposite direction and

(ounter should reacl ~0999c)90 MH;

t. Latch Hle external tiine-IJase [)utton to 100 kH/ and

set the gate tip!e for 10 s. Repeat steps b through d tor 100

kH/ dlld read 100,0000 H! ±1 H;

5.4.2 Initial Procedures.

a Helease ttle twO capHve screws 3t the fedl of the

5.4 TROUBLE ANALYSIS
504.1 General

If IJnablp to ohWln the nertormance called for in the

1T1inir1IUIlI perfOf Inanee procedures of paragraph 5.3,use the

procedures that follow to isolate trouble to a replaceable

detail part. Hefer to Figure 51 for wstequipment connec

tion and to Table 5" 1 for suggested test equipfTlent. Full

circuit details and fmrts information, given in Section 6,

used in coni unction with the circuit theory presented in

Section 4,should facilitate repair

5.4.3 Power·Supply Checks (Figure 6-6),

d. With the Variac otf drK1 the i NCR t.ASE comrol ccw,

t:onnect the f)Ower cable frorn the 1192 to the Variac and

5.4.8 Attenuator Checks,

To check the operation of the attenuators in the input

circuit. proceed as follo'vvs

turn the pc\;ver s'ovirchcs un d. \,-Vith the l192 in the FRFQUE~,lCY mode. applY' G

b Gradu;:Jlly inrTPilSP rhA voltAge to 115 V while

monitoring the wattmeter to see that pO\.-ver does not

ex cccd '22 VV
Measure Hie +:l V regulated SUPPIV; iT necessary,

adjust R-R37 to get exactly [).O V (Fiqure 5,·3)
d r-\,~easure the +15,V and 15·\1 S!.!prlies; theV shnllirl

read +15 ±0.5 V and -15 ±0.5 V

e Swing the line voltage between 100 Vane] 125 V

la-kHz signal with the 1310 oscillator to INPUT A. See
Figure 5·1 for the set up.

h Set thr-: OiltPlJt uf tht~ 1::;10 fur 10 IIIV. as indi(~ated on

tile; i60b VUlllJiekl -./Vltfl 11U dllt:I;UdUUil iii lile 1192, a

steady 1O·kllz display should be seen.
e Derress rhp 10: 1 ?rtenuation control on the 1192 and

the display should be all zeroes.

d. Increase the output of the 1310, as ot)served on the
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TIME BASE SIGNALS CONTROL 8 DISPLAY INPUT CIRCUITS
INPUT A

TIN GTOUTI

li'\Iu'U
I

III
.. ! 1'1

~
A

0.5 II 0.1 P.5 1.0 V 0.05 p..5 VARIOUS 20.0jJ.s

5.0 V pk-pk

034-COL 0 TO 2.BV

025-COL

026·COL

TBI MG AOUT

1.0 V O.t p.s 1.0 II 5.0 ms 1.0 V O.5JA-s

TB2 CL AOUT5

1.0 V 0.2 p.s 1.0 V 2.0 p.s 1.0 V 0.05 165

TB3 TR INPUT B

5.0 V pk-pk

OS-COL S TO 15 V

07-COL 10 TO 14.5 V

06-COL 4 TO II V

1.0 V 2.0 jJ.S 1.0 V 10.0 ms VARIOUS 20.0jJ-s

TB4 EXO

1.0 V 20.0 p.1 VARIOUS 2.0 ms 2.0 V 2.0 /los

TIME BASE CONDITIONS:
DC SCOPE COUPLED INPUT
WITH RESPECT TO GROUND
PLANE COUNTER IN FRE
OUENCY OR PERIOD MODE

I. rC5-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

Figure 5-2. Selected waveforms typically found in a property functioning 1192 counter.
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Function

Table 5-1
TEST EQUIPMENT

Recommended
Type*

Minimum
Characteristics

R F Generator

Low Frequency

Oscillator

Metered Variac®

Electronic

Voltmeter
" ,--r, " "\ v ! v IVII

E!ectronic
Voltmeter Rf Tee

F~ (ns Voltmeter

Oscilloscope
IDual Tracel

Coaxial Pad

VOM

Coaxial Tee

Coaxial Load

Patch Cord
ICoaxial)

Adaptor
(Coaxial)

Patch Cord

"Or equivalent

GR 1003

GR 1310

GR W5MT3W

GR 1805
Iwith probel

GR 1308

Tektronix 454
IP5045 probeI

GR 874-G20 121

Triplet 530 NA

GR 874-T 12)

GR 874-W50B

GR 775-A (4)

GR 777-03

GR-874-R22A

57 kHz ~ 80 MHz; 1 ppm stability; 50"

2 H7 '- 2 MH7, ± 2% accuracy; 600S1

300W/150 V, full-scale, meters

1.5 ~ 1500 V full-scale, ± 2'-/0 accuracy

20 Hz to 1,5 GHz; coaxial, 50n

10 H,: -- 10 !v1H::, 1, 1''-0 accuracy full-scale

Dc to 150 MHz

50", 20 ± 0.30 dB

50"

50" ± 0,5%

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

3/4,in binding post to GR874@

GR874 connectors, 3 It,

+100

1808, to 100 -50 mV, at which time the counter should
again display a steady lO-kHz reading.

e. Depress the attenuation controls on the counter tor a

100' 1 setting and the display should become all 7eroes
agam. +1

t. Increase the output of the 1310 to 1 0 ··-o.S V, and look

for the counter to again rjispiHy a sTeady 10-kHz re2ldir\~J

5,4,9 A-Input Circuit (Figure 6-8L

Tn v(;rifIJ correct ooerat!on of the amplifier and wavp

snapulg stages in the if\lPUT PI, circuits

d, Arrange the eqliinrncnt as shown in Figure 5-1, using

the 1310 oscillator as a 10-kHz source; use the oscilloscope

to set the amplitude to ~5.0 V rJk·pk.
u. Set the 1192 controls for Ff\[OUE~~CV mode, 'vVith

TR IGGER LEVEL centered (display board removed),

c. Set the oscilloscope time base for 20 ,us/div and

synchronize it on the inpur signal

d. Look lor tne waverof((iS snown in panel t'--- of Figure

5-2, which are typical of properly functioning counter
Measurements are made It.lith the X10 prohe, from the TPST

points indicated, with respect to ground.

e, To check higher-frequency operatIOn, substitute the

1003 as the source las shown in Figure 5-1 with both 20·dB

padsl
f. Set the frequency to 10 MHz at 2.0 V (20 rnV into

1192) and look for the waveform shown in Danel L of

Figure 5·2,

5.4.10 B·lnput (Figure B·7)'

To verify proper operation of the amplifier and ,"vove-

~:;har:;inq stages ot the ![\JPUT B circutts

i.'L Arrange the eou !!xnent as shown in FiQure 5-1. using

[Yle 1310 osciilator as a iO-ki---iL source, use the u::iLiiiuSLu;Je

to set the arnpiitude to ~!O V pkpk

b, Set the 1192 controls lor the FHEOUENCY mode,
with the TRIGGER LEVEL centered. Idisplay board
rernoved)

Set the oscilloscoo€ tirne base for 20 J,LS/div and

synchronize It on the Input signal

d. Look for lhp wavef()rnls ",IHlwn HI prine! i",J ot F IQure

SoL. "vhlen are tYPlcai 01 d plU;Jtoriy iUII,,,UUillll!::l LUUII[el.

Measur:ernents are rnade with the probe, troiT! the test

points inrlic:atprj, with rRsrect Tn gro\Jnd

e. If phase-lock is unsatisfactory, increase the input

signal to 100 kHz (at an amplitude of 150 rnV rrns as
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determined by the 1808 meterl 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 from the 1192 and depress

the FREQUENCY button.
b. Connect the VTVM to Pin 3 of IC6 and note that the

VTVM reads'" 0 V.
c. Connect a jumper wire from chassis ground to Pin 13

IC5 IRE 11 and note that the VTVM now reads'" 4.0 V
d. MovetheVTVMto Pin 150f IC6{MGland read "'OV.
e. Connect a ground wire 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 ICG) and touch the

ground wire to the STOP connector center conductor. The

VTVM should read '" 0 V and remain there when the
ground wire is removed. Repeat the above procedure using
the START connector. The VTVM should read'" 3.8 V.

5.4.12 Display Circuit.

a. With the Display Board removed. set the 1192

controls for FREQUENCY mode. and lO-s display time.
b_ Connect the VTVM to PIN 9 of IC5 (TR) and

momentarily ground the STOP BNC connector center
conductor. Read'" 5 V on the VTVM_ Momentarily ground
the START connector and read'" 0 V.

c. Move the VTVM to Pin 8 of IC5 and momentarily
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
quickly drops to '" 0 V.

e. Move the VTVM to Pin 10 of IC5 (RE) and set the

display time for 1 s Momentarily ground the START
connector. The VTVM should 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 (X10 probe) to Pin 6 of IC7 IGTDUT1I. Set the
sweep time to 0.1 ms/cm.

b. Momentarily ground the STOP connector and observe
oVdc.

c. Momentarily ground the START connector and

observe a pulse train with a 0.1-ms period. The pulse
duration is:::::::: 40 ns and its amplitude is:::::::: 4 V.

5.4.14 Readout Circuits (Figure 6-11).

To verify operation of the readout circuits of the
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 oscillator to INPUT A and set it to
2 Hz.

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

d. After the 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 checkc-'d.
e Set the 1192 in FREQUENCY mode with a lO-s gate

time for store operation.

f. With the 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 the 1,2.4,
binary paths of the display board are all functioning

properly.

h. Reset the gate time to 10 s and reset the oscillator to
888XXX Hz. Repeat the previous procedures to verify

operation of the binary-S path in the display.

5.5 REPAIRS
5.5.1 Knob Removal.

To remove the knobs on the front-panel controls, either
to replace one that has been damaged or to replace the

associated control, proceed as follows:
a. Grasp the knob firmly with the fingers close to the

panel and pull the knob straight away from the panel.

b. Observe the position of the setscrew in the bushing
when the control is full 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, if for

any reason they should be combined off of the
shaft, drive a machine 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, with
respect to step b in paragraph 5.5.1, and lock the setscrew
with a 3/16-in. Allen wrench.

NOTE
If the end of the shaft protrudes through 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 until it bottoms and pull it slightly,

to check that the retention spring is seated in the groove in
the bushing.



B-R37

B-S2

A-F2

-A-J2

A-FI

DISPLAY BOARD
(FIGURE 6-10)

PROGRAM BOARD
(FIGURE 6-5)

OATA-OUTPUT BOARD
(FIGURE 6-14)

TRANSFER GATES
(C-IC20-C-IC26)

OISPLAY TUBE
DRIVERS

(C-rC42-C-IC48)

_\ ICI2

C-SI

t
TIME-BASE B-C20 A-TI

DIVIDER FLIP-FLOPS COUNTING DECADES
(C- IC36-C-IC40) B- IC6 IC-IC27-C-IC33)

C- 02 -----if+-

DISPLAY TUBES--Hf1.
(C-VI-C-v71

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

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

A-J3

A-J4

B-IC9

A-J5

B-S2

B-SI B-IC5 B-lC6 B-ICB B-CI7 B-CI5 B-R37
Figure 5-4. Top interior view of 1192 - Program Board only.

NOTE
If the retention spring in the knob is loose,

reinstall it in the interior notch with the small
slit in the inner diameter of the ~vall.

5.5.3 Data-Output Board.
Removal.

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

8. Remove the cabinet from the chassis.

b. Unplug the jumper wire from the data output boord

to the display board at the display board (Figure 5-31.

c. Remove the two No. 3-48. 5/16-in. screws, No.3
lockwashers and No. 3-48 nuts from the DATA OUTPUT
socket.
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d. Grasp the etched-circuit board and unplug the board
from the display board socket ICJ161 by moving the
data-output board toward the rear of the instrument. The
entire board will slide through the DATA OUTPUT hole in
the 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
installed in an instrument that originally didn't have one,
remove the No. 3-48 hardware from the blank plate over
the DA TA OUTPUT hole and then follow the reverse of the

procedure in paragraph 5.5.3.

5.5.4 Display Board (Figure 5-3).

Removal_

To remove the display board, proceed as follows:
a. Perform the procedures of paragraph 5.6.3. 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 from the display
board and remove the phenolic retainer on the tubes.

d. Lift up carefully on the rear of the display board until
the plug and socket between the display and program
boards disconnects.

e. 51 ide the display board toward the rear of the counter
until the board hits capacitor 8·C20. If the 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 install 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 phenolic retainer board from the tubes

and remove the defective tube from its socket.
c. Install the tube in the socket and reverse the

procedure of paragraph 55.4.

NOTE

When installing a new tube, slide the pad almost
to the ends of the 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 that the instrument with a faulty switch be
returned to General Radio according to the procedure ot
paragraphs 5.1 and 5.2.

The 2-section switch at the rear of the instrument has
only 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
without replacing the entire switch. Remove the damaged
cap (it may have some glue on it) and be sure that the
surface of the switch is reasonably clean. Slide the new cap
on the switch and, jf necessary, apply a small 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·DCI can be replaced by
unsoldering the wires and removing the nut from the front
panel

Slide Switch.

The power-line slide switch can be replaced by unsolder
ing the wires and removing the mounting hardware.

5.5.7 IC Removal/Installation.

Socket Mounted.

Ie's that are mounted in sockets (drivers and the fifth
and sixth digit sections of the 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 installing an IC in a socket, put all the leads from
one side of the IC in the socket first and push the IC to that
side until the leads on the other side line up with their
socket holes. Push these leads into the snrket and release
the IC.

Board Mounted.

An Ie can be removed from an etched-circuit board with
a soldering iron and a solder sucker (such as a Soldapulit*").
Clean the solder from each pin on the Ie 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 Arminta St.,
Van Nuys, California, 91406.
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Figure 6-2. 1192 mechanical parts, rear view.



MECHANICAL PARTS LIST

Fi~re F'" M',
Aefet"ence N~. Description 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 526U-2060 2465:'> 5260-:'HJbO

1 Foot, rigid, right front 5250-2121 24655 5250-2121
1 F cot, rigid, left front 5250-2120 24655 5250-2120
1 3 Knob aSlll. Knob, RANGE, including

retainer 5220-5402 5520-5221 24655 5520-5221
1 4 Dial asm. Dial asrn., 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
6 Switch j'ushbutton, mu!tlp.le, swltCI1 /660- i6i)O 2'l:oSS 7680-1600

B-Sl
Piastic pushbutton only 1192-5989 24655 1192-5989

1 7 Switch 2 -posItion toggle switch,
POWER OFF, A-Sl 7910-0791 95146 MST-205N

1 b SWItch 2 -POsition toggle sWitch, 7910-0790 95l4b MST-IOSD
AC-DC, A-52

1 9 Socket Connector, INPUT, A -J1 4230-2301 09408 UG-I094/U
1 10 Gasket Rubber gasket 5331-3086 24655 5331-3086

REAR PANEL
3 1 Socket Connector, A-J3, INPUT B; A-J4 4230-2300 81349 UG-1094/U 5935-853-7596

STOP; A-J5, START
1 2 Switch Pushbutton, multiple switch, B-S2 7880-1610 24655 7880-1610

Pushbutton only 1192-5989 24655 1192-5989
1 3 Plug Power plug, 3-wire, A-J2 4240-0600 24655 4240-0600 5935-816-0254
2 4 Fuseholder Fuse mounting device 5650-0100 71400 HKP-H 5920-284-7144
1 5 Switch Slide switch, LINE VOLTAGE 7910-0831 42190 4603

SELECTOR, A-53
1 6 Connector *Multiple plug, DATA OUTPUT, D-J1 4230-4049 93916 57-40500 5935-062-1776

1\.1lSCELL.ANEOUS
Heaver plate 1192-8050 2465.5 1192-8050
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Signal

AOUT
AOUTl
AOUT2
AOUT3
AOUT4
AOUT5
AIN
AINl
AIN2
AIN3
B
CG
CL
CL 1

CL2
Dl
D2
D3
D4
Dll
D12
D14
D18
D21
D22
D24
D28
D31
D32
D34
D38
D41
D42
D44
D48
D51
D52
D54
D58
D61
D62
D68
D71
D72
D74
D78
DPl

DP2
DP3
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SIGNAL INDEX

Description

Trigger output from INPUT A signal
Trigger output from 100 kHz TEST switch

Trigger output from 0.1 /lS PE RIOD and TI ME INTE RVA L switch
Trigger output from 1 /lS PERIOD and TIME INTERVAL switch.
Trigger output from 10 /ls PE R10D and TI MEl NTE RVAL switch.
Trigger output from RATIO switch.
INPUT A coupling signal.
101 ATTENUATOR rnput.1001 ATTENUATORoutput
101 ATTENUATOR output. INPUT A circuit input
RATIO switch output INPUT A circuit input
Logic 1 signal 1+5 VI
Count gate output signal.
Clear pulse from program and display circuit

Clear pulse from STORAGE switch
Clear pulse from RESET switch.

Decimal point control signal for e-Vl
Decimal point control signal for C-V2
Decimal point control signal for C-V3

Decimal point control signal for e-V4

1st digit 1"bit buffered data output
1st digit 2·bit buffered data output.
1st digit 4-bit buffered data output.

1st digit 8·bit buffered data output
2nd digitl·bit buffered data output
2nd digit2·bit buffered data output
2nd digit 4·bit buffered data output.
2nd digit 8·bit buffered data output.
3rd digit l·bit buffered data output.
3rd digit 2·bit buffered data output.
3rd digit 4·bit buffered data output
3rd digit8·bit buffered data output
4th digit l·bit buffered data output
4th digit 2·bit buffered data output
4th digit 4·bit buffered data output.
4th digit 8bit buffered data output.
5th digit l·bit buffered data output.
5th digit 2·bit buffered data output.
5th digit 4·bit buffered data output
5th digit 8·bit buffered data output.
6th digit l·bit buffered data output
6th digit 2bit buffered data output
6th digit 8·bit buffered data output
7th digit l·bit buffered data output.
7th digit 2·bit buffered data output.
7th digit 4·bit buffered data output
7th digit 8·bit buffered data output
Decimal point control signal for 01 /lS PERIOD and TIME
INTERVAL

Decimal point control signal for 1 /lS PERIOD and TIME INTERVAL
Decimal point control signal for 10 /lS PERIOD and TIME
INTERVAL.

Fig. Ref. 6·

3,4,8
4
4
4
4
3,4,8, 11
4
4
4,8
3,4,8
4,9
4,9,11,15
3,4,9
4
4
4, 11

4, 11
4, 11

4, 11

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

4
4



Signal

OP4
OTOUTl
OTOUT2
OTOU13
nTr" 'Til
UIVU l<-t

DTOUT5
Ell
E12
E14
E18
E21
En
E24
E28
E31

E32
E34
E38
E41
E42
E44
E48
E51
E52
E54

E58
E61
E62
E64
E68
E71

E72
E74

E"18
EXO
FXOl
(",Telu f 1

GTOUT2

LF
Li

MG
(JSC
PGl
PH
RAl
R.A_l

REl
RE2

Description

Decimal point control signal for FREQUENCY operation.

TirTle-base divider output, GTGl divided by 10.

Time-base divider output. GT01 divided by 100.
Tin'ie-base divider output. GTOl divided by 1000,

Tiille-[OJdSe (jivider output. GTG' divided by 10,000
Time-base divider output, GROl divided by 100,000.
1st digit 1-bit complement.

1st digit 2·b'lt complement

1st digit 4·bit complement

1st digit 8·bit compler-nent

2nd digit ,-bit comnlprrwnt

2nd digit 2-bit complement
2nd digit 4-blt complerYlcnt

2nd digit 8-bit cornplement

3rd digit j -bit complement.

3rd digit 2-bit complement

~rd digit 4-bit complement,

3rd digit 8-bit complement.

4th digit l-bit complement.

4th digit 2-bit complement

4th digit 4-bit complement.

4th digit 8-bit complement
5th digit 1bit complement
~)th digit 2-bit complernent

5th digit 4-bit complement

5th digit 8-bit complement

6th digit l-blt cOI"Tlpiernenl.

6th digit 2-bit complement.

6th digit 4-bit cornolement

6th digit 8-bit complement

7th digit l-bit cornplement

7th digit 2-bit complement

7th digit 4bit cornpierncm

7th digit 8hit complement

Output signal froll\ INPUT B CircUit to RATIO fJUSrl button
GlltflllT signal from INPI_IT R r;r(~,-,it to ['hase1od- det!~(:tcr

Gawo tlrne-\)ase pulses tronl the range sWitch

i NPLl U si~jnJI

Signal to frequency-unit designator (Hz, kHz, MHz)
to lln!f'-ilnit qpS;(Jnator ins {is, (r51

Main gate output signal

C)utput Signal from the internal oscillator

Prmt command fran-I Data Output board

Innut to phase· lock detector

Resetting conrrolline frorn FREQUENCY and RATIO switches

Control line for start and stop of rnain gate

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

4.11.15
4.11.15
4.11.15
4. 11. 15
4 11, 1G

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
.1,7

j, 4, \)

4 )'

4.13
Ij n t

:34.91112
3. 4. "I
15
:3. 4. 7

4.9
4,9

~ ., 1 1 ,
""1', J, ' "

4. 12. 13
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Signal

RE2
RE3
RE3
RM
SP
SPl
ST
TBl
TB2
TB3
TB4
TIN
TINl
TR
TRl
TRl
INT OSC
VA
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Description

Reset pulse for counting gate and first flip-flops in counting register.

Reset pulse for the five time-base dividers.
Reset pulse for spill circuit.
Reset pulse from RESET button to display timing circuit.

Pulse from STOP INPUT.
Stop pulse from COUNT switch.
Pulse from START INPUT.
Clock output (10 MHzl.
Clock output divided by 10 (1 MHz!.
Clock output divided by 100 (100 kHzl
Clock output divided by 1000 (10 kHzl.
Clock divider input.
Count-gate input.
Transfer pulse to initiate display time and to storage switch.
Transfer pulse input to transfer gates.
Transfer pulse input for SPI LL and COUNT circuits
Internal oscillator output.

Phase-lock detector output.

Fig. Ref. 6-

4, 11, 13
4,13
4,12,13
4,9
4,9
4,9
4,9
3,4,7
3,4,7
3,4,7
3,4,7
3,4,7
4,9
3,4,7
4, 11, 13
4, 12
4
3,4,7
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FEDERAL MANUFACTURER'S CODE

From Federal Supply Code for Manufacturers Cataloging Handbooks H4-1
(Name to Code) and H4-2 (Code to Name) as supplemented through August, 1968.

Code Manufacturer Code Manufacturer Code Manufacturer

00192 Jones Mfg. Co. Chicago. illinoIS 42498 National Co, Inc, Melrose, Mass. 02176 80894 Pure Carbon Co., St. Marys, Penn. 15857
00194 Walsco ElectronIcs Corp, L.A .. Cald 43991 Norma·Hoffman. Stanford. Conn. 06904 81030 International Instrument. Oranoe, Conn
00434 Schweber Electronics, Westburg, L.I., N.Y. 49671 RCA, New York, N.Y. 10020 81073 Grayhill Inc, LaGrange, 111.60525

00656 Aerovox Corp, New Bedford, Mass 49956 Raytheon Mfg Co, Waltham, Mass. 02154 81143 Isolantite Mfg Corp, Stirling, N.J. 07980
01009 Aidt:1l Prudut:ts Cu, BrUt.:ktUll, Md~) [;3021 Sangamo Electric Co, Springfield, Ill, G270G 81349 Military Specifications

01121 Allen·8radley, Co, Milwaukee, Wisc. 54294 Shallcross Mfg Co, Selma, N.C. 81350 Joint Army-Navy Specifications

01236 Leeds Radio Company, N.Y. 54715 Shure 8rothers, Inc, Evanston, III. 81386 Fenwal Electronics, Framingham, Mass. 01701

01255 Litton Industries Inc, Beverly Hills, Ca!if 56289 Sprague Electric Co, N. Adams, Mass 81483 International Rectitu:'f Corp. EI Segundo, Calif 90245

01295 Texas Instruments, Inc, Dallas. Texas 59730 Thomas and Betts Co, Elizabeth, N.J. 07207 81751 Columbus Electronics Corp, Yonkers, N.Y
..... ,...,... 0'" ...... ~ ...

..J;;:)UI ....
..... ",., , ,. - ..... , .... , ",....,

v.'oJ..... ,
r:t~ ___ ""'_ rr .. _l..: __ I , '"~ V "" .... r"

r CIIVA:....UUt; ......U!~ • ..;x:lUyt'illt':::>, '''.' ,~.. ,' , " •• "''-. \r\\...\...t;::l:)VI,t;::> LJ'" I, vU::IIl;;,O,""-'. ~J''''-' . "" '-''' .......... , ' ........ "."::1. ....... .•. •. ~-'.

02606 ~enwal Lab 'r'lC, Morton Gr0Vt?, III 60399 Torrington Mfg CO. Torrington. Conn Rl840 I erlpx Inc, Dayton, Ohin 45407

02660 AfIlohenul Electron COlO, B'Odth,iew, Ill. 61637 Union Carbide Coru. New ,'ark. N.Y. 10017 81860 Bd•• y-W.iqht COlO, Wdte,tU\l\lIl,l\'ld~~.

02768 Fastex, Des Plaines, 111.60016 61864 Untted-Carr Fastener Corp, Boston, Mass. 82219 Sylvania Elec Prod, Emporium, Penn.
03042 Carter Ink Co, Camb. Mass. 02142 63060 Victoreen Instrument Co, Inc. Cleveland, 0 82273 Indiana Pattern & Model Works. LaPort. Inrl

03508 G.E. Semicon Prod, Syracuse, N.Y. 13201 63743 Ward Leonard Electric Co, Mt. Vernon, N.Y 82389 Switchcraft Inc, Chicago, III 60630

03636 Grayburne, Yonkers, N.Y. 10701 65083 Westinghouse (Lamp Div), Bloomfield, N.J. 82647 Metals & Controls Inc, Attleboro, Mass.

03888 Pyrofilm Resistor Co, Cedar Knolls, N.J. 65092 Weston Instruments, Newark, N.J. 82807 Milwaukee Resistor Co, Milwaukee, Wisc.
03911 Ciili,eA Cc"p, New ''{Uf"", N.Y. iOOOi 70485 Atiantic·lndia Ruober, Chicago, iii. 60607 32877 flotron Mfg. Co. :nc., ~''Joodstock, N.V. 12498
04009 Arrow·Hart & Hegeman, Hart., Conn. 06106 70563 Amperite Co, Union City, N.J. 07087 83033 Meissner Mfg, (Maguire Indl Mt. Carmel, III.
04643 Digitronics Corp., Albertson, N.Y. 11507 70903 Belden Mfg Co, Chicago. III. 60644 83058 Carr Fastener Co, Cambridge, Mass.
04713 Motorola, Phoenix, Ariz. 85008 71126 Bronson, Homer D, Co, Beacon Falls, Conn. 83186 Victory Engineering, Springfielrl, N.J 07081
05170 Engr'd Electron,cs, Santa Ana, Calif. 92702 71279 Cambridge Thermionic Corp, Camb. Mass. 02138 83361 Bearing Specialty Co, San FrancISCo. Calif
05624 Barber·Colman Co, Rockford, 111.61101 71294 Canfield, H.O. Co, Clifton Forge, Va. 24422 83587 Solar Electric Corp, Warren. Penn.
05748 Barnes Mfg. Co .. Mansfield, O. 44901 71400 8ussman (McGlaw Eidson), St. Louis, Mo. B3740 Union Carbide Corp, New York, N.Y. 10017
05820 Wakefield Eng, Inc, Wakefield, Mass. 01880 71468 ITT Cannon Elec, L.A., Calif. 90031 83781 National ElectrOnics Inc, Geneva, III.
06743 Clevite Corp., Cleveland. 0.44110 71590 Centralab, Inc. Milwaukee. Wisc 53717 84411 TRW Capacitor Div, Ogallala. Nebr
07126 Dlgitron Co, Pasadena, Calif 71666 Continental Carbon Co, Inc, New York. NY 84835 Leh,gh Metal Prods, Cambndge. Mass. 02140
07127 Eagle Signal IE.w. BlISS Co.), Baraboo, W,sc 71729 Crescent Box Corp, E. Phila, Penn. 19134 84971 TA Mfg Corp, Los Angel~s, Cal,!
07261 Avnet Corp, Culver City, Calif. 90230 71707 Coto Coil Co Inc, Providence, R.1. 86577 Precision Metal Prods, Stoneham, Mass. 02180
07263 Fairchild Camera, Mountain View. Calif. 71744 Chicago Miniature Lamp Works, Chicago, III. 86684 RCA (Elect. Camp & Devl, Harrison, NJ
07387 Birtcher Corp, No. Los Angeles, Calif 71785 Cinch Mfg Co, Chicago, III. 60624 86687 REC Corp, New Rochelle, N Y 10801
07595 Amer Semlcond, Arlington Hts, III. 60004 71823 Darnell Corp, Ltd, Downey, Calif. 90241 86800 Cant Electronics Corp, Brooklyn, N.Y. 11222
07828 Bodine Corp, Bridgeport, Conn. 06605 72136 Electro Motive Mfg Co, Wilmington, Conn B8140 Cutler·Hammer Inc, Uncoln, III.
07829 Bodine ElectriC Co, Chicago, III. 60618 72259 Nytronics Inc. Berkeley Heights, N.J. 07922 88219 Gould Nat. Battenes Inc, Trenton. N.J
07910 Cont Device Corp, Hawthornc, Calif. 72619 Dialight Co, Brookl\<"n, N. Y. 11237 88419 Cornell Dubilicr, Fuqua,,' Varina. ~J.C.

07983 State Labs Inc, N.Y., N.Y. 10003 72699 General Instr Corp, Newark, N.J. 07104 88627 K & G Mfg Co, New York, N.Y.
07999 Borg Inst., Delavan, Wisc. 53115 72765 Drake Mfg Co, Chicago, 111.60656 89482 Holtzer·Cabot Corp, Boston, Mass.
08730 Vemaline Prod Co., Franklin Lakes, N.J. 72825 Hugh H. Eby Inc, Philadelphia, Penn. 19144 89665 United Transformer Co, Chicago, III.
09213 G.E. Semiconductor, Buffalo, N.Y. 72962 Elastic Stop Nut Corp, Union, N.J. 07083 90201 Mallory Capacitor Co, Indianapolis, Ind.
09408 Star·Tronics Inc, Georgetown, Mass. 01830 72982 Erie Technological Products Inc, Erie, Penn. 90634 Gulton Industries, Inc, Metuchen, N.J. 08840
09823 8urgess Battery Co, Freeport, III. 73138 Beckman Inc, Fullerton, Calif. 92634 90750 Westinghouse Electric Corp, Boston, Mass.
09922 Burndy Corp, Norwalk, Conn. 06852 73445 Amperex Electronics Co, Hicksville, NY 90952 Hardware Products Co, Reading, Penn. 19602
11236 C.T.S. of Berne, Inc, Berne, Ind. 46711 73559 Carling Electric Co, W. Hartford, Conn 91032 Continental Wire Corp, York, Penn. 17405
11599 Chandler Evans Corp, W. Hartford, Conn. 73690 Elco Resistor Co, New York. N.Y. 91146 ITT (Cannon Electric Incl, Salem, Mass.
12040 National Semiconductor, Danbury, Conn. 73899 JFD Electronics Corp, Brooklyn, N.Y. 11219 91210 Gerber Mfg. Co, Mishawaka, Ind.
12498 Crystalonics, Cambridge, Mass. 02140 74193 Heinemann Electric Co, Trenton, N.J. 91293 Johanson Mfg Co, Boonton, N.J. 07005
12672 RCA, Woodbridge, N.J. 74861 Industrial Condenser Corp, Chicago, III. 60618 91506 Augat Inc, Attleboro, Mass. 02703
12697 Clarostat Mfg Co, Inc, Dovel, N.H. 03820 74868 Amphenol Corp, Danbury, Conn. 06810 91598 Chandler Co. Wethersfield, Conn. 06109
12954 Dickson Electronics, Scottsdale, Ariz. 74970 E.F. Johnson Co, Waseca, Minn. 56093 91637 Dale Electronics Inc, Columbus, Nebr.
13327 Solitron Devices, Tappan, N.Y. 10983 75042 IRC Inc, Philadelphia. Penn. 19108 91662 Elco Corp, Willow Grove, Penn.
14433 ITT SemIconductors, W Palm Beach, Fla 75382 Kulka Electric Corp, Mt. Vernon, N.Y. 91719 General Instruments, Inc, Dallas, Texas
14655 Cornell·Dubilier Electric Co., Newark, N.J. 75491 Lafayette Industrial Electronics, Jamaica, N.Y. 91916 Mephisto Tool Co. Inc, Hudson, N.Y. 12534
14674 Corning Glass Works, Corning, N.Y. 75608 Linden and Co, Providence, R.1. 91929 Honeywell Inc, Freeport, III
14936 General Instrument Corp, Hicksville, N.Y. 75915 Littelfuse, Inc, Des Plaines, III. 60016 92519 Electra Insul Corp, Woodside, L.I., N.Y.
15116 Microdot Magnetics Inc, Los Angeles, Calif 76005 Lord Mfg Co, Erie, Penn. 16512 92678 E.G.&G., Boston, Mass.
15238 ITT. Semiconductor Div, Lawrence, Mass 76149 Mallory Electric Corp, DetrOit, Mich. 48204 92739 Ampex Corp, Redwood City, Calif. 94063
15605 Cutler·Hammer Inc, Milwaukee, Wisc. 53233 76487 James Millen Mfg. Co., Malden, Mass. 02148 93332 Sylvania Elect Prods, Inc, Woburn, Mass
16037 Spruce Pine Mica Co, Spruce Pine, N.C. 76545 Mueller Electric Co., Cleveland, Ohio 44114 93618 R. & C. Mfg. Co. of Penn. Inc, Ramey, Penn.
16636 Indiana General Corp, Oglesby, III. 61348 76684 National Tube Co, Pittsburg, Penn 93916 Cramer Products Co, New York, N.Y. 10013
17771 Singer Co, Diehl Div, Somerville, N.J. 76854 Dak Mfg Co, Crystal Lake. III. 94144 Raytheon Co, Components Div, Quincy, Mass
18736 Voltronics Corp, Hanover, N.J. 07936 77147 Patton MacGuyer Co. PrOl/ldence, R.1. 94154 Tung Sol Electric Inc, Newark, N.J
19396 Illinois Tool Works, Pakton Div, Chicago, III. 77166 Pass·Seymour, Syracuse, N.Y. 94271 Weston Instruments Inc, Archibald, Penn 18403
19048 Computer Diode Corp. S. Fairlawn, N.J. 07410 77263 Pierce Roberts Rubber Co, Trenton, N.J. 94589 Dickson Co., Chicago, III. 60619
19617 Cabtron Corp., Chicago, III. 60622 77339 Positive Lockwasher Co, Newark, N.J. 94800 Atlas Industrial Corp., Brooklyn, N.H
19644 LRC Electronics, Horseheads, N.Y. 77342 American Machine & Foundry Co, Princton, Ind. 47570 95076 Garde Mfg. Co., Cumberland, R.1.
19701 Electra Mfg Co, Independence, Kansas 67301 77542 Ray·O·Vac Co, Madison, Wisc. 95121 Quality Components Inc, St. Mary's, Penn.
20754 KMC Semiconductor Corp., Long Valley, N.J. 07853 77630 TRW, Electronic Camp, Camden, N.J. 08103 95146 Alco Electronics Mfg Co, Lawrence, Mass.
21335 Fafnir Bearing Co, New Briton, Conn. 77638 General Instruments Corp, Brooklyn, N.Y. 95238 Continental Connector Corp, Woodside, N.Y.
22753 UID Electronics Corp, Hollywood, Fla. 7B189 Shakeproof (III. Took Works), Elgin, III. 60120 95275 Vitramon, Inc, Bridgeport, Conn.
23342 Avnet Electronics Corp, Franklin Park, III. 78277 Sigma Instruments Inc, S. Braintree, Mass. 95354 Methode Mfg Co, Chicago, III.
24446 G.E., Schenectady, N.Y. 12305 78488 Stackpole Carbon Co, St. Marys, Penn. 95412 General Electric Co, Schenectady, N.Y.
24454 G.E., Electronics Camp, Syracuse, N.Y. 78553 Tinnerman Products, Inc. Cleveland, Ohio 95794 Anaconda Arner Brass Co, Torrington, Conn.
24455 G.E. (Lamp Div.), Nela Park, Cleveland, Ohio 79089 RCA, Rec Tube & Semicond, Harrison, N.J. 96095 Hi·Q Div. of Aerovox Corp, Orlean, N.Y.
2465e General Radio Co, W. Concord, Mass. 01781 79725 Wiremold Co, Hartford, Conn. 06110 96214 Texas Instruments Inc, Dallas, Texas 75209
26806 American Zettlet Inc, Costa Mesa, Calif. 79963 Ziertck Mfg Co, New Rochelle, N.Y. 96256 Thordarson·MelSsner, Mt. Carmel, III.
28520 Hayman Mfg Co, Kenilworth, N.J. 80009 Tektronix Inc, Beaverton, Ore. 97005 96341 Microwave Associates Inc, Burlington, Mass.
28959 Hoffman Electronics Corp, EI Monte, Calif. 80030 Prestole Fastener, Toledo, Ohio 96791 Amphenol Corp, Janesville, Wisc. 53545
30646 Beckman Instruments Inc, Cedar Grove, N.J. 07009 80048 Vickers Inc, St. Louis, Mo. 96906 Military Standards
30874 I.B.M., Armonk, New York 80131 Electronic Industries Assoc, Washington, D.C. 97684 Models Inc, North Bergen, N.J.
32001 Jensen Mfg. Co, Chicago, III. 60638 80183 Sprague Products Co, No. Adams, Mass. 98291 Sealectro Corp, Mamaroneck. N.Y. 10544
33173 G.E. Camp, Owensboro, Ky. 42301 80211 Motorola Inc .. Franklin Park, III. 60131 98474 Compar Inc, 8urllngame. Calif.
3~Hl Koehler Mfg. Co. Inc., Marlboro. Mass. 01752 80258 Standard all Co, Llfe,'ette, Ind 98821 NOlth Hilb [It:drulli(.;~ 111(.; .. Glen Cuve. N,Y
35929 Constanta Co, Mont. 19, Que 80294 Bourns Inc, RIverside, Calif. 92506 99111 Metavac Inc, Flushing, N.Y. 11358
37942 P.R. Mallory & Co Inc, Indianapolis, Ind 80368 Sylvania Electric Products Inc, N.Y. 10017 99180 Transitron Electronics Corp, Melrose, Mass.
38443 Marlin·Rockwell Corp, Jamestown, N.Y. 80431 Air Filter Corp, Milwaukee, Wisc. 53218 99313 Varian, Palo Alto, Calif. 94303
40931 Honeywell Inc, Minneapolis, Minn. 55408 80583 Hammarlund Co, Inc, New York, N.Y. 99378 Atlee Corp, Winchester, Mass. 01890
42190 Muter Co, Chicago, III. 60638 80740 Beckman Instruments, Inc, Fullerton, Calif 99800 Delevan Electronics Corp, E. Aurora, N.Y.
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NOTE
Parts and components with the prefix A are
mounted on the chassis_ Prefix B indicates the
Program Board, C the DispICJ'y' Board, and D the

Data-Output Board. A designation, adjacent to
a signal block indicates the schematic, which
shows the pertinent circuit details (e.g., B2 is
the second B-board schematic). A B2 will be
found on the lower right-hand side of a sche
matic to indicate the location of the diagram.
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ELECTRICAL PARTS LIST

Ref Des Description GR Part No. Fed Mfg Code Mfg Part No. Fed Stock No.

A-J1 Connector, Multiple Socket
A-J2 Connector, Power Plug
A-J3 Connector, Mutiple Socket
A-J4 Connector, Multiple Socket
A-.I5 Connector. Multiple Socket

CAPACITOR

A-Cl thru
A-C3 Ceramic, 0.047 flF +80-20% 250 V
A-C20 Electrolytic, 3200 flF +75-10%

FUSES

A-F1
A-F2

PLUCS

Slo-Blo 4/10A
Slo-Blo 2/10A

4409-3479 72982 3851, 0.047 flF +80-20%
4450-6220 80183 320322G0l5AAOB

5330-0900 71400 MOL, 0.4 Amp
5330-0600 71400 MOL, 0.2 Amp

4230-2301 09408 UG-1094A/U
4240-0600 24655 4240-0600 5935-816-0254
4230-2300 81349 UG-1094/U
4230-230U 1:H349 UG-1094/U
4230-2300 81349 UG-1094!U

TRANSFORMER

A-T1 Power 0345-4033 24655 0345-4033

RESIHORS

A-R1 Pot. Compo 500 kQ ±10%
A- R2 Pot. Comp.1 kQ ±10%

SWITCHES

6041-0100
6041-2109

01121 GA, 500 kQ ±10%
01121 GA, 1 kQ ±10%

A-S1
A-S2
A-S3
A-S4

Toggle
Toggle
Toggle

7910-0791 95146 MST-205N
7910-0790 95146 MST-1050
7910-0831 42190 4603
Part of A-R1

NOTE: The interconnection diagram divides into 3 vertical units,
Boards B, C and D. Each narrow vertical block shown corresponds to a
schematic diagram. In each signal designation given, the part in
parenthesis stands for the physical origination or destination of the
signal lead, depending on the arrow head (see below).
Example: From block 82, signal EXO (S1-H) goes to switch 8-S1 part
H (RATIO).

RESISTANCE IS IN OHIIIS. K- 00'. ""0·
CAMCITANCE IS IN fAltAOS.jI.IO-a.p.1o·IZ
VOUAGES UPlAINEO IN INSTRUCTION lOOK SERVICE NOTES
=-PUEl CONTROL ;::_-:.' 'MAR CONTROL
G'SCREWORIY£R CONTROL WT'WIltE TIE TP-TEST POINT
OOIOPI.[TE RE'[REN(% OESIGIlATION ,NClUOES SUIASSOlel.T
l[TTUt, c-Itl.a-JIII, ETC

4 04 F SWITCH _RING1TL-'RONT .MAR
CONTACTS. "RST CONTACT CW
'RO" STRUT SCR£W A8OVt: Kn IS Dt
SECTION. SECTION NEAREST PANEL II I.

ROTORS _ CCW

CONNEeTlONS

--+ OUTPUT lEAY£S _ASSE"llT
~ INPUT FRO" DI"ERENT -.uSEIOIlT

--(> OUTPUT M"AINS ON SUIASSE"llT
t>--- INPUT 'RO" SA"E SUIUSE"llT



ELECTRICAL PARTS LIST

Ref Des Description GR Part No. Fed Mfg Code Mfg Part No. Fed Stock No.

CAPACITORS

B-Cl 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%
I3-CS Ceramil:, 0.01 f.iF +80-20% 100 V 4401-3100
B-C6 Ceramic, 0.01 f.iF +80-20% 100 V 4401-3100 80131 CC61, 0.01 f.iF +80-20% 5910-974-5697
B-C7 Mica, 130 pF ±1% 500 V 4710-0130 14655 22A, 130 pF ±1%
B-C9 Cer::lmir. 47 nF ±c:;~c:;nn v 441 n-047S 72 oR2 Rll, ,17 r-P ±S;Z
B-ClO Ceramic: 82 pF ±5% 500 V 4404-0825 72982 831, 82 pP is%
B-Cll Electrolytic, 6.8 f.iF ±20% 6 V 4450-4800 56289 150Db85XDU10A2 5lJlO-Y36-1332
B-Cl2 Ceramic, 0.01 f.iF +80-20% 4401-3100 80131 CC61, 0.01 f.iF +80-20% 5910-974-5697
B-C13 Ceramic, 0.0033 I-lF ±10% 500 V 4406-2338 72982 811, .0033f.iF ±10% 5910-836-5740
B-C14 Electrolytic 3f.iF +150-10% 350 V 4450-6161 90201 20/000046335/01/00
B-CI5 El~l:trulytic 495f.iF +150-10% 35 V 4450-6135 24655 4450-6135
B-C16 Ceramic .01f.iF +80-20% 100 V 4401-3100 80131 CC61, .01f.iF +80-20% 5910-974-5697
B-Cl7 Electrolytic 392f.iF +150-10% 35 V 4450-6162 90201 20/000046 334/01/00
B-C18 Electrolytic 20 f.iF +150-10% 25 V 4450-6163 90201 20/000046 336/01/00
B-C19 Ceramic .01f.iF +80-20% 100 V 4401-3100 80131 CC61, .01f.iF +80-20% 5910-974-5697
B-C21 Ceramic 0 .1f.iF +80-20% 10 V 4431-4109 80183 20C202
B-C22 C~ramic, 100 pF ±5% 500 V 4404-ll05 72982 831, 100 pF ±5%
B-C23 Ceramic .0022f.iF ±10% 500 V 4406-2228 72982 811, .0022f.iF ±10%
B-C24 Ceramic 330pF ±10% 500 V 4404-1338 72982 831, 330pF ±10% 5910-974-5702
B-C25 Electrolytic 22f.iF ±20% 15 V 4450-5300 56289 150D226X0015B2 5910-752-4270
B-C26 Electrolytic If.iF ±2Q% 35 V 4450-4300 56289 150DI05X0035A2 5910-726-5003
B-C27 Ceramic, 22 pF ±5% 500 V 4410-0225 72982 8ll, 22 pF ±5%
B-C28 Electrolytic, 560 pF ±10% 500 V 4404-1568 72982 831, 560 pF ±10%
B-C29 and
B-C30 Ceramic, 10 pF ±5% 500 V 4410-0105 72982 811, 10 pF ±5%
B-C31 Electrolytic 470 pF ±10% 500 V 4405-1478 72982 801, 470 pF ±10%
B-C32 Ceramic, 180 pF ±10% 500 V 4404-1188 72982 831, 180 pF ±10%
B-C33 Ceramic, 0.01 f.iF +80-20% 100 V 4401-3100 80131 CC61, 0.01 f.iF +80-20% 5910-974-5697
B-C35 Ceramic, 0.01 f.iF +80-20% 100 V 4401-3100 80131 CC61, 0.01 f.iF +80-20% 5910-974-5697
B-C36 Electrolytic, 20 pF ±5% 4410-0205 72982 811, 20 pF ±5%
B-C37 Electrolytic, 3.3 flF ±20% 15 V 4450-4600 56289 150D335X0015A2 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 flF ±10% 500 V 4405-2108 72982 801, 0.001 flF ±10% 5910-914-0087
B-C42 Ceramic, 47 pF ±5% 500 V 4410-0475 72982 811, 47 pF ±5%
B-C43 Ceramic, 0.01 flF +80-20% 100 V 4401-3100 80131 CC61, 0.01 flF +80-20% 5910-974-5697
B-C44 Ceramic, 0.01 flF +80-20% 100 V 4401-3100 80131 CC61, 0.01 flF +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 f.iF +80-20% 100 V 4401-3100 80131 CC61, 0.01 flF +80-20% 5910-974-5697
B-C47 Ceramic, 0.01 flF +80-20% 100 V 4401-3100 80131 CC61, 0.01 flF +80-20% 5910-974-5697
B-C48 Ceramic, 0,01 flF +80-20% 100 V 4401-3100 80131 CC61, 0.01 flF +80-20% 5910-974-5697
B-C49 Electrolytic, 3.3 flF ±20% 15 V 4450-4600 56289 150D335XOO15A2 5910-837-9325
B-C50 Electrolytic, 3.3 flF ±20% 15 V 4450-4600 56289 150D335X0015A2 5910-837-9325
B-C51 Electrolytic, 6.8 flF ±20% 6 V 4450-4800 56289 150D685XOOI0A2 5910-936-1332
B-C52 Electrolytic, 330 pF ±10% 500 V 4404-1338 72982 831, 330 pF ±10%
B-C53 Electrolytic, 15 pF ±5% 500 V 4410-0155 72982 811, 15 pF ±5%
B-C54 and
B-C55 Electrolytic, 0.01 flF +80-20% 100 V 4401-3100 80131 CC61, 0.01 flF +80-20% 5910-974-5697
B-C56 Ceramic, 10 pF ±10% 4410-0105 72982 811, 10 pF 10%
B-C57 Electrolytic, 6.8 flF ±20% 4450-4800 56289 150D685XOOI0A2 5910-936-1332
B-C58 Ceramic, 180 pF ±10% 4404-1188 72982 831, 180 pF ±10%

DIODES

B-CRI Type V-I00A 6084-1006 84411 IN953
B-CR2 Type IN4009 6082-1012 24446 IN4009 5961-892-8700
B-CR3 Type IN4oo9 6082-1012 24446 IN4009 5961-892-8700
B-CR4 Type IN3604 6082-1001 24446 IN3604 5961-995-2199
H-CK5 Type IN3604 6082-1001 24446 IN3604 5961-995-2199
B-CR6 Type IN3254 6081-1002 09213 IN3254 5961-082-3988
B-CR7 Type IN3254 6081-1002 09213 IN3254 5961-082-3988
B-CR8 Type IN3254 6081-1002 09213 IN3254 5961-082-3988
B-CR9 Type IN3254 6081-1002 09213 IN3254 5961-082-3988
B-CR10 Type IN3253 6081-1001 79089 IN3253 5961-814-4251
B-CRll Type IN3253 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 IN325j 6081-1001 7Y089 IN3253 5961-814-4251
B-CRI5 Type IN3253 6081-1001 79089 IN3253 5961-814-4251
B-CR16 Type IN3253 6081-1001 79089 IN3253 5961-814-4251
B-CR17 Type IN3253 6081-1001 79089 IN3253 5961-814-4251
B-CRI8 Type IN9758 6083 -1019 91032 IN975B
B-CR19 Type IN9578 6083-1009 07910 IN957B
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Figure 6-5. Program cir~uit etched-board assembly
(PIN 1192-4730).

NOTE: Orientation: Viewed from parts side. Part number: Refer to caption.
Symbolism: Outlined area = part; black ckt pattern (if any) =parts side, gray
= other side. Pins: Square pad in ckt pattern = collector, I-C pin 1, cathode
(of diode), or + end (of capacitor).



ELECTRICAL PARTS LIST (cont)

Ref Des Description GR Part No. Fed Mfg Code Mfg Part No. Fed Stock No.

B-CR20 Type IN3604 6082-1001 24446 IN.1h04 5961-995-21 00

B-CR21 Type IN4009 6082-1012 24446 IN4009 5961-892-8700
B-CR22 Type IN995 6082-1002 80368 IN995
B-CR23 Type IN4009 6082-1012 24446 IN4009 5961-892-8700
B-CR24 Type IN4009 6082-1012 24446 IN4009 5961-892-8700
B-CR25 Type IN4009 6082-1012 24446 IN4009 5961-892-8700
B-CR26 Type IN4009 6082-1012 24446 IN4009 5961-892-8700
B-CR27 Type IN4009 6082-1012 24446 IN4009 5961-892-8700
R-r.R?~ Tunp TN~hn4 6082-1001 21116 IT'~3604

~(\/., (\("\p- ..... 1 "'""

J7U.1. 77J ~.L77

B-CR29 Type lN3604 6082-1001 24446 IN3604 S961-9C}5-21 QQ

B-CR30 Type IN752A 601:>3-1004 07910 IN752A
B-CR32 Type IN995 6082 -1002 80368 IN995
B-CR33 Type IN995 6082-1002 80368 IN995
B-CR34 Type IN4009 6082-1012 24446 IN4009 5961-892-8700
B-CR35 Type IN4009 6082-1012 24446 IN4009 5961-892-8700
B-CR36 Type IN995 6082-1002 80368 IN995
B-CR37 Type IN995 6082-1002 80368 IN995
B-CR38 Type IN995 6082-1002 80368 IN995
B-CR39 Type IN3604 6082-1001 24446 lN3604 5961-995-2199
B-CR40 and
B-CR4l Type HP SOR2-2S00 60R2-1034 2R4RO 50R2 -1800

INDUCTORS

B-Ll Molded, 22 fl H ±10% 4300-2600 99800 1537,22 flH ±10% 5950-668-5867
B-L2 Inductor Asm. 1192-2000 24655 1192-2000

INTEGRATED CIRCUITS

B-ICI 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-IC5 Digital, Type DTflL-936 5431-9362 07263 DTflL-936
B-IC6 Digital, Type SN7476N 5431-8176 01295 SN7476N
B-IC7 Digital, Type SN74HOON 5431-8200 01295 SN74HOON
B-IC8 Digital, Type DTflL-932 5431-9322 07263 DTflL-932
B-IC9 Digital, Type DTflL-948 5431-9482 07263 DTflL-948
B-ICI0 Digital, Type 5431-8400 96214 SN 74S00

CRYSTAL

B-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
B-Q4 Type 2N3905 8210-1114 04713 2N3905
B-Q5 Type 2N4275 8210-1126 23342 2N4275
B-Q6 Type 2N4275 8210-1203 24655 8210-1203
B-Q7 Type 2N4275 8210-1203 24655 8210-1203
B-Q8 Type 2N4275 8210-1126 23342 2N4275
B-QI0 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749
B-Q11 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749
B-Q12 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749
B-Q13 Type TIP30 8210-1191 01295 TIP30
B-Q14 Type 2N4125 8210-1125 93916 2N4125
B-Q16 TYpe 2N3414 8210-1047 24446 2N3414 5961-989-2749
B-Q17 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749
B-QI8 Type 2N3414 8210-1047 24446 2N3414 5961-989-2749
B-Q19 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 Tvnp 7.N:~414 8210-1017 21116 2~!311~

L'{'\L 1 {\on "",,,,,,,1\
oJ/V.&. /u/ ~/"'2'/

B-Q23 TYpe 2N4125 8210-1125 93916 2N4125
B-Q24 Type DN259 8210-1170 17856 DN259
B-Q25 Type 2N4258 8210-1136 93916 2N4258
B-Q26 Type 2N4258 8210-1136 93916 2N4258
B-Q27 Type 2N3563 8210-1126 23342 2N3563
B-Q28 Type 2N3563 8210-1126 23342 2N3563
B-Q29 Type 2N4258 8210-1136 93916 2N4258
B-Q30 Type 2N4275 8210-1126 23342 2N4275
B-Q31 Type 2N3414 ~210-1047 24446 2N3414
B-Q32 TYpe 2N4258 8210-1136 93916 2N4258
B-Q33 Type 2N4258 8210-1136 93916 2N4258
B-Q34 Type 2N709 8210-1054 07263 2N709 5960-995-7824
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ELECTRICAL PARTS LIST (cont)

Ref Des Description GR Part No. Fed Mfg Code Mfg Part No. Fed Stock No.

RESISTORS

B-R1 Comp., 56 kQ ±5% 1/4 W 6099-3565 75042 BTS, 56 kQ ±5% 5905-800-0179

B-R2 Comp., 3.3 kQ ±10% 1/4 W 6099-2339 75042 BTS, 3.3 kQ ±10%
B-R3 Comp., 100 Q ±5% 1/4 W 6099-1105 75042 BTS, 100 Q ±5%
B-R4 Comp., 470Q ±5% 1/4 W 6099-1475 75042 BTS, 470 Q ±5% 5905-683-2242

B-R5 Comp., 1 kQ ±10% 1/4 W 6099-2109 75042 BTS, 1 kQ ±10%
B-R6 Comp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ ±1Q%
B-R7 Comp., 330 Q ±5% 1/4 W 6099-1335 75042 BTS, 330 Q ±5% 5905-686-3369

B-R~ Comp., ~2U ~l±5% 1/4 W bU~~-lbL::J 7S04L HiS, 620 ~t i5%
B-R9 Comp., 1 kQ ±:=;% 1/4 W 6099-2105 75042 BTS, 1 kQ ±5~{ 5YU5-NH -6422

B-RI0 Comp., 4.7 kQ ±5% 1/4 W 6099-2475 75042 BTS, 4.7 kQ ±5% 5905-686-9992

B-Rll Comp., 470 Q ±10% 1/4 W 6099-2475 75042 BTS, 470 Q ±10% 5905-683-2242

B-RI2 Comp., 150 Q ±5% 1/4 W 6099-1155 75042 BTS, 150 Q ±5% 5905-683-2243

B-P~13 Camp., 33 kn ±5% 1/4 \"1 6099-3335 75042 BTS, 33 kQ ±5%
B-R14 Comp., 6.8 kQ ±5% 1/4 W 6099-2685 75042 BTS, 6.8 kQ ±5% 5905-686-9997

B-R15 Comp., 3.3 kQ ±10% 1/4 W 6099-2339 75042 BTS, 3.3 kQ ±10%
B-R16 Comp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 k ±10%
R-R17 Comp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 k ±10%
B-R18 Comp., 470 Q ±5% 1/4 W 6099-1475 75042 BTS, 470 Q ±5% 5905-683-2242

B-R19 Comp., 6.S kQ ±10% 1/-t w 6099-2685 75042 BTS, 6.8 kQ t1 n% S90S-686-0007

B-R20 Comp., 27.4 kQ 1:5% 1/4 W 6250-2274 75042 CEA, 27.4 kQ .±1% 590:=;-702-0541

B-R21 Comp., 25.5 kQ ±1% 1/4 W 6250-2255 75042 CEA, 22.5 kQ ±1% 5905-723-4003

B-R22 Comp., 2.74 kQ ±1% 1/8 W 6250-1274 75042 CEA, 2.74 kQ ±1% 5905-834-7208

B-R23 Comp., 100 Q ±5% 1/4 W 6099-1105 75042 BTS, 100 Q ±5%
B-R24 Comp., 5.11 kQ ±1% l/S W 6250-1511 75042 CEA, 5.11 kQ ±1% 5905-577-6734

B-R25 Flim, 3.65 kQ ±1% liS W 6250-1365 75042 CEA, 3.65 kQ ±l%
B-R26 Comp., 464 Q ±1% 1/8 W 6250-0464 75042 eEA, 404 Q ±1%

B-R27 Comp., 470 Q ±5% 1/4 W 6099-1475 75042 BTS, 470 Q ±5% 5905-683-2242

B-R2R Comp., 470 Q ±5% 1/4 W 6099-1475 75042 BTS, 470 Q ±5% 5905-683-2242

B-R29 Comp., 255 Q ±1% 1/8 W 6250-0255 75042 CEA, 255 Q ±1%
B-R30 Comp., 560 Q ±10% 2 W 6120-1569 01121 HB, 560 Q ±10%
B-R31 Comp., 24 kQ ±5% 2 W 6110-3245 01121 RC32GF243J 5905-279-2548

I

B-R32 Comp., 10 Q ±5% 1/2 W 6100-0105 01121 RC2OGF100J 5905-190-8883
B-R33 Camp., 8.2 kQ ±5% 1/2 W 6100-2825 01121 RC2OGF822J 5905-299-1971
B-R34 Camp., 2.7 Q ±5% 1/4 W 6099-9275 75042 BTS, 2.7 Q 5%
B-R35 Camp., 3.3 kQ ±10% 1/4 W 6099-2339 75042 BTS, 3.3 kQ 10%
B-R36 Film, 3.32 kQ ±1% 1/8 W 6250-1332 75042 CEA, 3.32 kQ 1%
B-R37 Pot., Camp. 1 kQ ±10% 6056-0138 11236 115, 1 kQ 10%
B-R38 Film, 2.55 kQ ±1% 1/8 W 6250-1255 75042 CEA, 2.55 kQ 1%
B-R39 Camp., 6.8 Q ±5% 1/4 W 6099-9685 75042 BTS, 6.8 Q 5%
B-R40 Camp., 2 kQ ±5% 1/4 W 6099-2205 75042 BTS, 2 kQ 5% 5905-279-4629
B-R41 Camp., 2 kQ ±5% 1/4 W 6099-2205 75042 BTS, 2 kQ 5% 5905-279-4629
B-R42 Camp., 10 kQ ±10% 1/4 W 6099-3109 75042 BTS, 10 kQ 10%
B-R43 Film, 11 kQ ±1% 1/8 W 6250-2110 75042 CEA, 11 kQ 1% 5905-681-4941
B-R44 Film, 12.1 kQ ±1% 1/8 W 6250-2121 75042 CEA, 12.1 kQ 1%
B-R45 Voltage, 0.39 Q ±5% 6760-8395 75042 BWH, 0.39 Q 5%
B-R46 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10%
B-R47 Film, 2 kQ ±1% 1/4 W 6350-1200 75042 CEB, 2 kQ 1% 5905-538-3516
B-R48 Film, 1 kQ ±1% 1/4 W 6350-1100 75042 CEB, 1 kQ 1% 5905-892-7018
B-R49 Camp., 1.5 kQ ±10% 1/4 W 6099-2159 75042 BTS, 1.5 kQ 10%
B-R50 Camp., 1 kQ ±10% 1/4 W 6099-2109 75042 BTS, 1 kQ 10%
B-R51 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10%
B-R52 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10%
B-R53 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10%
B-R54 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10%
B-R55 Camp., 1.2 kQ ±5% 1/4 W 6099-2125 75042 BTS, 1.2 kQ ±5%
B-R56 Camp., 10 kQ ±10% 1/4 W 6000-3100 75042 BTS, 10 kQ 10%
B-R57 Camp., 270 Q ±10% 1/4 W 6099-1279 75042 BTS, 270 Q 10%
B-R58 Camp., 1 kQ ±10% 1/4 W 6099-2100 75042 BTS, 1 kQ 10%
B-R59 Camp., 1 MQ ±10% 1/4 W 6099-5109 75042 BTS,l MQ 10%
B-R60 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10%
R-Rhl (;n",r' , 15 0 +10% 1/4 w 6009-D!59 75042 BTS, !5 Q !0%
B-R62 Camp., 470 Q ±10% 1 W 6110-1479 01121 GF,470Q10%
B-R63 Comp., 470 Q ±5% 1/4 W 6099-1475 75042 BTS, 470 Q 5% 5905-683-2242
B-R64 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10%
B-R65 Camp., 1.8 kQ ±10% 1/4 W 6099-2189 75042 BTS, 1.8 kQ 10%
B-R66 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10%
B-R67 Camp., 180 kQ ±5% 1/4 W 6100-4185 01121 RC32GF184J 5905-279-2597
B-R68 Camp., 910 kQ ±5% 1/4 W 6099-4915 75042 BTS, 91 0 kQ ±5%
B-R69 Camp., 27 kQ ±5% 1/4 W 6099-3275 75042 BTS, 27 kQ ±5% 5905-683-3938
B-R70 Comp., .i.iO Q ±S% 1/4 W 6099-1.335 75042 BTS, 330 n ±5% 500S-6Rn-.3.3n9
B-R71 Camp., 200 Q ±5% 1/4 W 6099-1205 75042 BTS, 200 Q ±5% 5905-683-2239
B-R72 Comp.,2 kQ ±5% 1/4 W 6099-2205 75042 BTS, 2 kQ ±5% 5905-686-3370
B-R73 Camp., 510 Q ±10% 1/4 W 6099-1515 75042 BTS, 510 Q ±5% 5905-801-8272
B-R74 Camp., 100 Q ±5% 1/4 W 6099-1105 75042 BTS, 100 Q ±5%
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ELECTRICAL PARTS LIST (cant)

Ref Des Description GR Part No. Fed Mfg Code Mfg Part No. Fed Stock No.

B-R75 Comp., 82 Q ±5% 1/4 W 6099-0825 75042 BTS, 82 Q ±5%
B-Ri6 Comp., 1 kn +5S1c 1/4 W bU';l';l-21U5 75U42 13'1'S, 1 kQ ±,'1';~ '1l)()c::,-(,g] -(,4'2'2

B-R77 Pot., Comp., 100 kQ ±10% 6049-0103 73138 62 PRI00
B-R78 Comp., 12 kQ ±5% 1/4 W 6099-3125 75042 BTS, 12 kQ ±5%
B-R79 Comp., 68 Q ±5% 1/4 W 6099-0685 75042 BTS, 68 Q 15%
B-R80 Comp., 68 Q ±5% 1/4 W 6099-0685 75042 BTS, 68 Q ±5%
B-R81 Comp., 12 kQ ±5% 1/4 W bU9';l-::H25 75U42 13TS, 12 kQ ±5%
B-R82 Camp., 910 Q ±5% 1/4 W 6099-1915 75042 BTS, 910 Q ±5%
B-R83 Camp., 330 Q ±5% 1/4 W 6099-1335 75042 BTS, 330 Q ±5% 5905-68b-33b9
R-Rg4 (;om[1_; '11 n 0 +"% 1/4 W "noo-l::i:: 7501~ TYT'C' <::10 n +<::07 S90S-8c)1 82721.J.I.. o...J, ,-~-J.. '-.' ..... -U/l

B-R85 Comp.,2 kQ ±59{ 1/4 W 6099-2205 75042 BTS,2 kQ l-5o/r 5905-686-:B 70
13-R86 CUIIlP, 220 Q ±5% 1/4 W 6099-1225 75042 13'1'S, 22U Q ±5% 59U5-683-2240
B-R87 Co l1p., 1 kQ ±10% 1/4 W 6099-2109 75042 BTS, 1 kQ ±10%
B-R88 Camp., 27 kQ ±5% 1/4 W 6099-3275 75042 BTS, 27 kQ ±5% 5905-683-3838
B-R89 Camp., 910 kQ ±5% 1/4 W 6099-4915 75042 BTS, 910 kQ 1(Yfc
B-R90 Camp., llU kH ±5% 1/4 W 6099-4115 75042 BTS, 110 kQ 5%
B-R91 Camp., 1 MQ ±5% 1/4 W 6099-5105 75042 BTS, 1 MQ 5%
B-R92 Comp., 10 kQ ±10% 1/4 W 6099-3109 75042 BTS, 10 kQ 10%
B-R93 Comp., 1 kQ ±5% 1/4 W 6099-2105 75042 BTS, 1 kQ 5% 5905-681-6462
13- R94 Camp., 47 kQ ±10% 1/4 W 6099-3479 75042 BTS, 47 k~l lU%
B-R95 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS. 4.7 kQ 100/0
13-R9b Camp., 47 Q ±10% 1 W 0110-0479 01121 CB, 47 Q 10%
B-R97 Comp., 47 Q ±lU% 1 W 6110-0479 01121 GB, 47 Q 10%
B-R98 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10%
13-R99 Comp., 2 kQ ±5';Pc. 1/4 W 6099-2205 75042 BTS, 2 kQ 5% 5905-279-4629
B-R100 Camp., 4.7 kQ ±10% 1/4 W 6099-2479 75042 BTS, 4.7 kQ 10%
B-R10l Comp., 150 Q ±5% 1/4 W A099-11 S.'; 75042 BTS, 150 Q 5% 5905-b8j-2243
B-RI02 Camp., 470 Q ±10% 1/4 W 6099-1475 75042 BTS, 470 Q ±5% 5905-683-2242
B-RI03 Camp., 1 kQ ±5% 1/4 W 6099-2105 75042 BTS,l kQ ±5% 5905-681-6422
B-RI04 Camp., 47 kQ ±10% 1/4 W 6099-2479 75042 BTS, 47 kQ ±10%
B-RI05 Cump., 470 Q ±5% 1/2 W b099-1475 75042 BTS, 470 Q ±5% 5905-683-2242
B-RI06 Camp., 200 Q ±5% 1/2 W 6099-1205 75042 BTS, 200 Q ±5% 5905-683-2239
B-R107 Camp., 360 Q ±5% 1/2 W 6099-1365 75042 BTS, 360 Q ±5%
B-RI08 Camp., 10 kQ ±10% 1/4 W 6099-3109 75042
B-RI09 Camp., 82 Q ±5% 1/4 W 6099-0825 75042 BTS, 82 Q ±5%
B-Rll0 Camp., 470 Q ±5% 1/4 W 6099-1475 75042 BTS, 470 Q ±5% 5905-683-2242
B-Rll1 Camp., 3.3 kQ ±10% 1/4 W 6099-2339 75042 BTS, 3•.'3 kQ ±10%
B-RI12 Comp.,l kQ ±5% 1/4 W 6099-2105 75042 BTS,l kQ ±5% 5905-681-6422
B-RI13 Comp., 33 Q ±10% 1/4 W 6099-0339 75042 BTS, 33 Q ±10%
B-R1l4 Camp., 15 Q ±10% 1/2 W 6100-0159 01121 EB, 15 Q ±10%
B-R115 Camp., 22 Q ±10% 1/2 W 6100-0229 01121 EB, 22 Q ±10%
B-R1l6 Comp., 470 Q ±5% 1/4 W 6099-1475 75042 BTS, 470 Q ±5% 5905-683-2242
B-R1l7 Comp.,l kQ ±5% 1/4 W 6099-2105 75042 BTS,l kQ ±5% 5905-681-6422
B-R118 Camp., 470 Q ±5% 1/4 W 6099-1475 75042 BTS, 470 Q ±5% 5905-683-2242
B-R119 Camp., 24 kQ ±5% 1 W 6110-3245 01121 RC32GF243J 5905-279-2548

SWITCHES

B-Sl Push Button, Multiple 7880-1600 24655 7880-1600
B-S2 Push Button, Multiple 7880-1610 24655 7880-1610

JACKS

B-Jl Multiple Socket 4230-1510 02660 57-1393
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ELECTRICAL PARTS LIST

Ref Des Description GR Part No. Fed Mfg Code Mfg Part No. Fed Stock No.

DIODES

CAPACITORS

C-Cl Ceramic, 0.01 flF +80-20% 100 V
C-C2 Electrolytic. 6.8 flF ±20% (, V
C-C3 Ceramic, 0.01 flF +80-20% 100 V
C-C4 0.001 flF +80-20SZ 500 V

INTEGRATED CIRCUITS

C-IC~ Digital, Type DTflL-936
C-IC9 Digital. Type DTpL-91A
C-ICI0 Digital, Type DTflL-936
C-ICll Digital, Type DTflL-936
C -IC12 Digital, Type DTflL - 936
C-IC13 Digital, Type DTflL-936
C-IC14 Digital, Type DTf-lL-936
C- le15 Digital, Type DTflL-93b
C-IC16 Digital, Type DTflL-946
C-IC17 Digital, Type DTflL-946
C-IC18 Digital, Type DTf-lL-946
C-IC19 Digital, Type DTflL-946
C-IC20 Digital, Tvpe DTIlL-946
C-IC21 Digital, Type DTflL-946
C-IC22 Digital, Type DTflL-946
C-IC23 Digital, Type DTflL-946
C -IC24 Digital, Type DTflL - 946
C- IC25 Digital, Type DTflL-94i1
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 DTflL-946
C-IC35 Digital, Type DTflL-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 DTflL-960
C-IC43 Digital, Type DTflL-960
C-IC44 Digital, Type DTflL-960
C-IC45 Digital, Type DTflL-960
C-IC46 Digital, Type DTflL-960
C-IC47 Digital, Type DTf-lL-960
C-IC48 Digital, Type DTflL-960

LAMPS

C-DSI
C-DS2

C-DS4

SOCKET

,.., _ Tl
~ J.1.

C-J2
C-J3
C-J4
C-J5
C-J6
C-J7
C-J15
C-J16
1'_117
....... J~ I

"T'~ ....... ,_, T"'-. T,( (\fln
.J..)~"'" ..1-'" "~\J\J /

Pilot Light
Pilot Light
n~l_ ..... T~~L ..
IllUL LlgllL

Pilot Light

Multiple Plug
Multiple Socket
Signal Jack

4401-3100 80131 CC63, 0.01 flF +80-20% 5910-974-5697
44:=;0-4800 SAn9 ISODA85xnO!n/\2 5910-936-1332
4401-3100 80131 CC63 0.01 flF +80-20% 5910-974-5697
4404-2109 72982 831, 0.0022 t-lP +80-20%

('110<) , fl1 '"' :l ';(,1 r",'''' ,,-,,_~.

vvu..::.. .tv.!...::.. ..::..'""t"T'"""tU 1.1,.,~:tVV7 O"/L,. -0 /\J\J

5600-1200 il 744 CM7-345
5600-1200 71744 CM7-345
5600-1200 71744 CM7-345
5600-1200 71744 CM7-345

5431-9362 07263 DT flL - 936
:=;4.11-91A2 072A1 DTpI.- 93A
5431-9362 07263 DTflL-9J6
5431-9362 07263 DTflL-936
5431-9362 07263 DTflL-93i1
5431-9462 07263 DTIlL-936
5431-9462 07263 DT fl L - 936
5131-9462 07263 DTiJ.L-()36
5431-9462 07263 DTflL-946
5431-9462 07263 DTflL-946
5431-9462*~ 07263 DTflL-946
5431-9462 ~ 07263 DTflL-946
5431-9462 07263 DTIlL-946
5431-9462 07263 DTflL-946
5431-9462 07263 DTflL-946
5431-9462 07263 DTflL-946
5431-9462 07263 DTflL-946
5431-9462*~ 07263 DTfJL- 946
5431-9462 ~ 07263 DTflL-946
5431-9609 24655 5431-9609
5431-8190 01295 SN7490N
5431-8190 01295 SN7490N
5431-8190 01295 SN7490N
5431-8190 01295 SN7490N
5431-8190*~ 01295 SN7490N
5431-8190 ~ 01295 SN7490N
5431-9462 07263 DTflL-946
5431-9362 96219 SN15833N
5431-8190 01295 SN7940N
5431-8190 01295 SN7940N
5431-8190 01295 SN7940N
5431-8190 01295 SN7940N
5431-8190 01295 SN7940N
5431-9619 94144 RF3202D
5431-9602 07263 DTflL-960
5431-9602 07263 DTflL-960
5431-9602 07263 DTflL-960
5431-9602 07263 DTflL-960
5431-9602 07263 DTflL-960
5431-9602*.6. 07263 DTflL-960
5431-9602 ~ 07263 DTflL-960

7510-0100 92379 J+SK-207
7540-0400 72379 #SK-207
7540-0400 92379 #SK-207
7540-0400 92379 #SK-207
7540-0400 92379 #SK-207
7540-0400 92379 #SK-207
7540-0400 92379 #SK-207
4220-1510 02660 57-1389
4230-4530 02660 225-21521-105
4260-1291 70563 380598-1

*F or Six Digit ~For Seven Digit
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CONNECTIONS
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-----. OUTPUT LEAVES SUBASSEMBLY I
~ INPUT 'ROM DIr'ERENT suBASSEM81T I
-.{> OUTPUT REMAINS ON SUBASSEMBLT ,

~ 'NPUT 'ROM SAME SUBASSEMBLY I

R£SISTA"'tCE IS I~ OHMS, ':~I03. "'106

CAPACITANCE IS IN FARAOS,Jp 10- 6 , p.'O·12
VOLTAGES EXPLAINED IN INSTRUCTION BOOK SERVICE NOTES
L-~-=:J'PANH CONTROL ~:~~-_-_~ 'REAR CONTROL

O'SCREWDRIVER CONTROL ,"T'WIRE TIE TP'TEST POINT
COMPL( T[ REFERENCE DE SIG~ATION INCLUDE S SuBASSE"8l y

~~f.~C~I 8 R.' ... _ET_C -'

BiAS
.r"6---------<J P10 -,
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~ :PIO-2.
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Figure 6-14. Keyb ard (KB) circuit board, -4710, diagram.
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ELECTRICAL PARTS LIST

INTEPFACE OPllOt-. AS~ PIN 1658-4J20

REF')ES DE ~C RIP TION PART '~,J. FMC NUM Bt R

J
J

1 PECPT "'Iepo PIB 24 ceNT
2 eCNN PNL 24Ff~ CaNT MICRO RIB

4230-4024 02660
4230-4824 026eO

57-41240
57-2'.)240-2

NOTE: THIS ASSEMBLY INCLUDES THE 1658-4720 CIRCUIT BOARD; SEE BELOW.

I NT ER FACE 1P TIO~ PC BOAR~ 108 PIN 165ti-4720

REFDES DESC.RIPTION PA~T NO. FM(. MFGR PA~ T NUMBEi<

C 1 CAP CE~ MONO O.lUF lOper 50VGP 4400- 2050 72982 8131-M050-651-104M
C 2 u·p (ER MONO oJ.11JF 20PC T 50VGP 441)~-2t)5J 72982 81~ 1--"0 50-651-104'"
C 3 CAP CEP MONO O.1UF zODe T 50VGP ~'tOO-20~O 12. 982 a131-~050-651-104M

C 4 CAP CER polGNO O.lLJF 2JPCT 50VGP 4400-2050 729d2 8131-M050-651-104M
C 5 (~P eER ~ONO 1).11JF 2·') PC T 50VGP 44QO-205J 72982 8131-~J50-b51-104M

CR 1 01 0 C' E P ECT I FIE R IN4J03 60iH- 1001 14433 1\140')3

~ 1 PES COMP 3.3 K 5PC T 1/4W 60<1<1-2335 81349 RCR07G332J
R 2 RE~ ceMP 3.3 K 5PCT 1/4w 609<1-2335 ~134<1 RC~ C1G 332J
R 3 QES ceMP 3.3 K 5P(. T 1/4W 60119-2335 d1349 RCR07G332J
R 4 RES caMP 3.3 K 5PCT 1/4W 0099-2335 8134<1 RCR07G332J
~ 5 ReS CCMP 3.3 K 5PCT 1/4W 609<1-2335 81349 RCk07G332J
R 6 PES CiJMP 10 K 5PCT 1/4~ 6099-3105 813~9 RCR07GI03J
R 7 RES caMP 10 K 5PCT 1/4W 60c;<;-310j 813~9 RCP 0 7G 103 J
R 8 RES lCMP 3.3 K 5PCT 1/4W 6099-2335 81349 RCR07G332J
R <1 PES caMP 3.3 K 5PCT 1I4w 60S9-2335 81349 RCR07G332J

S 2 SwITCH TOGGL~ 6STA SPST Fe 1910- 2030 31514 1006-692
S 12 SWI TC H TOGGLE PC 2CK T STE:ADY 1910-1<;20 05402 TaOOl.

u 1 ICD MC6820A 40e PIA FOR NlPU 5431-2450 0'+ 713 ~( e820A
U 2 ICD OM8097 5431-9685 12040 0"'0091
U 3 ICD OM8097 5431-9685 12040 0"18091
U 4 IC DIGITAL SN14LS04N 54;1-8604 01295 SN 74L S04N
U 5 ICO MC 3441 5431-9684 J~7J.3 MC3441
U 6 ICD MC3441 5431-<';684 04713 Me 3441
U 7 ICD ~C 3440 5431-9680 04113 "'1C3440
U 8 leo Me 3441 5431-9684 O~ 113 1"(3441
U <1 IC DIGITAL SN14LS02N 543J.-dl:02 01295 SN74LS02N
U U ICD SN1406N 140 HX INV COL 31v 5431-9106 JJ.295 SN74)oN
U 11 10' SN740tN 141) HX I NV COL 30V 5431-8106 01295 SN7406N
U 12 ICD ~C6820A 400 PI~ FO~ MPU 5431-2450 04713 MC 6820 ~
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Figure 6-11. Digital and visual display schematic
diagram, part 1. Cl
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Figure 6-10. Display circuit etched-board assembly
(PIN 1192-47001.

NOTE: Orientation: Viewed from parts side. Pan number: Refer to caption.
Symbolism: Outlined area = part; gray ckt pattern (if any) =parts side, black
= other side. Pins: Square pad in ckt pattern = collector, I-e pin 1, cathode
(of diode), or + end (of capacitor).



TUBES

C-Vl Tube
C-V2 Tube
C-V3 Tube
C-V4 Tube
C-V5 Tube
C-V6 Tube
C-V7 Tube

RESISTORS

C-Rl Camp., 36 kQ ±5% 1 W
C-R2 Camp., 36 kQ ±5% 1 W
C- R3 Camp., 36 kQ ±S% 1 W
C- R4 Camp., 36 kQ ±5% 1 W
C-R5 Camp., 36 kQ ±5% 1 W
C-R6 Camp., 36 kQ ±5% 1 W
C-R7 Camp., 36 kQ ±5% 1 W
C-R8 4.7 kQ ±10% 1/4 W
C-RI0 4.7 kQ ±10% 1/4 W
C-RU 4.7 kQ ±10% 1/4 W
C-R12 4.7 kQ ±10% 1/4 W
C-R13 4.7 kQ ±10% 1/4 W
C-R14 4.7 kQ ±10% 1/4 W
C-R15 4.7 kQ ±1Q% 1/4 W
C-R17 68 Q ±10% 1/4 W
C-R18 36 Q ±1O% 1/4 W

Ref Des

C-J18
I'-TlO
~ "~

C-J25
C-J26
C-J32
C-J33
C-J42
C-J43
C-J44
C-J43
C-J4b
C-J47
C-J48

SWITCHES

C-Sl Rotary Wafer

TRANSISTORS

C-Ql Type 2N3414
C-Q2 Type 2N3414

Description

ELECTRICAL PARTS LIST (cant)

GR Part No. Fed Mfg Code Mfg Part No.

7540-1814 7076,1 141-00l-111N
75W-lSl1 70763 141-001-111i'~

7540-1814 70763 141-00l-UIN
7540-1814 70763 141-00l-111N
7540-1814 70763 l41-00l-111N
7540-1814 70763 l41-00l-111N
7540-1816 70763 l41-00l-112N
7540-1816 70763 l41-00l-112N
7540-1816 70763 141-00l-112N
7S4U-l,HO /I.J/Oj HI-UUl-l1LN

7540-1816 70763 l41-00l-112N
7540-1816 70763 141-00l-112N
7540-1816 70703 141-00l-1I2N

7890-5316 24655 7890-5316

8210-1047 24446 2N3414
8210-1047 24440

6110-3365 01121 RC32GF363J
6110-3365 01121 RC32GF363J
6110-3365 GU2l RC32CF363J
6110-3365 01121 RC32GF363J
6110-3365 01121 RC32GF363J
6110-3365 01121 RC32GF363J
6110-3365 01121 RC32GF363J
6099-2479 75042 BTS, 4.7 kQ ±10%
6099-2479 75042 BTS, 4.7 kQ ±10%
6099-2479 75042 BTS, 4.7 kQ ±10%
6099-2479 75042 BTS, 4.7 kQ ±10%
6099-2479 75042 BTS, 4.7 kQ ±10%
6099-2479 75042 BTS, 4.7 kQ ±10%
6099-2479 75042 BTS, 4.7 kQ ±lCY7c
6099-0689 75042 BTS, 68 Q ±10%
6099-0369 75042 BTS, 36 Q ±10%

5437-0850 83781
5437-0850 83781
5437-0850 83781
5437-0850 83781
5437-0850 83781
5437-0850 83781
5437-0850 83781

Fed Stock No.

5961-989-2749

5905-279-2:;43
5905-279-2543
5905-279-2543
.'190:;-279-2543
5905-279-2543
5905-279-2543
5905-279-2543

*For Six Digit t,.For Seven Digit
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Figure 6-16. Interface option (lOB) board, 1658-4720, diagram.
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ELECTRICAL P.A.RTS LIST

POWER SUPPLY AS~ V PIN 1658-40))

RE ~DES DE S( Rr p TI I) N PAR.T NO. FMC ""~GR PART NUMBER

C 1 C~.P ALU"'1 18000 UF 20V 4450-6231 24655 4450-6231
C 2 UP ALU~ 4500 UF 4JV 4450-6221 90201 CGS 4500U F 40V
C 5 CAP raNT 1.0 UF 20pel 3SV 4450-4300 5b2~9 L 500 1:) 5X003 5 A2
r 6 CAP TA~T 1 .. 0 UF 2')PC T 35v 4450-4:>J,) 5628q 150C'lJ5XOJ35AZ

CR 1 DIODE BP Ie GE 6081-10:2 24t55 6081-1032
CR. 2 D!ODE BR lOGE 6081-1032 24655 6081-1032
Co :3 DlGC'E. BR IDGE 6081-1032 24655 6081-1032
CR 4 DIODE BR lOGE 6081-1032 24655 6081-1032

F FUSE SLO-BLO~ 1/2A 250V 5330-1000 75'115 313 .500

J 101 RECEPTACLE PCWER UL STD 15A250V 4240-0250 82389 EAC- 3) 2

S 2 Sw ! TC H SLIDE 2 POS DPDl SH:ADY 7910-0832 8l38<j llA-12oo

T 1 TRAN SFOR /IlER POWER J405-4095 24655 1)485-40S5

U Ie LI ~E AR LM323 5432-104ti 12043 LM 32 3K

NOTE: THIS ASSEMBLY INCLUDES THE 1657-4720 BOARD; SEE BELOW.

POwER SUPPLY PC BQARe PIN 1651-4120

RE FDES DESCRIPTION PART "fa •. FMC MFGi<- PART NUMBER

C 3 CAD TANT 1.0 UF zope T 35V 4450-4300 ?6289 ISOD105XOO35A2
C 4 CAP TANT 1.0 UF 20PCT 35V 4450-4300 56289 lS00 10 5X0035A2
( 1 CAP TANT 1.0 UF 20PCT 35V 4450-4300 5628q 150DI05XQ035A2
C 8 CAP CEI\ MONO .01 UF lOPe. T 50V 't400-6351 72<;82 8121-M050-w5R-103K
C 9 CAP CER ~CNO .01 UF 10peT 50V 4400-c3S1 12982 8121-M050-w5R-I03K
C 10 CAP CER MGNO .01 UF 10peT SOV 440J-6351 12982 8121-~~50-w5R-103K

C 11 CAP TANT 1.0 UF 20pe T 35V 4450-4300 56289 150DI05X0035A2

CP- S DIODE RECTIFIEI<. 1N4J03 6081-1001 14433 1~4n!,)3

CR 6 "IODE: RECTIFIER IN4003 6081-1001 14433 1N4003
CR 1 CIODE J;ECTIFIER 11'14003 6081-1001 14433 1N4003
CR 8 ole DF P EC TI FIE R IN4003 6081-10')1 14433 IN40J3
CR S RECT 1N4140 100PIV 3A SI A1XM 6081-1014 14433 IN4140
CR 10 PErT IN4140 100PIV 3A 51 AIXM 6081-1014 14433 IN4140

S SwiTCH PUSH PUSH AC UL 6A 1870-1510 24655 1870-1570

U 2 IC LINEAFl L~342P-5 5432-1)5~ 12')4"1 L'" 342P-5
U 3 IC LINEAR LM320MP-B 54?2-10Sc; 11040 LM320"1P-8
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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 diagram. C3
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ELECTRICAL PARTS LIST (cont)

Ref Des Description GR Part No. Fed Mfg Code Mfg Part No. Fed Stock No.

SOCKET

D-Jl Connector, Multiple Socket 4230-4035 02660 57-40500

INTEGRATED CIRCUITS

D-ICI
D-IC2
D-IC3
JJ J.v't

D-ICS

Digital, Type DTpL-936
Digital, Type DTpL-936
Digital, Type DTpL-936
DigiLill, Type DTf-lL-9;)()
DIgital, 'lype DTpL- 4 36

5431-9362
5431-9362
5431-9362
543i-':;30L
5431-9362

07263 DTpL-936
07263 DTpL-936
07263 DTpL-936
U/LOJ DTpL-~jO

07263 DTIlL-936
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Figure 6-15. Data output schematic diagram. 0
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Figure 6-14. Data-output circuit etched-board
assembly (PIN 1192-4721).

NOTE: Orientation: Viewed from parts side. Part number: Refer to caption.
Symbolism: Outlined area = part; gray ckt pattern (if any) = parts side, black
= other side. Pins: Square pad in ckt pattern = collector, I-e pin 1, cathode
(of diode), or + end (of capacitor).



I General Radio
*Concord, Massachusetts 01742

61 7 369-4400

SALES AND SERVICE

A' n •• " •• _-" •• - ,Ar ,,",0. 1r"\r\-' DETROiT OUO G2 i 0 j G~) 'i-.iEv·v' YOR K l,i\J'r'! LIL'::1tJ4LILLMLDVUVc.nUVc. JUJ LUJ IV';:)I

ANCHORAGE Y07 ;ny-fi741 ERIE 41) 321-!'l.00 I,I\JJ! 101 ~4J-31t10

ATLANTA 800 638-0833 GREENSBORO 800 638-0833 PHILADELPHIA 215 646-8030
BOLTON 617 779-5562 GROTON 203 445-8445 PITTSBURGH 412327-7200
BOSTON 617 646-0550 HARTFORD 203658-2496 ROCHESTER 3154549323
BURBANK 714 540-9830 HOUSTON 713464-5112 SAN DIEGO 7145409830

*CHICAGO 312992-0800 HUNTSVILLE 800 638-0833 *SAN FRANCISCO 415 948-8233
CLEVELAND 800621-8105 INDIANAPOLIS 800 621-8105 SEATTLE 206747-9190
COCOA BEACH 800 638-0833 LONG ISLAND 212964-2722 SYRACUSE 315 454-9323

*DALLAS 214637-2240 *LOS ANGELES 714 540-9830 *WASHINGTON,
DAYTON 800 621 -81O!:! BALTIMORE 301 (j(j 1-~33j

INTERNATIONAL DIVISION CONCORD, MASSACHUSETTS 01742, USA

URUGUAY
Coasin Uruguaya S.A.
Montevideo, Tel. 9 79 78

SINGAPORE
Vanguard Company
Singapore, Tel. 94695

PAKISTAN
Pak Land Corporation
Karachi, Tel. 472315

PERU
Importaciones y

Representacidnes
Electronicas S. A.

Lima, Tel. 272076

PHILIPPINES
T. J. Wolff & Company
Makati, Rizal, Tel. 89-34-86

VENEZUELA
Coasin C. A.
Caracas, Tel. 7296 37

INDIA
Motwane Private Limited
Bombay, Tel. 252337, Calcutta.
Lucknow, Kanpur, New Delhi,
Bangalore, Madras

HONG KONG and MACAU
Gilman & Co. Ltd.
Hong Kong, B.C.C., Tel. 227011

Vanguard Company
Kuala Lumpur, Tel. 88213

ECUADOR
Suministros Tecnicos Ltda.
Guayaquil, Tel. 512-419

MALAYSIA

TAIWAN
KOREA Heighten Trading Co., Ltd.
M-C International Taipei, Tel. 518324

~:~u'::;,:~~s~~:6~e~1(415) 397-1455 THAILAND
G. Simon Radio Co., Ltd.
Bangkok, Tel. 30991-3

NEW ZEALAND
W & K. McLean Limited
Auckland, Tel. 587-039
Wellington, Tel. 555·869

"MEXICO
Electronica Fredin, S. A.
Mexico. 10 D. F., Tel. 20-89-48

*JAPAN
Midoriya Electric Co., Ltd.
Tokyo, Tel. 561-8851

CHILE
Coasin Chile Ltda.
Santiago, Tel. 39-6713

COLOMBIA
Manuel Trujillo

Venegas e Hijo, Ltda.
Bogota 2, O. E., Tel. 320679

"CANADA
Genera. Radio Canada Limited
Toronto. Tel. (416) 252-3395
Montreal, Ottawa

*AUSTRALIA
Warburton Frank i Industries

Pty. Ltd.
Sydney. Tel. 29.1111
Melbourne, Tel. 69.0151
Brisbane, Tel. 51.5121
Adelaide, Tel. 56.7333

*BRAZIL
Ambriex S.A.
Rio de Janeiro, Tel. 242-7990
sa" Paulo, Tel. 52-7806

*ARGENTINE
and PARAGUAY
Coasin S.A.
Buenos Aires, Tel. 52-3185

"GENERAL RADIO COMPANY (OVERSEAS)
P.O. Box 124, CH-8034, ZUrich, Switzerland, Tel. 47 70 20

AUSTRIA
Dipl. Ing. Peter Marchetti
Wien, Tel. 57 82 30

BELGIUM
Groenpol-Belgique S. A.
Bruxelles, Tel. 02/25 1636

DEMOCRATIC REPUBLIC
OF THE CONGO

Desco de Schulthess
ZUrich, Tel. 25 44 50

DENMARK
SEMCO A/S
Glostrup, Tel. 4521 22

EASTERN EUROPE
General Radio Company

(Overseas)
Tel. 477020

FINLAND
Into O/Y
Helsinki. Tel. 11 123

"FRANCE
General Radio France
Paris, Tel. 023 5774, Lyon

"GERMANV

Munchen, Tel. 4U 18 17
Hamburg, Tel. 45 06 56

GREECE
Marias Oalleggio

Representations
Athens, Tel. 710669

IRAN
Berkeh Co. Ltd.
Tehran, Tel. 62 82 94

ISRAEL
Eastronics Ltd.
Tel Aviv, Tel. 44 04 66

"ITALY
General Radio Italia S.p.A.
Milano, Tel. 29 31 29

LEBANON
Projects
Beirut, Tel. 241200

NETHERLANDS
Groenpol Industriele

Verkoop N. V.
Amsterdam, Tel. 020/64/474

NORWAY
Gustav A. Ring A/S
Oslo, Tel. 46 68 90

PORTUGAL
Casa Serras
Lisboa

REPUBLIC OF SOUTH
AFRICA

Associated Electronics (Pty.) Ltd.
Johannesburg. Tel. 724-5396

SPAIN
Hispano Electronica S. A.
Madrid, Tel. 233.16.01

SWEDEN
Firma Johan Lagercrantz K B
Solna, Tel. 08/83 07 90

SWITZERLAND
Seyffer & Co. A. G.
Zurich, Tel. 25 54 11

"UNITED KINGDOM
General Radio Company

(U.K.) Limited
Bourne End, Buckinghamshire
Tel. 22 567

EIRE
General Radio Company

(Overseas), Tel. 47 70 20
General Radio Company

(U.K.) Limited, Tel. 22567

YUGOSLAVIA
General Radio Company

(Overseas)
Tel. 47 7020

• Repair services are available at these offices.
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