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Warranty 

General Radio------------. 

This product is warranted to be free fro'TI defects in material and workman­
ship and, when properly used, will perform in accordance with specifications. Any 
GR-manufactured instrument, module, or part found not to meet this standard 
within a period of one year after original shipment will be repaired or replaced at 
no charge when returned to a GR service facility. 

G R policy is to maintain repair capability for a period of ten years after the 
original shipment and to make this capability available at the then prevailing 
schedule of charges for any product returned to a G R service facility. Changes in 
the product not approved by GR shall void this warranty. GR is not liable for 
consequential damages. 

This warranty is in lieu of all other warranties, expressed or implied, including, 
but not limited to, the implied warranties of merchantability and fitness for a 
particular purpose. 



Condensed Operating Instructions 

To operate the 1685: 
a. Connect the cables and/or test fixture to the instru­

ment (paragraph 3.1), If using externally connected equip­
ment for control and/or data recording, refer to paragraph 
2.5, if necessary. 

WARNING 
A maximum external bias voltage of 30 volts 
is recommended for safety reasons. For certain 
applications, voltages up to a maximum of 100 
volts may be used. When a bias voltage greater 
than 30 volts is used, excercise extreme care to 
avoid dangerous electrical shock. Full bias 
voltage appears on test-lead or test-fixture 
terminals and on the leads of the component 
under test when an external bias source is con­
nected and the CAPACITOR switch is set to 
EXT. 
Capacitors remain charged after measurement. 
The user must follow safe procedures to assure 
proper discharge of measured capacitors. See 
the WARNING in Paragraph 3.4.1. 
After measurement of inductors with external 
bias applied, bias current must be reduced to 
zero before the inductor is disconnected_ See 
the WARNING in Paragraph 2.6.2. 
For safety reasons, all personnel operating the 
Meter must be aware of the potential hazard 
involved in external biasing of capacitors and 
inductors. 
Do not leave the Meter unattended with exter­
nal bias applied. 

b. Set the PARAMETER switch for the type of part 
being measured and for the desired test frequency. If capa­
citance is being measured, set the CAPACITANCE BIAS 
switch to INTERNAL, EXTERNAL, or OFF, as appropriate. 
Make sure the bias is set 0 F F if measuring resistors. Refer 
to para 2.7 for details on supplying an external bias voltage . 

c. Set the RANGE switch to the applicable range (see 
para 3.3). This can be done after turn-on, if desired (step g). 

d. If measuring dissipation factor, D, or quality factor, 
0, set the D-0 dial to the desired setting. 

e. If using the optional limit comparator, set the HIGH­
and /or LOW-LIMIT digit switches to the desired limit(s) 
and set the LIMIT switch to LIMIT. 

f . Set the MODE switch to either SINGLE or REPETI­
TIVE, and adjust as required if setting to REPETITIVE . 
Measurement time can be adjusted from 1/4 s to 10 s. 

g. Connect a component to the test leads or test fixture 
and turn on the instrument, being careful not to touch the 
lead or fixture terminals if a higher external bias is applied 
to the instrument. 

h . Start a measurement (para 3.4) and observe the readout 
display, range lamps and D-0 lamps, as applicable. 

i. Adjust the MODE, RANGE, and D-0 dial, if required 
(para 3.3). 



Specifications 

Note: Table 3-11ists the full-scale RLC readings and accuracy multiplier. 
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Accuracy : Basica l ly, 0.1 % fo r de and 1-k Hz measu rements; 0.5% 
for 120-Hz measu rements. See curves fo r exact accuracies. ( ±0. 1% 
±.01% full scale) xM for de resi stance. See "R LC Ranges" table 
for valu es of M. 

Dissipation Factor/Q Factor : D = 0 to 1 0; 0 = 0.1 to oo. 

( 
(L or C) Ful l Scale 

D accuracy = ± 0.001 + 0.0002 ( ) . + 5.0% of 
L o r C read1 ng 

Dreading + 5 D% ) x M 

where M = Accu racy Multiplier 

0 accuracy is same as D accuracy since dial indicates both D and 0 
Dial reads both D and 0, and may be set to give D or 0 l imit or 
adjusted to give D or 0 va lue. 

Display : 4Y, d igits, LED d isplay w ith decimal point and over-range 
indicati on. Display norma ll y reads C, R, or L. 

Applied Voltage: AC: A x 1 V rms max. DC : A x 2 V max, where A= 
voltage multi p lier (see"R LC Ranges"table). Max imum power is 1/8 W. 

Frequency : 1 kHz ±2% and 120Hz, synchronized to line (100Hz 
test frequency tor 50-Hz l ine). 

Bias : For capac ito rs, 2V in ternal and 0-1 00 V external ; fo r inductors, 
allowable b ias current depends on range. 

Measurement Speed/Mode : Measurements made o n co mmand or 
repetitively at times from 0.25 s t o 10 s. Previous measurement is 
held during per iod of new measurement. 

Data Outputs (TTL Logic) : Open collector, active low. Each of the 
fo l lowing outputs wi l l sink 40 mA (max) from an externa l source 
of +30 V (max). Low output= +0.4 V (max): BCD measurement 
value, decimal points, DO high, reset, strobe, ove r range. 

Data Inputs: REMOTE STAR T : A positive transition of< 1 J.<S r ise 
time from 0 V < V L < 0.4 V to +2 V < VH < +30 V initiates a 
measurement. LAM P T EST : A ground lights al l segments of th e 
right-most four d igits of the LED d isp lay (8 8 8 8) t o check 
operation of all indicator seg ments. 

Limit Option : DATA OUT PUTS (TTL LOG IC) . Open co llector, 
active low. Each of the fol lowi ng outputs will sink 40 mA (max) 
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f rom an externa l source of +30 V (max) . Low output= +0.4V 
(max) : busy, go, DO h igh, high limit , low limit, ta il. SUPP LE­
MENTARY OUTPUTS (Clamp ) Thi s l ine is to be tied to the 
external supply I +30V max) to suppress inductive t ran sients from 
external relay coils. Audio output line to d ri ve a miniature spea ker 
(or headphone) tied between this output and grou nd. Signal gives 
"' 1/4 sec audio burst, when measured value fa ll s outside the 
se lected h igh and low l imits. (Not act iva ted by DO fail ures). 
(Interface) · Lines tor interfac ing w ith a digital printer (i.e. , G R 
1785), a compo nent sorter , a co mponent handler for a specific 
app li cation, and/or to in terface with a multiple limit comparator. 
DATA INPUTS (Remote Start) A positi ve trans ition of < 1 J.<S rise 
ti me from 0 V < VL < 0.4 V to +2 V < V H < +30 V initiates a meas­
urement . (Limit Disable ) Performs the same funct ion as the toggle. 
switch on the front pane l o f the l imit option module: H igh input 
tu rns limit opt ion OF F , OPEN is equ iva lent t o V L. 
(0 V < V L <+0.4 V, + 2 V < V H <+ 30 V .) 

Environment: TEMPER ATURE : 0 to +50°C operating (increase 
accuracy multipliers by 10% tor each °C above 35° C or below 15° C), 
-40 to +75°C storage. HUMIDITY: 95% at 35°C. 

Supplied : Power co rd, measurement cable, output-data connector set. 

Power : 90 to 127 or 180 to 253 V . 48 to 440 Hz, 40 W max. 

Mechanical: Bench o r rack model s. D IM ENSIONS lwx hxd): Bench , 
17.00x5.59x 16.25 in. (432x 142x413 mm) ; rac k, 19.00x5.22x16.63 
in. (483x 133 x422 mm). WE IGHT: Bench, 22.5 1b (10.2 kg) net, 
31 lb (14 .1 kg) shipping; rack, 23.251b (10.54 kg) net, 31.751b 
( 14.4 kg) shi pping. 

DescriPtion 

1685 Digital Impedance Meter 

Ben ch mode l without Limi t Comparator 
Bench mode l with L imit Comparator 
Rack model w ithout Limit Comparator 
Rack model w ith Limi t Comparator 

1685-P1 Test Fixture , Kevin clips 

Catalog Numbers 
60 -Hz Models 50-Hz Models' 

1685-9700 
1685-9702 
1685-9701 
1685-9703 

1685-9600 

1685-9800 
1685-9802 
1685-9801 
1685-9803 

•sO-H z line frequency, 100-H z test frequ ency. 
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1.1 PURPOSE 

The 1685 Digital Impedance Meter is an all solid-state 

instrument that automatically measures series capacitance 

and inductance at two frequencies, 120Hz and 1 kHz, and 
measures resistance at DC. These measurements can be made 

on command or repetitively, with measurement time variable 
between 0.25 sand 10 sand with results furnished by means 

of a digital readout display. 
The basic accuracy is 0.1% +2 counts for de and 1-kHz 

measurements and 0.5% + 1 count for 120-Hz measurements. 
For DC and 1-kHz measurements, the full-scale digital read­
out indication is 19999; for 120-Hz operation it is 1999. 
The decimal points and units are also displayed; the units 

are displayed on the RANGE switch dial. 
The range is manually set . The meter measures capaci­

tance from .01 pF (one digit) to 20,000 pF, inductance 
from .01 pH to 2,000 H and resistance from 0.1 mrl to 

20 Mrl. 

For ac measurements, the dissipation factor, D, or 

quality factor, Q, is also indicated. The value of D or Q 

is obtained by a manual dial adjustment. However, if this 

dial is set to the desired D or Q limit, there is an automatic 

indication if their value is exceeded. 
Data outputs are also furnished for one measurement 

result and one high D (or low Q) decision to allow data 

recording, limit comparison, or process control. An op­

tional, built-in, two-limit comparator is available for 

go/no-go sorting. Multiple-limit comparators, data printers, 

card punches and handlers are also available from General 

Radio, both separately or as a system. Meter output levels 

are standard TTL, open-collector, for total interface 
flexibility . 

The instrument's analog circuit allows low impedances 
to be measured by means of a four-terminal connection to 

the unknown, which minimizes lead-impedance effects. 

Guarded, three-terminal measurements can also be made 

1-8 

with negligible error regardless of substantial stray capaci ­

tance to ground . 
The analog-to-digital conversion of the measurement 

result is made by an AC-DC ratio meter capable of high 

accuracy and stability. 

1.2 GENERAL FUNCTIONAL DESCRIPTION 

Refer to Section 4 for a general and detailed functional 

description of the meter . 

1.3 GENERAL PHYSICAL DESCRIPTION 

The 1685 is available in two models, a relay-rack-mount 
configuration and a bench-mount configuration. The rack­

mount unit is assembled in a metal cabinet and, with a 

minimum amount of hardware, is ready for mounting in 
an E lA standard 19-inch relay rack. The bench-mount unit 

can be set in a tilted position on a bench, for easy view-

ing of the front panel, by pulling down the bail underneath 
the instrument. 

The unit has its own power supply, including a 0.2 V 

internal bias supply for capacitors under test. The unit can 

be operated from 48-440-Hz line voltages of 90 to 127 V 

and 180 to 253 V , in 5 ranges selectable at the rear panel. 
Proper fuses for these voltages ( 1 .0 for 100-127 V and 0 .5A 
for 180-253 V) are fitted in fuse holders on the rear panel. 

Measurement-terminal connectors are furnished on the rear 
panel. The physical characteristics of the unit are described 
in the specifications at the front of the manual. Complete 

dimensions for the bench- and rack-mount units are given in 

Section 2. 
Most of the circuits of the 1685 are on two large cir­

cuit boards (excluding the comparator option) . One board, 

the bridge board, is on the floor of the instrument . This 
board contains the analog measurement circuits, as well as 
the oscillator that furnishes the 1-kHz and 120-H z test 

signals to the part under test . 

INTRODUCTION 1-1 
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Figure 1-1 . Front-panel controls and indicators, including the optional limit comparator. 

The other board, the logic board, is mounted at the top 

of the instrument chassis, on hinges for easy access to all 

circuit-board components and all other components in the 
unit . The board furnishes timing and control signals for the 
measurement circuits, logic signals representing measured 

values that are applied to the display panel meter, which is 

also mounted on the board, and binary-code decimal logic 
signals to the rear-panel MEASUREMENT DATA connector 

for the recording of measurement data by external devices. 
Most of the circuit-board test points and adjustments are 

readily available for easy access . Photographs in Section 5 

of the manual identify the locations of various components 

and parts. 

1.4 CONTROLS, DISPLAYS, AND INDICATORS 

Figure 1-1 shows the 1685 front panel, including the 

front panel of the optional limit comparator . Table 1-1 
identifies and contains a description of the front-panel 
controls and indicators. Table 1-2 identifies and contains 
a description of the limit comparator control and indicators. 

Figure 1-2 shows the 1685 rear panel, and Table 1-2 

identifies and describes the rear panel controls and connectors. 

1-2 INTRODUCTION 

1.5 SYSTEMS 

Since additional equipment can expand the basic capa­

bilities of most General Radio instruments, including the 

Impedance Meter, arrangements are available to supply 
complete systems; inquiries are invited . Each system, cus­

tom tailored to individual requirements and including only 

equipment necessary to perform the required task, is com­

pletely assembled and checked as a unit. Such systems have 

wide application and can be used for laboratory develop­

ment, production monitoring, final quality assurance, 

production-lot sorting, incoming inspection, environmental 
testing, reliability evaluation, etc ., on an automatic or 

semi-automatic basis. 

1.6 ACCESSORIES SUPPLIED 

A power cord (P/N 4200-9625) and a measurement cable 
(P/N 1685-0291) that furnishes connections to the part 
under test are supplied with the instrument . The measure­
ment cable is terminated with banana plugs or alligator clips 
(furnished separately) that allow remote (3-ft.) two-to five­

terminal connections to the unknown . If other types of 
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Table 1· 1 

FRONT-PANEL CONTROLS AND INDICATORS 

Type 

2·position rotary switch 

Continuously adjustable 

rotary dial and associated 

in d icator lamps (2) 

4- Y, numeral readout LED 

display 

9-position rotary switch 

and dial and associated 
indicator lamps (2) 

5-position rotary switch 

3 -position rotary switch 

Red LED indicator lamp 

Continuously adjustable 

switch 

Function 

When set to ON, applies power to the instrument. 

Upper sca le is D fa ctor ; the lower Q factor . Range is 0 to 1 0 for 

D and 0.1 to= for Q (D:1(Q). Dial can be set to give D or Q limit 

or adjusted to obtain D or Q value. This is done in conjunct ion 

with indicator lamps-+ <"-above the. meter, to the left· and right· 

hand sides. The dial indicates the D or Q value at the point where 

one light goes out and the other goes on, or when both lamps are 

lit. As a limit comparator, the lamp to the left· or right-hand side 

lights if the D or Q of the part under test exceeds or falls below 

the set limit, as the case may be. The red arrow indicates the 

failure to meet the limit; the green lamp indicates value meets 

or exceeds limit. 

Gives visual indication of capacitan ce, inductance, and de resis­

tance to 5 places at DC and 1 kHz; 4 places at 120 Hz. 

Establishes capacitance, inductance and resistance measurement 

ranges: 8 ranges for ca paci tance and inductance and 9 ranges for 

resi stance, all corresponding to the switch positio n . Table 3 ·1 lists 

the corresponding range for each switch position for capacitance 
and inductance at 120 Hz and 1 k Hz and for resistan ce. The Range 

lamps -+<"-indicate that the correct range is set when both lamps 
are extinguished . If only o ne lamp is lit. the dial should be turned 

in the direction denoted by the indicator, to obtain the correct 

setting. 

Sel ects the para meter to be measured; capacitance 1 kHz or 120 

Hz, inductance 1 kHz or 120 Hz , or de resistance. 

When set to INTERNAL 2V, furnishes 2 V bias for the capacitor 

under t est. The EXTERNAL position allows an external bias 

voltage of up to 100 V to be applied to the capacitor under test, 

via the rear-panel EXTERNAL BIAS connector. 

When illuminated, indicates meter is making a measurement. 

When set to REPETITIVE and adjusted between 0.25 and 10 s, 

repet itive measurements are made at the established rate. When 

set to SINGLE, a single measurement is made when initiated by 

an external device such as a test future, component handler, 

recording device, etc. connected to the rear-panel. (Th e panel 

legend indicates only the approximate rate.) 

Table 1·2 

COMPARATOR FRONT-PANEL CONTROLS AND INDICATORS 

Name 

HIGH LIMIT 

LOW LIMIT 

HIGH 

LOW 

GO 

HIGH D 

LIMIT 

Type 

5·numeral d igit-switch , 

including decimal point 

5-numeral digit-switch, 

including decimal point 

Indicator lamp 

Indicator lamp 

Indicator lamp 

Indicator lamp 

Toggle switch, subminiature 

2-position SPOT 

Function 

Establi shes the upper meas urement limit for comparison. 

Establishes the lower measurement limit for comparison. 

L igh ts if the measured value exceeds the selected HIGH LIMIT. 

Lights if the measured value falls below the selected LOW 

LIMIT. 

Lights when measured value of the part under test is within the 

limits established by the LIMIT switches. 

Lights if the D of the unknown component is higher (or Q is 

lower) than the D value set on the D-Q dial . 

When set to LIMIT, enables limit comparator. 
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Figure 1-2. Rear-panel view. 

Table 1-3 

REAR-PANEL CONTROLS AND CONNECTORS 

Name 

J7 

TEST FIXTURE 

EXTERNAL 

BIAS100V 

MAX,+,-

48440 Hz 

Type 

Multiple-socket connector 

with locking ring (Amphenol 

type 126-218) 

Multi pie-socket con nectar, 

coaxial, 7 -pin 

3/4-i nch-spaced banana 

jacks 

Safety type line-voltage 

plug, 3-wire (IEC Standard) 

Socket, 30-pin; accepts 

G R 4320-1023 connector 

and cover assembly 

1/2 A Ext raction Post fuse 

holder 

1 A Extraction Post fuse 

holder 

LINE VOLTAGE Rota ry swi tch , screwdriver 

adj ustable 

Socket, 24-pin; accepts 

Cinch or Amphenol 57-

30240 plug 

Function 

Furnishes connection to 1685-P1 test fi xture for fixture's limit 

indi cators . (Refer to Section 2 for details. ) Can be wired for 

other system applications. Mat es with Amphenol 126-217 plug, 

or equi valent. 

Connection for 1685-0291 lead set , 1685-P1 test fixture or 

component handler. Mates with Amphenol 50064-1 plug 

(block) or 200867-2 (screw-assembly pi ug for use with the 

Type 50064-1 ). Refer to Section 2 for details. 

High- and low-side connections for an external bias supply of 

up to 100 V. This voltage , when used, is available at the test 

fixture+ current terminal when the front-panel CAPACITOR 
switch is set to EXTERNAL. 

Accepts 3-wire ac-line-cord, Belden SPH -386, or equivalent . 

Use GR Power Cord P/ N 4200-9625 . 

Receptacle for supplying m eas urement data for recording by 

external eq uipment and for handling vario us input and output 

control signals for system use . (Refer to Section 2 for details .) 

Protects instrument on 3 high est line-voltage ranges. Fuse is 

type MDL, Bussman or equivalent. 

Protects instrument on 2 lowest line-voltage ranges. Fuse is 

type M DL, Bussman or equivalent. 

Switches line voltage connecti on to one of five ranges. 

Receptacle for furnish ing co mparison data to peripherals 

and accepting some control signals for t he meter and com­

parator. Refer to Section 2 for detai ls. 

1-4 INTRODUCTION 



connectors are desired, the user can remove the alligator 

clips and install other connectors on the cable. 

An output data connector set (P/N 4230-1023) is also 
furnished with the instrument. This set makes measurement 
data in BCD form available to external recording equip­
ment. It also accepts and furnishes some control signals 

for starting meter measurements, actuating component 

handler and data recording equipment, etc. 

The power cord is a 7-ft., 3-wire, AWG No. 18 cord 
with molded connector bodies. One end with a Belden SPH-

386 socket fits the instrument. The other end is stackable 

(hammerhead), conforming to ANSI standard X73.11-1973. 

1.7 ACCESSORIES AVAILABLE 

1.7.1 Limit Comparator 

A built-in impedance limit comparator is offered as an 

option with the meter. The comparator allows wide ranges 
of resistance, capacitance, inductance and dissipation factor, 

D, and storage factor, 0, (in conjunction with the meter's 

D-Q control) to be compared to any upper and/or lower 
limits within the range of the meter. 

The comparator is a self-contained unit that enhances 

the operation of the Impedance Meter, making the meter 
particularly useful for manual, semi- or fully-automatic 

selection and sorting applications, as well as intricate 

laboratory measurements. Visual indications of comparison 
results as well as respective control signals available for use 
by external equipment permit these various operations to 

be easily performed with a minimum of operator interven­
tion of involvement. 

Comparisons of quantities usually requiring laboratory 

techniques can also be easily made, such as: small impe­
dance differences, semiconductor capacitances, capacitance 

drift with temperature, etc. And, with suitable recorders 

such as the G R Type 1785 Line Printer or other recorders, 

records of all types of data can be kept, including changes 
in measurements as a result of environmental effects. 

A GR 1784 Multiple-Limit Comparator that makes com­

parisons of up to 4 sets of limits is also avaialble. See Table 1-5. 

1.7.2 1685-P1 Test Fixture 

This fixture, available as an accessory and employing 

Kelvin clips for axial-lead components, furnishes effectively 

a 5-terminal measurement connection for components 
and parts under test. The fixture permits rapid manual 

measurements of components while providing high accuracy 
by reducing the effects of stray impedances on measurement 
accuracy. 

Figure 1-3 shows the fixture, and Figure 6-16 is the 

schematic diagram of the fixture. When the fixture is 
connected to the rear-panel TEST FIXTURE connector, 
and the top to the fixture is pressed down, a 1685 measure­
ment operation will start. Indicator lamps mounted on 
the fixture give GO/NO-GO indications when used with the 
limit comparator option. 

Figure 1-3. Test Fixture. 

1.7.3 Other Accessories Available. 

Other accessories that are available allow such instru­

ment enhancements as data printing, card punching and 
externally applied bias voltages, and also aid in performing 

operational checks, calibration and testing. Table 1-4 

lists G R manufactured accessories available for use with the 

1685. Consult G R for other items available, such as compo­

nent handlers, other data recorders, and environmental test 

devices that can be supplied separate or on a system basis 

by GR. Table 1-5 I ists related accessories available. 

1.8 AVAILABLE PATCH CORDS AND ADAPTORS 

The rear-panel EXTERNAL BIAS connection is a stan­

dard 3/4-inch spaced pair of banana jacks that accepts 

3/4-inch standard banana plugs. Table 1-6 lists the available 
interconnection accessories for this and possible other 
applications. 

Table 1-4 

INSTRUMENT ACCESSORIES AVAILABLE 

Name 

1685-P1 Test 
Fixture 

GR Part, Option 
or Type No. Function 

Type 1685-P1 Test fixture with Kelvin clips 

(P/N 1685-9600) for axial-lead components 

Impedance Limit Must be ordered Unit that compares meas­

ured values against upper 

and/or lower limits esta­
blished by means of dici­

switches on the comparator. 
Unit furnishes visual indi­

cations of high, low, or 
acceptable measured values 
of C, R, and Land out-of­

limit indications for 0 and 
0. The unit also furnishes 

associated signals for use by 
external equipment. A con­
nector plug (P/N 4220-
3024) is also supplied for 
this purpose.Type 

Comparator with instrument. 

Rack Adaptor 
Set 

P/N 0480-9703 Allows unit to be mounted 
ina standard 19-in. EIA rack. 

INTRODUCTION 1-5 



Name 

Data Printer 

Multiple Limit Comparator 

NOTE 
Refer to Table 5-1 for 
in format ion concern ing 
the standards required 
fo r part icular test or 
ca li bration procedures. 

Reference Standa rd 
Capac itor 

Standa rd Capacitors 

Decade Capacitor 

Precision Decade 
Capacitor 

Decade Capacitor 

Precision Decade 
Capacitor 

Standard Resistors 

Decade Resistor 

Decade Resistor 
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Table 1-5 

RELATED ACCESSORIES AVAILABLE 

Type or Part No. 

T ype 1785 

Type 1784 

Type 1404-A 11000 pF), 
1404-B 1100 pF), 
1404-C 110 pF). 

T ype 1409-9706 1.001 ,uF) 
-9712 1.01 ,uF) 
-9720 10.1 ,uF) 
-972511.0,uF). 

Accuracy ±.05% of nominal 
capacitance. 

T ype 141 2-BC Decade Capac­
ito r , 50 pF to 1.111151! F, 
accuracy ±10.5% ±5 pF). 

T ype 1413; 0 to 1.11111 ,uF, 
.05% basic-accuracy . 

T ype 1419-K; 100 pF to 
1.10 ,uF, accuracy 0.5%. 

T ype 1423; 1 00 pF to 
1.111 1.1-F, ±.05% basic accuracy. 

T ype 1440-9601 (1 fl.) 
-961 1 (10 fl.) 
-962 1 (100 fl.) 
-963 1 11 kfl.) 
-9641 (10k.!1) 
-9651 (100 kfl.) 
-9661 11 Mfl.) 

A lso , 0.1 fl. and .01 fl.c 

T ype 1433-H, .01%accuracy, 
11,111,111 fl. total. 

T ype 1434-G, .02% accuracy, 
1,111 ,1 11 fl. t ota l. 

Function 

Prec ise, compact, and economica l means of recording meas­
urement data. Has up to 21-co lu mn capacity with a printing 
rate of three lines per second minimum. A two-color ribbon 
can be controlled to print red or black on roll and/or fan ­
fold paper. 

Des igned for use with the 1685 Digital Impedance Meter and 
1683 Aut omatic RLC Bridge. Makes comparisons for up to 
4 sets of limits , each containing a high and low value. Lamps 
(and electrical TTL open co llector, active low outputs for 

external use) are furnished for high, low and pass indicators 
fo r each set of limits. Limits can be set for priority sorting, 

from first set of limits to fourth set. Indicator lamps are 
also furnished for priority sorting, total limit failures, and 
loss-limit failures. Unit is also stack able, with all data 
availab le as output via a 50-pin connector . 

Instrument check , cal ibrati on, and test. 

Instrument check and ca li brat ion. 

Instrument check, calibrat ion and test . 

Instrument check, calibration and test. 

Instrument check, calibration and t est. 

Instrument check, calibration and test. 

Extremely stab le resistance standards for check ing or ca li ­
brating the meter w ith accu racy of ±.01 % for all units 
exce pt 1 .!1, which is .02%. 

Instrument check, calibration and test. 

Instrument check, cal ibrat ion and test. 



Name 

Programmable Decade 
Resistor 

Decade Inductor 

Standard Inductors 

Patch Cords and 
Adaptors 

Table 1-5 (continued) 

RELATED ACCESSORIES AVAILABLE 

Type or Part No. 

Type 1435.0.2% basic accuracy, 

10 nto 1.11 Mn. 

Type 1491-G, 0.1 mH to 
11.111 H,accuracy ±2% 
to 0.6%. 

Type 1482-T (10 HI 
1482-P (1 HI 
1482-L (100 mH) 
1482-H (10 mHI 
1482-E (1 mHI. 

Accuracy ±0.1% nominal 
inductance. 

1482-B (100 f1H) 
Accuracy 0.25%. 

Type 274 

Table 1-6 

Function 

Instrument check, calibration and test. 

Instrument check, calibration and test. 

Instrument check and calibration. 

Connections for external bias supply and testing. 
Refer to the GR catalog, which contains a wide range 
of cables and connectors for most applications. 

A VAl LABLE INTERCONNECTION ACCESSORIES 

TYPE 
NO. 

DESCRIPTION CATALOG NO. 

~4=t._ 274-NQ 
274-NQM 
274-NQS 

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

0274-9860 
0274-9896 
0274-9861 

w=H+- 274-NP 
274-NPM 
274-NPS 

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

:c=F~ ~ 1560-P95 

~· 1UI f-- 874-R33 

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

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

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

Coaxial patch cord, two plugs toG R874, 36" long 

0274-9880 
0274-9892 
0274-9852 

0274-S ~s8 
0274-9492 
0274-9847 
0274-9848 
0274-9849 
0274-9850 

1560-9695 

0874-9690 
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2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
2.10 

Installation -Section 2 

INSTRUMENT LOCATION 
DIMENSIONS 
MOUNTING 
EXTERNAL-DATA CONNECTIONS 
TEST-FIXTURE CONNECTION 
EXTERNAL BIAS 
POWER-LINE CONNECTION 
LINE-VOLTAGE REGULATION 
UNPACKING AND INSPECTION 
STORAGE AND SHIPMENT . 
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[ 

I . 

FRONT PANEL C D 

! I I , 

_l ' 
~~~~~r::=:::::___l 

19 
(483)---------~ 

r F RONT PANEL ~ 

A 
B 
c 
D 

p 

Q 

R 
s 
T 

2-1 
2-1 
2-1 
2-2 
2-5 
2-6 
2-8 
2-9 
2-9 
2-9 

DIMENSIONS 
IN INCHES 

15.25 389 
16.26 413 

5.22 133 

5.59 142 
DIMENSIONS 

IN MILLIMETERS 

END VIEW 

DIMENSIONS 
IN I NCHES 

16.63 422 
15.00 381 
16.63 422 

1.63 414 
5.22 133 

DIMENSIONS 
IN MILLIMETERS 

------~ 

END v"w I 

Figure 2-1. Meter dimensions, in inches and millimeters. 

2.1 INSTRUMENT LOCATION 2.3 MOUNTING 

The 1685 Meter can be operated in bench- and rack ­
mount configurations. Keep the connections to the parts 
under test away from electromagnetic fields that may inter­
fere with measurements. 

2.2 DIMENSIONS 

Figure 2-1 shows the overall dimensions of the 1685 in 
bench- and rack-mount configurations. 

Either model (bench- or rack -mount) can be converted 

to the other by the installation of a simple conversion kit. 

2.3.1 Bench Mounting 

The bench-mount cabinet is made of formed and welded 
1/8-in . aluminum finished in baked -on, medium gray crackle 
paint and has a bail to allow easy viewing of the instrument. 
The instrument is reta ined in the case by four rear-panel 
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screws held in place by 0-rings to prevent loss. To remove 

the instrument from its case, loosen the four rear panel 
screws and withdraw the instrument. Slides on the instru­

ment case guide insertion and withdrawal. To insert the 

instrument into the case carefully push it all the way into 
the case, making sure to keep all cables clear of the case. 

Secure the four rear-panel screws. 

2.3.2 Tilting 

The bench models of the meter are delivered completely 

assembled in a metal cabinet, ready for bench use. A con­

venient bail, located along the bottom front edge of the 

instrument, can be pulled down to raise the front and pro­
vide a better view of the front-panel indicators. To tilt the 

instrument, pull down on the bail. 

2.3.3 Rack Mounting 

Bench Model. To convert to a rack model, proceed as 
follows: 

a. Order a 0480-9703 rack adaptor set. 
b. Disconnect any cabling from the rear panel of the 

instrument, loosen the four Phillips-head screws on the rear 

panel (the screws are held in place on the cabinet by rubber 
0-rings to prevent loss), and slide the cabinet off the instru­
ment. 

c. Push out the four knockouts (c); use a punch or 
similar tool and push out from the inside of the cabinet. 

d. If the instrument is to be mounted directly above 

another instrument, push out the four rubber feet attached 
to the bottom of the cabinet. 

e. Attach the rack adaptors with the four screws ( L) as 
shown in Figure 2-2. 

f. Replace the cabinet on the instrument and secure 

in place with the Phillips head screws. 

g. Install the instrument in the rack; see the next 
paragraph. 

--.... _________ -~-~-
I 

Figure 2-2. Rack-mount assembly. 

2-2 INSTALLATION 

c 

2.3.4 Rack model 

For installation in an EIA standard 19 in. relay rack, 

Includes a tiltable bench-cabinet assembly and a 0480-9703 

rack-adaptor set. To install the rack-adaptor set, perform 

steps b through f above. To convert to a bench model, 

simply remove the rack adaptor set and replace the rubber 

feet (with bail stand) if removed. 

2.3.5 Rackmounting (rack models). 

To install a rack-model instrument in an EIA standard 

19-in. relay rack, insert the instrument in the rack and 
secure it to the rack with the four rear-panel screws ( N); 

no rear support is necessary. 

2.4 EXTERNAL-DATA CONNECTIONS. 

2.4.1 General. 

An output-data connection set allows the recording of 

measurement data by means of externally connected data 

BCD DATA OUTPUTS PIN SIGNAL OUTPUTS 

Most-Significant Digit 17 8 STROBE (after time) 
16 8 14 E (overrange, or error) 
15 4 M 
14 2 D 
13 B RESET 

12 8 p HID.(high D, low 0) 
11 4 L 
10 2 c 

PIN 

3 
4 

10 

11 

9 1 A 
} Cocoec<ed ocl' 

INTERFACE 1 for external E 
8 8 N 

applications, 
7 4 K INTERFACE 2 as required 5 
6 2 F 
5 

Lco;f Sigoifioocf Digif { ~ 8 
4 
2 
1 

DECIMAL-POINT OUTPUTS* 

Lamp 4 decimal 
Lamp 3 decimal 
Lamp 2 decimal 

ADP 
BOP 
COP 

1 

R SIGNAL INPUTS 
J 
H 
2 LTILAMP TEST) 

9 REMOTE START 
12 
13 GROUNDS 

F•gure 2-3. Measurement data connector, as viewed from the rear of 
instrument. 

6 

7 

s & 15 



Table 2-1 

MEASUREMENT- DATA CONNECTOR SIGNALS 

Signal Name 

BCD DATA OUTPUTS 

ADP, BOP, COP 

STROBE 

F 

INTERFACE 1 & 

INTERFACE 2 

L T !lamp test) 

REMOTE START 

Grounds 

Pin No. 

As identified in Figure 2-3 

9, 12 & 13 

3 

4 

11 

E and 5, 

6 

7 

s & 15 

printers and recorders. The connector also provides for 

the application of some meter control signals furnished by 
peripheral devices. Figure 2-3 shows the connector and 

identifies the signals available on the applicable socket pin; 

Table 2-1 contains a description of the signals furnished by 

the connector. The information in Figure 2-3 and Table 2-1 

can be used to assemble a cable through which the measure­
ment data can be obtained. 

The output-data connector set (P/N 4230-1023), supplied 

with the meter, consists of a connector and cover assembly 
(P/N 4230-1023). The connector (PIN 4230-5530) is a 

printed-circuit, 15-position, 30-contact type connector that 

has solder terminals for connecting cable wires. A cover 
that is a part of the cable-connection kit fits over the sold~r 
terminal side of the connector. When the cable is made up, 

the connector, which is now part of the cable, connects to 

the instrument's printed-circuit logic-board terminals, via 
the cutout in the instrument's rear panel. 

Function and Description 

Measurement data in BCD form. All data outputs are open-collector, 

active low. Details on logic levels are given in the text. In the 1-kHz 

mode of operation, the most significant digit is at pin 8. In the 120-Hz 

mode, it is at pin B. Note that all active lows (logic 0) listed in this 

table are negative true. 

Decimal-point indicator signals for lamps 054, DS3, & DS2 

respectively. Logic 0 is active function. Refer to Table 3-1 for 

placement of decimal points for various ranges. Refer to Figure 

6-11, if necessary, for illustration of LED lamps showing decimal­

point placement. 

When logic 0, indicates data available for recording. Refer to 

timing diagram, Figure 6-9, if necessary. 

When logic 0, indicates established range is exceeded (1999 

counts exceeded in 120-Hz mode; 19999 counts exceeded in 

1-kHz mode). Logic 0 indicates all meter circuits reset (although 

previous displayed value remains displayed until just before 

STROBE occurs) for new measurement sequence. 

Logic 0 indicates D limit is exceeded lor 0 limit not obtained). 

Signal is taken from the high-lim1t D indicator lamp. 

Available connections for external equipment, to be used as 

required. Provides hardware connections between peripheral 

equipment connected to the meter. and any other peripheral 

equipment (if any) connected to the limit-comparator option. 

Input connection for testing the LED display. When a ground is 

applied to the pin, the LED's should light, displaying 8888 to 

check operation of all indicator segments of the four least signifi­

cant digits. Does not light the decimal points. 

Input connection for remotely starting a measurement sequence. 

Positive transition of input step initiates measurement cycle: 

0 V < 0.4 V; +2 V < VH < +30 V (Open circuit is equivalent 

to V L input.) 

Ground-reference connections. 

The connector is keyed by means of mating-hole terminals 

on both ends so that the connector will not seat properly 

if it is installed the wrong way on the circuit board connector. 

All data outputs (including limit-comparator outputs) 
are standard TTL (T2 L) logic, open-collector, active low. 

Each output is capable of sinking up to 40 mA, maximum, 

from an external source of up to +30 V. The low output is 
+0.4 V, maximum. Open-collector operation furnishes total 
interface flexibility. If the logic board outputs are used to 

drive logic circuits, the user need only add pul!up resistors 
to the peripheral logic devices, if not already connected. 
This is not required for the optional comparator's outputs. 

The data outputs include BCD measurement value, decimal 

points, D-Q high, reset, strobe, and over range. All outputs 
can be inverted (as a group) to be open-collector, active 

high, by a simple plug-in substitution of the output I C (a 

type 7407 hex buffer/driver) with a type 7406 hex inverter 
buffer/driver (or types 7404,7405,7416, and 7417, if desired). 
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2.4.2 Comparator Data 

Data Outputs. These outputs from the comparator option 

are via socket S05 at the rear of the board . In addition, two 

signals, PASS and FAIL, are furnished to connector J7 

Figure 2-4. Comparator connector S05, as viewed from rear panel. 

on the rear panel, for use with the -P1 test-fixture, which has 
PASS-FAIL indicator lamps. These latter two signals are 

routed to J7 via connector S06 inside the unit. Connection 

need then only be made to J7 for the PASS-FAIL indications. Provisions are made for two control inputs, remote start 

and lamp test. A positive transition, step input initiates a 

measurement cycle; with 0 V < VL <OA V and +2 V < VH 

< +30 V . Open-circuit is equivalent to the VL input. 

The connector on the rear of the "A" board is a 24-pin 
GR 4220-4024 (Cinch or Amphenol 57-40240) socket that 

mates with a GR 4230-3024 (Cinch or Amphenol 57-

30240) plug. The plug is furnished by GR. Figure 2-4 A ground at the lamp-test input lights all segments of 
the four right most digits of the LED display (8888) to 
check operation of all indicator segments of the four least 

significant digits. It does not check decimal points. 

shows the socket, as viewed from the rear of the instrument, 

Table 2-2 lists the comparator signals, their connections, 

and their function. 

Signal 

PASS 

FAIL 

CLAMP 

AUDIO OUT 

GND 

BUSY 

LOW 

HIGH 

HID 

GO 

FAIL 

INTERFACE1 &2 

REMOTE START 

LIMIT DISABLE 

2-4 INSTALLATION 

Connector & 
Pin No. 

J7 , D 

J7, H 

S05,5 

S05,6 

S05, 11,12 

S05, 13 

S05,14 

S05, 17 

S05,15 

S05,16 

S05, 2 

505,19 and 

20 , respective! y 

S05,18 

S05, 1 

Table 2-2 

COMPARATOR EXTERNAL DATA 

Function 

Lights test fixture PASS indicator when device passes limit comparisons. 

Lights test fixture FAIL indicator when device fails a high or low compari­

son. 

When connected to source used to operate external device (s), prevents vel tages 

exceeding +30 V from saturating the output open;::ollector drivers, as described 

in this paragraph. Usually used with inductive loads (such as relays) where 

spikes may be present. Refer to description in this paragraph for details and for 

information necessary to prevent possible damage to equipment. 

Audio output for use with external speaker or headphone connection 

between output and ground. Gives appro ximately 1 /4-s burst of 250Hz when 

value falls outside any or both limits. Not activated by D-Q failure. 

Ground connections for speaker or headphone. 

When high (open collector) indicates meter and comparator busy. Goes high at 

time of reset and goes low when comparison completed (low and high compari­

son, even if high limit not used). 

Goes low if value lower than established low limit. LOW lamp lights at same 

time , FAIL output goes low, and GO lamp is held extinguished. 

Goes low if value higher than established high limit. HIGH lamp l ights at same 

time, FAIL output goes low, and GO lamp is held extinguished . 

Goes low if dissipation factor exceeds limit. (left-hand D lamp lit on instru­

ment) or if quality factor Q is below the established limit (left-hand lamp lit) . 

The GO lamp is held extinguished and signal GO is held high . 

Goes low at end of compari son if value is within established limi t (s). GO 

lamp lights and signal BUSY goes low. 

Goes low when value exceeds established low and/or high limit. 

Connections for use with peripherial equipment to perform specific operations. 

Lines are connected to logic board (Figure 6-1 0). They can be connected to 

various points on the board, as required . 

Input line . Starts measurement cycle on the positive transition of a step input : 

0 V < VL < + 0.4 V; high is +2 V <VH < +30 V, where open circuit is equivalent 

to V L· or low, input. 

Performs same function as the front-panel LIM IT ON-OFF switch. High input 

turns I imit option off . 



Comparator output data is also TTL compatible and is 

open-collector, active low. The output signals available at 

the connector are busy, go, high D-0, high, low fail, and 

clamp, as illustrated in Figure 2-5. Three other outputs are 

also furnished: 1 kHz, interface 1, and interface 2. Signal 
"CLAMP" is for use when driving inductive loads (such as 

relays) or when spikes are present, to prevent voltages from 

exceeding +30 V, the maximum breakdown voltage of the 
hex buffer-drivers. The TTL open-collector feature allows 
high-voltage output for interfacing with high-level circuits 

(such as MOS) or for driving high-current loads, such as 
lamps or relays. 

CAUTION 
For proper operation, use only positive voltages 
and one voltage level when using the "CLAMP" 
connection. 

When the "clamp" feature is used, the common cathode 
point of six diodes, whose anodes are tied, one each, to 
the six data-output I ines, is tied to the clamp. The 

"CLAMP" line is to be tied to the external supply (+30 

V, max.) to suppress inductive transients from external 
relay coils or similar devices. 

The audio output line can be used to drive a miniature 

speaker or headphone tied between this output and ground. 
The signal gives a 1 /4-s burst of 250 Hz frequency when 

the measured value is outside the established limits. 
The INTERFACE lines allow external devices such as 

printers, multiple-limit comparators, component handlers, 

Figure 2-5. Comparator output signals that can be used with "clamp" 
function. 

etc., to be connected for specific applications. These lines 

can be tied internally to various control signals available 
on the comparator or logic boards in the instrument. Refer 

to the schematic drawings in Section 6, if necessary. 

Data Inputs. These include a remote-start that initiates 
a measurement cycle on the positive transition of a step 

input: 0 V < VL <+0.4 V to +2 V <VH +30 V. (Open is 
equivalent to VL input.) A limit-disable feature performs 
the same function as the toggle switch on the limit option 
front panel. A high input turns the limit option off. (Open 

circuit is equivalent to V L where low 0 <V L < +0.4 V 
and high is +2 V <VH <+30 V.) 

2.4.3 Interchanging Active Levels 

The active levels can be interchanged; that is, active 

lows can be substituted for highs, and vice versa, by the 
substitution of 7407 hex buffer-drivers for 7406 hex inverter 

buffer-drivers, and vice versa. If the comparator option is 

included in the instrument, the type 9407 on the compara­
tor 'A' board,can be interchanged with any of the 3 type 

9406's on the logic board, if this application is suitable. In 

this case, the logic board data output would probably not 
be used. This will reverse the active outputs of the comparator 

board and certain outputs (if desired) of the logic board. 
Full substitutions can be made to change all levels. In addi­

tion, type 7404,7405,7416, and 7417 packages can be 

substituted for any 7406 or 7407 output circuit. 

2.5 TEST-FIXTURE CONNECTION 

The rear-panel TEST FIXTURE provides, effectively, a 

5-terminal connection for the Type 1685-0291 test-cable 

assembly and for the -P1 test fixture, available as an option. 
In addition, connection J7 on the rear panel furnishes 
PASS-FAIL signals for the test-fixture indicator lamps, and 
connects the "start measurement" signal, produced when 
the test fixture is pressed, to the meter. Figure 2-6 shows 
the TEST FIXTURE connector and identifies the contacts 

that connect to the meter's measurement terminals, which 
are described in Section 4. The connector is a multiple 

socket, 7-pin coaxial connector that mates with an Amphenol 

HC 
HP 

LP 
LC 

Figure 2-6. TEST FIXTURE socket connection, with measurement 
terminals identified. 

INSTALLATION 2-5 



50064 plug (block-type) or 200867-2 (screw-assembly for 

use with the Type 50064-1 ) plug. The plugs furnished with 

the test-cable assembly and the test fixture are screw assem ­

bly types . All that need be done is insert the plug into the 

connectors and then fasten securely by means of the screws 

on the plug. 

To use the test-fixture limit indicators (PASS-FAIL) and 

start-measurement feature, it is necessary to connect the 

other cable on the fixture to rear-panel connector J7 . The 

rear-panel is a multiple-socket type with a locking ring 

(Amphenol type 126-218). and it mates with an Amphenol 

126-217 plug, or equivalent. 

Figure 2-7 shows the rear -panel connector and identifies 

the signals applied to its contacts . 

H 

Pin Function Remarks 

A Ground Activated when fixture 

B "Start" connection cover is pressed 

D "Pass" signal Activates PASS indicator 

E Ground connection 

H "Fail" signal Activates FAIL indicator 

Figure 2 -7. J7 socket connections, as viewed from the rear of instrument. 

2.6 EXTERNAL BIAS 

2.6.1 Biasing Capacitors* 

Up to 100 V can be applied externally to the instrument 

for the biasing of capacitors. A low-impedance, regulated 

power supply is recommended. 

The bias supply should have an output impedance low 

enough so that the applied ac test voltage will not be 

appreciably changed when applied to the unknown. The out­

put impedance required depends on the measurement range 

being used, as illustrated in Figure 2-8. On the top 2 ranges, 

the supply may have a rather high impedance. On the 5 

middle ranges, the output impedance should be small 

compared to 10 ohms, and on the lowest two ranges it 

should be small compared to 1 ohm . If a shunt capacitor is 

used to obtain this low impedance, its reactance can be 

as large a one-half the above values . 

Output impedance is generally not a problem for "hard ­

regulated" supplies. However, such supplies generally do not 

operate properly with current flowing into them . One way 

to prevent a negative de regulator current is to load the 

regu lator with a resistor such that the de current is greater 
than the peak ac current(0.1 .J2 A) . 

Refer to Figure 2-9. A value of at least 0 .15 A de is 

recommended. This simple method results in considerable 

.., R efer to Section 3 for details on time required to charge capacitors. 

2-6 INSTALLATION 

100 v 
14ANrlf. 3Wr rc tr 
S~O l H ~+~-....-'\/\Ar-0 

R7 

~~-------Q RNGL 

c, 

AC CUR R I:: N 1 1 HROUGH 
CHAIN RF_SISTOilS 

0 _1 iJ,, r - 1 ~ 10 
t-.. PEA ·. 

H9 
1 , , 

'-----.() RN C.i 1 

Figure 2-8. External bias connection, with resistor. 

·-: : ; ' \ .' ! . ' ·- ' ~ '-/ 

E2 
POWER = -­

R2 LJ~ ·· · 
TO KEEP ACV CORRECT 

Zo << Rs, 

WHERE 

Rs = R9 (1 n, THE CHAIN RESISTOR). 

TO PREVENT NEGATIVE REGULATOR CURRENT 

E ,j2 
- > ----A. 
R2 10 

Figure 2-9. External bias network for C ranges 1 and 2. 

E' 
DC POWER = 

R2 

TO KEEP ACV CORRECT 

1 
~ << Rs, 

WHERE 
Rs = R8 AND R9 OR JUST R9 (10ft). 

TO PREVENT NEGATIVE REGULATOR CURRENT 

E .j2 
--> -:=== = A 

R2 lO .j 1+ w 2 R1'C' 

OR APPROXIMATELY 

E .j2" 
-- > A. 
R2 10 wR1C 

R1 

Figure 2-10. External bias network for C ranges 3-7 . 

c 



Table 2-3 

INDUCTOR BIAS CURRENTS 

Test Frequency 
Range 1kHz 120kHz ide' Max. R1 R2 R3 

1 20{JH 200{JH 100 mA 1.11 0 1.11 
2 200fJH 2mH 100 mA 1.11 0 10.11 

3 2mH 20mH 100 mA 10.11 0 10.11 

4 20mH 200mH 80 mA 10.11 82.11 100.11 

5 200mH 2H 8 mA 10.11 820.11 1kn 

6 2H 20H 800 fJA 10.11 8.2kn 10k.11 

7 20H 200H 80 fJA 10.11 82k.l1 100k.l1 

8 200H 2000H 50 fJA 50.11 270K 100k.l1 

power dissipation at higher bias voltages. A more practical 

method is to use the circuit illustrated in Figure 2-10, where 
the ac current is attenuated before reaching the regulator, so 
that the de current required can be substantially less. 

2.6.2 Biasing Inductors 

WARNING 

Biased inductors store energy that can be dan­

gerous to the operator of the Meter. Full bias 
voltage appears on test-lead or test-fixture ter· 

minals and on the leads of the component under 

test when an external bias source is connected 
and the CAPACITOR Switch is set to EXT. To 

safely disconnect an inductor, reduce the bias 
voltage to zero before disconnecting the inductor. 
For safety reasons all personnel operating the 

Meter must be aware of the potential hazard 

involved in external biasing of inductors and 

capacitors. 
Do not leave the Meter unattended with exter· 

nal bias applied. 

The simple method of biasing inductors (Figure 2-11) is 

limited by several considerations, the most stringent of which 
is that the voltage drop across Rs must be somewhat less 

than 10 V to allow I in ear operation of amp I ifier U2. * 

Table 2-3 lists the maximum de current limit that should be 
supplied by an external bias source in order not to saturate 
U2 and its associated power amplifier. 

Another limitation is the voltage rating ( 100 V 1 of the 

oscillator-isolating capacitor and the power dissipated in R 2. 

(Refer to Table 2-3.) The maximum current on the lowest 

range, therefore, is limited to 100 mA, the current limit of 
amplifier U2 and its associated power amplifier. 

Much larger bias currents may be applied, by preventing 

the bias current from flowing in Rs or R2. Figure 2-12 shows 
the simplest method for doing this. The disadvantage of this 

circuit, however, is that LA shunts Lx thereby greatly affecting 
the measured value, unless LA>> Lx. The measured value is 

Lx/(1 + LxiLA) (assuming high or equal O's). 

*Also refer to Figure 6-4. R1, R2, and R3 represent bridge circuit 
components (Fig. 2-8) and represent total resistance for each RANGE 
switch position. U1, U2, and Rs also represent bridge circuit 
components. Components connected outside terminals are external 
networks and bias source (External source, LA, Lx, Ls. C1, and C2). 

The ratio LxiLA may be negligible in some cases, 

particularly if an active circuit replaces LA (see below). 

In the circuit of Figure 2-12, C1 blocks the de from 
flowing through the ground circuit and Rs. The capacitor 

should have a reactance equal to or smaller than the resis-
tance of R 1 (Table 2-3) and a voltage rating greater than 

Ide Rx. If Ide Rx > 8 V, amplifier U1 will be overdriven 

unless its P+ input is isolated. This can be done by employ-

ing the simple R-C network shown in Figure 2-13, where 
suggested values are C = 0.2 11F and R = 5 MD. 

100 v 

H 

Figure 2-11. Simple bias method. 

1-

IRx < 8 V 

IRs< 8 V 

I(R2 + Rx) < 100 V 

12R2 < Y. W 

I< 100 mA 

L---------~~--C-1--------------------~ 
Figure 2-12. Circuit for higher bias currents. 

I+ 

Figure 2-13. Simple active circuit. 
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The circuit in Figure 2-14 avoids direct shunting of Lx 

and can usually be used with no noticeable effect on the 

measured value (except, of course, that due to the de 
applied to Lx). 

In this circuit: 

1. Ls should be of a higher inductance than Lx, to 
avoid loading the test signal. 

H 

2. LA should have a reactance about 10 times higher 
than Rs. to avoid errors due to shunting the input of U2. 

3. C2 should be chosen so that w 3 LALB C2 >> wLx. 
The expression in item 3 is the effective impedance 

shunting Lx and can usually be substantially large to avoid 

any error. For example, if Ls = Lx and LA= 10 Lx. the 
error is 

Figure 2-14. Circuit for higher bias currents, LA not shunting Lx. 

For an Lx of 10 mH and a 1-kHz test frequency, C2 
should be greater than 250 pF. The voltage rating of C2 

should be greater than Ide RA; where RA is the de resis­
tance of LA. 

Simple active circuits may be used instead of inductors 

LA and Ls shown in Figures 2-12 and 2-14. Figure 2-15 * 
shows the prototype circuit. The circuit has a low de voltage 

drop but a high de impedance if R 1 C is very large. The 

de drop for the circuit shown is 1.4 V + Ide ( R + R 1 //3). 
If Ide is to be large, {3 can easily be made large by using 
several transistors in the Darlington connection shown in 

Figures 2-16 and 2-17. The product of theWs should be 

greater than R 1/R2. 
The addition of each extra transistor increases the DC 

voltage drop by approximately 0.7 V. Figure 2-18 shows 

the approximate ac equivalent circuit. In Figure 2-18, R 1 
shunts the active "inductor." A value of 1 MQ for R 1 
is large enough for any range if the circuit of Figure 2-14 

is used. For the circuit of Figure 2-12, R1 must be large 

+ 

R1 

C2 

Figure 2-15. Prototype active 
circuit . 

enough to avoid an error when shunting Lx. + 
If time constant R 1 C is too large, the circuit will take a 

long time to settle. A value of R 1 C == 0.2 s seems a practical 
value unless measurements are made very slowly. R L deter­
mines the maximum de current (for a given voltage drop) 

and also determines the value of the effective inductance 
(Figure 2-18) if R1C is constant. R1 

Since the effective inductance should be much larger 

than Lx in the circuit of Figure 2-12, and its reactance 
should be somewhat larger than Rs in the circuit of Figure C2 

2-14, there is a limit to the current that can be applied to 

large inductors for a given R 1 C time constant. However, this 
current-inductance limit for the circuit in Figure 2-14 is 

well beyond what is required in most cases (except when 

active inductors are to be measured). 

Figure 2-19 shows a practical circuit for currents up to 

0.1 A. The /3 product /3 1 /32 {3 3 should be greater than 
20,000. 

• Figures 2-15 thru 2-19 represent circuits that replace inductors 
LA and Ls. 
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Figure 2-17. Darlington-connection 
with additional transistor. 

+ 

C2 

Figure 2-16. Darlington-connection. 

R1 

Figure 2-18. Approximate 
ac equivalent circuit. 



+ 

IRx < 8 V 

C2 

47 n. 1 w 

Figure 2-19. Circuit for currents to 0.1 A. 

2.7 POWER-LINE CONNECTION. 

The power transformer primary windings can be switched, 

by means of the five-position switch (Figure 1-2) on the 

rear panel, to accept a line voltages of 90-110, 104-127, 

180-220, 194-236, or 207-253 V. Operation at I ine fre· 

quencies up to 440H z, with lower line voltage limits in· 

creased by 5%, or down to 45H z, with upper limits reduced 
by 5% is satisfactory. If 50-H z power is used, it may be 

necessary to make jumper connections on the instrument's 

bridge board. Refer to paragraph 3.2 for details. Normally , 

the instrument is wired for 50-Hz or 60-Hz line frequenci es, 

as specified by the customer . The 1685-9700 series units 

are wired for a 60-Hz line frequency; the 1685-9800 series 
are wired for a 50-H z line frequency. 

Connect the 3-wire power cable (PIN 4200-9625) to the 

line and to the 3-terminal male connector (Figure 1·2) on 

the rear panel. A 1-A fuse is used at the 2 low voltages. A 

0.5-A fuse is used at the 3 higher voltages. 

The instrument is fitted with a new design power-connec­

tor that is in conformance w i th the International Electro· 

technical Commission publication 320. The 3 flat contacts 

are surrounded by a cylindrical plastic shroud that elimi­

nates the possibility of electrical shock whenever the power 

cord is being unplugged from th e instrument. In addition, 

the center ground pin is longer, which means that it mates 

first and disconnects last, ensuring greater user protection 
from electric shock. 

The panel connector is a standard 3-pin grounding-type, 

the design of which has bee n accepted world wide for 

electronic instrumentation, and is rated for 250 V at 6 A. 

It also meets requirements of Underwriter's Laboratories 

in the U.S . and the Canadian Standards Association. The 

receptacle accepts power cords fitted with the Belden type 

SPH-386 connector. Its GR part number is 4240-0210. 

The associated power cord for use with the new recep· 

tacle is GR part No. 4200-9625. It is a 7-ft, 3-wire, 18-gauge 
unit with connector bodies molded integrally with the 

jacket. The connector at the power-! ine end is a stackable 

hammerhead design that conforms to the "Standard for 

Grounding Type Attachment Plug Caps and Receptacles," 

ANSI C73.11-1963. 

2.8 LINE-VOLTAGE REGULATION. 

The accuracy of measurements accomplished with pre­

cision electronic test equioment operated from ac line 

sources can often be seriously degraded by fluctuation s in 

primary input power . Line-voltage variations of ± 15% are 

commonly encountered, even in laboratory environments . 

Although most modern electronic instruments incorporate 

some degree of regulation, possible power-source probl ems 

should be considered for every instrumentation setup. The 

use of I ine-voltage regulators between power I ines and the 

test equipment is recommended as the only sure way to 

rule out the affects on measurement data of variations in 

line voltage. 

The General Radio Type 1591 Variac® Automatic 

Voltage Regulator is a compact and inexpensive equipment 

capable of holding ac line vo ltage within 0.2% accuracy for 

input ranges of ±13%. It will assure, for example, that an 

instrument rated for 100-125 (or 200-250) V can be opera­

ted reliably in spite of varying input voltages in the range 

85-135 (or 170-270) V . The 1 kVA capacity of the 1591 

will handle a rack full of solid-state instrumentation with 

no distortion of the input waveform. This rugged electro ­

mechanical regulator comes in bench or rack-mount ver­

sions, each with sock ets for standard 2- or 3-wire instru­

ment power cords. 

2.9 UNPACKING AND INSPECTION 

If the shipping carton is damaged, ask that the carrier's 

agent be present when the instrument is unpacked. Inspect 

the instrument for damage (scratches, dents, broken knobs, 

etc .) If the instrument is damaged or fails to meet specifica· 

tions, notify the carrier and the nearest General Radio field 

office {see list at back of this manual) . Retain the shipping 

carton and the padding material for the carrier's inspection . 

2.10 STORAGE AND SHIPMENT 

2.1 0.1 Packaging. 

To protect valuable electronic equipment during storage 

or shipment, always use the best packaging methods avail ­

able. Your General Radio field office can provide packing 

material such as that used for original factory packaging . 

Contract packaging companies in many cities can provide 

dependable custom packaging on short notice. Here are 

two recommended packaging methods: 

Rubberized Hair. Cover painted surfaces of instrument 

with protective wrapping paper. Pack instrument securely 
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in strong corrugated container (350 lb/sq in. bursting test) 

with 2-in rubberized hair pads, placed along all surfaces of 
the instrument. Insert fillers between pads and container 

to ensure a snug fit. Mark the box "Delicate Instrument" 
and seal with strong tape or metal bands. 

Excelsior. Cover painted surfaces of instrument with 
protective wrapping paper. Pack instrument in strong cor-

2·10 INSTALLATION 

rugated container (350 lb/sq in. bursting test) with a layE>r 

of excelsior about 6 in. thick, packed firmly against all 
surfaces of the instrument. Mark the box "Delicate Instru­
ment" and seal with strong tape or metal bands. 

2.10.2 Special Reshipment Instructions. 

There are no special procedures or facilities required 
for reshipment of the instrument. 
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3.1 CONNECTIONS. 

3.1.1 Power and Data Connections. 

Connections for power, external control and for data 

outputs are descirbed in Section 2. Paragraph 3.2 gives de­

tails on synchronizing the instrument's test oscillator with 

a line voltage that is exactly one-half the test frequency 

( 100- or 120-Hz test frequency). 

3.1.2 Test Connections. 

3.1.2.1 General. 

Connections to the unknown may be made using the 
test cable (supplied), the 1685-Pl Test Fixture (optional), 

or any other test fixture properly connected. 
The test cable furnishes the 5 leads n~cessary for 2-, 3-

or 4-terminal measurements . Four of these leads are 

shielded (P+, I+, P-, and 1-) to prevent errors caused by 
capacitance between them. These leads are identified by 
the color of the plug and the cable mark in g. The high-po­

tential (HP) lead is the red lead with the white band on it; 

the low potential (LP) lead is the black lead with the white 
band. The high current (HC) lead is the solid red lead; the 

low current ( LC) is the solid black lead. The fifth terminal 

(on black, low-current lead) is ground, and also guard. 
Connections to the unknown component can be made 

with the banana plugs or with alligator clips on these plugs . 

For all measurements, the two + (red) plugs should be 

connected to one side of the unknown and the- (black) 

plugs to the other side. 

Generally, the component can be connected either way, 
but when bias is applied, the + (red) plugs carry the positive 

de potential. 
A 2-terminal connection can be made by connecting the 

high current (I+) lead to the high potential lead (P+), and 
connecting the low current (I-) lead to the low potential 

(P-), then connecting the P+ and P-leads to the unknown. 

This may oe a desirable connection for measurements in the 
middle 3 ranges (4-6). However, this will require clipping 
the leads together. 

In general, 4-terminal measurements should be made on 
impedances under 200 ohms resistance (ranges 1 to 4) 

and reactance to reduce lead errors. (Refer to para 3 .1.2.3). 

When high impedances, particularly small capacitors, 
are measured, care should be taken to obtain a repeatable 
test configuration . (Refer to para . 3.1.2.2), and to shield 

the unknown from external fields . 
Any fixture used and nearby conductive surfaces should 

be tied to the instrument ground (guard) if possible. 
When the test cable is used, it is necessary to apply an 

additional START pulse to the instrument if the SINGLE ­

MEASUREMENT mode is used . (Refer to Section 2 for 

details.) 
The 1685-Pl Test Fixture is useful for making rapid 

connections to small components. It furnishes a 4-terminal 

connection to the unknown and can make repeatable 
measurements on low-valued capacitors. It's case is tied 

to guard (ground). and this connection can be used for 

further shielding. (Refer to para 3.1.2.2.) 
Unless bias is applied, the component under test can 

be inserted in either direction . When bias is applied, one 

+(positive) terminal is de positive. 
Depressing the bar on the top front of the -P1 fixture 

will apply a START pulse to the 1685 for a SINGLE 

Measurement. 
Other fixtures or other test connections can be used 

with the 1685. The easiest way to make connections is to 

cut off the banana plugs on the test cable and dress these 
leads to make the proper permanent connection. The test 

cables may be lengthened if necessary . Shielded cabling 

should be used; however, these cables should not have too 
much capacitance to ground, to avoid loading errors . (Refer 
to para 3.1.2.3.) 

3.1.2.2 Three-Terminal Connections. 

In general, 3-terminal connections are made when mak­
ing measurements of 10 kD impedance or greater for ac 

measurements where stray capacitance may produce 
undesirable effects. This connection is normally made 
on 3-terminal components such as impedance standards 

that have a separate case terminal that should be 
grounded (guarded) during measurements. 
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a 

b 

Figure 3-1. Three-terminal network. 

Some examples are given in the following paragraphs. 

If the unknown is a delta impedance connection, as 
illustrated in Figure 3-1 A, and it is desired to measure 

Zx, a voltage, E, can be applied (Figure 3-1 B), and the 
short-circuit output current, 10 , can be measured . Then C 
can be calculated from 

E 
Zx = -- • 

lo 

This is one way to make the measurement, and this 
measurement is not affected by the "stray" impedances, 
ZA and Zg, if the voltage source and current detector have 
zero impedance. The 1685 circuit (Figure 3-1 C) measures 
the voltage actually applied, E, so that ZA causes no error 
directly (However, it loads down the applied signal voltage, 
making offset voltages in the instrument more critical.) 

The input impedance to the current-measurement circuit 
is Rs / K, so that ZB causes an error of Rs / KZg x 100%. Rs 
changes with range, with a maximum value of 100 k ohms 
for ac measurements (ranges 7 and 8). The gain, K, is 
approximately -j 600 at 1 kHz so that if ZB is a capacitor 
of 1000 pF, the error is approximately 0.1% on these two 
ranges at 1 kHz. 

A shielded capacitor has a defined value of capacitance 
if measured by any 3-terminal system . A small, 2-terminal 
capacitor will have a measured value that depends on the 
stray capacitance between its leads and the test connectors . 
There is no "true" value. 

However, repeatable measurements are possible using a 
fixture of a defined geometry (electrode spacing is specified 
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Figure 3-2. Four-terminal network. 

and the components are centered in it), so that the effect of 

the stray capacitance is always the same. The capacitance 
value is generally taken to be the measured value of the 
capacitor minus the capacitance of the fixture with the 
capacitor removed . However, different fixtures or different 
fixture spacings will give different results. 

For a capacitor of a specific physical size and shape, 
the difference between measurements on two different 
systems will be a constant capacitance difference, indepen­
dent of the value of the capacitor measured. Therefore, 
to bring the two measurement systems into agreement, a 
given low-value capacitor should be measured in both 
systems and the measurement differences (in pF) used as a 
correction for further measurements of capacitors of the 
same physical dimensions. 

3.1.2.3 Four-terminal Connections. 

In general, 4-terminal measurements are used when 
making measurements under 200 ohms resistance or 
reactance (ranges 1-4) to reduce lead errors. When an impe­

dance is measured by means of test leads and connectors 
that have resistance (as illustrated by R1 and R2 in Figure 
3-2 A), the measured value will be Zx + R 1 and R2. How­
ever, if a current, I, is applied to the 4-terminal network 
illustrated in Figure 3·2 B, and the output voltage is 
measured then 

with no lead error. 

Eo 
Zx = -~-. 



The 1685 measurement circuit (Figure 3-2 C) uses the 

type circuit described above, with a differential amplifier 

to obtain the output voltage E 1 - E2 . This amplifier has 
high input impedance so that R1, R2 and R4 have no effect. 

The voltage drop, I R3, however, causes a common mode 
voltage which will cause an error of 

R3 
------------ohms. 
common mode rejection factor 

For DC, the common mode rejection factor is adjusted 

to be greater than 1000, so that if R3 equals 1 S1 there is 

an error of less than 1 mS1. (Note that voltage I R 3 must be 
less than 1 V for proper operation, which means that R3 

must be less than 5 ohms on ranges 1 and 2.) 
When measuring a 4-terminal resistor, the defined resis­

tance is that between the two lead junctions, A and A', 
as illustrated in Figure 3-3 A. Therefore, when making a 4-

terminal connection to a resistor by means of test leads, 

the measured resistance is that between the two innermost 

a 

b 

r------- ---j 

/\{~ II +i P+ it'-i i 1-l 
I ~TEST f f;: HM:N ALS 

ULACK LE AD 

-- ---- ~~'I TH V'.'HIT E 

BAN D 

JAC>< TOP 
1:3 1ND INCJ POST 
WITH C lAM P 
A f BOTTOM 
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·----- -------- iS L IP OVER 
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WITH REMOVA BLE 
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Figure 3-3. Four-terminal connection. 

measurement connections (Figure 3-3 B). A 2-terminal decade 
box can be measured with good repeatability by using the 

arrangement of Figure 3-3 C; GR 1440-Type resistors can 

be measured using the arrangement shown in Figure 3-3 D. 

Usually, I+ and P+ may be interchanged, as can P- and 1-. 

3.1.2 Connection to Low-value Inductors. 

Measurements on low valued inductors are subject to 

errors due to lead self-inductance and mutual inductance. 
A two terminal measurement as shown in Figure 3-4 A 

would indicate Lx + X' 1 + £2 - 2Mt2 where £1 and X'2 are 

lead self inductances and M12 the mutual inductance 
between them. To keep the error terms small, the leads 
should be short and they should be twisted or concentric to 
increase the mutual inductance so that 2M is nearly equal to 
Q1 + Q2 . (It can never be equal to or greater than 21 + 22 .) 

The self inductance error may be removed by making a 

four-terminal measurement, with connections right at the 

-
- a 

,_ 

, __ G------ b 

c 

'·~0 e-

o 0 
0 

e 

Figure 3-4. Connections to low-valued inductors. 
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inductor terminals. However, now mutual inductance 

between the current and potential leads (Figure 3-4 B) 

gives a measured value of 

Note that the error can be positive or negative, depending 

on the positions of the wires which determine the mutual 

inductance values. 
This error may be reduced by making the mutual indue· 

tances small or making them equal. One way to greatly reduce 

this error is to twist the potential (P) leads together and 
twist the current (I) leads together (Figure 3-4C). (The 

mutual inductances M 1 4 and M2 3 do not affect the measure­

ment.) This not only reduces the undesired mutual induc­
tances but also gives a high degree of symmetry so that they 
cancel well. The shielded lead arrangement of Figure 3-4 D 
is even better, for there is no magnetic field outside the 
shields. The shielded test leads used in the 1685 reduce this 

error by using a lead arrangement with a cross-section shown 

in Figure 3-4 E, which keeps the mutual inductances sym­

metrical so that they cancel. 
The above precautions still leave errors caused by various 

mutual inductances at the actual connection and between 

the leads and the coil. There is really no "true" value. In 

order to get repeatability, the best method is to replace 

the inductor with a piece of wire of the same length as the 
inductor and subtract the measured value of this from the 

measured value of the inductor. This is particularly easy 

to do with the 1685-P1 test fixture. 

3.2 LINE AND TEST FREQUENCIES. 

The instrument is shipped connected for a 100- or 120-

Hz test frequency, as specified by the customer*. The 
instrument's test frequency oscillator can furnish either a 

120-Hz or a 100-Hz frequency (in addition to the 1-kHz 
test frequency). The 100-Hz frequency is obtained by 

rewiring (removing) the shorting wires across R 144 and 

R279 on the bridge board, as noted in Figure 6-4. Also, 
if a 100-Hz test frequency is being used, the D-0 circuit 
terminals noted in Figure 6-4 are short-circuit together 

otherwise the D-0 circuit will not make a proper measure­
ment. If the de~ ired oscillator frequency is exactly twice 

that of the line frequency being used (50 or 60Hz), the 

synchronization signal from the power supply is connected 
to wire-tie 7 (WT7). Refer to Figures 6-4, 6-14, and 5·1. 
If not, this synchronization signal from the power supply 

bridge assembly should be rewired (disconnected), in which 
case the test frequency will be accurate to approximately ±2%. 

3.3 PARAMETER AND RANGE SELECTION. 

3.3.1 Parameter Selection. 

Set the PARAMETER switch to the function to be 
measured: Rat DC, or Cor L at 120Hz or 1 kHz. The 

choice of test frequency is often specified for inductors 

and capacitors. If not, the choice depends to some degree 

on the value to be measured. 
Measurements at 1 kHz extend to lower ranges and 

120Hz to higher ones. (Refer to Table 3-1 and Figures 

3-5 to 3-9). Note that 1-kHz measurements are more 

accurate. However, a 120-Hz measurement can be more 

meaningful; for example, a power choke may be near 

resonance at 1 kHz. 

3.3.2 Range Selection. 

Table 3-1 lists the instrument ranges. The maximum 

reading is 19999 for DC and 1kHz, and 1999 for 120-

(or 1 00-) Hz operation. The table gives the maximum 

reading for each range. Figures 3-5 to 3-9 are accuracy 

charts for the C, R and L measurements. 

*The 1685-9700 series instruments are wired for a 60-Hz line 
frequency and 120-Hz test frequency; the 1685-9800 series are 
wired for a 50-Hz line frequency and 100-Hz test frequency. 
A change from one frequency to another can be made by making 
the changes noted above. 

Table 3-1 

RANGES AND CRL FULL-SCALE READINGS 
AND 

ACCURACY AND VOLTAGE MULTIPLIERS 
Range Volt 
Switch Mul. 
Position C(1KHz)Mt C (120Hz) M t RDC M t L(120Hz)Mt L(1KHz)Mt At 

. 
1 (1999.9!1F 10) 19.99 mF 4 (199.99mn 20) (199.9!1H 10) (19.999!1H 10) 0.1 

2 199.99!1F 3 1.999mF 2 1999.9mn 3 1.999mH 2 199.99!1H 3 0.1 

3 19.99911F 199.9!1F 19.999.1< 19.99mH 1999.9!1H 
4 1999.9nF 19.99!1F 199.99.1< 199.9mH 19.999mH 
5 199.99nF 1.999!1F 1999.9.1< 1.999H 199.99mH 
6 19.999nF 1 199.9n F 19.999 k n 1 19.99H 1999.9mH 
7 1999.9pF 2 19.99n F 1 199.99 kn 1 199.9H 1 19.999H 1 
8 199.99pF 3 1.999nF 2 1999.9 kn 3 1.999kH 2 199.99H 3 5 
9 19.999Mn 5 5 

* Not Recommended 
* * Extends to 0.1 Fat reduced accuracy 

tSee specifications for multiplier definitions, Also see para 3.3.2. 
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Figure 3 -8 . Resistance measurement accuracy chart . 
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The proper measurement range is selected by turning the 

RANGE switch in the direction indicated by the arrows. 
Turn the switch until the lights extinguish. This sets the 
range so that the measurement result will be approximately 

between full scale and 1/10th of full scale, for best resolu ­

tion and accuracy . 
The exact determination of very near full scale and 

1/ 10th of full scale will depend on the measurement value 

displayed, which for best resolution should be between 
2000 and 19999 for DC and 1 kHz, and 200 and 1999 for 

120-H z test frequency. An arrow indicator may indicate 

that a measurement of 19995, for example, should be made 
on the next range, when in fa ct the measurement is a valid 

measurement. 
The range must be increased, however, when a display 

reads E, indicating the display has exceeded a 19999 or 

1999 reading . 
On the lowest recommended ranges, the lights will be 

out even though the reading will be less than 1/10th full 

scale. 
As noted in Table 3-1, range 1 is not recommended for 

most component values within the indicated measurement 

range because of poor accuracy. However, Range 1 is recom ­

mended for 120-Hz capacitance measurements. It can be 
used to measure beyond its nominal range up to 100 mF at 

120Hz at a reduced measurement accuracy, even though the 

E indication is displayed. The added error is 

Cx 
±- X 50%. 

1F 

Other components can be measured using this range, if 
desired (although not recommended). Range 1, however, is 

useful for measuring differences in resistance values. Except 

for the capacitance measurement at 120 Hz, the range indi ­

cator lamps will illuminate for all other measurements on 

range 1. 
Range 9 can only be used for resistance measurements of 

up to 19 .999 MS1. Range 9 should not be used for any other 

measurements; the meter will not operate in this measure­

ment range. Note that the range indicator lamps will not 
operate in range 9 for the resistance measurement . For 

blanked-out ranges, an illuminated arrow-indicator lamp 

wi II denote that the range is not va I id . 

The accuracy for each range can be determined from the 

data in "Specifications" at the front of the manual. The 
multiplier factor given in Tab le 3-1 is the factor that the 

accuracy equation should be multiplied to obtain the meas­

urement accuracy for each range. Figures 3-5 to 3-9 are 
accuracy charts showing the accuracy for each parameter 

measurement range. 
The voltage multiplier in Table 3-1 is the multiplier to 

be used to determine the ma ximum voltage applied to the 

part under test. This is 

A X 1 V rms, for AC 
A X 2 V max , for DC 

3.4 MAKING MEASUREMENTS 

3.4.1 Parameter Measurements. 

To make a measurement : 
a . Make the test-lead or fixture connectio11s 10 the instru­

ment as described in para. 3.1. Refer to Section ? for dP.tails 

on operating th e instrument under external control and /or 

with external devices . 

WARNING 

Electrical energy stored in charged capacitors 

can be dangerous to the operator of the Meter. 
Full bias voltage appears on test-lead and test­

fixture terminals and the leads of the compo­

nent under test when an external bias source is 

connected and the CAPACITOR Switch is set to 

EXT. 

Capacitors remain charged after measurement. 
The user must follow safe procedures to assure 

proper discharge of measured capacitors. 

For safety reasons, all personnel operating the 
Meter must be aware of the potential hazard 

involved in external biasing of capacitors and 

inductors. 
Do not leave the Meter unattended with exter­
nal bias applied. 

b. Set the PARAMETER switches fo r the type of measure­

ment desired. If capacitance is being measured and th e capacitor 
requir es biasing, set the CAPACITANCE switch to INTERNAL 
or EXTERNAL BIAS, as applicabl e. Refer to para 2.6 for 

details on applying external bias to the instrument. Make sure 
that CAPACITOR BIAS switch is set to OFF when measuring 

resistors. For biasing inductors, refer to para 2.6.2. 
c . Turn on the meter by setting the START switch to ON . 

d . Connect a component to the test leads or install it on 
the test fixture and adjust the MODE switch for the desired 

rate of measurement operation ( 0.25 to 10 s), if repetitive 

operations are desired . If using the test fixture or an external 
device to initiate measurements, the MODE switch can be set 

to SINGLE. The -P1 test fixture initiates a measurement when 

its cover bar is pressed by t he operator . (Refer to Section 2 for 
detail s on using other exte rnal devices to in itiate a measurement 

via the rear-panel MEASUREMENT DATA connector.) 
e. Set the RANGE switch, as applicable, to the desired 

range . If the comparator option is being used, set the HIGH­

and /or LOW-LIMIT digit-switches to the desired setting . 
(Note that comparator makes a low-limit comparison before 

it makes the high -limit comparison , regardless of the low­

limit switch settings and lights.) 

f . Observe the RANGE lamps during the measurement 
and adjust the RANGE control as necessary. Refer to the 

previous paragraph for details on the range controls and 

indicators. During a meausrement, the small, red indicator 

lamp below the display illuminates. When the measurement 

is completed the lamp extinguishes . 
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g. When the proper range is established, set the instru­

ment for external starting or repetitive measurements. The 
measured value of a unknown remains displayed during the 

measurement of the next component. When the next 

measurement is completed, the display will read the new 

measurement. 
In the REPETITIVE mode of operation, the measure­

ment time is determined by the setting of the MEASURE­

MENTS MODE switch. The actual measurement may be 
completed before the time established by the switch, but 

the new value will not be displayed (or available for record­

ing) until the established time. 
In the SINGLE mode, the external device establishes 

the measurement time by providing the "start" signal. 
In addition to establishing measurement time, this feature 
can be used to allow recording devices ample time to record 

measurements, when the data-output option is available. 
The measurement units (pF, mH, etc.) are not available 

for recording. The units are displayed on the range switch, 

however, and the user can note on the recording media, if 

desired. 

3.4.2 D-0 Measurements. 

The range indicator lamps beside the D-0 dial indicate 

by means of illuminated arrows if the D or 0 measurements 

are above or below the setting on the dial. The red arrow 
indicates a high D; the green arrow a GO condition. If it is 

desired to obtain the exact reading, turn the dial to the 

position where indicators alternately illuminate or both 

remain lit. 
If the comparator option is being used and the D lamp 

lights during a measurement, it indicates that the D of the 

unknown is higher (or the 0 is lower) than the D value 

set on the D-0 dial. 

3.4.3 Charging and Discharging Times for Capacitors 

CAUTION 
Do not use the meter to dischar"'e capacitors 
biased with a higher external voltage. This may 
damage the meter. When an external voltage 

higher than 2 V is used to bias capacitors, do not 

turn the EXTERNAL BIAS switch to OFF while 
the charged capacitor is connected to the meter. 

The user should furnish a discharge switch or other 

means for discharging externally biased capaci­
tors. Do not use more than 1 00 V externa I bias. 

WARNING 

Be careful when handling charged capacitors 
biased by a higher external voltage. Provide a 
warning if it is necessary to leave (not recom­
mended) the meter unattended while a high 
external voltage. is applied to the meter. The 
bias voltage is present at the test terminals 
and at the test fixture terminals when the 
switch is set to EXTERNAL. 
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Charging Time using Internal Bias. Figure 3-10 shows the 

bias supply switch configuration, with an unknown capaci­

tor (Cx) under test in the circuit. The unknown is con-
nected to the internal bias supply when the INTERNAL BIAS 

switch is set to INTERNAL 2 V or when the switch is 

already set to INTERNAL 2 V and the unknown is con­
nected to the test terminals. For capacitors under 20 pF, 
the charging time constant is less than 3 ms. The voltage 

will be within 5% of the final value in a period of three 
time constants. 

·. H l n ee 
8.·\···~·~~ ""~-

!•VfW' h !1i"Cb 

I I ' 

= 

TC1 =CHARGING TIME CONSTANT IF Cs NOT APPRECIABLY 
DISCHARGED (Cx < 20 !-'F) 

TC1 = < 3ms 

TC2 =CHARGING TIME CONSTANT OF c8 AND Cx 

~ 72 n (Cs + Cx) = 72 (2000 1-'F + Cx) 

Cs 2000 1-'F 
Va = 2 V ea + Cx = 2 V 2000 1-'F + Cx 

NOTE 

V8 < 1.98 V IF Cx < 20 J.lF, SO THAT TC2 NOT IMPORTANT 
FOR VALUES UNDER 20 J.lF. IF Cx = 2000 J.lF, V3 = 1 V. 

Figure 3-10. Capacitor charging times. 



measured component into the correct line, and to begin 

moving a new component mechanically into place while 
the printer proceeds to print out the value of the compo­

nent, depending upon the position of switch S1 and the 

state of the FAIL I ine from the "A" board. 
When the printer has completed its operation, it turns 

off transistor 01. And when the handler has finished its 

operation, it turns off transistor 02. Since the printer and 

the handler operate at independent rates, transistors 01 
and 02 will shut off at different times. Therefore, the last 

one to turn off is the one that produces the low-to-high 
logic transition on the REMOTE START line required to 

initiate a new measurement by the 1685. 
Having initiated a new 1685 measurement cycle, the 

above sequence of operation is then automatically repeated. 

Note that the MODE switch on the front panel of the 
1685 must be in its SINGLE MEASUREMENT position 

in this application. 
An alternative configuration employing a multiple 

limit comparator in place of the Limit Option module (good 

for single high- and low-limits only) is also possible, so that 

components can be sorted into ±20%, ±10%, ±5%, ±1%, 
etc. categories, as desired. All of the signals required to run 

such a comparator are available from the 1685 rear-panel 
connector. Figure 3-13 is a block diagram showing this 

configuration. 

T[ R 

Figure 3-13. External multiple-limit comparator application. 

IMPEDANCE MEASUREMENTS 
D AND Q 

An important characteristic of an inductor or a capac­
itor, and often of a resistor, is the ratio of resistance to 
reactance or of conductance to susceptance. The ratio is 
called dissipation factor, D, and its reciprocal is storage 
factor, Q. These terms are defined in Figure 1 in terms of 
phase angle o and loss angle 13. Dissipation factor is di­
rectly proportional to energy dissipated, and storage factor 
to energy stored, per cycle. Power factor (cos o or sin 13) 
differs from dissipation factor by less than 1% when their 
magnitudes are less than 0.1. 

In Figure 1, R and X are series resistance and reac­
tance, and G and 8 are parallel conductance and suscep­
tance, of the impedance or admittance involved. 

Dissipation factor, D, which varies directly with power 
loss, is commonly used for capacitors. Storage factor, Q, 
is more often used for inductors because it is a measure 
of the voltage step-up in a tuned circuit. Q is also used 
for resistors, in which case it is usually very small. 

Most General Radio capacitance and inductance bridges 
also measure D or Q. 

R 

D •· eot8 .. ~• -j- .. k=ton.S 

Powtr Factor • 

• cos8• t 

Figure 1. Vector diagram showing the relations between factors D and Q 
and angles 8 and {; · ' 

SERIES AND PARALLEL COMPONENTS 
Many GR impedance bridges give the user the option 

of measuring the unknown in terms of either its series or 
parallel equivalents. The choice is a matter of conven­
ience for the problem at hand. Since the distinction be­
tween series and parallel equivalents is sometimes over­
looked in texts, we will briefly summarize the relationships 
here. 
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Fig~re· 2. Series and par­
allel components of Im­

pedance. 

Regardless of physical configuration, every impedance 
can be expressed, for any given frequency, as either a 
series or .a parallel combination of resistance and reac­
tance, as shown in Figure 2. ihe relations between the 
elements of Figure 2 are: 

Rr = Jr = -~'s ~ X's :::; RsU +O') 

X ~ .. L - R's + X's - X (1 +. D') 
•- Be - Xs - 5 

· · 

In terms of series and parallel capacitive and inductive 
reactances, these relations become: 

C, = Cs (1 ~ D') 

Cs = C, (1 +D') 

L, = Ls ( 1 + J, ) 
Ls = L, ( l 1' Ql) 

Where: 
Q _ _& _ ~ _ ~ _ wls _ Re 1 

- Rs - Xe - Gr - Rs - -;,L, = D 
and 

D = ~ = ~: = -~; ~ ~: ::: wRsCs = wR
1
,c, = ~ 

If Q is 10 or more (or if D is 0.1 or less), the difference 
between series and parallel reactance is no more than 1%. 
For very low Q's or high D's, however, the difference is 
substantial; when Q = 1, X, is twice Xs. If there were no 
losses in the reactive elements (i.e., D = 0), Xs and X, 
would be equal. 



Figure 3-10 also shows an approximation of the charg­

ing time (TC2) when a capacitor greater than 20 11F is 
connected to the bias supply. As shown, the charging time 

using the internal bias is TC2 = 72 ( Cx + 2000). The mini­
mum time is 0.144 s, and the maximum can be 1.5s for a 

20,000-!lF capacitor. The charging time, TC2, is unimpor­
tant for values under 20 11F. 

Discharging Internally Biased Capacitors. Internally 

biased capacitors can be discharged by means of the meter 

by slowly switching the CAPACITOR BIAS switch to OFF. 

The switch connects to the 1 0-Q arm before connecting 

the unknown to ground . The time is less than Cx (11m 

+ 3 ms, assuming the switch is turned off slowly compared 
to approximately 20 ms; that is, for example, 20,000 f.l.F 
( 11 m +3 ms = 25 ms. 

Charging Time Using External Bias. The time it takes to 

charge externally biased capacitors depends on the bias 

supply used. If the supply has an "indefinite bus," that is, 

zero resistance, then TC2 (see Figure 3-1 0) will be less than 

3 ms, up to 2000 f.l.F, and less than 30 ms at 20,000 }.lF. 

(or, for instance, Cx x 1Q + 3ms). 

If the supply has a capacitor output as shown in Figure 
3-11, then the charge time would be the same as that of 
that of the internal supply, except TC2 would become R C. 

Similarly, Va = CIC+Cx x supply voltage. If the supply is 
current-limited, t = CxV/IMAX will be added to the 
charging time. (Refer to Section 2 for details on external 

bias power supplies.) 

R 

~ 
T I o 

Figure 3-11. Supply with capacitor output. 

Discharging Externally Biased Capacitors. Do not set 
the EXTERNAL BIAS switch to OFF while an externally 

charged capacitor is connected to the meter. This may 
damage the meter. 

The user should supply a switch or device to discharge 

the capacitors, making sure the resistor used is adequate 

to handle the charge held on the capacitor. Also observe 
the warning noted at the beginning of this paragraph . 

3.5 TYPICAL USES WITH EXTERNAL DEVICES. 

Figure 3-12 is a block diagram application drawing illus­

trating the use of the 1685 rear-panel data and control sig­

nals in conjunction with external equipment. A digital 

printer is shown connected to the rear-panel connector of 
the main instrument, and a mechanical parts handler is 

shown connected to the rear-panel connector of the limit 

option "A" board. 
The digital printer, in addition to the BCD and decimal 

point data input lines, has two additional input lines (for 

control), plus one output line. One of these control inputs 

MECHANI CAL 
PARTS HAN D L ER 

Figure 3-12. Comparator and external device application. 

is the PRINT START command and the other is the RED 
SELECT line. The latter, when activated, causes the printer 

to print out in red (rather than black). The one printer out­

put line, designated BUSY at the printer, is a line that goes 
high at the end of the print operation, signifying that the 

printer has finished printing the measurement value 

(PRINTER DONE). 
The mechanical handler is a device designed (or pur­

chased) by the user for use in an incoming inspection opera­

tion where many parts of the same value are to be measured 
and checked against the comparator high- and low-limit 

values. The handler is shown receiving the comparator out­

put data signals, as well as two control signals, BUSY and 

FAIL. 
Use of the REMOTE START, INTERFACE #1, INTER­

FACE #2, BUSY, and FAIL lines available at the rear of 

the 1685 are clearly illustrated . Switch S1 in the handler, 
labelled PRINT ALL!PR I NT ON FAIL is strictly an op­

tional feature. 

The sequence of operations for the configuration shown 
would be as follows: 

First, all BCD and decimal point data is produced on the 
1685 logic board and impressed upon the data output lines. 
The FATe, GL>, HID, LOW, and RTGR signals are then prc-­
duced on the limit option "A" board. 

Then signal BUSY is issued from the limit option "A" 
board . This signal is used to start both the handler and the 

printer. The handler proceeds to mark or to sort the just-
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Theory-Section 4 

4.1 INTRODUCTION . 

4 .2 CIRCUIT DESCRIPTIONS 
4.3 LIMIT COMPARATOR 
4.4 POWER SUPPLY 

4.1 INTRODUCTION 

4.1 .1 General. 

The 1685 Digital Impedance Meter measures series induc­

tance and capacitance at two frequencies: 120 Hz and 1 kHz; 

de resistance; dissipation factor, D, of capacitors; and storage 

factor, 0, for inductors. With the front-panel MODE switch, 

the 1685 can be controlled for measurement rates of 0.25 
s to 10 s. The front-panel digital readout meter gives read­

ings of C, R, and L, and the front-panel dial reads both D 

and 0 ( D = 1 /Ol. A I imit-comparison option is available for 

making C, R, and L high· and low-limit value comparisons, 

furnishing pass-fail indications as well as indicating the 

limit(sl the measured value exceeds. 

r- --
1 

I 
I 

AC/ DC 
SOURCES 

, 15 v) 
~ TO ALL 

±5 v I CIR CUITS 

AMPLIFIER 
("" HA LF­
BRIDGE "") 

POT. BOA RD 
16854740 
AND 
SWIT CH ING 
I NOT PART OF 
BRIDGE BOARD) 

4-1 
4-2 

4-17 
4-21 

Figure 4-1 is a block diagram of the meter . The meter is 

comprised of an amp I ifier, or "half-bridge," circuit and an 

AC·DC ratio meter capable of high accuracy with good 
noise immunity . The ratio meter is a combination of a 
dual·slope integrator and an integrating phase·sensitive detec· 

tor. The same circuit is used for AC and DC ratios . The 
bridge and ratio meter circuitry is mounted on the 1685-
4720 bridge board on the floor of the instrument. A logic 
board ( P /N 1685-4 700), located above the bridge board, 

on hinges that allow easy access to board components, 
furnishes all control and counting circuits for the ratio 

meter. 

I 
I 
I 
I 
I 
I 
I 
I COMPA RA TOR L _______ _J 

I BRIDGE BOAR D L _____ --

GUARD 1685-P1 
TEST FI XTURE 
OR 
CA BLE 

TEST FI XTURE 
CO NNECTOR 

Figure 4-1. Digital Impedance Meter block diagram. 
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A power supply board (P/N 1685-4730) furnishes all 

DC voltages to all the circuit boards, including the inter· 
nal 2-V bias voltage for capacitors under test. The board is 

at the left front of the instrument, under a metal cover. 

The bridge board contains: 

1. A Wien-bridge oscillator that produces a 1-kHz or 

120- (or 1 00-) Hz, 5-V rms, maximum, a-c test signal and 

the reference signal for resistance measurements. 

2. A linear measurement circuit that has two arms, or 

networks. One of these detects the voltage across the part 

under test. The other has a ratio arm resistor of various 
decade values, selected by the RANGE switch, that produces 
a voltage directly proportional to the current through the 

part under test. For ac measurements the signals are phase­

shifted so that the outputs are inphase (actually -En and Ed 
are exactly 180° out of phase) when a pure reactance is 
being measured. 

3. A ratio meter circuit that comprises a main AC-DC 
integrator and comparator, an auxiliary integrator, and a 
dual-slope integrator and comparator . 

4. A circuit for detecting high and low dissipation - fac· 

tor values for capacitors and high and low storage factor, 0, 

values for inductors. The circuit is used in conjunction with 

the front-panel 0-Q dial, which sets the D-0 limit, and with 
the 0-Q lights that indicate if the limit has been exceeded. 

5. A range-finding circuit that detects overrange and 

underrange conditions and indicates these by illuminating 

the lamps associated with the front-panel RANGE switch. 
There is a small potentiometer board (P/N 1685-4740) 

mounted on the back of PARAMETER switch S502. This 
board contains adjustable resistors used to calibrate the 
various bridge configurations and to align the D-0 measure­

ment circuit . The resistors are factory adjusted. 
The logic board contains: 

1. A circuit that determines, by means of a one-shot 
flip-flop and the front-panel MODE switch, the time and 

mode of measurement (single or repetitive) . 
2. A circuit that produces 20 or 200 burst (BST) pulses 

for the ratio meter. The pulses are derived from the ref· 
erence signal. 

3. A circuit that produces the correction signal, CTN, if 

the main integrator output exceeds the established threshold. 

4. A counter comprised of 4 decade stages and one flip­

flop. The counter counts BST pulses; strobes denominator 
(CTN) pulses, if any, into the third decade counter; and 

counts while up-count (UPC) and down-count (DNC) pulses, 
are produced, storing the counts, which are a measure of 
the value of the impedance under test . 

5. A 60-kHz oscillator that serves as (_l clock for the 
counter and for furnishing UPC and DNC timing pulses. 

6. Logic circuits that produce, under control of the 

above mentioned circuits, switching signals (UPC, DNC, 
SUD, STC) for the ratio meter. 

7. Circuit that detects the count-complete signal (CP2) 

from the ratio meter. 

4·2 THEORY 

8 . Quadruple bistable latches and 2 dual 4:1 multiplexers 

that furnish data stored in the counter to the readout dis­
play and to the rear-panel OAT A connector and the compara­

tor , if included in the instrument. 
9. Scan oscillator and associated flip-flops and IC gates 

that produce time-state and timing signals for reading out 

measurement data from the latches and multiplexers to the 

appropriate light-emitting diode's ( LE 0 's) in the readout dis­
play . These same signals are furnished to the comparator, 

for various timing operations, if the comparator is installed 

in the instrument. 

10. Transistor drivers for signals applied to all the read· 
out LED segments and for enabling the LED's. 

11 . Provision for supplying instrument timing and status 

signals to peripheral items, including the optional limit 
comparator, and for accepting external control signals. 

The power supply consists of a transformer and rectifier 
assemblies and a power supply board, P/ N 1685-4730. The 

transformer is mounted at the left·hand rear of the instru­

ment as viewed from the front. The rectifiers are mounted 

just to the rear of the board, in front of the transformer, 
on the transformer terminal board. The board is mounted 

in front of the transformer, under a metal cover Three 

filter capacitors are located beneath the circuit board. 

The power supply furnishes +5V and ±15V to all circuit 

boards in the instrument. 

The optional limit comparator is comprised of two cir­

cuit boards and a front-panel assembly. These units are 
installed separately in the unit. The front-panel assembly 

contains digit-switches for establishing the high and low 
limits for comparison, and lamps that indicate the status of 
the comparisons. 

The circuit boards are designated A and B (P /N's 1685-

4750 and -4760, respectively) . The B board contains four 
dual multiplexers that, under control of logic-board timing 

signal, switch the status of the digit-switches, first the 

low-limit switches then the high-limit switches, to the A 
board where the switch settings are compared with the 

measured value. 

The A board contains a number of timing circuits 

that sequentially compare each digit of the measured 

value with the BCD data from each limit comparator switch, 
beginning with the low-limit switch. When the measured 

value fails to compare with any limit digit, the appropriate 
lamp(s) light. 

The comparator has provisions for furnishing status 
signals to peripheral equipment and allowing external 

connections to be made to the logic board for unique 

operations. 

4.2 CIRCUIT DESCRIPTIONS 

4.2.1 General 

The following paragraphs contain descriptions of the 

1685 circuits in the signal -flow order shown in Figure 4 -2. 

To obtain a general overall view of how the instrument 
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Figure 4-2. Detailed block diagram of the 1685 Digital Impedance Meter. 

SEQUENCE OF OPERATION 

1. S1, S2, AND S3 CLOSED (INITIAL CONDITIONS). 
2. PRESS MODE SWITCH (START). 
3. DELAY AND CLEAR CIRCUITS (RESET). 
4. OPEN S1 AND S2 (BY MEANS OF SIGNAL STC). 
5. APPLY N1 BURST (BST) PULSES (20 FOR 120-Hz OPERATION; 200 FOR 1-kHz) TO Sn AND Sr. 
6. IF CPI HIGH, APPLY N2 PULSE(S) CTN TO Sd AND COUNT PULSES. (USE 'HUNDREDS' DECADE COUNTER.) 
7. COUNT BST PULSES WITH COUNTER. (USE 'UNITS' AND 'TENS' DECADES.) 
8. AFTER 20 OR 200 BST PULSES, OPEN S3. ('UNITS' AND 'TENS' DECADES AUTOMATICALLY RESET.) 
9. CLOSE Sy FOR TIME IT TAKES COUNTER TO COUNT 100 UP-COUNT (UPC) PULSES. TIME~100/60 kHz. 

(COUNTER 'UNITS' AUTOMATICALLY RESETS.) 
10. OPEN Sy AND CLOSE Sz. 
11. COUNTER COUNTSN3 DOWN-COUNT (DNC) PULSES (60-kHz RATE). 
12. COUNT N3 PULSES UNTIL E0 CROSSES ZERO LEVEL (PRODUCES COUNT COMPLETE , CP2.) 
13. STROBE COUNT OUT OF ALL COUNTERS INTO LATCHES AND THROUGH MULTIPLEXERS TO LED 

DISPLAY. THIS IS MEASUREMENT V,ALUE. 

ALSO REFER TO TIMING DIAGRAM, FIGURE 6-9. 



operates and how it functions in comparison to other 
bridges, refer to the appendix at the rear of this section. 
In the appendix, disregard the specifications that are 

called out. They are included only to give a better under­
standing of some operations. 

4.2.2 Component Identification and Definitions. 

Component Identification. In the following paragraphs, 
references are made to components shown in the schematics. 
Since many of the logic integrated circuits referenced on the 
schematics have several components in a single package that 
has a single reference designator, it is necessary to use a 
scheme that identifies, where necessary, the particular 
circuit in the package. Packages are identified on the sche­
matics either by numbers or by numbers preceeded with 
the letter U. 

To identify most circuits in a package, the output pin 

or terminal is used in the text, in addition to the letter 
designation. (For example, a NAND gate can be referenced 
IC5-9 or U5-9, where 5 is the package reference designator 
and 9 is the output terminal of a particular gate in the 
package.) 

In the case of flip-flops (F-F's), the 0 terminal is refer­
enced to identify the particular F-F in the package. (For 
example, US-6, where US is the package designator and 6 
is the 0 terminal of the particular F-F .) Reference desig­
nators for other components such as transistors, resistors, 
etc., are standard. 

R25 1-kHzADJ 

SYNC 

(wt7) 

• 

R1 c 

ON 

R1 

ON FOR 
120 (100) Hz 

*OPEN LINKS FOR 100HZ 

c 

Logic Definitions. In the text, a "high" level (or a logic 
1) is defined as positive TTL-compatible logic, +3.5V to +5V. 
Where open-collector circuits are used, the high, or logic 
1, can be a maximum of 30 V (or +2V < VH < +30 V). 

A "low" (or logic 0) is approximately 0 V. Where open­

collector circuits are used, the low is OV < VL < 0.4V, 
where the "open" is equivalent to VL. 

4.2.3 Bridge Board (Figure 6-4). 

General. Figure 4-2 is a fairly detailed block diagram of 
the instrument. This description follows the signal path 
shown in the Figure. 

Oscillator and De Source. Figure 4-3 shows the equiva-
lent circuit of the Wien-bridge oscillator. The oscillator can 
be considered to be two pans, a frequency-determining net­

work (CA, CB and RA), that supplies positive feedback to sus­
tain oscillation, and a voltage divider (RF andRE) that fur­
nishes negative feedback to stabilize the amplitude. The 
oscillator has two frequencies, 120Hz (or 100Hz) and 1 
kHz, selected by means of front-panel PARAMETER switch 
5502, which changes the values of RA and CA by switching 
in either 05 or 06, respectively. Figure 6-4 shows the connec­
tions. RF is a thermistor that adjusts itself to the value needed 
to maintain a constant amplitude. The . .circuit oscillates at 
frequency F = 1 /27TRC. R25 is a 1-kHz frequence adjustment. 
The oscillator can furnish low frequencies of either 120 or 
100Hz. The latter is obtained by removing the shorting 

LEVEL ADJ. 

POWER 
AMP 

(wt3) 

1--__..-~~PUT 

Figure 4-3. Oscillator equivalent circuit. 
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wires across R144 and R279 to increase the resistance values. 

If the desired oscillator signal is twice one line frequency 
(50 or 60Hz), the synchronization signal to WT7 should be 

solder-connected. If the oscillator signal is not twice the 
line frequency the synchronization line should be discon­

nected, in which case the frequency will be accurate to ±2%. 

The input to the power amplifier comprised of 01-04 

is a 5-V, rms, 120-Hz or 1-kHz signal from the bridge oscilla­
tor. The amplifier can supply 0.1 Arms of current with low 

distortion. The circuit is short-circuit proof. 
The 5-V oscillator amplifier output is applied to 9-posi­

tion RANGE switch S501 which divides the open-circuit 
signal level, to give 5 Von ranges 8 and 9, 1 V on ranges 

3-7, and 0.1 V on ranges 1 and 2. Series resistors are also 

added (R1-R6) to limit the short-circuit current. 

De Bias Circuit. As shown in the circuit schematic, Figure 
6-4, the internal DC bias is derived from the instrument's DC 

power supply that furnishes +15 V to a voltage divider net­

work on PARAMETER CAPACITOR switch S503. The 

voltage divider is comprised of R 10, R 11, and R 269. There 

are 4 switch positions shown on the schematic. Switch posi­

tion 3 sup pi ies 2 V to the part under test. Switch position 4 

allows an external bias of up to 100 V to be applied to the 

part under test. (Care must be taken to include a resistor in 

the connection if the external supply is a high-current supply.) 
Switch position 1 removes the bias; switch position 2 is 

undetented and is used to discharge C502 when the switch is 
between positions 2 and 3. 

The voltage and current-sensing amplifiers are illustrated 

in Figure 4-4. The circuit is described as a "half-bridge" 
because of the similarity in function to the unknown and 

ratio arms of a passive four-arm impedance bridge. The sec­

tion that furnishes the output proportional to the voltage 

across the unknown can be considered the Zx arm; the 

section that furnishes a voltage that is proportional to the 

current through the unknown can be considered the Rs arm. 
In addition to furnishing the voltage proportional to the 

current through the unknown the Rs arm also furnishes a 

reference for the ratio meter for inductance and capacitance 

measurements. (Reference signals are via the logic board.) 

Figures 4-5 to 4-7 shows the "half bridge" configurations 

for capacitance, inductance and resistance measurements. 

For capacitance and inductance measurements the signals 
are phase shifted so that the signals are inphase" when apure 
inductance is being measured. Bandpass networks are used 

which are similar except for the RC connections, which 
result in 90° phase differences between them. The networks 

are interchanged for these measurements by means of front­

panel PARAMETER switch S502. The networks are not 

*-En and Ed are actually exactly 180° out of phase. 

(K1 is precise) 

Amplifier Circuit. The meter cirucuit contains amplifiers that 

furnish voltage outputs proportional to the voltage across and 
the current through the unknown, two phase-shift networks for 
the ac measurements for bringing the signals in phase* for purely 

reactive unknowns, and an AC-DC ratio meter that indicates the 
ratio of the vector components of two voltages obtained from 
the amplifiers, to obtain the desired measurement value. 

(K2 is large) 

Figure 4-4. Basic "half-bridge" containing two arms, Zx and Rs. 

S501 
(R51-R57) 

"LAG" 
Ra 

Figure 4-5. Series capacitance (Cs) bridge configuration. 

E1 = Edenom =I f(w)jwRaCa 
jWCx 

Enum _- RsCx 
Edenom-~ 
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I 
5501 
(R51-R57) 

"LEAD" 

Figure 4-6. Series inductance bridge configuration. 

I 
DIFFERENTIAL 
AMPLIFIER 

5501 
(R51-R57) 

Figure 4-7. Resistance (Rdc) bridge configuration. 

Rf! R/1 0 (0.9 K) 

R (9 K) 

Rt
2 

R1 (10 K) 

R
52 

R/1 0 (1 K) 

Figure 4-8. Zx bridge arm equivalent circuit. -
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Figure 4-9. Zx bridge arm and output attenuator equivalent circuit. 

used for resistance measurements. Figures 4-8 and 4·9 are 

more detailed equivalent diagrams of the Zx arm of the 
"half-bridge." A differential amp! ifier comprised of opera· 

tiona! amplifiers U2 and U3 is employed to detect the 
voltage drop across the unknown. The gain of both ampli· 

tiers is determined by the resistors in their feedback network, 

as shown in Figure 4-8. Each input is amplified by the same 

factor (as determined by the resistors), so that the output 
is proportional to the difference between the input voltages. 

The attenuator, comprised of components mounted on 
RANGE switch S501, determine the amplifier's overall gain, 

as shown in Figure 4-9, which identifies the components and 

illustrates how the gain is obtained for the various ranges. 
There is a gain of 1 for the middle ranges (3· 7), a gain of 

0.1 for the highest ranges, and a gain of 10 for the two low· 

est ranges ( 1 and 2). 
The Rs arm is comprised of operational amplifier U4 

and a power amplifier comprised of transistors 07-010. The 

arm resistance is selected by means of RANGE switch S501, 
which switches in various values for Rs in the amplifier feed· 

back loop. Table 4-1 lists the resistors ( R51-R57) in the 

ratio arm for the 9 instrument ranges. 

Range 
1 
2 
3 
4 
5 
6 
7 
8 
9 

E1 =VOLTAGE TO DIFFERENTIAL AMP 

E1 = lxZx 
Zx =UNKNOWN 
ZA =SHUNT RESISTANCE 
R5 =RATIO ARM (SELECTED BY RANGE SWITCH) 

Figure 4-10. R5 arm equivalent circuit. 

Table 4·1 
R5 VALUES AND DIFFERENTIAL AMP GAIN 

Resistor (.1:1) 

1 
10 
10 
100 
lk 
10k 
lOOk 
lOOk 
1M 

Differential Amp Gain 
10 
10 

1 
0.1 
0.1 

Op amp U4 in the arm is an inverting amplifier. It has 
adjustments at the positive and negative inputs to cancel out 

the offset voltage and current between the inputs, which 

offset the accuracy of the de resistance measurement. R60 is 
the voltage adjustment most critical on the low resistance 
ranges. R59 is the current adjustment most critical on the 
highest resistance ranges. 

Figure 4-4 shows the equivalent circuit of the amplifier. 
U4 is followed by a push-pull, unity-gain power amplifier 

(07-010) required to obtain the higher currents used on 
the lower impedance ranges. The ratio-arm resistor, Rs, and 

the differential amplifier gain determine the impedance 
range. (See Figures 4-4 and 4-1 0.) 

Depending on the type of component being measured, the 

outputs of the inverter and differential amplifiers are switched 

by means of the PARAMETER switch between either the 
bandpass network comprised of U6 or the one comprised of 
U5. (See Figures 4-5 to 4-7.) For resistance measurements, 

the arm is connected directly to the ratio meter. 
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The two bandpass networks are identical, except the 

capacitors and resistor are interchanged. The networks act 

to phase-shift the signals so that they are inphase when a 

pure reactance is being measured. Figures 4-5 to 4-7 show 

the equivalent circuit. The ratio of the transfer functions 

of these two circuits is jwRaCa. giving the required 90° 
phase shift. (Since only the ratio E 1 /E 2 is desired, the 

transfer functions of each separately is not critical.) 

If the unknown capacitor in Figure 4-5 has loss, and the 

effective series value of capacitance Cxs is desired, then the 

unknown in Figure 4-5 should be represented as a series 

resistance, R x. and a series capacitance, Cxs-

Then, 
jwCxs 

jwRaCa f (w), 

If Eapb is defined as the component of Ea inphase with Eb, 

then 

It is easy to see that 

E2 P2 

E1 P2 

Note that the f (w) terms cancel out. Thus, the series value 

of Cx is measured. 
For the inductance measurement configuration of Figure 

4-6, the inductance has loss it can be represented by a series 

resistance, Rx. and a series inductance, Lxs-
For Inductance Measurements, if the series inductance 

Lxs is desired, then 

E1 = Enum = (Rx + jwlxsl f (w) 1 1 

and 

So that inductance is measured. 

Ratio Meter. The principle of the ratio-meter opera-
tion is described below and also in the appendix to this 

section of the manual. The meter makes a ratio measurement 

in two steps. First, the main integrator (U7) determines the 

first digits of the result by a pulse-counting technique; then 
the auxiliary integrator (U8) and the dual-slope integrator 

(U10) determine the remaining lesser digits. 
The main integrator is a combination of a phase-sensi-

tive detector and integrator. To start its operation, its capa­

citor (C40 for 1-kHz and C40 and C41 for 120-Hz operation) 
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is unshorted, and a train of pulses N 1 (200 for 1-kHz, 20 

for 120 Hz) is applied to the switch (020) that connects the 
numerator voltage to the input. These pulses are square 

waves inphase with the reference signal. Each pulse will cause 
an increase in the integrator output that is proportional to 
the size of the vector components of the numerator voltage, 

which is inphase with the reference. (See Appendix,Figure 

4.) 
The output of the integrator is connected to a compara­

tor ( U9) that is offset by a threshold voltage derived from 
the denominator signal. Whenever this threshold level is 
exceeded, the next pulse in the train is also applied to the 

denominator switch (021). At the end of the burst, a total 

of N2 denominator pulses will have been applied; the num­
ber of pulses depends on the relative size of the numerator. 

At the end of the burst, the output of the integrator, 

which is termed the remainder voltage, is 

N 1 Enpr 
Erem = rrR 1 C1 f1 

N2 Edpr 

rrR2 C1 E1 f1 
1 

where Enpr and Edpr are the vector components of the 

numerator and denominator signals inphase with the refer­

ence signal, and f 1 is the frequency 
Note the same capacitance appears for de resistance 

measurements 

N1En 
Erem= 2fR1C 

where f is 1 kHz. 
Thus, 

Enpr N2 R1 

Edpr = l\iYR2 

N2Ed 

2f R2 C 

+ 
rrR1C1f 1 

Nl 

Erem 
• Edpr . (3) 

The first term in this expression for the ratio is used to 

determine the first digits of the measurement. The count 
N2 is injected into the third digit of the display counter, 
thus giving a reading of N2x100. 

To determine the remainder count, the ratio EremiEdpr 
is taken into account. The value of Edpr is determined by 
the auxiliary integrator, U8, to which the burst of N 1 pulses 

is applied. At the end of the burst, the integrator output 

or 

EdprN1 
Eaux = rrR3 C2 f

1 
' 

Edpr = rrR3C2f 1 Eaux-

Substituting this in (3) 

Enpr N2 R1 R1C1 Erem 
Edpr = Nf • "R2 + R3 C2 • Eaux 

(4) 

(5) 

(6) 



Erem/ Eaux is measured in a dual-slope integrator (U10) . 
Erem is applied to this integrator through R4 for time t 1 , 

which is the time for 100 cycles of the 60kHz (f2 ) oscillator. 

This t 1 = 100/f2 , and this produces an output voltage 

Erem 100 

Eaux (of opposite sign) is then applied until the output of 
the integrator is returned to zero, as determined by a com­

parator ( U 11) . The time it takes to return the output to 

zero, t 2 , is determined by counting the cycles of f 2 during 
this period. This t 2 = N3/f 2 . 

Since the positive (up) voltage due to Erem equals the 

negative (down) voltage due to Eaux 

or 

Eaux N3 

C3 R5 f 

Erem 

Eaux 

Substituting this in (6) 

Enpr 

E1c:n (100) 

R4 f C3 

N3 R4 ---:roo • R5 . 

N2 R1 
N1 • R2 

+ 
C1 R 1 R4 N3 

·--· (7) R3 C2 R5 100 

The count, N3, is displayed as the last two bits of the display 

(which can spill into the more significant bits, if necessary) . 

At 1kHz, N1 = 200, C1 R1 R4/R3 C2 R5 = 1/100 

and R1/R2 = 'h 

so that 

100N2+N3 
(8) 

10000 

and a full-scale reading is 19999. 

And at 120Hz, Nl = 20, C1 R1 R4/ R3 C2 R5 = 1/ 10 1 

so that 

100 N2 + N3 

1000 

and a full-scale reading is 1999. 

' (9) 

An important advantage of this circuit is that the critical 
main integrator uses the same capacitor ( C1) for integrating 

both the numerator and denominator signals; therefore, it 
need not be highly precise. The components (including that 

of C2) are important in determining the remainder count, 

N3, as shown in equation 7, but the N3 count is only a small 
percent of the total reading . 

D-0 Circuit. Figure 4-11 shows the equivalent D-0 cir­

cuit. The circuit is comprised of a NAND gate and FET 

switch; an inverting amplifier (U17); RC filters; the front­

panel D-0 potentiometer. R 501, and associated filter net­

work; a comparator; and a bistable flip-flop comprised of 
034-037 that controls the state of the front-panel D-0 

lamps. 

The dissipation-factor is obtained by using the phase 
angle difference, </>, between the numerator and denomina­

tor signals, as shown in Figure 6-4. Both of these signals are 

converted into pulses which are applied to the NAND gate. 
This gives an output pulse whose length is proportional to 
the phase angle difference. If the phase angle, and not dissi­

pation factor were desired, the RC network shown in Figure 

4-11 would just comprise a resistor, which would pass a 

fixed current for the length of the phase-difference pulse. 

U17 and the RC network at its output would then filter the 
signal to give a DC current proportional to the phase angle 

(0) difference. Normally, this de current would be balanced 

by the DC current furnished from the D-0 potentiometer to 

produce a high or low 'D' indication. 

Since the measured value is dissipation factor, however, 

which is tan 0, and not 0 in characteristic, and since it is 
desirable to have the D-0 meter scale nonlinear (approxi­

mately logarithmic over the middle part of the scale), an RC 

network is used at the input to U 17 inst~ad of a single resis­

tor so that the current flowing through the network is not 

constant, but time dependent. This gives greater sensitivity 

to low D reading, and compresses the scale at high D readings. 

Two input RC networks are used, one for each test fre­
quency . Each differs in the capacitor used, and the appro­

priate network is selected for the test frequency being used. 

The proper RC current-source network and FET gate is 

selected by means of front-panel PARAMETER switch 
S502. When set to a 120-Hz position, for example, the 
switch furnishes a negative voltage to wire-tie (WT) 27 and a 
positive voltage to WT25. The negative voltage, which passes 

through diode CR33, holds FET 027 and, therefore, the 

1-kHz section of the D-0 circuit, turned off. A negative 
voltage is also furnished by transistor 030, via diodes CR30 

and CR31, to both 031 and 032. If 030 is turned on, the 

cathodes of CR30 and 31 will go to ground, and the FET that 
has the positive voltage applied to it via the PARAMETER 

switch will be turned on, since the FET gate input will also 

go to ground. (The negative voltage already at the gate of 

031 will remain negative, since the negative voltage is also 

applied to the anode of CR30 and cannot go to ground 

through the diode.) 

Note that jumpers must be added to the 120-Hz current­

source network if the instrument is to be operated in the 

100-Hz test frequency mode. (Refer to Section 2 of the 

manual.)* 

•The instrument is purchase connected for a 50- or 60-Hz line frequency 
and, therefore, 100- or 120-Hz test frequency, respectively. 
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Figure 4-11. Simplified D-Q circuit. 

To ensure that the circuit operates when the D factor is 

zero, the offsets (the (J adjustments) on the potentiometer 

board (P/N 1685-4740) are adjusted slightly so that there 
is a minimum pulse at the FET gates. This allows the D-0 

switch to be adjusted through zero to a negative value to 
obtain a balance around zero for a capacitor with a D factor 

of zero. To do this, a certain amount of pulse is required 
through the NAND and FET gate so that the circuit can 

operate; the slight adjustment in lead or lag of the (J poten­
tiometers will allow this to occur. The full-scale reading is 
set by R236, which varies the voltage on the D-0 poten­

tiometer. 
When the output of U 18 is positive, which means that 

the input is negative and, therefore, the measured D exceeds 

the value set on the dial, 034 is turned on and 037 is turned 
off. 034 turns on 035, which causes approximately +5 V 

to be applied, via WT24, to lamp DS504, turning on the 

lamp. This indicates the dial should be set to a larger value if 
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it is desired to obtain the exact reading. If the output of 

U18 is negative, indicating a positive input to U18 and, 
therefore, a setting on the dial larger than the measured value, 

034 is turned off and 037 is turned on. This, in turn, 

turns on 036 and lamp DS503 on the front panel. This indi· 

cates that the dial should be set to a lower value if it is 

desired to obtain the exact reading. 
If the exact setting is set on the dial, a slight amount of 

ac on the input U18 causes both D-0 lamps to be illuminated. 

The circuit operates in the same manner for a storage fac­

tor, 0, measurement. Storage factor is the reciprical of D, 

and either 0 or D may be used, as desired. 

Range Circuits. The range circuits detect signal levels 

that indicate that the range selected by means of the front­
panel RANGE switch may either be too high or too low, 

or is within the proper range. If the selected range may be 

high or too low, the circuits furnish signals that light direc-



tion lamps on the front panel, to indicate the direction that 

thP dial should be turned to obtain the correct range. To do 

this, a high-range detector and a low-range detector circuit 

is employed to sense by means of comparing at a junction 

the de level of each "half-bridge" signal (en and ed). If signal 
en is greater than twice signaled, the high-range lamp will 

light, indicating that the measurement is too high for the 

range and the range should be increased. If signal en is less 

than 1/5th ed, the low-range lamp will light, indicating the 
range should be decreased. 

Figure 4-12 shows the equivalent range circuits. The 

numerator and denominator signal are each applied to iso­

lation amplifiers and summed in a weighted resistor network. 

The summing point is shunted to ground by an F ET gate 

(044) driven by the reference signal. This results in phase 

detection of the signals. 

The two signals are of opposite polarity; therefore, if 

En/R 1 > Ed/R2, the output, e3 , will be positive, and the H 1 L 
lamp will light. The value of En/Ed at which this occurs de-

pends on the ratio R 1/R2, and is set just below a full-scale 

reading. If the HI L lamp is lit, it indicates a higher range 

should be used. 

The LOL lamp is actuated in the same manner if 

En/R3 < Ed/R4. R3 and R4 are chosen to light the lamp if 

the reading is just below 1/10th full scale, where a lower 

range should be used for better resolution. 

The range lamps function continuously and do notre­

quire a start pulse. They are, however, only approximate. 
The actual digital reading may indicate that the range that 

is set is not exceeded (no E readout), even though the HI L 

lamp is illuminated, or that a lower range is preferable 

(one reading less than 1/1 Oth full scale), even though the 

LOL lamp is not illuminated. 

When a range (usually 1 and 9) selected by means of the 

dial is not applicable and usable for a particular component 

value, a lamp illuminates through a dial aperature shaped as 

an arrow. The arrow indicates the direction in which to turn 
the dial to obtain the next applicable range. 

rv AT FULL SCALE, BOTH CURRENTS ARE EQUAL: 
18.7 K 

en 
R1 

) 
SUMMING JUNCTION 

HIL 

044 

REF ....JLil 

10 K 
ed -

Rz 

10 K 

R3 

LOL 

55.2 K 
047 

R4 

REF 

-

Figure 4-12. Equivalent range circuit. 
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RANGE and PARAMETER Switches. Figure 6-8 is the 
schematic of the front~panel RANGE and PARAMETER 

switches, S501 and S502 respectively. Figures 6-7 and 6-6 
are the respective layout drawings of the switches. 

S501 is a 9-position rotary switch having six wafers on 
which are mounted capacitors and resistors. The layout 

drawings identify and show the locations of the components. 

The schematic of the ratio meter and "half-bridge" circuits 

(Figure 6-4) shows the components and illustrates their 

functions in the circuits. Besides their main function of 

establishing the analog measurement, the RANGE and 

PARAMETER switches are also used for other purposes. 
As shown in switch schematic, Figure 6-8, the high and low 
range-direction lamps are activated (or disabled) via S502 

and S501. Note that for certain switch positions no range 
lamp(s) will light. In Figure 6-8, the RANGE switch is shown 

set to range 1; the PARAMETER switch is shown set to C 
1 kHz. The PARAMETER switch then rotates through C 
120Hz, ROC, L 120Hz, and L 1 kHz. 

The range direction lamps are always I it on range 1, except 
for C 120 Hz. They are also always I it on range 9, except 

for R DC. (Range 1 is not recommended except in certain 

cases and range 9 is not usable except for DC measurements. 
(Refer to para 3.3 for details.) Also, the range lamp indi­

cation that normally occurs to indicate that the measure­

ment is less than 1/10th full scale will not occur on ranges 

1 and 2 for ROC, L 120Hz and L 1kHz (signal LOL is 

disabled at S501) and on range 8 for C 120 Hz and C 1 kHz 
(signal LO L is disabled at S501), so that a non-recommended 

or unusuable range will not be selected by the operator. 

The +5 V used to illuminate the range direction lamp on 
range 1 for all parameters except C 120Hz, and for all 

parameters on range 9 except for RDC is applied to contact 

201 F of S502. By tracing this signal through the various 
switch contacts, it will be seen the range direction lamps 

are held illuminated for the ranges mentioned above. For 

other ranges, the lamps are illuminated by signals LOL and 
HI L when the measurements are less than 0.1 full scale or 
within 9% full scale, respectively. 

The same +5 V used to hold the lamps illuminated in 
ranges 1 and 9 is also used to activate the D-0 circuit by 
furnishing, via contact 218F of S502, the +5 V to WT23 on 
the bridge board. 

When S502 is set for C measurements, an effective high 

signal is applied to WT9 on the bridge board by means of 
the same +5-V source. This selects the reference signal for 

the range circuits from the "lag" (numerator) section of the 

"half-bridge." When Land R measurements are being made, 

a ground is applied to WT9, causing the reference signal to 
be taken from the "lead" (denominator) section of the 
bridge. 

The decimal point selection for the readout display is 

made by means of S501 and S502, as shown in Figure 6-8. 
A +5-V de signal is furnished over either line A, B or C to 

the logic board via connectors J502 and S02. Table 3-1 in 
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Section 3 gives the decimal-point placement for each of the 

nine ranges for each parameter selected. Lines A, Band C 

are for decimal points DP4, DP3 and DP2, respectively, 
as shown in Figure 6-11, the schematic diagram of the 

display board. Lines A, B and Care also available at the 

rear-panel MEASUREMENT DATA connector, for use by 

external equipment. 

S502 also selects the units symbol lamps for use with the 
RANGE switch. The switch also is used for the test-fre­
quency selection, for D-0 circuit frequency selection, and 
for selection of an additional capacitor in the main inte­
grator circuit, for the 1-kHz mode of operation. 

When S502 is set to the 120-Hz position, a positive 

voltage is applied to WT's 8, 26, and 13 to enable the 120-
Hz (or 100-Hz) oscillator, enable the 120-Hz (or 100-Hz) 

section of the D-0 circuit, and select the additional 

sampling capacitor in the integrator, respectively. These 

connections are also shown on the bridge board schematic. 
When set to a 1-kHz orR position, the switch furnishes 

a positive voltage to WT's 6 and 27 to enable the 1-kHz 
oscillator and 1-kHz section of the D-0 circuit. The alternate 
switch furnishes a negative voltage to the WT's not con­
nected to the positive voltage. 

Figure 6-5 shows the layout of the CAPACITANCE 
PARAMETER switch, S503. The switch schematic is con­

tained in the bridge board schematic, Figure 6-4. 

4.2.4 Logic Board. 

General. The following is a description of the sequence 

of measurement operations, and includes primarily the 

operation of the logic circuit board, which furnishes the 
timing and control signals for the measurements. Figure 4-2 

is a block diagram of the ratio meter and a portion of the 
logic board circuitry. Included in the figure is a brief se­
quence of operations of the unit. The following paragraphs 

expand on this brief description, to explain the reasons why 

and how the control signals produce this operational sequence 

for all measurements. 
Refer to Figure 6-10 for the logic board schematic. It is 

suggested that the reader also refer to the timing diagram 

of Figure 6-9, when reading the following description. 

Reset Burst and Time Signals. The logic circuit opera­

tion up through the period designated BURST at the top 

of Figure 6-9 is described in this paragraph. When power is 

initially applied to the instrument, transistor 027 turns 

on momentarily. This triggers U38, which produces aRE­

SET pulse at U38-1 and U38-6 to initialize (reset) all logic 

storage elements. 

When the START switch is pressed, one-shot IC38 is 
triggered by signal START at pin 4. The one-shot produces 

a 15-ms pulse at pins 6 and 1 that is used to reset decade 

counters U2, U3, US, U 13 and U26. These counters are 
used to count burst pulses (20 or 200), comparator pulses 

( CP1) that correct the integrator threshold, up-count ( UPC) 

and down-count (DNC)-time pulses, and display, via their 



outputs which are applied to other devices, the value of the 

part under test. The CP1 count X100 and DNC-time counts 

comprise the value of the part under test. 

I C38 can also be triggered by an external REMOTE 
START signal applied to its input pin No.3 via either the 

rear-panel MEASUREMENT-DATA connector or the Limit 

Option module, allowing external devices to initiate meas­

urements. Figure 6-10 shows the MODE switch set to 

SINGLE MEASUREMENT. If repetitive measurements 

are being made (MODE switch set toR EPETITIVE), timer 

U39 will be triggered at pin 2, since its input at pin 4 is 
switched to a logic 1 (high) to enable U39 in this mode. 

The triggering will occur after data is made available for 

display and/or recording. U39 is automatically re-triggered 

by pulse SD3 after counters U2, U3, U8, U13 and U26 have 

achieved a new value and have stopped counting. U39 
causes the output of NAND gate U 16-8 to go low for a 
period determined by timing resistors R500 and 501 on the 

MODE switch. The low (signal TIME) at the output of gate 

U16 is applied to pin 5 of IC38, inhibiting U38. When signal 
TIME goes high after the controlled time (approximately 

0.25 s min, 10 s max.), the combination of the low at pin 4 

of U28 and the positive-going edge at pin 5 automatically 
triggers one-shot U28 to produce a RESET pulse at its pin 

6 output (and a RESET pulse at its pin 1 output), and a 

new measurement cycle is therefore automatically initiated. 
The RESET pulse from I C38, pin 1, holds STC low, but 

:1IIC'WS STC to go high when it (RESET) goes high. (The 
mput to U37 -12, designated CC on the timing diagram, stays 
high during the time period.) When STC goes high, it opens 

switches S1 and S2 shown in Figure 4-2 (023 and 024, 
respectively, in Figure 6-4). These FET switches then remain 

open until the measurement is completed. 

The RESET pulse from IC38 also sets cross-coupled flip­

flop U29-6, which, at the end of the pulse, causes pin 9 of 

of J-K flip-flop U28 to go high and pin 12 to go low, allow­
ing the next falling edge o_f signal REF to change the state of 

U38. (Signal REF is the reference signal prod~ced by the 

oscillator on the 1685-4720 bridge board.) 

The high now at pin 11 of U28 enables NAND gate U29-

11, allowing the next and subsequent REF pulses to pass 

through the gate as signal BST. The signal is then designated 
signal BST. 

Signal BST, or "burst," is fed back to the bridge board, 
via S02-C, where it is used as the pulse train for gating.of the 

main AC-DC integrator circuit, as described in paragraph 4.2.3. 
The burst is 20 counts when making 120-Hz measure­

ments and 200 counts (or pulses), when making 1-kHz 
measurements. These pulses must be counted, and decade 

counters U2 and U3 are employed for this purpose, as well 
as for other counting functions. Signal BST is applied to 
NAND gate U32-8. Since J-K flip-flop I J36 is held reset by 

the 0 output of J-K flip-flop U34-15, there is a high at pin 
10 of U32. This allows BST pulses to pass and be counted 

by decade counter U3. 

For 120-Hz measurements, U3 counts 20 pulses. On the 

1Oth and 20th pulses pin 11 goes low (goes high at the 8 

count and again at count 18). If measurements are being 

made at 120 Hz, pin 5 of U37 is low, since the front-panel 

PARAMETER switch, shown connected to the base of 020, 

keeps 020 turned off, which in turn keeps a high at pin 9 

of U37. Since pin 10 (signal S) of U37 is high during this 
time, there is a low on pin 5 of U37. The output of the 
decade counter therefore does not pass through either U35-6 

or U37 -6, but it causes U37 -3 to go to 1 and U35-3 to go 
to 0. This clocks J-K flip-flop U34, causing its 0 output to 

go to 1 at pin 11. On pulse 20, pin 11 of U3 again goes low. 

This results in pin 6 of U34 going low, causing U34 to 
change state again, its 0 side going low. This in turn causes 

J-K flip-flop U34-15 to change state, its 0 output going 
high and its 0 output going low. Q going low resets cross­
coupled flip-flop U29 and J-K flip-flop U28, which termi­

nates the BST signal. It also causes flip-flops U34 to be dis­

abled, since the J and K inputs are now 0, via signal S from 

U33-8. However, U34 remains in the same state until reset 

at the start of a new measurement cycle. 

Note that if the instrument was in the 1-kHz mode of 

operation, pin 5 of U37 would be high, since 020 would be 
conducting. U37, under this condition, allows the output of 

the first decade counter, U3, to be coupled to U2. Since 
pin 5 of U37 is now high, pin 5 of U35 is also high. The 
other input of this NAND gate is connected to pin 11 of 

U2, the output of the second decade of counting. 
In the 1-kHz mode, U3 counts to 10, then U2 counts, 

via U37-6, until a count of 100 is reached, at which time 

J-K flip-flop U;34-11 is set via U35-6 in a manner similar 

to that of the 120-Hz mode. The counting process continues 

in U2 and U3 until U2-11 again goes low (200 pulses have 

now been counted), thereby causing U34-11 to go low. 
This causes U34-15 to be set. The outputs at U34-15 and 
U34-14 perform the same functions described in the previous 

paragraph. 
After full counts, the decade counters are back at their 

original states (reset state), so that there is no need to actually 

force a reset in the counters. Note that U34 is reset by a 

low signal STC (see timing diagram) at a time somewhat 
after BST is completed, but long before the start of a new 

measurement cycle (leading edge of the RESET signal). 
During the time that the BST pulses are being counted, 

CP1 pulses can be produced on the bridge board, depending 

on the value of the unknown. These pulses are fed to the 
logic board, which produces pulses, as shown in the timing 

diagram of Figure 6-9. 

Pulse CP1 enables J-K flip-flop U28 that produces 

pulses P and CTN. Pulse CP1 is produced on the bridge 
board by the comparator (U9) connected to the main AC­

DC integrator. When the integrator exceeds the established 
threshold level, as described in para. 4.2.3, pulse CP1 is 
produced by the comparator. CP1 ultimately produces a 

pulse (CTN) that is time-synchronized to the next BST pulse 
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and is fed back to the main integrator to turn on an F ET 

gate (021) that samples the denominator signal (Ed) from 
the bridge circuit, to perform an arithmetic decision function 

by a fixed amount. The CTN pulse(s) is also counted by 

counter U8, via U31-3, which represents the third most 
significant digit of the readout display. Each CTN pulse, 

therefore, has a value of 100 counts in the counter chain 

of U3, U2, U8, U13, and U26. 

CPI going high asynchronously enables the J and K inputs 
of U28. U35-11, driven by U28-15 and U33-12, then pro­

duces the desired CTN pulse in time synchronization with 
a SST pulse, as mentioned above and as shown in Figure 

6-9. CPI goes low as the result of the effect of CTN on the 

analog circuitry of the bridge board. (U7 slews, causing the 

output of comparator U9 to go low.) 
This completes the description of logic circuit operation 

up through the time period designated BURST (at the top 

of the t iming diagram of Figure 6-9) . At this point, the 

counter comprising U3, U2, U8, U 13, and U26 is in the 

following condition : U3 and U2 each contain zero, and the 

section U8, U 13, and U26 contains the count of the number 
of CP1 (or CTN) pulses that have occurred. 

The up-down integration portion of the measurement 

cycle is described next. (See interval designated INTEG RATE 

at the top of the timing diagram of Figure 6-9). Note that 

signal "S", going low at the end of the BURST, forces U37-

8 high, thereby enabling U37-6 to pass pulses from U3-11 
to U2-14 . 

Counting Cycles of UPC and DNC (fHz). Signal UPC is a 
de logic signal established by a fixed count of 100 cycles of 

60kHz from U27 and is used to establish the fixed time 

(T 1) in which the gate (026) for the positive, variable slope 

of the remainder dual-slope integrator is closed (026 is on) . 
Signal DNC is a time-variable pulse count for the fixed fall ­
ing slope of the integrator output. When the falling slope 

crosses the zero threshold, the count stops, and the pulses 
counted during this period, T 2 , together with the previous 

CTN count, constitute the measurement result. DC logic 

signal DNC enables FET gate 027 of the integrator circuit. 

Decade counters U3, U2, U8 and U13, and J-K flip-flop 
U26-15 keep count of the pulses that determine the UPC 

~and DNC time periods. U3 and U2 are only used for UPC­
time counting . The J-K flip-flop indicates the "spill", or 
most-significant-digit +1 count, for the 1-kHz measurement 

mode of operation, to indicate a 19999 count on the read ­
out display. 

For the 120-Hz mode, pin 12 of counter U13, which is 

the 1-count output of the counter, serves as the "spill" bit 

for a maximum count of 1999 on the display in this mode 
of operation . 

At the conclusion of the BST count, J-K flip-flop U36 
is enabled by J-K F-F's 34, which put a logic 1 on the reset 

(R) input of F-F36, allowing the F-F to be synchronized 

and clocked by the next 60-kHz pulse from the oscillator, 
U27-6. 
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The falling edge of this pulse causes. the 0 side of U36 

to go to 1. This enables NAND gate U32, which is also 
connected to the 60-kHz oscillator. This operation syn­

cronizes the oscillator so that a full width 60-kHz pulse, 
and not part of a pulse, is passed through U32 to the decade 

counters. 

F-F U36, when set, defines signal SUD as going high. This 

signal enables F-F U26, the UPC and DNC output NAND 
gates ( U31), and the CP2 (zero threshold crossover signal) 
input gate, U32-3. Signal SUD also turns on FET gate S3 
shown in Figure 4-2 (028 in the schematic, Figure 6-4) . 

Signal UPC is forwarded to the bridge board and applied 

to F ET gate Sy (026 on the schematic). The duration of 

the UPC pulse is determined by 100 counts of the 60-kHz, 
as counted by U3 and U2. When the 100th pulse is counted, 

pin 11 of U2ll_9es low. Since pin 11 is connected to the 
clock input of F-F U26, and the J-K inputs of this flip-flop 
are enabled by !.ignal SUD, which is now high, F-F U26 is 

set, its 0 output going to 1. This results in a number of 

things : It disables UPC NAND gate U31-11 (which was 

previously activated by the 0 output of U26 and the 0 side 

of U36) and enables DNC NAND output gate U31-8, 

causing signal DNC to go low. It also enables the count-com­

plete (CC) NAND gate (U32-6) and also allows the coupling 

of decade counter U2 to counter U8, through NAND gate 

U31 -6. 
U31-6 is enabled by the 0 side of U36, which goes high 

after pin 11 of U2 goes low. This particular negative-going 

edge of the 1 DOth UPC pulse at U2-11 does not introduce 

a count into U8. Immediately thereafter , however, U31 -6 

is enabled for counting DNC pulses from U2-11. Note that 

U3 and U2 are automatically in their reset state at the 

conclusion of the 1 DOth UPC pulse , ready to count DNC 

pulses. 
When U26 is set, signal DNC, a de level, goes low at the 

output of U31-8 (TP13). DNC stays low until the downward 

ramp of the integrator ( U 1 0) output crosses zero volts, at 

which time signal CP2 goes low, producing a count complete 

(CC) logic-low signal at U32-6. This DNC time period is 

designated T 2 in Figure 4-2. 
When CC goes low, the actual measurement process is 

completed, and the measured value is contained in counter 
chain U3, U2, U8, U13, and U26. No further counting w ill 
take place in this chain until a new measurement is initiated . 

All of t he remaining timing in Figure 6-9, and the remaining 
circuitry in Figure 6-10 is involved with the processing of 

the measured value, synchronizing it with the display timing, 

comparing it with the selected limits of the limit option, etc. 
The occurance of the negative edge of CC is, therefore, the 

point at which an entirely new sequence of operations is 

initiated on the logic board . 

Note that CC going low brings STC low via U37 -11 and 
U33-6. This closes S 1 and S2 on the bridge board, thereby 

discharging C1 and C2 of Figure 4-2. Also, STC low resets 

F-F's U34; and the resulting low at U34-15 resets U36 at 



pin 3, causing U36-15 to go low. This disables U32-11 so 

that no further 60-kHz pulses can reach U3-14, thereby 

terminating the counting process (note the resulting low 
of SUB in Figure 6-9). 

Signal CC is also delivered to cross-coupled pair U 16, 

which, when set, signifies that a new value (NV) is now 

present in the counter chain. Signal NV is actually set in 

time-synchronization with signal DT, via U 16-11 (see 

Fig. 6-9), where the timing for DT (and also 02, 03, and 

D4) originates from scan oscillator U27-8 (1 kHz). (The 

60-kHz from U27-6 and the 1-kHz from U27-8 are 
asynchronous with each other.) Signal NV is now used to 

enable the generation of strobe pulses SD3 (~robe s!ata 

during time D.;!), and SOL (~robe s!ata into Jatches U 15, 

U10, U9, U14 and U25). 
When SOL goes high ( U4-2, U4-4, U4-6, U4-1 0), the 

measurement value contained in the BCD counter chain is 
strobed into latches U15, U10, U9, U14, and U25and is 

presented to the inputs of the two dual 4:1 multiplexers, 

U20 and U23, ready for display. The BCD latch output is 

also available for data output. (See U18, U19, and U22 
at the lower right of Figure 6-1 0.) 

The proper BCD digit is passed from the latches to 7-

segment decoder U24, via multiplexers U20 and U23, 

whose multiplexing control is derived from scan oscillator 

U27-8 via U21. The outputs of U21 are also decoded in 

U17 to produce the 4 time states designated DT, 02, 03, 
and 04. (See Figure 6-9 and 6-10.) These time states are 

ultimately fed to 01, 02, 03, and 04 to activate respective 

display digits 1, 2, 3, and 4. (Digit 4 is the least significant­
right-most digit.) 

Error Signal E. In the 120-Hz measurement mode ( 020 

not conducting), if a count;? 2000 DNC pulses is achieved 
prior to CC going low, an over-range error, or 'E', condition 
has occurred. In this case the spill digit, taken from pin 12 

of counter U13 (which is high for a count of 1999, and 

goes low for a count of 2000), causes I C5-8 to go from a 
low to a high condition. This in turn produces a negative­

going edge at U5-6 that sets and latches F-F U6, thereby 
producing signal Eat U6-15. 

If measurements are being made in the 1-kHz mode (020 
conducting), an over-range, or 'E ', condition occurs when 
20,000 is counted prior to CC gomg low. In this case the 
spill digit, occurring at U26-15 (which is high for a count of 

19,999, and goes low for a count of 20,000), causes I C5-3 
to go from a low to a high. As in the 120-Hz mode, signal 
E is again produced at U6-15. (See Note 2 of Figure 6-9.) 

Signals E and E are used for a number of different 

applications, as follows: 

1. To produce an E readout in place of the spill, or 1, 

digit on the left-most readout display digit, through tran­
sistor drivers 024 and 011, which are turned on. (09 on, 

holds 010 off, to inhibit the display of spill 1.) 

2. To furnish a low (E) signal to the rear-panel MEAS­

UREMENT-DATA connector, for use by peripheral equip­

ment to signal an over-range condition. 
3. To furnish a high E signal for use by the optional 

I imit comparator to signal an overrange condition and 
inhibit the comparison. ( F-F U6-15 is reset at the start 

of a new measurement, disabling the overrange-inhibit 
condition.) 

Display Readouts. As mentioned previously, the BCD 
counter chain U3, U2, U8, U 13 and U26-15 counts the 

DNC pulses until the zero crossover signal, CP2, occurs. 

After this, in time synchronization with the leading edge 
of the first 04 pulse, which occurs after the negative edge 

of CP2, the contents of the counter are strobed into latches 

U9, U10, U14, U15 and cross-coupled pair U25 by pulse 
SOL. F-F 26-15 contains the spill digit for the 1-kHz 

measurement mode. 
Cross-coupled flip-flop U25, when set, turns on 022 

directly. This causes 010 to be turned on, activating the 

one-digit (spill) indicator. If, in this case, the DNC count 

exceeds 19,999, the E signal is produced, as previously 

described, which causes 010 to be turned off by 09 and 

011 to be turned on. This causes the E symbol to be dis­

played in place of the "1" digit. Note that the output of 
pair U25 does not pass through multi(flexers U20 and U23. 

The BCD values stored in latches U9, U10, U14 and U15 

are presented to the inputs of dual 4:1 multiplexers U20 
and U23, which comprise four 4:1 multiplexers. The four 

outputs of each latch are applied to the 4 sections of the 

multiplexers, one output to each section. The multiplexers 
furnish 4 output signals simultaneously, corresponding to 
the 4 BCD bit outputs of a latch. The 4 multiplexers 

are strobed separately and sequentially by the states of 
address signals CTR 1 and CTR2, so that each numeral is 

displayed sequentially at the correct digit position of the 

readout display. (The correct display digit is selected by 
decoding CTR1 and CTR2 in U17 to produce signals 04, 

03, 02, and m, which are applied to digit drivers 04, 03, 

02, and 01, respectively.) The multiplexer outputs are 

applied to BCD-to-seven-segment decoder/driver U24, 

which decodes the four inputs, 7(A), 1(B), 2(C), 6(0), 

as shown in the truth table below. Input pin 3 of the decoder 

is the lamp test ( L T) input, and pin 5 is the ripple blanking 
input (RBI). The latter pin is held at logical 1 at all times. 

The decoder outputs for the desired numerals to be dis­

played are logic O's. (Refer to Figure 6-10, which shows the 

association between the decoder letter-designated outputs 

and the display numeral.) When the output(s) go to 0, the 

associated transistors 012-018 are turned on, activating 

the letter-designated, or numeral-segment, lines. 
Each line is applied to all LED's of the display. Therefore, 

it is necessary to enable a particular digit position at the 

appropriate time, as mentioned previously, to display the 
stored data correctly. The digit display order is 4-3-2-1, as 
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TRUTH TABLE SN5446A, SN5447A , SN7446A, SN7447A 

,-----I"PUTS----~ ,----- OUTPUTS ----, 

DECIMA l 
OR 

FUNC T I 0~ -..1 LT RBI D c 
0 I I 0 0 
I I X 0 0 
2 1 X 0 0 
J I X 0 0 
4 I X 0 I 

5 1 X 0 1 
6 I X 0 1 
7 I X 0 I 

8 I X I 0 
9 I X I 0 

10 1 X 1 0 
11 I X 1 0 
12 I X I I 
13 I X I I 
14 1 X 1 I 
15 1 X 1 1 
Bl X X X X 

~B I I 0 0 0 
LT 0 X X X 

defined by signals 04,153, 02, and DT from U 1 7. (See 
Figure 6-9.) Lines K4, K3, K2 and K 1 at S03 are activated 

in this order. These lines strobe the cathodes of the asso­

ciated LED's . 

B 

0 
0 
I 

1 
0 
0 
1 
I 

0 
0 
I 
I 

0 
0 
1 
1 
X 
0 
X 

The timing established by F-F's U21, which produce 

signals CTR 1 and CTR 2, is shown in Figure 6-13, the 
comparator schematic diagram. F-F's U21 are simply wired 

as a divide-by-four count down pair. 
In addition to producing signals that enable the appro­

priate LED's, signals DT thru 04 are also used for some other 

functions, as illustrated in timing diagram, Figure 6-9. Sig­

nal 03 is applied, through inverter IC12-2, to NAND gate 

U 11-8, to produce strobe signal SD3 (~robe data during 

03 time), under the following conditions . Since signal CC 
and ITT have set cross-coupled flip-flop U16, signal NV is a 
logic 11evel at pin 11 of U11-8. F-F U6-11 was set (at pin 
7) when signal up-count (UPC) went low during the count­

ing of UPC pulses (Figure 6-9) . U6 remains set, with its 0 

output at a logic 1 level, enabling pin 9 of U 11-8 so that 

the next inverted 03 pulse can produce signal SD3. 
F-F U6 gets reset when pulse 02 goes low, which occurs 

after 03 goes low. 02 is inverted and applied to gate U11 -
12. Since a logic 1 level (signal NV) is applied to pin 2 of 

the gate, the next positive pulse from the scan oscillator 

(signal SCAN), which is one-half the pulse width of the "D" 

signals, causes the output of U 11-12 to go to 0 and reset 
F-F U6-11 . The flip-flop remains reset until a new measure­

ment cycle occurs. 
Signal SD3 is applied to U39, triggering the timer which, 

in the REPETITIVE MODE, produces a "TIME" signal at 

U16-8, the duration of which is determined by timing 
resistors R500 and 502 on the MEASUREMENT MODE 

front-panel switch . Signal " TIME," while low, inhibits one­

shot I C38 . The positive-going trai I i ng edge of signal Tl ME 

triggers one-shot U38 to initiate a new measurement se­

quence. (See Note 3 in Figure 6-9.) The duration of signal 

TIME is the time allowed for a value to be displayed and 

for a limit comparison to be made. This time can be varied, 

as desired, to allow data to be recorded, etc . The time can 

be varied from approximately 1/4 s to 10 s. 
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Signal SD3 also serves as a strobe signal for external 

equipment to signify that data is available for recording, 

actuate handlers, etc. 

Signals 04 and SOL are also forwarded, via S04, to the 

limit comparator to provide gating and timing signals for 
the comparator. At the time that_multiplexers U20 and 
U23 read out data for the selected digits, the data is also 

made available to the comparator, via S04, as signals AO thru 
A4, A4 being the "spill" digit for 1-kH z operation. 

Decimal point indications for the readout display are 
established by the front-panel RANGE switch . The swi tch 

applies +5 V via S02-12-13, and -14 to the appropriate 
75-D·current limiting res istor, R56, R68 and R69, and to 

the readout digits via the appropriate decimal-point line 
(DP2-DP4). The switched +5 Vis also routed through tran­

sistor drivers 023,026, and 025 to the rear-panel DATA con­

nector, via non-inverting buffers U30-12, U30-8, and U30-

10, respectively. When the +5 Vis applied to one of the 3 

transistors, the transistor is turned on, producing a low 

output at the OAT A connector. 

Output Signals. In addition to providing timing signals 

for the bridge board, signals produced on the logic board 

are also furnished to the optional limit comparator, if 
installed, and to the rear-panel OAT A connector. 

Limit Comparator Signals. The signals furnished to the 

limit comparator are shown at the top of Figure 6-10, 

at connector S04 . 

As described previously, signals AO thru A4 are the 

measurement-value data bits obtained from the multiplex­

ers when they are strobed at the desired time. Signals CTR 1 
and CTR2, which are used on the logic board to establish 

the timing of signals 01-04, are also supplied to the com­

parator where they are used to establish and initiate addi· 
tional sequenced timing events. For example, when CTR 1 
and CTR2 are both high on the comparator logic board 
(1685-4750) they signify that time sti:lte 1 (the time during 
which signal D 1 is active) has just been completed and that 
time state 4 (defined by 04 active) is jw;t beginning. See 

Figures 6-9 and the timing dia9ram on F~gure 6-12. 



SignaiSDL at connector S04, as mentioned previously, 

defines that the measurement is completed and that data 

is now available for display. Timing signal D4 is also for­

warded to the comparator, for gating purposes. 

In addition, the overrange, or error, signai/'E"; scan oscil­

lator signal "SCAN"; and the "RESET" signal are also sup­

plied to the comparator. These signals were described pre­
viously. 

A signal designated DOL is also sent to the comparator 
via S04. This signal is a logic 1 level if the D measurement 
exceeds the selected limit, or the 0 measurement falls 

below the selected limit, determined by the setting of the 

front-panel D-0 dial. Signal DOL is taken from the high-D 
lamp. 

The "REMOTE START" signal at S04 is an input signal 

from the comparator, the positive-going edge of which 
turns on 021 to initiate a new measurement at U38. 

There are two other connections. These are designated 

INTERFACE 1 and INTERFACE 2. These are through 
connections from S01 to S04 that allow peripheral equip­

ment connected externally to the comparator. (e.g., a 

mechanical parts handler) to interface directly to other 
peripheral. equipment; for example, a G R Type 1785 printer 

connected to the rear-panel DATA output connector. 

Output Data Connections. The data and control output 
signals available to run peripherial equipment and the con­

trol-signal input provisions available from peripheral equip­

ment are described in Section 2 of the manual. 
Note that the BCD data outputs shown on the lower 

right on the schematic (Figure 6-1 0) are taken from latches 

U9, U10, U14, U15, and U25-2. Therefore, the least-signifi­
cant-digit output at S01-2 is derived from U 15-5, and the 
most-significant-digit output at S01-14 is taken from U14-16; 

the MSD+1 output is taken from U25-2. It is important to 
note that U18, U19, and U22 are plugged into sockets on 
the board, so that these IC's can be easily replaced if posi­
tive-true output logic levels are desire instead of the nega­

tive-true logic output supplied with the instrument. All 

DATA output lines are open-collector, with a 30-V break­

down limit. 

4.3 LIMIT COMPARATOR 

4.3.1 General 

The optional Limit Comparator is comprised of two 

circuit boards, the type 1685-4750 limit option board 'A' 

and the type 1685-4760 limit option board 'B'; a front-panel 

assembly; and various cables (both separate and attached to 

the front-panel assembly) that plug into the comparator 

boards and connectors mounted on the chasses. The cables 
interface the panel, comparator boards, and the meter logic 
and bridge boards. Figure 6-3 is a block diagram showing the 

interconnections between the comparator's components and 
the meter. 

The general principle of the comparator is to take data 

from the meter after the measurement is completed and 

then compare the data, first against the low limit (estab­
lished by means of the comparator LOW LIMIT digi­

switches) and then against the high limit (established by 

means of the HIGH LIMIT switches). 

The comparison is first made for the two-most-significant 

digits, MSD+1 and MSD. This involves a 5-digit comparison 

for the first compare operation. Four-digit comparisons 

are made for the following 3-numeral comparisons (3 right­

most readout digits). Although comparisons are made for 

each digit, the results of the particular comparison are not 

used if a more significant digit is found to be outside the 
selected limits.) The comparisons are done during time 

state signals D4, D3, D2, and D1, respectively. (These sig­

nals, or time-states, are described in para. 4.2.4, and are 

shown in Figures 6-9 and 6-12.) 
Both the low-limit comparison and high-limit compari­

sons are made even if the low-limit comparison, made first, 
is unacceptable. Multiplexers on the 'B' board switch the 

selected high- and low-limit values to a 5-bit comparator on 
the 'A' board in which the limit comparisons are made. 

The central part of the limit-comparator option is the 5-bit 
TT L!MSI 9324 I C comparator. The I C makes the compari­
son for both the low and high limits, with the correct limit 

data for each digit being switched to the IC comparator at 

the pro_per time by the multiplexers. 

4.3.2 Comparator Board B (P/N 1685-4760) 

Figure 6-13 shows the schematic of the 'B' board and 

includes the wiring representations of the LOW- and HIGH­

LIM IT front-panel digi-switches, inc I uding the BCD outputs 

( 1-2-4-8) of each switch. 

The board includes a pull-up resistor for each line, and 4 

SN74153 dual 4-line-to-1-line multiplexers that switch their 

inputs to the 5-bit comparator on the comparator 'A' board. 

The leading edge of pulse SD L activates the comparator. 

(See Figure 6-12.) When SD L occurs, the output of cross­
coupled pair (U15-11 (designated signal GATE), enables 

strobe pulses for comparator U2. These pulses, designated 

COMPARE, are initiated in time synchronization with the 
positive transitions of the SCAN signals. Details on the 

actual comparison operation are given further on in this 
paragraph. 

Although U6 is enabled by the leading edge of SDL, 

U6 will not change state until the next time CTR2 goes low 
at U11-8. From the timing diagram, it is obvious that the 
first 4 of the 8 COMPARE pulses occur before U6 changes 

state (before signal COMP-4 goes high). Then the last 4 COM­

PARE pulses occur. Referring to Figure 6-13, the inputs to 

the multiplexers from the LOW-LIMIT digit-switches are 

selected when COMP-4 is low. (A low at pin 15 of each multi­

plexer enables input pins 10,11, 12, and 13.) Conversely, 
the inputs to the multiplexers from the HIGH LIMIT digit­

switches are selected when COMP-4 isJow. (A low at pin 1 of 

each multiplexer enables input pins 6, 5, 4, and 3.) Figure 

4-13 shows a functional block diagram of the multiplexer. 
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From the timing diagram in Figure 6-12, it is clear that 
SDL goes iow in time synchronization with CTR1 and CTR2 
going low (during time state 4 , when D4 is active). These 
two signals are applied to pins 14 and 2 of each multiplexer; 
when these two pins are low, multiplexer input pins 10 and 
6 are selected. (The levels at pins 1 and 15 then determine 
which of the levels (pin 6 or 10) is passed to U1.) 

Thus, the first digit to be multiplexed after the arrival of 
SDL is the MSD from the LOW-LIMIT digit-switches. This 
MSD is strobed into the comparator (U2 on the 'A' board) 

by the first COMPARE pulse. As signals CTR 1 and CTR2 

continue, successive digits from the LOW-LIM IT switches 

are selected, the LSD being strobed into the comparator by 
the fourth COMPARE pulse. 

Signal COMP-4 changes state after the fourth COMPARE 

pulse, so that the second time that CT R 1 and CTR 2 go 
through their sequence to enable the multiplexers during 

time periods D4, D3, D2, and D 1, respectively, the digits 

from the HIGH-LIMIT switches are selected (MSD first; 
LSD last). All 4 multiplexers are strobed in the same man­

ner, providing four data outputs to the A board via U1. 

Note that signals CTR1 and CTR2 are always in the 

process of exciting the multiplexers, so that the multiplexers 
are always producing an output of some type; however, in 

the absence of any COMPARE pulses, any such outputs are 
ineffective and produce no results. 

The MSD+1 line from the digit-switches (high and low) 

are not multiplexed. They are applied directly to the 5-bit 
comparator (U2) via NAND gates U16-12 and U16-6, where 

they are strobed through only during time state D4. 

4.3.3 Comparator Board A (P/N 1685-4750) 

Inputs. Figure 6-12 is the schematic of the A board. 
This board performs the comparison between the measured 
value and the high and low limits established by means of 
the respective comparator digit-switches. 
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The RESET pulse that occurs at the beginning of a 

measurement sequence resets the board circuitry. After the 
component under test is measured, signal SDL is produced 

on the meter's logic board. This signal strobes data stored 
in the decade counters into the associated latches for use by 

multiplexers on the logic board. Signals CTR1 and CTR2 on 

that board sequence the data out of 2 multiplexers similar to 

ones used on the comparator B board. This data is strobed 

out on 4 parallel lines. The data on the lines is the BCD equi­
valent of one numeral of the display. The 4 NAND gates of 

each of the 4 multiplexer sections on the logic board are 
strobed sequentially, once each during times D4, D3, D2, 
and D1 by the various interactions of signals CTR1 and CTR2 
as described previously. This provides BCD equivalents each 
time for one display digit, for a total of 4 digits. 

In addition to-furnishing these data to the readout dis­

plays, the logic-board data are routed to the A board, via 

S04, over lines designated AO thru A3. Another line, A4, is 
the most-significant-digit +1 line, or "spill" line, taken 

from a cross-coupled F-F on the logic board. These lines 

are applied to 5-bit comparator U2 on the A board. 
The lines from the low and high-limit multiplexers on 

the 8 board are applied to pins 80 thru 83 of the 5-bit 

comparator, via connector S03. The MSD+1 digits from 
the high- and low-limit digit-switches are applied to com­

parator input 84, via NAND gates IC16-12 and -6 and IC 
15-3. These lines are not multiplexed, but are selected 

via the NAND gates by the same signals that enable the 
B-board multiplexers for high- and low-limit comparisons, 

as described earlier. 

Signal GATE enables one-shot I C12, which allows signal 

SCAN from the comparator logic board to produce pulses 
approximately 1 J.1S wide that are fed to U5-6 and U5-8. 
If there is no overrange condition (signal E low) and the 
limit comparator is not disabled either by its front-panel 
LIMIT-OFF enable-disable switch or by a logic 1 applied 

to the rear-panel connector Ll MIT DISABLE pin, I C-5-8 

enables the 5-bit comparator by applying a logic 0 pulse 
to pin 1 of U2. This is signal COMPARE shown in Figure 
6-12. Eight COMPARE pulses are applied to the compara­

tor, as described previously . 

When the 5-bit comparator is enabled by the COMPARE 

pulses from gate I C5-8, corresponding digits of the measured· 

value-data and the digit-switches data are compared with 

each other in the I C. 

Five-Bit Comparator. The 5-bit comparator is a Fair· 
child 9324 (or equivalent) high-speed expandable, 5-bit 

comparator that furnishes a comparison between two 5-bit 

words and gives three outputs: "less than", "greater than," 
and "equal to". A high level at pin 1 forces all three out­

puts low. A low level enables the comparison function. 
Figure 4-14 shows the schematic diagram of the com· 

parator. The measured-value inputs come in on the "A" 

pins; the digit -switch limits come in on the " B" pins. Sig­

nal Einput (active low enable) is signal COMPARE, which 
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Figure 4-14. Comparator logic diagram. 

'goes low eight times during a comparison. The first com­

parison (during D4 time) is a 5-bit comparison consisting 
of the MSD+1 digit and the 4 bits that comprise the MSD 

Then 4-bit comparisons are made for the 3 remaining digits. 

(This makes a total of 4 comparisons for the low-level limit.) 
A comparison is then made in the same manner for the 
high limit (regardless of whether the low-limit was acceptable 

or not) for a total of 4 high-limit comparisons, or a total 
of 8 comparisons for the low and high limits. 

The low-limit operation compares A inputs (data) against 

the B (limits), normally to find if A is greater than B (A > 

B) . Then the high-limit comparison is made to find if A is 
less than B (A< B). 

The A> B (pin 15) and A < B (pin 2) outputs of the com­
parator are fed to 4 cross-coupled pairs via NAND gates U9-

8, U10-8, U9-6, and U3-8. These gates feed, respectively, 
cross-coupled pairs U5-12 and U4-6, U10-11 and U10-3, 
U 10-6 and U4-8, and U3-11 and U3-6. Outputs from these 
cross-coupled pairs are used to light appropriate lamps and 

produce status signals indicating the results of the compari­
son process . Pins 2 and 15 of U2 normally reside at logic 
zero (low). A positive-going pulse occurs at pin 15 if 

A > B; a positive-going pulse occurs at pin 2 if A < B. The 

width of the pulse is defined by the width of the COMPARE 
pulse at U2, pin 1. 

The cross-coupled pairs driven by the A>B and A < B 

outputs from U2 are mandatory in the circuit because 
U2 performs only a digit-by-digit comparison of its two 
BCD input numbers . Thus, if A= 1.719 and B = 1.284, 

and the values are compared from MSD to LSD (in this 
order) , the first (MSD) comparison will produce no pulse 

at either output of U2. The second digit comparison will 
obviously produce an A > B pulse, the third an A < B pulse, 
and the last (LSD) comparison an A > B pulse. Since an 

A > B output is produced prior to any A< B output, it 

clearly signifies that the overall number A is greater tnan the 
number B. The cross-coupled pairs driven by U2 store this 

type of information during the comparison process. 

Low-Limit Comparison. The low-limit process can be 

followed through on the logic diagram, Figure 6-12 . At the 

begi'1ning of a measurement sequence, the RESET pulse 

sets U4-6, U 10-3, U4-8, and U3-6 high. During the low­

limit comparison, signal COMP-4 is low, inhibiting U9-8 

and U10-8, leaving only U9-6 and U3-8 capable of respond-

ing to A > B and A < B output pulses from U2. Clearly, if an 

A > B pulse occurs before an A < B pulse, the low-going pulse 
produced at U3-8 sets cross-coupled pair U3-11 and U3-6, 

so that U3-6 goes low, thereby inhibiting any subsequent 

A < B pulse from getting through gate U9-6. (The cross­
coupled pair driven by U9-6, when set, signifies that the 
overall number A is less than the number B, and that a low­
limit failure has in fact occured .) Thus, since the cross­

coupled pair driven by U-96 cannot be set when A> B occurs 

before A < B, the failure condition cannot be produced; the 
I ow-limit comparison operation is a success. 

If, however, an A < B pulse occurs before an A > B pulse, 
U9-6 goes low, setting cross-coupled pair U10-6 and U4-8, 

to produce the low-limit failure condition. Note that any 

subsequent A> B pulse from U2 will set cross-coupled pair 
U3-11 and U3-6, thereby preventing U9-6 from passing any 

more A< B pulses; however, this action is meaningless since 
the failure condition has already been produced. 

High-Limit Comparison. The high-limit comparison opera­

tion is performed in a manner similar to the low-limit com­

parison. The only significant difference is that after the 4 

low-limit COMPARE pulses, signal COMP-4 goes high. (There­

fore, COMP-4 goes low.) Under these conditions, NAND 

gates U9-6 and U3-8 are gated off, and NAND gates U9-8 

and U1 0-8 are enabled. The high-limit failure condition is 

produced by an .A.> B pulse occuring before an A < B pulse, 

and the status is stored in cross-coupled pair U5-12 and U4-6. 

Note that U5-12 has an additional input at pin 2. This in -

put, from U5-6, is normally de high, thereby enabling gate 

U5-12. If there is an over-range condition, however, signal 

E, applied to the A board at S04, pin 4, from the logic board, 
goes from a logic low to logic high. This action disables U5-8 

via U1-10, so that no COMPARE pulses can be produced. 

However, a negative going pulse is produced at U5-6, which 

forces the high-limit failure condition to be set at U5-12 
<Jnd U4-6. 

Result of the Comparison Process. Note that if neither 

a low-limit failure condition or a high-limit failure condition 
is produced, U4-6 and U4-8 will reside high at the conclu­

sion of the overall comparison process; U5-12 and U 10-6 

will be low. The results of the comparison process are fed 
from these 4 outputs to the various output functions of the 

board. 
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Consider the function of one-shot U8. A failure condi­
tion at U4-8 will produce a negative-going edge at U8-3; 
similarly, a failure condition at U4-6 will produce a negative­

going edge at U8-4. In either case, one-shot U8 will be 
triggered, to produce an output pulse at U8-6 that enables 
U3 at pin 1 for approximately 025 s. During the 0.25 s, 

U3-3 delivers a 250-Hz signal (1 kHz 7 4) to transistor 07, 

and subsequently to pin 6 of the rear-panel output connec­
tor (S05) through a 10-D, 1/2-W resistor. Pin 6 is intended 

to drive some type of audio alarm (e.g., a miniature 8-D 
or 1 0-D speaker) connected between pin 6 and ground of 
the instrument. Thus, in a manual sorting operation where 

an operator may be testing a large number of parts of the 
same value, the great percentage of which are good, the 

occasional failure will be vividly brought to attention so 

that the operator responds accordingly. The 10-D, 1/2-W 

resistor feeding pin 6 renders the pin short-circuit proof to 

ground (i.e., prevents the burn-out of 07). Diode CR2 pre­
vents any possible inductive transients at pin 6 from reach­

ing and damaging transistor 07. 

The LOW and HIGH output functions at the rear con­

nector (at S05 pins 14 and 17 respectively), as well as the 

LOW and HIGH front-panel indicator lamps (DS3 and DS4), 

are activated in the following manner. A low-limit failure 

produces a high at U10-6. This turns on 01, which brings 

S05, pin 14, low and lights the red LOW-LIMIT failure lamp 
on the front of the Limit Option module. Similarly, a 

high-limit failure sets U5-12 high, thereby turning on 02 to 

activate the HIGH output functions. Normally, on a failure, 
either a high-limit failure or a low limit failure is expected, 

but never both. However, both failure conditions can and 
will be produced if the low-limit value dialed in on the digit­
switches is higher than the dialed-in high-limit value, and 

the measured value I ies in between these two I imit values. 

The results of the comparison process at U4-8 and U4-6 

are fed to two of the inputs to NAND gate U14-6. 

Therefore, if either of these lines is low, signifying a failure, 
the output of U14-6 will be a guaranteed high, thereby 

forcing U1-61ow and ensuring that 04 is off. This inhibits 

the front-panel GO indicator lamp from being lit anc! pre­

vents the GO output line at S05 pin 16 from going low. 
(A low signifies the "GO" condition -negative-true logic.) 

The 04 output is also fed to the base of 09; if 04 is off, 
09 is also turned off. 09 drives the PASS lamp on the P1 

test fixture, via S06, pin 4, from the A board. 

If, however, a failure condition is not produced, then 

U4-8 and U4-6 remain high at all times during and after the 
compare operation. Therefore, one-shot U8 never fires, and 

the inputs at U14-3 and U14-4 keep gate U14-6 in an 

enabled condition. Note that this does not produce a GO 

condition; it merely enables a GO condition. There are two 
other conditions that must be met before a GO condition 

can be produced (before 04 can be turned on). First, the 

DOL line input to the board must be low. (A high, signify­
ing a HID failure on the bridge board, would turn on 05 
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via latch IC15-8, and, therefore, hold 04 turned off.) Second, 

if the above conditions are met, 04 is allowed to turn on 
via U14-5 only after U6-8 goes low (i.e., after signal DONE 

is produced- see the timing diagram in Figure 6-12). Thus, 
only after the full completion of the comparison operation 
can a "GO" indication, if any, be produced. 

Note that signal DOL, in addition to operating 05, via 

latch I C15-8, also turns on 03 in the presence of a HID 
fau It condition, thereby turning on the front-panel HI G H-D 
lamp (DS2) and bringing the rear-panel HID line low at 

S05, pin 15. Also note that the base of 03 is gated by the 
DONE signal, via U1-12. Therefore, even though the high-D 

information is available from the bridge board long before 

the comparison operation takes place, this information is 

not made available externally until the comparator results 
are also available. 

An asynchronous failure condition, FAIL, (i.e., not gated 
by signal DON E) is available at rear-panel connector S05, 
pin 2 (a low signifies a failure condition); this signal (pro­

duced at U 14-8 by a low on any one of its 3 input I ines) is 

also fed to 08 which, when turned on, lights the FAIL 
lamp on the P1 test fixture. 

Output signal BUSY is normally high and goes low soon 

after signal DONE is produced (when both inputs to U7 -11 

go high-see timing diagram). Therefore, signal BUSY, when 
low (negative true), can be used to signal externally con­

nected equipment that the results of the oomparison process 

are now complete and are available as de levels at the rear 
panel output connector, and that these signals will not change 

while BUSY is low. Signal BUSY is reset (goes high) when a 

new measurement sequence is initiated. 

The line designated CLAMP, at S05, pin 5, is not an out­

put signal. Pin 5 is to be tied to the V+ terminal of an exter­

nal voltage source, where this source is the one used to power 

the relays that may be connected to S05-14, S05-17, etc. 
(The negative side of the source is connected to instrument 

ground.) Refer to Section 2 for details. 

External Signals. Two connectors are available for the 
transfer of data and control signals between the comparator 

and external equipment devices. The PASS and FAIL signals 

are furnished to rear-panel connector J7 for use with the 
Test Fixture PASS-FAIL indicator lamps (or other applica­

tions, as desired; refer to Section 2). The signals are not 

routed directly to J7 from the circuit board. They are 
routed via connector J06, on the side of the chassis, to J7. 

Other signals are available via connector S05 at the rear 

of the circuit board. The connector is a 24-pin Amphenol­

type connector available to the user. 

Most of the signals available via the connector were 

described in the previous paragraphs. Section 2 contains 
a list of the signals and describes their functions. Details are 

also given on mating connectors. 

Lines INTERFACE 1 and INTERFACE 2 at the rear-
panel comparator connector comprise two independent copper 



paths between this comparator connector and the rear-panel 

connector of the main instrument. This provides a means 

whereby external equipment connected to each can directly 

interface with one another. A positive-going transition of 

signal REMOTE START can be used as an alternate means to 

start a measurement operation via an external device con­

nected to comparator. The LIMIT DISABLE signal at S05, 

pin 1, is an input signal to the A board which, when pulled 

high, turns on 06, thereby performing the same function as 

switch S11 in its OFF position- that is, inhibiting the 

generation of COMPARE pulses at U5-8. 

4.4 POWER SUPPLY. 

The instrument's power supply furnishes regulated +15 

and -15 V for the analog circuits and regulated +5 V for 

the logic circuits. The power supply is comprised of a trans­

former rectifier bridge assembly (5 V), mounted in the left 

rear of the chassis; 4 separate rectifiers on a transformer 

terminal board; a power supply board, P/N 1685-4730, con­

taining two regulators; ( +15 V and -15 V); and a 5- V regu­

lator. The power supply board is mounted in front of the 

transformer and rectifier (bridge) assembly, under a metal 

cover secured by 3 screws. The 5-V voltage regulator pack­

age (U501), which is a part of the +5-V supply, is mounted 

on a heat sink at the rear of the chassis. The bridge recti­

fier (CR501-CR504) for the 5-V supply is mounted at the 

rear of the power supply board. 

The rectifiers for the ± 15-V section of power supply 

are mounted on a terminal board assen:bly on top of the 

transformer. The assembly contains rectifiers CR 6-C R 10 

and some resistors. Filter capacitors ( C501, C503, and C504) 

for the supplies are below the power supply board. 

A capacitor (C505) connected to the input of the 5-V 

regulator and one ( C506) connected to the output are 

soldered to the regulator-package pins. 

The tapped power transformer (T1) and associated 

selector switch permit selection of a wide range of operat­

ing voltages. The switch positions and selections, in order, 

are OFF, 90·110 V, 104-127 V, 180-220 V, 194-236 V, 

and 207-253 V. Figure 4-13 shows the transformer configura­

tion for each power range. 

A connection from a full-wave rectified output of the 

transformer is made to the oscillator on the bridge board. 

This is done via WT's 7 and 18 and allows synchronization 

of the oscillator with the line voltage, when the desired 

oscillator 120- or 100-Hz oscillator frequency is twice that 

of the line frequency. 

Regulation for the +5-V supply is furnished by a National 

Semiconductor type LM 323K 3-A, 5-V positive regulator, 

mounted on the heat sink at the rear of the chassis. The 

regulator is a 3-terminal regulator and is virtually blowout 

proof; it provides current limiting, power limiting and thermal 

shutdown. A 1-,uF capacitor is used on the input, since the 

regulator is mounted more than 4 inches from the filter 

capacitor. A capacitor at the output reduces load transient 

spikes that may be created by fast switching logic; it also 

can swamp out stray load capacitance. Maximum output 

voltage is 5.25 V, minimum 4.75 V. 

The main element in the ±15 V supply is a Silcon General 

type SG3501 dual-polarity tracking regulator that furnishes 

balanced ±15-V outputs. The regulator is factory-set and 

provides thermal shutdown, current limiting, and power 
limiting. 

The package regulates the negative voltage, and the posi· 
tive output tracks the negative. Negative regulation is accom­

plished by providing a constant-voltage reference for the 

negative error amplifier in the package; the reference input 
to the positive error amplifier is grounded. This latter 

amplifier forces its other input, which is the center·tap 

between equal resistors, to also be at zero volts, thus re­

quiring the positive output to be equal in magnitude but 

opposite in polarity to the negative output. The tracking 

will hold all the way from approximately 1 V above the 

reference voltage to a maximum value of about 2 V less 

than the input supply voltage. 

Power transistors 01 and 02 are connected to the package, 

along with other components in the configuration shown 

in the schematic, to allow additional current handling 

capability. The 100-ohm base-to-emitter resistors, R 1 and 

R 2, provide a path for the regulator standby current; base­

to-ground capacitors C5 and C6 minimize the risk of 

oscillation. The WT's designated at the outputs of the sup­

plies are located on the power supply board. 
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Figure 4·15. Elementary transformer primary schematic. 
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Appendix A 

An AC-DC Ratiometer and Its Use in 
a CRL Meter 

HENRY P. HALL, SENIOR MEMBER, IEEE 

Abstract-An impedance meter i.s described which measures de rcsis· 
tance and ac capacitance and inductance. It uses an ac-dc ratiometer 
capable of hig'h accuracy and good noise immunity. The ratiometer is a 
combination of a dual-slope integrator and an integrating phase-sensitive 
detector. The ratio, which is displayed on a counter, is the number of 
denominator signal samples required to offset a prescribed number of 
numerator samples. The ren~aindcr output, if important, can be evalu­
ated by a simple dual~lope integrator to provide the readout digits of 
lesser significance. The same circuit is used for both ac and de ratios 
and could be used to detcm1ine the ratio of the average value of an 
ac voltage to a de voltage. 

INTRODUCTION 

AUTOMATIC balancing bridges. both ac and de, which give 
an accuracy better than 0.1 percent have been desi gned. 

However . they tend to be expcnsive. Th ey require precision 
adjustable clements (usuall y digital-to-an alog converters) and 
considerable logic circuitry. In general. they arc also slow or 
susceptible ILl noise . In the usual su ccessive approximati un 
balance, the decision to usc each bit must be made with ccr· 
tainty, and there are many such decisions to make. To ge t high 
speed, these decisions must be quickly made and are, therefore , 
subject to a wide bandwidth of noise . 

A meter that makes just on e voltage-ratio measurem ent c 1n 
use the full allowed measurement time for this measurement. 
Therefore , the signals could be averaged or integrated much 
longer, greatly reducing the effect of noi se . However , meters , 
particularly ac meters. arc usuall y less acnnate than brid ges , 
because of errors in the voltage ratio mcasuren1ent. 

After a brief descripti on of "half-brid ge" circuits that could 
be used in a bridge or meter, this paper describes an ac-dc 
ratiometer capable of good accuracy and noise immunity.* 

HAL.F-13RIDGE CIRCUITS 

The basic circuit of Fig. 1 provides two output voltages 
whose ratio is proportional to Z.,:fR 5 , where Zx is the unknown 
impedance , and Rs is a ratio ann of known value. This circuit 
was chosen because it makes a good four-terminal guarded 
(ground is guard) measurement of Zx if the series and slwnt 
lead impedances arc of reasonable value , and if the amplifiers 
have good characteristics. 

In a de resistance bridge two "arms" or networks (one ad­
justable) would be connected to the half-bridge outputs in such 

Manuscript received May 1, 1973; revised July 9, 1973. This paper 
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Fig. l. Basic half-bridge containing two arms Zx and Rs· 

a way that the sum of the currents from these two networks 
would be zero at balance. In an automatic bridge, the adjust­
able element is usually a digital-to-analog converter. A de 
meter could usc a dual-slope, or "up-down," integrator [I] , 
[21 , which can be quit e accurate. 

An ac bridge would require two adjustable clements to bal­
ance both inphase and quadrature voltage components. An ac 
meter could usc two phase-sensitive detectors to provide de 
output s, which could be applied to a dual-stupe integrator. It 
is these phase-sensitive detectors that usually limit the accuracy 
of ac impedance meters as will be discussed in the next section. 

In an ac impedance meter, the signals are phase shifted so 
that the two outputs arc inphase when a pure reactance is being 
mcasu red. In the capaci lance rneasmcmen I circuit of Fig. 2, 
this could be done by integrating one signal or differcnliating 
the other. However, integrators enhance low-frequency noise, 
and diffcrentiators enhance high-frequency noise. Therefore, 
two bandpass networks arc used , which are similar except for 
the connections of Ra and C0 • The ratio of the transfer func­
tions of these two circuits is jwRaC~, giving the required 90° 
phase shift. (Since only the ratio /:"1 /F2 is desired, the com­
mon part of the transfer functions j{w) cancels out.") 

If the unknown capacitor in fig. 2 has loss, and the effective 
series value of capacitance Cxs is desired, then 

If Fapb is defined as the component of Ea inphase with Eb, 

then 

was presented at the 1973 Electrical and Electronic Measurement and It is easy to see that 
Test Instrumentation Conference (EEMTIC), Ottawa, Ont., Canada, 
May 15-17. 

The author is with the General Radio Company, Concord. Mass. 
01742. 

• The a ccuracies noted in thi s a ppendix ar e exa mples only and do 
not apply to the 1685 Impedance Meter. 
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Fig. 2. Capacitance half-bridge with networks to bring outputs in phase. 
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Fig. 3. Sample-and-hold detector. 

If the effective parallel capacitance Cxp is desired 

I z =----
X Gx + jwCxp 

E - jwRaCa 
1 

Gx+iwCxp 

£2 -IRs. 

It is easy to show that 

RsCxp ,.....,., _____ _ 
RaCa 

For inductance measurements, the two phase-shifting net­
works are interchanged, and again , either the series or the par­
allel quantity inductance could be measured by selection of 
the proper phase reference . 

PHASE-SENSITIVE DETEC1DR LIMITATIONS 

There are many types of phase-sensitive detectors, but most 
of them can be classified as either the sample-and-hold (or 
keyed) type or the integrating type. 

The sample-and-hold type of Fig. 3 is particularly susceptible 
to noise for any undesirable voltage at the instant of the 
sample is directly added to the output or, in other words , an 
impulse sample has an infinite noise bandwidtl1. Lengthening 
the sample time or repeating the sample has no beneficial ef­
fect, for the output voltage is that of the last instant of the last 
sample (unless some averaging elements are added). Tius cir­
cuit does not attenuate harmonics of the signal at all; the peak 
value of any harmonic can be added to the output. 
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Fig. 4. Integrating detector. 
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Fig. 5. Dual-slope integrator and output waveform. 

Fig. 6. Modified dual-slope integrator where pulsesN1 andN2 have the 
same pulsewidth fp . 

TI1e main advantage of this circuit is that the output voltage 
is independent of the value of the hold capacitor as long as it is 
of reasonable value, and thus it need not be precise or stable. 

The integrating-type detector (Fig. 4) is much less susceptible 
to noise because the signal is averaged over a full half-cycle. 
Furiliermore, the sample may be repeated many times and the 
output is the total average, giving a narrow noise bandwidth. 
Also, each single sample is immune to even harmonics of the 
signal and attenuates odd harmonics at a rate of 6 dB per 
octave. 

Unfortunately, the output of the integrating detector is in­
versely proportional to the value of the capacitor so iliat the 
calibration of a meter using two such detectors would depend 
upon a capacitance ratio . While all capacitance bridges and 
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Fig. 7. Integrator output voltage waveforms of modified dual-slope integrator of Fig. 6. 

meters (of the ratio type) depend upon a precise capacitance 
standard, in precise bridges these are low-valued air or mica 
types. The integrating capacitors are quite large so that air 
capacitors are entirely impractical and mica very expensive. 
Moreover, integrating capacitors must have low dielectric ab­
sorption, and mica types arc poor in this respect. Capacitors of 
the required stability, value, and low absorption are expensive. 

DUAL~LOPE INTEGRATOR 

The dual-slope integrator [ 1] , [2]. has been widely described . 
It is briefly described here and in Fig. 5 to point out one of its 
important features, and because an understanding of it is im­
portant in understanding the ac-dc ratiometer. 

In Fig. 5, a de-voltage F 1 is applied through a switch (usually 
a FET) for a prescribed timet 1 . The integrator output reaches 
a voltage E 1 t 1 /RC. Then E 1 is disconnected, and E 2 (which is 
of opposite polarity) is applied until the output again reaches 
zero as determined by the comparator. During tiJ.is time period 
t 2 the output voltage has changed by E 2 t 2 /RC. Thus since the 
final voltage is zero 

or 

and 12 is a measure of the voltage ratio. 
Note that the measured voltage ratio is independent of the 

value of the capacitor, which only has to remain unchanged for 
the time of the measurement. The capacitor can be chosen 
only for its value and low dielectric absorption. Usually a poly­
styrene , polycarbonate, or, in very precise devices, ®Teflon 
type is used. 

One modification of the dual-slope integrator [3] is to apply 
the numerator £ 1 for the whole measurement interval and to 
apply £ 2 (with second resistor) in pulses of known duration 
whenever the output reaches a threshold level. Thus if the 
measurement period is t, and the pulse duration is tp 

where N is the number of pulses applied. 
If the measurement period is so long that the remainder may 

be ignored 

and the count N is a measure of the ratio. If the remainder is 
importJnt, it could he measured and the appropriate correction 
made in the readout. The accuracy of this correction would 
affect only the less significant digits of the result. Note in this 
modification the ratio of tp/tm must be precise. 

AC-DC RATIOMETER 

The present ratiometer uses another modification of the dual­
slope integrator previously described. A train of N 1 pulses of 
fixed length t P is applied to the control of S 1 (the gate of the 
FET), as in Fig. 6. Then whenever the output reaches a thresh­
old level, the next pulse in the train is applied to the control of 
S2 also. (This signal is "clocked" to allow only full length 
pulses.) Thus if the number of pulses applied to S2 is N 2 

N 1 tpE11 N 2 tpEd . d 
C 

= C + remrun er. 
Rl Rl 
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MAIN AC-DC INTEGRATOR 

AUXILIARY INTEGRATOR 
(FOR DUAL-SLOPE DENOMINATOR). COUNTER 

REMAINDER DUAL-SLOPE 
INTEGRATOR 

Fig. 8. A C-DC rattometer. For ac operation pulses N 1 and N 2 rederived from signal having same frequency as En and Ed-

As before, if N 1 is large enough, the remainder can be ignored 

and 

En ~N2 ~ 
Ed N 1 R2 

The output voltage of the integrator presents interesting 
wavcfonns that depend upon the voltage ratio. Two simple 

bnes are shown in Fig. 7. Note that the threshold voltage must 
be greater than the change in the ou tput due to one pulse of 

Ed, Edtp/R 2 C. if the remainder is always to be positive, and 

that the remainder can exceed this threshold value by this 

amount. 
If the remainder cannot be ignored, it can be measured and 

used to correct the readout. One way to do this (Fig. 8) is to 

compare it against an integrated measure of Ed with a dual­
slope integrator and add it to the lesser digits of the readout. 
This measurement does depend upon a capacitance ratio C 1 /C2 

but if N 1 = 200, a !-percent change in this capacitance ratio 
would have only 0.0 I percent on the reading (approximately) . 

So far we have been talking ab out de-ratio measurements, but 
it is easy to see how this last scheme also works for ac if the 
gating pulses are square waves at the same frequency as the sig­
nal s. The main integrator becomes an integrating phase -sen­
sitive detector responding to those components of En and Ed 

that are inphase with the reference . The reference would be 

derived from zero crossings of En or Ed as required by the half­

bridge circuits to obtain the series of parallel paran1eters. 

Otherwise, the operation is unchanged except that the ramps 
on the waveforms of Fig. 7 become partial sinusoidal curves . 

Not only can both signals be ac or de , one may be ac and the 

other de. In this case , the ra tio is that of the average value of 
the ac voltage to the de voltage. 

CONCLUDING R EMARKS 

A CRL meter based on the half-bridge and ratiometer pre­
viously described has been developed to measure de resistance 
and series inductance and capacitance at I kHz and 120 Hz. 

The de measurements use a 1-kHz signal to derive the gating 
pulses. For both de and 1-kHz measurements, there are 200 
pulses in the pulse train (N 1 = 200) giving a measurement time 

of 200 ms plus a short settling time and a short time for the 
remainder dual-slope integrator. The full-scale reading is 
I 9 999, and the specified accmacy of the instrument is ex­
pected to be 0.1 percent plus two counts (the ratiometer itself 
is substantially better). Only twenty pulses are used at 120 Hz 
to keep the measurement time short. The full-scale reading is 

1999 and the accuracy is 0 .25 percent plus one count. This 

test frequency is intended for electrolytic capacitors and iron· 
cored chokes, which rarely have tight tolerances. 

The preceding specifications are comparable to those of cur­
rently available ac automatic bridges, but with the added de 
resistance capability. It would seem that it would b~ difficult 
to meet and hold these specifications using the techniques cur­
rently used in impedance meters. 
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Service and Maintenance-Section 5 

5.1 GR FIELD SERVICE. 

5.2 INSTRUMENT RETURN 
5.3 REPAIR OF PLUG-IN BOARDS 

5.4 MINIMUM-PERFORMANCE STANDARD 
5.5 PARTS LOCATIONS AND TEST POINTS 
5.6 REMOVAL-REPLACEMENT PROCEDURES 
5.7 REFERENCE DESIGNATIONS . 

5·1 
5-1 
5-1 

5-1 
5-4 
5-4 

5-7 

5-7 
5-7 

5.8 PERIODIC MAINTENANCE 
5.9 CHECKS AND ADJUSTMENTS . 

5.10 TROUBLEANALYSIS . 

5.1 GR FIELD SERVICE. 

The warranty attests the quality of materials and work· 
manship in our products. When difficulties do occur, our 

service engineers will assist in any way possible. If the dif· 

ficulty cannot be eliminated by use of the following service 
instructions, please write or phone our Service Department 

(see last page of manual), giving full information of the 

trouble and of steps taken to remedy it. Be sure to mention 

the serial, ID, and type numbers of the instrument. 

5.2 INSTRUMENT RETURN. 

Before returning an instrument to General Radio for 
service, please contact our Service Department or nearest 
District Office requesting a "Returned Material" number. 

Use of this number will ensure proper handling and 
identification. For instruments not covered by the war­
ranty, a purchase order should be forwarded to avoid 

unnecessary delay. 

5.3 REPAIR OF PLUG-IN BOARDS. 

This instruction manual contains sufficient information 

to allow the repair of faulty circuit boards by an experienced, 

skillful electronic technician. If for any reason the boards 

cannot be repaired, the instrument or boards can be returned 

to G R for repair. 

For prompt replacement of etched-circuit logic, display 

and comparator board (s), a replacement can be ordered, 
and the faulty board returned after receipt of the replace­

ment. Contact your nearest General Radio Repair Facility 

(see last page), supplying them the type, serial number and 

identification number of the instrument; the board part 

number (refer to the parts list for the number; the number 

5-14 

etched on the foil-only-solid-side is not the part number) 

and letter designation (if any); and a purchase order num­

ber. The P.O. number allows for billing if the unit is out 
of warranty and/or for identification of the shipment. The 

repair facility will arrange for the prompt delivery of a 

replacement. 
To prevent damage to the board, return the defective 

board in the packing, or equivalent packing, supplied with 

the replacement. Please identify the return with the Return 
Material number on the tag supplied with the replacement 

and ship to the address indicated on the tag. 

5.4 MINIMUM-PERFORMANCE STANDARDS. 

5.4.1 General. 

The following paragraphs contain information to deter­

mine that the 1685 is performing within specifications. The 

procedures enable instrument-standards laboratories and 

equivalently equipped service facilities to perform checks at 

periodic intervals and after repair, to determine that the 

instrument is operating properly. These procedures are 
bench checks that require the use of front-panel controls 

and externally available test points (i.e., instrument dis­

assembly is neither required or recommended). 
The following checks are included, to determine that the 

instrument is operating properly: 

1. De Resistance 

2. Capacitance 
3. Inductance 
4. Dissipation Factor. 

NOTE 

Allow 10 minutes warm-up time before per­

forming check and calibration procedures. 

SERVICE 5-1 



Table 5-1 lists the test equipment required or recom­

mended to perform the system minimum-performance 
checks, calibration procedures, and troubleshooting. 

Make the following parameter checks using the standards 

called out in Table 5-2, where applicable_ For the checks 

Only the component standards, decade resistance boxes, 

and decade capacitance box are required for the minimum 

performance checks. Troubleshooting should only require 

a DVM, osci!loscope and possibly a frequency counter. All 
of the equipment listed in Table 5-1 is required for a com­

plete unit check and calibration, however. 

in paragraphs 5.4.2 thru 5.4.5, use the 1685-9291 test cable 
to connect directly to the standards. Refer to Section 2 
for details on connections. Allow 3 minutes warm-up 

before making checks. 

NOTE 
Check the mid-scale value on each range listed 

in the following tables. 

Instrument 

Digital voltmeter 

Oscilloscope 

Oscilloscope plug-in 

Frequency counter 

Precision resistors 

Decade resistance box 

Resistors, 1 each 

Precision capacitors 

Capacitors, 1 each 

Standard inductors 

Power Supply 

•or equivalent. 

5-2 SERVICE 

Table 5-1 

TEST EQUIPMENT 

Requirement 

0.1% accuracy or better 

50 mV/cm sensitivity, 10 MHz bandwidth, 

See above 

Range 100-Hz -10-kHz frequencies; 

sensitivity 10 mV rms, impedance 

100 k.\1; 5-digit readout 

.o01 n 

.01 n 
0.1 n 
1 n 
10 n 

Recommended* 

HP 3439A/3442A 

Tektronix 547 

Tektronix 1A1 

GR Type 1192 Counter 

GR 1440-9671 

GR 1440-9681 
GR 1440-9601 
GR 1440-9611 

Accuracy ±.01 %, except 1 n, which is 0.2%. GR 1433-9726 

Known zero resistance and calibration data 
on the 1-k, 1 0-k, 1 00-k, 1-M, and 1 0-Mn 
positions 

100.11±10% 
500 n ±10% 

910 n ±10% 
1 kn ±10%, 
3.3 kn ±10% 

100 pF 

1000 pF 

0.1 11F 

10 11F, known to be 0.1% or better 
100 11F, known to be 1 .0% or better 

1 mF, known to be 0.25% or better 

10 mF, known to be 0.25% or better 

30 pF ±5% 

70 pF ±5% 

10 11H, known to be 0.1% 

100 11H 
1 mH 
10 mH 

100 mH 

1 H 
10 H 

100 H, known to 0.25% 
(1 mHto10H,±0.1%accuracynominal 

inductance; 100 11H, accuracy ±0.25%. 

0-30 V de, General purpose power supply. 

Decade Resistance Box 

Decade resistance box 
may be used. Refer to 

Table 1-5 for suggested 
boxes. 

G R 1404-9702 (1404-B) 

GR 1404-9701 (1404-A) 
GR 1409-9720 (1409-T) 

See Table 1-5 for details. 
See Table 1-5 for suggested precision 

decade capacitors available from GR. 

G R 1482-9702 

GR 1482-9705 
G R 1482-9708 

GR 1482-9712 
GR 1482-9716 
G R 1482-9720 

HP 6215-A 



5.4.2 DC Resistance Check 

Make the checks listed in the table below. Do not fail 
to take into account the accuracy of standards used to per· 
form the checks. Nominal 

R (n) 

5.4.3 Capacitance Check 0.1 

Make the checks listed in Table 5-3 below. Do not fail 
to take into account the accuracy of the standards used to 
perform the checks. 

10 
100 
1 k 
10 k 

5.4.4 Inductance Check 100 k 

1M 
Make the checks listed in Table 5-4 below. Do not fail 

to take into account the accuracy of the standards used in 
the checks. 

10M 

Table 5·3 

CAPACITANCE CHECK 

Frequency (Hz) C Standard Range Low limit 

120 10 mF 1 09.86 mF 
120 1 mF 2 0 .992 mF 

1 k 100 11F 2 99.65 IJF 
1:?0 1 00 11F 3 099 .6 !LF 

1 k 10 11F 3 9 .988 11F 
120 10 I'F 4 09.96 IJF 

1 k 1 11 F 4 998 .8 nF 
120 1 11F 5 0 .996 11F 

1 k 100 nF 5 99 .88 nF 
120 100 nF 6 099 .6 nF 

1 k 10 nF 6 9.988 nF 
120 10 nF 7 09 .96 nF 

1 k 1 nF 7 998.8 pF 
120 1 n F 8 0 .993nF 

1 k 100 pF 8 99 .65 pF 

Table 5-4 

INDUCTANCE CHECK 

Frequency (Hz) l Standard Range Low limit 

120 10 11 H 1 009 .9 11H 
1 k 100 11H 2 99 .64 JJH 

120 1 mH 2 0 .993 mH 
1 k 1 mH 3 998.8 JJH 

120 10 mH 3 09 .97 mH 
1 k 10 mH 4 9 .988 mH 

120 100 mH 4 099 .7 mH 
1 k 100 mH 5 99.88 mH 

120 1 H 5 0.996 H 
1 k 1 H 6 998.8 mH 

120 10 H 6 09 .96 H 
1 k 10 H 7 9.988 H 

120 100 H 7 099 .6 H 
1 k 100 H 8 99.64 H 

Table 5-2 

RESISTANCE CHECK 

Range 

2 
3 
3 
4 
5 
6 
7 
8 

9 

High limit 

10.14 mF 
1.008 mF 

100.35 IJF 
100.4 11F 
10.01211F 
10.04 11F 
1001.2nF 
1.004 11 F 
100.12 nF 
100.4 nF 
10.01 2 nF 
10.04 nF 
1001.2 pF 
1.007 n F 
100.35 pF 

High limit 
010.1 !LH 

100.36 JJH 
1.007 mH 
1001.2 ,uH 
10.03 mH 
10.012mH 
100.3 mH 
100.12 mH 
1.004 H 
1001 .2 mH 
10.04 H 
10.012 H 
100.4 H 
100.36 H 

Low limit 

099 .1 m 
0.997 

9 .988 
99 .88 
998.8 
9 .988 k 
99 .88 k 
997 .6 k 
9 .940 M 

High limit 

100.9 m 
1.003 

10.012 
100.12 
1001 .2 
10.012 k 
100.12 k 

1002.4k 
10.060 M 

Accuracy 
(±%) 

0 .9 
0.3 
0.12 
0.12 
0 .12 
0 .12 
0 .12 
0.24 
0.60 

Accuracy (±%) 

1.4 
0.75 
0.35 

0.35 
0.12 

0.35 
0.12 
0.35 

0.12 
0 .35 
0.12 

0.35 
0.12 

0.70 
0.35 

Accuracy (±%) 

0.9 
0.36 
0 .70 
0.12 
0 .30 
0.12 
0.30 
0.12 
0.35 

0 .35 
0 .35 
0 .12 
0.35 
0.36 
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5.4.5 Dissipation Factor Check 

Make the checks listed in Table 5-5 below. Do not fail 
to take into account the accuracy of the standards used in 
the checks. 

5.5 PARTS LOCATIONS AND TEST POINTS. 

Most of the parts and internal adjustments are on the 
etched-circuit boards. Figures 5-1 and 5-2 identify the parts. 
Test points are on the circuit boards; the test points are 
shown on the schematic diagrams and they are identified 
on the circuit boards by the designation TP. 

Other points for monitoring signals are at wire-ties, 
identified on the schematics and circuit boards by the desig­
nation WT. The legend on the schematic denotes if the 
wire-tie called out on the schematic is located on the asso­
ciated circuit board or on another board or chassis compo­
nent. Wire-ties on chassis components are not identified in 
all cases. Use the schematic diagram to locate these ties . 

Filter capacitors for the transformer assembly are located 
beneath the power supply board, on the left-hand side of 
the instrument . 

5.6 REMOVAL-REPLACEMENT PROCEDURES. 

5.6.1 Chassis. 

Turn off the power before removing or installing any 
parts. 

WARNING 
When the instrument is energized, there are high 
voltages present at the power switch, transformer, 
and transformer and bridge assembly at the rear 
of the power supply board, under the power 
supply's protective cover. High voltages are also 
present at the terminals of filter capacitors C501, 
C503 and C504, located beneath the power sup· 
ply board. 

Refer to paragraph 2.3.3 or reverse the procedure in 
para 2.3.6. 

CAUTION 
Make sure no foreign matter, especially metal, 
falls on the bridge or logic boards when the 
chassis is out of the cabinet. This may short 
circuit board signal lines. Always check that the 
boards are clean before reinstalling the chassis 
in the cabinet . 

5.6.2 Logic Board. 

To remove the logic board, remove the 4 screws from 
periphery of the board (2 on the right-hand side and one 
each at the front and rear of the board). 

The left-hand side of the board is mounted on hinges . 
Push the board back slightly to the rear and then swing the 
right-hand side out from the instrument . 

Remove the 2 screws from the rear underside of the 
board and unplug the board from the connector socket. 

5.6.3 Indicator Lamps. 

If a front -panel lamp has to be replaced, carefully 
remove the lamp clip and remove the lamp . Replace the 
lamp(s) with a Chicago Miniature type CM377 or General 
Electric type 377 miniature lamp. Replace the lamp clip. 

To gain access to the limit-comparator indicator lamps , 
carefully turn the instrument on its side . Replace the lamps 
as described above. 

To replace the test fixture lamps, remove the lock nut 
from the lamp cap and replace the lamp with a Chicago 
Miniature type CM-328 or GE type 328 miniature lamp. 

5.6.4 LED Readout Display 

The LED display can be checked by means of the lamp­
test (LT) input at the rear-panel MEASUREMENT DATA 
connector. A ground applied to the pin (refer to para 2.5) 

Table 5-5 

DISSIPATION FACTOR CHECK 

Frequency Nominal C Nominal Series Nominal 

(Hz) Range (J.LF) R (51 ) "0" Low Limit High Limit 

1 k 5 0 .1592 10 k 10 4.5 15.5 
1 k 5 0 .1592 1 k "{) .9 1.1 
1 k 5 0 .1592 100 0.1 .093 0 .107 
1 k 5 0.1592 10 .01 .008 .012 

120 6 0 .1327 100 k 10 4.5 15.5 
120 6 0 .1327 10 k 1 0.9 1 .1 
120 6 0 .1327 1 k 0 .1 .093 0.107 
120 6 0 .1327 100 0 .01 .008 .012 
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S04 

TRANSFORMER 
BRIDGE RECTIFIER 
ASSEMBLY 
(CR1-CR10) 

TERMINAL 
T1, 18 

CR501-CR504 

POWER SUPPLY 
BOARD 
(P/N 1685-4730) 

C501, 
C503 & C504 
(RENEATH 
BOARD) 

LOGIC BOARD 
CONNECTOR 
S02 

S504 

DS504 DS503 

OUTPUT-DATA 
CONNECTOR S01 LOGIC BOARD 

BRIDGE BOARD 

S03 DISPLAY DS502 
BOARD 
(P/N 1685-4710) 

WT'S DS501 
503-507 
(LEFT-TO-RIGHT) 

Figure 5-1. Top view of meter with case removed and logic board secured in place. 

COMPARATOR 
BOARD 'B' 
(P/N 1685-4760) 

POTENTIOMETER 
BOARD 
(P/N 1685-4740) 
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WIRE -TIE (WT) 

3 

WT7 
(HIDDEN) 
CONN ECTIO N FOR 
SYN t; HRONIZING 
LINE FRED. 
TO TE ST SIGNAL 
OSCIL LA TOR 
!PA RA 3.21 

D-Q CIRCUIT 
JUMPER 
CONNECTIONS 
33 AND 34, 
35 AND 36. 
IADD JUMPERS 
FOR 100-Hz 
OPER A TION) 

R A NGe 
CIRCUITS 

WT'S 
25-29 

BRIDGE 
BOARD 
IP/N 168547201 

AMP LIFIER 
I"HA LF ·BRI DGE" ) 
CIRCUIT 

CONN ECTOR 
503 

RATIO METER 
CIRCUIT 

501 

CONNECTOR 
S02 

POTENTIOMETER BOARD 
IP/N 16854 740 ) 

FOR COMPONEN T 
L OCATIONS, 
SEE DETAI LS 
ON BRI DGE 
ETCHED-CIRCUIT 
BOARD LAYOUT 
DIAGRAM, SECTION 6 

" J600 COMPARATOR 
BOARD 'B' 
IP /N 1685-47601 

Figure 5-2. Top view of meter with case removed and logic swung open to show bridge board parts. 

will light all of the lamp segments, causing the display to 

read 8888. The most-significant digit (the "tens-of-thousands" 

digit 1) will not be lit, however. 
If a lamp requires replacement, the display board can be 

removed from the logic board by removing the two screws 

from the front of the board. The board can either be re­

placed or the defective LED can be removed from the board 

and replaced with a new lamp. 
If replacing the lamp, the lamp must be unsoldered from 

the board and the replacement must be soldered in its place. 
Take care not to damage the board or lamp when doing this; 
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make sure that none of the tracks on the board are damaged 

or short-circuited when removing and replacing the lamp. 

Replace the lamp with a Fai rchild type FND 357 digital 

indicator.* If replacing the board, follow the instructions 

given in para 5.3. 
If the light-emitting diode mounted below the display 

requires replacement, carefully unsolder the faulty diode 

and replace it with a Fairchild type FLV102 red light­
emitting diode, or equivalent. 

•so m e instrume nts have type FND 70 indicators. Check the num­
be r on the part for the prope r repla cement. 



5.6.5 Limit Comparator. 

To remove any parts of the limit comparator, observe 

how the parts are secured by retaining screws. Disconnect 

the cables from the circuit boards. Figure 6-3 identifies 
the dual in-line connectors. Then remove the retaining 

screws and carefully remove the boards. Do not force the 

boards to remove them. The front-panel (switch assembly) 

also removes from the instrument. Cables are permanently 

fastened to the switch assembly. Remove the retaining 

screws and remove the assembly and associated cables. 

5.6.6 Power Supply. 

To gain access to the power supply and its components, 

remove the 3 screws from the protective cover on the left­

hand side of the instrument; remove the cover. Power supply 

parts can be removed by unfastening the screws that secure 

the parts. 

5.6. 7 Switch Removal-Replacement. 

To remove knobs: 

a. Set the controls full ccw. 
b. Hold the instrument securely and pull the knob off 

with fingers. 

CAUTION 
Do not use a screwdriver or other instrument to 

pry off the knob if it is tight, since this might 
mar the panel. Do not lose the retention spring 

in the knob when the knob is removed. 

c. Remove the setscrew from the bushing; use a hex­

socket key wrench. 
d. Remove the bushing. 

NOTE 
If the knob and bushing are combined when the 

knob is removed, turn a machine tap a turn or 

two into the bushing on the dial for sufficient 

grip for easy separation of the knob. 

e. If the switch is to be removed, remove the dress nut 

exposed after step d. (Also refer to instructions at the end 
of this paragraph, to gain access to the switches inside 

the instrument.) 
Install the switches by reversing the removal procedure 

and performing the following steps: 

a. Make sure the control shafts are turned fu II ccw. 
b. Install the dress nut, if applicable. 
c. Install the bushing on the shaft; tighten the setscrew. 

NOTE 
If the retention spring in the knob comes loose, 

reinstall it in the interior notch with the thin 
flange set into the small slit in the wall of the knob. 

5.6.8 Other Parts 

To gain access to various front-panel switches or parts of 

the switches, it may be necessary to loosen the bridge board 

at the bottom of the instrument. This will allow the board to 
be moved over to obtain space to work on the switches. 

To do this, unplug the two ribbon cable assemblies 

from sockets S02 and S03 on the bridge board. These are 

the ribbon cables connected to the switches. (Refer to 
Figure 5-2 for the locations.) Then carefully turn the instru­

ment on its side and remove the 8 screws from the bottom 

of the bridge board. Only remove those screws that hold 

the board on the chassis brackets. It is not necessary to 
remove all the screws on the circuit board. This will allow 
the board to be moved a few inches away from the instru­

ment, exposing the front-panel switches. Do not pull the 

board out too far, since the board is still connected to 
other cables that cannot be unplugged from the board. 

5.7 REFERENCE DESIGNATIONS. 

Refer to Section 6, if necessary, for a description of the 

reference designators used on drawings and the instrument. 

5.8 PERIODIC MAINTENANCE. 

Keep the instrument cover, panels, controls and connec-

tors clean and make sure connections to the instrument are 
clean. The limit-comparator digit-switches require special 

cleaning precautions. To prevent damage to the plastic parts 
used on the digit-switch assembly, it is recommended that a 

solution of 40% isopropyl alcohol and 60% distilled water be 
used to clean the face of the switch. Freon TF can also be used. 
Wipe the switch face lightly using a 0-Tip, Kimwipe or soft 

cloth moistened in the cleaner approved forth is application. If 

the alcohol and water mixture is used for cleaning, wipe the 
switch face dry immediately with a dry wiper. Do not blow the 
switch face dry or allow the cleaner to run inside the switch. 

To remove solder flux near Lexan plastic, isopropyl alcohol 
(99%) is recommended. Apply the solvent to the terminal area 
with a brush or 0-Tip. Allow the solvent to act for 30 to 60 sec­

onds, using brushing action as required. Wipe the solvent and flux 
off with a clean 0-Tip or Kimwipe. Repeat if necessary. Do not 
use excess solvent, and hold the assembly with the printed circuit 

boards oriented so the solvent will flow away from the switch. 

5.9 CHECKS AND ADJUSTMENTS. 

5.9.1 General. 

Refer to para 5.8 for details as how to remove the assem­
bly from the instrument case and how to gain access to the 

instrument's circuit boards. 

NOTE 

Allow at least 10 minutes warm-up time before 
performing any checks and calibrations. Perform 

the "Minimum-Performance Checks" first to 

determine if complete recalibration is required. 
Check and recalibrate only those areas that appear 

to be out of tolerance from the measurements 
made in the "Minimum-Performance Checks." 
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5.9.2 Power Supply Check. 

With a DVM, check the following DC voltages on the 
1685-4 730 power supply board. 

DVM Low (WT6), High (WT7)- +5V DC ±0.25V 
DVM Low (WT9), High (WT8)- +15V DC ±0.5V 
DVM Low (WT9), High (WT10)- -15V DC ±0.5V 
Note the three power supply voltages should not vary 

more than ±10mV from 90 to 127 V AC input voltage. 
Reset the line-voltage switch to 115V AC input voltage. 

With an oscilloscope, check the power supply noise on 
the 1685-4730 power supply board. 

Scope Low (WT6), High (WT7)- noise <200 mV-pk-pk 

Scope Low (WT9), High (WT8) -noise <30 mV pk-pk 
Scope Low (WT9), High (WT10)- noise <30 mV pk-pk 
Note all three power supplies are protected against short 

circuits to ground. 

5.9.3 Oscillator Checks and Calibration 

Make the following oscillator checks and adjustments 
if necessary: 

a. Connect the+ current (+I) and+ potential (+P) leads to­
gether at the end of the 1685-0291 measurement cable, and 
then connect the -current and -potential leads together. 

b. Connect an oscilloscope and a frequency counter to 
the plus(+) current lead (high) and its shield (Low) or 
to terminals WT2 (Low) WT3 (High) on the 1685-4720 
bridge board. 

c. Set the PARAMETER switch (S502) to C-1 kHz, and 
MEASUREMENT MODE switch to REPETITIVE. 

d. Observe 1 kHz ±1 Hz on the counter. Also observe 
a clean sine wave on the scope; if not, adjust R 25 for 1 
kHz ±1 Hz on the counter. 

e. Short-circuit WT7 on the 1685-4720 bridge board 
to chassis ground (120-Hz sync). 

f. Set the PARAMETER switch to C-120 Hz; note a 
clean sine wave on the scope and measure 120 Hz ±2 Hz 
on the counter. 

g. Remove the short circuit from WT7. The counter 
should indicate 120Hz ±0.2 Hz. This is with the 120-Hz 
sync added. 

h. Connect the DVM (high) to S502 (PARAMETER 
switch) terminal 109 F (top-front of first waffer); connect 
low to chassis ground. 

i. Set the PARAMETER switch to C-1 kHz and measure 
and adjust R 18 if necessary, for a reading of 5.0 V ±.05 V 
rms. 

j. Set the PARAMETER switch to C-120 Hz. The 
DVM should indicate 5V ±0.05 V rms. Set the PARAM-
ETER switch to R-OC; the DVM should read 10 V DC ±0.4 V. 

k. Connect the DVM to +I+P (high) and -1-P (low) 
leads and check the following ranges. Set the PARAM-
ETER switch to R-OC: 

Meter Ranae DC Voltaae (V) 

9 +10.7 to +9.3 
8 +10.7 to +9.3 
7 +2.2 to +1.8 
6 +2.2 to +1.8 
5 +2.2 to +1.8 
4 +2.2 to +1.8 
3 +2.2 to +1.8 
2 +0.25 to +0.20 

+0.25 tos+0.20 
I. Disconnect the DVM. 

5.9.4 DC Calibration and Range Accuracy Check. 

Internal Zero. Make the following checks and adjust­
ments if necessary. 

a. Connect a decade resistance box to the 1685-0291 
cable, connected to the 1685, in a 4-terminal connection 
as shown in Figure 5-3. 

b. Set the 1685 RANGE switch to 8 and PARAMETER 
switch to R-OC. 

c. Set the decade box to 43 st. 
d. Observe and adjust R128 so that the 1685 display 

indicates 000.0 when the decade box is set to 43 st, and 
000.1 when the decade box is set to 57 st. 

e. Set the 1685 RANGE switch to 1, and the PARAM­
ETER switch to R-OC. 

f. Connect the .001-st standard to the 1685 via a 4-terminal 
connection. 

g. Observe and adjust R47, if necessary, so that the 1685 
display indicates between 000.98 and 01.02 mst. 

h. Set the 1685 RANGE switch to range 6. 
i. Connect the decade box set to 100.0 st to the 1685 

via a 4-terminal connection. 

NOTE 
Account for decade box zero resistance. 

j. Observe and adjust R 106 for a reading of 0.1 00, and 
center the adjustment; that is, turn R 106 in one direction to 
0.101 then back to 0.100, then to 0.099. Count the 

turns and set the potentiometer to the center position. 

+I 

+P poHI 

1685.()291 (~ 
-I DECADE RESISTANCE 

GR 1685 METER -P ./ 
:OU LO BOX 

I 
-vGD Sh 

Figure 5-3. De calibration and range accuracy test setup. 
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k. Set the decade box to 10.000 kD. Add a 910-D resis· 
tor from +I+P to ground. Observe and adjust R60 for the 
same reading on the 1685, 10.000 with and without the 
910-D resistor. Remove the 910-D resistor. 

I. Set the decade box to 100.00 D. Add a 1-kD resistor 
in series with the-Plead. Observe and adjust R-262 if 
necessary for the same reading on the 1685, 0.100 kD 
with and without the 1-kD resistor . 

Range Linearity. Make the following checks and 
adjustments as necessary. 

a. Set the decade box to 10.000 kD. 
b. Connect the decade box via a 4-terminal connection 

to the 1685. 
c. Observe and adjust R 103 for a reading on the 1685 

equal to the calibrated value of tr1e decade box 1 0.000-kD 
position. 

d. Set the decade box to 20.000 kD; the 1685 should 
read 19.995 kD to 20.005 kD. 

e. Set the decade box to 2.000 kD; the 1685 should 
read 2.000 kD. 

f. If the above checks of steps d and e are not within 
limits, repeat the procedure, starting at step a. "Internal 
zero" (para 5.11.4). There is some interaction between 
potentiometers. 

g. Set the 1685 RANGE switch to 9. Set decade box 
to 10.00 MD. Observe and adjust R59 if necessary for a 
reading on the 1685 equal to the calibrated value of the 
1 0.000-MD position . 

h. Set the 1685 RANGE switch to 8. Set decade box to 
1.000 MD; check that 1685 indicates between 999.3 and 
1000.7. Attenuate (pad) R279, if required. Repeat steps 
g and h if the padding is used. 

i. Set the decade box and 1685 controls to the follow· 
ing positions and observe the 1685 reading noted . 

Decade 1685 Range High Limit Low Limit Notes 

10.000 Mn 9 10.000 10.000 Adjust R59. 
1.0000 Mn 8 1000.7 999 .3 -pad R279 if 

necessa ry 
100.00 kn 7 100.05 99.95 

10.000 k.ll 6 10.005 9.995 
1.0000 k n 5 1000.5 k.ll 999.5 n 

*1 oo.oo n 4 100.05 99.95 
*10.000.11 3 10.005 9.995 

*1.0000.11 2 1000.7 mn 999 .3 m.ll - pad R45 if 
necessary 

•o.o1ooo n 100.50 mn 99.50 mn 

•subtract the decade box zero setting res istance value ( 13· 15 mH 
nominal, on 1433/ 34) from 1685 readings in the range be low 100 .11, 
or use the GR 1440 standard resistors. 

GR 1685 METER 1685.0291 

5.9.5 AC Adjustments C-1 kHz. 

To check and adjust the AC test frequency: 
a. Set 1685 RANGE switch to 4 and set the PARAM­

ETER switch to C·1 kHz. 
b. Connect the 1685 as shown in Figure 5-4. 
c. Observe and adjust R85 if necessary so that the 1685 

C display indicates 000.0 with the 43-pF capacitor connected 
and 000.1 with the 57 -pF capacitor connected. 

d. Set 1685 RANGE switch to 5 and PARAMETER 
switch to C-1 kHz. 

e. Connect the 1685 as shown in Figure 5-5. 
f . Add a 1-kD resistor in series with the +I lead. Set the 

decade "C" box to 0.1 f.J.F . Observe and adjust R 92 so that 
the 1685 indicates the same value (0.10 f.J.F) with and with­
out the 1-kD resistor. Remove the resistor. 

g. Add a 500-D resistor in series with the - 1 lead and 
check that the C values measured with and without the 
500-D resistor do not differ by more than 0.2%. Remove 

the 500-D resistor . 
h. Add a 3.3-kD resistor in series with the high side of the 

decade box (or 1409) and the junction of the -1-P leads. 

i. For the low D check, observe and adjust R 105 if 
necessary so that the 1685 indicates the calibrated value 
of the 1409-T 0.1 -f.J. F standard, with no resistor in series 
with the -1-P leads and the low terminal of the 1409. 

j. For the high D check, observe and adjust R 110 if 
necessary so that the 1685 indicates the calibrated value 
(±7 counts) of the 1409-T 0.1 f.J.F standard, with the resis­
tor in series with the -1-P leads and the low terminal of 
the 1409. R 105 and R 110 interact; repeat steps i and j 
until the readings are the same. Remove the 1409 and the 
3.3-kD resistor. 

k. Set 1685 RANGE switch to 8 and PARAMETER 
switch to C-1 kHz. 

1. Connect +I to +P and connect -I to -P; the 1685 read­
out should give a reading between 00.05 pf and 00.15 pF. 

GR 1685 

METER 
1685.0291 

Figure 5-4. Ac adjustment test setup, range 4. 

+I 

GR 1423 
DECADE 
"C" BOX 

30 pf 
or 

70 pf 

Figure 5-5. Ac adjustment test setup, range 5. 
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5.9.6 AC Adjustment C-120 Hz. 

To check and adjust the 120-Hz frequency: 
a. Set 1685 RANGE switch to 6 and PARAMETER 

switch to C-120 Hz. 
b. Connect the 1685 as shown in Figure 5-4. 

c. Check that the 1685 indicates 000.0 with a 30-pF 
capacitor connected and 000.1 with the 70-pF capacitor 
connected. 

d. Set the 1685 RANGE switch to 5 and the PARAM­
ETER switch to C-120 Hz. 

e. Connect the 0.1-pf capacitor as shown in Figure 5-5, 
without any resistor. Observe and adjust R 1 07 if necessary 
so that the 1685 indicates 0.100 11F. 

f. Change the 1685 RANGE to 6. 
g. Observe and adjust R 104 if necessary so that the 1685 

indicates the calibrated value of the 1409-T 0.1-J.lF standard 
or the 0.1-J.lF step of the G R 1423 decade box. 

h. Add a 27 -kS1 resistor in series with the low side of the 
GR 1409 or GR 1423 and the junction of the -1-P 
leads; the 1685 C display should indicate between 099.8 
and 100.2 mF, and D ~ 2. If the above readings are not 
within limits, repeat the procedure, starting at step a. 

5.9.7 D-0 1-kHz Check and Adjustment. 

To check and adjust D-0 at a 1-kHz frequency: 
a. Set the 1685 RANGE switch to 6 and PARAM-

ETER switch to C-1 kHz. 
b. Connect the 1685 as shown in Figure 5-6. 
c. Set the 1423 for .0159 pF and set the 1433 for 10 S1. 
d. Observe and adjust R 113 if necessary for a D read­

ing of .001 (to the point where the D dial left- and right· 
hand lights blink). 

e. Change 1433 to 50 S1. 
f. Check for a D reading of .005 on 1685 D dial; 

if not correct, repeat the procedure, starting at step c. 
(There are two positions of R 113 for a D of .001.) 

g. Set the 1433 for 20 kS1 and adjust R236 if necessary 
for aD reading of 2. 

h. Set the 1433 to 100 S1 and measure and record the D 
dial reading. 

i. Change the 1685 RANGE switch to position 4 and 
adjust R 191 if necessary for same D reading as in step h. 

GR 1685 METER 1685-0291 

j. Repeat steps c thru i. These adjustments interact. 
k. Check the D dial to see if it is within the limits listed 

below. Set the 1433 to the indicated value for each reading. 

G R 1433 Settin9 0 Nominal Low Limit High Limit 

10 S1 .001 .000 .002 

50 S1 .005 .00375 .00625 

100 S1 .01 .0085 .0115 

200 S1 .02 .018 .022 

500 S1 .05 .046 .054 

1 kS1 0.1 .093 0.107 

2kS1 0.2 0.187 0.213 

5kS1 0.5 0.46 0.54 

10 kS1 1 0.90 1.1 

20 kS1 2 1.7 2.3 

100 kS1 10 4.5 15.5 

5. 9.8 0-Q 120-Hz Check and Adjustment. 

To check and adjust D-0 at a 120-Hz frequency, use the 
same setup shown in Figure 5-6 and perform the following 
steps: 

a. Set the 1423 to 0.1327 pF and set the 1685 RANGE 
switch to 6 and the PARAMETER switch to C-120 Hz. 

b. Set the 1433 to 10 S1 and adjust R 112 if necessary 
for aD reading of .001. (Set the D dial to 0.001 and adjust 
R 112 for a balance as indicated by the green and red D-0 
lamps.) 

c. Check the D dial to see if it is within the limits listed 
below. Set the 1433 to the indicated value for each reading. 

1433 Setting 0 Nominal Low Limit 

10 S1 
50 S1 

100 S1 
200 S1 
500 S1 

1 kS1 
2kS1 
5kS1 

10 kS1 
20 kS1 

100 kS1 

---
.001 
.005 
.01 
.02 
.05 

0.1 
0.2 
0.5 

1 
2 
10 

GR 1433 
n-----, DECADE 

"R" BOX 

GR 1423 
DECADE 
"C" BOX 

.000 

.00375 

.0085 

.018 

.046 

.093 
0.187 
0.46 
0.90 
1.7 
4.5 

0 
0 

High Limit 

.002 

.00625 

.0115 

.022 

.054 
0.107 
0.213 
0.54 
1. 1 
2.3 

15.5 

Figure 5-6. 0-0 1-kHz test setup. 
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5.9.9 Inductance 1-kHz Check and Calibration. 

To check and adjust inductance at a 1-kHz test frequency: 

a. Set the 1685 RANGE switch to 5 and PARAMETER 

switch to L-1-kHz. 
b. Connect a high 0 100-mH inductor (1481, 1490 or 

1491 Decade Inductor) to the 1685 as shown in Figure 5-7. 

c. Add a 1.3-krl resistor in series with the junction of the 
-1-P leads and the low side of the inductor decade. Ob­
serve and adjust R 111 if necessary so that the 1685 L read­

out is the same with and without the 1.3-krl series resistor. 
d. Connect the 1685 to a 1 00-mH low-0 standard 

(GR 1482, for example). 
e. Observe and adjust R 101 if necessary so that the 

1685 L readout is the calibrated value of the 100-mH 

standard. Recheck the adjustment, since R 111 and R 101 

interact. 

f. Adjust R 108 if necessary for a "0" dial reading of 

145 (if using a 1481, 1490 or 1491 set to 100-m H) or the 

calibrated "0" value of the high-0 100-mH standard. 

g. Add a small resistor (2 rl) in series with the high-0 

inductor. Check for a 0 dial reading of 100. If incorrect, 

repeat the above adjustment of R 108, since there are two 

settings for R 108. 

5. 9.10 Inductance 120-Hz Check and Calibration. 

To check and adjust inductance at a 120-Hz test fre­
quency, set the 1685 RANGE switch to 4 and PARAM­

ETER switch to L-120 Hz and perform the following steps: 

a. Connect the 100-mH high-0 inductor to the 1685, 
with 150 rl in series with the -1-P leads as shown in 
Figure 5-7; the 1685 should indicate the same L value 
(±0.3 mH) with and without the resistor. 

b. Remove the resistor and connect a GR 1482 100-mH 
low-0 standard inductor to the 1685. 

c. Observe and adjust R 102 if necessary so that the 

1685 L readout indicates the calibrated 120-Hz value of 

the 1482 100-mH standard. 

d. Reconnect the 100-mH high-0 inductor. 

e. Observe and adjust R 109 so that the 1685 0 dial 

indicates the 0 value of the high-0 inductor (1481, 1490, 
1491 = 20-22). 

f. Add a small resistor, 4 rl, in series with the high·O 

inductor. The 0 dial reading should be 10; if not, repeat 

Step e, since there are two settings for R 109. 

5.9.11 Capacitor Checks with Internal and External Bias. 

a. Set the CAPACITOR BIAS switch to the INTER­
NAL 2 V position. 

b. Check the voltage on the 1685-P1 to see if it is 
between 1.88V and 2.12V. With a DVM, check for cor­
rect polarity on the 1685-P1. 

c. Connect a HP-6215A power supply to the EXTER­
NAL BIAS jacks at rear panel. Set the CAPACITOR 

BIAS switch to the EXTERNAL position and the power 
supply to its zero volts out setting. 

d. Check the voltage on the 1685-P1 while increasing 
the power supply voltage to 30 VDC. Check the polarity 

at the 1685-P1. Observe the warning given in para 3.4 

for external bias connections. 

5.9.12 Comparator Check. 

If the 1685 is equipped with the Data Output option, 
check the data output lines while checking the limit com­

parator. Refer to Figure 2-4 for the data output connector 
pin numbers. 

a. Connect a GR 1433-N Decade Resistor (0.1 rl-
1 0 krl) to the meter and set the 1685 RANGE switch to 

5, PARAMETER switch toR DC, and MEASUREMENT 
MODE switch to REPETITIVE, 0.5 s. 

b. For a Low-Limit check, set the comparator, HIGH 

LIMIT to 19999, and the LOW LIMIT switches to 00000. 

c. Set the 1433 to 0000.0 rl; the 1685 should read 

0000.0 Q and the GO lamp should light. Check that the 

comparator operates according to Table 5-6 for 0.1-rl 

steps. At each step check the 1685 reading to see that it is 
the same as the 1433 setting ±0.1% + 1 count. 

d. Repeat above procedure for 1.0-rl, 1 0.0-Q. 1 00.0-Q 

steps. 

e. Check the comparator according to Table 5-7 for 

1-krl steps. 

f. For the High Limit check, set the comparator 
HIGH LIMIT switches to 00000 and LOW LIMIT 

switches to 00000. 
g. Set 1433 to 0000.0 rl, and set the 1685 RANGE 

switch to 5, the PARAMETER switch toR DC, and the 

MEASUREMENT MODE switch to REPETITIVE 0.5 s. 

The 1685 should read 0000.0 Q and the GO lamp should 

light. Check that the comparator operates according to 

Table 5-8 for 0.1-Q steps. At each step check the read-

+I 

I +P :::~ 
GR 1481 I 

GR 1685 METER 1685-0291 _( ).. ~ 
GR 1490 

-P GR 1491 
k) I Sh 

Figure 5-7. Inductance test setup. 
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ing of the 1685 to see if it is the same as the 1433 setting 

±0.1% + 1 count. 
h. Repeat above procedure for 1.0 D, 10.0 D, 100.0 D 

steps, but leave the comparator least-significant-digit read· 

ing a 9. 
For example, for 10.0 D 

GR 1685 

Test first reading is 00009 

Second reading 00109 

GR 1433 HIGH Lamp 

000.0 D 

0010.0 D ON 

Check the comparator according to Table 5-9 for 
1-kD steps, then disconnect the 1433. 

Table 5-6 
COMPARATOR LOW-LIMIT CHECK 

1685 Low 
Limit Switch GR 1433 GO Lamp LOW Lamp 

00000 0000.0 D ON 

00001 0000.0 D ON 

00001 0000.1 D ON 

00002 0000.1 D ON 

00002 0000.2 D ON 

00003 0000.2 D ON 

00003 0000.3 D ON 

00004 0000.3 D ON 
00004 0000.4 D ON 

00005 0000.4 D ON 

00005 0000.5 D ON 

00006 0000.5 D ON 
00006 0000.6 D ON 

00007 0000.6 D ON 

00007 0000.7 D ON 

00008 0000.7 D ON 

00008 0000.8 D ON 

00009 0000.8 D ON 

00009 0000.9 D ON 

00000 0000.9 D ON 

00000 0000.0 r2 ON 
--~· 

Table 5·7 
COMPARATOR LOW-LIMIT 1-kHz CHECK 

1685 Low Limit 
Switch GR 1433 GO Lamp LOW Lamp HIGH Lamp 

00000 0000.0 D ON 
**10000 0000.0 D ON 
** 00000 0000.0 D ON 

10000 2000.0 D ON* 
00000 0000.0 D ON 
*The 1685 must show ERROR (E) 

i. To check the comparator High D function, set the 
1685 and comparator controls as follows. Use the setup 
described in para 5.9.7 but set the 1433 to a 1-kD setting): 

HIGH LIMIT 
LOW LIMIT 
RANGE 
PAR-AMETER 

16000 
00000 
6 
C-1 kHz 

j. Rotate the D-0 dial through its range and note that 
whenever the dial is below the actual D reading (approx. 
0.1), the comparator HIGH D light lights and whenever the 
D-0 dial indicates above the actual D reading, the GO light 
lights. 

Table 5-8 

COMPARATOR HIGH-LIMIT CHECK 

1685 High 
Limit Switch GR 1433 GO Lamp HIGH Lamp 

00000 0000.0 D ON 
00000 0000.1 D ON 
00001 0000.1 D ON 

00001 0000.2 D ON 
00002 0000.2 D ON 
00002 0000.3 D ON 
00003 0000.3 D ON 
00003 0000.4 D ON 
00004 0000.4 D ON 
00004 0000.5 D ON 
00005 0000.5 D ON 
00005 0000.6 D ON 
00006 9999.6 D ON 
00006 0000.7 D ON 
00007 0000.7 D ON 
00007 0000.8 D ON 
00008 0000.8 r2 ON 
00008 0000.9 D ON 
00009 oooo.9 n ON 
00009 0000.0 D ON 

Table 5-9 

COMPARATOR HIGH LIMIT 1-kD CHECK 

1685 High 
Limit Switch GR 1433 GO Lamp HIGH Lamp 

09999 0000.0 D ON 
**09999 1000.0 D ON 
**19999 1000.0 D ON 

19999 2ooo.o n ON* 
00000 0000.0 D ON 

**Repeat at least five times to check each position of switch (5 zero's 
5 one's). Rotate left wheel of 1685 LOW or HIGH LIMIT switch (as ' 
applicable) through its 10 positions. 
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Fault 

Instrument fails to operate in 

any mode of operation. 

Instrument operates for only 

certain parameters and/or only 
certain ranges. 

Measurements slightly inqccurate 

Limit Comparator not operating 

properly, but meter operates 

properly. 

Error reset time too slow 

No down-count pulse at TP3 

No reset pulse in repetitive mode. 

Only "hundreds" and above 

readout digits operable. 

Only "units" and "tens" 

readout digits operable. 

Table 5-10 

TROUBLE ANALYSIS 

Probable Cause 

Defective pow_e_r_s_up-p-ly, bridge-board 

oscillator; logic board BST-pulse 

circuitry, oscillators, or readout cir­

cuitry. 

NOTE 
If fault appears to be one that 

affects timing or overall performance 

of instrument, it is suggested that 

logic board be checked using timing 

diagram, Figure 6-9, and logic board 

schematic, Figure 6-10. Also check that 

the oscillator is operating. (Signal 

REF will be present.) If rt appears 

that the fault is related to instru-

ment accuracy (slightly inaccurate 
readings, for example) check the 

bridge board using the check and cali­

bration procedures in para 5.9. 

No oscillator output for selected 

parameter, bridge section faulty, 
range circuitry faulty. 

Bridge-board or oscillator out of 

adjustment or has failed part. 

Comparator boards and assemblies 

and/or interface signals. Cable 

connections. 

026 and associated circuitry 

CP2 pulse stuck low 

CP2 pulse stuc.- high 

Display or logic board mal­

function or CP2 stuck low. 

Bridge and logic board CP1 pulse 

circuitry; logic board F·F U26, 

gates U31 and/or counters. 

Remedy 

Perform lamp test to see if readout display is working. If 
display is not operating, check for power supply or readout 

circuit failure. Check at rear-panel MEASUREMENT DATA 

connector to see if measurement data is present. If it is, 

it will help isolate fault between logic board counters and 

drivers and readout meter and its associated logic-board 

circuits. Check power supply output (para 5-11) and/or 

voltages on logic board. Check oscillator output, if neces­

sary, at C2 on the bridge board. If present, check the inputs 

and outputs of the logic board (timing diagram, Fig. 6·12), 

particularly signals HF, DNC, CP1 (may not always be pre­

sent) and CP2. Check at both circuit boards, If present, 

check logic board counters and associated latches and 

multiplexers. Also check signal SDL on logic board, 

which is used to strobe data out of latches. Refer to the 
diagram (Fig. 64) showing the bridge-board signal wave­

forms for each PARAMETER mode of operation, to 

isolate faults to the bridge-board circuitry. 

Check the oscillator output at C2 (WT3) on the bridge 

board lor signal REF on the logic board). Refer to the 

bridge configuration diagrams in Section 4 and Figure 

64 showing the bridge-board signal waveforms for 

each parameter. From these and the parameter that is 

faulty, check the appropriate bridge armis) and parameter 

switch circuitry to see if signals are present. If not, check 

the components and connections. Also check measurements 

on various ranges to help isolate faults to the range cir­

cuitry on the RANGE switch. If a range is defective, 

refer to the bridge board schematic diagram and RANGE 

switch layout diagram to identify and locate components. 

Refer to paragraphs 54 and 5-9; use the procedure for 

the specific measurement parameter that is malfunctioning. 

After ensuring that all connections are secured (Figure 

6-3), use the timing diagram on the comparator 'A' board 

(Figure 6·12) and the logic board schematic and system 

timing diagram (Figure 6-9) to check the signals on and 

between the comparator boards and instrument boards. 

Signals between the comparator and the instrument are 

via connector S04 on the logic board. Use the theory of 

operation, if necessary, to determine the required states 

of other signals on the comparator boards. Rep)ace 

board Is) or faulty part. 

Short-circuit TP-6 to ground; if reset speeds up then 026 

may be leaking. 

Check and repair associated circuit. 

Check and repair associated circuit. 

Perform lamp test to check display. Check logic board 

circuitry, particular! y inputs from the PAR AME TE R 

switch (signal A2 LGC on board) and associated gates and 
flip-flops on board. Al~o check "count" oscillator and 

associated circuits. Check "units" and "tens" decade counters. 

Check circuitry listed under "probable cause." 
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Table 5 -10 (contl 

TROUBLE ANALYSIS 

Fault Probable Cause 
---------- ----·· 

Certain indicator lamps do not 
operate . 

5.10 TROUBLE ANALYSIS. 

Lamp or signal circuitry. 

Table 5-10 lists some faults that might occur in ti">e instru­

ment, the probable cause, and gives suggestions on how to 

isolate the fault. This information will help isolate a fault to 
a general area on circuit boards or assemblies. Integrated 

circuits are mounted in sockets for easy replacement of 
defective parts . Use the following aids to he I p isolate the 

fault to the part level. 
1. Descriptions and simplified and equivalent drawings 

in Section 4. 
2. Adjustment and calibration procedures in para 5-11, 

one for each measurement function. 

3. Timing and schematic drawings in Section 6. 

4 . Waveforms and voltage levels on drawings in Section 6. 

5. Test points on the circuit boards. 

6. Parts list in Section 6. 
For major types of faults where it appears that the instru­

ment is not just out of calibration or adjustment (as indi­

cated perhaps by slightly inaccurate readings as opposed to 

very inaccurate measurements), it is suggested that the 

following method be used to quickly check various parts 

of the instrument. 
If a selection of various standards or components are 

available, makeR, L, and C measurements to see if the 
instrument operates in any of these modes. If it operates 

in some modes but not others, it may indicate that the 
bridge section or RANGE or PARAMETER switches may 
not be operating properly but the oscillator and logic board 

circuits are functioning properly . (The check and calibration 
procedure in para 5.9 for the specific function and the 

bridge board waveform shown in Figure 6-4 can be used 

to isolate faults.) 

The rear-panel data outputs can be checked to see if 
certain signals are present, indicating that the instrument's 

circuits are functioning. (For example, the RESET signal, 

data outputs, STROBE signal, etc.) The presence or 

absence of these signals will indicate a minor or major 

failure and help determine where a fault may lie. Remote­
start the instrument to see if it functions in this manner. 

If no improvements are noted, check the oscillator output 

(para 5-9) . Then, if necessary , check the oscillator output 

(para 5.9) and logic circuit-board signals. Use the timing 

diagram (Figure 6-9) and the logic circuit-board schematic 

(Figure 6-10) to check the logic board . 
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·Remedy 

Use the rear-panel connector or logic-board test points. 
where applicable, to determine if th e circuitry or lamp 

is faulty. For example, the bridge and logic board 

co ntains a significant amount of circuitry for high­
di ss ipat ion factor measurem ents . Si gnal HID can be moni ­

tored on the logic board or rear-pa nel MEASUREMENT­
DATA connector. 

Set the instrument in the REPETITIVE mode of opera ­

tion and check all the signals to and from the logic board, 

as shown in Figure 6-9. Test points are furnished at all 

board inputs and outputs. 
If signal REF is missing, check the oscillator output. 

Signal REF is derived from the oscillator and is routed via 

the bridge board to the logic board, where it i t used to 
initiate most of the timing functions on the board and in 

the instrument . 

The oscillator can be checked by connecting an oscillo­

scope to capacitor C2 on the bridge board . If the signal is 
present, isolation of the fault can be made by further 

examination of the bridge board, using the bridge-board 
schematic and the bridge-board waveforms shown in 
Figure 6-4. 

All the test points on the logic board should be checked . 
If any signal is missing, examination of the schematic 
diagrams and the circuitry associated with the signal will 

help determine the location of the fault. 
In most cases it will be possible to isolate faults bet­

ween the bridge and logic boards and the comparator 

(if included in the instrument) in this manner. 
If the instrument is making measurements but the 

differences in the measurement and actual component 

values are quite large, the fault may be in either the bridge 
or logic board, even if all the signals shown in Figure 6-9 

are present. For example, the analog circuit could be 

faulty , putting out a slope signal (CP2) sooner or later than 

normal. Or it could fail to produce signal CP1, or perhaps 

produce too many CP1 signals (Although it should be 

noted that in some cases signal CP1 may not be produced , 

depending on the value of the part under test. In some 
cases a range change will produce the signal and verify 

its presence.) The logic board counting and associated 

circuits may be faulty, resulting in improper readings. 

This will require further troubleshooting of the board. 

In any event, systematic checking such as described 

above will result in isolation of the malfunction . Use the 
equivalent diagrams in Section 4 to determine the bridge 
configurations for the various PARAMETER switch set · 

tings, if required . Read Section 4 to obtain a good under­
standing of how this complex instrument operates. Use 
this information to aid in troubleshooting. 



Parts Lists and Diagrams-Section 6 

6.1 GENERAL . . . . . . . . . . . . 
6.2 REFERENCE DESIGNATIONS . . . . . 

6-1 
6-1 
6-2 
6-2 
6-3 
6-3 

1.1 GENERAL 

Figure 6-1, Front-Panel View Identifying Parts 
Figure 6-2, Rear-Panel View Identifying Parts 
Main Instrument Assembly Parts 
Mechanical Parts . . . . . . . . . . 
Schematics and Parts Lists . . . . . . . 
Potentiometer Etched-Circuit Board (P/N 1685-4740) Layout . 
Potentiometer Board Parts List . ·. . . . . . . . . . 
Figure 6-3, Impedance Meter and Limit Comparator Interconnection Diagram 
Bridge Board Parts Lists . . . . . . . . . . 
Bridge Etched-Circuit Board (P/N 1685-4720) Layout 
Figure 6-4, Bridge Board Schematic Diagrams . . . 
Capacitance Parameter Switch Parts . . . . . . 
Figure 6-5, Capacitance Parameter Switch S503 Layout Drawing Showing Parts 
Figure 6-6, Parameter Switch S502 Layout Drawing 
Figure 6-7, Range Switch S501 Layout Drawing . . . . . . . . . . 
Parameter and Range Switch Parts . . . . . . . . . . . . . . . 
Figure 6-8, Parameter and Range Switches S502 and S501 Schematic Diagram 
Figure 6-9, System Timing Diagram. . . . . . . 
Logic Etched-Circuit Board (P/N 1685-4700) Layout . 
Figure 6-10, Logic Board Schematic Diagram 
Log ic Board Parts . . . . . . . . . . . . 
Display Etched-Circuit Board (P/N 1685-4710) Layout 
Figure 6-11, Display Board Schematic Diagram . 
Display Board Parts . . . . . . . . . . . . 

6-5 
6-5 
6-5 
6-4 thru 6-10 
6-7 
6-7 thru 6-9 
6-11 
6-11 
6-12 
6-12 
6-13 
6-13 
6-14 
6-15 
6-15 

6-16 
6-17 
6-17 
6-18 

Comparator Board 'A' Parts . . . . . . . . . 6-18 
Comparator Etched Circuit Board 'A' (P/N 1685-4750) Layout 6-19 
Figure 6-12, Comparator Board 'A' Schematic Diagram . . . 6-19 
Comparator Board 'B' Parts . . . . . . . . . . . . 6-20 
Comparator Etched-Circuit Board 'B ' (P/N 1685-4760) Layout 6-21 
Figure 6-13, Comparator Board 'B' Schematic Diagram . . 6-21 
Power Supply and Transformer and Bridge Assy Parts 6-22 
Transformer and Diode Assembly (P{N 1685-2020) Layout . 6-22 
Power Supply Etched-Circuit Board (P/N 1685-4730) Layout 6-23 
Figure 6-14, Power Supply, Transformer Assembly, and Line-Voltage Switch Schematic 

Diagram . . . . . . . . . . . . . . . . . 6-23 
Figure 6-15, View of 1685-P1 Test Fixture Identifying Parts 6-24 
Figure 6-16, 1685-P1 Test Fixture Schematic Diagram 6-24 
1685-P1 Test Fixture Parts . . . . . . . . . . . 6-25 
Switch Anti-Bounce Etched-Circuit Board (P/N 1685-4770) Layout 6-25 

This section contains the parts lists, circuit-board layout 
diagrams and schematic and logic diagrams for the instru­
ment. Section 4 contains functional diagrams of the various 
circuits shown in the schematic and logic diagrams. Section 

prised of numbers and letters. Component types on an 
assembly are numbered sequentially, the numbers being 
preceeded by a letter designation that identifies the com­
ponent (R for resistor, C for capacitor, etc.). Each assembly 
(usually circuit boards and main frame) has its own se­
quence of parts designators. 5 contains photographs of the instrument, identifying various 

parts. The heavy lines on drawings denote the major signal 
flow in the circuits and instrument. 

Reference designation usage is described in paragraph 6.2. 

6.2 REFERENCE DESIGNATIONS 

Each component on an assembly is identified on equip­
ment and drawings by means of a reference designator com-

Main-frame-mounted parts are identified by numbers 
having three digits, the first of which is the number 5 
(C501, R508, CR506, for example). 

The designation WT (wire-tie point) replaces the cus­
tomary AT (anchor terminal) designation. The purpose of 
other references and symbols is given on the drawings in 
this section. 
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Figure 6-1. Front-panel view identifying parts. 
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Figure 6-2. Rear-panel view identifying parts. 
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MECHANICAL PARTS LIST 

Fig Fed 
Ref Ont Description GR Part No. Mfg Code Mfg Part No. 

FRONT PANEL 

Knob asm, MEASUREMENT MODE 5520-5321 24655 ·5520-5321 
includes 

Retainer 5220-5402 24655 5220-5402 
2 Knob asm, POWER 5520-5321 24655 5 520-53 21 

includes 
Retainer 5220-5402 24655 5220-5402 

3 Cabinet asm 1685-2030 24655 1685-2030 
4 Gasket 5 33 1-3099 24655 5331-3099 
5 Window asm 1685-702 1 24655 1685-7021 
6 Knob asm, PARAMETER CRL 5 500-5 321 24655 5500-5321 

includes 
1 Retainer 5220-5402 24655 5220-5402 

7 1 Switch bracket asm 1685-2050 24655 1685-2050 
8 I Switch, thumbwheel , 5-digit, HIGH LIMIT 7917-1014 24655 7917-1014 
9 1 Switch, thumbwheel, 5-digit, LOW LIMIT 79 17- 1014 24655 79 17- 1014 

10 2 Hold er, lamp, LOW, HIGH 5600-1032 24655 5600-1032 
II 1 Hold er, lamp, HIGH D 5600-1021 24655 5600-1021 
12 1 Holder, lamp, GO 5600-1035 24655 5600-1035 
13 1 Switch, toggle, LIMIT OFF 7910-0790 95146 MTA-106D 
14 I Knob asm, CAPACITOR BIAS, 5 500-5 32 1 24655 5500-5321 

includes 
Retainer 5220-5402 24655 5220-5402 

15 Knob asm , RANGE, 5500-5421 24655 5500-5421 
includes 

Retainer 5220-5401 24655 5220-5401 
16 Knob asm, DQ 5520-5420 24655 55 20-5420 

includes 
Retainer 5220-5401 24655 5220-5401 

REAR PANEL 

Receptacle, 24 contacts 4230-4024 02660 5740240 
Part of 1685-47 50 

2 Receptacle, 5 contacts 4230-5405 02660 126-218 
3 Hood, pin 4230-0318 00779 201785-4 

Recpt coax 7-cont mal e housing 4230-0319 00779 50063-1 
Jackscrew 4230-0321 00779 200874-2 

TEST FIXTURE 

4 Banana jack, 100 4150-0900 24655 4150-0900 

EXTERNAL BIAS 100 MAX 

5 Banana jack , 4150-0900 24655 4150-0900 

EXTERNAL BIAS IOOV MAX+ 

6 Plate, cover 1685 -8160 24655 1685-8160 
7 Switch, power line, LINE VOLTAGE 7890-1082 24655 7890-1082 

OFF-ON 
8 Post, fuse-extractor, I A 5650-0100 71400 HKP-H 
9 Post , fuse-extractor, V2A 5650-0100 71400 HKP-H 

10 Receptacle, power, 48-440 Hz 4240-0210 24655 4240-0210 
11 Cover, cabinet rear 1685-8210 24655 1685-8210 



ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

MAIN INSTRUM ENT ASSEMBLY PARTS 

CAPACITORS 

C501 Electrolytic , 22000 uF +75-1 0% 15 V 4450-6509 56289 360,22000 uF +75-10% IS V 
C502 Electrolytic, :woo uF ±10% 6 V 4450-6 I 06 56289 30D, ::1000 uF ±I 0% 6 V 
C503 and 
CS04 Electrolytic , 9700 uF +7 5-l 0% 30 V 4450-651 l 56289 36D, 9700 uF +75-10% 30 V 
C505 Tantalum, I uF ±20% 35 V 4450-4300 S6289 !SOD, I uF ±20% 35 V 
C506 Tantalum, 6.8 uF ±20% 6 V 44S0-4800 56289 !SOD, 6.8 uF ±20% 6 V 

DIODES 

CRSO I thru 
CR504 Type SBR-6A2 6081-1031 11961 SBR-6A2 

FUSES 

Fl Slo-Blo, lA 53 30-1400 71400 MDLIA 
F2 Slo-Blo, V2A 5330-l 000 7 1400 MDL V2A 

INTEGRATED CIRCUITS 

U50l Linear, Type LM323 S432- l 048 12040 LM323 

JACKS 

J I Receptacle, power 4240-0210 24655 4240-0210 
14 Rece ptacle, coax, 7 -contact 4230-0319 00779 50063-l 
15 and 
16 Jack , banana pin 4150-0900 24655 4150-0900 
17 Receptacle, min 5-contact 4230-5405 02660 126-218 
1502 Connecto r, PC IS-positions 4230-5230 02660 225 -21521-401-1 17 
1503 Connector, 2 ]-contact 4230-7100 24655 4230-7100 
1600 Receptacle , min 5-contact 4230-5405 02660 126-218 

LAMPS 

DS50 l thru 
DS504 6.3 v 5600-0319 71744 CM-377 
WT503 thru 
WT507 6.3 v 5600-03 19 7 1744 CM-3 77 

RESISTORS 

R500 Pot., l megohm ±20% 6045-Sl l 0 246S5 604S-5 l I 0 
RSOI Potentiometer 097 5-4110 24655 0975-4!1 0 
R50 2 Comp., I megohm ±5 % I /4 W 6099-S l05 01121 RCR07G 1051 

SWITCHES 

S504 Power 7890-65 10 24655 7890-65 I 0 



ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

SWITCH BRACKET ASSEMBLY PARTS 

Switch bracket Assembly Complete 1685-2050 24655 1685-2050 

LAMPS 

DSI thru 
DS4 6.3 v 5600-03 19 7 1744 CM-377 

SWITCHES 

S 1 thru 
S5 Thumbwheel 7917-1014 24655 7917-1014 
S6 thru 
S10 Thumbwheel 7917-1014 24655 7917-1014 
SII Toggle 79 10-0790 95146 MTA-106D 
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ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

BRIDGE BOARD (P/N 1685-4720) PARTS 

CAPACITORS 

C2 Electrolytic, 125uF, + 150-10% I 00 V 4450-6156 56289 43D, 125uF +150-10'1(, 100 V 
C3 Electrolytic, 500 uF +150-10% 20 V 4450-6020 56289 30D, 500 uF +150-10% 20 V 
C4 thru 
C6 Mica, 10000 uF ±!% 300 V 4560-0300 14655 CM-07. 10000 uF ±I% 
C7 Ceramic, .O!OuF ±20% 100 V 4400-6534 72982 8131,.01 uF ±20% 
Cll Ceramic, 3300 pF ±10% 100 V 4400-6525 72982 8131,3300 pF ±10% 
Cl2 Ceramic, 330 pF ±10% 100 V 4400-6441 72982 8101,330 pF ±10% 
CIS and 
Cl6 Ceramic, 0.1 uF +80-20% 100 V 4403-4100 72982 300-1 00-ZSV -I 04Z 
C20 Plastic, 1.0 uF ±5% 50 V (matched to 1 %) 1685-0400 24655 1685-0400 
C21 Mica, 20000 uF ±1% 300 V 4560-0400 14655 CM-07, 20000 uF ±I% 
C22 Mica, 300 pF ± 1% 500 V 4710-0461 14655 CMOS, 300 pF ±I% 
C23 Plastic, 1.0 uF ±5% 50 V (matched to I%) 1685-0400 24655 1685-0400 
C24 Mica, 0.02 uF 0505-4413 24655 0505-4413 
C25 Mica, 324 pF ±I% 500 V 4710-0470 14655 CMOS, 324 pF ±I 
C30 Mylar, 0.1 uF ±10% 100 V 4860-8250 56289 410P, 0.1 uF ±10% 100 V 
C32 Mylar, 0.1 uF ±10% 100 V 4860-8250 56289 410P, 0.1 uF ±IO'lr 100 V 
C35 thru 
C38 Ceramic, 0.1 uF +80-20% I 00 V 4403-4100 72982 300-IOO-Z5V-104Z 
C39 Ceramic, 680 pF ±5% I 00 V 4400-6450 72982 8111,680 pF ±5% 
C40 Poly., .05 uF ±0.5% 100 V 4872-1202 24655 4872-1202 
C41 and 
C42 Poly., 0.45 uF ±0.5% 100 V 4872-1212 24655 4872-1212 
C43 and 
C44 Ceramic, 0.47 uF ±20% 50 V 4400-2054 72982 8131,0.47 uF ±20% 
C45 Mylar, 0.1 uF ±10% 100 V 4860-8250 56289 410P,O.l uF±10% IOOV 
C50 and 
C51 Ceramic, 0.47 uF ±20% 50 V 4400-2054 72982 8131,0.47 uF ±20'/( 
C54 Mica, 2000 uF ±I% 500 V 4710-2620 14655 CM06, 2000 pF ±! 
C55 and 
C56 Mica, .0012 uF ±I% 500 V 4710-1210 14655 CM06, 1200 pF ±I 
C57 and 
C58 Mica, 10000 uF ±I% 300 V 4560-0300 14655 CM-07, 10000 uF ±I 
C59 Mica, 2000 uF ±I% 500 V 4710-2620 14655 CM06, 2000 pF ±!% 
C60 Ceramic, 0.1 uF ±20% 50 V 4400-2050 72982 8131,0.1 uF ±20% 
C61 Tantalum, 4.7 uF ±20% 50 V 4450-4990 56289 !SOD, 4.7 uF ±20% 50 V 
C62 Ceramic, 0.22 uF ±20% 50 V 4400-2052 72982 8131,0.22 uF ±20% 
C63 Ceramic, .010 uF ±20% 100 V 4400-6534 72982 813 I, .0 I uF ±20% 
C64 Ceramic, .022 uF ±20% I 00 V 4400-6536 72982 8141 .. 022 uF ±20% 
C65 Tantalum, 33 uF ±20% 20 V 4450-5613 56289 !SOD, 33 uF ±20% 20 V 
CIOI and 
Cl02 Ceramic, 33 pF ±5% 100 V 4400-6485 72982 8101,33pF±S 
Cl03 Ceramic, 4.7 pF ±5% 100 V 4411-2005 72982 8101,4.7 pF±S% 
Cl04 thru 
Clll Ceramic, 33 pF ±5% I 00 V 4400-6485 72982 8101,33 pF ±5 
Cll2thru 
c 131 Ceramic, 0.1 uF ±20% 50 V 4400-2050 72982 8131,0.1 uF±20% 
Cl33thru 
C!43 Ceramic, 0.1 uF ±20% 50 V 4400-2050 72982 8131,0.1 uF ±20'7r 
C145 and 
Cl46 Ceramic, .010 uF ±20% 100 V 4400-6534 72982 8131,.01 uF ±20% 



ELECTRICAL PARTS LIST 

Fed 
Ref Des Descri ption GR Part No. Mfg Code Mfg Part No. 

CAPAC ITORS (cont) 

C l 48 Ceramic, 1000 pF ±10% 100 V 4400-65 19 72982 8 121 , 1000 pF ±I 0';{ 
C I49 Ceramic, 1.0 uF ±20% 50 V 4400-2070 72982 8131 , 1 uF ±20S7r 
C l SO Ceramic, 680 pF ±5 % 100 V 4400-6450 72982 8111.680p F ±5 7c 
C I S I Ceramic, 1000p F ± 10% IOOV 4400-6519 72982 8 12 1 , 1 ooo P r ± 1 O% 
C I 52 Ceramic, 1 .0 uF ±20% 50 V 4400-2070 72982 8 131, 1 uF ±20% 
C l 53 Ceramic, .010 uF ±20% 100 V 4400-6534 72982 8 13 1, .01 uF ±20% 
Cl54and 
CISS Tantalum, 47 uF ±20% 20 V 4450-5614 56289 !SOD, 4 7 u F ±20% 20 V 
Cl56 Ceramic, 4700 pF ± 10% 50 V 4400-6356 72982 812 1,4700 pF± 10% 
C 157 Ceramic, 0.1 uF ±20% 50 V 4400-2050 72982 8 I 3 I , 0. I u F ±2 0% 
C 158 Ceramic , 2 70 pF ±I 0% I 00 V 4400-6514 72982 810 1, 270 pF ±10% 
Cl59 Ceramic, .022 uF ±20% 100 V 4400-6536 72982 8141 , .022 uF ±20% 
C 160 and 
C I 6 1 Ceramic, .0 10 uF ±20% 100 V 4400-6534 72982 8 13 1, .o 1 uF ±2osr 
C 1 62 and 
Cl63 Ceramic, 100 pF ±5 % 100 V 4400-6442 72982 8 10 1, IOOpF±S % 
Cl64 Ceramic, .022 uF ±20% I 00 V 4400-6536 72982 8141 , .022 uF ±20';{, 
Cl65 Ceramic, 33 pF ±5% I 00 V 4400-6485 72982 8101,33pF±5 
Cl66a nd 
C l 67 Ceramic, 0. 1 uF ±20% 50 V 4400-2050 72982 8 13 1, 0 . 1 uF ±20'X 
C l 68 Ceramic, 33 pF ±5 % 100 V 4400-6485 72982 810 1, 33 pF ±5% 
C l 69 Ceramic , 2700 pF ±IO'ic 100 V 4400-6524 72982 8 12 1, 2700 pF ± I 0% 
CI70 a nd 
C 17 1 Ta ntalum , 10 uF ±20% 20 V 4450-5100 56289 ! SOD. 10 uF ±20'/( 20 V 
C l 73 Ceramic , 0.611 uF ±20% 50 V 4400-2058 72982 813 I , 0 .68 uF ±20% 

DIODES 

CRI thru 
C RI 6 Type I N459A 6082- I OI I I4433 1N459A 
C R20 thru 
CR24 Type I N459A 6082- 10 11 14433 1N459A 
CR25 Type I NI9 1 6082- 1 OOR 14433 1N l 9 1 
C R26 thru 
CR35 Type 1 N459A 6082- l Oli 14433 !N459A 
CR36 thru 
C R39 Type 1 N748A 6083 - I002 14433 I N748A 
CR40 Type I N758A 6083- 1012 14433 1 N758A 

lC SOCKETS 

SOl thru 
S03 DIP, 14-contact, PC 7540-1815 71785 133-5 1-02-003 

INTEG RATE D CI RCUITS 

U 1 Linear. Type LM30 I A 5432-1004 12040 LM301A 
U2 tluu 
U7 Linear , Type U\1308A 5432 -1027 12040 LM308A 
us Li near, Type LM20 1A 5432-1045 12040 LM201A 
U9 Linear , Type LM30 1 A 5432-1004 12040 LM301A 
U 10 and 
U 11 Linear , Type LM20 1 A 5432-1045 12040 LM201A 
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ELECTRICAL PARTS LIST 

Ref Des Description 

INTEGRA TED CIRCU ITS (cont) 

U 12 and 
Ul3 Linear, Type LM311 
U J4 Linear, Type Ll\f301 A 
Ul5 Linear, Type LM20 1A 
U 16 thru 
Ul9 Linear, Type LM3 0 1 A 
U20 and 
U21 Digital, Type SN74 1 32N 

RES ISTORS 

R 12 and 
Rl3 Co mp., I 0 o hms ±5'7,, 1/4 W 
R l 4 Co mp., 47 ki lo hms ±5 % 1/4 W 
R 1 5 and 
Rl6 Co mp. , 3 kilohms ±S 'k I / 4 W 
Rl7 C: omp. , 47 ki lo hms±5 % 1(4W 
Rl8 Pot .)Vire-wound , 1 kilohm ± 1% 
R I9 Thermistor , I 00 ki lo hms ±20% 
R20 Comp., 1.5 kilohms ±5% 1/4 W 
R21 Comp. , 2 kilohms ±5 % 1/ 4 W 
R22 Comp., 100 kilohms ±5 % 1/4 W 
R23 Film , I S .8 kilo hms ± I % 1/8 W 
R24 Film , 15 kilohms ±I % I /8 W 
R25 Pot,)Vire-wo und, I kilohm ± 1% 
R26 Cornp., 100 kilohms ±5 % 1/ 4 W 
R 27 a nd 
R28 Film , 133 ki lohms ±! '/(; 1/8 W 
R29 Co mp ., 10 megohms ±5 % I /4 W 
R41 Film , I ki lo hm ±0. 1% 50 ppm 1/8 W 
R42 Film , 10 ki loh ms ±0. 1% 50 ppm I /8 W 
R43 and 
R44 Film , 9 kilohrns ±0.1 % 50 ppm 1/8 W 
R45 Fiirn, I kiio hm ±0 .1 % 50 ppm 1/ 8 W 
R46 Comp., l 0 megohms ±5 % 1/4 W 
R4 7 Pot,.Cer., 100 ki1ohms ±20% 
R58 Co m p ., I Gigohm , ±20% 1/2 W 
R59 and 
R60 Co mp. , 100 kilohms ±20% 
R6 l Comp. , 10 megohms ±5 % 1/4 W 
R 62 Co mp., 1 kilohm ±5 % 1/4 W 
R 70 Power, wire-wound, 27 ohms ±5 % 5 W 
R7 1 Comp. , 47 kilohms ±5 % l / 4 W 
R72 and 
R73 Comp. , l kilohm ±5 % 1/4 W 
R74 Comp., 47 kilo hms ±5 % 1/4 W 
R 75 Power , wire-wound , 27 o hms ±So/c .. 5 W 
R 76 and 
R77 Wire-wound,molded , 3 o h ms ± 10% 
RRJ Film, 5 ki1ohms ±0 .1% 15 ppm 

6-4 PARTS & DIAGRAMS 

- ---- -- · ··---· ---·-·· ·--- - ----

Fed 
GR Part No. Mfg Code 

5432-1023 12040 
5432-1004 12040 
54 32-1045 12040 

5432-1004 12040 

543 1-8032 01295 

6099-0 105 0 1121 
6099-3475 01121 

60(}9-2305 0112 1 
6099-3475 0 112 1 
6056-0 138 1 1236 
6740-202 1 8 3186 
6099-2 15 5 0 112 1 
6099-2205 0 1 121 
6099-4 1 OS 0 1 12 1 
6250-2158 75042 
62 50-2 150 7 5042 
6056-0 138 1 1236 
6099-4 105 OJ 12 1 

6250-3133 75042 
6099-6 105 0 11 21 
6190-2330 75042 
6190-5 660 75042 

6 190-5535 75042 
6 190-2330 75042 
6099-6105 01121 
6049-04 3 1 80294 
6 100-8 108 0112 1 

6040- l 000 0 112 1 
6099-6 105 0 11 2 1 
6099-2 105 0 112 1 
6660 -0275 75042 
6099-34 7 5 0112 1 

6099-2 10 5 0 1 121 
6099-3475 0 112 1 
6660-0275 75042 

6760-9309 75042 
66 19-3452 7 5042 

Mfg Part No. 

LM31 1 
LM301 A 
LM201 A 

LM301 A 

SN74132N 

RCR07G I OOJ 
RCR07G473J 

RCR07G302J 
RCR07G473J 
Series 115 , Type li S, I kilohm ±10% 
51Al6/ GR 
RCR07GI52J 
RCR07G202J 
RCR07G104 J 
CEA, 15.8 kilohms ±1 % 
CEA , 15 kilohms ± J% 
Series 11 5 , T y pe 1 15 , l kilohm ±10% 
RCR 07G 104 1 

CEA, 133 kilo hms ± I % 
RCR07Gl06J 
CEA, I kilohm ±0.1% 50 ppm 
CEA, 10 kilohms±O. l % 50 ppm 

MEA, 9 k ilohrns ±0. 1% 50 ppm 
CEA, 1 kilohm ±0.1 % 50 ppm 
RCR07G106J 
329 9W, 100 kilohms ±20% 
RCR20G J08 

YRI04M 
RCR07G I 06J 
RCR07G 1 02J 
AS-5, 27 ohms ±5 % 
RCR07G473 J 

RCR07G l 02J 
RCR07G473J 
AS-S , 270 ohms ±5 '/c 

BWH , 3 ohms ±10% 
MA R-7, 5 kilohms ±0.1 % 15 ppm 



Ref Des Description 

ELECTRICAL PARTS LIST 

Fed 
GR Part No. Mfg Code 

POTENTIOMETER BOARD (P/N 1685-4740) PARTS 

Mfg Part No. 

RESISTORS 

RIO! 
R102 
R103 
R104 
R105 
R!06 and 
R107 
R108 thru 
Rill 
R112 
Rll3 

Wire-wound, rect, 500 ohms ± 1 O'X 6051-1509 80294 3005-P-1-501 
Wire-wound, rect, 1 kilohm ±10% 6051-2109 80294 3005-P-1-102 
Wire-wound, rcct, 500 ohms ±10% 6051-1509 80294 3005-P-1-501 
Wire-wound, rect, I kilohm ±10% 6051-2109 80294 3005-P-1-102 
Wire-wound, rect, 500 ohms ±I 0% 6051-1509 80294 3005-P-1-501 

Wire-wound, rect, 10 kilohms ± 10% 6051-3109 80294 3005-P-1-1 03 

Wire-wound, rect, 2 kilohms ±I 0% 6051-2209 80294 3005-P-1-202 
Wire-wound, rcct, 5 kilohms ±I 0% 6051-2509 80294 3005-P-1-502 
Wire-wound, rect, 2 kilohms ±10% 6051-2209 80294 3005-P-1-202 

Potentiometer etched-circuit board (PIN 1685-4740) layout. 

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, 1-C pin 1, cathode 
(of diode), or+ end (of capacitor). 
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Figure 6-4. Bridge board schematic diagram (sheet 4 of 4). 

PARTS & DIAGRAMS 6·9 



ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

BRIDGE BOARD (P/N 1685-4720) PARTS (CONT) 

RESISTORS (cont) 

R164 Comp ., 20 ki1ohms ±5 % 1/4 W 6099-3205 01121 RCR07G2031 
R165 Comp., 10 ki1ohms ±5 % 1/ 4 W 6099-3105 01121 RCR07 G I 031 
R1 66 Comp ., 68 ki lohms ±5 % 1/4 W 6099-3685 01121 RCR07-G68 3J 
Rl67 Comp. , 20 kilohms ±5 % I /4 W 6099-3205 01121 RCR07G203J 
Rl 70 Comp. , 10 kilohms ±5 % 1/4 W 6099-3 105 01121 RCR07GJ03J 
Rl71 Comp., 390 kilohms ±5 % 1/ 4 W 6099-4395 01121 RCR07G3 94J 
Rl72 Comp., 15 kilohms ±5 % 1/4 W 6099 -315 5 01121 RCR07G 153J 
Rl73 Comp., 200 kilohms ±5% 1/4 W 6099-4205 01121 RCR07G2041 
R174 Comp., 5.1 kilohms ±5% 1/4 W 6099-2515 01121 RCR07G512J 
Rl80 Comp., 10 kilohms ±5 % 1/4 W 6099-3105 01121 RCR07GI03J 
Rl 8 1 Comp., 100 ohms ±5 % 1/4 W 6099 -1105 01121 RCR07GIOI1 
Rl82 Comp., 100 ki1ohms ±5 % 1/4 W 6099-4105 01121 RCR07GI 041 
Rl83 Comp., I 00 ohms ±5 % I /4 W 6099-1 105 01121 RCR07G I 0 I J 
Rl84 Comp., 390 ki1ohms ±5% 1/ 4 W 6099-4395 01121 RCR07G394J 
Rl85 Comp., 510 ohms ±5 % 1/4 W 6099 -1 5 15 01121 RCR07G511J 
Rl87 Comp ., 200 kilohms ±5 % I /4 W 6099-4205 01121 RCR07G2041 
Rl 90 Comp., I 0 kilohms ±5 % I /4 W 6099-3 105 01121 RCR07G1031 
Rl91 Pot. Comp., 100 kilohms ±20% 6040-1000 01121 YRI04M 
Rl92 Comp., 390 ki1ohms ±5 % 1/4 W 6099-4395 01121 RCR07G394J 
R193 Comp., 510 ohms ±5 % 1/4 W 6099 -1 515 01121 RC:R07G511 J 
Rl 95 Comp., 10 ki1ohms ±5% 1/4 W 6099-3105 01121 RCR07G 1031 
Rl 96 Comp., 68 kilohms ±5 % 1/4 W 6099-3 685 01121 RCR07G6831 
Rl 97 Comp., 10 kilohms ±5 % 1/4 W 6099-3105 01121 RCR07G 1031 
R200 Comp., 8.2 kilohms ±5 % I /4 W 6099-2825 01121 RCR07G8221 
R201 Comp., 68 kilohms ±5 % 1/4 W 6099-368S 01121 RCR07G6831 
R202 Comp., 10 ki1ohms ±S % 1/4 W 6099-3105 01121 RCR07G I 031 
R203 Comp., I 00 kilohms ±S % I /4 W 6099-4 105 01121 RCR07G I 04J 
R204 Film, I 0 kilohms ±I % I /8 W 62S0-2 100 75042 CEA , 10 kilohms ±I % 
R205 Film , 18.7 kilohms ±I % 1/8 W 6250-2 187 7S042 CEA , 18.7 kilo hms ±I % 
R206 and 
R207 Comp., I 00 kilohms ±5 % I / 4 W 6099-4 105 01121 RC:R07G I 041 
R208 Comp., 10 ki1ohms ±5 % 1/4 W 6099-3105 01121 RCR07GI03J 
R209 Comp., I kilohm ±S % 1/4 W 6099-21 OS 01121 RCR07GI 021 
R210 Comp., 4.7 kilohms ±5 % 1/ 4 W 6099-2475 01121 RCR07G4721 
R211 Film, 10 kilohms ±I % 1/8 W 6250-2100 75042 CEA, I 0 kilohms ±I% 
R212 Film, S5.6 ki1ohms ±O.S % 1/8 W 6251-25S6 75042 CEA, 55.6 kilohms ±0.5% 
R21 3 thru 
R215 Comp., 100 kilohms ±5 % 1/4 W 6099-4105 01121 RCR07G I 041 
R21 6 Comp., 10 kilohms ±5 % 1/4 W 6099-31 OS 01121 RCR07GJ031 
R21 7 Comp. , I kilohm ±S % 1/ 4 W 6099-2 10S 01121 RCR07G!021 
R218 Comp. , 4.7 kilohms ±5 % I /4 W 6099-2475 01121 RCR07G472J 
R221 Film, 3.24 kilohms ±I % I /8 W E2S0-1324 7S042 CEA , 3.24 kilohms ±! % 
R222 Film, 24.9 kilohms ±I % I /8 W 6250-2249 7S042 CEA , 24.9 kiloh ms ±J % 
R223 Film, 226 kilohms ±] % 1/8 W 62S0-3 226 7S042 CEA , 226 kilohms ±1 % 
R224 Film, 3.24 kilohms ±I % 1/8 W 6250-1324 7S042 CEA , 3.24 kilohms ±I% 
R225 Film, 24.9 kilohms ±I % I /8 W 6250-2249 75042 CEA, 24.9 kilo hms ±1% 
R226 Film, 226 kilohms ±1 % 1/8 W 6250-3226 75042 CEA, 226 kilohms ±I% 
R227 Comp., 100 kilohms ±S % 1/4 W 6099-41 OS 01121 RCR07Gl041 
R228 Comp., 10 kilohms ±5 % 1/4 W 6099-3105 01121 RCR07G!03J 
R231 Comp., 200 kilohms ±S % 1/4 W 6099-4205 01121 RCR07G2041 
R232 Film, 200 kilohms ±I % 1/8 W 6250-3200 75042 CEA, 200 kilohms ±I % 
R233 and 
R234 Film, 49.9 kilohms ±1 % 1/8 W 6250-2499 75042 CEA , 49 .9 kilohms ±I % 



ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

BRIDGE BOARD (P/N 1685-4720) PARTS (CONT) 

RESISTORS (cont) 

R235 Comp., 10 ohms ±5% 1/4 W 6099-0105 01121d RCR07G1001 
R236 Pot., Wire-wound, 2 kilohms ±10% 6056-0140 11236 Series 115, Type 115, 2 kilohms ± 1 0% 
R238 Film, 143 kilohms±1% 1/8 W 625 0-3143 75042 CEA, 143 ki1ohms ±]ric 
R239 Film,49.9 kilohms±l% 1/8 W 6250-2499 75042 CEA, 49.9 kilohms ±! 
R240 Comp., 4.7 kilohms ±5% 1/4 W 6099-2475 01121 RCR07G4721 
R241 Comp., 47 kilohms ±5r/C 1/4 W 6099-34 7 5 01121 RCR07G4731 
R242 Comp., 1.5 megohms ±5% 1/4 W 6099-5 I 55 01121 RCR07Gl551 
R243 Comp., 1 kilohm ±5% 1/4 W 6099-2105 01121 RCR07G1021 
R244 thru 
R246 Comp., 10 kilohms ±5% 1/4 W 6099-3105 01121 RCR07Gl 031 
R247 Comp., 1 kilohm ±5% 1/4 W 6099-2105 01121 RCR07GI02J 
R249 thru 
R251 Comp., 47 kilohms ±5% 1/4 W 6099-34 7 5 01121 RCR07G473J 
R252 Comp., 10 kilohms ±5% 1/4 W 6099-3105 01121 RCR07GI03J 
R253 Comp., 91 kilohms ±5% 1/4 W 6099-3915 01121 RCR07G913J 
R254 Comp., 8.2 kilohms ±5% 1/4 W 6099-2825 01121 RCR07G8221 
R255 Comp., 10 kilohms ±5% 1/4 W 6099-3105 01121 RCR07G 1031 
R256 Comp., 16 kilohms ±5% 1/4 W 6099-3165 01121 RCR07G 1631 
R257 Comp., 91 kilohms ±5% 1/4 W 6099-3915 01121 RCR07G9131 
R258 Comp., 10 kilohms ±5% 1/4 W 6099-3105 01121 RCR07G103J 
R259 Comp., 20 kilohms ±5% 1/4 W 6099-3205 01121 RCR07G203J 
R260 Comp., 100 kilohms ±5% 1/4 W 6099-4105 01121 RCR07GI04J 
R261 Pot.,Comp., 100 kilohms ±20% 6040-1000 01121 YR104M 
R262 Pot.,Wire-wound, 20 ohms ±10% 6056-0128 11236 Series 115, Type 115, 20 ohms ± 1 0% 
R263 Comp., 100 kilohms ±5% 1/4 W 6099-4105 01121 RCR07Gl04J 
R264 thru 
R268 Comp., 1 kilohm ±5% 1/4 W 6099-21 OS 01121 RCR07Gl021 
R269 Comp., 20 kilohms ±5% 1/4 W 6099-3 205 01121 RCR07G203J 
R270 Wire-wound, 1.5 ohms 6760-9159 75042 BWH, 3 ohms ±10% 
R271 Comp., 510 kilohms ±5% 1/4 W 6099-4515 01121 RCR07G514J 
R272 thru 
R275 Comp., 4.7 ki1ohms ±5% 1/4 W 6099-2475 01121 RCR07G472J 
R277 Comp., 200 kilohms ±5% 1/4 W 6099-4205 01121 RCR07G204J 
R278 Comp., 5.1 megohms ±5% 1/4 W 6099-5515 01121 RCR07G515J 
R279 Comp., 27 kilohms ±5% 1/4 W 6099-3275 01121 RCR07G273 
R280 Comp., 2 kilohms ±5% 1/4 W 6099-2205 01121 RCR07G2021 
R282 Comp., 220 kilohms ±5% 1/4 W 6099-4225 01121 RCR07G2241 
R283 Comp., 100 kilohms ±5% 1/4 W 6099-4105 01121 RCR07G I 041 
R284 Comp., 27 megohms ±5% 1/4 W 6099-6275 01121 RCR07G2761 

TRANSISTORS 

Ql Type 2N3467 8210-1233 04713 2N3467 
Q2 Type 2N3903 8210-1132 04713 2N3903 
Q3 Type 2N5189 8210-1163 02735 2N5189 
Q4 Type 2N3905 8210-1114 04713 2N3905 
Q5 and 
Q6 Type Ell3 8210-1229 17856 Ell3 
Q7 Type 2N3467 8210-1233 04713 2N3467 
Q8 Type 2N3903 8210-1132 04713 2N3903 

SOCKETS 

SOl thru 
S03 14 Contact, PC 7 540-1815 71785 133-51-02-003 



ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

BRIDGE BOARD (P/N 1685-4720) PARTS (CONT) 

TRANS ISTOR S (cont) 

Q9 Type 2N3905 8210- 1114 04713 2N3905 
Q l O Type 2N5189 8210- 11 63 02735 2N5189 
Qll thru 
Q l 6 Type 2N3905 82 10- 11 14 047 13 2N3905 
Q20 thru 
Q28 TypeE1 13 82 l 0- 1229 17856 El13 
Q30 Type 2N3905 8210-1114 047 13 2N3905 
Q31 and 
Q32 Typ eE113 82 10-1229 17856 E1 13 
Q34 Type 2N3903 82 1 0-1132 04713 2N3903 
Q35 and 
Q36 Type 2N3905 8210- 11 14 047 13 2N3905 
Q37 and 
Q38 Type 2N3903 8210-1132 047 13 2N3903 
Q39 Type 2N3905 82 10-1 114 047 13 2N3905 
Q40 Type 2N3903 8210-1132 047 13 2N3903 
Q4 1 and 
Q42 Type 2N3905 82 I 0-1 114 04713 2N3905 
Q43 thru 
Q47 Type Ell3 82 10-1 229 17856 E 113 
Q48 and 
Q49 Type 2N3905 82 10-1114 04713 2 N3905 

6·10 PARTS & DIAGRAMS 



Ref Des Description 

ELECTRICAL PARTS LIST 

Fed 
GR Part No. Mfg Code 

CAPACITANCE PARAMETER SWITCH S503 PARTS 

SWITCH ASSEMBLY 

RESISTORS 

RIO 
Rll 
R269 

SWITCH 

S503 

Film. 536 ohms ±I 1/2 W 
Wire-wound, 82 ohms ±5% 2 W 
Comp., 10 ohms ±5% 1/4 W 

Rotary, wafer 

1685-2040 

6450-0536 
6760-0825 
6099-0105 

7890-5622 

24655 

12928 
75042 
01121 

24655 

Mfg Part No. 

1685-2040 

CEC. 536 ohms±] 
BWH, 82 ohms ±5')( 
RCR07GIOOJ 

7890-5622 

Rotary switch sections are shown as viewed 
from the panel end of the shaft. The first digit 
of the contact number refers to the section. 
The section nearest the panel is 1, the next 
section back IS 2, etc. The next two digits refer 
to the contact. Contact 01 is the first position 
clockwise from a strut screw (usually the screw 
above the locating key), and the other contacts 
are numbered sequentially (02, 03, 04, etc), 
proceeding clockwise around the section. A 
suffix F or R indicates that the contact is on 
the front or rear of the section, respectively. 



S-503 

S-503, I03R TO 
S -5"03 1 I 07R TO 
5- 5"03, I 0 9 R TO 

NOTE 

I ' '\ 

s-so3, 107~ 
S-503, 109R 
s-so3 1 tto~ 

Figure 6-4 contains the switch schemati c. 

' 
0 

' 

BY R2-G9 
B'( ~\I 

BY RIO 

107f\ 

IIOR 

03R 

IND£'X PIN / 
FRONT 'VIEW 

Figure 6-5. Capacitance parameter switch S503 layout drawing showing parts. 
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7890- S?2 I 

5502.. 

Figure 6-6. Parameter switch S502 layout drawing. 

5502., 104-F TO 
5502., 2.11 R TO 
550'2., C.OSF\ TO 
5502, 302.F TO 
5502 1 302~K TO 
5 502., 309F TO 

5502, 105F BY 
5502., 2.12.P- BY 
S 50?. ,312Ft!? B'( 
5 502., 302.R. 
5502.) 403P--

5502,309R 
S502., 309~1'\ TO 5502., 409P--
5502., 30f>f TO 5502, 306R 
S 502., 30GF:R TO 5502., 40GR 

//'/a~ 
(: ;;c; *' , I 
\'" ',~J' 

807~ 

R24-'0 
CIO 
F\4-0 

S!J02, 4C 
5502., 2.( 

5502, 3C 
5502, 8C 
550'2. 1 'OC 
5502,41 
5502._, 70 
550'2, 5C 
S502, 10 
550'2, IC 

s 50 2, 4 ( 
5 SO 2., 5C 

5502, 7 c 
5502..., sc 
5502)51 

\\\ 
\ 

>-r 
\ I ,L 

! ! ~ 
I 

~~~k 



I<OR TO sso~, 404R 
I IF T O S502,301F BY R2..51 
IIF TO 5'502..,712f 
l7F TO S SO '2. 1 808 F BY R2..4~ 
17F TO S 50 C., 8 0'3 F BY F\2..50 
IF TO 5502., :':! i O R BY R78 

3 R T O 5502_ , / 0 4 R BY C l / 2. 

JIOF TO s 502, 50"P., 
)f(/1. TO 5502.. 7 5 04R 
I IF TO 550'2. 1 40\F-
) IF TO ssoc., 407F-
•SF TO SSO 2., 70 3 R 
J IF\ TO ssoc.., 702..P.. :3 Y R25 .5 
14/Z T O S 5 0 2_, <000 F 3>'1"\ 2 81 
OR 1 0 5 502)5 1/R d Y r;- 252 

2 

S50 1 

POSITION 

/1" 2 7/Jfi'(/' /f 57 

II 
// / ' .:.·· 

G I 5 f ;· ~ / / 
! - ~> 515F 

MAK E. ~OOP APPI<_o ~ f! 'c.> SHO WN 
ABOVE USING, f':" SMW - 30 -ZO 

AS F O <..LOWS ·. 
30 '3 R1"0 4 0"'F~R 
5 0 g F T O So 9 R. 
118 F TO 118 R 

5 50/, G02.F\ TO 55 0 1
1 

G0 3R 
5501 7 G02P., TO 5501,GI7F 
550 I ,G0 3R TO S501 1 1CC'S 
550 1, ~03P- TO S 501 1 GI~F 
S 50/, 2..12F TO 5501,2..11 F 
5501, 211 F TO 5 501, 214F 
5501, 21?!F TO 550 1, 2 02.R 

2.1GF TO 

/r

/./ ~IS~~~~ 
! f 

.f I' 
! / 

I 

'' 

BY R4'3 
BY F\4 8 '"'-
BY R5 0 (.R27 '1 
BY C 1\j 
BY C R 4 I (< 10 2 I zr ) 
BY CR40(kJO ZIU) 

' 

5501, 5501,20t'OR 
5501 1 217F TO S501 7 2.18F BY CR42.. ( 1( TO 2 17F) 
550 I , GO I R TO 5501, G.IG.F BY R-?.80 
5501' IO~F TO S50 I, 204R 
5 501' 103 F TO 550/, /05F 
S501 7 T0 7F TO 5501, 109F BY RG 
550/, IO~F TO 550 1' II IF BY RS 
S501, II IF- TO 5501, 113F BY R4 
5 501' 113F TO 5501, II SF BY R3 
s 501' 104F TO 5501 1 IOSF BY R9 

~ ---·- -= 

5 50/, 
5 5 0 1, 
5501, 

55 0 1' 
5 50 1, 3 
S501, ~ 

S SO I, :' 

5 5 0 1,::: 
S. 5 0 1, I 



t-:; ,t" /lk 17 

IJEA/f 
VIEW 

lip 

r"10UNT R2.79 ABOVE RSO 
TO >=A C I L-1 TAT E.. '<.EM 0 v A L 
BY Lf'.B F \iE.CE:.SSAR.:i 

105F TO 5501, 107f BY R8 
107F TO 5501 7 204-R BY R7 

IOIF TO 5501 1 102F BY Rl 
2.04R TO 5501, 117F BY R2. 

(;03 

I 

-:JIR TO S501.401FR TOS501)501F)I bY k54 

J5R TO 5501)4-0SF;R i05501,505~R BY RSS 

:Jz_R TO 5501, 402. F)R '0 5501, 502.F;R BY R51Q 

IIR TO S501,411FjRTO S501,51/F!R B'/ R57 
!n R 10 S501,313R TO 5501; 413 R 

6-12 PARTS & DIAGRAMS 

Rotary switch sections are shown as viewed 
from the panel end of the shaft. The first digit 

of the contact number refers to the section. 
The section nearest the panel is 1, the next 
sect1on back is 2, etc. The next two digits refer 
to the contact. Contact 01 is the first position 
clockwise from a strut screw (usually the screw 

above the locating key), and the other contacts 
are numbered sequentially (02, 03, 04, etc), 
proceeding clockwise around the section. A 
suffix F or R indicates that the contact is on 
the front or rear of the section, respectively. 

5501 1 iOIF TO 5501, IIGF\ BY C.S 
S501,315R TO 5501,415FR TO .S501,515F,RBY RSio#-CCJ 

S50I, 3(2_ R TO S501 412. F R TO 5501,5 12-F,R BY R52-

S50i,;::,09R TO S501:409F,R TO S501)509~R BY R53 

Figure 6-7. Range switch S501 layout drawing. 



ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

RANGE SWITCH S501 PARTS 

CAPACITORS 

C8 and 
C9 
C18 

DIODES 

CR40 thru 

Ceramic, 1000 pF ±5% 
Ceramic, 510 pF ±10% 500 V 

CR42 Type 1N455 

RESISTORS 

R1 Comp., 2.7 megohms ±5'/c 1/4 W 
R2 Comp., 270 kilohms ±5% 1/4 W 
R3 Camp., 82 ki1ohms ±5% 1/4 W 
R4 Comp., 8.2 ki1ohms ±5% 1/4 W 
R5 Comp., 820 ohms ±5% 1/4 W 
R6 Comp., 82 ohms ±5% 1/4 W 
R7 Wire-wound, 39 ohms ±5% 2 W 
R8 Comp., 9.1 ohms ±5% 1/2 W 
R9 Wire-wound, I ohm ±5% 2 W 
R48 Film, I kilohm ±1% 50 ppm 1/8 W 
R49 Film, 9 kilohms ±I% 50 ppm I /8 W 
RSO Film, I kilohm ±I% 50 ppm 1/8 W 
RSI Film, I megohm±!% 50 ppm 1/2 W 
R52 Wire-wound, 100 kilohms ±.02% I W 
R53 Wire-wound, 10 ki1ohms ±.02% I W 
R54 Wire-wound, I kilohm ±.02% I W 
RSS Wire-wound, I 00 ohms ±.025% I W 
R56 Wire-wound, 10 ohms ±.025% 
R57 Wire-wound, I ohm ±.05% 
R279 Comp., 510 kilohms ±5% 1/4 W 
R280 Wire-wound, 1.5 ohms± I 0% 2 W 

SWITCH ASSEMBLY 

S501 Switch, Rotary, wafer 

4405-2105 
4404-1519 

6082-1010 

6099-5275 
6099-4275 
6099-3825 
6099-2 82 5 
6099-1825 
6099-0825 
6760-0395 
6100-9915 
6760-9105 
6190-2330 
6190-5535 
6190-2330 
6188-4100 
6983-6000 
6983-5039 
6983-4000 
6983-3000 
6983-2005 
6983-1006 
6099-4515 
6760-9159 

7890-5620 

72982 
72982 

14433 

01111 
01121 
01121 
01121 
01121 
01121 
75042 
01121 
75042 
75042 
75042 
75042 
75042 
24655 
24655 
24655 
24655 
24655 
24655 
01121 
75042 

24655 

MECHANICAL PARTS LIST 

Fig 
Ref Ont Description 

Fed 
GR Part No. Mfg Code 

PARAMETER SWITCH S502 PARTS 

CAPACITORS 

CIO Mylar, 0.18 uF ±5% I 00 V 4860-7897 84411 
Cl72 Mylar, 0.47 uF ±10% 100 V 4860-8200 84411 

RESISTORS 

R40 Comp., 4.7 megohms, ±5% 1/4 W 6099-5475 01121 
R78 Film, 909 ohms, ±I% 1/8 W 6250-0909 75042 
R248 Wire-wound, 24 ohms ±5% 2 W 6760-0245 75042 
R249 and 
R250 Comp., 10 kilohms ±5% 1/4 W 6099-3105 01121 
R251 Comp., 20 ohms ±5% 1/4 W 6099-0205 01121 
R252 Comp., 80 ohms ±5% 1/4 W 6099-0825 01121 
R253 Comp., 510 ohms ±5% 1/4 W 6099-1515 01121 
R281 Comp., 2 kilohms ±5% 1/4 W 6099-2205 01121 

SWITCH 

S502 Switch, rotary, wafer 7890-5621 24655 

801, 1000 pF ±5 
831,510 pF ±IO';t 

IN455 

RCR07G275J 
RCR07G274J 
RCR07G823J 
RCR07G822J 
RCR07G821J 
RCR07G820J 
BWH, 39 ohms ±5% 
RCR20G9RIJ 
BWH, I ohm ±5% 
CEA. I kilohm ±I 50 ppm 
MEA. 9 kilohms ±I 'lc· 50 ppm 
CEA, I kilohm ±I 'lc, 50 ppm 
CEC, I megohm ±I 50 ppm 
6983-6000 
6983-5039 
6983-4000 
6983-3000 
6983-2005 
6983-1006 
RCR07G514J 
BWH, 1.5 ohms ±10% 

7890-5620 

Mfg Part No. 

663UW, 0.18 uF ±5% 100 V 
663UW, .047 uF ±10% 100 V 

RCR07G475J 
CEA, 909 ohms±!% 1/8 W 
BWH, 24 ohms ±5% 2 W 

RCR07GI03J 
RCR07G200J 
RCR07G820J 
RCR07G511J 
RCR07G202J 

7890-5621 



HIL 102R II OR 
WTI44--

ORG 

S502 JIIR 

~ 2 212F 

WTII 

+5V 

S501 

LOL 206R 202R :_r----

S502 
205R 207R 

CE S501 

S502 REFERENCE 
SELECTION 

2tOF ___.CMEAS 
WT9 

201F 

S502 

218F 

201F 

S502 
0 

203F 

NOTE : S501 SHOWN IN RANGE I POSITION 
5502 SHOWN IN C I KHz POSITION 

213F 

0 

206R 

CR42 

216F 

r·~ 
0 

304F 302F .---- --
o--~ 

+5V 
S502 303F 309f 

-~ 
304F ~ 

306F ~~ 1----

308F ~06F 

o-- 410R 409R 

o--t- 4~ 
S501 S502 403R 

v 
o-- 4l~ 
o--

305R 306R 

302R 
~ 

DECIMAL POINT S502 3~ 
LIGHTS ~09R 

302R 

(LOGIC BOARD) 
A c 

S501 -J502 12 J502 - 14 
B 

J502-13 

R251 
ZOll 712F 807F 

+15 ,--I-
2 R249 R250 

201F 301F WT507 

IOK IOK 
3 f---o 

WT506 

5502 4 S502 

DS502 05501 

RANGE DIRECTION 
LIGHTS 

.,~ ., ,j. ;,•, ·: ' -;; ' • ,-:., ·--~ ~ 10' ... 1() 

.o. o:.,; t;:.\ 'J ~ •-, .,:. .; ::• ;~·; ~ 1 0- ~ ~ - •r-· ' · 
. . • .:.; ;f- S ' A>': ;. -. ~ ~ · ·• ,-..,;,;' R·..>L liON 'lt:') "- SE flVo C E r..L>l tS 
~ => :. M : 1 CQ NTR I) ,__ r : : : :: :J AfA'>CO"'•ROl 
I') S( '< C ,•, : :·R IVl R (:J r-., rR tJ l 1'1 - - l"ii R E ' If T P · ~ E: S T Pr) i.\JT 

=~t=E--~ ~~ ,;'.U9E~~ ~CT~ Of51Gf,PIO·'.I 1\!CLJ:..l~SSJ~ •\SSFMBL, 

WT508 
f--a 

-= 
UNIT LIGHTS 

CIK R LIK 

CD ® ® 
® G) 

Cl20 Ll20 

• ....... ,>, F ( H Sl ! '"' F O:.. C f f I' ~ )1'. T Il l A ". 

-CCf, I _:,CTS i' I ~ ST t:Or.. TACTCW 
i AQ.',< S'R :J r SC Rfl'l A BU V ~ "' E Y IS C\ . 

L -- · - S F C .,.IUJ'< S ELIIO"J I\I~J.R~ST PANFL 1$1 

8JIF -15 

808F 809F 

WT 6,27 WT8,13,2G 
502-2 

FREQUENCY 
SELECTION 

-- -.. 0UTP'..'TLfAVESSUBr.SSt: M 8LY 
.,_ ____ II'II?Ul e RO fl.' (J I F Fl R E ~ ' I SU BASSEMB LY 

- - . -----{> ()U 1PUT R(fi.'AI !I.IS ON SUBASSE MBL "V 

i>--- If>. PU T I' ROM SAMf SU8ASS f fi.' 8Lif 

Figure 6-8. Parameter and range switches S502 and S501 schematic diagram. 
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Code 

00 136 
00 192 
00 194 
00327 
00434 
00656 
00779 
01009 
01 121 
01255 
0 1295 
01!1:!0 
0211 1 
021 14 
02606 
02660 
02768 
03042 
03508 
03636 
03877 
039 11 
04009 
04643 
04713 
04919 
05079 
05402 
05574 
05624 
05748 
05820 
067 43 
07126 
07127 
07233 
07261 
07263 
0 7387 
07595 
07828 
078 29 
07910 
07983 
07999 
08730 
09213 
09353 
09408 
09823 
09856 
09922 
1 1236 
11 599 
11983 
12040 
12045 
12498 
1261 7 
12672 
1269 7 
12954 
12969 
13094 
13 103 
13327 
139 19 
14 195 
14433 
14482 
14655 
14674 
14749 
14752 
14936 
1511 6 
15238 
15476 
15605 
15782 
16037 
16179 
16352 
16636 
16758 
16950 
16952 
17117 
1777 1 
17850 
17856 
18324 
18542 
18677 
18736 
18736 
19048 
19178 
19373 
19396 
1961 7 
19644 
1970 1 
20754 
2 1335 
21759 
22753 
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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. 

Manufacture r Code Manufacturer Code Ma nufacturer 

McCoy Electronics Co., Mt. Ho lly Springs, PA 17065 23338 Wavetek Div., John Fl uke, San D iego, CA 92112 1912';; Wi re mo ld Co., Hartfo rd, CT 06110 

Jones Mfg. Co., Chicago, I L 60607 23342 Avnet Electroni cs Co rp ., Frank lin Park, I L 60131 797 27 C:m tin enta l W IR T Elec t ro nics Corp., Philadelphia, PA 1910 1 
Walsco Electronics Corp., Los Angel es, CA 90053 24355 Analog Dev ices, Cambridge, MA 02 142 79963 Zierick M fg. Co., Mount Kisco, NY 10549 

Wa lwyn International, Westlake, OH 44145 24446 General Electri c, Schenectady, NY 12305 80009 Tektr oni x, Inc., Beaverton, OR 97005 
Schweber Electronics, Westbu rg, NY 11 590 24454 General Electr ic Electron ics Comp., Syracuse, NY 13201 80C:30 Prestole Fastener, Toledo, OH 43605 
Aerovox Co rp. , New Bedford, MA 02745 24455 General Electric Lamp Div., Cleveland, OH 44 11 2 80048 Vickers Inc,, St. Louis, MO 63166 
Amp , Inc., Ha rr i~bu rg , PA 17 105 24602 E.M.C. Technology, Cherry Hill, NJ 08034 80103 Lambda Electronics Corp., Mel vi lle, NY 11746 
Alden Prod ucts Co., Brockton, MA 02413 24655 General Radio Co., Concord, MA 01742 80183 Sprague Products Co., North Adam s, MA 01247 
Allen-B rad ley Co./Electron ics Div., Mtlwaukee, W I 53204 25289 E. G. & G. Inc. , Bedford , MA 01730 802 11 Motorola Inc., Frankli n Park, IL 60131 
Litton Industr ies Inc., Be~r ly Hills, CA 902 13 26806 American Zett ler, Inc., Costa Mesa, CA 92626 8025 1 Formica Corp., Cincinna ti , O H 45232 
T exa5 lnstr umems, Inc., Dallas, TX 75222 28480 Hewlett Pack ard , Palo Al to, CA 04304 80258 St31ldard O il Co .. La feyette, IN 47902 
Amerock, Corp., Rock ford. I L 61101 28520 Hey rnan Mfg . Co .. Ken i lwort h, NJ 07033 80294 Bourns Laboratories, I nc., Riverside , CA 92506 
Spectral Electron ics Corp .. City of Ind ustry, CA 91745 28959 Hoffman Electronics Corp., El Monte, CA 91734 80368 Sy lva n ia Electric Produca, l nc. , New York, NY 10017 
Fer roxcube Corp., Sauger t ies. N Y 124 77 30646 Beckman Instruments , Inc .• Cedar Grove. NJ 07009 80431 Air Fi lter Corp., Milwaukee. WI 532 18 
Fenwal Lab Inc., Morton Grove, IL 60053 30874 1.B.M., Armonk. NY 10504 80583 Hammarlund Co., Inc .• New York, NY 10010 
Ampheno l Electron Corp. , Broadview, I L 601 53 3200 1 Jensen Mfg. Co ., Chicago, I L 60638 80894 Pure Carbo n Co., St. Mary's, PA 15857 
Fastex, Des Plains, IL 60016 33173 General Electric Camp., Owensboro, KY 42 301 81030 Internat ional Instrumen t , Orange, CT 06477 
Carter Ink Co., Cambr idge, MA 02142 341 4 1 Koehler Mfg . Co., Inc .• Marlboro , MA 0 17 52 81073 Grayhitl Inc ., LaGrange, IL 60525 
G. E. Semicon Prod., Sy racuse, NY 13201 35929 Constanta, Co., Montreat Quebec 81143 tso tantite Mfg. Cor p., St irl ing, NJ 07980 
Grayburne, Yo nkers, NY 10701 37942 P. R. Mallory & Co., Inc., Indianapol is, IN 46206 8 131 2 Winchester Electronics Co., Inc., Oakvi l le, CT 00779 
Trans itron Electronics, Wakef1 eld, MA 01880 38443 Marlin-R ockwell Corp., Jamestown, NY 1470 1 81349 Military Spec1fia~tio ns 
Clai rex Co rp., New York, NY 10001 39317 McGill Manufacturing Co .. Inc., Vatpar iso, IN 46383 81350 Jo int A rmy-Navy Specifications 
A rrow Hart, Hartford, CT 06106 40931 Honeywell, Inc., Minneapolis, MN 554 08 81483 In ternational Rectifie r Corp., El Segundo, CA 90245 
Oigitronics Corp., Albertson, NY 11 507 42190 Muter Co., Chicago, t L 60638 81 75 1 Colu mbus Electroni cs Co rp., Yonkers, NY 10701 
Motorola, Phoenix, AZ 85008 42498 National Co., Inc., Mel rose , MA 02176 81831 Fi ltron Co., F lushing , NY 11354 
Componen t Mtg. Service, Inc., West Br idgewater, MA 02379 43991 Norma Hoffman, Stan f ord , CT 06904 81860 Barry Wright Corp ., Watertown, MA 02172 
T ansitor Electronics, Benningto n, VT 0520 1 49671 R. C.A., New York, NY 10020 822 19 Sy lvania Etec. Prod., Emporium, PA 15834 
Contro ls Co. of America, Melrose Park, I L 60160 49956 Raytheon Mfg. Co .• Waltham, M.A 02 154 82273 Indiana Patt~rn & Mode l Works, LaPort, IN 46350 
Vik ing Industries, Inc., Chatsworth, CA 913 11 50088 Mostek, C<Jrrollton, T X 75006 82389 Switchcraft, Inc., Chicago, IL 60630 
Barber-Colma n Co ., Rockford, I L 6 1101 53021 Sangamo Electr ic Co., Spring field. IL 62705 8264 7 Metals & Controls, Inc., Attleboro, MA 02703 
Barnes M fg . Co., Mansfie ld, OH 44901 54294 Shallc ross Mfg. Co .. Selma. NC 27576 82807 Milwaukee Resistor Co., Milwaukee, WI 53204 
Wakefield Engineering Inc., Wakefield , MA 01880 54715 Shure Bro t hers, Inc ., Evanston, I L 60202 82877 Rotron Mfg. Co .• Inc., Woodstock, NY 12498 
Clevite Co rp ., Cleveland, OH 44 110 56289 Sprague Electr ic Co., Nonh Adams, MA 0 1247 83003 Varo Semiconductor D iv., Garland, TX 75040 
Digitran Co., Pasadena . CA 9 1105 59730 T homas & Betts Co., Eli zabeth, NJ 07207 83033 Meissner M fg., M t. Carmel , I L 62863 
Eagle Signa l ! E.W. B l iss Co .), Be~raboo, WI 53913 59875 T.R .W. Inc., I Accessories D1vl, Cleveland, O H 44 1 17 83058 Carr Fastener Co .. Cambridge, MA 02142 
Cinch Graph ik , City of Industry, CA 91744 60399 T orri ngton Mfg. Co .• Torrington , CT 06790 83186 V ictory Eng ineer ing, Springfield , NJ 0708 1 
Avnet Corp. , Culver Ci ty, CA 90230 6 1637 Union Carbide Corp._ Ne11v York. N Y 10017 83361 Beariny Specta lt y Co., San Francisco, CA 94 10 1 
Fairchild Semiconductor. Mounta in V iew, CA 94040 6 1664 Uni ted-Carr Fastener Corp ., Boston , MA 02 142 83587 Solar Elecu 1c Corp., Warren, PA 16365 
Bincher Corp., No. Los Angeles, CA 90032 63060 V ictoreen Instrument Co .. Cleveland, O H 44104 83594 Burrough' Corp., Plainf ield. NJ 07061 
Amer. Semiconductor, Ar lington HB, IL 60004 637 43 Ward Leonard Electric , Mt. Vernon. NY 10550 83740 Union Carbide Corp., New York, NY 10017 
Bodine Corp., Br idgeport, CT 06605 65083 Westin ghouse (Lamp D iv!. Bl oomi ie1d . NJ 07003 8 44 11 TRW Capacito r Oiv1sion, Ogaf!a1a, NB 69 153 
Bod me Electric Co., Chicago, I L 60618 65092 Weston Instruments, Ne-.'lark , NJ 07 114 84835 Leh1gh Metal Product>, cambr idge, MA 02140 
Cont. Device Corp., Hawthorne, CA 90250 70106 Acushnet Capacitor Co., New Bedford , MA 02742 84970 Sarkes Tarzian, Inc .. Bloomington , IN 47401 
State Labs, Inc., New Yor k, NY 10003 70109 Adamo and We5tlake Co., Elkhart, IN 465 14 84971 T .A. Mi g. Corp., Los Ange les, CA 90039 
Borg Instruments, Delavan, WI 53115 70485 Atlantic India Rubber Works. Inc., Chicago, I L 60607 86577 Prec ision Metal Products, Stoneham, MA 02180 
Vema line Products Co., Franklin Lakes, NJ 07 417 70563 Amperite Co., Unio n City. NJ 07087 86684 R.C.A. (E lec. Comp. & Dev), Harrison, NJ 07029 
G. E. Semiconductor, Buffalo, NY 14207 70903 Belden Mfg. Co., Ch icago, IL 60644 86687 R.E. C. Corp., New Rochette. NV 10801 
C & K Components Inc .. Waterto wn , MA 02 172 71 126 Bronson Homer D .. Beacon Fa ll s, CT 06403 86800 Cont. Electronics Co rp., Brooklyn, NY 11222 
Star-T ron ics Inc., Georgetown, MA 01830 7 1279 Cambridge Thermi on ic, CorP .. Ca m bridge, MA 02138 88140 Cut ter-Hammer Inc., Lincoln, I L 62656 
Burgess Battery Co., Freeport, IL 6 1032 71294 Canfield Co., Clifton Forge. VA 24422 88219 Gould Nat. Batteries, Inc., Trenton, NJ 08607 
Fenwa t Electronics, Inc. , Fram ingham, MA 01701 71400 Bussmann Mfg. Co., St. Louis, MO 63\07 88419 Cornel l Oubi lier, Fuquay -Varina, NC 27526 
Burndy Corp., Norwalk, CT 06852 71 450 CTS Corp., Elkhart , IN 46514 S8627 K & G Mfg. Co., New York, NY 10001 
CTS of Be rne, In c: .. Berne. IN 46711 71 46B ITT-Cannon Electr ic Inc .. Los Angeles, CA 90031 89482 Holtzer Cabo t Coro., Boston. MA 02119 
Chandler Evans Corp., W. Hartford , CT 06101 7 1482 C.P. Clare & Co. , Chicago. IL 60645 89665 United T ranslormer Co., Chicago, IL 60607 
Nortronics Co., Inc., Minnee~po li s , MN 55427 7 1590 Centra lab, Inc .. Mtlwaukee. WI 53212 89870 Berk sh ire Transformer Corp., Kent, CT 06757 
Nationa l Semiconductor , Santa Clara, CA 9505 1 7 1666 Cont inenta l Carbon Co., Inc .. New York , NY 10001 9020 1 Mallory Capacitor Co .. Ind ianapo lis, IN 46206 
Electronic T ransistors Corp .. Flushiny, NY 11354 71707 Coto Co il Co .. Inc .. Providence, A I 02905 90303 Mallory Battery Co .. Tarrymwn, NY 1059 1 
Teledyne Semicond uctor . Mountatn View, CA 94043 7 1729 Crescent Box Corp ._ E. Phi ladelph ia. PA 19134 90634 Gul ton Industries, Inc., Metuchen . NJ 08840 
Hamlin, Inc ., Lake Mill is. W I 5355 1 71744 Chicago Miniature Lamp., Chicago, 1L 60640 90750 Westinghouse Electr ic Corp., Boston , MA 02 118 
R. C. A., Wom.JbriUge, NJ 07095 71 785 Cinch Jones, Ch icago , I L 60624 90952 Hardware Pr oducts Co., Reading, PA 19602 
Clarostat Mfg. Co., Inc., Dover, NH 03820 7 1823 Darnell Co rp., Ltd. , Downey. CA 9024 1 91032 Cont inental Wire Corp., York, PA 17405 
Oickson Electronics Corp., Scottsda le, AZ 85 252 72136 Electromo t ive M fg. Co .. W il liman tic. CT 06226 9 1146 I.T .T. !Cannon !, Sa lem. MA 01970 
Unitnxle Corp., Watertown, MA 02172 72228 Continenta l Screw Co., New Bedfo rd , MA 02742 9 12 10 Gerber Mfg. Co .. Mishawaka, IN 46544 
Electrocraft Corp ., Hopk ins, MN 55343 72259 Nytron ics, Inc., Berkeley Hts, NJ 07922 9 1293 Johan90n Mfg . Co., Boonton, NJ 07 005 
Therma ltoy, Inc., Dallas, T X 75234 72619 Dia l ight Co., Brook lyn, NY 11237 9 1417 Harris SemiconductOr, Melbourne, FL 3290 1 
Solitron Devices, Toppon, NY 10983 72699 General Instrument Corp., Newark, \JJ 071 04 91506 Augat Brothers, Inc .. Attlebo ro, MA 02703 
Burr Brown Research Corp., Tu cson, A Z 85706 72765 Drake Mfg. Co., Chi cago, IL 6063 1 91598 Chandler Co., Wethersf ield, CT 06109 

Wil ton, CT 06897 72794 Dzus Fasten er Co., Inc., West Isl ip, NY 11795 91637 Da le Electronics, Inc., Co lumbus, NE 68601 
Palm Beach, F L 33402 72825 Eby Co., Hugh H. Ph i lade lph ia, PA 19144 91662 Elco Cor p., Willow Grove, PA 19090 

Wat kin s & Johnson Co., Palo A lto, CA 94304 72962 Elastic Stop Nut Corp .. Union, NJ 07083 91719 General Instruments Co rp., Da llas, TX 75220 
Co rnell Dub ilier Electronics, Newark, NJ 0710 1 72982 Erie Technological Products, Erie, PA 165 12 91836 Kin gs Elect ronics, Co., Inc., T uckahoe, NY 11223 
Corning Gla ss Wo r ks , Corning, NY 14830 73 445 Amperex Electronic CorP .. Hicksville, Ll, NY 11801 9 191 6 Mephisto T oo l Co., Inc., Hudson, NY 12534 
.A.copian. Ea ston, PA 18042 73559 Garling Electric Co., W. Hartford, CT 06110 9 1929 Honeywell, Inc. , Freeport, I L 6 1032 
Electro Cube, Inc ., San Gabriel, CA 9 1776 73690 Elco Resistor Co .. New York, NY 10001 92519 Electra fnsul. Corp., Woodside, L l. , NY 11 377 
General Inst rument Corp., Hicksvi l le, "JY 11802 73899 J. F .D. Electr onics Corp., Brook lyn, NY 11219 92678 Edgerton Germeshuasen, Georqetown. MA 01830 
M icrodo t Magnetics, Inc. , Los Angeles. CA 90053 rr:J57 Groov-P in Corp., Ridgef ield, NJ 07 657 92702 I .M.C. Magnetics Cnrp., Westbu ry, NY 11 591 
I.T.T. Sem tconductors, Lawrence, MA 08 142 14193 Heinemann Electri c Co., T renton, NJ 08602 92739 Ampex Corp., Redwood City . CA 94063 
Digital Equ ipment Corp. , Maynard, MA 01754 74545 Hubbell , Stra t ford, CT 06497 92966 Hudson Lamp Co., Kearny, NJ 07032 
Cutler Hammer, lnc .. M ilwaukee, W153202 74861 Industria l Condenser Corp ., Chicago, I L 606 18 93332 Sy lva nia Elect. Prods ., Inc., Woburn, MA 0180 1 
Houston Instrument CorP., Bellaire. TX 7740 1 74868 Amphenol RF D ivtsion , Danbury_ CT 06810 93618 R & C Mfg. Co. of Penn, Inc., Ramsey, PA 1667 1 
Spruce Pine Mica Co .. Spruce Pine. NC 28777 74970 Johnson Co., E.F .• Waseca, MN 56093 939 16 Cramer Products Co., New York , NY 100 13 
Omni Spect ra Mich D iv., Farmi ngton , M l 48024 75042 lAC Div. of TR W. Burli ngton, l A 52601 94 144 Raytheon Co., Components D iv., Quincy. MA 02169 
Computer Diode Corp., Lodi, NJ 07644 75382 K ulka Electric Corp. , Mt. Vernon, NY 1055 1 9 4154 T ung So l Electric Inc., Newark, NJ 07101 
Indiana General Corp., Oglesby, I L 61348 75491 Lafayette l ndustnal Electron ics, Svoss e1, NY 11791 94271 Wtmon Instruments , Inc., Archiba ld, PA 18403 
Delco Electron ic D iv., G MC , Kokomo. IN 4690 1 75608 Linden & Co ., Providence. R I 02905 94322 Tel Lahs, Manchester, N H 03 102 
Precision Dynamics Corp., Burbank, CA 91504 75915 Litt elfuse , Inc ., Des Pl<~ ines, IL 60016 94589 D 1ckson Co ., Chicago, IL 606 19 
AmeriC<ln Micro Devices , Inc., Summervill e, SC 29483 76005 Lord Mfg. Co., Erie, PA 165 12 94696 Magnecralt Elec tri c Co., Ch icago, 1 L 60630 
Elect ron il: Molding Corp., Woonsocket, R I 02895 7G1-1fl i'"oMIIory Electric Corp., Detro it , Ml 48204 94800 At las Industrial Corp ., Brook line, NH 03033 
Singer Co. , Diehl Div., Somervi lle , NJ 08876 76381 Minnesota Mining ., St. Pau l . MN 55 101 95076 Garde Mfg. Co., Cumberland , Rt 02864 
Zeltex, Inc., Concord, CA 94520 76487 Millen Mfg. Co., Inc ., Ma lden, MA 02 148 95121 QualitY Companents, Inc., St. Marys, PA 15857 
Silicon ix, Inc., Santct Clara, CA 95054 76545 Mueller Electri c Co ., Cleve tvnd, OH 44114 95146 A lco Electronics Mfg. Co ., Lawrence, MA 01843 
Signetics, Corp., Sunnyvale, CA 94086 76684 National Tube Co., Pittsburg, P.A. 15230 95238 Continental Connecto r Co rp., Woodside, NY 11371 
New Product Engineering Inc., Wabash, IN 46992 76854 Oak Mfg. Co., Crystal Lake, IL 600 14 95275 Vitramon . Inc., Bridgeport, CT 06601 
Scan be Man ufac turing Corp., Et Monte. CA 91731 771 47 Patton MacGuyer Co .. Providence. A I 02905 95348 Go rdos Corp., Bloom field, NJ 07003 
Voltronics Corp. , Hanover , NJ 07936 77 166 Pass-Seymour, S't' racuse, NY 13209 95354 Methode Mfg. Co., Rolling Meadow, I L 60008 
Computer Diode Corp. , S. Fairlawn, NJ 07936 77263 Pierce-Roberts Rubber Cu., Trenton, NJ 08638 95794 A rner ic:tn Brass Co., To rrington, CT 06790 
Computer Otode CO'p., S. Fa trl awn. NJ 07410 77339 Posit ive Lockwasher Co .. Newark, NJ 07101 95987 Wecke sser Co., Inc ., Chicago, tL 60046 
Zero Manufacturing Co ., Monson, MA 0 1057 77342 Amer ican Machine & Foundry Co., Prince ton , IN 47570 96095 Hi 0 D ivision of Aerovox Corp ., Ole<Jn, NY 14760 
Eastron Co rp. , Haverh i ll, MA 0 1830 77542 Ray-0-Vac Co., Mad tson, WI 53703 9634 1 M u.:rowave Associates, Inc., Burl ington , MA 0 1801 
Ill inois Tool Works, Pak tan D iv., Ch1tago, IL 60634 77630 T.R.W. E lectron ic Cornp .. Camden, "4J 08 103 96906 Mil itary Standards, 
Cabtron Corp., ChiCJgo, I L 60022 77638 Genera l Instr uments Corp., Brt.>oklyn, NY 112 11 9829 1 Sealectro Corp ., Mamaroneck, NY 10544 
L.R.C. Elect ronics , Horseheads , NY 14845 78189 Shakeproof 1111 . Tool Wksl. Elgin, IL 60120 98474 Comp.;~r , Inc .. Burlingame. CA 94010 
Electra Mfg. Co., Independence, KS 67301 78277 Sigma fnsrruments Inc., Sou th Bra intree, MA 02 18 4 9882 1 North H ills Electron ic, G len Cove. NY 11542 
K .M.C. Semiconductor , Long Valley . N J 07853 78488 Stackpole Carbon Co, St. Mary 's, PA 15827 99 11 7 Metavac. Inc ., Flushing, NY 11358 
Fafn ir Bear ing Co., New Britain, CT 06050 78553 Tinnerman Products, Inc., Cleve land, OH 44 10 1 99313 Var ian Associates, Palo Alto, CA 94303 
Lenox-Fugfe Electron ics, Wa tch ung, NJ 07000 79089 R.C.A. Rec. Tube & Semicond. , Hamson, NJ 07029 99378 Atlee Corp., Winchester, MA 0 1890 
U I D Electron ics Dilt'., AMF Inc., Hollywood. FL 33022 79 1 36 Waldes Kohinoor Co .. New Yor k, NY 1110 1 99800 De levan Electronics, East Aurora , NY 14052 

6-14 PARTS & DIAGRAMS 



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). 
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Logic etched-circuit board (P/N 1685-4700) layout. 
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ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

LOGIC BOARD (P/N 1685-4700) PARTS 

CAPACITORS 

C1 Tantalum, 47 uF ±20% 6 V 4450-5 500 56289 1500,47 uF ±20% 6 V 
C2 Ceramic, .047 uF +20% 50 V 4400-2040 72982 8121 .. 047 uF ±20% 
C3 Ceramic, 0.47 uF ±20% 50 V 4400-2054 72982 8131.0.47 uF ±201{ 
C4 Tantalum, 22 uF ±20% 15 V 4450-5300 56289 !SOD, 22 uF ±20'!( 15 V 
cs Tantalum, 2.2 uF ±20% 20 V 4450-4500 56289 !SOD. 2.2 uF ±20% 20 V 
C6 Ceramic, .01 uF +80-20% 100 V 4401-3100 72982 805, .0 I uF +80-20% 
C7 Ceramic, .001 uF ±5% 100 V 4400-2139 72982 812 I, .00 I uF ±5% 
C8 thru 
C27 Ceramic, .01 uF +80-20% I 00 V 4401-3100 72982 805 . . 0 I uF +80-20% 
C28 Ceramic, .01 uF ±10% 50 V 4400-6351 72982 8121, .0 I uF ±I 0% 
C29 Ceramic, .0 I uF +80-20% 100 V 4401-3100 72982 805, .0 I uF +80-20% 
C30 Ceramic, 0.47 uF ±20% 50 V 4400-2054 72982 8131,0.47 uF ±20% 

DIODES 

CRI and 
CR2 Type IN3604 6082-1001 14433 I N3604 

IC SOCKETS 

S04 and 
sos IC, 16-Contact 7540-1817 71785 133-51-02-006 

INTEGRATED CIRCUITS 

U1 Digital, Type SN7407N 5431-8107 01295 SN740.!N 
U2 and 
U3 Digital, Type SN7490N 5431-8190 01295 SN7490N 
U4 Digital, Type SN7404N 5431-8104 01295 SN7404N 
us Digital, Type SN7400N 5431-8100 01295 SN7400N 
U6 Digital, Type SN7476N 5431-8176 01295 SN7476N 
U8 Digital, Type SN7490N 5431-8190 01295 SN7490N 
U9 and 
UlO Digital, Type SN7475N 5431-817 5 01295 SN7475N 
Ull Digital, Type SN7410N 5431-8110 01295 SN7410N 
Ul2 Digital, Type SN7404N 5431-8104 01295 SN7404N 
Ul3 Digital, Type SN7490N 5431-8190 01295 SN7490N 
Ul4 and 
Ul5 Digital, Type SN7475N 5431-8175 01295 SN7475N 
Ul6 Digital, Type SN7400N 5431-8100 01295 SN7400N 
Ul7 Digital,TypeSN7403N 5431-8103 01295 SN7403N 
Ul8 and 
Ul9 Digital, Type SN7406N 5431-8106 01295 SN7406N 
U20 Digital, Type SN7 415 3 N 5431-8053 01295 SN74153N 
U21 D~ital,TypeSN7476N 5431-8176 01295 SN7476N 
U22 D~ital,TypeSN7406N 5431-8106 01295 SN7406N 
U23 Digital, Type SN74153N 5431-8053 01295 SN74153N 
U24 Digital, Type 9317D 5431-9627 07263 9317594 
U25 Digital, Type SN7400N 5431-8100 01295 SN7400N 
U26 Digital, Type SN7476N 5431-8176 01295 SN7476N 
U27 Digital, Type SN7413N 5431-8113 01295 SN7413N 
U28 Digital, Type SN7476N 5431-8176 01295 SN7476N 
U29 Digital, SN74132N 5431-8032 01295 SN74132N 
U30 Digital, Type SN7407N 5431-8107 01295 SN7407N 
U31 and 
U32 Digital, Type SN7 400N 5431-8100 01295 SN7400N 
U33 Digital, Type SN7404N 5431-8104 01295 SN7404N 

I 
I 



ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

INTEGRATED CIRCUITS (cont) 

U34 Di~t~,TypeSN7476N 5431-81 7 6 01295 SN7476N 
U35 Digital, Type SN7400N 5431-8100 01295 SN7400N 
U36 D~tl~,TypeSN7476N 5431-8176 01295 SN7476N 
U37 Digital, Type SN7 400N 5431-8100 01295 SN7400N 
U38 Digital, Type SN7 41 2 IN 5431-8021 01295 SN74121 N 
U39 Linear, NE555T 5432-1040 18324 NE555T 

RESISTORS 

Rl Comp., 330 ohms ±5% I /4 W 6099-1335 01121 RCR07G3311 
R2 Comp., 2 kilohms ±5% I /4 W 6099-2205 01121 RCR07G2021 
R3 Comp .. I 0 kilohms ±5'7 1/4 W 6099-3 I 05 01121 RCR07GI031 
R4 Comp., 2 kilohms ±YX: I /4 W 6099-2 205 01121 RCR07G2021 
R5 Comp., 1.5 kilohms ±5 1/4 w 6099-2 15 5 01121 RCR07G 1521 
R6 Comp., 2 kilohms ±5% 1/4 W 6099-2205 01121 RCR07G2021 
R7 Comp., I kilohm ±5% 1/4 W 6099-2 I 05 01121 RCR07G 1021 
R8 Comp., 100 ohms ±5% 1/4 W 6099-1105 01121 RCR07Gl011 
R9 and 
RIO Comp., 2 kilohms ±5'7c) 1/4 W 6099-2205 01121 RCR07G2021 
Rll Comp., I kilohm ±5% 1/4 W 6099-2105 01121 RCR07G!021 
R12 Comp., 10 kilohms ±5'X: 1/4 W 6099-31 OS 01121 RCR07G 1031 
R13 Comp., 2 ki1ohms ±S% I /4 W 6099-220S 01121 RCR07G2021 
Rl4 Comp., 330 ohms ±5 1/4 w 6099-1335 01121 RCR07G331J 
RlS Comp., 2 kilohms ±5% 1/4 W 6099-220S 01121 RCR07G202J 
Rl6 Comp., I kilohm ±5% 1/4 W 6099-2 I 05 01121 RCR07G I 021 
R 17 Comp., I 0 kilohms ±5'7 I /4 W 6099-3105 01121 RCR07G1031 
Rl9 Comp., I 0 kilohms ±5% I /4 W 6099-3105 01121 RCR07G 1031 
R20 Comp., 2 kilohms ±5% I /4 W 6099-2205 01121 RCR07G202J 
R21 Comp., 750 ohms ±5% 1/4 W 6099-175S 01121 RCR07G7511 
R22 thru 
R28 Comp., 330 ohms ±5% 1/4 W 6099-1335 01121 RCR07G331J 
R29 Comp., 2 kilohms ±5% 1/4 W 6099-2205 01121 RCR07G2021 
R30 thru 
R3S Comp., 1 kilohm ±S% 1/4 W 6099-2 I 05 01121 RCR07G 1021 
R36 Comp., 3 kilohms ±5% 1/4 W 6099-2305 01121 RCR07G3021 
R37 Comp., 360 ohms ±5% 1/4 W 6099-136S 01121 RCR07G361J 
R38 thru 
R41 Comp., 620 ohms ±5% 1/4 W 6099-1625 01121 RCR07G621J 
R44 Comp., 1 kilohm ±S% I /4 W 6099-21 OS 01121 RCR07GI02J 
R45 Comp., 20 ohms ±5% 1/4 W 6099-0205 01121 RCR07G2001 
R46 Comp., 39 ohms ±S% 1/2 W 6100-0399 01121 RCR20G390J 
R47 Comp., I kilohm ±5% I /4 W 6099-2105 01121 RCR07G 1021 
R48 Comp., I 0 kilohms ±5% I /4 W 6099-3105 01121 RCR07G 1031 
R49 Comp., 2 kilohms ±5% 1/4 W 6099-2205 01121 RCR07G202J 
R50 Comp., I kilohm ±5% 1/4 W 6099-2105 01121 RCR07Gi021 
RSl and 
R52 Comp., 20 ohms ±5% 1/4 W 6099-0205 01121 RCR07G2001 
R53 Comp., 39 ohms ±S% 1/2 W 6100-0395 01121 RCR20G390J 
RS4 and 
R55 Comp., I kilohm ±5% 1/4 W 6099-21 OS 01121 RCR07Gl02J 
R56 Comp., 75 ohms ±5% 1/4 W 6099-0755 01121 RCR07G7501 
R57 thru 
R60 Comp., 2 kilohms ±5% I /4 W 6099-2205 01121 RCR07G2021 
R61 and 
R62 Comp., 5.1 kilohms ±5'/r, 1/4 W 6099-2 5 15 01121 RCR07G5121 



ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

RESISTORS (cont) 

R63 and 
R64 Comp., 20 ohms ±5'Jr:, I /4 W 6099-0205 01121 RCR07G200J 
R65 Comp., 39 ohms ±5% I /2 W 6100-0395 01121 RCR20G390J 
R66 and 
R67 Comp., I kilohm ±5% 1/4 W 6099-2 105 01121 RCR07Gl02J 
R68 and 
R69 Comp., 75 ohms ±5% 1/4 W 6099-07 55 01121 RCR07G750J 
R70 Comp., 20 ohms ±5% 1/4 W 6099-0205 01121 RCR07G200J 
R71 Comp., 1 kilohm ±5% I /4 W 6099-2105 01121 RCR07G102J 
R72 Comp., 20 ohms ±5% 1/4 W 6099-0205 01121 RCR07G200J 
R73 Comp., 39 ohms ±5% 1/2 W 6100-0395 01121 RCR20G390J 
R74 and 
R75 Comp., 1 kilohm ±5% I /4 W 6099-2105 01121 RCR07G102J 
R76 Comp., 5.1 kilohms ±5 1/4 w 6099-2515 01121 RCR07G512J 
R77 and 
R78 Comp., 2 ki1ohms ±S'fc, 1/4 W 6099-2205 01121 RCR07G202J 
R79 Comp., 15 0 ohms ±5% I /4 W 6099-1155 01121 RCR07G 151J 
R80 Comp., 75 ohms ±5% 1/4 W 6099-07 55 01121 RCR07G750J 
R81 and 
R82 Comp., 10 kilohms ±5% 1/4 W 6099-3105 01121 RCR07G I 03J 
R83 Comp., 360 ohms ±5% 1/4 W 6099-1365 01121 RCR07G361J 
R84 Comp., 100 ohms ±5'fc, 1/4 W 6099-1105 01121 RCR07G101J 
R85 Comp., 1 kilohm ±5'fr, 1/4 W 6099-2105 01121 RCR07G102J 
R86 thru 
R89 Comp., 2 kilohms ±5'){, 1/4 W 6099-2205 01121 RCR07G202J 

TRANSISTORS 

Q 1 thru 
Q4 Type 2N2218 8210-1028 04713 2N2218 
Q5 thru 
Q10 Type 2N4125 8210-1125 04713 2N4125 
Qll thru 
Q18 Type 2N2904 8210-1074 04713 2N2904 
Ql9 Type 2N4123 8210-1123 04713 2N4123 
Q20 Type 2N3414 8210-1047 03508 2N3414 
Q21 Type 2N3391A 8210-1092 03508 2N3391 A 
Q22 thru 
Q27 Type 2N3414 8210-104 7 03508 2N3414 
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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). 

Display etched-circuit board (P/N 1685-4710) layout. 
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ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

COMPARATOR OPTION BOARD A (P/N 1685-4750) PAR TS 

CAPACITORS 

Cl Tanta lum, 47 uF ±20% 6 V 44 50-5500 56289 150D4 7 6X0006 8 2 
C2 Tantalum, 22 uF ±20%, 15 V 4450-5300 56289 150D226X0015B2 
C3 Cera mic , 1 00 pF ±5% 100 V 4410-12 25 729 82 8 131, 100 pF ±5% 100 V 
C4 thru 
C ll Ceram ic , .01 u F +8 0-20% 100 V 4401-3 100 7298 2 805, .01 uF +80-20% 

DIOD ES 

CRl thru 
CR IO JN645 6082-101 6 14433 1N64 5 

INTEGR AT ED CIRCUITS 

UJ Digital, SN7 405 N 543 1-8 105 0 129 5 SN7 40 5N 
U2 Digital, 93 24PC 543 1-9650 07263 93 24PC 
U3 and 
U4 Digital, SN7400 N 543 1-8 100 0 129 5 SN7400 N 
us Digita l, SN7 4 10 N 54 3 1-8 110 0 1295 SN7 410 N 
U6 Digita l, SN7 473N 54 3 1-8 17 3 0 1295 SN7 473N 
U7 Digital, SN7 400 N 54 3 1-8 100 0 12 95 SN7 4 00 N 
U8 Digi t al , SN 7 41 2 1 N 543 1-8021 012 9 5 SN74121\' 
U9 Digita l, SN7420N 5431-8120 01295 SN7420 N 
UIO Dig ital, SN7400N 54 3 1-8 100 0 1295 SN7400N 
U11 Digital, SN74 14 N 54 3 1-8 11 4 0 129 5 SN7 4 14 N 
U 12 Digita l, SN7 41 2 1 N 543 1-80 2 1 0 1295 SN7 4 12 1N 
U l 3 Digital , SN7 407N 5431 -8 107 01 29 5 SN7 407N 
U1 4 Digi tal , SN7410N 5431-8110 0 129 5 SN7410N 
U !5 Digital, SN7400N 543 1-8100 012 95 SN7400 N 
U 16 Digital , SN7410N 54 3 1-81 10 012 95 SN74 10N 

RES ISTORS 

R I t hru 
R3 Com p., 2 kilo hms ±5% 1/4 W 6099-2205 0112 1 RC R07G 202J 
R4 Co mp., 20 kilohms ±5 % 1/ 4 W 6099-32 05 0112 1 RC R0 7G203 J 
R5 Comp. , 2 kilo hms ±5% 1/4 W 6099 -22 05 01 121 RC R0 7G202J 
R6 Comp. , 1 kilo hm ±5% 1/ 4 W 6099-2 1 OS 0 11 2 1 RC R07G 1021 
R8 and 
R9 Comp., 10 kilo hms ±5 % 1/4 W 6099-3105 01121 RC R0 7G 103 1 
R IO t hru 
Rl 2 C:o mp ., 2 k ilo hms ±5% 1/4 W 6099-220 5 01121 RCR0 7G202J 
R l 3 Com p ., 5 .1 k ilohms ±5 % 1/ 4 W 6099-2 5 15 01121 RCR07 G512 J 
R l 4 Co mp ., 1 k ilo hm ±S % 1/ 4 W 6099-2 10 5 01 12 1 RCR07G J0 2J 
R 15 Co mp .. 5 .1 kil o hms ±5 % 1/4 W 6099-251 5 011 2 1 RCR0 7G5 12J 
R17 Co mp., 3. 9 kiloh ms ±5 % 1/ 4 W 6099-239 5 0 11 2 1 RC R0 7G392 J 
R 18 and 
R 19 Co mp. , 1 kilohm ±5 % 1/4 W 609 9-2 105 0 112 1 RCR0 7GI 02J 
R20 Co m p., 5.1 kilo hm ±5% 1/4 W 6099-2 5 15 0 112 1 RC R0 7G512 J 



ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

RESISTORS (cont) 

R21 Comp., 620 ohms ±5% 1/4 W 6099-162 5 01121 RCR07G6211 
R22 Comp., 1 kilohm ±5% 1/4 W 6099-2105 01121 RCR07GI02J 
R23 Comp., 820 ohms ±5% 1/4 W 6099-1825 01121 RCR07G821J 
R24 Comp., 5.1 kilohms ±5% 1/4 W 6099-2515 01121 RCR07G512J 
R25 Comp., I kilohm ±5% 1/4 W 6099-2105 01121 RCR07Gl02J 
R26 Comp., 620 ohms ±5% 1/4 W 6099-1625 01121 RCR07G621J 
R27 Comp., 820 ohms ±5% 1/4 W 6099-1825 01121 RCR07G821J 
R28 Comp., 20 kilohms ±5% I /4 W 6099-3205 01121 RCR07G203J 
R29 Comp., 2 kilohms ±5% 1/4 W 6099-2205 01121 RCR07G202J 
R30 Comp., 10 ohms ±5% 1/2 W 6100-0105 01121 RCR20G I OOJ 
R31 Comp., 390 ohms ±5% 1/4 W 6099-1395 01121 RCR07G391J 
R32 Comp., 510 ohms ±5 1/4 w 6099-1515 01121 RCR07GSIIJ 
R33 Comp., 2 kilohrns ±5% 1/4 W 6099-2205 01121 RCR07G202J 
R34 Comp., 510 ohms ±5% 1/4 W 6099-1515 01121 RCR07G511J 
R35 Comp., I kilohm ±5% I /4 W 6099-2105 01121 RCR07G I 021 

SOCKETS 

S03 and 
S04 Cable, 16-contact, PC 7540-1817 71785 133-51-02-006 
S06 Cable, 16-contact, PC 7540-1817 71785 133-51-02-006 

TRANSISTORS 

Q I thru 
Q4 Type 2N3414 8210-1047 03508 2N3414 
Q5 and 
Q6 Type 2:-\3391 A. 8210-1092 03508 2N3391A 
Q7 thru 
Q9 Type 2N2904 8210-1074 04713 2N2904 

RECEPTACLES 

S05 'vlicro, Ribbon 24-contact 4230-4024 02660 57-40240 

DISPLAY BOARD(P/N 1685-4710)PARTS 

INDICATORS 

DS I thru 
DSS Digital 5437-1230 07263 FND-70 

DIODES 

CRI Light-emitting, red 6084-1099 13715 FLVI02 

RESISTORS 

R I thru 
R 7 Comp., 150 ohms ±1 0% I /4 W 6099-1159 01121 RCR07G151K 
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schematic diagram. 
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Ref Des Description 

ELECTRICAL PARTS LIST 

Fed 
GR Part No. Mfg Code 

COMPARATOR BOARD B (P/N 1685-4760) PARTS 

CAPAC ITORS 

CI 
C2 thru 
C4 

Tantalum , 47 uF ±::!0% 6 V 

Ceramic , .0 1 uF +80-20'/r• 100 V 

INTEG RATED CIRCU ITS 

U l 
U2 thru 
us 

T ype Si\'7402N 

Type SN74153N 

RESISTORS 

Rl thru 
R32 

SOCK I:TS 

SOl thru 

Co m p .. 2 ki lo hms ±5 % 1/ 4 W 

S03 DIP , 16-cont, PC 

6-20 PARTS & DIAGRAMS 

4450-5500 56289 

4401-3100 72982 

543 1-8 102 01 295 

543 !-S0 53 01295 

6099-2205 0 11 2 1 

7 540-1817 7 1785 

Mfg Part No. 

150D476X0006B::! 

805 , .01 uF +80-20'/r 

SN74 02N 

SN74153N 

RCR0 7G2 02J 

13 3-51-02-006 
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,. #""~ 1685-4760 

B 
• • 

- ----- - ---··--·---- - --- - - --------- - ----- ------' 

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, 1-C pin 1, cathode 
(of diode). or+ end (of capacitor). 

Comparator etched-circuit board 'B' (P/N 1685-4760) layout. 
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Figure 6-13. Comparator board 'B' schematic diagram. 
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ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code 

POWER SUPPLY BOARD (P/N 1685-4730) PARTS 

CAPACITORS 

C2 
C5 and 
C6 
C7 and 
C8 
C9 and 
C IO 
C1 1 

Ceramic , I uF ±20% 50 V 

Ceramic, 1 uF ±20% 50 V 

Ceramic , 0.22 uF ±20% 50 V 

Tantalum, 33 uF ±20% 20 V 
Ceramic, I uF ±20% 50 V 

INTEGRA TED CIRCUIT 

U1 Linear, Type SG3 50 1 

RESISTORS 

R1 and 
R2 
R3 and 
R4 

Cornp ., 100 o hms ±5% 1/4 W 

Wire-wound , I ohm ±5 % 2 W 

TRANSISTORS 

Q1 
Q2 

Type TIP 32 
TIP 31 

4400-2070 

4400-2070 

4400-2052 

4450-5613 
4400-2070 

5432- 1036 

6099-1105 

6760-9 105 

8210-1208 
82 10-1207 

72982 

72982 

72982 

56289 
72982 

34333 

OJ 121 

75 042 

01295 
01295 

Mfg Part No. 

8 13 I , I uF ±20% 

8!) 1, I uF ±20 % 

8131,0 .22 ur ±20 % 

I SOD, 33 uF ±20% 20 V 
8 I 31 , 1 uF ±20% 

SG350 1 

RCR07GIOIJ 

BWH , I ohm ±5 % 

TIP-32A 
TIP-31 A 



l. 

ELECTRICAL PARTS LIST 

Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. 

POWER SUPPLY AND TRANSFORMER AND DIODE ASSY (P/ N 1685-2020) PARTS 

TRA NSFO RM ER & BRIDGE ASM 

DIOD ES 

CR S thru 
CR 8 T ype l N4003 
CR 9 and 
CR10 T ype I N4154 

RESISTORS 

RS 
R6 

Co m p., 10 kilohms ±5 % 1/4 W 
Cam p., 1 kilohm ±5 % 1/ 4 W 

TR AN SFORM ER 

T1 Po wer 

1685-2020 

608 1-1001 

6082-101 2 

6099-3105 
6099-2105 

0485 -4093 

24 655 

14433 

144 33 

011 21 
011 2 1 

24 655 

1685-2020 

l N4003 

1N41 54 

RCR07G 1031 
RCR07G 102J 

0485 -4093 
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Transformer and Diode Assembly (P/N 1685-2020) layout. 
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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, 1-C pin 1; cathode 
(of diode), or+ end (of capacitor). 

Power Supply etched-circuit board (P/N 1685-4730I Iayout. 



F J 

~\DE. 

.5 81<: 

w\-\ · Bfi 

IK 

JI Z. 

Il l g_ 
--- •o• J 

• ',,\ •o <e S I DE 

:J i 

FZ 
\lOR. 1 G=::) I 

/ 
/ . 

"' 
\ 

L- \ 
t: NC \ 

I 

IG 5~05R 103 1<. 

\ 
,\7 

~ / 

106 F \ \ 10 4- R. 

(o 

550 4 WH 
.•. 

\0 7 . -......._ -- ·- I05 R. 

lOb 

I I '2. 

110 

/IO'Z.F 
5 50S F 

1081'" /~~J 

'( E:. 

~ 
;: 
J 

'-II+ \3V. 

w i-I· G -< 

WH 

t 
I 

I 
I 
I 

I I 
I I 

I I 

I I 
I I 

2 
R Cl 

I I CR503 I 3 YE 

I I~ I o ;;, - ··· 

I L 

I C.R "\ 

I 
CR\0 

I 
R5 

IOK 

4 

5 Bu 

I 
I.e 

I Tl 

I 
I 

TRP\N SFORME R 

BRI DG E ASM 

1685-2020 

CR.50 4 

Y\ 
"""'-

T\ ,17 
T O 

Tl ,l8 
w>l 

IC.8 5· • 



C. 50\ 

Z2K 

,-

I WTIA 

I 
I 

I I 
I I 

Ll 
mol J 

I 
I WT3 

GN 

I 
: R7 

•• ,9 I I 
I 
I 
I 
I W T4 

I r! C504 I 

Rl 
IOO.A. 

-:: C5 
~ \.u F 

8 EO ((!/ 
U501 

U50I 

BASE DIAGR,I\fv1 
INTER. GRATED C.IRCUITS 

( BOTTOM VIEW) 

14 

\3 

IZ 
II 

10 

"> 
e, 

Ul 

E w H. -RC 

cz. 
l..u_ 

I 

2 
3 

4 

5 
6 

7 

\685-4730 

WT7 

WT6 
D IG. G ND 

W 16A 

R3 
I~ 

Ql 
WT8 

~ :Vn--------,--'VV'~-,----1,.-------,---e -t\5 

C7 
.2.2......_F 

+ 
/ ;::c C'l 

7 5 4 33.uJ' 

,------j I u I 
8 10 II 12 

W T9 

C8 1 
ANA. GND 

I <noo-u.F I WT5 ~~-"- lf~z 
r-~--------.-------~--------~ 

R<!­
l.n. T T

ClO 
o . z:Z...u.F 33.u.F 

W\\0 
-15 

I L_ 

-----+ OUTPUT LEAVES SUBASSEMBL V 
.....__ INPUT FROM DIFFERENT SUBASSEMBLY 

1------------t> OUTPUT REMAINS ON SUBASSEMBLY 
t:>---------- INPUT FROM SAME SUBASSEMBLY 

BA S E DIAGRAM 

I 
I 

I 
I 
I 

J 

IRA NSISIORS 
(TOP VIEW) 

A 
Q I \ c_ 

I ~ 

Figure 6-14. Power Supply, Transformer Assembly, and Line-Voltage switch schematic diagram. 
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Ref Des Description 

ELECTRICAL PARTS LIST 

Fed 
GR Part No. Mfg Code 

TYPE 1685-P1 TEST FIXTURE (P/N 1685-9600) PARTS 

Mfg Part No. 

IJ\'TEGRATED CIRCU ITS 

Ul Digital, Type SN7403 543 1-8 103 01295 SN7403N 

RESISTORS 

Rl thru 
R3 Comp., 2 kilohms ±5% 6099-2205 011 2 1 RCR07G202J 

--- ----- --~~~~ 

ll u f 

• 

NOTE: Orientation: Viewed from parts side. Part number: Refer to caption. 

Symbolism : Tone area = part; black ckt pattern = parts side. 

Switch Anti-Bounce etched-circuit board (P/N 1685-4770) layout. 
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II General Radio 300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742 

*NEW YORK 
Dela ware, New Jersey, New York, Eastern Pennsylvania 

380 Midland Avenue, Saddle Brook, NJ 07662 
Telephone: (NJ) 201 791 -8990 (NY) 212 964-2722 
TWX : 710 988-2205 

*BOSTON 
Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, 
Vermont 

(SALES) 
Bolton, MA 01740 
Telephone: 617 646-0550 

(SERVICE) 
300 Baker Ave., Concord, MA 01742 
Telephone: 617 369·8770 • TWX: 710 347-1051 

*WASHINGTON, D.C. 
Maryland, Virginia, West Virginia, (Wash . D.C.) 

15 Firstfield Road, Gaithersburg, MD 20760 
Te lephone: 301 948-7071 • TWX: 710 828-9741 

ATLANTA 
Alabama, Florida, Georgia, Mississippi, North Carolina, 
South Carolina, Tennessee 

1 Dunwoody Park, Suite 107, Atlanta, GA 30341 
Telephone: 404 394-5380 .. (FLA) 813 531 -0148 

DAYTON 
Kentucky, Indiana, Michigan, Ohio, Western Pennsylvania 

3300 S. Dixie Drive, Dayton, OH 45439 
Telephone: 513 294-1500 • TWX: 810-459-1785 

*CHICAGO 
Illinois, Iowa, Kansas, Minnesota, Missouri, Nebraska , 
North Dakota, South Dakota, Wisconsin 

9440 West Foster Avenue, Chicago, I L 60656 
Telephone: 312 992-0800 • TWX: 910 221-5486 

GR COMPANIES • Grason-Stadler • Time/Data 

•service F acilities 

*DALLAS 
Arkansas , Colorado. Louisiana, New Mexico, Oklahoma, Texas, Wyoming 

777 So. Central Expressway, Suite 4-A, Richardson, TX 75080 
Telephone: 214 234-3357 • TWX: 910 867-4771 

*LOS ANGELES 
Arizona, Southern California, Hawaii, Nevada (Clark County only) 

17361 Armstrong AveJlue 
Irvine Industrial Complex, Irvine, CA 92705 
Telephone: 714 540-9830 • TWX : 910 595-1762 

*SAN FRANCISCO 
North ern California, Idaho, Montana , 
Nevada (except Clark County), Oregon , Washington, Utah 

1050 East Meadow Circle, Palo Alto, CA 94303 
Telephone : 415 948-8233 • TWX: 910 373-1203 

Alaska 907 279-5741 

CANADA 
*General Radio Canada Limited 

307 Evans Avenue, Toronto,Ontario M8Z 1 K2 
Telephone: 416 252-3395 • TELEX: 06-967624 
Montreal514 737-2126 • Ottawa Zeni th 88630 

EUROPE, AFRICA, and NEAR EAST 
*General Radio Company (Overseas) 

P. 0. Box, CH-8034 Zurich, Switzerland 
Telephone: (01) 55 24 20 o TELEX: 845-53638 

*Paris 355 7546 • Lyon 28 01 45 • *Milan 0039 2 20 00 39 
• *Munich 89A0-18-01 o Hamburg 45 06 56 • *Bourne End (England I 22567 

*ASIA, PACIFIC, and LATIN AMERICA 
General Radio International Division 
Concord, Mass 01742 
Cable: GENRADCO CONCORD (Mass) • TELEX : 923-354 

Pr i nted 1n USA 
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