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SPECIFICATIONS 

Quantity Frequency 

Capacitance 1 20 Hz internal * 

40 Hz to 120 Hz external (useful 
down to 20 Hz with reduced accuracy) 

120 Hz to 1000 Hz external 

Dissipation Factor 
120 Hz internal or 40 Hz to 1 20 Hz 

1 20 Hz to 1 kHz 

Lead-Resistance Error (4-terminal connection): Additional capacitance 
error of less than 1% and D error of 0.01 for a resistance of ln in 
each lead on all but the highest range, or 0.1!1 on the highest 
range. 

Internal Test Signal: 120Hz (synchronized to line) for 60-Hz model ; 
100 Hz for 50-Hz model. Selectable amplitude less than 0.2 V, 
0.5 V, or 2 V. Phase reversible. 

External Test Signal: 20Hz to 1 kHz with limited range (see above) . 

Internal DC Bias Voltage and Voltmeter: 0 to 600 V in 6 ranges. 

Voltmeter Accuracy: ± 3% of full scale. 

Internal DC Bias Current: Approximately 15 rnA maximum. 

Ammeter Range: 0 to 20 rnA in 6 ranges. Can detect Y2-!-LA leakage. 

Ammeter Accuracy: ± 3% of full scale. 

External Bias: 800 V maximum. 

Range 

0 to 0.11 F 

0.11 Fta 1.1 F 

Oto1.1F 

Oto 1 F -cooy 
fHz 

f * o to 1 o 1 ~·0 
0 to 10 

Accuracy 

± 1% ± 1 pf, smallest division 
2 pF; residual (" zero'') capaci-
lance approximately 4 pf 

± 2% 

Same as above with suitable 
generator 

± 1% ± 1 pf with suitable 
generator and precautions 

± 0.001 ± 0.01 c ( in F) ± 

( ± 0.001 ± 0.01 c ( in F) ) ..!.& ± 2% * 
120 

Power Required: 105 V to 125 V or 210 V to 250 V, 60 Hz, 18 W 
maximum. ~lodels available for 50-Hz operation. 
Accessories Supplied: Four-lead and shielded two-lead cable assem
blies. 
Accessories Required: None for 120-Hz measurements. The Type 
1311 Oscillator is recommended for measurement at spot 
frequencies, the Type 1310 Oscillator for continuous frequency 
coverage. 
Mechanical Data: Flip-Tilt Case. 

W idth H eight Depth N et Wt S hip Wt 

Model in mm in mm in mm lb kg lb kg 

Portable 16~ 415 15 385 9 230 26 12 34t 15.5 

Rack 19 485 14 355 6ts* 160 28 13 43t 20 
*1 20 Hz is the frequ ency of the internal s ignal for the 60-Hz 
model; it becomes 100 Hz in the 50-Hz model. 

**Behind panel. !Estimated. 

Summary of EIA and MIL Specifications on Testing Electrolytic Capacitors 

S peciji.cation 
d an 

Capacitor Type 

MIL C-3965 C 
Tantalum Foil 
and Sintered 
Slug Capacitors 

MIL C- 26655- B 
Solid Tantalum 
Capacitors 

RS 228 
Tantalum Electrolytic 
Capacitors 

MIL C-62 B 
Polarized Aluminum 
Capacitors 

RS 154 8 
Dry Aluminum 
El ectrolytic Capacitors 

RS 205 
El ectrolytic Capacitors 
for use in Electronic 
Instrume nts 

Frequency 

120±5Hz 

120 ± 5 Hz 

120Hz 

120 ± 5Hz 

120Hz 

120Hz 

A ccuracy 
AC Lerel c L oss 

Less than 30% 2% R or P.F. 
of DCWV or 1 V, 2% 
whicheve r is 
smaller 

Limited to 1 V, 2% D, 10% 
rms 

Small enough not ±2'12% D,S% 
to change value 

Limited to 30% 2% D, 2% 
of DCWV or 4 V, 
whiche ver is 
smalle r 

Small enough not ±2'12% R or RC 
to change value 

Small enough not ±2'12% D 
to change value 

Ge neral Radio Experimente r reference, Vol. 40, No. 6, Jun e 1966. 

D C Polarizing Voltage 

(-Sufficient for no reversal of 
polarity. 

D-"Polarized Capacitance Bridge" 
Sum of ac and d e shall not exceed 
ocwv. 

C -Max bias 2.2 V. 
D-"Polarized Bridge ", 2.2-V de 

max. 

Optional 

No bias required if ac voltage 
less than 1 v. However, if bias 
causes differences, measurements 
with bias shall govern. 

Optional; but if substantial differ· 
ence occurs, rated de should be 
used. 

Optional 
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GenRad 
WARRANTY 

We warrant that this product is free from defects in material and workmanship and, 
when properly used, will perform in accordance with GenRad's applicable published 
specifications. If with in one (1) year after original shipment it is found not to meet this 
standard, it will be repaired or at the option of GenRad, replaced at no charge when 
returned to a GenRad service facility. 

CHANGES IN THE PRODUCT NOT APPROVED BY GENRAD SHALL VOID 
THIS WARRANTY. 

GENRAD SHALL NOT BE LIABLE FOR ANY INDIRECT, SPECIAL, OR CONSE
QUENTIAL DAMAGES, EVEN IF NOTICE HAS BEEN GIVEN OF THE POSSI
BILITY OF SUCH DAMAGES. 

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR 
IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 

SERVICE POLICY 

Your local GenRad office or representat ive will assist you in all matters relating to 
product maintenance, such as calibration, repair, replacement parts and service 
contracts. 

GenRad policy is to maintain product repair capability for a period of five (5) years 
after original shipment and to make this capability available at the then prevailing 
schedule of charges. 



Introduction-Section 1 

WARNING 
To minimize electrical shock hazard, it is recommended that bias voltages be limited to 

30 volts maximum. For certain applications, under proper conditions, up to 800 volts 
can be used. 

When bias voltages greater than 30 volts are used exercise extreme care. Full bias 
voltage appears on panel binding posts, test leads, test fixtures and on the leads of the 
capacitor under test. 

As the first step in the operating procedure, check that the CAPACITOR CHARGED 
and DANGER - BIAS ON warning lights glow as the capacitor under test becomes 
charged. If either warning light does not glow, turn off the bias source and bridge power 
immediately, and refer the bridge to properly qualified personnel for correction of the 
malfunction. 

Capacitors remain charged after measurement. The user must follow safe procedures 
to assure proper discharge of capacitors after measurement. 

For their safety, all personnel operating this bridge must be made aware of the poten· 
tial shock hazard involved in measuring biased capacitors. 

Do not leave the bridge unattended with bias applied. 

1.1 PURPOSE. 
The Type 1617 Cap acitance Bridge, an entirely 

self-contained system, meas ures capacitance and dis

sipation factor of practically any capacitor, and i s 

particulary designed to test tantalum or aluminum elec

trolytic capacitors at 120 Hz per MIL and EIA s pecifi
cation (refer to specific a tions) . 

It measures de leakage c urrent with a resolution of 
about 1 J.LA and in general is a good 1% capaci tance 

bridge. It permits two-, three-, four- and even five 

terminal meas urements of capacitance and dielectric 

loss of insulating materials, cables, and trans formers , 
even if remotely located. 

1.2 DESCRIPTION. 
The Type 1617 Capacitance Bridge i s a modified 

form of the s tandard series-RC bridge. It operates from 

conventional 60-Hz power line s (50-Hz ver s ions avail

able), and is completely self-contained, including a 
120-Hz generator, a selective detector, and a de bias. 
Provision s have a l so been made for use of an external 

ac generator and de bias s upply. Accuracy i s 1% be

tween 40 Hz and 1kHz over most of the capacitance 
range. 

To achieve the 1% accuracy over thrs wide capaci
tance range, 3- and 4-terminal connections as we 11 as 

2-termina l connections are provided. On high-capaci
tance ranges, where impedance is so low that leads 

have a s ignificant effect on the D reading, a 4-terminal 

connection can be used. On low-capaci t ance ranges, 

where stray capacitance may cause a significant error 
in C measureme nt, a 3-terminal connec ti on may be used. 

Because the internally generated polarizing voltage 
can be as high as 600 volts, two panel lights are pro

vided as safet y features, one to indicate that the bias 

ing switch is thrown, the other to indicate that the 
charge on .the unknown capacitor exceeds 1 volt. 

1.3 ACCESSORIES SUPPLIED. 
Table 1-1 li s t s the access ories s upplied with the 

Type 1617 bridge. 

..---------Table 1-1-----------, 
Accessories Su pplied 

Quantity Descript io11 Part Numbe r 

1 Cable assembly for guarded measurements 16 17- 2200 
1 Cable assembly for 4-termina l measurement s 16 17-22 10 

INTRODUCTION 1 



1.4 CONTROLS, CONNECTORS, AND INDICATORS 

Table 1-2 lists and de s cribes front-panel controls, 

connectors and indicators on the T ype 1617 bridge. 

2 

15 14 

3 4 

13 

Figure 1·1 . Cont rols, connectors and indicators. 
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~-------------------------------------Table l-2----------------------------------------~ 

Control 

Controls, Connectors and Indicato rs 
(See Figure 1-1) 

f." unrlion R ef Type 
~------------------------------~~--------------------------------------------- ---------------------------

EXT BIAS 

2 BIAS VOLTAGE 
RANGE 

3 NULL meter 

4 LEAKAGE CURRENT 
RANGE 

5 BIAS switch 

6 BIAS ADJUST 

7 MULTIPLIER 

8 DETECTOR 
SENSITIVITY 

9 C dial 

10 DANGER-BIAS 
ON 

11 +UNKNOWN 

12 GUARD 

13 -UNKNOWN 

14 CAP ACITOR 
CHARGED 

15 POWER 

16 ORTHONULL 

17 Pi l ot L amp 

18 D dial 

19 GEN L E VEL 
MAX V OLTS 

20 Function s witc h 

21 EXT GEN 

Binding-po s t pair, 
3/4- inch s paced 

Six-posicion rotary 
switch 

50-p.A meter 

Six-position rotary 
switch 

Two-position toggle 
s witch 

Combination switch-
potentiometer 

Ten-position rotary 
switch 
Potentiometer 
control 

P otentiomete r 
control with cali
brated dial 

Incandescent lamp 

Binding-post pair, 
3/4-in ch spaced 

Sing le binding post 

Binding-pos t pair, 
3/ 4-in ch spaced 

In candescent lamp 

Two-position toggl e 
s witch 

Mechani cal lever 

Incandescent lamp 
with GR monogram 

Potentiometer con
tra 1 with calibra ted 
dial 

Three~po sition 
rotary s"- itch 

Si x-position rotary 
s witc h 

Binding-post pair, 
3/ 4-in ch sp:1ced 

Allow s connection o f an external de-bias voltage of up to 800 V. 

Selec t s interna l de bia s s upply and corresponding me t e r ranges; 
2, 6, 20, 60, 200, or 600 V. 

Measures detecto r output vol tage, (null), bias voltage, or leak
age c urrent as dete rmined by fun c tion control. 

Se lect s leakage-current range o f NULL meter when fun c ti on 
control (20) is se t to L EAKAGE CURRENT. Full-scale currents 
are 60, 200, or 600 pA; 2, 6, o r 20 rnA. 

Allows internal or external bias voltage to be applied to o r 
removed from capacitor under test. 
Extreme counter-cl ockwise position (EXTERNAL BIAS) al lows 
application o f bias from external power s uppl y via EXT BIAS 
terminal s . Over remainder o f range, a ll ows continuous adjust· 
ment o f internal de bias from 0 to maximum value dete rmined by 
BIAS VOLTAGE RANGE contro l. 

Multiplier contro l for capacitance di a l: 100 pF; l, 10, o r 100 nF ; 
1, 10 , or 100 ,uF; 1, 10, or 100 mF. 
Provides continuous ly adj us eable de t ector sensi ti vi ty for bridge 
measurement. 

Main balance control for capacitanc e. 

Lit when BIAS switch is in CHARGE pos ition, to warn of 
possible lethal e ne rgy a t UNKNOWN termina ls . 

Allows connection of po s itive s ide o f unknown capacitor. 

Furni s hes guard voltage for 3-te rminal meas urements to reduce 
s tray capacit ance. 

Allow s connec tion of negative side o f unknown capacitor. 

Lit when charge on capacito r e xceeds one vo It. 

Energizes in s trum ent. 

Engages Orthonull mechanis m to s implify balance operat ion , to 
avoid fa lse null s and s liding ba lances with lossy capacitors (D> l ). 

Lit wh en POWER s witch i s ON. 

Mai n bal ance control for dissipati on facto r. 

Se lec t s genera tor vo ltage applied to the bridge: 0.2, 0. 5, or 2 V, 
ems . T he ac voltage on the unknown capacitor wil l a lways be less . 

Select s generator source and polarity (!NT NORM, !NT REV, 
EXT NORM, or EXT R EV) and meter indication (NULL, BIAS) 

VOLTAGE, or LEAKAGE CURRENT) . 
Allows connection of an external generator; 40 Hz to I kHz , 
1 W, max. 

INTRODUCTION 3 



1.5 SYMBOLS, ABBREVIATIONS, AND DEFINITIONS. 
Definitions for symbols used on the panel of the 

Type 1617 and for abbreviations used in this instruction 
manual are as follows: 
C capacitance (see below for units) 

Cs series capacitance C
5

= ( 1+ D2
) CP 

cp parallel capacitance cp = ~ cs 

L inductance (see below for units) 

R resistance, the real part of an impedance - (see 
be low for units ) 

R s series resistance 

Rp parallel resistance 

X reactance, the imaginary part of an impedance 

Z impedance 

D dissipation factor 

R R 
PF power factor = -\Z\ = v'R2 + x2 

ESR equivalent series resistance R s 

frequency in hertz (Hz) 

"' angular frequency ( rad/ sec ) = w = 2 rrf 

F farad, unit of capacitance 

mF millifarad = 10-lF = 103 f.LF 

flF microfarad= I0·6F = 103 nF = 106pF 

nF nanofarad = 1 o-9 F 

pF picofarad = 1 o-12F 

il ohm, unit of res is tance 

mil milliohm = 10·3il 

kil kilohm = 1 0 ~il 

Mil megohm = 106il = 103kil 

H henry, unit of inductance 

mH millihenry = 10· 3H 

~LH microhenry = 1 o-6H 

nH nanohenry '"' 10-9 H 

4 

D 

1.6 OPERATOR SAFETY. 
Measurements on charged capacitors are inherently 

dangerous. The Type 1617 Capacitance Bridge, being 
a se If-contained instrument, is naturally safer than a 

temporary clip-lead set up and all possible safety fea

tures were included in its design. The operator must 
follow instructions at all times to ensure safe use of 
the instrument. 

Connect or disconnect the capacitor to be tested 

only when both warning lights are off. This means that 

bias is not applied (CHARGE-DISCHARGE switch on 

the DISCHARGE position) and that there is less than 1 
volt aero ss the capac it or. 

Do not rely solely on the warning lights (the lamps 
might burn out), especially if repeated measurements 

are to be made; use insulate d test clips, rubber gloves, 

and a chair insulated from the ground. 
Several capacitors in the instrument its elf can 

carry charges of lethal energy; they are safe only when 
both warning lights are off. 

When no bias is to be applied, set the VOLTAGE/ 

RANGE switch to 2 V, the BIAS AD} to EXT, and the 

CHARGE -DISCHARGE switch to DISCHARGE. Under 

these conditions, an accidental change in the setting of 
one of the controls will not endanger the operator. 

If the bridge is never going to be used with internal 

de bias, the bias supply can be disabled by disconnec
tion of the leads to pins 10 through 15 on the power
tra nsformer pla te (see F igure 6-2). If only the lower 

bias voltages are to be used, the higher voltages can be 
eliminated by disconnection of pin 12 of the power 
transformer and by shorting the appropriate resistor 
(Table 1-3). 

...--------Table 1-3 -------, 
Bias Range Variation 

Resistor Shorte d Va lue Range Elimina ted 

R115 40 2 K 600 v 
R154 140 K 200 v 
R1 53 40.2 K 60 v 
R15 2 14 K 20 v 
R151 4.0 2 K 6V 



Installation-Section 2 

2.1 GENERAL. 

2.1.1 DIMENSIONS. 

The over-all dimens ions for the bridge are s hown 
In Figure 2-1. 

2.1. 2 ENVIRONMENTAL CONSIDERATIONS. 
The Type 161 7 bridge is designed to operate at am

bient temperatures from 0 to '50 ° C and to be s tored at 

temperatures from -40 to +70 " . 

f-1·----16 t."------1 

n~..w---; ~~ 
15 " 

U~@ ~ 
1--- - --14-r -----1 

2.2 MOUNTING. 

The Type 1617 Bridge is supplied in portable mech

anical configurations. An adaptor set (P/N 0481 -9759) con
verts the portable model to rack model. Each adaptor set 
contains a relay-rack panel, a hardware set, and instruc
tions for rack mounting. A rack model can be stack 
mounted for bench use in combinations with other instru

ments. 

t--- ---- 19" - - --- ----< 

Figure 2- 1. Dime n sions of the Type 161 7 bridge 
in the portable and rack models. 
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2.2.1 PORTABLE TO RACK MOUNT CONVERSION. 
(Figure 2-2). 

To convert from portable to rack mount: 

a. Open the ins trument fully to its horizontal pos i
tion . 

b. Remove the 10· 32 screws (A) that secure the 
instrument to the cabinet and lift the instrument out of 

the cabinet. 

c. Remove the pivot studs (B) and lift the cabinet 
off the cover-and-handle assembly. 

d. Attach 1/ 4-28 screws (C) in place of the pivot 
screws. Secure them with 1/ 4-inch lockwas hers and 
nuts and then a dd a 1/ 4-inch flatwasher to each screw. 

e. Replace the ins trument in the cabinet and secure 

it with the 10-32 screws (A), removed earlier. 

f. Attach the brackets (D) to the panel with no. 10 
lockwas hers and nuts; do not tighten. 

g . Add a no . 10 flat washer to the top and bottom 
lugs, and attach the pla tes (E ) with no. 10 lockwashers 
and nuts; do not tighten. 

h. Place the panel over the instrument; slide the 

s lit in each bracket over the 1/4-28 screw (C), keep
ing the flatwasher . between the instrument and the 
bracket. 

i. Slide the plates over the gasket, align the as 

sembly, and tighten all nuts . 

2. 2 .2 RACK-TQ-PORT ABLE CONVERSION. 

To convert a rac k ins trument for portable use, fol
low the reverse procedure g ive n in paragraph 2.2.1. T he 

parts required for this conversion are lis ted in Table 2-1 . 

..----- - - -- Table 2- 1 
Parts Requ ired for Rack- To-Portable Conversi on 

Quantity Description Part No. 

Handle and Bracke t Assembly 1617-2010 

1 Cover Assembly 4 170-2086 

2 Pivot Stud 4 170-1000 
2 Plate Nut 4 170- 1376 
2 Spacer 4 170-0700 
2 Screw, No. 1/4-28, 3/ 8 7040-0400 

4 Screw, No. 10-32, 3/ 8 7080-1000 

4 Washer 8040-2400 

2 Washer 8050-0100 

Figure 2-2. Proced ure to rack mount a portabl e mod e l. 

6 

(C) -!" ~ -28 S~REWS 

FLAT WASHER ~ 
PLATE (E)+ 

10- 32 SCREWS (A) 

LOCK WASHER 

I NUT 

FLAT I .WASHER 

f!J--t-_ 

FLAT WASHER 

/ LOCK WASHER 

/ / NUT 

~ 
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2.2.3 STACK MOUNTING. 

A rack mode 1 can also be s tack mounted with 

other GR relay-rack in s truments fitted with end frame s 

for bench use . Stack-mounted accessories required for 
the Type 16 17 are li s ted in Table 2-2 and mounting In

structions (Form 5301 -0145A) are available with the 

accessorJes . 

.----------Table 2-2--------. 

Quantity 

Stack-Mounting Accessories Required 

Part Number 

5310-%82 
5 310-3301 

Description 

End-frame set 
Hardware Set 

2.3 POWER CONNECTION. 

2.3. 1 GENERAL. 

Use the attached three-wire fOWer cord to connect 

the bridge to a source of power as indicated on the tag 

located on the cabinet beneath the power cord (Figure 
2-3 ). The long cylindrical pin (ground) is connected 
directl y to the meta l case of the instrument, hence to 
the EXT GEN ground connector and -UNKNOWN ground 

connector on the front panel. 

T 

Figure 2-3. Indicat ion of the 
source of power to be used. 

= 
Standard 

telephone lip 

2. 3. 2 115-VOLT LINE. 

Power required is 105 to 125 V, 50 or 60Hz (depen

ding on model of bridge), 18 W. An input plate for 11 5-V 

operation, P / N 5590-0700 , is used for 60-Hz models; 

P / N 5590-1163 for 50-Hz models. It a ttaches t o the 
cabinet beneath the power cord by means of two 4-40 x 

3/ 16 screws with attached lockwashers, P / N 7090-4030. 
On the terminal plate of the power transformer (Figure 
6-2), termina l 1 is connected to termina l 3 and terminal 
2 to terminal · 4 . Fuses for F501 and F502 are 0.2 A, 
P/N 5330-0600 each (Figure 6-13). 

:2.3.3 230-VOL T LINE. 

Power required is 210 to 250 V, 50 or 60 Hz (de
pending on model of bridge), 18 W. An input. plate for 
230-V operation, P / N 5590-1667, is used for 60-Hz 
models; P / N 5590-1666 is used for 50-Hz models . It 
attaches to the cabinet beneath the power cord by means 

of two 4-40 x 3/ 16 screws with attached lockwashers, 

P / N 7090-4030. On the terminal plate of the power 
transformer , te rminal 2 i s connected to terminal 3. 
Fuses for F501 and F502 are 0.1 A, P / N 5330-0400 
each (Figure 6-13 ). 

2 .3.4 CONNECTIONS. 

The EXT GEN, EXT BIAS and UNKNOWN terminals 

are s tandard 3/ 4-inch·spaced binding posts which ac

cept banana plugs, s tandard telephone tips, alligator 
eli ps , c rocodile clips s pade termin a ls and a ll wire 
s ize up to number te n. 

Two plug-in cable assemblies are supplied with the 

bridge expressly for the UNKNOWN terminal. 
The two-cable assembly (Figure 3-2) has a s hielded 

positive terminal. The s hield is connected to the guard 

and the two positive and the two negative terminals are 
linked internally . It should be used for three-terminal 

measurements (refer to paragraph 3.1). 

The four-cable assembly (Figure 3-3) is used for 

four terminal measurements (refer to paragraph 3.1). 
The cables of both assemblies are terminated in clip 

leads in an insulated rubber sleeve. 

~ill 11 ~ ,~llD 
Spade termmal Clamps 

With '," throat all w1re Sizes 
will clamp ~ up to No 10 
under nut. r!l without cuttrng. 

E 

Methods of connection to the measurement t e rminals. 
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0 peration-Section 3 

WARNING 
It is possible to apply lethal voltage across a capacitor by means of t his bridge. The 

energy stored in the unknown capacitor, and even in the internal capacitor, can be 
extremely dangerous to the operator; please follow the instructions carefully. 

Never connect or disconnect anything at the UNKNOWN terminals unless the BIAS 
CHARGE-DISCHARGE switch is on DISCHARGE and the two warning lamps are off. 

When no bias voltage is applied, set the VOLTAGE RANGE switch to 2 V, the 
BIAS ADJ to EXT and the BIAS CHARGE-DISCHARGE switch to DISCHARGE. 

When operating t he bridge at high voltage level, use every possible precaution to avoid 
contact with the UNKNOWN terminals, or the positive terminal of the capacitor und er 
test. 

3.1 CONNECTION OF THE UNKNOWN CAPACITOR. 

3.1.1 GENERAL. 
The panel of the Type 1617 Capacitance Bridge 

offers five separate terminals at which to connect the 
unknown. There are two c urrent termina ls, two potential 
termina ls and one guard te rmina l ; t wo s hort ing links 

are a lso provided Figure 3·1. This array permits two·, 

three·, four-, and five-terminal meas urements, as dic

tated by the value of the unknown and its location. 

3. 1. 2 LOW-VALUED CAPACITORS. 
In this range (less than 10 nF), since shunt Slray 

capacitance is apt to introduce an important error , 

three-terminal connections should be made. The sup

plied plug-in cable assembly (P / N 1617-2200) achieves 
thi s connection s imply (Figure 3-2). The linkage of the 
positive and the negative terminals i s achieved inter
nally in the assembly. It can also be done as follows : 
Connect the inner conductor of a shielded cable to 

either positive terminal, the shield of the cable to the 

guard terminal, and any clip lead to either negative ter-

minal (both positive and negative terminals should be 

Figure 3-1. UNK NOWN and GUARD 
terminals an the bridge. 

linked). Then connect the unknown at the end of the two 
cables and proceed with the measurement. 

The residual ("zero" ) of the bridge (i .e . , the reading 

of the C dial when the bridge is balanced while on the 

lowest range with the unknown disconnected) is to be 
s ubtracted from the C reading. It is small (about 4 pF) 
and can be considered negligible on the other ranges. 

3.1.3 MEDIUM-VALUED CAPACITORS. 

Capacitance measurements in this range (about 10nF 
to 10011F) are not appreciably affected by s hunt cap
acitance or series impedances, unles s the leads are 
more than a few feet long. Therefore, most any type of 
clip leads may be used although the two-lead cable 

assembly s upplied, P / N 16 17-2200, is particularly 

convenlent. 
If the leads are very long, the lower capacitance 

values should be connected with a guarded, s hielded 
cable and the higher values should use a four-lead con
nection (see p1ragraph 4. 5. 1 ). 

NOTE 

In 2- and 3-terminal measurements, 
when the a ssembly is not used, the 
bridge will not ba lance unless the 
shorting links are connected. 

Figure 3-2. Schemat ic of the 3-
terminal connection (guarded), 
using the two-lead plug-in 
assembly (P/ N 1617-2200). 
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~TYPE 1617 CAPACITANCE BRIDGE 

3. 1.4 HIGH-VALUED CAPACITORS. 

For the range 10011F to lOmF of capacitance, the 
lead impedance might introduce a sizeable D error in a 

two-terminal measurement. For example, 10011F mea
sured with the supplied two-lead cable assembly at 
120 Hz gives a D reading higher than the actual value 
by 0.005. 

Four-terminal measurements are necessary for better 
D accuracy. The bridge connection is made convenient 
with the supplied cable ass embly (P / N 1617-2210). 
When a four-lead connection is made to a capa citor 
(Figure 3-3), the bridge will measure the effective 
capacitance and loss of the impedance between the 
junction of the two positive leads and the junction of 

the two negative ones. In effect, the unknown s tarts 
where it becomes two-terminal. Figure 3-4 shows dif
fe rent types of four-termina l connections , the effective 
impedance measured by the bridge being from A to B. 

NOTE 

Dis connect the shorting links when 
making four-terminal measurements. 

3.1.5 VERY HIGH VALUED CAPACITORS. 
Four-terminal connections should be used on very 

large capacitors (10 mF to 1 F) not only to avoid large 
D errors due to lead resistance, but also to avoid cap

acita nce errors caused by lead inductance. 

While a four-lead connection removes the effect of 
the re s i s tance and self-inductance of each lead, some 
care mus t be used to avoid mutua l inductance between 
the outer two ("current") leads and the inner two 
("potential" ) leads ; see Figure 3-5. Mutual inductance 

here causes a n induced voltage that increases the effec

tive va lue of t he unknown. This mutual inductance can 

be greatly reduced by twisting together e ither the two 
outer leads or the two inner leads as s hown in F igure 

3-6 . 

Thi s precaution agains t mutua l inducta nce is al s o 
importa nt whe n lower capacitance is measured at higher 

fre que ncies , becaus e the error i s a function of w2MCx, 

where M is the total mutua l inductance. T here i s a lways 

some mut ua l inductance present a t the bridge terminal s 
and thi s limits the range of the bridge a t higher fre
quenCies. 

10 

Figure 3- 3 . A 4- t e rmi nal conn

UNKNOWN ection u s ing the four- l ead plug· 
i n a ssembly. 

0 0 

16 17- \9 

Figure 3-4. Diffe rent types of 4-terminal 
connections. The unknown is mea sured 
from A to B. 

NOTE 

The ranges indicated in the above par· 
agraphs are quite arbitrary and are 
intended only as guides . T he type of 
connection used for a give n capaci
tance might a lso depend on the le ngth 
of the leads , a nd the D and C accura
cie s desired. 

3.2 CAPACITANCE MEASUREMENT PROCEDURE 
INTERNAL GENERATOR. 

3. 2.1 NO BIAS APPLIED. 
T o measure a n unknown capacitor with no bias 

applied proceed as follows : 
Sa fe ty me as ures: 

Place th e B IAS C HA RGE-DISC HA RGE s witch at 

DIS CHA RGE. 
Se t B IAS AD] to EXT B IAS (EXT B IAS terminal s 

must be s hort ed). 
S e t th e B IAS VOLTAG E RANGE switch to 2 V. 



a. Connect the bridge to the line and turn POWER 

on. 

b. Connect the unknown capacitor (refer to para

graph 3.1). 
c. Set the function switch to INT 120C* either 

NORMAL or REVERSE. 
d. Select the maximum AC voltage desired on GEN 

LEVEL MAX VOLTS. 

e. Turn the DETECTOR SENSITIVITY counter

clockwise (minimum sensitivity). 
f. If the approximate value is known, set the MUL

TIPLIER switch accordingly. 
g. Increase the sensitivity (DETECTOR SENSI

TIVITY clockwise) to give an upscale deflection. 

h. Adjust the C and D dials to obtain a minimum 

deflection on the NULL meter. Repeat this process un

til the best null for the highest feasible sensitivity is 
obtained. 

NOTE 
When the D of the unknown 1s greater 
than one, use the Orthonull " (ganging 
the C and D dials) will avoid false 
nulls and speed the balance. 

1. Multiply the C-dia l setting by the MULTIPLIER 
setting to obtain the capacitance of the unknown. 

J. Read the dissipation factor directly on the D dial. 

3.2.2 BIAS APPLIED. WARNING -See Page 9. 

To measure an unknown capacitor with !:lias applied, 

proceed as follows: 

a. Move the BIAS CHARGE-DISCHARGE switch to 
DISCHARGE. 

b. Connect the bridge to the line and turn POWER 
on. 

c. Connect the unknown (refer to paragraph 3.1). 

d. Seethe fun ction switch to BIAS VOLTAGE. 

e. Set BIAS VOLTAGE RANGE switch on the de-

sired range. 

f. Move the BIAS CHARGE/DISCHARGE switch to 
CHARGE. DANGER-BIAS ON lamp must glow. 

g. Adjust the BIAS ADJ knob until the meter reads 
the desired voltage (do not exceed the rating of the 
unknown). 

h. Proceed with s t ep c through j of paragraph 3. 2.1. 

i. Throw the CHARGE/ DISCHARGE switch on 
DISCHARGE before disconnecting the unknown. 

3.2.3 RANGE AND ACCURACY. 
With the internal generator, the C accuracy is ±1% 

±1 pF from 0 to 0.11 F. The residual ("zero of the 

bridge") to be subtracted from the reading i s approxi-

*The no tatio n C (cycle s pe r sec ond) i s e quivale nt to Hz 
(he rt z ). 

I 

a. 

I 

c, 
c' ·--=-,...,....

' 1-'"'2 MC, 

b. l t61f ·!OI 

Figure 3- 5. When •current• and •potential• leads 
form concentric loops (left), the resulting mutual 
inductance (right) affects the value of the capaci
tance being measured. 

F igure 3-6. Reduction of 
the effect of mutual in · 

UNKNOWN ductonce in the leads. 

mately 4 pF. From 0.11 to 1.1 F, the accuracy becomes 
±2%. The D accuracy ( ±0.001 ±0.01 C in F ±2%) de
pends on C. This naturally assumes that the correct 

connections (refer to paragraph 3.1) have been used to 

minimize errors. 
When bias voltage is applied, the accuracy speci

fication s are the same, but the sensitivity of the bridge 
is lessened by the impedance of the internal capacitor 
always across the bias supply (refer to paragraph 5. 5). 

3.3 LEAKAGE CURRENT MEASUREMENT. 

3.3.1 GENERAL. 
The leakage c urrent through capacitors of most 

types i s a function of time. A common practice for 
many types of capacitors is to us e the value obtained 
after voltage is applie d for two minutes, but other 
soaking times are a lso used so that _this parameter 

should be specified. 
The current measuring range of the T ype 1617 is 

limited to 60· f.1A to 20-mA, full scale; 0.5 f.1A can be 
resolved. This range i s suffi cient for mos t a luminum 
capacitors and s ome tantalum types. An external mic· 
roammeter may be used for lower leakage currents 
(refer to paragraph 4. 2). The available current from the 
internal power s upply limits the maximum to a bout 15 
rnA. An external power supply and meter s hould be 
used if the leakage i s higher than this. 

3. 3.2 MEASUREMENT PROCEDUR E. 
The procedure i s a s fo llows: 
a . Perform s teps a through g of paragraph 3. 2. 2. 
b. Set the fun c tion switch to LEAKAGE CURRENT. 

OPERATION 11 



c. Set th e LEAKAGE CURRENT RANGE switch 
on a sui t able range. 

d. Read the leakage c urrent on the meter; the full 
scale reading is that s et in the preceding s tep. 

e. Throw the BIAS CHARGE-DISCHARGE switch 
to DISCHARGE before disconnection of the unknown. 

3. 3"3 CHARGING TIME. 
The time required to c harge a capac1tor from a 

current- linked supply i s : 

cv ( d f d 1 d ) t "- secon s , ara s, vo ts, an ampere s 
I 

The capacitance is the sum of the unknown cap
acitance and the internal power- s upply by-pass capaci
tance. The current is the difference between the 
maximum power s uppl y current, approximately 15 rnA, 
and the leakage current in both capac itors . For low
energy-unknown capacitors, the charging time is that 

of the internal capacitor, which is about 4 seconds. 

For high-energy capacitors, the time constant may be

come much longer. If charging is too s low, an external 
s upply of higher current rating should be used. 

If the internal power s upply has not been used in 
some time , the by-pass c apacitors may become s ome

what leaky, resulting in very s low charging until they 
are reformed. Thi s is particularly noticeable on the 
higher voltage ranges. Note that if the total leakage of 
the unknown and by-pass capacitors exceeds the avail
able current, the voltage will never reach it s correct 
value . 

The c harging time al so depends on the value of the 
ratio-arm resistor in series with the unknown, but this 
de lay · will not be noticed on the voltmeter which reads 
the total voltage applied to the bridge (see Figure 3-7). 
However, if the capacitance range s witch is s et to the 
correc t c apacitance range , thi s time cons tant i s negli
gible . 

3. 3.4 lvjET E R RESPONSE. 
The ammet er response i s purpos ely slow in order 

to protect the meter from pinning when it pas ses ex
c e ssive c urrent (for example , when the bias is dis 
charged with the ammeter in the circuit). The meter 

e 

t 
Ec 

~ 

12 OPERATION 

Figure 3-7. To change Cx to Ec, 

E must b e Ec (1 + ;A). 
e 

1617· 20 

indication may become very slow, when very large 

capacitors with low leakage are measured, because the 
meter time con s tant is a function of the meter-range 
re s i s tor and the unknown capacitor. 

The voltage applied to the unknown during leakage· 
current measurements is slightly reduced by the am
meter vol t age drop. This drop is proportional to the 
meter reading and is 0. 2 V a t full scale. This vol tage 
change is of little consequence except at very low 
applied volt ages . However, it does introduce a small 
trans ient in the ammeter which may indicate the current 
flow necessary to re-establish equilibrum. 

3.4 VOLTAGE MEASUREMENT ACCURACY. 
The voltmeter indicates 2-V to 600-V full scale in 

six ranges with an accuracy of ±3%. The voltage mea
sured i s the voltage applied to the bridge input and, in 
mos t cases, thi s i s the voltage across the unknown. 
However, when a very leaky capacitor is measured, 
the voltage drop in the ratio-arm resistor caused by the 

high-leakage current may result in the actual voltage 

on the capacitor being less than the voltage indicated 

(see Figure 3-7). In order to obtain the proper voltage 

in the capacitor, the voltmeter mus t be s et to read Ec 

(1 + ~ ). This difficulty i s very rare ly encountered if 
e 

the capacitance switch is set to the correct range. 

3.5 MAXIMUM DISCHARGE ENERGY. 
Theoretically, the maximum e nergy on an unknown 

capacitor connected to the bridge could be 320,000 
joules (800 V in 1 F) . This energy would certainly 
destroy the discharge resi s tor and s witch if internal
discharge circuits were used . Fortunately , nobody 
makes a capacitor of such capability. However, large 
capaci tors are made for special purposes (such as 

welding) that can damage the di scharge res i s tors , so 
that an energy limit i s necessary. Therefore , the ma xi
mum voltage tha t shoul d be di s charged by the internal 
circuit i s give n in Table 3-1. 

Als o, if an external bias supply is used, the rate 

of charging and discharging may be high enough to 

overhe at the di scharge resi s tors , even though the 
limits of Table 3-1 ar e not exce eded. T he average 
powe r di ssipated sho uld be limited to 5 watt s . 

---------Table J-1 ---------. 
Maximum voltage for Internal Discharge 

Capacitance Range 

0 to 100 J.LF 

0.1 to 1 mF 

1 to 10 mF 

10 t o 100 mF 

0. I to 1 F 

Max imum Voltag e 

800 v 
400 v 
100 v 
20 v 

6 v 



Special Measurements-Section 4 

WARNING 
It is possible to apply lethal voltage across a capacitor by means of this bridge. The 

energy stored in the unknown capacitor, and even m the internal capacitor, can be 

extremely dangerous to the operator; please follow the instructions carefully. 

Never connect or disconnect anything at the UNKNOWN terminals unless the BIAS 

CHARGE-DISCHARGE switch is on DISCHARGE and the two warning lamps are off. 
When no bias voltage is applied, set the VOLTAGE RANGE switch to 2 V, the 

BIAS ADJ to EXT and the BIAS CHARGE-DISCHARGE switch to DISCHARGE. 

When operating the bridge at high voltage level, use every possible precaution to avoid 

contact with the UN KNOWN terminals, or the positive terminal of the capacitor under 
test. 

4. 1 USE OF AN EXTERNAL GENERATOR. EXT I GEN 
j T I OI 4. 1. 1 CONNECTION. 

INTERNAL 

!II GENERATOR 

I 

' -= 

TO BRIDG E 

SI05 

The preferred connection for an e xtern a l generato r 

i s at the EXT GEN termina ls . The te rmin al s are con· 
nected to the primary of the input trans former whose 

s econdary winding i s selected by the GEN L EVEL 
s wi tc h (Figure 4- 1). If 5V, rm s, i s applie d to the ter
min al s , the voltage applied to the bridge will be as 

indicated by thi s s witch. Note tha t the in put t o the 

bridge may be revers ed by the func ti on s witch to check 

for stray coupling effects (refe r to paragraph 4.4) . 

Fi gure 4- 1. Loc ation o f t he e xt e rnal gen e ra
tor connection ( EXT G EN t e rminals). 

At low freque nc ie s , more vo l tage may be applied to 
the bridge if the exte rn a l generato r is conn ected to th e 
EXT BIAS t erminal s (Figure 4- 2, see a l so paragraph 
4. 1. 3). Use a shielded l ead to avoid coup ling to the un
known and, because th e bridge is grounJed, do no t 
gro und either side of th e oscill ator, to avoi d groun d 
loops. * If, however, bi as has to be applied, it can be 
done as s hown in F igure 4-3 . 

~---Figv re 4- 2 . Conne ct io n of the e x
'-----, ternal gener a tor at the E XT BIAS 

The GR 1311 Aud io Osc i llator is recommended as 
an idea l extern a l generator for driving the T ype 16 17. 

4. 1.2 RANGE AND ACCURACY. 

Table 4-1 indicates th e nominal cap aci tance range 
of the Type 16 17 Capaci ranee Bridge for better than 
2% accuracy at di fferent frequencies above 120 Hz. 

The low end of the capacitance range i s limited to 500 

pF above 2 kH z, because of the fre quency charact e ri s ti c 

*With oscillato rs which have one s ide of the output tied to 
the case , do not use th e third wire of the power cord , s o as 
not to ground the case . 

GEN 

te rm in a ls . 
1--e:--=-=-=~---t;i'll E X T B I AS 

TERMINAL S 

1690·6 

F ig ure 4- 3. Exte rn al gen
---1~---"0~BIASerato r and b ias sup pl y at 

the E XT BIAS t e rmin al s . 

1690-7 
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...------Table 4- l _____ __, 

RANGE LIMITS At Different Frequenci es 
(Less Than 2% Erro r) 

'Frequency Low Limit* High Limit*• 

120Hz 50 pF 1.1F 
200Hz 50 pF 0 . 5 F 
500Hz 50 pF 80mF 

1 kHz 150 pF 20 mF 

2kHz 500 pF 5 mF 
5 kH z 500 pF 800 f.LF 

10kHz 500 pF 200 f.LF 

• After zero correction. 
•• 4-terminal measurement with twisted l.eads . 

of the 10 MD ratio arm (RA). The high end is limited 
by the mutual inductance in the leads and between the 
terminals. 

The low-frequency limit is ap]Xoximately 20 Hz, at 

which point the meter starts to follow individual cycles. 

Full accuracy below 30 Hz is difficult to obtain on the 
lowest and highe s t ranges, because the limit on the 
input voltage (refer to paragraph 4.1. 3) limits the s en
si tivity . At low frequencie s, many low-powered oscil

lators will not drive the input inductance (approximately 
50 mH) hard enough to give sufficient sensitivity. The 

D accuracy is ±0.00 1 ±0.0 1 C (in F) ±2%, from 40 to 
120 Hz, and [ ±0.001 ±0.01 C(in F)] PM ±2%, above 

120 Hz. 

4.1. 3 MAXIMUM AC VOLTAGE AND POWER. 

The maximum voltage that should be applied to the 
EXT GEN terminals is fa fH z or 10 V, rms, whichever 
is less. The maximum ac applied to the EXT BIAS 
terminals is 4 V, rms. Actually, more voltage (but less 
than 100 V) may be applied to the bridge when the C 
dial is set up-scale as long as the vo ltage on the UN
KNOWN does not exceed 4 V (which would overdrive 

the guard amplifier). 
Thus, the a bove fixed limits may be mult iplied by: 

""Y1 +(0.0063 x f x C dial reading) 2 

The power input s hould be limited to 1 watt. (The 

output of the G R 1311 is limited to 1 watt.) 

4.1. 4 MEASUREMENT PROCEDURE. 
The procedure is the same as with the internal gen

erator except that the function switch must be set to 

EXT GEN NORMAL or REVERSE, and the D reading 
must be multiplied by fHz. The generator level is ad-

120 
jus ted on the external generator. 

4.2 USE OF AN EXTERNAL MICROAMMETER. 

The lowest range of the microammeter on the Type 

1617 Capacitance Bridge is 60 ~. full scale. Some 
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electrolytic capacitors (tantalum, 1n plrticular, and 
many other types) will require more s ensitivity. This is 
easily accomplished by use of a sen sitive external 

meter, such as the T ype 1230 Electrometer (measures 

from ±1 rnA down to 0. 3 f.L~ , or 0.3 x 10-1 2 A, full 

scale). The Weston 1946T (available in 5, 10 or 20- pA, 

full -scale versions , with 2% accurac y) or the Westing
house 371 (3% accuracy, 20 ~ full scale), are accep· 
table substitutes . 

Connect the external meter 1n senes with the un
known, with its negative terminal to the negative ter
minal of the bridge (Figure 4-4) . It is now part of the 
unknown and has to be shorted out in a capacitance 

measurement to avoid error, or when charging the cap

acitor to avoid overload. 

a. Turn ac signal off when making leakage-current measure
ments by setting the METER switch to BIAS VOLT AGE. 

b. With the 4-terminal connection shown, note that the + 
meter terminal is grounded, so that the - terminal cannot be 
grounded. Also, in this connection keep the meter voltage drop 
below 0.1 V. (There are rectifiers between the two - 16 17 
terminals). 

UNKNOWN 

UNKNOWN 
- + 

0 0 

Figure 4-4. Use of on exter n al ammeter for 2-terminol 

measurement, (top), 4-terminol measurement ( bottom) . 

4.3 EXTERNAL BIAS SUPPLY (Table 3-1). 

The internal bias supply will apply up to 600 V to 
the unknown; up to 800 V can be applied by use of an 

external de suppl y. To apply external bias: 

a . . Set the BIAS ADJ switch to EXTERNAL BIAS. 

b. Remove the shorting link from the EXT BIAS 

terminals and connect the power supply to these ter

minals. 

c . To preserve the sens1t1v1ty of the bridge, the 
effective ac impedance of the supply has to be very 

low, and this is ensured by placing a bypass capacitor 
as shown in Figure 4-5 . . This capacitor should be at 

least of the same order of magnitude as the unknown. 



WARNING 

The bypass capacitor has the same 
bias voltage across it as the unknown. 
Make sure the de supply is off and the 
BIAS CHARGE-DISCHARGE switch is 
on DISCHARGE before disconnecting 
or connecting it. 

The measurement procedure, once the external de 
supply is connected, is the same as with the internal 
bias s upply . The energy available from the external bias 
supply should be limited to 1 W so that if the unknown is 
shorted, the bridge ratio-arm resistor will not be damaged. 

POWER 
SUPPLY 

TO 
BRIDGE 

1 6 17·2~ 

Figure 4-5. Connection of the external 
bios supply. 

4.4 USE OF THE NORMAL/ REVERSE POSITIONS. 

Because the bridge test signal i s synchronous with 
the power line, 120-Hz hum pickup will cause a bridge 
error. The NORMAL/ REVERSE positions of the func
tion switch allow the test signal to be reversed (Fig

ure 4-6) with respect to the power line, so chat the 

presence of pickup can be ascertained. 
Should the D or C readings differ between balances 

on the NORMAL and REVERSE pos ition, the best 
answer is the average of the two readings. This diffi
culty is mos t likely to occur on the lowest or highest. 

ranges. Use the maximum poss ible signal level to reduce 
the effect. 

EXTERNAL 
OR 

INTERNAL 
GENERATOR 

TO 
BRIDGE 

1617- 26 

Figure 4-6. The reversing s witch. 

4.5 OTHER APPLICATIONS. 

4. 5.1 REMOTE MEASUREMENTS. 
When long leads are used, the two principal sources 

of error are the lead impedance (it can be several ohms) 

and the stray capacitance. For D accuracy, four-lead 

connections are necessary, and to reduce the stray cap
acitances, the positive lead should be shielded and the 
shield guarded. 

When both errors may be important, a five-terminal 
measurement can be made (Figure 4-7). 

II 
li Figure 4-7. A 5-terminal connection. 

c 1617- 27 

4.5.2 INDUCTANCE MEASUREMENT. 

Series Substitution Method. Inductance can be de
termined from the measurement of the net effective 
capacitance of the unknown inductor in series with a 
known capacitor of suitable value. The series capacitor 
must be small enough so that the net reactance of the 
combination is capacitive, and it must be large enough 

so that a significant change in effective capacitance 

results . Proceed as follows: 
a. Connect the inductor and the capacitor in series 

(Figure 4-8) to the bridge. 
b. Short circuit the inductor and balance the bridge. 

Observe the C and D readings. Call them Cl and D1. 
c. Remove the short circuit and rebalance the 

bridge. Call the new readings C2 and D2. 
d. Compute the series inductance (Ls) and the 

series resistance (Rs) from: 

L = C2 - Cl Rs = D2C1-D1C2 
s w2 C I C2 wC1 C2 

with the C' s in farads and the D's in absolute values. 

+ 

c 1617- 211 

Figure 4-8. Inductance measurement 
by the series-substitution method. 

Parallel substitution Method. For measurements 

using the parallel s ubstitution method, proceed as 
follow s: 

15 



~TYPE 1617 CAPACITANCE BRIDGE 

a. Connect the unknown inductor and the capacitor 
in parallel (Figure 4-9). 

b. Disconnect the high lead of the inductor and 
balance the bridge. Observe the C and D readings. 
Call them C1 and D1. 

c. Connect the inductor and rebalance the bridge. 

Call the new reading C2 and D2. , , 
d. Convert C1 and C2 To C 1 and C2,the effective 

parallel value, with 
c 

c' = i"7D2 

e. Compute the parallel inductance (Lp) and re
sistance (Rp) from 

I 

with the C s in farads and the D's in absolute values. 

+ 

L 16 17-29 

F igure 4-9. Inductance measurement by 
the para II e 1-sub stituti on method. 

4.5. 3 SERIES AND PARALLEL COMPONENTS. 
An impedance that is neither a pure reactance nor a 

pure resi stance may be represented, at any specific 

frequency, by either a series or a parallel combination 

of resistance and reactance. The values of resistance 
and reactance used in the equivalent circuit depend on 
whether a series or a parallel combination is used. The 
equivalent circuits are shown in Figure 4-10. 

The relationships between the circuit e lements are: 

Rp 
o 2R 

l 
+--

jc£p p 
ic£p 

z Rs +-- -jwC5 l l + o 2 
Rp +--

ic£r 

l 
D =-- wR5 C5 Q wRpCp 

Cs o + o2) cP; cP 
+ o2 

Cs 

o2 + o2 
Rs Rp; RP - Rs 

+ o2 o2 

D 
Rs = --· Rp u;·cs ' c£pD 
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Cp Rp 

Figure 4-10. Series and parallel 
equivalent circuits. 

4.5.4 DIELECTRIC SAMPLES MEASUREMENT. 

The dielectric constant and dissipation factor of an 
insulating material can be determined from the measure
ment of the capacitance and dissipation factor of an 
elementary capacitor, with the material used as the in

sulating medium between metallic electrodes of suitable 

dimensi ons. 

Two-Electrode Method. A simple two-electrode 
method is sufficient for most purposes. The procedure 

is as follows: 

a. If JX>SSible, choose a sample of such shape and 

dimensions as to yield a capacitance of 100 pF or 

more . The calculation of dielectric constant is simp
lified if the thickness and area are easily measured 
and calculated, such as a disk or rectangle. If mea
surements are to be made at various frequencies, it is 
best to use sizes and shapes as specified in ASTMD-150 

(available from American Society for Testing Materials, 
260 Race Street, Philadelphia, Pennsylvania). 

b. Measure and record the dimensions of the sample, 
and clean it thoroughly. (A mixture of half grain alcohol 
and half ether is recommended, unless either is a sol

vent for the material.) 

c . When the sample is dry, apply a very thin film 
of refined petrolatum to one surface. Pl ace a thin metal

foil e lectrode, preferably less than 1 mil thick, and 
l arger than the sample, on this surface. 

d. Press the electrode in place with a pad of cloth 
or squeegee roller and rub out any air bubbles, so that 

the foil is in intimate contact wi th the surface . Then 

trim the foil to the same si ze as the sample. 

e . Apply the other e l ectrode to the sample as des

cribed in s teps c and d. 

NOTE 

An alternate method of forming elec
trodes i s to brush a good s ilver paint 
(such as Dupont No. 4132 Si lver Paste) 
on the sample and to dry it overnight a t 
60 ° C . Suc h an e lectrode is porous to 
mois ture, so that the die lectric can be 
conditioned at any desired relative 
humidity without removing thee lectrode. 



f. Measure capacitance as described in paragraph 

3.2. 

g. Compute dielectric cons tant (to a fir s t approxi
mation) as follows: 

K =4. 45tC 
A 

where K i s dielectric constant 
t is thickness of the sample, in inches 

C 1s measured capacitance, 1n pF 
A is area of the electrodes, 1n square inches. 

For a complete discussion of the effects of stray 
electric field at the edges of the electrodes, and the 
effect of the capacitance of the high electrode to ground, 
refer to ASTMD-150. 

Three Electrodes Method. The guard arrangement 

(Figure 4-11) provides an electrical equivalent to a 
3-terminal capacitance, and is measured as such. 

4.5 .5 LIQUID INSULATION MEASUREMENT. 

Liquid insulation, such as transformer oil, requires 

some type of cell for meas urement of capacitance and 
dissipation factor. The ce ll in its s implest form can 
be a multiple-plate air capacitor immersed in the liquid, 
or a grounded cylindrical can with a slightly smaller 

insulated cylindrical electrode. Such cells do not allow 

the accurate calculation of dielectric constant, nor do 

they maintain a constant voltage gradient of the liquid. 

These difficu !ties are overcome by the use of a three
electrode cell, s uch as described in ASTMD-150. Such 
a cell is electrically equivalent to Figure 
permits a 3-terminal measurement. 

DIELECTRIC 

Figure 4-11. Guard·electrode arrangement to meas
ure dielectric samples. 

and 

4.5.6 TRANSFORMER INSULATION MEASUREMENT. 

The insulation in a transformer, together with the 
primary and the secondary windings and the transformer 

SPECIAL MEASUREMENTS 

case, form a 3-terminal network (Figure 4-1 2 ). Usually 
the three capacitances are of the same order of magni
tude, and any one of them can be measured directly by 
the bridr,e, if it is conn ected between the UNKNOWN 

terminals and the other two capacitances are connected 

to the GUARD terminal. 

lb17· l l 

Figure 4-12. Capacitances existing in a transfo rmer. 

4.5 .7 TEST JIGS. 

The Type 1650-P1 Test Jig (refer to the appendix ) 

is available from General Rad io for faster measurements, 
it allows rapid 2- and 3-terminal measurement. Connec
tions to the bridge are made through two T ype 274-DB 

plugs and a c lip lead to connect the g uard . Special jigs 
can be made for different shapes of capacitors, or for 

4-termina l measurements (paragraph 5.7.3). The princi

ples discussed in paragraph 3.1.4 and 3.1.5 should be 

taken into account in the design of s uch a jig . 

4 .5.8 LIMIT TESTING. 

The Type 1617 bridge may be set up to provide a 

go-no-go indication useful for component tes ting. The 

panel meter is used as the indicator. Proceed as follows: 

a. Balance the bridge with one of the components 
to be tested (one within tolerance) . 

b. Offs et the C dial from the balance pos1t10n by 
the desired tolerance. 

c. Adjust the SENSITIVITY control for a center

scale meter deflection. 

d. Set the C dial to the nominal value of the com
ponent. 

e . Connect each component to the bridge. If the 
meter deflection i s between zero and center scale, the 
component is within limits . 
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Principles of Operation-Section 5 

5. 1 BRIDGE CIRCUITS. 

5.1.1 GENERAL. 
The circuit of the Type 1617 Capacitance Bridge 

is basically the familiar series-capacitance-comparison 

type used in most genera l-purpose capacitance bridges. 
The capacitance, C, of the unknown is proportional to 

RN and its dissipation factor, D, to Rs (Figure 5-1). 

5.1.2 LOW CAPACITANCE. 
On the lowest five capacitance ranges (up to 10 ~), 

the circuit used is the simple one shown in Figure 5- 1; 

(the guard circuit is connected for 3-terminal measure
ments). ·The bridge circuit is oriented so that a grounded 
de supply will apply a voltage to the unknown capacitor 
through the ratio-arm resi s tor RA. Reasonable lead re
si s tances and inductances cause negligible errors; for 
example, a 0.1-D lead re s i stance introduces a D error 

of less than 0.001 in the meas urement of a 10 ~ cap
acitor. 

5.1.3 LEAD EFFECTS ON HIGH C APACITANCE 
MEASUREMENTS. 

One farad i s only 1. 3 mD at 120 Hz and the same 
0.1-il lead resi s tance wi ll now result in a 0 reading. 
of 70. 

Figure 5-2 s hows RA and Cx as 4-terminal compo
nencs; the lead resistances are al so drawn and their 

individua l effects can be evaluated. Firs t , q and rg are 

Figu re 5-l. T h e RC bridge used on th e fiv e 

lower capacitance ranges . 

r a 
Figure S-2. The RC bridg e circ uit 
where the unknown and the ratio 
arm res istor ore represented as 4-
terminol components. 

G 
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rn senes with the generator and only reduce the effec
tive applied voltage but do not change the null condi
tion. Then !2 and r7 are in series respectively with 
RN and Rs -Cs, which have relatively high impedance 
and, therefore, are little affected; r3 and r6 are in 
series with the detector. The remaining !4 and r5 (and 
their connection) present the main error. Their total 
impedance may be much higher than the impedance of 
either Cx or RA, making the voltage drop across them 
an important part of the applied voltage. 

T ying the detector to point A, places the lead 
resistance in the Cx arm and introduces an enormous 

D error; tying it to point B adds the lead resistance to 
RA, and the C measurement i s erroneous. Moreover, 

the lead inductance, if placed in series with a very 
la rge Cx, would cause a capacitance error even at 120 
Hz. Obviously some means of greatly reducing the error 
rs required. 

A seemingly natural way to compensate the leads 
effects would be to divide the voltage from A to B, in 

the ratio of RA to the unknown or RN to the Rs -Cs 
combination, therefore applying the principle of the 
Kelvin double bridge (long used for de res i stance mea
s urement) to an ac bridge. This would be done by con
necting another ptir of arms, similar to the RN and 

Cs-Rs arms, from A to B and connecting the detector 
to the junction of these arms (Figure 5-3). 

Corresponding variable components would be ganged 
to maintain the same ra tio in both sets of a rms. If the 
ratios between both p airs of arm s were exactly the 
same, there would be no error, however large the lead 

impedances might be. Unfortunately, the ability to 
track with a wirewound rheostat is limited at best by 
its resolution. In general , tracking to much be tter than 
1% i s difficult. When measuring 1 F , 20 mD of lead re
s i s t ance and a tracking accuracy of 1% s till produce a 
C error of over 2%. 
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D ADJUSTMENT 

'• 
Fig ure 5. 3. A four-t e rminal capacitance bridge 
using the Kelvin doubl e -bridge pr inc iple. For 
ac measurement an a complex impe dance, two 
gange d adjustments are necessary. 

5.1.4 THE BRIDGE CIRCUIT FOR HIGH 
CAPACITANCE. 

A unique feature of the Type 1617 Capacitance 
Bridge is the compensation arrangement used to measure 

high-valued (low-impedance) capacitors, as shown in 
Figure 5-4. 

BIAS 
SUPPLY 

EXT 
BIAS 
TERM 

r 
8 

Figure S-4. The basic circuit of the Type 1617 
bridge where a voltage equal to the error vol
tage, Ey, is placed in the opposite side of the 
bridge by a tightly coupled transforme r. 

I DEAL pw-i l'] 

Figure S-5. Equ ivalent circuit of 
the transformer. 

The creation of a voltage equal to Ey between the 
RN arm and the Rs-Cs arm solves the problem, because 
the lead error is compensated by the symmetry of the 
circuit. This is achieved by insertion of a 1:1 trans
former. Unfortunately, the transformer, bifilar wound on 
a high permeability core, is not perfect, as s hown by 
the equivalent circuit of Figure 5-5. Cc is a capacitor 
placed to "resonate out" some of the effect of the 

mutual inductance. The coupling coe fficient of the tran
s former differs fran unity by only a few parts per million. 

The bridge-balance equation yields the following: 

R c =2 c 
X R s 

A 

(r 4 + r 5) r6 C x (1 · c.,2Mcc) - (r 4 + r 5) (r 3 + rP) - Dx 

M RMR A 

- w2 MCc > _ (r 4 + r 5) culp + 

RARM 



This form is quite impracticable, but a little ex

amination will simplify the equation greatly. The first 

error term is taken into account in the calibr arion of RN. 

By construction, the transformer has very s mall leakage 

inductance, making the second, sixth, and seventh terms 

negligible. The addition of Cc reduces the error in the 
third and fifth terms. The equation becomes: 

Note that the important error terms are not constant 

but are functions of the changing RA and Cx, which 

makes canplete compensation impossible. 

The use of this scheme gives extremely good results; 

measurement of IF, with r4 + r5 = r6 = 20 mD, gives an 

error of approximately 0.1%. Therefore, the specification 

( 1% for C) makes allowance for connecting leads of 

considerabl e length when large remotely located cap
acitors a re measured. 

5.2 GUARD CIRCUIT. 
Whenever s tray capacitances are an important per

centage of the capacit ance of the unknown, s hielding 

i s necessary to prevent error. The addi tion of a shield 

to prevent s tray capacitances across the unknown re

su lt s in an appreciable capacit ance created by the 

s hield itself, and a guard roint is required tokeepthese 

capacitances from affecting the measurement. The 

guard circuit o f the Type 1617 Capacitance Bridge, 

th erefore, advantage rusly permits remote and 3-terminal 

measurements (refer to paragraph 3. 1.4). It is also 

useful in tha t it trevents the internal shields from in

troducing other s tray cap acitances. 

The junction of the RN and Rs-Cs arms (point A, 

Figure 5-6) i s u sually used as guard JX>int in RC bridges . 

The capacitance from A to the + UNKNOWN terminal 

shunt s th e detector and causes no error. The capaci

t ance from A to ground shunts th e R s-Cs arm but i s 

comparatively so small tha t it can be neglected. How
ever, the Type 16 17 can apply 600 V across the un

known, therefore across the Rs-Cs arm, placing the 

guard point at a potential of 600 V, a rather unde s irable 
situation. 

To a void thi s dangerous s ituation, a unity-gain am

plifi er i s connec ted between thi s passive g uard point 

and the actua l g uard terminal , G, as s hown in Figure 

5-6 . The output o f the amplifier is clamped to ground 

by a rectifie r, so that G is never a t a high potential, 

Figure 5.6. The guard circuit with respect 
to the bridge . 

even 1n case of an accidental short from the guard to 

the +UNKNOWN terminal. 

The performance of the guard circuit 1s measured 

by its gain and o utput impedance. The capacitance from 

the + UNKNOWN terminal toG (CA) in effect shunt s 

the unknown, but with a value reduced by a factor of 
1-K. The gain, K, of the unity amplifier is approximately 

0 .999, so that 1000 pF to GUARD is equivalent to app

roximately 1 pF aero ss C . Capacitance from G to 

ground (C ) has no effect b~ itself, but it does reduce 

the effectfveness of the GUARD because of the limited 

output impedance of the amplifier. The effective capaci
t ance shunting the unknown is approximately: 

Co CACB 
C (1- KC C ) ~ C (l- K) + - C-

A o + B A o 

where Co is the output capacit ance of the guard 
circuit ( 10 p}'). 

The resistor in series with the guard protects th e 

grounding rectifier from excessive current and has a 

lower impedance than the 10 pF output capacitor a t 

120Hz. 

A shorted GUARD terminal does not damage the 

guard circuit, but impairs the accuracy of the bridge. 

5.3 THE INTERNAL GENERATOR. 
The generator can be conside red a selective filter 

operating on the rectified line voltage, or an oscillator 

synchronized to the line. The former is probably more 

accurate because the circuit would not oscillate when 

powered by a supply having low ripple. 
The filter circuit is a simpl e Wien-bridge feedback 

arrangement, with two arms formed by the RC-Wien ne t

work, and the other two by the l evel-adjustment divide r. 

The line voltage is full-wave rectified, to supply a 

sign al rich in the 120-Hz component, and the filter 

capacitor i s purposefully small so tha t a great amount 
of this signal reaches th e input s tage by means o f th e 
bias resistor (R217). 

The compound (Darlington) output s tage drives th e 

primary of the input tran s former a t a level of about 5 V, 

rms. This tran s former isolates the generator circuit 

from th e capaci t ance bridge, whi ch may h ave 600 Vdc 
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applied to it. It also provides several output voltages 
by means of secondary taps selected by the GEN 
LEVEL switch. 

5.4 INTERNAL DETECTOR. 
The detector for this bridge 1 s ungrounded and yet 

powered by the line, even though the bridge signal is a 
line harmonic. This makes the limitation of hum pickup 
both critical and difficult. Extensive shielding and 
guarding, both in the transformer and the leads, keeps 
the pickup negligible and controls the stray capacitances 
to ground. 

The detector circuit is a straight-forward selective
amplifier circuit. The input stage has a high input 
impedance to avoid loading the bridge on the lower 
ranges (when it presents a very high impedance to the 
detector). The selective stage is made "flat" by un
grounding the twin-T selective circuit, when the func
tion switch is in the EXT GEN position. The output 
stages form an amplifier capable of high compression, 
accomplished by a diode network in the feedback volt
age divider. This compression gives a "semi-logarith
mic" characteristic to the meter response, a llowing 
balances over a wide dynamic range without repeated 
adjustments of the DETECTOR SENSITIVITY poten
tiometer (R443). No connection to the detector output 
is available on the panel of the Type 1617 Capacitance 

Bridge because it is very rarely necessary. However, 

the use of a shielded transformer (GR Type 578-A or 
-B) connected to the detector board (Figure 5-7) will 
make this output readily usable if it i s required. 

GR578 A ORB 
r---------. 
I ---..,r--- I 

------ I I 11 I I 
---1::l~_--_.,.....-____ -_..,._....--if--+l _:_I ---...,II~ I I 

I 1 II I I 
----- - I 1 II I I 

AT409 --tr-_-_-_-_- _-_-+---..;1......;.,---'11 I I 
'- - - J L - - -' I 

L_ _ Wl_g_l..2 ___ J 

AT410 

:OUTPUT 

1617-39 

Figure S-7. Connections to the detector etched board 
to make the detector output available. 

5.5 THE BIAS VOLTAGE SUPPLY. 
The bias-voltage supply is connected 1n sen es 

with the input transformer and bridge as shown in Fig
ure 5-8 , so that the full de is applied to the capacitor 
being measured. The ac signal is applied to the bridge 
in serie s with the de s upply, which therefore must pre
sent a low ac impedance at its output to avoid a seriou s 
re duction of the ac voltage applied to the bridge when 
l arge capacitors are meas ured. This requirement is met 
by placing a capacitor at the output of the de s uppy to 
present a low i mpedance to the ac s ignal. T hi s capacitor 
must be able to charge to the full bias voltage. A dif-
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BYPASS CAPACITORS 

Figure S-8. The l.iasovoltage supply and its battery 
of bypass capacitors. 

ferent capacitor, offering the lowest impedance at the 
required voltage, is switched in as the bias voltage 
range is changed (giving optimum conditions at all 
times). 

The high-voltage supply itself is a series-regulator 
circuit, using a high-voltage vacumm tube as the series 
element and transistors for additional loop gain. The 
supply is adjustable both continuously and in s teps . 
The continuous adjustment i s accomplished with an 
adjustable reference sampled by one side of the differ
ential input stage. The other input samples the voltage 
across a fixed resistor in series with the switched range 
resistors. 

On the 2-V range, the s ampling resi s tor (R214) is 
tied directly to ground and the adj ustment span is set 
for 2 V, maximum, by means of R208. Thus, 1 rnA flows 
in the sampling resi stor for a full- scal e setting. This 
condition is still met when resistors are placed between 
the sampling resistor and ground, making the maximum 
output voltage (in volts) for each range equal to the 
value of the tota l resistance (in kilohms) added, plus 
2 v. 

It should be noted that all the regula tor circ uitry 
may be off ground by the full bias voltage and, there
fore, the bias s hould be set to a low voltage range 
when this circuit is to be servi ced. 

5.6 ORTHONULL® 

Orthonull is a mechanical device that improves the 
bridge balance convergence when high-D capacitors 
are measured. Ordinarily, balances with such components 
are tedious and often impossible, due to the "sliding 
null" resulting from the interdependence of the two ad
justments. Rapid balances are possible with Orthonull, 
which does not affect the electrical bal ance conditions 
but which does help avoid fal se null s, improving bridge 
accuracy for high-D measurement s . Th e unbal ance 
vol tage of the bridge , that i s the voltage exi s ting 
across the detector before balance is achieved, can be 
expressed as follows: 



Ein ~ 

(Z 1 + Z 2) ( 1 + Z4) 

where zl, z 2, z3, z4 are the impedances of the 

four arms. 

For the bridge of Figure 5-1: 

Rx + 1 _ R AR s + 1 

I:i enominator 

We will assume that the denominator is more or 
less constant in the region of the null. The numerator 

J S the difference between the unknown impedance 

Rx + -. _1_ and what can be called the "bridge impe-
j wCX 

dance". The bridge output is proportional to thi s differ
ence, which i s the distance between them on the com

plete plane. To balance the bridge, the bridge impedance 
is varied by adjustment of RN (the C dial) and Rs 
(the D dial), until it equals the unknown impedance. 

An adj ustment of Rs vari es only the real part of the 
bridge impedance, whereas the adjustment of RN varie s 
both part s, and is therefore a multipli er o f the bridge 
impedance. Thus, adjustment of R s moves the bridge 
impedance horizontally on the complex plane, while 

adjustment of RN moves it radi ally (see Figure 5-9). 
Each control i s adju st ed for a minimum voltage. 

X 

RN VARIED 

~----------------~ R 

LOCI OF RN AND R5 ADJUSTMENTS 

ON Z PLANE ,.,.., 

Figure 5.9. Loci of Rn and Rs ad
justments on the Z plane . 

When X» R (i.e., when D i s low) these t wo adjust· 

ments are almost orthogonal, and rapid convergence i s 
possible. When Dis high, however, the adj us tment be· 
comes more parallel and convergence i s s low, causing 
a "sliding null", as shown in F igure 5-10, where D = 2. 
With higher D' s, convergence is even s lower. 

The Orthonull device makes the two adjus tme nt s 

orthogonal by nonreciprocally ganging RN and Rs. 
From the equation, it i s apparent that if R 5/ RN re
mained cons t ant as RN was varied, only the imaginary 
part o f the bridge impedance would change. But when 

X 

1.8 

1.6 

1.4 

2.0 

UNKNOWN AT (2,1) 

D=2 

22 2.4 2.6 
R 

1650-33 

IDEALIZED BALANCING LOCI D= 2 

Figure s .. JO. Loci of "sliding null" balances. 

R 5 is adjusted, RN must not move, to vary only the real 

part. The solution i s a simple friction clutch to permit 
nonreciprocal action. Both the inhe rent difference in 
friction of the two rheostats and the pulley ratio favor 

torque transmission is the desired direction. 

The ratio R 5/ RN . must be constant for variatio n in 
RN for any initial settings of RN and R5 , since R 5 may 

be moved independently of RN. This requires rheost a t s 
with exponenti a l characteri stics (and logarithmic dials). 

T he D rheost a t i s a 54-dB exponenti a l potentiometer. 
The C rheostat is exponential in the dial range from 1 

to 11 , and linear below 1. Thus, for correct Orthonull 
action, the C di a l mus t al ways be set in the range 
above 1. 

The advantage of Orthonull i s illustrated in Figure 

5-11 , which i s a plot of the number of adjustments 

necessary for a bal ance. Not only does the Orthonull 
reduce the number of balances, but it perrni ts 1% mea
surements that would otherwise be impossible with D 
above 3, due to the finite resolution of the D rheostat. 
This fi nite resolution causes the meter indica tion to 

vary in jump s when Orthonull is used a t D's above 3. 
However, by selection of the best null, 1% accuracy i s 
possible with D's of more than 5 and 20% with D's of 10. 

5.7 THREE-AND-FOUR-TERMINAL MEASUREMENTS. 

5.7. 1 GENERAL. 

Stray impedance s - the plague of preci se metrology 

- are of two kinds : shunt and seri es impedances. For
tunately, in the case of capacitance measurements, 
they are rarely both important at the same time. The 
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Figure 5- 11. Number of adjustments to obtain balance versus D. 

s hunt impedances introduce error in low-capacitance 
measurements and are corrected by 3-termin al measure

ments. The series impedances are important in the 
measurement of high capacitance (low impedance) and 
necessitate 4-terminal measurements . 

5. 7. 2 THREE-TERMINAL MEASUREMENTS. 
The shielding of a low-valued capacitor prevents 

the direct shunting of the unknown by a stray capaci
tance. However, the shield is, in effect, a third terminal 

and there may be appreciable capacitance from the ter
minal s of the unknown to the shield (Figure 5-1 2). 

GUA RD 

Figure 5- 12. Measurement of o cop
ocitor Cx with o shielded lead end 
the resulting stray copocitonces. 
The shield prevents stray capacitance 
from being set up directly across 
the unknown. 

The objec t i s to e liminate C A and Cs from th e 
direct measurements o f Cx . T hi s can be accompli s hed 
by measurement of s hort-circuit trans fer a dmittance, 

J:' , of the ci rc uit of Figure 5-13. 
tn If the source and the ammeter have zero impedance, 

the meas urement i s independent o f C A and C8 and : 
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The Type 16 17 Capacitance Bridge uses an active 
guard circuit to achieve the same result (refer to para
graph 5. 2), 

SHIELD (TO GUARD) 

Figure 5-13. Elimination of the effect of the 
stray capacitances CA end CB by o short· 
circuit transfer-admittance measurement. 

5. 7. 3 FOUR-TERMINAL MEASUREMENTS. 
A high-valued capacitor is little affected by a shunt 

s tray capacit ance but, because of its low impedance, it 
1s very much affected by a series stray impedance 

(such as lead resistance). Here, a measurement of 

transfer impedance, ~IE , wi ll eliminate the effect of the 
tn 

leads (Figure 5-14) if both the source and the volt-

meter have infinite impedances; _IE.a = Z 2 1 is exactly 
1 n 1 

the impedance from A to A 1, i. e. , J wC . This method 

shows quite clearly why in a 4-terminal Eomponent, two 
terminals (C, C ' ) are usually labelled the "current" 

terminals and two, (P, P ' ) the "potential" t e rminal s . 

The Type 1617 uses a similar, if not exactly iden
tical method of measurement. Its two out er connectors 
can be considered "current terminal s" and the inner 
connectors "potential termi nals". 

It is interesting to note that there are some appli

cations where both series and shunt stray impedances 

affect the unknown enough to require that both 3- and 

4-terminal techniques be used at the same time. Ex
amples are : very high preci sion measurements on 
s t andard capacitors o f medium va lue, 1 high-fre quency 

measurements on cap acito rs and measurements on re

motely located components (refer to paragraph 4.5.1). 

c p 

Figure 5-14. Elim ination 
of the lead impedance by 
o transfe r-impedance me a
sure me nt. 

lR. D. Cutkosky , "Four T ermina l P a ir Network s a s Prec i s ion 
Pair Networks ," IEEE Tra ns ac tion s on Communic a rion a nd 
E lectronics , ff 70, J a nu ary 1962 , page 19. 



I 

O EXT 
O BIAS 

RN 
C ADJUST 

Figure 5- 15. Simplified schematic of Type 1617 Capacitance Bridge showing 

three measurement modes: null , voltage, and current. 

5.8 GENERAL. 

The interrelationship o f the several circuits that 
make up the T ype 1617 Capacitance Bridge will become 

more apparent by reference to Figure 5· 15, a simplified 
schematic description of the complete instrume nt. 
Co mprehensive circuit details are presented in the full 
schematic drawings shown i n Section 6. 
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Service and Maintenance-Section 6 

WARNING 
High voltages, constituting potentially lethal shock hazards, exist in the circuitry 

inside the case of this bridge. 

If troubleshooting is necessary, it should be performed by qualified personnel familiar 
with the hazards inherent in high-voltage circuits. 

6.1 WARRANTY. 
We warrant that each new instrument manufactured 

and sold by us i s free from de fect s in material and 
workmanship, and that, properly used, it will perform 
in full accordance with applicable specifi cations. 

6. 2 SERVICE. 
The warranty stated above attests the quality of 

materials and workmanship in our products. When diffi · 
culties do occur, our service engineers will assist in any 

way possible. If the difficulty cannot be eliminated by use 
of the fo llowing service instructions, please write or phone 
our Service Department (see rear cover), giving full informa

tion of the trouble and of steps taken to remedy it. Be 
sure to mention the serial and type numbers of the instru· 

ment . 
Before returning a n instrument t o General Rad io 

for service, please write to our Service Department or 

neare s t Di s trict Office, requesting a "Returned Materia l 

Tag" . Use of this tag will ensure proper handling and 

identification. For ins trume nts not covered by the war· 
ranty, a purchase order s hould be forwarded to avoid 

unnecessary delay. 

6.3 TROUBLE ANALYSIS. 

6.3.1 PRELIMINARY CHECKS. 
If satisfactory balances are diffi cult or impossible 

to obt ain, make the following external checks fir st. 

l. Is the instrument connected to th e line? 

2. Is the power on? 
3. Is the unknown connected correctl y? 
4. Ar e all th e panel control s set properly? 
S. Are a ll the s horting links in place ' For 2- and 

3-te rminal measurements , link the two positive terminals 
and link the two negative terminal s . The link on the 

EXT BIAS terminal s s hould always be connected if the 
terminal s are not in use. 

6. Is the unknown what it i s thought to be' Try 
measuring a known component. 

7. Is the 0 so high that Orthonull should be used' 

8 . Is the SENSITIVITY contro l on' 

6.3.2 TROUBLE ANALYSIS. 
The Type 16 17 Capacitance Bridge i s se lf-contained 

and incorporates six major circuit s, the generator, the 
detector, the g uard and tri gger, the bias supply, the 

meter and the bridge; one or several of these may 

become defective. 
A component i s connected and balance is attempted. 
l. NOISY OR ER RATIC BALANCE. Thi s may be 

due to surface contamination of the wirewound C and D 

co ntrol rheostats. Contamination can form if the bridge 

is le ft idle for an extended ~riod and can be eliminated 

by ro tating th e contro ls several times. 
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2. WRONG VOLTAGE INDICATION. 
If the bias was applied and it appears that a 

wrong result is obtained, a d-e vcltmeter across the 
unknown will read the actual value of the de bias ap

plied. If this is not what was intended, or shown by 
the meter, the internal supply is faulty, proceed to 
paragraph 6.4.3 (see also paragraph 3.4). 

3. CAPACITANCE MEASUREMENT ERROR. If 
the measurement was guarded (3-terminal) and it ap
pears that the guard does not accompli sh its pur· 
pose, proceed to paragraph 6.4. 4. The proper function
ing of the guard when measuring a small capacitor 
( <o.o 1 pF) is checked by connecting a capacitor 
(around 1000 pF) from the guard to the positive terminal. 
If the reading is not appreciably changed, the guard is 
operative. Loss of proper guard action can cause 
errors in the highes t a s well a s the lowe s t C ranges. 
Check guard if error appears on those ranges (see above). 

Finally, if the balance obtained is known to be 
erroneous, some bridge circuit component is faulty, 
(refer to paragraph 6 .4,6). 

4 . NO DEFLECTION. A proces s of elimination 

will locali ze the trouble. 
a. Connect an external generator ( 120 Hz g1vrng 

5 V, rm s); the Types 1310 or 1311 oscillators are well 
sui ted for the purpose. If balance is obtainable, the 
internal generator is faulty (refer to paragraph 6.4. 1). 
If nothing happens, proceed below. 

b. Detector and Meter Check- Keep the external 
generator connected and set controls as follows : 

MULTIPLIER switch to 100 pF. 
C Dial to 10. 
D Dial to 1. 

GEN LEVEL MAX VOLTS to 0.2. 
DETECTOR SENSITIVITY fully clockwi s e . 

c . Di s connect the link at the two po s itive UN
KNOWN terminals , thu s iso lating the detector input and 
connect an oscillator between AT401 * and AT40 2. A 

signal from thi s o scil l ator of approximately 0, 5 V at 
120 Hz s hould drive the meter full scal e. This meter 
s hould pe ak at 120 Hz ± 2%. 

If the check i s negative , either the detec tor or the 
me ter i s faulty . Connect an e xtern a l indi cator ( ear
phones, s cope . . . ) to the detector output (refer to 
paragraph 5.4 and Figure 5-7) and again look for thi s 
s ign al. If it i s there, th e me ter is faulty; if it i s not 
the detector i s to be repaire d. Proceed to paragra fh 
6 . 4.2. 

*Th e anc h or t e rmin a l s ( AT) a re the mo s t a ccess ibl e t es t 
po ints , th e y a re on one s ide of th e e tc h ed board s (sec F ig
ures 6- 7 thro ug h 6- 9). The AT is us ual ly omitte d o n th e board 
All an c hor te rmin a l s with the same f irs t dig it (4 in AT 40 1) 
a re on th e s a me board. 
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5. EXCESSIVE DISCHARGE TIME. On the high· 
voltage ranges, high-capacitance ranges, and combina
tions of high capacitance/ high voltage, where lethal 
charges may be present at th e UNKNOWN terminals, the 
circuit is designed so as to discharge the capacitor 
being measured very quickly. Therefore, when the 
BIAS CHARGE-DISCHARGE control is switched to 
DISCHARGE, the CAPACITOR CHARGED lamp should 
go out almost immediately. 

When measuring high-value capacitors at low volt· 
tage, it may take up to several seconds to drop the 
bias voltage below 1 volt and therefore have the lamp 
go out, but this is not a dangerous condition. 

If the time required for discharge is excessive, it 
may indicate a burned-out di s charge resi stor (R178 
through R181), or a faulty discharge switch (S106). 

6.4 DETAIL TROUBLE ANALYSIS (Figure 6-1). 

6.4.1 GENERATOR. 
Set the function switch to INT 120 C, the MULTI

PLIER switch to 1 11-F , ana connect a scope across 
R115 (on switch S102). The waveform (120 Hz) should 
be free of distortion and have an amplitude equal to the 
setting of the GEN LEVEL MAX VOLTS switch (S105). 
If the level is incorrect adjust R222. (Too high a 

level causes waveform distortion). If some, but not all 
three, voltages are obtained, check switch S105 for 
proper contact and check the secondary taps of T101 
for open-circuit indications. If the correct ac output 
cannot be obtained, check the de level s within the 
generator circuit (Table 6-6) and the ac voltages at 
transformer o utput T501 (Table 6-l). 

.-------Table 6-1 ------. 

Transformer Secondary Yo ltages (T 50 1) 
With 115 V Into The Primary 

(Figures 6-2 and 6-10) 

Pins 

S-6 
7-8 
8-9 

10- 11 
11-12 
13- 14 
14- 15 
17g18 

6 .4.2 DET ECTOR. 

Voltage (rms ) 

9.6 v 
4.8 v 

15.3 v 
110 v 
155 v 
llOV 
6.0 v 

15.0 v 

With 0. 5 mV appli e d (paragraph 6 . 3. 2), Tabl e 6- 2 
shows typi cal waveforms and amplitudes. Check the 
de voltages as in T able 6-6 . 



SI02 SI03 MIOI SI04 SlOG 

R205 

SI05 

RI02 

RIO I 

PI03 

S501 PI02 
Figure 6- 1. Front v iew of the Type 1617 Capac it a n ce Bri dge. 

r-----Table 6-2------, 

Waveforms in the Detector Circuit 
(F igure 6-2) 

AT403 "-'0.04 V 
Coll., Q405 "-'0.02 V 
Emitt . , Q407 
Coil. , Q408 
AT408 

"-'0.8 v 
"-' 2.5 v 
"-'0.4 v 

6.4.3 INTERNAL BIAS SUPPLY. 
To check the internal bi as supply: 
a. If the measured vol tage is correct on all ranges 

but the indication of the Type 1617 meter differs from 
the measured value-

Adju s t Rl83 (VOLTAGE RANG E s witch on 2 V). 
Check the meter-range resistors (Rl58 through 

Rl63) for proper value (on second deck of Sl03). 
b. If the measured voltage is wrong on only some 

ranges, check the values of the resistors of the fir st 
deck o f Sl03 and the switch contacts associated with 
these resistors. 

AT40 3 'V_ 0 .04V 

0407 r\-. O.OBV 
EMITTE~ v __ 
0408 1\- 2.5V 
COLLECTOR v_ __ _ 

AT408 r'\j __ o.4 V 

c. The highes t voltage in each range is not equal 
to the value indicated on the switch l egend - adjus t 
R 208. If not sufficient, check all de levels as in Table 
6-6. 

d. If the de bias voltage varies with line voltage, 
check the 7239 tube and the tran sistors of the circuit 
(Table 6-6). 



ANCHOR 
TERM IN 

R443 

DETECTOR CIRCUIT 
(FIGURE 6-10} 

GUARD AMPLIFIER 
AND TRIGGER 
CIRCUIT 
(FIGURE 6-8} 

\[' 
I 

HIGH VOLTAGE SUPPLY 

SI03 TI02 

SI02 

STANDARD 
CAPACITOR 

(CIOI} 

ORTHONULL 
MECHANISM 

AND INTERNAL GENERATOR 
(FIGURE 6-7} 

BYPASS CAPACITORS 
(CI02 THROUGH CI08} 

POWER TRANSFORMER 
(T50I} AND ITS COVER 

F igure 6 - 2. Rear interior view of the Type 1617 Capac itance Br idge . 

6.4.4 GUARD CIRCUIT. 
Observe that: 
a. The shield around the posltlve UNKNOWN ter· 

minals, and all the shielded cables from UNKNOWN and 
GUARD terminals are properly guarded. 

b. The lead connecting the unknown to the po s itive 
terminal is properly shielded. 

c. The guard-circuit amplifier is functioning. To 
do this, set the function switch to INT 120C, the MUL· 
TIPLIER swi tch to 1 ~, the C dial to 0, and s witch 
the bias off. Then the ac voltage measured between the 
GUARD terminal and ground should be the same as that 
measured from the positive unknown terminal to ground. 

A negative check is caused by a faulty amplifier or 
some shorted guard JX>int. To find out if th e amplifier i s 
operating, check the guard output a t AT307, with the 
white-yellow-brown lead di sconnect ed. If the amplifier 
is no t functioning properly check the de voltages in 
Table 6-6. 

6.4.5 TRIGGER. 

The trigger circuit should operate so that it fires 
the C APACITOR CHARGED lamp when a bias of 0.5 to 
1.0 volt i s applied to the UNKNOWN TERMINALS. 
Check the de voltage s if it do es not (Table 6-6). 
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6.4.6 BRIDGE. 
1 

For an unknown (R + £ ), the balance equations 
of the bridge are: 

X X 

_RA R N 
Rx -R""; R s and Cx = RA C s 

where RA and C 5 are fixed components. 

R N and R 5 are rheo stat s (C and D dials) and all 
four components have to be within tolerance. 

Check the calibration of the bridge by making the 
measurements of Table 6-3 . Six standard capacitors are 
shown ahhough any range can be checked using any 
capac it or of known value which falls within that range . 
Suitable capacitors include the Type 1409 Standard 
Capacitor, Type 1423-A Precision Decade Capacitor , 
a nd Type 1424-A and 1425-A Standard Decade Cap· 
acitors . 

If large s tandard capacitors are not available, the 
higher capacitance ranges may be checked by direct 
measurement of the ratiooarm re sistors, for these are 
the only components in the bridge that change with 
the range. These re s i stors (Rl03 through R112) may 
be measured with a de bridge. A Ke lvin, fourotermi nal 
bridge is necessary for the two highes t ranges , and 
preferable for the next two lower ones, to avoid errors 
due to lead re s i s tance. 



Table6-3 

Bridge Cal ibration Check 
Standard Connection MUL T IPLIE R C settinR 

Meas ure me nt Va lue No T erminals set ting ±1 % F aulty RA 

a 100 pF 3* IOOpF 1 R I I 2 
b 10 MF 3 I nF 10 Rill 
c 10 nF 3 10 nF RllO 
d 1 11- F 3 100nF 10 R109 
e 1 11- F 3 1 11- F R108 

100 11-F 4** 10 11- F 10 R10 7 
g 100 11-F 4 100 11- F 1 R106 
h 100 11- F 4 1 mF O. I R10 5 

10 mF 4 I mF 10 R10 5 

J 10 mF 4 10 mF 1 R104 
k 100 mF 4 100 mF RI0 3 

*three- termin a l measure me nt (t wo- lead cable ) 
** four-te rmin a l meas ure me nt (three- lead cable). 

The maw circuit diagram, Figure 6-I 3, indicates 

the te rmin al s on S10 1 that s hould be us ed for connec

tion. (The highe s t capacitance range uses the lo we s t· 
valued resi s tors e.g. , R10 3. ) The four high es t rang e s 
use a four-te rmin a l connecti on in the bridge. Each re
SIStor s hould be within 0.25% of it s nomina l va lue . The 
range s witc h s hould be set to a rang e other than that 
be ing measured to avoid error. The s ide pan of the 

in strume nt wi ll have to be removed for access to the 
hi gher-val ue unit s . 

The result s of the measureme nt s in T able 6-3 indi cate: 

I. When only one measurement i s in e rror the cor
re sponding fa ulty component is li s ted in T able 6- 3. 

2. Wh en all measurements a t e ither 1 or 10 on the C 

dial are in e rror, the C rheos t at i s in e rror a t 1 or 10. 

3. When all measureme nts a re In e rror by th e same 
percentage (value), the s t andard capacitor (C 10I) i s 
faulty. 

4. Wh en measurement s are in erro r by th e same 
arc of di spl acement, whe ther a t O. I or 10 on th e C di al 
(measurement f and h), the dial h as s lipped and is easi ly 
realigned. 

5. When all measurements and all fixed component s 
o f the bridge are within to le rance, if th e C rheost at is 
correct on th e 1 and 10 setting, it may s till be inco rrec t 

between I and 10 (refe r to paragraph 6. 5. 2). 

6.5 CALl BRATION PROC EDURE. 
T he few inte rn a l adjustments a re factory. set and 

normally do not require readjustment. Pro cedures for 
recalibra t ion a re included here but s hould be used on ly 
wh en the operator i s reaso nably certa in tha t it i s 
necessary. 

6. 5. 1 GENERAL. 

An impedance bridge with an accuracy of 0.25% or 
better is necessary; the Ty pes 1608 and 1656 Impedance 
Bridges can be used. 

If the trouble is narrowed to the ra tio a rm re s i s tors 
(R A) or the s t andard capacitor, ascert a in tha t they are 
wi thin tol erance s ( ±0. 25% for R A, ±0. 25% for Cs); 
change any defec tive unit. 

The C rheo s t a t can be recal ibra ted (paragraph 6. 5. 3); 
the D rheosta t i s fixed and on ly slipping of the di a l can 
be correc ted (paragraph 6. 5. 3); fin a lly the ortho null 
opera tion c an be checked (paragraph 6. 5.4). 

6 . 5.2 C CALIBRATION. 
If it has been found tha t the C rheosta t is fa ulty, 

i t can be re a djus ted by means o f it s jus ti fyi ng me chan
Ism. Two me thods can be used to do so . 

Direct Resi s t ance Measurement. The C rheosta t 
me chanical jus tifying mechani sm cons i s t s o f eight cam 
screws loc a ted on th e rear of the C rheost a t (see F igure 
6-2), numbere d from 1 t o 8 i n a cl ock wi se di rection from 
the s li t on the cam plate . T hey can be a djus ted by set

t ing them for the proper resi s t ances as indicated in 
T able 6-4. To reach the rheostat, remove two screws 

on each s ide of the inner pla t es, unsol der the connect
ing wire, a nd swing down the ba t tery of capacitor s . 

NOTE 
If these cam screws seem to be com
p le te ly out of adj us tment , preset cam 
s crew I four t urns from fully clockwise 
and preset the re ma ining screws two 
turns from fully clockwise, be fore at
t e mpting the a dj ustme nt procedure . 
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Table 6-4 

C Dial Cal i bration Ad justments 

(Figure 6- 2) 
Resis lrmrc * t l djusl Crnn 

Dial Renrli11g ()hillS F olC>r nurC> Srr C'II' 

0. 1 200 190 to 210 ±l/4 divi s ion 1 
0.6 1, 200 1190 to 1210 :11/ 4 divi s ion 2 
L3 2,600 2574 to 2626 (-! 1/ 2%) 3 
2, 2 4,400 4356 to 4444 (-! l/2%) 4 
3.6 7,200 7128 to 7272 ( :t 1/ 2%) 5 
5. 5 11,000 10,890 to 11,110 (:tl/2%) 6 
8. 0 16,000 15,840 to 16,160 (± 1/ 2%) 7 

11.0 22,000 21, 780 to 22,220 (:+ 1/ 2%) 8 

If, after ad justment , the cam pl at e i s too high or too 
low , reposition th e C dial on its s haft and repeat th e 
cam-screw ad justment procedure. 

Adjustment From A Measurement. A somewhat 

easier method (because it does not require a resist ance 

bridge) consists in connecting a variable capacitor (like 
the GR 1423 or 1413 Precision Capac it ors) to the bridge, 

and making the ba lance sett ing of the C dia l and the 

kn own value of C, agree by ad jus tment of the proper 

cam screw. 
Proceed as fo llows: 
a . Connect the variable s tandard of val ue S to the 

bridge UNKNOWN TERMINAL S. 
b. Set the MULTIPLIER on (M) and the C Dial on 

(C), so as to have S =(M) x (C) 
c . Balance the bridge with th e D dial and the cam 

screw (s) closest to the rheostat arm . 
d. Change S and C and repeat the procedure until 

all cam screw s a re adjusted. 

NOTE 

It is advantageous to choose the set · 
tings of the C dia l given in Table 6-4, 
because the cam screw to be adjusted 
is then directly under the rheostat a rm . 

6 . 5.3 D DIAL CHECK . 
To c heck the calibration of the D dial proceed as 

follow s : 

a . Set the MULTIPLI ER s witch to 100 nF. 

b. Set the C di a l on 5. 

c . Connect to the bridge a 1 . 0 ~ Standard Capaci · 
tor*, s uch as GR 1409 in serie s with a decade re s1s· 
tance box, such as a GR 1433 (Figure 6-3) . 

+ 

C :JO Figure 6 -3. 

H l H for R a n d C 

l - - AJ - check . 
~~~~ 
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Connect ions 
in t h e D·dia l 

d. Set th e re sistance according to Table 6-5 and 

observe that the bridge balances for the corresponding 

D setting. 
If the fir s t and last measurements are in error by 

the s ame arc or displ acement of the dial , then the di a l 
has slipped. If the errors are random, the rheostat is 
faulty (i t cannot be adjusted and has to be changed). 

Table 6-5 
Resistance Settings forD Check When C=1p F 

0 * Resistance Setting 

Setting 100Hz 120Hz 

0 .1 159 n 133 n 

1 1.592 kr2 1.326 kn 

3 4.775 kn 3.979 kn 

5 7.958 kn 6.631 kn 
10 15 .92 kn 13.26 kn 

•specified accuracy ± .001 ± 2% 

6.5.4 ORTHONULL OPERATION. 
With the lever in the NORMAL position, the C and 

D dial s mu s t operate indepe ndentl y of each other. 

With the lever in the ORTHONULL position , the C 
dial mu s t move the D dial but the D dial mus t not move 
th e C dial; if performance is different and - -

1. D di al moves C dial: 

ORTHONULL l ever- sp ring t ension is excessive. 

Turn the nut on the spade-lug co unterclockwise to re· 
duce tens ion. 

2. C dial doesn't move D dial: 
a. ORTHONULL l ever- spring tension is in s uf· 

ficient. Turn th'e nut on the spade-lug clockwise to 
InCrease ten s ion. 

b. L ever spring is broken or otherwise defective. 
c. Drive cable between C dial and D dial i s 

broken or off the pulley. 

*Actually any combinati o n o f C a nd R can be used. D = 
w R C h as t o c hec k wi th th e D settin g (wi thin s pec ifi cati on s ). 



Replace the ORTHONULL drive cable as follows 
(see Figure 6-4): 

a. Insert the cable ends through slots 1 and 2 of 

the D pulley and attach the eyelets to the springs. 

NOTE 

The cable is attached only to the D 
pulley at this time. 

Figure 6-4. Replacement of the Orthonull drive cable. 

b. Pull the cable until the eyelets are visible 
through holes A and B. Insert a pin or small nail through 
the hole s into the respective cable eyelet and release 

the cab le. The pin s hold the springs expanded to allow 
the cable to be threaded around the C pulley. 

c. Set the C dial to 1.8. Thread the cable from slot 
1, around the D pully in the groove nearest the panel 

and then around the C dial in the second groove from 
the panel. 

d. Continue the cable around the C p.1lley until it 
emerges from the third gr oove from the panel and return 
it to the D dial. 

e. The cable is now completely threaded and the 
pins can be removed from holes A and B. 

6.6 FLIP-TILT CABINET. 
Figure 6-5 shows the operation of the flip-tilt cab

inet and F igure 6-6 s hows detail s of the pivoting part 
of the flip-tile. 

TO OPEN 
-~ ----------, 

I ~ REST UNIT ON 

~ U' 1 FEET AS SHOWN 

· '- - - PUSH L ATCH BLOCKS 
- ' -T~ IN DIRECTION SHOWN 

I 

/ 

/ 

PRESS HANDLE DOWN 
AS FAR AS POSSIBLE 

FLIP INSTRUMENT 
OVER AND HOLD 
AT DES IRED TILT 

LET HANDLE UP " " ·" 

Figure 6 - 5. Operation of the flip-tilt cabinet. 

6.7 REPAIR AND REPLACEMENT. 
Defective parts indicated by the trouble-analysis 

procedures should be repaired or replaced. As an aid 
in the location of detail pares on the bridge, the etched
circuit boards used are shown in Figures 6-7, 6-8 and 
6-10. Figures 6-9, 6-11 and 6-13 contain the complete 
wiring schematic drawings for the instrument. Figure 
6-12 is a switch wiring diagram for from-panel controls. 

Reference designators used in all the fi gures are 
the same as those used in the parts list that follows. 

6.8 MINIMUM PERFORMANCE STANDARDS 

The following procedures for checking capacitance 
and dissipation-factor measurement accuracy of the GR 

1617 are recommended for acceptance and periodic tests. 
There are four basic tests : 

1. Capacitance Dial Calibration (see 6.8 .2) . 
2 . Capacitance-Range Accuracy (see 6.8.3). 
3. Dissipation-Factor Dial Calibration (see 6.8.4). 
4 . Dissipation-Factor Accuracy On All Ranges (see 

6 .8 .5). 

6.8 .1 EQUIPMENT REQUIRED 

To make the recommended tests the following equip

ment is necessary: 
1. A capacitance decade with range of 1 J.lF in steps 

of .01 J.lF and accuracy of 0.1 o/o or better. 
2 . A resistance decade with a range of 100 kQ, 

steps of 1 Q, and accuracy of 0.1 o/o or better. 
3. Capacitance standards or decades with values from 

100 pF to 1 F with accuracy of 1/4% or better. 
Table 6-7 lists recommended equipment which is 

fully specified in the appendix. 

6.8 .2 CAPACITANCE-DIAL CALIBRATION 

Set the 1617 MULTIPLIER switch to the x100 nF 
range and connect the decade capacitor. If the GR 1413 is 
used, the shield of the high terminal should be connected 

to the 1617 GUARD terminal. A GR 1423 can be used 

PIVOT PIN 

1617 CABINET 

SCREW BINDER " 
7040-0400 

LOCKWASHER . 
8050 - 0100 Fogure 6-6. De tail s of the 

1617-l6 

pivot assembly of the flip
tilt cabinet. 
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r------------------------------------Table6-6 ----------------------------------~ 
DC Voltages 

Test Conditions: 

GEN LEVEL MAX VOLTS = 0.5 
INT. 120 C GEN NORM 

Guard Amplifier (Figures 6-8 and 6-9) 

Emitte r 

BIAS VOLTAGE RANGE = 2 V 
LEAKAGE CURRENT RANGE = 60 1-'A 
BIAS CHARGE switch on 

~301 

Q302 

Q303 

8.75 v 
12.7 v 
18.2 v 

Positive side of C307 18, 2 

Coller! or 

12 .7 v 
17.8 v 
8 .95 v 

BIAS AD] control fully CW 
DETECTOR SENS control fully CCW 

MULTIPLIER = 1 1-'F 
C DIAL = 0 
D DIAL = 0 
J 101 tied to] 102, ] 103 tied to] 104 

AT310 2 V 

AT305 0 V 

Trigger (Figures 6-8 and 6-9) 

EmiJIP.r Coller t or 

All voltages to chassis ground unless otherwise stated. 

Q304 

Q305 
Q306 

ov 
0.480 v 
0.830 v 

0.025 v 
ov 
ov 

High Voltage Supply (Figures 6-7 and 6-9) 

V201 
Pin #1 
Pin #2 

Pin #6 

-5.80 v 
2 .35 v 

92 .0 v 
AT205 2V 
AT205 to AT206 2V on all ranges 

Emitte r Colle ctor 

Q201 -1LO V -5.80 v 
Q202 0.645 v -1LO V 

Q203 0.645 v -10.5 v 

AT207 0.007 v AT2ll ·18.2 
AT208 0,007 v AT301 142 v 
AT209 ·15. 5 AT303 142 v 
AT210 -15. 5 AT304 300 v 

Generator (Figures 6-7 and 6-9) 

Emitte r Collect or 
Q204 L20 V 8 .35 v 
Q205 8.50 v 0.910 v 
Q212 8,70 v 0.910 v 

AT201 4.5 v AT20 3 0 .62 v 
AT20 2 4. 5 v AT204 -0.00 3 

two-terminal (LOW terminal tied to case). Measure various 
values between .01 and 1 J.l.F and all should be within 
± 1% or ± 1000 pF. 

If any measurements are out of tolerance, refer to 
para 6.5 .1 and 6.5.2. 

6 .8 .3 CAPACITANCE-RANGE ACCURACY 

To check all ranges of the 1617, capacitance stan
dards from 1000 pF to 100 mF are required. Suggested 
standards are given in Table 6-7. 
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AT306 -L9 V 
AT307 -0.25 V 
AT308 -0.007 V 

Detector (Figures 6-10 and 6-Il) 

All transistor voltages are to 
detector low (AT402) 

Emitte r 

Q401 0.250 v 
Q402 3.00 v 
Q403 7.60 v 
Q404 5 .85 v 
Q405 13.3 v 
Q406 10.1 v 
Q407 5.70 v 
Q408 12.7 v 
Q409 19.0 v 
Q410 9.35 v 

AT 40 1 through AT 405 
AT407 
AT408 

AT409 
AT410 
AT411, 412 
pos itive side o f C407 

Collect or 

3.60 v 
7.80 v 

13.3 v 
13.2 v 
10.0 v 
6 .40 v 

12.6 v 
6 .1 0 v 

15.7 v 
18.8 v 

L9 V 
1.9 v 

2 v 
L9 V 
L4 V 

-0. 28 v 
15.9 v 

A decade box is suggested for values up to 1 J.J. F. If a 
GR 1413 is used, the shield of the HIGH terminal should 
be connected to the 1617 GUARD terminal. A GR 1423 
can be used with a two-terminal connection (LOW tied to 
case). The shielded lead set (P/N 1617-2200) should be 
used for low values. 

To check the lowest range of the 1617 , first measure 
the "zero" capacitance of the bridge, standard, and lead 
arrangement . For the GR 1413 this can be done by setting 
the 1413 to zero value and making a measurement obtain-



,----------- Table 6-7 

Equipment for Minimum Performance Test 

Eq ui pme nt Reco mmended 
Decade Capacitor GR 1423 or GR 1413 

Decade Resistor 

Standard 100 p F to 

1 11F 

Standard 1 11F to 1 F 

GR 1433-M (or X, B, F, G or H) 
GR 1434-M (orB, X or G) 

GR 1423 or GR 1413 Ca paci

tance Decade 

GR 1417 or 

GR 1426 

See Appendix for full specifications 

ing Co . For the GR 1423 , disconnect the high lead , sup

port it at least an inch away from the 1423 panel, and 

make a measurement of C0 . Then set the decade box to a 

value of 1000 pF and make a second measurement, C 1 . 

The val ue of C 1 -C0 should be within 1000 pF ± 1%. 

The same zero connection should be used if the next 

range is checked at 1/10 D full scale (1000 pF) but has 

almost negligible effect at full scale (10 JlF). 

The higher ranges of the 1617 require high-valued 

standards such as the GR 1426 or GR 1417-The four· 

terminal lead set (PIN 1617·2210) should be used (and the 

shorting links on the 1617 terminals disconnected) . For 

very high values, it is preferable to tightly twist together 

the two inner leads to reduce mutual inductance (see 

para 3.1.5). 
The connections to the 142 6 a re between corres-

ponding terminals, T he connec· 

.---------- Table 6-8 -----------. 
Test Connections 

1417 Connections 

1617 Terminal "A" " 8 " 

- UNKNOWN (outside) +POTENTIAL -CU RRENT 

- UNKNOWN (inside) +CURRENT -POTENTIAL 

+ UNKNOWN (i nside) -CURRENT +POTENTIAL 

+ UNKNOWN (outside) - POTENTIAL +CURRENT 

tion to the 1 4 17 depends on the 1617 range as shown in 
Table 6-9. The two connections, A and B, are given in 

Table 6-8. 
The accuracy of both the 1426 or the 1417 can be 

checked by determining the value at the 1 JlF setting. This 

can be done, using the 1617, by first measuring the 1426 

or 1417 and then, leaving the 1617 C dial untouched, re· 

balance the 1617 with a precision decade capacitor con

nected , using only the decade's adjustment and the 1617 
D dial. The indicated value of the decade capacitor shou ld 

be 1 JlF , within 1/4%. 
The accuracy of the 1617 calibratio n can be im

proved by using the value of the 1426 or 1417 at 1 JlF, as 
determined above, as the nominal value at higher settings 

(when multiplied by the appropriate factor of 10). 

6.8.4 DISSIPATION-FACTOR DIAL 

The D dial of the 161 7 can be checked b y connecting 

a series combination of a decade resistor and a 1 JlF capa

citor to the 1617 and making bridge balances at vario us 

Table 6-9 

CALIBRATION WI TH 1417 

1417 1617 Gen Nom c D D 
Setting Multiplier Connection Levei(V) C Read. To I. Nominal To I. 

1 JlF 100 n F A orB 2.0 10 ± 1% .01 ±.001 

1 JlF 1 pF A orB 2.0 1 ±1% .01 ±.001 

10 pF 1 pF A 2.0 10 ± 1% .008 ±.001 

10 pF 10 JJF A 0.5 ± 1% .008 ±.001 

100 pF 10 pF A 0 .5 10 ± 1% .009 ±.001 

100 p F 100 pF A 0 .2 1 ± 1% .009 ±.001 

1 mF 100 pF B 0.2 10 ± 1% .01 ·±.001 

1 mF .1 mF B 0 .2 ± 1% 

10 mF 1 mF B 0 .2 10 ± 1% .01 ±.0011 

10 mF 10 mF B 0.2 1 ±1% 

100 mF 10 mF B 0 .2 10 ±1% .01 ±.002 

100 mF 100 mF B 0.2 ±2% 

1 F 100 mF B 0 .5 10 ±2% .01 ±.011 

NOTES (I) Use 141 7 frequency setllng corresponding to test frequency. 
(2) Make two measurements with 1617 input reversed and take average. 
(3) Twist leads at high C values (See para 3.1.5.) 
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resistance settings. The D dial should read 2 7TfRC, to 
within the D-accuracy specification where R is the resis
t ance of the decade resistor, C is 1 Jl F, and f is the test fre
quency in Hz. Suggested resistance settings and the result

ing D readings are given in Table 6-5. 

6 .8.5 DISSIPATION-FACTOR ACCURACY. 

The dissipation factor can be checked o n vario us 

ranges by using series R-C combinations as described above. 
Only one check for each range is required to ensure that 
the bridge range resisto r (ratio-arm) is not introducing 
phase shift and hence D error. This check should be made 

at a low D value for greatest resolution. 
Some care must be used when checking the lo west 

capacitance range, for stray capacitance can cause an appre
ciable D error. It is preferable to the fi xed resistors of 

known value. 
The D accuracy of the higher capacitance ranges can 

be checked with the GR 1417 four-terminal capacitance 

standard. The D value that should be read on the 1617 at 
balance (within the 1617 tolerance) is given in Table 6-9 as 
the no minal D value. At higher capacitance values, this 

check sho uld be made only when the capacitance dial is 
balanced near full scale, because t he lead resistance of the 
141 7 causes excessive D errors at lower settings. Use pre

cautions noted at the bottom of Table 6-9. 

6.9 KNOB REMOVAL. 

If it s hould be necessary to re move t he knob on a 
fr ont-pane l control , e ither t o replace one that has been 

damaged or t o rep lace the associat ed control , proceed 

as follows : 
a . Grasp the knob firmly with the fingers and pull 

the knob straight away fr om t he pane l. 

CAUTION 

Do not pull on the dial to remove a dial / 

knob assembly. Always remove the knob first. 

b. Observe the position of the set screw w the 
bus hing, with respect t o any pane l marking (or a t the 

fu ll ccw pos ition of a continuous control ) . 

c . Re lease the set screw and pull the bus hing 

off t he s haft. 
d . Remove and re t a in the blac k Ny lon thru s t 

was her, behind the di al/knob assembl y, a s appropriate . 
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NOTE 

To separate the bushing from the knob, if 
for any reas on they s hould be combined off 

the ins trume nt, drive a machine t ap a turn 

or t wo into the bus hing for a suffic ient grip 

for easy separa ti on. 

6. 10 KNOB INSTALLATION. 

T o ins t a ll a knob assemb ly on the control s ha ft: 

a . Place the black Ny lon thrus t washe r over the 

c ontrol s haft , if appropriate . 
b. Mount the bushing on the s haft , using a sma ll 

s lotted piece of wrapping paper a s a s hi m for ade qu a te 
panel clearance . 

c . Orient the set screw on t he bushing wi th re 

spect to the panel-marking index and lock the se t screw . 

NOTE 

Ma ke s ure th a t the end of the s ha ft does not 

protrude through the bus hing or the knob 

won't s et properly . 

d. Place the knob on the bus h ing with the reten 

tion s pring oppos ite t he set sc rew . 
e. Pus h the kn ob in unti l it bottoms and pu ll it 

s lightly t o c heck t hat the re te ntion spring is seated w 

in t he groove in the bushing . 

NOT E 

If the re te ntion s prmg w the knob comes 

loose, re ins t a l l it in the inter ior notch with 

the s ma ll s lit in the outer wa ll. 

6.11 METER WINDOW CARE 

The clear acrylic meter window can become suscep

t ible to electrostat ic-charge buildup and can be scrat ched , 
if improperly cleaned. 

It is treated inside and o ut in manufacturing with a 
special non-abrasive ant i-static solution , Statnul , w hich 
no rmally should preclude any interference in meter o pera
tio n caused by electrostatic effects. The problem is evi
denced by the inability of the meter movement to return 
promptly to a zero reading, once it is deenergized. As sup
plied by General Radio , the meter should return to zero 
reading wit hin 30 seconds, immediately fo llowing t he 
placement of a static charge, as by rubbing the outside sur
face . This meets the requirements of ANSI standard C39.1-
1972 . 

If st atic-charge problems occur, possibly as t he result 
of frequent cleaning, the window should be carefully 
polished with a soft dry cloth , such as cheesecloth or nylon 
chiffon . Then , a coating of Statnul should be applied with 
the polishing cloth . 

CAUTION 
Do not use any kind of solvent. Kleenex or 
paper towels can scratch t he window surface. 

If it should be necessary to place limit marks o n the 
meter window, paper-based masking tape is recommended, 
rather than any kind of marking pen , which could be abra
sive or react chemically with t he acrylic. 



ELECTRICAL PARTS LIST 

HIGH VOLTAGE SUPPLY & GENERATOR PRINTED CIRCUIT BOARD 160 HZl P/N 1617-2720 

REFDES DESCRIPTION 

201 C~P ALUM 16 UF 150V c 
c 
c 
c 
c 
c 
c 
c 

202 CAP CER SO .10UF 80/20PCT 100V 
203 CAP CER DISC 1000PF 80/20PCT 500 
204 ChP MYLAR .1UF 2 PCT 100V 
205 CAP ~YLAR .1UF 2 PCT 100V 
206 CAP ALUM 40 UF 6V 
207 CAP ~LUM 100 UF 25V 
208 CAP ALUM 100 UF 25V 

CR 201 
CR 202 
CR 203 
CR 204 
CR 205 
CR 206 
CP 207 
CCI. 2 08 
CR 20'l 
CCI. 2 10 
CR 211 

Q 201 
Q 202 
0 203 
Q 204 
c 205 
0 212 

DIOOE RECT IFIER 
DI ODE R EC TIFIE'R 
ZEII!FR 1 '19768 
lf'NFR 1N967~ 

ZF.~IER 1N957R 
DIO cH' R.ECT!f'IER 
D TOn F. R FC T I F IF: R 
DIOD" R ECTI<=I~R 
Dlf10E RECTIFIER 
DIODE RECTIFIF:R 
ZF.NFR 1N97613 

1N4003 
1N645 

43V 
11\V 

6.8V 
1N4003 
11114003 
1N4003 
1N4003 
1N4003 

43V 

TRaNSIST C'R 2N3414 
TRANSISTOR 2N3702 
TRANSIST~P 2N3702 
TRANSISTOR 2N1304 
TRANSIST OR. 2Nl305 
TR A 'lSI S Tr)R 2N 1544 

5PC T 
5PC T 
5PC T 

5PCT 

2J1 RE S COMP 4.7 K 5 PCT 1/2W 
202 R ~ S COMP 470 K 5PCT 1/2W 
203 RES COMP 150 OHM 5PCT 1/2W 
204 R~S COMP 1.0 K 5PCT 1/2W 

.4W 

.4W 

.4W 

.4W 

R 
R 
R 
R 
o, 

R 
R 
R 
R 
R 
R 
Q 

205 POT COMO KNOB 5K OHM 10PCT SW U 
206 PES COMP 10 K 5PCT 1/2W 

R 
R 
R 
R 
R 
R 

R 
R 
R 
Q 

R 
Q, 

207 RF:S COMP 10 K 5PCT 1/ 2 W 
208 POT WW TRM 5K OHM 10 PCT 20T 
209 RES COMP 4.7 K 5PCT 1/ 2W 
2 10 RES COMP 10 K 5PCT 1/2W 
2 11 RfS CO MO 120 K 5PCT 1/2W 
212 RES COMO 20 K OHM 5 PCT 1/2W D 
213 RFS COMP 10 K 5PCT 112W 
214 RES FLM 2K 1 PCT 1/8W 
2 16 RES FLM 13.0K 1 PCT 1/BW 
217 RFS COMP 100 K SPCT 1/2W 
2 18 RES FLM 15. 8K 1 PCT 1/BW 
2 19 R~S COMP 1 0 K 5PCT 1/ 2 W 
220 RES COM~ 1.0 K 5PCT 1/ 2 W 
22 1 R"S COMP 2 . 0 K OHM 5PCT 1/2W D 
222 POT WW TRM 1K OHM 10 PC T 20T 
2?3 R <= ~ COMP 3 . 0 K OHM 5PCT 1/2W D 
224 RF.S COMO 470 OHM 5PCT 1 /2W 
225 RES WW MO LDED .47 OHM 10 PCT 2W 

V 20 1 TU~ E VA CUUM 7 239 

PART NO. 

4450-0200 
4403-4100 
4404-2105 

4860-8251 
4860-8251 
4450-3600 
4450-2300 
4450-2300 

6081-1001 
6082-1016 
6083-1020 
6083-1016 
6083-1009 
6081-1001 
6081-1001 
6081-1001 
6081-1001 
6081-1001 
6083-1020 

8210-1290 
8 210-1106 
8210-1106 
8210-1304 
8210-1305 
8210-1014 

6100-2475 
6100-4475 
6100-1155 
6100-2105 
6045-2510 
61()0-3105 
6100-3105 
6051-2509 
610C- 2475 
6100-3105 
6100-4125 
6100-3205 
6100-3105 
6250-1200 
6250- 2 130 
6100-4105 
6250-2158 
6100-3105 
6100-2105 
6 100-2205 
6051-2109 
6 100-2305 
6100-1475 
6760- 8479 

FMC 

56289 
72982 
72982 
56289 
56289 
56289 
56289 
56289 

14433 
14433 
07910 
14433 
C7910 
14433 
14433 
14433 
14433 
14433 
C7910 

56289 
01295 
01295 
01295 
01295 
04713 

81349 
81349 
81349 
81349 
24655 
81349 
81349 
80294 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
802 94 
81349 
81349 
7504 2 

8380-7239 02639 

MFGR PART NUMBER 

30D166Gl50DF4 
8131M100651104Z 
0831082Z5U00102Z 
410P 0.1 UF 2PCT 
4lOP 0.1 UF 2PCT 
30D406G006 
30D107G025 
30D107G025 

1N4003 
1N645 
IN9768 
T"l967B 
IN957R 
1N4003 
lN4003 
1N4003 
1N4003 
1N4003 
IN9768 

2N3414 
2N3702 
2N3702 
2'-.11304 
2N 1305 
2Nl544 

RCR20G472J 
RCR20G474J 
RCR20G151J 
RCR20Gl02J 
6045-2510 
RCR20Gl03J 
RCR20Gl03J 
3005P-1-502 
RCR20G472J 
RCR20Gl03J 
RCR20G124J 
RCR 20G 20 3J 
RCR20G103J 
RN55D2001F 
RN55 Dl302F 
RCR20G104J 
RN55D1582F 
RCR20Gl03J 
RCR 2 0Gl02J 
RCR20G 202J 
3 005 P- 1- 102 
RCR 20G 302J 
RCR20G47lJ 
8WH 0 .47 OHM 10PCT 

7239 

HIGH VOLTA GE SUPPLY & GENERATOR PR INTE D CI RCU I T BOARD ( 50 HZ) P/N 1617-2780 

COMPONENTS ~RE ID ENTICAL TO TH E 1617- 2 720 CO~PON ENT S 
EXC EPT FOR THE FOLLO WIN G 

REFD<=S DESCR IPTI ON 

C 2 04 CAP ~YLAP .12 1UF 2 PCT 100 V 
C. 205 CAP MYLAR .1 2 1UF 2 PCT 100 V 

PART NO. FMC 

4860-7908 56289 
4860-7908 56289 

MFGR PART NUMBER 

41 0P 0 .1 21 UF 2PCT 
4 1 OP 0 . 1 2 1 UF 2 PC T 
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ELECTRICAL PARTS LIST 

GUARD AMPLIFIER & TRIGGER PRINTE D CIRCUIT BOARD PIN 1617-2730 

REFD ES DESCRIPTION 

C 301 CAP ALUM 10UF 475V 
C 3::l2 CAP ALUM 10UF 475V 
C 3~3 CAP MYLAR O.ZZUF 10 PCT 400V 
C 304 CAP ~LUM 40 UF 6V 
C 105 CAP ALUM 15 UF 15V 
C 306 C6D CER DI SC . 004 7UF 80/20PC T500V 
C 3)7 CAP ALU~ 40 UF 6V 
C 388 CAP ALUM 60 UF 25V 
C 3)9 CAP ALUM 60 UF 25V 
C 310 CAP ALU"~ 10 U~ 25V 
C 312 CAP CER OISC.047UF80/20PCT SOOV 

c~ 301 
CQ 302 
CR 303 
c~ 3:J4 
c~ 3:J'> 
c~ 3% 
CP 3')7 
CR 308 
CR 3')9 

Q 301 
Q 302 
Q 3)3 
Q 304 
Q 305 
0 306 

RE CT l N4006 800P IV .SA S I ASOA 
RECT 1ro.J4006 800PIV .SA Sl ASOA 
R~CT IN4006 800PI V .5A SI ASOA 
RFCT 1N4006 800PI V .SA Sl ASOA 
DIODE RECT IFI ER 1N4003 
D I DO~ R~CTIF I ~R 1N4003 
DI ODE RECTIFIFR 1N64S 
DIO'lf RECTIFIER 1N645 
DIODE REC T!FitR 1N645 

TRANS ISTOR 2N3414 
TRANSISTOR 2N3 414 
T RA N S TSTO~ 2N3702 
TRA"'SISTOR 2N910 
TRA NSI S TOR 2N3702 
TRANSISTOR 2N3702 

R 301 RES COMP 220 K SPCT 1/2W 
R 302 Res COMP 150 K SPCT 1/2W 
R 303 RES COMP 47 K SDCT 1/ 2W 
R 304 R~ S COMP 100 K SPCT 1/2W 
R 3)5 RtS C0MP 10 K SDCT 1/ 2W 
R 306 R~ ~ COMP 4.7 K 5PCT 1/2W 
R 307 RES COMO 1. 0 K 5PCT 1/ 2W 
R 30A RES COMP 1.0 K SPCT 1/2W 
R 309 RF S CO MP 1. 0 M SPCT 1/211 
~ 310 RE S CO MP 330 K SPCT 1/211 
R 311 RES CDMP 1.0 K 5PCT 1/211 
~ 312 RES WW MOLDED 1 OHM 10 PCT 2W 
R 313 R~S WW AX LEAD 100 OHM 5 PCT 5W 
R 314 Rf'S COMP 10 0 '< 5PCT 1/211 
R 315 RES COMP 1.0 M 10PCT 111 
R 3 16 RFS CO MO 1. 0 M 10PCT 1W 
R 317 RFS COMP 100 OHM SPCT 1/211 
R 3 18 RES COMP 2 . 0 K OHM SPC T 1/ 2 W 

PART NO. 

4450- 6175 
445 0- 6175 
4 860-9501 
445 0-3600 
44S0-3700 
4405- 2479 
4450-3600 
4450-2900 
4450-2900 
4450-3800 
4409-3479 

6081-1004 
6081-1004 
6081-1004 
6081-1004 
6081-1001 
6081-1001 
6082-1016 
6082-1016 
6082-1016 

8210-1~90 
8210-1290 

8210-1106 
82 10- 1037 
B210- ll06 
82 10- 1106 

6100-4225 
6100-41S5 
6100-3475 
6100-4105 
6100-3105 
6100-2475 
6100-2105 
6100-2105 
6100-5 105 
6100-4335 
6100- 2105 
6760-9109 
6660-1105 
6100-4105 
6110-5109 
6110-5109 
6100-1105 
6 100- 2205 

FMC 

56289 
56289 
24655 
56289 
56289 
72982 
56289 
56289 
S6289 
56289 
72982 

14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 

56289 
56289 
01295 
04 713 
01 295 
01 2 95 

81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
81349 
8 1349 
81349 
75042 
75042 
81349 
81349 
81349 
81349 
81349 

MFGR PART NUMBER 

300405G475 
300405G475 
4860-9501 
30D406G006 
30Dl56G015 
080108 2Z5U004 72Z 
300406G006 
300606G025 
300606G025 
300106G025 
3851087l5V00473Z 

1N4006 
1 N4006 
1N4006 
1N4006 
1N4003 
1N4003 
1N645 
1N645 
1N645 

2N3414 
2N3414 
2N3 702 
2N910 
2N3702 
2N3702 

RCR20G224J 
RCR2 0G1 54J 
RCR20G4 73J 
RCR20G l04J 
RCR20Gl03J 
RCR20G472J 
RCR20Gl02J 
RCR20G102J 
RCR20G105J 
RCR20G334J 
RCR20Gl02J 
BWH 1 OHM 10PCT 
AS-5 100 OHM SPCT 
RCR20Gl04J 
RCR32G105K 
RCR32Gl05K 
RCR2 0Gl01J 
RC R20G202J 

REFERENCE DESIGNATOR ABBREVIATONS 

• Motor . .... 
BT . B•"ery a . Trtnlistor 
c . C1pacitor R . AnittCH 
CR . Diode . Switch 
OS . l1mp . Trtnlformer . .... u . ln11gr11ed Circuit . '"' VR . Diode, Zener 

• . Aeley X . Socklt for Plu~tln 
KL . A•l•v Coil y . Cry1tlli 

•• . Ael•v Switch l . Network 
L . Inductor 
M . Meter A1ference1 
MK . Microphone ASA Y32.16 and Mll·STD· 16C 
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Figure 6-7. The high-voltage supply and the generator etched board (P/N 1617-2780) for 50-Hz units, or (P/N 1617-2720) for 60-Hz units. 
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Figure 6- 8. The guord ampl ifi e r and trigge r e tch e d board (P/ N 1617- 2730), 

NOTE: The number on the foi I side is not the port number for the 
complete assembly. The dot on the foil at the trans istor socket in
dicates the collector lead. 
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PPLY 

C308 
60pF 

+ 
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R211 
120K 

R2/0 R213 
/OK 

C309 
60pF 

/OK 

A.T.S0 7 

R313 
/00 
5W 

A.7:20$ 
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R212 
2K 

20K 
1/BW 

A.T.206 

C203 C205 .001 

* 

A.T.S06 

R3/0 
330K 

TRIGGER 

NOT E ~NLESS S PECIF IED 

I POSITION OF ROTARY SWITCHES 
SHOWN COUN I ERCLOCI< WISE 

2 CONTACT NUMBERING OF SWITCHES 
EXPLAINED ON SEPAR ATE SHEET 
SUPPLIED IN INSTRUCTION BOOK 

3 REFER TO SERVICE NOTES IN INSTRUC· 
liON BOOK FOR VOLTAGES 
APPEARING ON DIAGRAM 

4 RESISTORS 112 WATT 

5. RESISTANCE IN OHMS 
K 1000 OHMS M I MEGOHM 

6 CAPACil ANCE VALUES ONE AND 
OVER IN PICOFARADS. LESS 
THAN ONE IN MICROFARADS. 

0 KNOB CONTROL 

Q SCREWDRIVER CONTROL 

9 AT ANCHOR TERMINAL 

10 TP TEST POIN T 

r----------------------------------------t-----eA.r.zos 

R216 R217 R219 
13K lOOK !OK CR209 

1/BW 

A.T201 

A .T:202 

CR207 CR208 

GENERATOR 

INSTRUMENT 

/617 50c LINE 
/617 60c LINE 

A.T.S09 

0306 

Figure 6-9. Schematic diagram of the high-voltage supply, guard, 
trigge r and ge ne rator ci rcuits. 
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REFDES 

c 401 
c 402 
c 403 
c 404 
c 405 
c 406 
c 407 
c 408 
c 409 
c 410 
c 411 
c 412 
c 413 
c 414 
c 415 
c 416 
c 417 
c 418 
c 419 
c 420 
c 421 
c 42 2 
c 423 

CR 401 
CR 402 
CR 403 
CR 404 
CR 405 
CR 406 
C:R 417 
CR 408 
c~ 4 09 
c~ 410 
CR 411 

Q 401 
0 402 
0 403 
0 404 
Q 405 
Q 4 06 
Q 407 
Q 408 
Q 409 
Q 410 

R 
~ 

R 
R 
R 

403 
4 04 
405 
406 
407 

ELECTRICAL PARTS LIST 

DETECTOR PRINTED CIRCUIT BOARD 160 HZI P/N 1617-2700 

DESCRIPTION 

CAP CER DISC.01UF 80/20PCT 500V 
CAP CER SO .10UF 80/20PCT 100V 
CAP CER DISC 470PF 10PCT 50DV 
CAP ALU~ 5 UF 50V 
CAP ALU~ 5 UF 50V 
CAP ALUM 5 UF 50V 
CAP ALUM 10 UF 25V 
CAP ALU~ 10 UF 25V 
CAP CER DISK 0.22UF 80/20PCT 12V 
CAP ALUM 10 UF 25V 
CAP MYLAR .02UF 1 PCT 100V 
CA 0 ~YLAR .02UF 1 PCT 100V 
CAP MYLAR .04UF 1 PCT 100V 
CAP CER DISC .OlUF 80/20PCT 100V 
CAP CER r.ISC 470PF 10PCT 500V 
CAP ALUM 10 UF 25V 
CAP CER SQ .10UF 80/20PCT 100V 
CAP ALUM 10 UF 25V 
CAP ALUM 5 UF 50V 
CAP ALUM 10 UF 25V 
CAP ALUM 5 UF 50V 
CAP CER SQ .10UF 80/20PCT 100V 
CAP ALUM 60 UF 25V 

DIODE RECTIFIER 1N4003 
DIODE RFCTIFIFR 1N645 
DIQDE RECTIFI~R 1N645 
DIODE RECTIFIER 1N645 
DIODE RECTIFIER 1N645 
DIODE RECTIFIER lN645 
DTO OE RECTIFIE~ 1N645 
DIODE RECTIFI ER 1N645 
DIOD ~ 1N191 90PIV IR 125UA GE 
DI ODE RECTIFIER 1N4003 
ZENER 1N9578 6.8V 5 PCT .4W 

TRANSISTOR 2N930 
TRANSISTOR 2N3414 
TRAN SISTOR 2N1304 
TRANSISTOR 2N1304 
TRANSISTnR 2N1305 
TqAN SIS TOR 2N1305 
TRANSISTOR 2N13 04 
TRANSISTOR 2N1305 
TRAN SI STOR 2N1305 
TRANSI STOR 2N1304 

RES COMP 
RES COMP 
ReS CO~P 
RES COMP 
RFS COM P 

1. 0 K 
1. 0 M 

22 M 
100 K 

62 K 

5PC T 
5PCT 
5PCT 
5PCT 

OHM 

li2W 
1/ZW 
li2 W 
li2W 
5PCT 1/ 2W 

PART NO. 

4406-3109 
4403-4100 
4404-1475 
4450-3900 
4450-3900 
4450-3900 
4450-3800 
4450-3800 
4432-4229 
4450-::1800 
4860-7853 
4860-7853 
4860-7836 
4401-3100 
4404-14 7 5 
4450-3800 
4403-4 100 
4450-3800 
4450-3900 
4450-3800 
4450-3900 
4403-4100 
4450-2900 

6081-1001 
6082-1016 
6082-1016 
6082-1016 
6082-1016 
6082-1016 
6082-1016 
6082-1016 
6082-1008 
6081-1001 
6083- 1009 

8210-1002 
8210-1290 
8210-1304 
8210-1304 
8210-1305 
8210-1305 
8210-1304 
8210-1305 
8210-1305 
8210-1304 

6100-2105 
6100-5105 
6100-6225 
6100-4105 
6100-3625 

FMC 

72982 
72982 
72982 
56289 
56289 
56289 
56289 
56289 
72982 
56289 
56289 
56289 
56289 
72982 
72982 
56289 
72982 
56289 
56289 
56289 
56289 
72982 
56289 

14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
07910 

01 295 
56289 
01 295 
01295 
01295 
01295 
01295 
01295 
01295 
01295 

81349 
81349 
813 '•9 
81349 
81349 

MFGR PART NUMBER 

0811082Z5U00103Z 
813lM100651104Z 
0831082Z5D00471K 
30D505G050 
30D505G050 
30D505GD50 
30D106G025 
30D106G025 
5615-000-Y5F-224Z 
30D106G025 
410P .02 UF 1PCT 
41 OP • 02 UF 1 PCT 
410P .04 UF 1PCT 
0805540Z5U00103Z 
0831 CS 2Z5D004 71K 
30D106G025 
8l31M10065ll04Z 
30D106G025 
30D505G050 
30D106G025 
30D505G050 
8131M100651104Z 
30D606G025 

1N4003 
1N645 
1"4645 
1N645 
1N645 
1N645 
1N645 
1N645 
1N 191 
lN4003 
IN9578 

2N930 
2N3414 
2Nl304 
2Nl304 
2Nl305 
2Nl305 
2Nl304 
2Nl305 
2Nl305 
2Nl304 

RCRZOG102J 
RCR20Gl05J 
RCR20G226J 
RCR20Gl04J 
RCR20G623J 



ELECTRICAL PARTS LIST 

DETECTOR PRINTED CIRCUIT BOARD 160 HZl PIN 1617-2700 

REFD ES DESCRIPTION PART NO. FMC MF GR PART NUMBER 

R 40 8 RES C0'1P 30 K OHM 5PCT 1/211 6100-3305 81349 RCR20G303J 
R 4J9 RES COM P 3.0 K OHM 5PCT 11211 6100-2305 81349 RCR20G302J 
R 410 RE S COMP 47 0 OHM 5PC T 1/211 6100-1475 8 1349 RCR20G41lJ 
R 411 RES COMP 10 K 5PCT 1/2 11 6100-3105 61 3 49 RCR20G103J 
R 4 1 2 RES COMP 470 OHM SPCT 1/211 6100-1475 81349 RCR20G41lJ 
R 41 3 RFS COMP 2. 0 K OHM 5PCT l/2W 6100-2205 81349 RCR20G202J 
R 414 RES COMP 4.7 K 5PCT 112W 6100-2475 81349 RCR20G472J 
R 415 RES COMP 10 K 5PC T 112W 6100-3105 81349 RCR20G103J 
R 416 RES COM P 4.3 K OHM 5PC T 1/211 6100-2435 81349 RCR20G432J 
R 417 RE S COMP 16 K OHM 5PCT 11211 6100-3165 81349 RCR20G163J 
R 41 8 RES COMP 10 K 5PCT 1/2W 6100-3105 81349 RCR20G103J 
R 419 RES COM P 2 2 K 5PCT 1/2W 6100-3225 81349 RCR20G223J 
R 420 RES COMP 5.1 K OHM 5PCT 11211 6100-2515 61349 RCR20G512J 
R 4 2 1 RES COMP 100 K 5PCT 11 2W 6100-4105 8 1349 RCR20G104J 
R 4 22 RES FLM 66. 5K 1 PCT 1/8W 6250- 2665 61349 RN550665 2F 
R 4 2 3 RES FLM 66. 5 K 1 PCT 11 8 11 6 2 50- 2665 81349 RN5506652F 
R 424 RES FLM 33.2K 1 PCT 118W 6250-2332 61349 RN55D3322F 
R 4 2 5 RES COMP 10 K 5PCT 112W 6100-3105 81349 RCR20G103J 
R 426 RF S COMP 10 K 5PCT 1/211 6100-3105 61349 RCR20G103J 
R 4 2 7 RES COM f' 160 K OHM 5PC T 1/2W 6100-4165 81349 RCR20G164J 
R 4 28 RES COMP 100 K 5PCT 1/211 6100-4105 61349 RCR20G104J 
R 4 29 RES COM P 1 5 K 5 PC T 1/211 6100- 3 155 81349 RCR20G153J 
R 4 3 0 RES COMP 1. 0 K 5PCT 1/ 2 W 6100-2105 81349 RCR20G1D2J 
R 4 1 1 RFS COMP 10 K 5PCT I/2W 6100-3 105 81349 RCR20Gl0 3 J 
R. 4 32 RES COMP 4. 1 K 5PC T 1/ 2 W 6100-2475 8 1349 RCR2DG472J 
R 4 3 3 RES COMP 100 K 5PCT l/2W 610Q-4105 61349 RCR20G104J 
R 4 3 4 RES COMP 3.9 K 5PC T l/ 2 11 6100-2395 81349 RCR20G392J 
R 435 RES CQ MP 1.0 K 5PC T I/2W 6100-2105 81349 RCR20G102J 
R 4 36 RES COMP 6.8 K 5PCT 1/2W 610D-2665 61349 RCR2DG682J 
R 4 3 7 RI:S COM P 10 K 5PCT 1/2W 6100-3105 81349 RCR20G103J 
R 438 RES CO Mr> 10 K 5PC T 1/2 W 6100-3105 61349 RCR20G103J 
R 4 39 RES CO MP 4. 1 K 5 PCT l/ 2W 6100-2475 81349 RCR20G47 2J 
R 4 40 RES COM D 1.0 K 5PCT 112 W 6100-2 105 61349 RCR2 0G102 J 
R 441 RES COMP 47 K 5 PCT li2W 6100- 3475 81349 RCR20G473J 
R 44 2 RE S COM P 1 0 K 5PC T 11 2 W o100-3 105 81 349 RCR 20G103 J 
R 443 POT COMP KN OB 50K OHM 10PC T LOG 6020-0600 01121 JA1N056S503AZ 

DETEC TOR PRINT ED CIRCUIT BOARD 150 HZ) P/N 1617-2770 
COMPON ENTS AR E ID ENTICAL TO THE 1o17- 2700 COMPONENTS 
EXCEPT FOR THE FOLLOWING 

REFDE S DESCRIPTION PART NO. FMC MF GR PART NUMBER 

c 411 CAP MYLAR • 0 2 4 3UF 1 PCT 100V 4860- 7633 562 89 410P .0243 UF 1PCT 
c 41 2 CA P MYL AR • 02 4 3 UF 1 PCT IOOV 4660- 76 3 3 56 2 89 410P .0243 UF 1PCT 
c 41 3 CAP lolYL AR • 0475UF 1 PCT 100V 46b0- A2 04 562 69 410P .047 5 UF 1PCT 



FEDERAL SUPPLY CODE 

FOR MANUFACTURERS Ref FMC Column 

F1: om Defense log ist ics Agency Microfiche i n Parts lists 

H4-2 SB 708-42 GSA-FSS H4- 2 

Code Manufacturer Code Manufactur•r Cod• Manufacturer Code Manufactur ... 

00136 McCoy Elctrns .. Mt.Ho l lv Sorinns.?A 17065 15605 Cutler Hammer.,MIIwaukee,WI 53202 56289 Sprl.lgue.,North Adams,MA 01 24? 80894 Pure Carbon.,St Marys,PA 15857 
00192 Jones Mfg .. Chicago,IL 60181 15782 Houston l nst.,Bellaile,TX 77401 57771 Stimpson.,Bayport ,NY 11 705 81030 lnt'llnst.,Orange,CT 064 77 
00194 Walsco Elctrns., Los Angeles,CA 90018 15801 Fenwal Elcrrns.,Framingham,MA 0 1701 58553 SIJperior Valve.,Washington,PA 15301 81073 Grayhii i.,LaGrange,l l60525 
00327 Welwyn lntnti .. West lake,OH 44145 15819 Sinclair & Rush .,St. Louis,MO 63111 59730 Thomas & Belts., Eiizabeth,NJ 0 7207 81143 lso lantite.,Stirling,NJ 0 7980 
00434 Schweber Elctrns.,Westburg,NY 11590 16037 Spruce Pine Mica.,Spruce Pine,NC 28777 59875 TAW.,Cie11eland,OH 44117 81312 Winchester.,Oakville,CT 06779 
00656 Aerovox.,New Bedford,MA 02745 16068 lntntl Diode.,Jersey City,NJ 07304 60399 Torrington., Torrington,CT 06790 81349 Military Specifications 
00779 AMP lnc.,Harrisburg.PA 17105 16179 Ommi Spectra.,Farmington.MI 48024 61007 Townsend .. Braintree,MA 02184 81350 Joint Army·Navy Specifications 
01009 Alden Products.,Brockton,MA 02413 16301 Astrolab ,Linden.NJ 07036 61637 Union Carbitle.,New York,NY 10017 81483 lnt'l Aectifier .,EI SI!(Jundo,CA 90245 
01 121 Allen Bradley.,Milwaukee,WI 53204 16352 Codi.,Fairlawn,NJ 07410 61864 United Carr Fast.,Boston,MA 81741 Chicago Lock.,Chicago,IL 60641 
01255 litton lnds.,8e11erly Hills,CA 90213 16485 Sterling lnst.,New Hyde Park,NY 11040 63060 Vtctoreen.,Cieveland,OH 44104 81831 Filtron.,Fiushing,NY 11354 
01281 TAW.,Lawndale,CA 90260 16636 Indiana Generai.,Oglesby,IL 61 348 63743 Ward Leonard.,M t.VI!rnon.NY 10550 81840 Ledex .. Oayton,OH 45402 
01295 TI.,Oallas,TX 75222 16758 Detcu.,Kokomo,IN 46901 65083 Westtnghouse.,Bioomfield,NJ 07003 81860 Barry Wright.,Water town,MA 02172 
01526 GE.,Waynesboro,VA 22980 16950 Precision Oynamics.,Burbank,CA 91504 65092 Weston.,N ewort..,NJ 07114 82219 Syl11ania .• Emporium,PA 15834 
01930 Amerock.,Aocktord,ll611 0 1 16952 Amer Micro Oevices.,Summerville,SC 29483 70106 Acushnet Cap.,New Bedford,MA 02742 82227 No.Amer .Phi lips.,Cheshire,CT 06410 
01963 Cherry Elctrc.,Waukegan,l L 60085 17117 E1ctrc Molding.,Woonsocket,RI 02895 70109 Adams & W~stlake., Eikhart ,IN 46514 82273 IN Pattern & Modei.,LaPort,1N 46350 
021 11 Spectral Elcuns.,City ot lndustry,CA 91745 17540 Mohawk Spring.,SchiHer Park,ll60176 70417 Chrysler.,Detruu,M I 48231 82389 Switchcralt.,Chicago,IL 60630 
021 14 Ferroxcube.,Saugerties,NY 12477 17745 Angstruhm Precsn.,Hagerstown,MO 2 1740 70485 Atlantic lmJia Rubber .. Chicago,I L 60607 82567 Ree11es Hoffman.,Carlisle.PA 17013 
02606 Fen wall Lab.,Morton Grove./ L 60053 17771 Singer .. Somerville,NJ 08876 70563 Aml)t!r ite.,Uniun City,NJ 07087 82647 Metals & Controls.,Attleboro,MA 02703 
02639 GE.,Schenectady,NY 12307 17850 Zeltex.,Concord,CA 94520 70611 Ark·Les Swr tch.,Watertown,MA 02172 82807 M ilwaukee Resistor .. Milwaukee,WI 532CM 
02660 Amphenol., 8roodview,IL 60153 17856 S1licunix.,Santa Clara,CA 95054 70892 Bead Chain.,Brodgepon,CT 06605 82877 Rotron .. Woodstock.NY 12498 
02735 RCA.,Somer11ille,NJ 08876 18324 Signetics .• Sunnyvale,CA 94086 70903 Belden .. Chicago,l l 60644 82901 I N General Magnet .. Valparaiso, IN 46383 
02768 Fastex., Desplains,tl60016 18542 New Prod Eny . ..Wabash,IN 46992 71126 Bronson.,Beacon Falls,CT 06403 83003 Varo.,Garland,TX 75040 
03042 Caner lnk .. Cambridge,MA 02 142 18677 Scanbe.,EI Monte,CA 91731 71279 Cambridge Thelm ionic .,Cambridge,MA 02138 83014 Hartwei i.,Piacentia,CA 92670 
03508 GE .• Syracuse.NY 13201 18736 Computer 0 1ode.,S.Fairlawn,NJ 07936 71294 Canfield.,Ctrfton Forge, VA 24422 83033 MeiHner .,Mt Carmel,/ L 62863 
03550 Vanguard Ektrns., l nylewood,CA 90302 18795 Cycon.,Sunnyvale,CA 94086 71400 Bussmann.,St .l ou is,MO 631 07 83058 Carr Fastener.,Cambridge,MA 02142 
03636 Graybume.,Yonkers,NY 10701 18911 Ourant.,Watertown,WI 53094 71450 CTS.,Eikhart,IN 465 14 83186 V ictory Eng.,Springfie ld,NJ 07081 
03877 Transitron Elctrns.,Wakefield,MA 0 1880 19178 Zero.,Monson,MA 01 057 71468 Cannun.,Los Angeles,CA 90031 83259 Parker Seai.,Cul11flr City ,CA 90231 
03888 KOI Pyrofilm ,Whippany,NJ 07981 19209 GE.,Gainesville,FL 32601 71482 Clare.,Chica!)O,Il60645 83330 H .H .Smith ,Brouktyn,NY 11207 
03911 Ctairex. .,New York,NY 10001 19373 Eastron.,Haverhiii,MA 01830 71590 Centralab.,M ilwaukee,WI 53212 83361 Bearrng Spc/ty .,San Francisco,CA 
04009 Arrow Hart .. Hartfo rd,CT 06106 19396 Paktron .,Vienna,VA 22180 71666 Continental Carbon.,New Yo1k.NY 83587 So lar Elctrc.,Warren,PA 16365 
04643 Drgit ronics.,Aibert'son,NY 11 507 19617 Cabtron.,Chicago,l L 60622 '11 707 Cot '-' Coii.,Pro11idence,RI 02905 83594 Burroughs.,Piain t ield,NJ 07061 
04713 Motorola.,Phoenix,AZ 85008 19644 LAC Elctrns.,Horseheads,N Y 14845 71729 Crescent Box.,Phrladelphia,PA 19134 83740 Union Carbide.,New York.NY 10017 
04919 Component Mlg.,W.Bridgewatel ,MA 02379 19701 Electra.,lndependence,KS 67301 71 744 Chicago M1n lamp,.Chicago,l L 60640 83766 Mass Engrg .. Ouincy,MA 02171 
05079 Tansistor Elctrns.,Bennington, VT 05201 20093 Elect lnds.,Murray Hiii,NJ 07974 71785 Cinch.,Ch1cago,ll 60624 83781 National Elctrcs .• Geneva,ll60134 
05245 Corcom.,ChicagO,I L 60639 20754 KMC.,l.ong Valtey.NJ 07853 71823 Darni!II .. Oowney.CA 90241 84411 TRW.,Ogallala,NB 69153 
05276 ITT Etctrns.,Pomona,CA 91 '/66 21335 Fafn ir 8earing .. New Britian.CT 06050 72136 Electromotiw.,Wilhmantic,CT 06226 84835 Lehigh Metals.,Cambridge,MA 02140 
05402 Controls Co.o f Amer .. Melrose Pk,ll60160 21688 A<~Ytheon.,Norwood,MA 02062 72228 Continen~al Screw.,New !3edford,M A 02742 84910 Sarkes Tarzian.,Bioomington,IN 47401 
05!i74 V iking lnds.,Chatsworth ,CA 91311 21759 lenox Fugle .. Watchung,NJ 07060 72259 Ny tronics.,Berketev Hts,NJ 07922 84971 T A Mfg.,los Angeles,CA 90039 
0!1624 Barber Colman.,Rockford ,ll. 61101 22526 Berg Elctrcs.,New Cumberland ,PA 17070 72619 Oialight .. Brooklyn,NY 11237 86604 Kepco.,Fiushing,NY 11352 
05748 Barnes Mfg .. Mansfield ,OH 44901 22589 Electro Space Fabrctrs.,Topton,PA 19562 72699 General lnst.,Newark .NJ 07104 86420 Payson Casters.,Gurnee,l L 60031 
05820 Wakefield Eng.,Wakel1eld,MA 01880 22753 U/0 Etctrcs.,Hollywood,FL33022 7276 5 Orak~ .• Chicago,IL 60631 86577 Prec Metal Prod.,SIOnellam,MA 02180 
06383 Panduit.,Tinley Pk,l l60477 23338 Wavetek.,San Dii!(Jo,CA 92112 72794 Ozus Fastener.,W.Islip,NY 11795 86684 RCA.,Harrison,NJ 07029 
06406 Truelo11e & Maclean.,Waterbury ,CT 06708 23342 A11net Elctrcs.,Franklin Park,ll 60131 72825 Eby .,Philadelphia,PA 19144 86687 REC.,New Aochelle,NY 1080 1 
06665 Precision Monolith.,Santa Clara,CA 95050 23936 Pamotor., Bul ingham,CA 94010 72962 Elastic Stop Nut.,Union,NJ 0:0083 86800 Cont Elctrcs.,Brooklyn,NY 11222 
06743 Clevi te .,C i e11e l~nd,OH 44110 24351 Indiana Gnrl Elctrc.,Keasby,NJ 08832 72982 Erie.,Erie,PA 165 12 88140 Cut ler Hammer .. Lincoln,t l 62656 
06795 WLS St;)mp.,Cieveland,OH 44104 24355 Analog Oevices.,Cambridge,MA 02142 73445 Amperex Elc t rcs.,H icksville,NY 11801 88204 GTE Sylvania.,Jpswitch,MA 01938 
069 15 Richco Plstc .,Chicago,l l60646 24444 General Sem1cond.,Tempe,AZ 85281 73559 Carling Etct rc .. Han lord,CT 061 10 88219 Gould Nat Batterv .• Trenton,NJ 08607 
06928 Teledyne Kntcs. ,Solanll Bch,CA 920'1!) 24446 GE .. Scheoectady,N Y 12305 73690 Elco Resistor .,New YQrk,N Y 88419 Cornell Oubilier.,Fuquay Varina,NC 275211 
06978 Aladdin Elctrns.,Nashvilte.TN 37210 24454 GE.,Syracuse,NY 13201 73803 Tt.,Attleboro,MA 02703 88627 K&G Mlr.,New Y ork ,NY 
07047 Ross Milton .,Southampton,PA 18966 24455 GE.,Cieveland,OH 4411 2 73B99 JFD Elctrcs .. Brooklyn,N Y 11 2 19 89265 Potter & Brumlield .. Princeton,IN 47671 
07126 Oigitran .. PasCidena,CA 91105 24602 EMC Technlgy.,Cherry Hiii,NJ 08034 73957 Groov·Pin .. A idgelield,NJ 07657 89482 Holtzer Cabot .,Boston,MA 02119 
071 27 Eagle Signai .. Baraboo.WI 53913 24655 Gen Had.,Concord,MA 01742 74193 Heinemanr~ .. Trenton,NJ 08602 89665 United Transformer.,Chicago,ll 
07233 Cinch Graphik .. City ollndustry ,CA 91744 24759 Lenox Fugle .. S.Piainlield,NJ 07000 74199 Quam Nichols ,Chicago,! L 60637 89870 Berkshire Tran~former . , Kent,CT 06757 
07261 Avnet.,Culver City,CA 90230 25008 Vactit~ .• Berkeley,CA 94 710 74445 Ho lo ·Krome.,Harttord ,CT 06110 90201 Mallory Cap.,lndianapolis,IN 46206 
07263 Fairchild.,Mountain View,CA 94040 . 25289 EG&G.,Bedford,MA 01730 74545 Hubbeii.,Stratford,CT 06497 90303 Mallory Bat .,Tarrytown,NY 10591 
07387 Birtcher.,N .los An!)C!Ies,CA 90032 26601 Tr~-County Tube.,Nunda,NY 145 17 74861 Industrial Cndnsr .,Ch1cago.tL60618 90634 Gutton lnds.,Metuchen,NJ 08840 
07595 Amer.Semicond .. Arlington Hts. l L 60004 26805 Omni Spectra .• Waltham,MA 02154 74868 Ampheno t.,Oanbury,CT 06810 90750 Westinghouse.,Boston ,MA 02118 
07699 Magnetic Core.,Newburgh,NY 12550 26806 Amerrcan Zettler .• Costa Mesa,CA 92626 74970 Johnson .,Waseca,MN 56093 90952 Hardware Prod.,Reading,PA 19602 
07707 USM Fastener .,Shelton ,CT 06484 27014 Nationai.,San ta Clara,CA 95051 75042 IRCITRW).,Burlington,IA 52601 91032 Continental Wire., York,PA 17405 
07828 Bodine.,Bridgeport,CT 06605 27545 Hartford Uni11ersal Ball., Rocky Hiii,CT 06067 75376 Korz-K asch .,Oayton,OH 45401 91146 Cannon.,Salem,M A 0 1970 
07829 Bodine Etctrc .• Chicago,l l 60618 28480 HP .. Palo Alto,CA 94304 753B2 Kuka.,Mt Vernon,NY 10551 91210 Gerber.,M ishawaka,IN 46544 
0 7910 Cont Device.,Hawthorne,CA 90250 2B520 Heyman Mfg.,Kenilworth,NJ 07033 75491 Lafayette.,Syosset,NY 11 791 91293 Johanson.,Boonton,NJ 07005 
07983 State Labs.,New York ,NY 10003 28875 IMC Magnetics.,Rochester,NH 03867 75608 Linden.,Provrdence,RI 02905 91 41 7 Harris.,Melbourne,FL 32901 
07999 Borg lnst .. Oelavan,WI 5311 5 28959 Hoffman Elctrcs.,El Monte,CA 9 1734 75915 littelfuse.,Oes Plains,IL 60016 91506 Augat Bros.,Atlleboro,MA 02703 
08524 Deutsch Fastener ., l os Angeles,CA 90045 30043 Solid State De11ices .• LaMirada,CA 90638 76005 Lord Mfg.,Erie.PA 16512 91598 Chandler.,Wethersfietd ,CT 06109 
08556 Bell Elctrc.,Chicago,IL 60632 30646 Beckman lnst.,Cedar Gro11e,NJ 07009 761 49 MCIIIory Elctrc.,Oetroit ,M I 48204 9 1637 Dale Elctrcs.,Columbus,f\IE 68601 
08730 Vemaline Prod.,Frankl in lakes,NJ 07417 30874 IBM.,Armonk,NY 10504 76241 Maurey.,Chicago,IL 60616 91662 Elco.,Wil low Grove,PA 19090 
09213 GE.,Buffalo,NY 14220 30985 Permag M agnetics.,Toledo,OH 43609 76381 3M Co.,St.Paui ,MN 55101 91719 General lnst.,Dallas,TX 75220 
09353 C&K Componerm.,Watertown,MA 02172 3 101 9 Sol id State Scntfc.,Montyomerville,PA 18936 76385 Minor Rubber .,Bioomfield ,N.J 07003 9 1836 Kings Elctrcs.,Tuckahoe,NY 11223 

09408 Star-Tronics.,Georgetown,MA 01830 31514 Standford Appld Engs.,Costa Mes.a,CA 92626 76487 Millen.,Malden,MA 02 148 91916 Mephisto Tooi.,Hudson ,N Y 12534 
09823 Burgess Battery.,Freeport ,ll61032 31814 Analogic.,Wakefield,MA 01880 76545 Mueller Etct r.,Cieveland.OH 441 14 9 1929 Honeywell ., F reeport,ll 6 1032 

09856 Fenwal Elctrns.,Framingham,MA 01701 31951 Triridge.,Pittsburgh,PA 15231 76684 National Tube.,Pittsburg,PA 925 19 Electra lnsui.,Woodside,NY 11377 
09922 Burndy.,Norwalk,CT 06852 32001 Jensen.,Chicago,l L 60638 76854 Oak lnds.,Crystal Lake,ll60014 92678 Edgerton Germeshuasen.,8oston,MA 02115 
10025 Glasseal Prod.,linden,NJ 07036 33095 Spectrum Contro i.,Fairview,PA 16415 77132 Dot Fastener.,Waterbury ,CT 06720 92702 IMC Magnetics.,Westburv .NY 11591 
10389 Chicago Switch .. ChiCa9Q, IL 60647 33 173 GE.,Owensboro,KY 4 2301 77147 Patton MacGuyer .. Provrdence,A l 02905 92739 Ampex .,Aedwood City,CA 94063 
11236 CTS of Berne.,8erne,IN 467 11 34141 Koehler .. Marlboro,MA 01 752 77166 Pass Seymour .. Syracuse.NY 13209 92966 Hudson Lamp.,Kearny,NJ 07032 
11 599 Chand ler E11ans.,W.Hartlord,CT 06101 341 56 Semicoa.,Costa Mesa,CA 92626 77263 Pierce Roberts Aubber.,Tren ton ,NJ 08638 93332 Sy lvania.,Woburn ,MA 01801 
11983 Nortronics .. Minneapolis,MN 55427 34333 Silicon Genri.,Westminster,CA 92683 77315 Platt Bros .. Waterbury .CT 06720 93346 Amer Etctrcs L abs.,Lansdale,PA 194-46 
12040 Natio nai.,Santa Clera.CA 95051 34335 Advanced M icro Oe11ices.,Sunnvllale,CA 94086 77339 Posi tive l ockwasher.,Newark,NJ 93618 R&C Mfg.,Ramsey ,PA 16671 
12045 Elctrc Transistors .. Fiushinfi,N Y 11 354 34649 lntei.,Santa Clara,CA 95051 7734 2 AMF .• Princeton,IN 47570 93916 Cramer.,New York,NY 10013 
12498 Teledyne .. Mountain View,CA 94043 34677 Solitrun Devices.,Jupi ter ,FL 33458 77542 Ray-o-Vac.,Madison ,WI 53703 94144 Raytheon.,Ouinc.,. ,MA 02169 
1261 7 Hamlin .. Lak~ Millis,WI 53551 35919 Constanta.,Montreai,QUE,CAN 77630 TRW.,Camden,NJ 08103 94154 Wagner Elct rc., livingston,NJ 07039 
12672 RCA .,Woodbrirtge,NJ 07095 36462 National l t d.,M ontreai ,OUE,CAN 77638 General lnst.,Brooklyn,NY 11211 94271 Weston .,Arch1bald,PA 18403 
12697 Ctarostat .,oo .... er ,NH 03820 37942 Ma/lory., lndianapolis,IN 46206 78189 Shakep1oof .,Eigin,l l. 60120 94322 Tel labs ,Mancheuer,NH 03102 
12858 Micrometals .. City o f lndustry,CA 91 '/ 44 38443 Marlin Rockweii.,Jamestown,NY 14701 78277 Sigm a l nst .,Breintr~e.MA 02184 94589 Oickson.,Chicago,ll60619 
12954 Dickson Elctrns .. ScottSttale,AZ 85252 393 17 McGill Mfg., Valpariso,l N 46383 78429 Airco S~eer. .St M arvs,PA 1586 7 94696 Magnec1aft.,Chicago,l L 60630 
12969 Unitrode.,Watertown,MA 02 171 40931 Honeyweii.,Minneapolis,MN 55408 78488 Stackpote.,St Marys,PA 15867 94800 A tlas lnd.,8rookline,NH 03033 
13094 Ele<:trocraft.,Hopkrns,MN 55343 42190 Muter .,Chicago,ll 60638 78553 Tinnerman.,CieiiP.iand.OH 95076 Garde.,Cumberland,A I 02864 
13 103 Thermalloy .,Qallas,TX 75234 42498 Nationai.,Melrose,MA 02176 787 11 Telephon ics .. Huntiug ton,NY 11743 9512 1 Quali ty Comp.,St Marys,PA 15857 
13 148 Vogue lnst .. Richmond HIII,N Y 1141 8 43334 New Oeparture-Hyatt.,Sandusky,OH 44870 79089 ACA.,Harrison ,NJ 0 7029 95146 Alec Elct rcs.,Lawrence,MA 0 1843 
13150 Vernitron.,L aconia,NH 03146 43991 Norma Ho flman.,Stanford,CT 06904 79136 Waldes Kohinoor.,New York ,NY 1 110 1 95238 Cont inental Conn .,Woodside,NY 11377 
13327 Solitron De11ices .. Tappan ,N Y 10983 49671 RCA. ,New York ,NY 10020 79497 Western Rubber.,Gostlen,IN 46526 95275 V itramon .,Bridgepor t ,CT 06601 
13715 Fairchild .,San R<1faei,CA 9 4903 49956 Raytheon.,Wal tham,MA 021 54 79725 Wiremold.,Harttord,CT 06110 95348 Gordos.,Bioomfield .NJ 0 7003 

13919 Bu1r Brown.,Tucson,AZ 85706 50088 Mostek .. Carrol lton,TX 75006 79727 Continental Wirt.,Philadelphia,PA \9101 95354 Methode.; Rolling Meadow,IL 60008 
14010 Anooex lnst.,Van Nuys,CA 9 1406 50101 GHZ Oe11ices.,S.Chelmsford,MA 01824 79840 Mallory Contro ls.,Frankfor t .I N 46041 95794 Amer Brass.,Torrington,CT 06790 

14195 Elctrc Controls.,Wilton,CT 06897 50507 Micro Networks .• Worcester,MA 0 1606 79963 Zierick.,Mt Kisco,NY 10549 95987 Weckesser.,Chicago, IL60646 

14196 Amencan labs.,Fu llerton.CA 92634 50522 Monsanto .. Palo Aho,CA 94304 80009 Tektronix.,Beaverton ,OR 97005 96095 Aero11ox Hi Q.,Oiean,N Y 14760 

14332 Relton.,Arcadia,CA 91006 50721 Oatel Systems .. Canton,MA 02021 80030 Presto le Fas:ener., Toledo,OH 43605 96341 Microwave Assoc.,Burlington,MA 01801 
14433 ITT.,W.Palm Beach,Fl33402 5 1167 A ries Elctrcs.,Frenchtown,NJ 08825 80048 Vickers .. St l ouis.MO 63166 96906 Military Standards 

14482 Watkins & Johnson .,Palo A lto,CA 94304 51553 Diablo Systems .. Hayward.CA 94545 80103 Lambda.,Melville,NY 11 746 979 18 l inemaster Switch.,Woodstock,CT 06281 
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15238 ITI.,L awrence,MA 08142 54197 Assoc Pr!:C Prud.,Hwttsville.A L 35805 80740 Beckman lnst ,FulltHton.CA J2634 99934 Renbrandt. ,Boston .M A 02 118 

15476 Digital Equip.,Maynard,MA 01754 54715 Shure Bros ,Evanston, I L 60202 80756 TRW Ramsey .,SI I "uis,MO 6J166 99942 Centralab.,Milwau kee,WI 53201 
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Figure 6-10- The detector etched board, (P/N 1617-2770) for 50-Hz units or P/N 1617-2700 (for 60Hz units). 

NOTE: The number on the foi I side is not the part number for the 
complete assembly. The dot on the foil at the transistor socket in
dicates the collector lead. 
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Figure 6· 11. Schematic diagram for the detector circuit. 
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Rotary sw itch 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 d igits 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 num
bered sequentially (02, 03, 04, etc), proceeding clock· 
wise around the section. A suffix F or R indicates that 
the contact rs on the front or rear of the section, re
spectively. 
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Figure 6· 12. Switch diagram for Type 1617 front panel controls. 
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APPENDIX 

Catalog 
Number 

1423-9801 
1423-9811 

Description 

Precisi on Decade Capacitor 
1423-A, Bench Model 
1423-A, Rack Model 

STANDARD 
CAPACITOR 

Type1409 

Nominal 
Capaci · 

Catalog tance 
~umbe r Type !LF 

1409-9706 1409-F 0 .00 1 
1409-970 7 1409-G 0 .002 
1409-9711 1409-K 0.005 
1409-9712 1409-L 0 .01 
1409-9713 1409-M 0.02 
1409-9718 1409-R 0 .05 
1409-9720 1409-T 0 .1 
1409-9 721 1409-U 0.2 
1409-9724 1409-X 0 .5 
1409-9725 1409-Y - 1.0 

Frequency 
Limit for 

Max Volts 

4 .7 MHz 
2.7 MHz 
1.3 M Hz 
750kH z 
430kHz 
2 10kHz 
120kHz 

70kHz 
3 5 kH z 
17 kH z 

PRECISION 
DECADE 
CAPACITOR 

Type 1423-A 

This capacitor is a versati le tool for calibration labora
tories and production-l ine testing. With it a bridge can 
be standardized t o an accuracy exceeded only by that of 
the highest quality, individually certified laboratory stand
ards 

Any value of capaci tance from 100 pF t o 1.111 1-'F, in 
steps of 100 pF, can be set on the four decades and will 
be known to an accuracy of 0.05%. 

The 1409 Standard Ca pacitors are fixed mica capacitors 
of very high stabil ity for use as two- or three-terminal 
reference or work ing standards in the laboratory. 



DECADE 
RESISTOR 

DfCl.Dl ~SISlOR 
""<I' ~>.•N 

1K:! 

Type1433 

• ± 0.02% accuracy 

• good frequency characterist ics 

• low temperature coefficient 

• exce llent stab ility 

• low zero resistance 

The 1433 Decade Resistors are primarily intended for 
precision measurement applications where their exce llent 
accuracy, stability, and low zero res istance are important. 
They are convenient resistance standards for checking the 
accuracy of resistance-measuring devices and are used as 
components in de and audio-frequency impedance bridges. 

TEST "'IG 

Type 1650-P1 

I 

6 

·$ · J•: oo, 

···--~ '~<• 

Catalog Number 

Bench Rack 

1433-9700 1433-9701 
1433-9702 1433-9703 
1433-9704 1433-9705 
1433-9706 1433-9707 
1433-9708 1433-9709 
1433C9710 1433-9711 
1433-9712 ' 1433-9713 
1433-9714 1433-9715 
1433-9716 1433-9717 
1433-9718 1433-9719 
1433-9720 1433-9721 
1433-9722 1433-9723 
1433-9724 1433-9725 
1433-9726 1433-9728 
1433·9729 1433-9730 

' 1433-9731 1433-9732 
1433-9733 1433-9734 

6 

Type 

1433-U 
1433-K 
1433-J 
1433-L 
1433-Q 
1433-T 
1433-N 
1433-M 
1433-P 
1433·Y 
1433-W 
1433-X 
1433-B 
1433-Z 
1433-F 
1433-G 
1433-H 

6 6 

Ohms 
per 

Total Ohms Step 

111.1 0 .. 01 
1111 .0 0.1 

11,110 1 
111,100 10 

1,111,000 100 
1111.1· 0 .01 

11,111. . 0 .1 
111,110 1 

1,111,100 10 
11,111,000 100 

11,111.1 O.ol 
111,111 · 0 .1 

1,111,110 1 
11,111,100 10 

111,111.1 0 .01 
1,111,111 0 .1 

11,111,110 1 ,_ 

This test-jig adaptor is used to connect components 
quickly to a pair of terminals and can be placed on the 
bench directly in front of the operator. 

The test jig makes a three-termina l connection to the 
bridge, so that the residual zero capaci tance is negligible. 

The lead resistance (0.08 ohm total ) has effect only when 
very low impedances are measured, and the lead capaci
tance affects only the measurement of the Q of inductors, 

introducing a small error in D ( or t) of less than 0.007. 

Cata log 
Number 

1650-9601 

Descripti on 

1650-P1 Test Jig 

il 

No. of 
Dials 

4 
4 
4 
4 

it 4 
5 

II 5 
5 
5 
5 
6 
6 

1r 
6 
6 
7 

I• 7 
11 7 
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