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Specifications 

RANGES OF MEASUREMENT ACCURACY 

20 Hz to 20 kHzt DC Residuals 

Capa~itanee 
1 pF to 1100 JLF, series or 
parallel, 7 ranges 

±1 °/o :tl pF = 0.5 pF 

lndu~tanee 

1 14H to 1100 H, series or 
parallel, 7 ranges 

± 1°/o ± 1 ttH == 0.2 JLH 

Resistan~e 
ac or de, 1 mfl to 1.1 Mfl, ±1°/o ± 1 mO :!:1%, 1 fl to 100 kfl, ext supply or = 1 mil 
7 ranges detector required > 100 kll and 

<1 fl. 
. ----- -·· ··------

Condu~tance 
ac or de. 1 nanomho t o 1.1 :!::1°/o ±1 nanomho :::!:: lo/o, 10 micromhos to 1 m ho, 
m hos, 7 ranges ext supply or detector reQuired 

< 10 m1cromhos. 

----
Dissipation Factor. o. at 1 kHz, 

0.001 to 1 of series C, .:i::5°/o ~0-001 a t 
0.1 t o 50 of parallel C. 1 kHz and lower 

- --------- - ---
Storece Factor, Q, at 1 kHz, t accurate to 

0.02 to 10 of series l, 
1 to 1000 of paralle l l. :!:5% ±0.001 at 

1 kHz or lower 
- - ·-

t Brid&e operates up to 100 kHz with reduced accuracy. 

GENERAL 

Generator: Internal; 1 kHz :!o2%. Type 1310 or 1311 Oscillator 
recommended if external generator is required. In ternal de sup­
ply, 6 V, 60 mA, max. 

Accessories Required: None. Earphones can be used for high 
precision at ext remes of bridge ranges. 

Detector: Internal or external; internal detector response ftet or 
selective at 1 kHz; sensitivity control provided. Type 1232-A 
Tuned Amplifier and Null Detector is recommended if external 
detector is reQuired. Combinat i on of 1311 oscillator and 1232 de­
tector is available as the Type 1240 Bridge Oscillator-Detector. 

OC Polarization: Capacitors can ba biased to 600 V from external 
d e power supply for series capacitance measurements. 

Power Required: 4 size-0 cells, supplied. 

Accessories Available: Type 165Q..P1 Test Jig. 

Mountinc: Flip-Tilt Cabinet. 

Dimensions (width x height x depth): Portable, 13 x 6:V• x 121/o in. 
(330 x 175 x 315 mm); rack, 19 x 121/o x 41/o in. (485 x 315 x 
105 mm). 

Net Wei cht (est): Portable, 17 lb (8 kg); rack, 18 lb (8.5 kg). 

Shippinc Weight (est): Portable, 2 1 lb ( 10 kg); rack, 30 lb ( 13.5 kg). 

Patent Nos 0187,740 and 2,%6, 257. 

Condensed Operating Instructions 

A step-by-step procedure for the 1650-B Bridge operation 
is given in the operations chart in Section 2. For your conven­
ience, the chart has been reproduced and induded inside the 
flip-tilt cabinet of the instrument. 

HOTE: This instrument is equipped with our new snap-on knob for added 
convenience and safety. Refer to the Service Section far details. 
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BIAS jack. 

Voltage bias for capacitors: Apply bias only if PARAMETER switch is in 
C5 position. For CP' refer to Section 2. Max voltage is 600 V de. Add a 
resistor as a current limiter to prevent short circuit. 
Current bias for Inductors: Apply bias only if PARAMETER switch is in 
Lp position. For Ls, refer to Section 2. 

OPP ARM jack. 
Connect external 
decade capacitor 
for reactive bal-

DETector jack. 

external amplifier 
or earphones for 
additional sensiti· 
vity or selectivity. 

EXTernal GENerator jack. 
Max power: 0.05 W. 

EXTernal DO jack. 
Useful for extending DO range with 
a decade box. 

Max voltage: 500 V de; or!.. V ac rms where f is in Hz, or 100V ac rms, 
5 

whichever is smaller. 
Frequency range for Land C: 20Hz to 20kHz. 

GENERATOR sWitch. 
Turns bridge on, selects internal or external 
generator, ac or de, checks battery. 

UNKNOWN terminals. 

MULTIPLIER switch. 
Multiply CGRL dial setting by 
switch range for result. 

DETector SENSitivity control. 

CGRL dial. 
Main balance control. For greatest 
accuracy, choose MULTIPLIER set· 
ting for balance between 1 and 1 0. 

ORTHDNULL® switch. 
When set to IN, clutch engaged between 
two main dials, false nulls are avoided and 
balance is faster for high D and low 0 
measurements. Switch to IN when CGRL 
and DO dials are both In white sectors. 

F igure 1 - 1. Type 1650.8 Impedance Bridge. 



Section 1-lntroduction 

1.1 DESCRIPTION. 

The 1650-B Impedance Bridge (Figure 1·1) is a 
self~ontained impedance-measuring system, which in· 
dudes s ix bridges for the measurement of capacitance, 
resistance, conductance, and inductance, as well as 
the generators and detectors necessary for de and 
l·kHz measurements. Features of this bridge include 
one·percent C, G, R, and L accuracy over all ranges, 
high D and Q accuracy, a mechanism to facilitate low 
Q measurement, a slow-motion mechanism on the 
CGRL dial, visual ac and de null indications, com­
plete portability, and a convenient tilting mechanism 
and carrying case. The s low-motion mechanism turns 
the CGRL dial slowly and effortlessly about a l·in. 
sector. Extra torque must be applied to move the dial 
beyond the l·in. sector. 

In the relay-rack mode 1 (Figure 1·2), the captive 
cover of the Type 1650-B is replaced with a relay-rack 
adaptor panel (paragraph 1.6). 

1.2 OPENING AND TIL TJNG THE CABINET. 

The directions for opening the Type 1650.B lm· 
pedance Bridge are given on the handle support of the 
instrument. Once open, the instrument may be tilted 
to any convenient angle, The angle should be chosen 
to give the most comfortable access to the knobs and 
the best view of the meter and dials. 

The instrument may be locked fully open by the 
same slide pins that are used to lock the instrument 
closed. Thus, the instrument can be carried in the 
open position with the cover firmly in place. 

Whether the instrument is open, or dosed, the 
cover forms a convenient storage place for the instruc· 
tion manual and for any other test data that should be 
kept with the instrument. 

1.3 POWER SUPPLY. 

The Type 1650-B is powered by four D cells, 
which slide into a fiber tube inside the instrument. 
These batteries, supplied with the instrument, s hould 
be installed with the positive terminals (center buttons) 
facing the open end of the tube. The batteries are pro· 
tected from leakage and accidental discharge during 
shipment by an insulating disk inserted between the cap 
and the last cell. To remove the disk, proceed as follows: 

a. Open the instrwnent cabinet and place ·it in the 
locked position. 

b. Remove the two cabinet screws (Figure 1-4). 
c. Lift the instrument from its cabinet. 
d. Follow the directions on the battery tube, and 

remove the disk. 
e. Place the battery tube back in its holder. 
f. Replace the instrument in its cabinet. 
g. Replace the two cabinet screws. 

The instrument is now ready to operate as soon as it 
is in the desired position and turned on. 

Figure 1-2. Type 1650· 8 Impedance Bridge In rack panel. 
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1.4 SYMBOLS, ABBREVIATIONS, AND DEFINITIONS. 

The following symbols, abbreviations, and defi· 
nicions are used on che pane l of t he Type 1650-B and 
in chis instruction manual: 

C capac itance ( --jf-- ) 
CD external decade capacitor 

bridge residual capacitance 

para lie I capacitance 

series capacitance 

standard capacitor ( O.l f.IF) 

unknown capacitance 

conductance ( ~ )1 the inverse of resistance 

X 

z 

Q 

unknown conductance 

inductance ( ...rvvv-._ ) 

bridge residual inductance 

para lie I inductance 

series inductance 

unknown inductance 

resistance (-'IN>,-), the real part of an impedance 

ratio acm resistance 

s tandard 10 kD resistor 

CGRL rheostat resis tance 

bridge residual res istance 

para lie 1 resistance 

series resistance 

DQ rheostat resistance 

unknown resistance 

series reactance, the imaginary part of an 

impedance 

impedance 

X B 
quality factor !!!;-=- tan e 

R G D 

w L5 Rp 
for inductors or 

Rs w L 
p 

cot S 

IMTROOUCTIOM 1-2 

D 

PF 

w 

kD 

M 

MD 

p.F 

mD 

nF 

pF 

H 

mH 

dissipation factor 

R 
= -

z power factor 

frequency 

angular frequency, 2TT f 

R 

G 

B Q 
cot e 

cos e 

ohm, a unit of res istance, reac tance, or Im­
pedance 

ki !ohm, I kD = l 000 ohms 

multiplying factor applied to D and Q at fre­
quencies ocher than I kHz 

megohm, 1 MD = I x 106 ohms 

microfarad, a unit of capaci tance 

milliohm, lmD = I x I0-3 ohm 

(or mp.F) nanofarad (or millimicrofarad), InF 
l mp.F = 1 x 10-3 p.F 

(oc JJ.f.i.F) picofarad (or micr omicrofarad), lpF 
1p.p.F = 1 X 10-6f.IF 

henry, a unit of inductance 

millihenry, 1mH = I X w-3 H 

microhenry, 1 j.tli " 1 x I0-6 H 

ground, case (chassis) 

mho, a unit of conductance 

1.5 SERIES AND PARALLEL COMPONENTS. 

An impedance that is neither a pure reactance nor 
a puce resistance may be represented at any specific 
frequency by e ithe r a series or a parallel c ombination 
of resis tance and reactance. Keeping this concept in 
mind will be invaluable for properly interpreting the 
bridge results. The values of res istance and reactance 
used in the equivalent circuit depend on whether a 
series or a parallel combination is used . The equiva­
lent circuits are shown in Figure I-3. A nomograph 
for series-paralle l conversion at I kHz is given in the 
Appendix. 

Lp 
Cp Ap 

F igure I - 3. Equivalent c ircu its for comp lex impedance. 

tan 8 



The relationships between the circuit elements 
are tabulated below. They are easily derived. 

z 

RESISTANCE AND INDUCTANCE 

jwLPI1> 

Rp + jwLP 

Q ._1_ .. ~ -~ 
D Rs wLp 

c.JLs 
=-- ; Rp • QwLp 

Q 

RESISTANCE AND CAPACITANCE 

Rp 1 
o2R .--

iuCp p ic.Cp 
z Rs +-=-c-JW s 1 1 + o2 

Rp +---
ic.Cp 

1 1 
D ·- .. wRsCs . 

Q wRpCp 

Cs (1 + o2) cP; c P 
+ o2 

Cs 

o2 1 + o2 
Rs 

+ o2 
Rp; Rp = 

o2 
Rs 

D 
Rs • --· Rp • 

wCs' c.,CpD 

1.6 PORT ABLE-TO-RACK CONVERSION. 

The following procedure is given so that a 16~i0-B 
Bridge can be converted from a poctable assembly to 
a rack-mounted assembly. T o accomplis h the mechani­
cal and electrical changeover, a Rack Adaptor Set 
(P/N 1650.3350) must be ordered from General Radio. 

To mount the ins trument in a rack adaptor panel, 
proceed as follows (Figure 1-4): 

a . Open the instrument to its horizontal position 
(full open) and lock the handle. 

IM~ IJI 

FLAT WASHERIMI 

PLATE ILl 

U:AD 
SET 

flgut'8 1- .(. Rack mounting the 1650-B. 
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b. Remove the No. 10·32 screws (A) with resilient 
washers that hold the instrument in the cabinet. These 
screws are on the sides of the instrument (one per 
side) just above the handle pivot. 

c. Lift the instrument out of the cabinet and set it 
to one side. 

d. From the inside of the cabinet, remove the two 
pivot screws. 

e. Lift the cabinet off the handle-and-cover assem­
bly. 

f. In place of the pivot screws, insert the two ~­
inch screws (B) supplied. Place the lockwasher (C) 
and nut (H) on each screw and secure. 

g. Remove the eyelet from foot Z in the cabinet 
(the foot farthest from the side cutout). 

h. Remove the rubber foot and install the supplied 
grommet (P/N 4110..()500). 

1. Set the cabinet to one side. 
j. Remove the battery tube (P/N 1650·1261) from 

the instrument by following the instructions on the 
tube. 

k. Twist the lead-set leads together and feed the 
unconnected ends through the grommet (Z) in the cabi· 
net from the outside to the inside. 

I. Solder the white lead of the lead set (P /N 1650· 
0280) to S103, 204R (Fi~ure 6-9). Solder the black 
lead to $102, 204R. 

__ '1'~~--11 -L- :--•-··~--• ! .... ! .. - _ ... L: .... -• J--•,..11 ... -..l m. Ul~li:IIJ (llC' lli~UWUC:IIl 111 U.~ CQUJ.IIC"l• &J.I~LAU Cli.IU 

tighten the two No. 10.32 screws (A)removed in step b. 
n. Loosen nut K on both sides of the opening in 

the rack panel and slide plate L toward the outside of 
the panel. Tighten nut K slightly so that L won't 
slide. 

o. Put a large flatwasher (E) over the projecting 
screws on each side of the instrument. 

p. Set the back of the instrument on a flat surface 
(face upward). Turn the instrument so that it is right 
side up as you look at it. 

q. Lower the adaptor panel over the instrument 
being sure that the battery mounting brackets are on 
the right-hand side. Brackets F go over screws B. 

r. Install a flat washer (G), lock washer (0) and 
nut (P) on screws B outside of bracket F. 

s . Raise the adaptor panel up until it is flush with 
the instrument panel and rubber gasket. 

t. Tighten nuts P and turn the instrument over onto 
the adaptor handles. 

u. Loosen nuts K and slide plates L over the rub­
ber gasket (Figure 1-5). Tighten nuts K. 

v. Snap the battery tube and batteries into place 
between the insulators on the rack panel (Figure 1-6). 

1.7 CONNECTIONS. 

The UNKNOWN terminals are standard ~-inch­
spaced binding posts that accept banana plugs, stand­
ard telephone tips, alligator clips, crocodile clips, 

INTRODUCTION 1- 4 
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Figure 1-5. Detail view of panel mounting. 

8ATTERY 
INSULATOR 
(165CH230) 

MrTERY 
INSULATOR 
(1650-1231) 

LEAD SET 
1650-0iZSO 

I 

Figure 1 - 6. Battery mounting for rock-mounted 1650-B Bridge. 



TABLE 1- 1 

AVAILABLE PATCH CORDS AND ADAPTORS 

Panel 
Connectors 

.-~. · ~ 
~~ 

, , 

TYPE 
NO. 

274-NQ 
+-- 274-NQM 

274-NQS 

274-NP 
.......,.__ 274-NPM 

• 274-NPS 

274-NL 
+-- 274-NLM 

274-Nl.S 

274- LLB 
274-LLR 
274-LMB 

4---- '274-LMR 
274-LSB 
274•LSR 

+-r-- 874-R34 

+--- 874- R33 

+------------ 274-Qilj 

NOTE: GR874 connectors ore 50 0 -.1 ore ... ct-. 
ically oexleu; i.e., any two, al....,. identical, con 
be plugged together. 

DESCRIPTION 

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

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

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

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

CATALOG NO. 

0274-9860 
0274- 9896 
0274-9861 

0274-9880 
0274-9892 
0274-9852 

0274-9883 
0274-9882 
0274•9862 

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

Adapwr cable, double-plug to telephone plug, 36" long 1560-9695 

Coaxial patch cord, double plug to GR874, 36" long 0874-9692 

Coaxial patch cord, two plugs to GR874, 36" long 0874-9690 

Adaptor. shielded double plug to BNC 0274-9884 

Patch cord, shielded double plug to llNC 0776-9701 

Patch cord, GR874 to BNC 0776-9702 

Patch cord, llNC 1:0 llNC 0776-9703 
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spade terminals and all wire size up to number eleven 
(F~ure 1-7). 

The EXT DQ, DET, and BIAS jacks accept a 
two-terminal telephone plug s uch ·as the $witchcraft 
No. 440. 

The EXT GEN, G, and OPP ARM jacks accept 
a single banana plug such as the GR Type 274-DBl 
or 2 (P/N 0274-9454 or 9455, respectively). These 

jacks are spaced %-inch on centers s o that a GR Type 
274-MB Ins ulated Double Plug (P/N 0274-9875) can 
be used between the EXT GEN and G terminals or the 
OPP ARM and G terminals. 

General Radio also makes a variety of intercon­
necting cables that can be used in various system 
interconnections. Some of thes e cables are shown in 
Table 1-1. 

Standard 
telephone tip 

Q 
Banana plug m . 
stabilized by ~ 
Shoulder ~- -

when fully onserted. T For metal top L 
PI bondong posl only o. 

. ug enters Slender 
'2)=::- 4 Spade lerminal Clamps 

I bondong post body alligator clop S 
ashsurongtcontl acl even ! fits inside Jack top 
w en nu IS oose 

' of all bindong 
pOStS. 

with ~;," throat all wire s1Les 

will clamp II up to No. 1 1 
under nut. ~ without cuttmg. 

Figure 1-7. Methods of connection to the meosure ment terminols. 
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Section 2-Basic Measurements 

2.1 GENERAL 

Figure 2·1 shows the six bridge circuits us ed 
in the Type 165<>-B Impedance Bridge, as well a s the 
balance equations. Hays and Maxwell inductance 
bridges and ser ies and parallel capacitance comparison 
bridges are used to provide wide coverage over the D 
and Q ranges . Full us e of these wide ra nges at low 
Q and high D values is achieved by means of an Ortho­
null e balancing mechanism (paragraph 5.4). Both ac 
and de meas urements may be made with the bridge, 

cs cP 

( LOW D) 
0 TO I ( HIGH D) 

Ql TO :JO 

which has a magnitude responsive detect or. 
The next two pages concisely state the informa­

tion needed for making basic measurements. The 
schematics include all relevent bridge terminals to aid 
the user in making special me asurements that require 
bias , etc. The symbols oo the diagrams are the same 
as those defined in Section I . A short discuss ion of 
Orthonull usage, detector sensitivity, etc relating t o 
bas ic meas urement practice follows the instruction 
chart. 

R 

SERIES CAPACITANCE PARA L LEL CAPACITANCE RESISTANCE 

R~~z R, 
1n r o IM~9 

c • R,.c 
K R_. T 

Dx ll IIIR'r c)( :!! wR,c, 

tl 

CONDUCTANCE 

R,. 
111 ro ' ,., 

R,. 
c, • IIA CT 

I I 
D, • .,R, Cit : "'RrCr 

Ls 

( LOW 0' 
02 TO ICJ' 

SERIES INDUCTANCE 

•cr;Rt•R,. 
0 • 1//( 

LP 

(H~G_~ 0) 

PARALLEL INDI/CTANCE 

L11 • R,.~cr 

o,i, _ l _ 
t61Lx .,R7 CT 

Figure 2- 1. Bridge circuits used In Impedance bridge. 
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L()wO CO TOll 

0 1 , t 

., 
~~:· ~ 
~·~ 

.;; OO ~Afl:?<:<w ":n CG<lL 

R~ Rfoi(O$fAT 

c, 
Ol ,.f 

.. 
c-.. =~ c , 

o .. . ..,,. ~' ~ . ..... ,c, 

()PP .... 

a. Turn GENERATOR switch to 
BAT CHECK position. If the meter 
pointer is not in the BAT sector, 
replace the batteries. 
b. Turn GENERATOR switch to AC 
EXTERNAL or AC INTERNAL 
1 kHz. 
.,_ Ttwn PARAMFTFR cwit.-h...., r r_ -· . -··· ...... _,._. -· .. ..... .............. _ _,. 

d. Connect the unknown so that 
most stray capacitance is between 
the LOW terminal and the 1650-B 
case. 
e. Turn ORTHONULL® switch to 
OUT. 
f. Turn OSC LEVEL c lockwise. 
The pone l control affects only the 
interne I oscillator. 
g. Turn DQ dial near 0.05 on the 
LOW D scale. 
h. Turn CGRL dial near 11. 
i. Adjust DET SENS for about 6 
divisions deflection. 
j. Turn MULTIPLIER switch for 
minimum meter reading. 
k. Alternately adjust, first the CGRL 
dial, then the DQ dial for the best 
null, increasing the DET SENS as 
needed. 
I. ORTHONULL® is not used on 
this bridge unless the DQ dial read· 
ing times f(kHz) approaches or ex· 
ceeds 1. 
m. If the DQ dial goes into the 
uncalibrated portion, the unknown 
should be measured as Cp. 
n. The series capacitance of the 
unknown equa Is the product of the 
CGRL-dial reading and the MUL­
TIPLIER-switch setting. 
o.The D equals the reading on the 
DQ dial times f (kHz). 
p. Turn GENERATOR switch to OFF. 

HIGH O COI TO 'JOI 

.. 
t:• · R~ t:, 

O.• ..Ft:c. • wR
1

1
c., 

a . Turn GENERATOR switch to 
BAT CHECK position. If the meter 
pointer is not in the BAT sector, 
replace the batteries. 
b. Turn GENERATOR switch to AC 
EXTERNAL or AC INTERNAL 
1kHz. 
c. Turn PARAMETER switch to Cp. 
Large e lectrolytics should be mea­
sured at a law frequency (120 Hz) 
l" .. _ .............................................. . 
1\.lf \:llt:U I 'C'J ULLUIU~Y • 

d. Connect the unknown so that 
most stray capacitance is between 
the LOW terminal and the 1650-B 
case. 
e. Turn ORTHONULL ® switch to 
OUT. 
f. Turn OSC LEVEL clockwise. 
The panel control affects only the 
interne I osci llotor. 
g. Turn DQ dial near 0.2 on the 
HIGH D scale. 
h. Turn CGRL dial near 11. 
i. Adjust DET SENS for about 6 
divisions deflection. 
j. Turn MULTIPLIER switch for 
minimum meter reading. 
k. Alternately ad just, first the DQ 
dial_ then the CGRL dial for the 
best null, increasing the DET 
SENS as needed. 
I. ORTHONULL® switch should be 
set to IN if the DQ diol reading 
times 1/f (kHz) approaches or ex­
ceeds 1. 
m. If the DQ dial reaches the stop 
at 0.1, the unknown should be mea• 
sured as Cs. 
n. The parallel capacitance of the 
unknown equals the product of the 
CGRL-diol reading and the MUL­
TIPLIER-switch setting. 
o. The D equals the reading on the 
DQ dial times 1/f (kHz). 
p. Turn GENERATOR switch OFF. 

R 

Type 1650-B 

C.GHt.. 1n. 
~£0STt!T 

(l(l oc 

.. 
CGRL n ~n 

.. 
""" 

RtJFOSlAoT R 8 
10 ~0 

()PO ... 

a. Check mechanical zero of meter. 
b. Turn GENERATOR switch to the 
BAT CHECK pas it ion. If the meter 
pointer is not in the BAT sector, 
re place the batteries . 
c . Turn GENERATOR switch to the 
desired generator source. The OSC 
LEVEL control affects only the 
internal asci llotor. 
d. Turn ORTHONULL® switch to 
OUT and PARAMETER switch toR. 
e, Turn CGRL dial near 11. 
f. Adjust DET SENS control for 
about 6 divisions deflection. 
g. Turn MULTIPLIER switch for 
minimum reading to the left of 
center if making a de measurement. 
Null as usual if making an oc mea­
surement. (DQ rheostat not in the 
c ircuit.) 
h. Adjust CGRL dial for best ac 
null, or zero the pointer if us ing 
de. If ac null is not sharp, a re· 
active balance may be necessary, 
see ins truction manua I. 
i. The unknown resistance is the 
CGRL-dial reading multiplied by 
the MULTIPLIER switch setting. 
j. Turn GENERATOR switch to 
OFF. 





2.2 DC AND AC SENSITIVITY. 

With the internal 6-volt supply, one-percent bal­
ances may be easily made up to lOk.O and with care 
up to 100k.0. Above lOOkD a higher external voltage 
should be used (paragraph 3.2). Below 1.0, the sensi­
tivity limits the accuracy to ±lOm.O. A moce sensitive 
meter may be placed in series with the internal meter 
by plugging it into the BIAS jack on the side of the 
bridge. 

An externa l tuned null detector, such as the 
1232, is very desirab le when making measurements 
at frequencies other than 1kHz. It may be connected 
between the LOW UNKNOWN terminal and the 165Q-B 
case. The screw near the UNKNOWN binding post i s 
a convenient ground point. 

A IOo-.0 resistor in series with the internal 6-V 
supply limits the current in the unknown to 60 rnA. 
The unknown is in series with the CGRL rheostat for 
external de , so that the unknown current is greatest 
when the CGRL dial is at zero. 

The maximum power that can be applied to the 
bridge by the internal supply is 0.09W; thus there is 
nodanger of injuring components rated at O.lW or more. 

2.3 DC VOLT AGE AND CURRENT LIMITS. 

WARNING 
Bridge voltages muse be limited to pro­
tect the bridge and the unknown com­
ponent from damage. It is also advis­
able to limit the current to 5 rnA or less 
to prorect the operator from injury. T he 
maximum voltage limit, standard EIA 
test voltages and some military test 
voltages are described below. 

At range extremes ic is often desirable to make 
1-kHz ac measurements to increase sensitivity. For 
most resistors, che difference between the measured 
1-kHz and de values is negligible. 

Unless the utmost in sensitivity or a standard 
test voltage is desired, a supply of about 100 V (e.g., 
a 90-V battery), with about 25 k.O in series, is recom-

TABLE 2-2 
2 1 TABLE - EIA STANDARD TEST VOLTAGES 

MAXIMUM DC BRIDGE VOLTAGE (RS 196 FIXED-FILM RESISTORS 
AND CURRENT REC 117 LOW-POWER WIRE-WOUND RESISTORS) 

Range Range 
E Max I* Max 

Full Scale Multiplier 

1.0 100 m.O 71 v 100mA 
10.0 H1 71 v 100 rnA 

100.0 10D 71 v 71 rnA 
lkfl l OOD 71 v 22mA 

10 k.O 1 k.O 71 v 14.1 rnA 
100kD 10 k.O 223V 14.1 rnA 

1Mf2 100 k.O 500V 14.1 rnA 

Resistance Bridge Mult EIAMax 
Range Range Test Voltage 

less than 1 0 0 1D 
10- ggf2 ton 

100-999.0 1000 
1000-9999D TI<D 

10-99k.O 10 k.O 
100 ~D up 100 k.O 

REC 117 applies only up to 9999 0. 
* At EXT GEN terminals. 

0.3 v 
1 v 
3 v 

10 v 
30 v 

100 v 

Max Bridge 
Voltage f 

** 
** 
33V 
20 v 
33 V 

10 1 v 

* It is preferable to limit current to avoid shock 
hazard or to reduce voltage to 10 V. *" Maximum allowance bridge voltage will not give maximum 

test voltage. 

TABLE 23 -
EIA STANDARD TEST VOLTAGES 

(RS 172- FIXED COMPOSITION .RESISTORS) 

Resistance Range Bridge Mult Range 

2.7-99.0 1.0 
100 

100 - 9990 1000 
1000 - 99990 1 H2 

10 -99 kD 10 kD 
100 kD up 100 kfl 

* at EXT GEN terminals 
* * cannot get required bridge voltage 
*** limited to 71 V by bridge 
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EIA Test 
Voltage Range 

0.5 - 1 v 
0.5- 1 v 
2.5 -3 v 
8 -10 v 

24 -30 v 
80 - 100 v 

Bridge* 
Voltage 

** 
50 - 71 V*** 
27.5-33 v 
16 -20 v 
26.4 -33 v 
80 - 100 v 



TABLE 2-4 
VARIABLE RESISTORS 
(Military Specifications) 

Spec. Title & Date Resistance Measurement Accuracy Test 
Description Tolerance (all Meas. at de). Voltage 

Mii-R-94B 7/30/57 ±10 & 20% Qualification inspection: Table 2-6 
Amend. No. 2 2/27/62 not to exceed ±0.5% 
Resistors Variable Acceptance inspection: 
Composition - cont inuous ±1% 
operation when properly 
derated, at any a

0
mbient 

temp. up to 120 C 
GR Bridges: Qualification: 

1608 and 1652 
G R Br idges Acceptance: 

1608, 1650, & 1652 

Mii-R-22097B 5/14/62 ±.1 O"..b ±1.0% Table 2-5 
Lead-screw-actuated 
Nonwirewound Variable GR Bridges: 1608, 1652, & 
- at maximum ambient 1650 
temps. of 70° C, 
85° C, & 125° C. 

Mii-R-23285A 11/18/65 ±5 & l O"A> Qual ification inspection: Table 2-7 
Nonwirewound Metal ±0.5% 
Film Variable- Quality conformance: :1:1 % 
continuous full rated 
load operation at an GR Bridges Qualification: 
ambient temp. of 1608 & 1652 
125° c. GR Bridges Conformance: 

1608, 1652, 1650 

rv1ii-R .. 19A 11/9/55 "'- ' ""' XIU/0 
. 1. 1 r\0/ 
:&: I.VJO 

/\,. ... ~ ...... ........ 
f""\,;) .;:'111 1 1011 0-:1 

Amend. No. 2 1 /6/59 practical 
Low Operating Temp. GR Bridges: 1608, 1652, & 
Wirewound Variable- 1650 
ambient temp. of 40° C 
up to 105° C. 

Mii-R-22B 3/21/62 :!: 10",(, ±1.0% As small as 
Power Type Wirewound G R Bridges: 1608, 1652, & pract ical 
Variable 1650 

TABLE 2-6 
Ml L-R-94B TEST VOLT AGES 

TABLE 2-5* 
MIL-R-22097B TEST VOLTAGES 

Test Voltage (VI 
Resistor Range (f2) (DO NOT EXCEED) 

Resistor Range (OJ Test Voltage Range (V) 

100 to 999 .01 to 2 
1 k to 9.99 k 0.1 to 4 

10 k to 99.99 k 1.0 to 15 
100 k up 20 to 40 

less than 1 0.1 
1 to 9.99 0.3 

10 to 99.9 1.0 TABLE 2-7 
100 to 999 3.0 

lk 109.99 k 10 
MIL-R-23285A TEST VOLTAGES 

l Ok to 99.9 k 30 Resistor Range (OJ Voltage Range (VI 
l OOk up 100 2.7 to99 0.3 to 0.5 

• 0.5 Wand larger resistors. 100 to990 0.5 to 1.5 
1 k t o 9.9 k 1.5 to4.5 

10 k to 99 k 4.5 to 15 
100 k or higher 15 to 45 
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mended. The available power from such a supply is 
0.1 W, which is a low enough dissipation for almost 
all resistors, and the maximum current is 4 rnA. Such 
a supply permits measurements up to 1 MO with 1% ac­
curacy. For resistance over 1 MO, a higher voltage is 
desirable for good sensitivity, but it should be noted 
that the maximum EIA test voltage is 100 V, and that 
various types of resistors have different voltage ratings. 

The maximum voltage and current that may be 
applied to the bridge for each range are given in Table 
2-1. Careful observation of both of these limits will 
prevent damage to the bridge. 

Because the full voltage may be applied to the 
unknown, it is advisable to limit the available power 
to a value less than the power rating of the unknown 
component. 

(:UlMNT ·UMITW«; 
RESISTOR 

Figure 2 - 2. Circuit for standard 
test voltage measurements. 

Various EIA standards for testing different 
types of resistors are summarized in Tables 2-2 and 
2-3. Various military standards are listed in Tables 
2·4 through 2-7. A suggested setup for tests at these 
voltages is shown in Figure 2-2. The voltmeter here 
indicates the bridge voltage and should be set as listed 
in Tables 2-2 and 2-3. An alternate scheme is to put 
the voltmeter directly across the unknown resistor, 
assuming that the input resistance of the voltmeter is 
large enough to cause no error. 

2.4 CONNECTION OF EXTERNAL GENERATOR. 

In most cases when an external generator is used 
it should be connected to the EXT GEN jack on the 
s ide of the bridge. In this connection, the external 
generaror is connected directly to the internal bridge 
transformer when the function switch is in the AC EX­
T ERNAL position, and the low generator terminal is 
connected to the bridge chass is (which should be 
grounded; paragraph 4.6). A second ground connection 
to rhe generator should be avoided. 

If the external generat or can be overdriven when 
connected to a low-impedance load, it is generally de­
s irable to place a resistor in series with the ungrounded 
generator connection to the bridge. This resistor 
should be large enough to prevent distortion even when 
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the bridge input is shon-e ircuited. The bridge input 
impedance at t he EXT GEN jack is a minimum of 30 0 
(resistive) at I kHz when the bridge is set to measure 
a short circuit on the UNKNOWN terminals. This is 
shunted by the inductance of the primary of the bridge 
transformer, which is approximately 0 .25 H. 

In some cases where more input power is re­
quired, particularly in measurements of low impedance, 
a matching uansformer between generator and bridge i s 
useful. This transformer need not be s hielded. The 
GR Type 1311 Audio Oscillator i s recommended for 
this application at frequencies of 50, 60, 100, 120, 
400, 500, 1000, 2000, 5000, and 10,000 Hz because its 
output wi ll not be distorted by over-loading and it has 
a matching uansformer to drive low-impedance loads. 

When the desired bridge voltage is higher than 
can be applied by the internal bridge transformer, the 
generator can be connected directly in the bridge cir­
cuit by connection co the BIAS jack (Figure 2-3a). In 
this connection, the generator is ungrounded and ca­
pacitance from its terminals to ground must be con­
sidered. Capacirance from the negative BIAS terminal 
to ground can cause a large error at high frequencies 
when low impedances are measured. Therefore, use a 
shielded cable and use the outer conductor to connect 
the low generator terminal to the positive BIAS termi~ 
nal. Capacitance of over 100 pF from the positive 
BIAS terminal to ground can cause appreciable error 
r~~-~n.~~h A ,:; , 
\t''U"f>L"t'" -r:.v,. ~.A,_ bridge transformer can be used to 
connect a generator to the BIAS jack, but this has no 
advantage over the use of the internal bridge trans form· 
er unless the external transformer has a higher voltage 
rating, as do the GR Type 578 Transformers (Figure 
2-3b). 

0 

EXT 
osc 

Figure 2- 3. Me.thods of applying external ac. 

2.5 MAXIMUM APPLIED AC VOLT AGE. 

... ,. 

The maximum ac voltage that may be applied to 
the 1650-B Impedance Bridge depends on: 

a. the voltage and power ratings of each compon· 
ent (including the unknown), 

b. the bridge c ircuit used, 
c . the range used, 
d. the position of the variable components, 
e. the method of applying the voltage. 

Exact limits for any specific measurement can be cal­
culated from the circuit diagrams of Figure 2-1, and by 
insuring that the power dissipation in the ratio-arm 



resistors and the rheostats is less than 0.5 W. If such 
a maximum voltage is applied, care must be taken to 
avoid any adjustments of the panel controls that would 
result in an overload. 

A much simpler approach is to limit the power 
into the bridge to 0.5 W so that no bridge components 
can be damaged under any conditions. If the power 
rating of the unknown is less than 0.5 W, the input 
power should be reduced accordingly. A series resistor 
is the simplest way to limit the power. It should have 

a value of R = E
2

, where E is the open-circuit genera-
4P 

tor voltage and P the power rating of the unknown com­
ponent. 

The input transformer imposes the following fur­
ther l imit on the voltage applied to the EXT GEN jack: 

E =_!_volts (f in Hz), or 100 volts, max 5 
whiche,·er is smaller. This transformer has a 3-to-1 
s tep-down ratio and an equivalent resistance, referred 
to the primary, of 20 0. Therefore, to limit the power 
applied to the bridge to 0.5 W, a series resistor of 

2 
..£.... - 200 should be placed i n series with the external 

2 
supply. 

2.6 OPERATING PROCEDURE WITH ORTHONULL. 

In the measurement of inductors whose Q is less 
than I or capacitors whose D is greater than 1, bal­
ancing procedure can be simplified and false nulls 
avoided by the use of Orthonull. It should be noted 
that Orthonull operates on all fo ur bridges (C

5
, CP, L

5
, 

Lp) and at any frequency. h will ~acilitate the_ balance 
when the unknown IS very lossy, I.e., has a h1gh D or 
a low Q at the frequency of measurement . The white 
sectors of the DQ dial are adjusted for 1kHz. At other 
frequencies they don't apply. The balancing procedure 
(essentially the same as without Orthonull once the 
Ordwnull mechanism is engaged) is as follows: 

a. Set the bridge switches as described in the 
Operating Procedure Chart, depending on what is being 
measured. Connect the unknown to the UNKNOWN 
terminals and connect the external generator (if one 
is used) as described in paragraph 2.4. 

b. Set the ORTHONULL SWITCH to IN. 

c. Set the CGRL dial upscale (10 or 11). 
d. Make the first balance with the DQ dial. 
e. Adjust the CGRL dial for further balance (the 

DQ dial, ganged to the CGRL dial by the Orthonull 
mechanism, will follow). If the CGRL setting is less 
than 1 at balance, turn the CGRL MULTIPLIER switch 
to a lower range and rebalance. 

f. Make further balances using first the DQ dial, 
then the CGRL dial, then the DQ dial, etc. until the 
meter reading cannot be reduced further. 

When the Q is very low, the meter deflection will 
give several sharp dips as the CGRL dial is rotated. 
To find the best dip, rotate the CGRL dial slowly over 
a wide range without making another DQ adjustment. 

Often the Q is higher at some other frequency, 
and it is desirable to change the frequency of meas­
urement. This is necessary if the inductor is above 
resonance and appears capacitive. A DQ Coverage 
Chart is shown in Figure 2-4. 

Figure 2--4. DQ c:ove roge c:hort. 
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Section 3-Special Measurements 

3.1 GENERAL. 

The inclusion of the EXT DQ, BIAS, and OP P 
ARM jacks in t he 1650-B permits many s pec ia l meas· 
uremems to be made. The EXT DQ jack a llows ex­
tension of the DQ coverage at frequencies be low 100 
Hz, t he BIAS jack a llows a bias voltage or current to 
be applied across or t hrough an unknown impedance , 
and the OPP ARM jack a llows more accurate balancing 
of reactive resistors. The following section pres ents 
a few of the ma ny applications possible with t hes e 
external connect ion jacks. 

3. 2 APPLICATION OF DC BIAS TO CAPACITORS. 

3.2.1 INTERNAL OSCILLATOR OPERATION. 

Up to 600 V of de bia s may be applied t o the un· 
known capac itor by a ny of s e veral different methods. 

a 

c, • 

c d 

The simplest method can be used for mea s uring only 
series capacitance ; fortunately, t hi s i s how most ca· 
pacitors are s pecified . 

WARNING 

Charged capacitors form a shock hazard, 
and care should be taken to ens ure pe r· 
sonal safe ty during measurement and to 
be sure that the capacitors are dis· 
charged afte r mea surement. The exter· 
nal de: s upply should also be handled 
c:ore fully. 

It is advis able to l imit t he power that may be 
drawn from the exte rna l de s upply to 0.5 W (by a resis· 
tor, fuse, or circuit brea ker) in order to protect the 
bridge co mponents in case the unknown is short-cir­
cuited . 

e 

Fig ure 3- 1. Me thods of applying de volta ges to capacitance. 
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The various methods of applying de bias to ca• 
pacitors and suggestions for their use are described 
in the three methods that follow: 

Method 1. Cs Bridge (Figure 3-la). 

In this method, up to 600 V may be applied on 
any range. Connect the negative terminal of the un­
known capacitor (if polarized) to the LOW UNKNOWN 
terminal. The de supply used should have a low ac 
output impedance. It is usually helpful to ground the 
negative side of the de supply and to leave the bridge 
floating to avoid hum from the power line. If the nega· 
tive side of the supply (BIAS jack body) is grounded, 
the bridge panel and LOW UNKNOWN terminal will be 
at low de potential with low signal voltage on them. 

Method 2. Cp Bridge (Figure 3- 1 b). 

The same precautions mentioned in Method 1 ap­
ply here, and a blocking capacitor should be added 
using the EXT DQ jack. The positive side of the 
blocking capacitor should be tied to the tip of the 
phone plug. The voltage rating of this capacitor s hould 
be sufficient foe the full de applied. The capacitance 
required depends on the D of the unknown and on the 
accuracy required. The errors caused by this capacitor 
are: 

ct 
C measured .. Cx (1 - cb Dx 2 ) 

ct 
D measured .. Dx (1 +- D2 ) 

cb 

where C. = 0. 1 JJ1 ' . 

Method 3. Cs or CP Bridge (Figure 3-lc and e). 

This method is recommended for small capaci­
tors. The maximum voltages that may be applied to 
the Cs and Cp bridge are given in Table 3·1, but the 
maximum voltage on the bridge are a function of the 
CGRL·and-D~ial settings. 

The ac impedance of the de source should be 
high (> IOkD) to avoid shunting the detector, and the 
de source should have low hum. The advantages of 
this circuit are that the bridge and supply are both 
grounded and the de current can be easily limited by a 
resistor, since the impedance of the source should be 
high. 

WARNING 

Note that rile LOW UNKNOWN terminal 
hasthe highvoltageon it in this method, 

3.2.2 EXTERNAL AC GENERATOR OPERATION. 

When both external ac and de supplies are used, 
hum may be introduced by the capacitance to the line 
in the power transformers of these generators. The 
bridge s hould be set up as shown in Figure 3·1, with 
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TABLE 3-1 
MAXIMUM DC VOLTAGES APPLIED 

TO CAPACITORS 
BY METHOD 3 

Range Max Volts Max Volts 
Multiplier On Bridge On Unknown 

lOOpF 505V 500V 
1 nF 242V 220V 

10 nF 142V 71 v 
lOOnF 78V 7V 

1 f.L F 72 v 0.7 v 
10!-LF 71 v 0.07 v 

100 f.L F 71 v 0.007 v 

both the ac and de supplies grounded and the bridge 
not grounded. The ac generator should be shunted by 
a resistor if it does not provide a path for de. 

Method 3, paragraph 3.2.1, may also be used to 
apply de bias. The bridge and both the ac and de sup­
plies are grounded (Figure 3·1), and the ac generator 
is connected to the EXT GEN jacks. This method rs 
particularly useful for high-frequency measurements of 
small capacitors (paragraphs 2.4 and 3.2.1). 

3.3 APPLICATION OF DC TO INDUCTORS. 

Direct current may be supplied to inductors dur· 
u1s measurement by any of several different methods 
so that incremental inductance measurements may be 
made. The various methods are described below along 
with suggestions for their use. A blocking capacitor 
(Cb in Figure 3·2) is needed only for the Ls bridge 
shown. This capacitor (not supplied with the bridge) 
s hould be connected by a phone plug inserted into the 
EXT DQ jack. The errors caused by this capacitor are: 

(1 

ct 

Q 12 ) 
(1) L

5 
measured =L 

X 
cb 

X 
c[ "0.1 p.F 

( c t 1 
(2) Q measured = Q 1 - - ) x cb Q 2 

X 

To get the corrected results add ( ~:)(Q 1
2

) to the 

X 

measured L s and Q. It will be necessary to solve for 

Qx in equation (2) but usually Qmeasured "' Qx. 

WARNING 

large inductors carrying high curre nts 
are shack hazards. Reduce the de to 
zero before disconnecting the de s upply 
or unknown inductor. 



Method 1. (Figure 3-2a.) 

The maximum current i s limited to that given in 
Table 3·2. The de s upply may be tied t o ground and 
the instrument left floating as shown, where the ca· 
pacitance of the bridge to ground shunts Rn and causes 

a D (1/ Q) error of - wRnC. If the de supply has low 
internal capacitive coupling to the power line, the 
bridge may be grounded and the de supply left float ing. 

The source impedance of the de s upply must be 
low compared with that of the unknown, since the 
bridge measures both of these impedances in serie s . 
A large capacitor (Cd) s hunting the de supply is some· 
times useful. 

Method 2. (Figure 3-2b.) 

The maximum current in this method is limited 
to that given in Table 3·2. The de supply is connected 
to the BIAS jac k with the s igns reversed in order to 
keep the bridge c ase and de s upply both at zero volts 
de Erom ground. The blocking capacitor Cb must be 
able to take the full de voltage. The ground connection 
may be made to either the pane I or the de s upply. 

Method 3. (Figure 3-2c.) 

This method is recommended for large inductors, 
s ince the maximum current is the same for a ny range. 
In this method both the bridge and the de supply are 
grounded. 

The maximum allowable current for any range is 
40 rnA. The output impedance of the de s upply s hould 

be high enough to avoid loading the detector (a series 
resistor is often us eful) and should have l ow hum. 

The blocking capacitor Ce must be able to take 
the de m drop across the unknown inductor' and cb 
must be a ble to t a ke the whole de voltage. 

Method 4. (Figure 3·2d.) 

This method must be used with very large de. 
The maximum voltage on the unknown is limited only 
by the rating of Cf• The ac source impedance of the 
de supply must be much higher than the impedance of 
the unknown s ince the bridge measures the para llel 
combination of these two impedances. A large indue· 
tor, L u may be connected as s hown to pcov ide a high 
s ource impedance. Often it is possible to resonate the 
feed inductor t o increase the source impedance further. 

T ABLE 3-2 
MAXIMUM DC THROUGH INDUCTORS 

OR RESISTORS 
(METHODS 1 AND 2) 

Range Maximum Ra (Ratio 
Mul tiplier Current Arm I 

L R 

100 11-H 100 m.O 100mA 1.0 
1 mH 1.0 100mA 10.0 

10 mH 10.0 71 mA 100.0 
100 mH 100.0 22 mA 1k.o 

1 H 1k.O 7.1 mA 10 k.O 
10H 10 k .O 2.2 mA 100k .O 

100 H 100 k .O 0.5 mA l M.O 

b 

e 

figure 3-2. Methods of applying de to inductors. (Blocking copocitor Ca Is not supplied with the bridge.) 
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Also, the impedance of the blocking capacitor, Cf, 
s hould be low compared with t he impedance of the un­
known since it is d irectly in series with the unknown. 

Method 5. (See Figure 3-2e.) 

This method permits Large or s mall de currents 
by connecting a current source in parallel with the un­
known inductor. The de voltage is isolated from the 
bridge by capacitor Cf. The impedance of Cf should 
be low compared to the unknown since they are in 
series. The current source impedance must be high 
re lat ive to the unknown at the measuring frequency . 

A current source with t he proper impedance must 
be constructed because: 1) most regulated supplies 
that have current limiting have a large capacitor across 
the output termina ls caus ing a low ac impedance, and 
2) even the high s lewing rate operational supplies 

Figure 3- 3. De-current supply for inductor measurements. 

usually have a network across the output terminals that 
reduces their impedance to a few thousand ohms at 
1 kHz. To construct a high impedance supply use any 
common ungrounded voltage supply (Kepco ABC series 
units) and feed the output through the circuit in Fig­
ure 3·3. Connect the output of this circuit to the un­
known inductor (Figure 3· 2e). 

CAUTION 
Short out the current source before dis­
connecting the inductor to prevent large 
transient voltages. 

3.4 DC BIAS FOR AC RESISTANCE MEASUREMENTS. 

A de bias voltage and current may be applied to 
various types of nonlinear res is tive c lements such as 
diodes, varistors , and thermistors in order t o measure 
small ac signal resistance. For voltage-sensitive de­
vices, d iodes, and varistors, the ac res i stance i s the 
s lope of the de voltage-current curve. For thermally 
sens itive devices, the ac resis tance is equal to the de 
resistance as long as t he time constant is much longer 
than the period of the ac signa l. Several methods of 
applying de are s hown in Figure 3-4. 

Method 1. (Figure 3-4o.) 

In this method a ll of the current supplied flows 
through the unknown. The current is l imited to t he 
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a mount given in Table 3-2. The de source impedance 
s hould be low compared with that of the unknown, or 
the source should be shunted by a large capacitor as 
shown. U the de supply is grounded, the bridge chas­
sis may be at a potential of up to 6 Y. 

Method 2. (Figure 3-4b.) 

This method removes the de supply from the 
bridge arm so that its impedance is not so important. 
The current in the unknown is equal to the current 

R 
s upplied multiplied by R ~ R , and s hould be limited 

a b 
to that given in Table 3-2. The voltage applied should 
be limited to 71 V. If the de supply is grounded, the 
bridge chassis may be at a potential of up to 37 Y. 

Method 3. (Figure 3-4c.) 

This method permits grounding of both the bridge 
chassis and the de supply. The current through the 
unknown is equal to t he current s upplied multiplied by 

R 
::--::.a=-· The de current and voltage limits are given 
R + R 

a x 

in Table 2-1. 

Method 4. (Figure 3-4d.) 

This method permits large currents through low 
resistors, since no current flows in the bridge. The 
resistor Rfshould be large compared with the unknown, 
and the b locking capacitor, c f, should · be a ble to take 
the de voltage IdcRx. The impedance of the b locking 
c apacitor s hould be low compared with t hat of the 
unknown. 

0 b 

c d 

Figure 3-4. Methods of applying d e for ac resistance 
measurements. 



3.5 MEASUREMENT OF AC RESISTANCE OR CON· 
DUCTANCE WITH REACTANCE. 

The ac res istance and conductance bridges of 
the 16:50..B are very useful for making incremental 
measurements of nonlinear components like Thyrite® 
varis tors or diodes, and for measuring input and output 
impedances of field-effect transistors or transistor am• 
plifiers, gyrators, impedance sc a lers, etc. For exam• 

ple, a negative impedance converter was being used to 
cance l some positive resistance in one arm of a bridge 
circuit, but the bridge was not balancing properly. A 
resistor was put in series with the negative impedance 
converter and the input impedance was measured. It 
was determined that the negative res istance had an 
inductive component, discussed below, which calcula· 
tions s howed to be the result of phase shift in the 
operational amplifier (Figure 3·:5). 

A(S)• ..!!_ 
l .f.S T 

A in • input resls'tance 

: ~ =} feedback resistors 
R2 • 

A(S)• operational am­
plifier open loop 
transfer function 

K • gain a t DC 
s • complex frequ ency, 

IW 
T • time constant 

If the null is not s harp, i.e., sensit ive to a small 
change in the CGRL dial position, the "res is tance• is 
either capacitive or inductive. A capacitive resis· 
tance is measured by connecting an external capaci· 
t ance decade box (Co) from the HIGH UNKNOWN post 
on the bridge to the case (Figure 3-6). An inductive 
measurement i s made by connecting an external capaci­
tance decade box between the OPP ARM banana jack 
on the bridge and the case (Figure 3·7). 

Measurements can be made in terms of conduc­
tance, also. The conductance bridge has Ra and Rb 

figure 3-6. Circuit for 
measuri n g capacitive 

resistors. 

Co 
OEC.&.OE 

figure 3 - 7 . Circuit for 
m ea su r in g Inductive 

resistors. 

interchanged, causing the balance formulas to be as 
follows : 

RN 
Gx=-­

RARB 

R 
Cx =.::Nco 

RA 

L x a ReRACD 

(Refer to paragraph 1.4 for term definitions.) 

Monitor the active circuit's output voltage with 
an oscilloscope, and keep the 16:50..B Bridge oscilla· 
tor level reduced as much as possible to keep the de­
vice under test from saturating. 

NOTE 
A sliding null can occur if the unknown 
is inductive because RN appears in the 
null equations of both Rx and Lx• 

3.6 MEASUREMENT OF TRANSDUCERS. 

The small residuals, careful freque ncy compen· 
sation, Orthonull, and relatively high DQ resolution 
of the 16:50-B Bridge facilitate impedance analysis of 
transducers up to 100 kHz. Microphones, v ibration 
pickoffs and ultrasonic transducers can be analyzed 1,2 
by the use of the 16:50..B Bridge to plot their impedance 
versus fre quency curves. 

Useful accessories for this work are a recording 
wave analyzer (GR Type 1910 Recording Wave Analyz· 
er) and a frequency counter (GR Type 1191 Counter). 
Mechanical resonances are usually high Q, and s ince 
it takes time to balance the bridge for every point, 
one would like to know where the interesting regions 
are. The best procedure is to balance the bridge 
every 1 kHz or so, and sweep up and down about t he 
frequency with the wave analyzer in the tracking geno 
erator mode. The measurements s hould be made with 
an So-dB potentiomete r in the level recorder. When 
bumps occur in the plot of null voltage versus fre· 
quency, a region of interest is indicated and can be 
analyzed by balancing the bridge at this frequency. 
The wave analyzer is also very useful as a tuned null 
de tector at frequencies above 20 kHz. The GR T ype 
1232 Tuned Amplifier a nd Null Detector can be used 
be low 20 kHz for a detector, and with the addition of 
the GR Type 1232· P 1 RF Mixer, frequencies greater 
than 20 kHz can be analyzed. The input impedance 
of the wave analyzer is high enough so that it can be 
connected between the LOW UNKNOWN terminal and 

1Frederick V. Hunt, E lectroacoustics, Harvard Monographs 
io Applied Science Number 5, 1954,1-larvard University Press 
(New York: J oho Wi ley & Sons, Inc.) 

2L. E. Kinsler and A. R. Frey, Fundamentals of Acoust ics, 
J ohn Wiley & Sons, Inc ., 1%2. 
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F igure 3-8. T ypical impedance-vs-frequency response of an 
ultrasonic tra nsducer. 

the case, but the rf mixer will have to be driven from 
the DET output jack. 

The frequency counter is necessary to obtain 
high frequency resolution and accuracy. Conversion 
from C and D to real and imaginary parts of impedance 
are mos t conveniently done by a shoct computer pro· 
gram. Typical impedance curves are shown in Figures 
3· 8 and 3·9. Consult paragraph 4,12 for meas urement 
procedures and accurac y above 20 kHz. 

3.7 RESONANT FREQUENCY OF TUNED CIRCUITS. 

The resonant frequency of a series or parallel 
tuned circuit may be found by means of an external 
variable-frequency oscillator and the ac resis tance 
bridge. The external oscillator is connected as des­
cribed in paragraph 2.4, and the tuned circuit is c on­
nected to the UNKNOWN terminal. 

The frequency and the CGRL dial are then varied 
for the best null attainable. The bridge ind icates , a t 
balance, the effective s eries resistance of a s eries 
tuned circuit or the effective paralle l resistance of a 
parallel tune d circuit, while the oscillator indicates 
the resonant frequency. 

3.8 SHIELDED THREE-TERMINAL COMPONENTS. 

When the unknown is s hielded and the shield is 
not tied to either unknown terminal, a three-terminal 
component is formed (Figure 3-10). The impedance Z 
of the component its elf is the direct impedance of the 

~ 
l~ 
~ 
CA~Cs 

Figure 3 - 10 . Shielded t hree- te rminal impedance. 
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three-terminal s ystem. To measure the direct capaci­
tance of a three-terminal system, connect the third 
terminal to the panel of the instrument, us ing any 
grounded panel terminal or a ground lug with s crew 
just below the UNKNOWN terminals. The capacitances 
to the shield have negligible effect as long a s one of 
them is reasona bly small (paragraph 4.6). 

Often the s hield of an inductor is not connected 
to either termina l. When the inductance and frequency 
are low so that s tray capacitance across the inductor 
causes negligib le error, the shie ld should be connected 
to the UNKNOWN terminal marked LOW. When the in­
ductance (or frequency) is high, the effective induc· 
tance is increased because of the shunting capacitance. 
The error is +100 (c.} LxCx)% (paragraph 4.4). To avoid 
an inductance error, the s hi.e ld may be tied to the panel 
of tile bridge. The inductor terminal that has the larger 
capacitance t o the s hield s hould be tied t o the LOW 
bridge terminal. A Q error results from the c apacitance 
from the other UNKNOWN terminal to the s hield but a 
better measurement of Lx is possible. (This connec­
tion does not affect the winding capacitance its elf.) 

3.9 REMOTE MEASUREMENTS. 

Due to the s ma ll effect of stray capacitance to 
ground, particularly for capacitance meas urements 
(paragraph 4.6), the unknown may be placed s ome dis ­
tance away from the bridge. If at leas t one of the c on­
necting leads is s hielded, the capac ita nce between 
the leads is a voided. The shielded lead s hould be 
connected to the LOW UNKNOWN terminal, and the 
bridge should be grounded. The other lead may als o 
be shielded, at the cost of increased capacitanc e to 
ground. When low impedance measurements are made, 
the effect of the lead res istance and inductanc e s hould 
be considered (paragraph 4 .10). 



3.10 MEASUREMENT OF GROUNDED COMPONENTS. 

U the component to be measured is connected 
directly to ground, the component may be measured 
with the case of the 1650-B floating off ground. 

Either unknown terminal of an unknown capaci- . 
tor may be grounded. Grounding the low terminal tol­
erates large capacitance from the case to ground, but 
increases sensitivity to hum. However, most of the 
hum can be removed by the internal 1-kHz filter in the 
amplifier. Grounding the other unknown terminal de­
creases sensitivity to hum, but a capacitance of 1000 
pF from the case to ground causes a 1% capacitance 
error (paragraph 4.6). 

If the unknown is an inductor, the LOW te rminal 
should be grounded. 

Even when the bridge is floating, the bridge 
panel can be used as a guard terminal for three-termi­
nal or remote measurements. 

3.11 USE OF THE TYPE 16SO-P1 TEST JIG. 

3.11.1 GENERAL 
The Type 1650.P1 Test Jig (Figure 3-11) pcovides 

a means of making quick connections to the bridge with 
a pair of conveniently locared clip terminals. When the 
1650.8 is set up for limit measurements (paragraph 
3.12), the combination facilitates the rapid sorting of 
electrical componems. 

The jig is also useful for measurements on small 
capacitors because of its small zeto eapaeitanee and 
because the unknown component is positioned and 
s hielded to make repeatable measurements possible. 

3.11.2 INSTALLATION. 
The test jig is connected to the bridge UN­

KNOWN terminals by means of the s hielded Type 274 
Connector attached to the jig. A three-te rminal con­
nection is necessary. The third connection is made by 
means of the screw, located directly below the UN­
KNOWN terminals , and the lug on the shield of the con• 
nector. This screw makes the ground connection to 
the jig and also holds the connector in place. 

The leads of the test jig may be brought around 
in back of and underneath the bridge so that the jig 
may be located directly in front of the bridge without 
ituerference from the leads. 

Figure 3- 11. Type 1650-Pl Test Jig. 

3.11.3 RESIDUAL IMPEDANCES OF THE TEST JIG. 

The residual resistance of the leads is about 80 
mfl (total) and the inductance is about 2 ,.Ji. The zero 
capacitance, when the leads are connected to the 
bridge, is negligible ( ... 0 .2 pF). The shielded leads 
cause a capacitance to ground of about 100 pF each. 
Corrections may be necessary for the residual resis­
tance and inductance when measurements are made on 
low impedances (paragraph 4.10). The capacitance to 
ground causes no erroc foe capacitance measurements, 
but can cause a D (1/Q) error up to about 0.007 for in­
ductance measurements (paragraph 4.6). 

3.12 LIMIT TESTING. 

The Type 1650.8 may be set up t o provide a go­
no-go indication useful for component testing. The 
pane l meter is used as the indicator. The setup pco• 
cedure is as follows: 

a, Balance the bridlle with one of the comoonents 
to be measured (preferably one within tolerance). 

b. Offset the CGRL dial by the desired tolerance, 
if the tolerance is symmetrical, or by one half of the 
total allowable spread if unsymmetrical. 

c. Adjust the SENSITIVI1Y control for a five· 
division meter deflection. 

d. Set the CGRL dial to the center value (the 
nominal value if the tolerance is symmetrical). 

e. Connect each component to the bridge (or Type 
1650.Pl Test J ig). If the meter deflection is less than 
five divisions, the component is within limits . 

When the unknown bas a tolerance greater than 
±l~, the limits may be in erroc by more t han 1% if the 
above method is used. A sure method is to set the 
CGRL dial so that unknown components at both limits 
give the same deflection. 
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Section 4-Accuracy 

4. 1 GENERAL. 

Basically the 1650.B measures C, R, L, and G 
to within i %, and D and Q to 5%; however, at the 
range extremes the accuracy naturally decreases. To 
know when the accuracy of your instrument decreases, 
consider the following: 

1. What is the approximate magnitude of the im· 
pedance at the measuring frequency? A common 100-
J.LF capacitor has a 150-m.O impedance at 10-kHz (see 
Reactance Chart in the Appendix). The bridge resid· 
uals of 1 m.O and 0.2 f.1li (10 m.O impedance) are in 
series with this low impedance a long with the self 
inductance of any connecting leads to the unknown, 
thus causing the error to approach 10%. Therefore, 
be wary of low impedances. 

2. Visualize the unknown as having a reactive part 
and a real part in parallel. H the real part is very 
small then it essentially controls the impedance and 
the DQ d ial will be the major balancing control. That 
is, the position of the CGRL dial won't affect the 
balance much, hence low accuracy. Therefore, be wary 
of high-loss components. Conversely, very low-loss 
components will not be too dependent on the DQ bal­
ance and hence will have low DQ accuracy. For exam• 
ple, measure the residual bridge capacitance. 

In summary, if the impedance to be measured is 
very low, very high, or very lossy , read the re levant 
paragraphs in this section and make the required cor• 
rections. Note that, by increasing the measuring fre• 
quency, very small inductive impedances can often be 

moved up; by decreasing the frequency, small capaci· 
tive impedances can be moved up into more easily 
measured areas. 

4.2 DC RESISTANCE. 

The accuracy of de resistance measurements is 
:1:1% if the CGRL dial reading is between 1 and 11 as 
long as there is enough sensitivity. Below 1 .0, the 
accuracy is limited to ±10 m.O by the sensitivity. 
Above 100 k.O, an external supply is required to get 
1% accuracy. 

For low-resistance measurements, short, heavy 
leads should be used as connections to the unknown. 
The zero resistance of the leads should be measured 
with the free ends connected together, and subtracted 
from the bridge reading with the unknown inplace. The 
user should be particularly careful when using banana­
pin connections. For best connection to the bridge, 
tighten the binding post hard enough to notch the wire 
inserted in the hole. 

4.3 AC RESISTANCE. 

The accuracy of the R reading is ±1% if the 
balance is made between I and 11 on the CGRL dial. 
Below 1 on the dial the accuracy is ¥12 a division. 
Thus the over-all accuracy is ±1% or ±1 milliohm, 
whichever is greater, as long as the 1-milliohm resid· 
ual resistance is subtracted from the R reading. 

ACCURACY 4-1 



The residual resistance of 1 mn is that of the 
b inding posts themselves. For low-£esistance meas­
urements , short, heavy leads should be used as con­
nections to the unknown. The zero resistance of the 
leads should be measured with the free ends connected 
together, and subtracted from the bridge reading with 
the unknown in place . The user s hould be particularly 
careful when using ba nana-pin connections . For best 
connection to the bridge, tighten the binding post hard 
enough to notch the wire inserted in the hole. 

Since there i s no interna l Q adjustment on the R 
bridge, reactance affects only the ability to get a good 
sharp null. If the reactance is large enough to prevent 
a satisfactory balance, an external capacitor may be 
used to make a reactance balance (paragraph 3.5). 

4.4 INDUCTANCE. 

The accuracy of the L reading is ±1% if the 
balance is made between 1 and 11 on the CGRL dial. 
Be low 1 on the dial the accuracy is ~ division. Thus 
the over-a ll accuracy is :tl% or :tl ,_u-1, whichever is 
greater, s ince 1 ,_u-1 is ~ dial division on the lowest 
range. The Q accuracy is given in terms of 0 = 1/Q 
and is :1:5% or ±0.001, whichever is greater, with a 
CGRL reading of 1 or higher . 

The residual (zero) inductance is less than 0.2 
,_u-1, which is less t han the accuracy of the bridge and 
there fore neg ligible. If external leads are used to 
connect to the unknown, t his zero inductance is in­
creased and should be s ubtracted from the bridge 
reading . 

The residual resist ance of the bridge is 1 milli­
ohm, which causes a small D (1/Q) error. This error 
is less than 0.001 if Lx is more than 160 ,_u-1. If long 
leads are used to connect to the unknown, this error 
can become appreciably greater and require a correc­
tion. The 0 error is 

X 

R 
(the Q error is Q2- 0

- ) 
wL 

X 

where R is the total lead resistance. 
0 

The residual zero capacitance of 0.5 pF theoreti· 
cally causes an error for inductors above 250 H. 
However, this small capacitance is almost a lways 
negligible compared with the capacitance of the wind­
ing of such a large inductor. If the inductor is s hie lded, 
a three-terminal measurement will reduce the effect of 
stray capacitance to the s hield {paragraph 3.8). In 
order to reduce the effect of the winding capacitance 
it is necessary to reduce the measurement frequency. 
The inductance error due to a s hunt capacitance C 0 
. 2c 2 . ts w 

0
Lx , and thts amount should be subtracted 

from the bridge reading (paragraph 4. 10). 
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The induct ance accuracy is reduced slightly if 
Q is less than 0.1. However, even with Onhonull, 
balance to 1% is impossible. Errors at other frequen­
cies are discussed in paragraphs 4.11 and 4. 12. 

4.5 CAPACITANCE. 

The accuracy of the C reading is ±1% if the 
balance is made between 1 and 11 on the CGRL dial. 
Below 1 on the dial the accuracy is tlh division . Thus 
the over-all accuracy possible is ±l% or ±1 pF, which­
ever is greater, s ince I pF is Yz a dial divis ion on the 
lowest range. The 0 accuracy is ±5% or ±0.001, which­
ever is greater, with a CGRL dial reading of 1 or 
higher. 

The res idual (" zero") capacitance of the bridge 
terminals is approximately Yz pF, which is less than 
the accuracy of the bridge and, therefore, negligible. 
If external leads are used to connect the unknown, this 
zero capacitance is increased a nd s hould be s ubtracted 
from the bridge reading. 

The residual resistance of the bridge is 1 m.O, 
which theoretically causes a D error of 0.006 when 
ex = 1000 }iF. In practice, capacit ors of this size 
have such large D values that such an error is negli­
gible. However, if leads are used to connect large ca­
pacitors, this 0 error can become important and a cor· 
rection s hould be made. The 0 error is +w }\, ~ (where 

R
0 

is the lead resistance), and this amount should be 
subtracted fr om the 0 read in g. 

The residual inductance causes negligible error 
a t 1 kHz even if Cx = 1000 _f.LF. However, connecting 
leads could have enough mducrance to cause a C 
error when large capacitors a re measured. The error 
is +w L 0 Cx (when L 0 is the lead inductance) and this 
amount should be subtracted from the C reading. 

The capacitance accuracy i s reduced on the CP 
bridge when 0 becomes larger than 10. However, even 
with the Orchonull balancing mechanism, balance co 
1% precision is impossible; thus this error is negli­
gible (paragraphs 4.8 and 5.2.4). 

Errors for capacitance measurements at other 
frequencies are discussed in paragraphs 4.11 and 4. 12. 

4.6 EFFECTS OF CAPACITANCE TO GROUND. 

The Type 16SO Bridge generally measures " un­
grounded" components, since neither UNKNOWN ter­
minal is connected directly to the panel. The panel 
should be connected to a good ground, especially if 
high-impedance c omponents are to be measured. H 
the panel is not grounded, stray capacitances from the 
UNKNOWN terminals and panel to ground can produce 
an effective capacitance across the UNKNOWN ter­
minals. With t he panel grounded, capacitances from 
the UNKNOWN terminals to ground have a much less 



OET 

Figure 4- 1. Capacitance to ground for capacitanc e 
measurement. 

serious effect. {For measurements of grounded com­
ponents refer t o paragraph 3.10.) 

The effects of stray capacitances to the panel 
(ground) are usually negligible in the capacitance 
bridges (Figure 4-1). Capacitance from the LOW ter-

minal to ground (CA) shunts the detector and causes 
no error. Capacitance from the other terminal to ground 
(C 8 ) shunts the s tandard capacitor (CT) and produce s 
an error of 

X 100% '= --- X 100% 
0.1 J.LF 

Since CT is large, it takes 1000 pF to produce a 1% 
error (when D is small). 

In the inductance bridge {Figure 4-2) C A is 
across the detector and has no effect , but C

8 
shunts 

the CGRL rheostat . Capacitance across this rheostat 
causes a D (1/Q) e rror of -wRNC8 • The L error is 
usually negligible except when Qx is very low . 

L meas 

Thus, for inductance measurements, it is desirable to 
connect the terminal with the most capacitance to 
ground to the UNKNOWN terminal marked LOW. 

Figure 4 - 2. Capac itance to ground for inductance 
measurement .. 

4.7 D AND Q ACCURACY. 

D (or 1/Q) accuracy is dependent upon frequency 
and the CGRL dial setting. 

CGRL dial setting of 1 or above: 
1-kHz or lower: ±0.001 ±5% 
Above 1-kHz: ±0.001 (f/1 kHz) ±5% 

CGRL dial setting below 1: 
1-kHz or lower: ±(0.001Xl/CGRL dial setting) 

±5% 
Above 1-kHz: ±(0.001Xl/CGRL dial setting) 

(f/1 kHz) ±5% 

NOTE 

The percentage accuracy, 5%, applies 
directly to Q, but the fixed-accuracy 
term, ±0.001, does not apply directly 
because Q = 1/D = 1/ ±0.001 = ± 1000, 
which is not true. Also, t he corrections 
for residual and lead impedances must 
be taken into account (paragraph 4.10). 

4.8 ORTHOHULL ACCURACY. 

The advantage of Orthonull i s i llus trated in 
Figure 4-3, which is a plot of the numbers of adjust­
ments necessary for a balance. Not only does the 
Orthonull reduce the number of balances, but it per mits 
1% measurements that would otherwise be impossible 
below a Q of Ii3, due to the finite resolution of the 
DQ rheostat. This finite resolution causes the meter 
indication to vary in jumps when Orthonull is used at 
Q's below 1/3 . However, by choosing the best null, 
1% accuracy is possible with Q's of less than 0.2. As 
Q is further reduced, it is eventually impossible to 
achieve 1% balances. T he accuracy that can be ex-

.. 
w 
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Figure 4-3. Number of balance s v s Q. 
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F igure 4- 4. Accuracy vs D or Q. Figure 4- S. DQ ranges vs frequency. 

TABLE 4-1 
CORRECTION TERMS FOR ERRORS DUE TO 

RESIDUAL A ND LEAD IMPEDANCEs• 

Measured Series Resistance Series Inductance Parallel Capacitance 
Quantity R0 (1 mD + leads) Lo (0.2 ,u.H + leads) Co (0.5 pF + leads) 

cs No Error -w2~.ocx2 - c o (1 - Dx2> 

D - wCxRo 2 -w L0 CxDx 
Co 2 

+ Dx Cx (1 + Dx ) 

~ +2 R0 woxcx2 -w2L C 2 (1 - D 2) 0 X X -co 

D -wCxRo (1 + Dx 2) -w2LoCxDx (1 + Dx 2) Co 
+ Cx Dx 

R -Ro 

Ls No Error -Lo -w2c L (1 -~ 
0 X Qx. 

Q 2~ Lo 2 1 
+Qx wL -Lx Qx +w COLX (Qx + Qx2) X 
--zRo 1 2 2 Lp +Qw -Lo (1 - Q2) -w C0 Lx 

Q + Ro (1 + Q2) _Lo (Q~ 2 
wLx Lx Q +w CoLxQ 

• Add or subtract from measured value as indicated. 
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TABLE4 2 . 
Cp·'-s ACCURACY BETWEEN 

0.4 AND 4 ON THE CGAL DIAL 

Frequency Basic Bridge 
Accuracy 

50 kHz ±1% 
100 kHz ±1% 

*below line 10 in Figure 4-5 

Points to remember in measurements above 20 
kHz are: 

1. The Cp - L 5 bridges ace more accurate than 
the Cs - L bridges. 

2. Accuracy is greater with the CGRL dial at a 
low setting, say between 0.4 a nd 4 . 

3. While the basic 1% bridge accuracy may be 
plus or minus , the e rror introduced above 20 kHz is 
always minus . For greater accuracy between 50 and 
100 kHz, add 1% to the indicated value. 

ACCURACY 4- 6 

Limits of Error Net Accuracy 
Added Above 20 kHz Limits* 

+0, · 1% +1%,·2% 
+0, ·2.5% +1%,-3.5% 

4. When measuring D or Q above 20 kHz, a lways 
use the CP - Ls bridges. 

The above information is given mere ly as a g uide 
for those wondering what accuracy they might reas on­
ably expect at frequenc ies from 20 t o 100 kHz. 

NOTE 
Bridges are not tested at these fre­
quencies, and thus operation above 20 
kHz is not included in the specifications. 



Section 5-Principles of 0 peration 

5. 1 GENERAL. 

5.1 . 1 NULL METHODS. 

Null methods have long been recognized as the 
most precise and convenient way to measure all types 
of impedance - resistive and reactive, inductive and 
capacitive, from low frequencies ro uhf. Most null-type 
ins truments are evolved from the century-old Wheat­
scone bridge, still the fundamental circuit for meas ­
uring de resis tance. Other null circuits, such as the 
admittance meter and transfer-function bridge, have been 
developed by General Radio to meet the diverse require• 
ments of modern measurement. In all, General Radio 
produces bridges covering virtually the entire field of 
impedance measurement. Some of these bridges include 
built-in generator and detector and are thus complete, 
se If-contained measurement systems . Others are avai !­
able in combination with various GR oscillators and 
detectors, as complete assemblies . 

5. 1.2 DC BRIDGES. 

The Wheatstone bridge measures an unknown 
resistance, Rx, in terms of calibrated s tandards of 
resistance connected as shown in Figure 5- l. The 
relation is: 

( 1) 

which is satis fied when the voltage across the detector 
terminals is zero. 

5.1.3 AC BRIDGES. 

The Wheatstone bridge circuit is ea~i ly adapted 
to ac measurement. With complex impedances, two 
baiance cond itions must be satisfied, one for the res is ­
tive component and one for rhe reactive component. 
At balance: 

z 
X 

(2) 
or 

(3) 

Equation (2) expresses t he unknown in terms of 
impedance components; equation (3) expresses the 
admittance. To satisfy these equations, at least one of 
the three arms 1, 2, or 3 must be complex. 

The reactance Xx can be measured in terms of a 
similar reactance in an adjacent arm (Figure 5·2) or 
an unlike reactance in the opposite arm (Figure 5·3). 

The complex arm required to satisfy the balance 
conditions of equation (2) or (3) is a combination of a 

Figure 5-1. The 
general Wheatstone 

bridge circuit. 

F igures 5-2 and 5-3. Circuits foe copaci• 
tance bridges in which like reactances ( le ft) 
o r unlike reactances (right) are compared. 
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reactance, in ser ies or in paralle l. With a series c om­
bination in an arm adjacent to the unknown or a parallel 
combination in the arm opposite the unknown,- the 
bridge measures the equivalent s eries components of 
the unknown. Conversely, an adjacent parallel or an 
opposite series combination will yield a measurement 
of equiva lent parallel components. (Every impedance 
can be expressed in t erms of e ither series or paralle l 
equivalents, as di scussed below.) 

If both components of this complex arm are ad­
justable, the ba lances for the real and imaginary pans 
of the unknown will be independent of each othe r and 
orthogona l. If only one component of the combination 
is adjust able , this component will be proportional to 
e ither the D or the Q of the unknown impedance. If 
the ad justable compone nt is the more prominent of the 
two, as it is when very low-Q inductors are measured, 
the balance convergence is s low, if not impossible. 
The general-purpose Type 1650 Impedance Bridge uses 
a mechanical ganging of the bridge controls (called 
Orthonull) t o faci litate conve rgence . 

5. 1.4 D AND Q. 

An important c haracteris t ic of an inductor or a 
capacitor, and often of a res istor, is the ratio of re ­
s is tance to reactanc e or of conductance to susceptance. 
The ratio is called dissipation factor, D, and its reci­
procal is storage factor, Q. These terms are defined 
in Figure 5-4 in ter ms of phase angle e and loss angle 
8. Dissipation factor is direct ly porportional to e nergy 
dissipated, and s torage fac tor to energ y stored, per 
cycle. Power fact or (cos e or s in 8) differs from dis ­
sipation factor by less than 1% when their magnitudes 
are less than 0.1. 

·~~! 
o• ,. .... ;.. i-·i-·foft.l 
P•••" P'ectOf' • 

I I 
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.... .,.~ 
" 0 

8RIOCE 1 

Figure 5-4. Vector diogram showing the re lations between 
factors D and Q, and angles 8 ond 8. 

In F igure 5-4, Rand X a re s eries resistance and 
reactance, and G and B are para llel conductance and 
susceptance, of the impeda nce or admittance invo lved. 

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

Series and Para lie 1 Components 

The 1650 gives the user the option of measuring 
the unknown in te rms of either its series or paralle l 
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equivalents. The choice is a matter of c onvenience 
for the problem at hand. Since the distinction between 
series and parallel equivalents is sometimes overlooked 
in texts , we wi ll brie fly summarize the relationships 
here . 

Regardless of physical configuration, every 
impedance can be expressed, for any given freque ncy, 
as either a series or a parallel combination of resis ­
t ance and reactance , as shown in Figure 5· 5. The 
rela tions between the e lements of Figure 5-5 are: 

R2 
s 

+ xz 
+ Q2) R " R

5 
{1 

p G R 
p s 

R2 + xz 
+ D2) X s s 

= x s (1 p B X 
p s 

In terms of s eries and parallel capacitive and 
inductive reactances, these rela tions become: 

c "c ( 
p s l 

+ D2) 

cs c (1 
p 

+ D2) 

LP 

/ 

= L 5 (1 + 
. ' 
~2) 

= LP( 

Q2 

Q2 ) 
Ls 

+ 

Where : 
X R B w L RP s p p s 

Q =-
Rs X G R w L D 

p p s p 

and 

R X G 
s p p 

w R C D 
Q X R B s s w R C s p p p p 

If Q is 10 or more (or if D IS 0.1 or less), the 
d ifference between series and parallel reactance is no 
more than 1%. For very low Q's or high D' s, however, 
the difference is s ubstantial: when Q:: 1, Xp is twice 
X5 • If there were no losses in the reactive elements 
(i.e., D "' 0), X5 and XP would be equal. 

~s $x Gp~· 
s 

IUt10Cf.l 

Figure 5-5. Series and 
parallel components of 

impedance. 



Substitution Methods 

In many ac bridges, the unknown is connected in 
series or in parallel with the main adjustable com­
ponent, and balances are made before and after the 
unknown is connected. The magnitude of the unknown 
then equals the change made in the adjustable compo­
nent, since the total impedance of the unknown arm 
remains constant. The chief advantage of this substi­
tution technique is that its accuracy depends only on 
the calibration of the adjustable arm and not on the 
other bridge arms (as long as they are constllnt). The 
substitution principle can also be used to advantage 
with any bridge if the balances are made with an exter­
nal, calibrated, adjustable component. 

5. 1.5 BRIDGES WITH ACTIVE ELEMENTS. 

If a potentiometer-amplifier combination is con­
nected as a bridge element, fixed capacitance and 
conductance standards can be used, with current 
adjusted by variation of voltage rather than of imped­
ance magnitude. The principle is used in the GR 
Type 1633 lncremental-lnduc~ance Bridge, which can 
accurately measure nonlinear elements. 

5.1.6 THE TRANSFORMER RAT 10-ARM BRIDGE. 

Transformer ratio arms, introduced almost a 
century ago, have recently come into considerable 
favor because of certain outstanding advantages. Ratio 
accuracies of a few parts per million are possible, 
even for transformer ratios of up to 1000 to I, and the 
ratio is virtually unaffected by age, temperature, and 
voltage. 

Figure 5-6 shows a transformer bridge in ele­
mentary form. The balance condition for capacitance 
IS 

Figure 5-6. A copoc itonce 
bridge with transformer ratio 

arms. 

Figure 5-6 also explains the exceptional ability 
of the transformer bridge to make three-terminal meas­
urements without the use of a guard circuit or auxiliary 
balance. Capacitances from the H terminals appear 
across the low-impedance transformer winding, while 
those from the L terminals are across the detector, 
where they do no enter the balance expression. These 
capacitances are thus excluded from the measurement 
of direct capacitance, Cx, between H and L terminals. 
Because this type of bridge can tolerate relatively 
large capacitances from both s ides of the unknown to 

the guard point, long cables with guard shields can be 
used for remote measurement, and circuit capacitances 
can often be measured in situ. 

Conventional bridges can also be adapted for 
three-terminal measurements (although they generally 
cannot tolerate as low an impedance to guard). On the 
GR Types 1650 and 1608 Impedance Bridges, any stray 
capacitance is in parallel with a standard capacitor of 
at leas t 0.1 J..LF and usually has negligible effect. A 
Wagner-type guard circuit (GR Type 716-P4) is avail­
able for use with the GR Type 716 Capacitance Bridge. 
On the Type 1605 Impedance Comparator an electronic 
amplifier provides a guard point. 

5.1.7 LIMIT BRIDGES AND COMPARATORS. 

In limit bridges, the unbalance voltage of the 
bridge actuates a meter, which indicates the degree 
of deviation of one impedance from another. The GR 
Type 1652 Resistance Limit Bridge, which includes 
an adjustable standard resistor, can limit-tes t resistors 
over a wide range. The Type 1605 Impedance Compar­
ator indicates the magnitude and phase differences 
between the unknown and an external s tandard. On 
this instrument, the availability of several sensitive 
ranges enables the user to measure small differences 
very accurately. For instance, the nominal ±3% accu­
racy of the comparator is translated into an actual 
measurement accuracy of ±0.009% on the ±0.3% fuU­
scale range if suitable standards are used. 

5.1.8 THE AUTOMATIC BRIDGE. 

The ultimate in convenience is a bridge that 
balances itself. The GR Type 1680 Automatic Capaci­
tance Bridge fully automates the balance procedure 
- selecting range, balancing, and indicating both 
capacitance and loss in digital in-line form. 

The implications of such automatic measurement 
are far-reaching. The conversion of bridge-measured 
data imo digital and binary-coded form (the Type 1680 
has a binary-coded decimal output) gives the bridge 

access to the whole modern arsenal of data-processing 
equipment - primers, tape-punchers, sorrers, etc. 
Speed is one obvious byproduct of automatic equip· 
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ment: GR's automatic bridge takes about one-half 
second to achieve balance. 

5.1.9 COAXIAL-LINE INSTRUMENTS. 

The Slotted Line 

The upper-frequency limit of conventional bridge 
circuits using lumped-parameter elements depends on 
the magnitude of the residual impedances of the e le· 
ments and leads. The corrections for t hese usually 
become unmanageable at fre que ncies above a few 
hundred megahertz, and circuits based on coaxial­
line techniques are more satisfactory. 

One of the basic methods of measuring the im­
pedance of a coaxial device is the measurement of the 
standing-wave ratio it introduces in a uniform line. 
The measurement is bes t made by a slotted line, an 
instrument consisting of a length of coaxial air line 
with a longitudinal s lot in its outer conductor and an 
electrostatic probe, which enters the line through the 
s lot. The probe is moved along the length of the line, 
sampling the field inside. Thus are the magnitudes 
and positions of voltage ma"'ima and minima determined 
and, from this information, the impedance of an unknown 
connected to the line. In this instrument the impedance 
s tandard is the line itself, and its accuracy depends 
primarily on its physical dimensions. 

General Radio offers two slotted lines: the 
Type 874-LBB, for genera! impedance measurements, 
and the highly accurate Type 90D-LB, the most ad· 
vanced s lotted line available commercially. 

The Admittance Meter 

The GR Type 1602 UHF Admittance Meter uses ad· 
justable loops to sample the currents flowing in three 
coaxial lines fed from a common source and terminated, 
respectively, in the unknown, a standard conductance, 
and a standard susceptance. The loops are adjusted so 
that the combined output from them is zero (a null bal­
ance). Scales associated with the three loops give the 
value of the unknown directly, in terms of admittance. 

The Transfer-Function and Immittance Bridge 

The GR Type 1607 Transfer-Func tion and lmmit• 
ranee Bridge is similar to the Admittance Meter de­
scribed above bur also permits four•terminal measure­
ments, such as those of forward and reverse transcon­
duc tance and transsusceptance, transimpedance, and 
input-output voltage and current ratios . This bridge 
is widely used to evaluate the transfer characteris tics 
of transistors and rubes in the vhf and uhf ranges. 

5.1.10 GENERATORS AND DETECTORS. 

Several GR bridges include both generator and 
detector. Some others - the Types 1615, 716-C, and 
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716-CS1 Capacitance Bridges and the Types 1632 and 
1633 Inductance Bridges - are available as complete 
measuring assemblies, with generator, detector, inter· 
connecting cables, celay cack, and othec accessocies . 
Unless one obtains such a complete system, he must 
carefully choose generator and detector to ensure 
satisfactory measurement results . (Even with a com· 
plete system, the user may at times wish to connect a 
different generator or detector to the bridge, and almost 
all GR bridges include panel connectors for such use.) 

The c hie f generator requirements are good fre· 
quency s tability, adequate power output, and low 
harmonic content . A wide choice of GR oscillators 1s 
available, covering the frequency range from audio to 
microwave. 

Desirable detector characteristics are; 

1. High sensitivity, preferably the ability to 
detect a few microvolts. 

2. High selectivity, to reject harmonics, noise, 
and other interfering s ignals. This is particularly 
important in measurements on iron-core coils and other 
nonlinear elements. 

3. Logarithmic or nearly logarithmic response , 
to minimize gain adjustment during the balancing 
procedure. 

4. Good shielding, to prevent errors from extran­
eous pickup. 

At audio frequencies, GR's Type 1232 Tuned 
Amplifier and Null Detector is recommended for its 
high sensitivity and for its general versatility in the 
lab. The Type 1212 Unit Null Detector is useful up to 
several megahertz. Crystal mixers are available for 
both the detectors, extending their frequency ranges to 
about 60 MHz. At these and higher frequenc ies, the 
heterodyne type of detector is preferred, because of its 
wide frequency range and excellent shielding. The GR 
Type 1241 Detectors operate from 70 kHz to 2000 MHz. 

One of the most popuLar generator-detector com­
binations, the T ype 1311 Audio Oscillator (50 Hz to 
10 kHz) with the Type 1232 Tuned Amplifier and Null 
Detector, is available in a single assembly as the 
Type 1240 Generator-Detector Assembly. 

5.1.11 CONNECTIONS - SHIELDING. 

Adequate ground connection and s hielded genera­
tor and detector leads are a lways important, but t hey 
are particu larly so at high frequencies. At audio and 
low radio frequencies, electrostatic shielding of leads 
is usually enough; above a few megahertz, coaxial 
leads, securely grounded to the detector, generator, and 
bridge s hields, are necessary. GR's patch cords and 
cables (Table 1·1) are recommended for bridge con­
necuons . 



5.2 1650 BRIDGE. 
This section discusses some details of the 

construction and frequency compensation of the 1650 
Bridge. 

The variable bridge components are General 
Radio precision wire-wound rheostats. The CGRL 
rheostat uses a mechanical justifying mechanism for 
high accuracy, and the DQ rheostat has a 54-dB log a· 
rithmic range. The standard capacitor is a General 
Radio Precision Polystyrene Capacitor and the resis­
tors are 0.1%, low temperature coefficient, metal-film 
resistors except for the 1-ohm ratio arm that uses a %'% 
precision General Radio wire-wound card. 

5.2.1 BRIDGE SWITCHING. 

The CGRL MULTI PLIER switch (SlOl) selects 
the bridge range by switching in various ratio-arm 
resistors. Clockwise rotation of this two-rotor switc h 
increases the multiplier value for the G, R, L, and C 
bridges. Both ends of the range resistor are switched 
out so that the unused resistors can be grounded to 
reduce capacitance across this arm. Double, solid­
silver contact s ensure low switch resistance and long 
switch life. 

The CGRL PARAMETER switch (Sl02) selects 
the bridge circuits . The actions of this switch are 
such that it (1) selects the correct rotors of Sl01 and 
grounds one of the unused rotors, (2) selects the correct 
standard arm, and (3) reverses the bottom two arms of 
the .bridge to form the L and R or C and G bridges . 

The function switch sets up the correct internal 
source and detector circuits for the desired operation. 
When this switch is in either of the two external pos i­
tions, the EXT GEN terminals, used for externally 
applied ac or de, are connected in as the bridge source. 

5.2.2 COMPENSATION TECHNIQUES. 

T o achieve the required D-Q accuracy over such 
wide ranges, several compensating schemes are used. 
The components used for this purpose are listed below, 
with brief description of their functions. Component 
designations refer to the schematic wiring diagrams 
(Figures 6-6 and 6-9). 

C2: This capacitor correct s for the phase shift 
caused by stray capacitance across the CGRL rheostat 
(RN). This capacitor forms a three-terminal T-network 
with the two parts of the rheos tat to produce an effec­
tive inductance to balance out the s tray capacitance. 

C3: This capacitor compensates for the induc· 
tance of the 1-D ratio arm (R5). 

C4: This capacitor compensates for the induc­
tance of the 10-0 ratio arm (R6). 

C7 and C8: These capacitors correct the phase 
angle of the DQ pote ntiometer (RT ) to compensate for 

the inductance of the winding. Without compensation, 
this inductance would cause an error in Cs and LP at 
high frequencies, and in CP and Ls when the unknown 
has a very low Q or high D. 

C9: A s ixth compens ating capacitor consisting 
of two turns of grounded wire about the 1-MO res istor 
Rl3 compensates for the stray capacitance across Rl3. 

. 5.2.3 BRIDGE SOURCES AND DETECTORS. 

The de bridge supply is taken from the four 
internal D cells, which supply about 6 V limited by a 
100-D res istor to a maximum of 60 rnA. The de indica­
tor on the panel has a sensitivity of 2 J.i.-A/mm near 
zero, a resistance of 75-D, and a shaped characteristic. 

The ac source is a 1-kHz transistor RC Wien­
bridge oscillator. The output voltage is about 1 V at 
the s econdary of the 4-to-1 step-down transformer. The 
OSC LEVEL control adjusts output voltage by ad· 
justing the voltage across the transformer primary. 

The ac detector is a four-trans istor, variable-gain 
amplifier, which uses a twin•T RC filter to obtain 
selectivity when on the AC INTERNAL 1 kHz position. 
This amplifier drives the pane l meter to provide a visual 
ac null indication, and the output from the amplifier is 
supplied to the side panel DET phone jack. 

The ac oscillator and detector combined draw 
approximately 10 rnA from the internal 6-V battery. 

5.2.4 ORTHONULL. 

Orthonull is a mechanical device that improves 
the bridge balance convergence when low Q inductors 
or high D capacitors are measured. Ordinarily, balances 
with such component s are tedious and often impossible 
due to the "sliding null" res ulting from the interde· 
pendence of the two adjustments. Rapid balances are 
possible with Orthonull, whic h does nor affect electr ical 
balance but which does help avoid fals e nulls , improv­
ing bridge accuracy for low Q measurements. 

The bridge output voltage for the Ls (Maxwell) 
bridge can be expressed, as in the equation of Figure 
5-7. 

figure 5-7. Loci of RN and RT adjustments on Z plane. 
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IDEALIZED BALANCING LOCI Qc 1/2 

Figure 5-8. Loci of •a I iding null• balance. 

We will assume rhar the denominator is more or less 
cons tant in the region of the null. The numerator is 
the difference between rhe unknown impedance R" + 
jwL" and what can be called the "bridge impedance." 
The bridge output is proportional t o this difference, 
which is the distance between them on the complex 
pl ane. To balance the bridge, the bridge impeda nce i s 
varied by adjustment of RN (the CGRL dial) and RT 
(fhe DQ dial) until it equals the unknown impedance. 
An adjust ment of RT varies only rhe real parr of the 
bridge impedance, whereas an adjustment of RN varies 
both parts, and is therefore a multiplier of the bridge 
impedance. Thus, adjust ment of RT moves the bridge 
impedance horizontally on rhe complex plane, while 
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adjustment of RN moves ir radially (Figure 5·7). Each 
control is adjusted for a minimum voltage. 

When X >>R (i.e., Q is high) thes e two adjust­
ments are almost orthogonal, and rapid convergence is 
poss ible . When Q is low, however, the adjus t ment 
becomes more parallel and convergence is s low, caus­
ing a "sliding null" , as s hown in Figure 5·8, where 
Q = ~- With s malle r Q' s , convergence is even s lower . 

The Orrhonull device makes the two adjustments 
orthogonal by nonrec iprocally ganging RN and RT . 
From the equation ir is apparent that if RN /RT re­
mained constant as RN was varied, only the imaginary 
part of the bridge impedance would change. Bur when 
RT is adjusted, RN mus t nor move to vary only the 
real part . The solution is a s imple mechanis m to 
permit nonreciprocal action. Both the inherent differ­
ence in friction of the two rheostats and the pulley 
ratio favor torque transmission in the desired direction. 

The ratio RN/RT must be constant for variation 
in RN for any initia l seuings of RN and RT , s ince RT 
may be moved indepe ndently of RN. This requires 
rheostats with exponential characteristics (and loga­
rithmic dials). The DQ rheostat is a 54-dB exponential 
potentiometer with the correct initial res istance (R3) 
added when the L 5 and C bridges are used. The 
CGRL rheostat is exponent &! in the dial range from 1 
to 11, and linear below l. Thus, for c orrect Orthonull 
action, the CGRL dial must be in the range above 1. 

The Orthonull mechanism is shown in Fig ure 6-2. 
The clutch action is between the wire and the free 
pulley driven by rhe wire belt . The clutch is disengaged 
by the switch on the panel so that normal operation 1S 

possible for high·Q (low-D) components. 



Section &-Service and Maintenance 

6.1 WARRANTY. 

We warrant that each new instrument manufactured 
and sold by us is free from defects in material and 
workmanship and char, properly used, it wiil perform 
in full accordance with applicable specificat ions for a 
period of two years after original shipment. Any instru­
ment or component that is found within the two-year 
period nor to meet these s tandards after examination by 
our fac tory, District Office, or authorized repair agency 
personnel will be repaired or, at our option, replaced 
without charge , except for rubes or batteries that have 
g iven normal service. 

6.2 SERVICE. 

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

Before returning an instrument to General Radio 
for service, please write to our Service Department or 
nearest District Office, requesting a Returned Material 
Tag. Use of this tag will e nsure proper handling and 
identification. For ins truments not covered by the 
warranty, a purchase order should be forwarded to avoid 
unnecessary delay. 

6.3 MINIMUM PERFORMANCE STANDARDS. 

The eighteen checks listed in Table 6-1 are 
g iven so that it can be determined that the instrument 
is in proper working condition (1) on receipt of a new 
bridge, (2) after a period of non-use, or (3) after repairs 
have been made to the bridge. If any specifications 
(READ column) are not mer, refer to paragraph 6.4. 
Table 6-2 lists the recommended test equipment for 
these checks plus the equipment needed for the cali­
bration procedures given later. Figure 6-1 s hows the 
equipment connected in a block diagram form. 
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GR 2.74-NQM 
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Figure 6- I. Test setup for service and maintenance of 1650-B. 
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EXTERNAL 
STANDARD 

CGRL 
GR Cat. No. Value SEL 

1440-9601 1.0 A 
1440-9601 1.0 A 
1440-91 11 10.0 A 
1440-9621 100.0 A 
1440-9631 1 k0 R 
1440-9641 10 k O R 
1440-9651 100 kO R 
1440-9631 1k0 G 
144<>9661 1 MO ~ 

in parallel with 
1409-9706 .001 J.L 

Cs 

144<>9661 1 Mil } 
in parallel with 

1409-9706 .001J.LF 
Cs 

1409-9706 .001 f-J. F Cs 
1409-9706 .001 J.LF Cs 
1409-9712 .01 J.LF Cs 
1409-9720 . 1 J.LF Cs 
1409-9720 .1 J.LF l 

in series with Cs 
1440-9621 100 .0 , 
1400.9720 .1 )"F I 

in parallel with 
1440-9621 1 00 .0 

Cp 

1482-9712 100 mH Ls 
1482-9712 100 mH Lp 

·• From external power supply. 
** From external signal source. 

TABLE 6-1 
ACCURACY AND OPERATIONAL CHECKS 

Function CGRL 
Switch MULT Read 

INT 1 kHz 100 m.O A= 10,±1 div 
INT 1 kHz 1.0 A = 1, ±1/2 div 
INT 1 kHL 10 .0 R = 1, ±1/2div 
INT 1 kHz 1000 A= 1,±1/2div 
INT6V 1 kO R = 1, ±1/2 div 
INT 6V 10 k O R = 1, ±1/2 div 
"EXT 200V 100 k O R = 1, ±1/2 div 
INT 1 kHz 1 mU G = 1, ± 1/2 div r = 10.3. ±1/2 di· 
INT 1 kHz 100pF D = note reading 

(about 0.159) r-1.03.±112dN 
INT 1 kHz 1 nF D = must be within 

1/3 div of 
reading above 

""EXT 1 kHz 100 pF C =10, ±1div 
**EXT 1 kHz 1 nF C = 1, ±1/2 div 
*"EXT 1 kHz 10 nF C= 1,±1/2div 
* "EXT 1 kHz 100 nF C= 1,±1/2div 

fc = 1. ±1 div * * EXT 4kHz 100 nF 
, D = 0.251, ±3/4 div 

""EXT 4kHz lOOnF {C= 1,±1 di> 
D = 3.98, ±3/4 div 

INT 1 kHz 100mH L = 1,±1/2div 
INT 1 kHz 100mH L= 1, ±1/2div 
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Bridge Components in Circuit 

RA As or AT, CT AN 

R5,C3 A4 CGAL 
A6,C4 A4 CGAL 
A7 R4 CGRL 
R8 R4 CGRL 
R10 R4 CGRL 
All R4 CGRL 
R13,C9 R4 CGRL 
R7 R4 CGRL 

R13, C9 DO, Cl CGRL 

All DO, Cl CGRL 

R13,C9 DO,C1 CGRL 
R11 DO, Cl CGRL 
R10 DO,C1 CGRL 
R9 DO,C1 CGRL 

R9 DO,C1 CGRL 

R9 R3, DO, C1 CGRL 

R8 R3, DO, C1 CGRL 
R8 DO, C1 CGRL 



NAME 

IMPEDANCE BRIDGE 

AUDIO SIGNAL 
SOURCE 

FREQUENCY METER 

ELECTRONIC VOLTMETER 

DISTORTION AND 
NOISE METER 

DC POWER SUPPLY 

STANDARD CAPACITORS 

STANDARD INDUCTOR 

STANDARD RESISTORS 

ADAPTOR CABLE 
(3 required) 

PATCH CORD 

EXTERNAL DETECTOR 

TABLE 6-2 
RECOMMENDED TEST EQUIPMENT* 

MINIMUM USE SPECIFICATIONS 

Range: 30.0 to 16 kO. 
Accuracy: ±0.3% 

Range: 900 - 1100 Hz and 4 kHz. 
Accuracy: ±2 Hz. 
Amplitude: 3 V rms. 

Range: 900 - 1100 Hz and 4 kHz. 
Accuracy: ±2 Hz. 

Input Resistance: > 20 k.O. 
Accuracy: ±2%. -
Frequency Range: 900 - 4000 Hz. 
Amplitude Range: 0 - 5 V rrns. 

Distortion Range: 0 - 10% second­
and-third-harmonic distortion. 
Distort ion Accuracy: ±5%. 
Frequency Range: 900- 1100Hz. 
Amplitude Range: 1.5- 5 V rms. 
Noise Range: 0 to -58 dBm 

(0. 775 to 0.001 V rms) 
Noise Accuracy: ±5%. 

Output Voltage: 200 V. 
Accuracy: ±20%. 
Ou tput Current: 3 mA 

VALUE ACCURACY 

0.001 /-1- F ±.05% 

0.01 /-1-F ±.05% 

0.1 f.J-F ±.05% 

100 mH ±0.1% 

10 ±0.02".{, 
10.0 ±0.01% 

100.0 ±0.01% 
1 k.O ±0.01% 

10 k.O ±0.01% 
100 k .O ±0.01% 

1 M.O ±0.01% 

Double plug to telephone plug. 

Double-plug, right-angle patch cord. 

Response at 1 kHz. 

RECOMMENDED EQUIPMENT** 
(Federal Stock Number) 

GR Type 1608 Impedance Bridge 

GR Type 1310 Oscillator 

GR Type 1142 Frequency Meter and 
Discriminator (6625-099-4059) 
GR Type 1192 Counter 

GR Type 1806 Electronic Voltmeter 
(6625-832-8956) 

HP Model 331-A Distortion Analyzer 

KEPCO Power Supply Model ABC 200M 

GR Type 1409-F 
(6625-629-1983) 
GR Type 1409-L 
(6625-585-4053) 
GR Type 1409-T 
(6625-585-4051) 

GR Type 1482-L 
(6625-556-8584) 

GR Type 1440-9601 
GR Type 1440-9611 
GR Type 1440-9621 
GR Type 1440-9631 
GR Type 1440-9641 
GR Type 1440-9651 
GR Type 1440-9661 

GR Type 1560-P95 

GR Type 0274-9892 

GR Type 1232 
( 6625-873-6684) 

* Instruments recommended for minimum-performance standards and t rouble analysis. 
** Or Equivalent. 
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TABL E 6-3 
TROUBLE-ANALYSIS GUIDE 

DETAILED SERVICE FUNCTION SWITCH SETTING 

CIRCUIT INFORMATION AC EXTERNAL AC INTERNAL DC INTERNAL DC EXTERNAL 
(Paragraph) 1 kHz 6V 

Oscillator 6.6.6. out (use external in out out (use external 
signal source) power supply) 

Detector 6.6.7 in in out out (use external 
power supply) 

Batteries 6.5.1 in in in out (use external 
power supply) 

Meter 6.4.3 in in in in 
(external indicator may be 
used) 

I Bridge 6.4.5, 6.6.4 (00 dial), in in in in 
6.6.5 (CGRL dial). 6.6.8 

Note that an equivalent, ex ternal circuit can be substituted for all of the major circuits, except the bridge circuit. 

6.4 TROUBLE ANALYSIS. 

6.4. 1 PRELIMINARY CHECKS. 

If satis fac tory measurements are difficult or 
impossible to obtain, make the following external 
checks firs t : 

1. Is t he unknown component connected correctly? 
2. Is the unknown what it i s thought to be? 

Large inductors can look like capacitors at 1 kHz. 
3. Are all the panel switches set properly? 
4. Are the BIAS and EXT DQ jack switches 

closed? Insert a plug and short t he plug t o check. 
5. Is the D so high (Q so low) that Orthonull 

should be used? 
6. Is OSC L EVEL control on? 
7. Is DET SENS control on? 
8 . Are the batter ies correctly in place? 

6.4.2 TROUBLE-ANALYSIS GUIDE. 

The Type 1650 Impedance Bridge incorporates 
five major circuits, one or more of which c an be 

switched out by means of t he func tion switch as de­
tailed in Table 6·3 . 

6.4.3 NO METER INDICATION. 

No meter ind ication, or a low meter indication, 
may be due to weak or dead batteries, lowoscillator 
output, poor detector sensitivity, or a faulty meter. 
If the trouble persi s t s in the DC INTERNAL 6 V posi­
tion of the function switch (where t he oscillator and 
detector are switched out), the fa ult is in either the 
batteries or the meter circuit. 

The batteries can be checked eit her by replace­
ment or by substitution of an external de power supply . 
In the latter case, set t he bridge function s witch to 
DC EXTERNAL If the trouble pers is ts, t he meter is 
fault y. 

The meter can be checked by connection of an 
external indicator (earphones, ac met er, oscilloscope, 
etc) to the DET jack. 

TABLE 6-4 
MEASUREMENTS FOR CALIBRATION CHECK 

GENERAL BRIDGE 
RANGE 

FAULTY 
MEASUREMENT STANDARD RADIO CIRCUIT 

MULTIPLIER COMPONENT 
CAT. NO. SETTING 

A Hi 1440-9601 RAe 100 mO R5 
B 10 1440-9601 RAe 10 R6 
e 1000 1440-9621 RAe 10fl. R7 
0 1000 1440.9621 RAe 1000 RB 
E 10 k G 1440-9641 RAe 1 k O • R10 
F 10 kO 1440.9641 RAe 10 kO R11 
G 1 MO 1440-9661 RAe 100 k O R13 
H 0.1 f-L F 1409-9720 es 100 nF (both e1 and R9) 
I 0.1 f-L F 1409-9720 es 1 t-J..F R9 
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6.4.4 NOISY OR ERRATIC BALANCES. 
Noisy or erratic balances may be due to surface 

contamination of the wire-wound CGRL and DQ control 
rheostats. Contamination can form if the 1650 lmped· 
ance Bridge is idle for an extended period and can be 
remedied by rotation of the controls several times. 

6.4.5 MEASUREMENT ERRORS. 

Measurement errors are due to faulty bridge• 
circuit components, which can be located with the 
series of measurements listed in Table 6·4. Four 
standard resistors and one standard capacitor are 
needed for these measurements. 

I. When any one measurement is in error, the 
faulty component is listed in Table 6-4. 

2. When all resistance measurements are in 
error, R4 is out of tolerance. 

3. When both capacitance measurements are m 
error, C1 is out of tolerance. 

4. When all measurements are in error, the 
CGRL rheostat is in ec.ror. 

5. When all measurements at either 1 or 10 on 
the CGRL dial are in error, the CGRL rheostat is in 
error at either 1 or 10. 

6 . When all measurements are within tolerance, 
all the fixed components of the bridge are within tol• 
erance, and the CGRL rheostat is correct at the 1 and 

between I and 10. 

J5 5101 n 

Rl 

I 

5103 

DETECTOR AMPLIFIER 

6.5 REPAIR NOTES. 

6.5.1 BATTERY REPLACEMENT. 

The 1650-B Impedance Bridge is powered by four 
D cells, which will last for over 500 hours' operation 
with normal use. The instrument can operate with 
somewhat reduced battery voltage, but the detector 
sensitivity will decrease, and the oscillator level will 
decrease and have increased distortion. 

For a quick check of the battery, use t he BAT 
CHECK position of the GENERATOR switch. If the 
meter reads low, replace the batteries. 

To replace the battery cells: 
a. Unscrew the two No. 10-32 screws from each 

side of the case (Figure 1-4). 
b . Remove the instrument from the case. 
c. Remove the old battery cells from the black 

fiber tube (refer to instructions on tube). 
d. Observe the polarity markings on the fiber 

tube and insett the new battery cells. 
e . Replace the tube between the contacts. 
f. Reinstall the instrument in the case. 
g. Tighten the four No. 10-32 screws. 

6.5.2 ETCHED CIRCUIT REMOVAL 

For access to the etched circuit s hown in Figure 
6-2, remove the two screws holding the top of the board 
in place and loos~n the two screws at th~ bottom of the 
board one turn. Tilt the board out as in Figure 6-2. 

5102 

ORTHONULLe CABLE 

Figure 6- 2. Interior view of 1650-B Bridge. 
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6.6 CALIBRATION PROCEDURE. 

6.6.1 GENERAL 

The few internal adjustments are factory set and 
normally do not require readjustment. Procedures for 
readjust ment are included here, but should be used 
only when the operator is reasonably certain that 
readjustment is necessary. 

6.6.2 EQUIPMENT REQUIRED. 

The ·equipment necessary to perform the following 
calibration procedures is lis ted in Table 6·2. 

6.6.3 ORTHONULL OPERATION. 

With the switch in the OUT position, the CGRL 
and OQ dials must operate independently of each other. 

With the lever in the ORTHONULL position, the 
CGRL dial must move the OQ dial but the DQ dial 
must not move the CGRL dial; if performance is dif­
ferent and OQ dial moves the CGRL dial or the CGRL 
dial doesn ' t move the OQ dial, the ORTHONULL wire 
tens ion is incorrect. Adjust tension by repos itioning 
the meta l bracket under t he ORTHONULL switch 
(Figure 6 -2). 

6.6.4 DQ DIAL. 
Set the function switch to POWER OFF, the 

CGRL PARAMETER switch to C , and the OQ dial 
fully counterclockwise (50 on HIGJ 0 scale). Connect 
a de resistance bridge between ground and either one 
of the BIAS termina ls at jack }4. This setup a llows 
the bridge to measure only the resis ta nce of the OQ 
rheostat in series with R3. With the OQ dial fu lly 
counterclockwise, its resis tance is zero a nd the bridge 
measures only the resistance of R3, which should be 
31.90 n ±0.96 n, after a llowance for bridge lead res is · 
ranee. If the indication is abnormal and: 

1. Resistance is too high - R3 is open or its 
va lue is too high. 

2. Resistance is too low - R3 value is too low 
or Cl is leaky. 

Set the OQ dial to 20 on HIGH 0 scale. The 
resistance should be 79.70 D. U necessary, reposition 
the OQ dial on its shaft until the resistance is 79.700 
at a setting of 20. Then check the OQ dial calibra· 
tion as given in Table 6-5. To reposition the dial, 
remove the knob and loosen the two set screws on the 
bushing . Turn the dial to the new position and re• 
insta ll the parts. 

6.6.5 CGRL DIAL CHECK. 

Keep the function switch set to POWER OFF, 
but change the CGRL P ARAMETER switc h to LP. 
This connect s the CGRL PARAMETER rheost at be · 
tween ground and the BIAS terminals. The res is tance 
measured should equal the setting of the CGRL dial in 
ki lohms , as in Table 6-6. 

TABLE 6 5 -
DO DIAL CALIBRATION 

DO DIAL RESISTANCE TOLERANCE (±3%) 
(HIGH D) (OHMS) (OHMS) 

50 3 1.90" 30.94 to 32.86 
20 79_70 slip DO dial for exact reading 
10 159.20 154.40 to 163.98 
5 3 19.00 309.43 to 328.57 
2 797.00 773.09 to 820.91 
1 1592.00 1544.24 to 1639.76 
0.5 3 190.00 3094.30 to 3285.70 
0.2 7970.00 7730.90 to 8209.10 
0.1 15920.00 15442.40 to 16397.60 

Resistance is either too h igh o r too low: 
( 1) DO rheostat is out of tolerance. 
(2) C7 or C8 is leaky. 

• some unit-s have 32.4 fl; bridge accuracy unaffected . 

TABLE 6-6 
CGRL DIAL CALIBRATION ADJUSTMENTS 

DIAL RESISTANCE 
TOLERANCE ADJUST 

READING IN OHMS ± RANGE IN OHMS CAM 
SCREW 

2.6 2600 1% 2574 to 2626 5 
1.6 1600 1% 1584to 1616 4 
1.0 1000 1% 990 t o 1010 3 
0.52 520 1/4 div 515 to 525 2 
0.06 60 1/4 div 55 to 65 1 
4.0 4000 1% 3960to 4040 6 
6.5 6500 1% 6435 to 6565 7 

10.0 10000 1% 9900 to 10 100 8 
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U the res is tances are within tolerance and the 
dials operate properly, disconnect the res istance bridge 
and proceed to paragraph 6.6.6. 

CGRL justifying mechanis m. If the readings are 
abnormal, the CGRL rheostat mechanical justifying 
mechanis m must be readjusted. The CGRL rheostat 
mechanical justifying mechanis mcons is t s of eight cam 
screws located on the rear of the CGRL rheos tat 
(Figure 6-2), numbered from 1 to 8 in a clockwise 
direction as indicated in the figure. To adjust, s et 
them for the proper resistances as indicated in Table 
6-6. 

Vernier drive . The CGRL dial has a vernier 
planetary drive with a 7:1 reduction over a 90-degrce 
knob rotation. It consists of two solid gears and one 
spring gear in a triangular configuration centered in a 
combination of three out side rings (gear, cork, and 
s o lid metal ). When a coarse setting is made, the cork 
ring s lides ins ide the meta l ring. When the vernier is 
used, the cork ring is similar to an engaged clutch and 
stops the rotation of t he outs ide rings, leaving the 
internal reduction gears to rotate . It will not be nec• 
es sary to disassemble thes e gears in any of the service 
procedures described in this instruction manual. 

6.6.6 OSCILLATOR. 

Set the fu..~crion switch to AC !NTEH.:N.AL 1 kf-l.z 
and the OSC LEVEL control to its full cw pos ition. 
Use the Cs bridge with nothing connected to the 
UNKNOWN terminals. The CGRL control should be 
full cw. Perform the checks listed in Table 6·7 by 
measurement of the output of the osci lla tor between 
the collec tor of Ql03 and ground. 

If operation is found to be abnormal, perform a 
st age-by-stage voltage check of the transistors (refer 

TABLE 6-7 
OSCILLATOR PERFORMANCE CHECK 

MEASUREMENT REMARKS 

Frequency: If frequency is incorrect, dleck 
1 000 Hz, ±20 Hz the values of R1 0 1, R102, R103, 

C102 and C103. 

Output voltage: Measure with OSC LEVE L fully 
at least 2. 7 volts rms clockwise. 

Distortion : Low output or excessive d istortion 
less than 2.5% may be due to weak batteries (re fer 

to paragraph 6.5. 1). If the batteries 
are norma~ R 107 or R 108 may be 
clipped out to increase the OSC 
LEVEL slightly. 

r-""""1r--, HIGH 

t6k.D 100 kll 

LOW 

10 

Figure 6- 3. Schematic fOf' checking the detector circui t. 

to Table 6-8). Check the battery voltage with the 
panel meter (BAT CHECK position) before reading 
transistor voltages . 

6.6.7 DETECTOR. 

To c heck the detector, set the controls as follows : 

PARAMETER cs 
GENERATOR AC EXTERNAL 
CGRL Full ccw 
DQ Full ccw 
MULTIPLIER 100 J.LF 
DET SENS Full cw 

Continue with the following procedure: 

a. Connect a 100-kD re s is tor between the 
UNKNOWN terminals . 

shorting plug. The null meter s hould deflect les s than 
~division due to noise. Remove the s horting plug. 

c. Connect an external oscillator (1 kHz) to the 
E XT GEN jack. Turn the CGRL contro l full cw. This 
sets up the circuit of Figure 6-3. 

d. Use a 1-KHz external oscillator and adjus t 
the external oscillator's level control so t here is 3 V 

TABLE 6-8 
NOMINAL TRANSISTOR VOLTAGES* 

TRANSISTOR COLLECTOR BASE EMITTER 
(VOLTS) (VOLTS) (VOLTS) 

01 5 1 4.6 2.2 1.6 
0152 0.52 0.52 0.0 
0153 5.0 0.52 0.0 
0154 2.7 5.2 5.9 
0 101 0.6 4.3 5.0 
0102 3.3 0.6 0.0 
0103 0.13 4.6 5.4 

*Measurement Conditions: DET SENS full ccw, OSC LEVEL 
full cw, GENERATOR switch at AC INTERNAL 1kHz; 
measurements made with GR Type 1806 ELECTRONIC 
VOLTMETER between component and ground; all vo ltages 
are positive. Voltages may vary ± 10",.{,. 
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r ms between the HIGH terminal and the case of the 
bridge. This puts 30 J.LV rms into the amplifier, which 
should caus e at least a 2-divis ion meter deflec tion. 

e. Turn to AC INTERNAL 1 kHz and adjust the 
OSC LEVEL for 0.5 V rms between the HIGH terminal 
and the ca s e of the bridge. This puts 5 J.L V. rms into 
the amplifier and should caus e at least a 1-divis ion 
deflection. U it doesn't, it can be that the os cillat or 
frequency and the peak amplifier re s ponse don't coinc ide. 

U the detector amplifier oscillates in the AC 
INTERNAL 1 kHz position, i t could be that the feed­

back is too great. R155 s hould be increased to perhaps 
20 kD. The green and brown amplifier output wires at 
S103 should be routed away from the amplifier input 
wire, which i s the shielded cable with the brown p las tic 
band. U they are too close, the ampli fier may os ci llate. 
U the amplifier is inoperative , a s tage-by-s tage voltage 
check should be made (Table 6-8). 

6.6.8 INTERNAL GENERATOR. 

Us e the setup of Figure 6- 3 and measure the rms 
voltage between the HIGH terminal and the case. With 
the osc illator level fu ll cw it should be within the 
range of 0.9 V to 1.1 V. 

6.6.9 FINAL ACCURACY/OPERATIONAL CHECK. 

The measurements given in Table 6-1 are de­
signed to : 

1. Check the accuracy of the ratio res is tors , 
R4 to Rl4. 

2. Check the cont inuity and proper operation of 
the CGRL PARAMETER, function, and CGRL MULTI· 
PLIER s witches and the EXT GEN and UNKNOWN 
termina ls . 

3. Recheck t he accuracy of the DQ and CGRL 
dials . 

Trouble-s hooting note s : 
1. Since the DQ and CGRL dials have been 

checked, incorrect readings on any range will ordinarily 
be caus ed by the ratio res is tor, RA, for that range 
(R4 to R14). 

2. U R DC INTERNAL 6 V readings are incor· 
rect, be s ure the NULL meter is zeroed. 

6.7 KNOB REMOVAL. 

U it s hould be necessary to remove the knob on 
a front-panel control, either to replace one that has 
been damaged oc to replace the associated control, 
proceed a s follows: 

a. Gras p the knob firmly with the fingers , close 
into the pane l {or the indic ator dial, if applicab le), and 
pull the knob straight away from the panel. 
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CAUTION 
Do not pull on the dial to remove a 
dial/knob as sembly. Alwoys remove 
the knob first. To avoid damage to the 
knob and other parts of the control, do 
not pry the knob loose with a screw• 
driver or s imilar flat tool, and do not 
attempt to twist the knob from the dial. 

b. Observe the pos ition of the s etscrew in the 
bus hing, with re spect to any panel markings {or at the 
full ccw position of a continuous contro l). 

c . Release the sets crew and pull the bus hing 
off the s haft. Use a No. 10 Allen wrenc h for the CGRL 
PARAMETER and MUL TJPLIER bus hings and a No. ~ 
for the DQ bushings . 

d. Remove and retain the black nylon t hrust 
was her, behind the dial/knob assembly, as appropriate. 

NOTE 
To s eparate the bushing from the knob, 
if for any reas on they should be com· 
bined off the ins trument, drive a machine 
tap a turn or two into the bus hing for a 
sufficient grip for eas y separat ion. 

6.8 KNOB INSTALLATION. 

T o ins tall a knob assembly on the control shaft: 
a. P lace the blac k ny lon thrust was her over the 

t he control shaft , if appropriate. 
b . Mount the bus hing on the shaft, us ing a small 

s lotted piece of wrapping paper as a shim for adequate 
pa ne I clearance. 

c . Orient the s e tscrew on the bus hing with 
re s pect to the panel-marking index and lock the set· 
screw with the appropriate hex-s ocket key wrench 
(paragraph 6 .7c). 

NOTE 

Make sure that the end of the shaft does 
nor prorrude through the bus hing or the 
knob won't boctom properly. 

d . Place the knob on the bushing with the reten· 
tion s pring oppos ite the setscrew. 

e . Push the knob in unt i l it bottoms and pull it 
s l ightly t o check tha t the re tention s pring is seated in 
the groove in the bus hing . 

NOTE 
If the retention s pring in the knob 
comes loose, re ins tall it in the interior 
notch that has the t hin s lit in the s ide 
wall. It will not mount in the ot her 
notch. 
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Montl'l'a l 1 ~. (lu(:ht~· 
r. R. I\1~11 1<H"y ~UltJ Co. lm·., lnt.lianapi)IIS , lud. 
Ma rl•n- Rik:kw<.·l l <:ll fll .• Juntt ·st••v.n . N. \'. 
llf.n(·\'Wt..'ll l1h .. . , MtnrH,:O;IJlcllt:-: , ~hi1Jl. 55-lliR 
:\111tl·r Co. , Clm:a)!:O, 111. tlUh:p~ 
,\;..ltl•lfl:il Cu. lm:. , Md rHsv, tvl1s s . (121 71~ 

;\tlfflt~ -lloflruan &·.tnt~:> C n 1·p ., 
St:.snfon l, C<)nn, Otl\)(.14 

RCA, NL'W YHI"k, ~- \'. 
H.;.a\' thL·fiJl Ml~. u,,, Waltham, "-1.ass. 021 ::l.J 

Code 

53021 
54204 
54 7I!l 
56289 
59730 
59875 
0()399 

616.37 
MllM 
630(,0 

63743 
650&3 
65092 

70485 

7056J 
70903 
71126 
71294 
71400 

71590 
71066 
71707 
71744 
71785 

71823 
721.)6 
72259 
72619 
7269~ 

72765 
72825 
72%2 
72982 
73445 
7.)559 
73690 
7.Jti99 
741 93 
748bl 
74970 
75042 
75382 
75008 
75915 
76005 
iMSi 
7b545 
7[)()R4 
70~54 

77147 
77166 
772h.l 
77119 
775·12 
77630 

782 7< 
7!14~8 
7855:1 
79()XQ 

i\)J25 
7Q%J 
801J:tll 

!«1114~ 

801.!1 
80211 
HH25H 
!<02'14 
~04.11 

Monufoct~,Wet'S Name on.d Addrus 

Sa.n$!:am(J El<..octric CO .. Spnng:fictt.t. JH. 62705 
Shalkross Mfg. Co., Selma , N.C. 
Shure Br01hers, Inc . , Evanston, lll. 
Sprague Electl"ic Co •• N. Adams, Mass. 
Thomas and Betts Co •• Eliz.aheth. N. J. 07207 
TRW II'Ic. (Acccs!)orics OH.•), CtcvC'land, O'lio 
T orrington Mfg. Co. , Torringtoo, Conn. 
Union Garhtdc Corp., New York., N. Y. IOOJ 7 
Uni ted·Carr Fastcnf.'l' Corp. , Boston, Mass. 
Victorccn htstl'umcnt Co., Inc. , 

C leveland, Ohio 
Ward l...C'ot'La rd Elc c rric Co., Mr. Vernon, N. Y. 
Wes tinghouse (Lamp D.v), Uloomfit.•kt, N. j. 
Weston Lnstrumcnts, Wcsron~NC'Wark.. 

Newark. N. }. 
Atlantic·lndia Rubhcr Works, Inc ., 

Chica~o. Ill. 60M)7 
Ampcritc Co. , Union CJty, N. J. 07087 
Belden Mil!· Co .. Chical!o, Ill. ()()()44 
Bronson, Hnmcr D .• Co., Beacon F <tlls , Cam. 
Canfield, H. o. Co., Clifton For ge, va. 24422 
BussmaJ1 Mfg. Div. of McCraw &Jison C'..o. , 

St. Louis, Mo . 
Ccntratab, Inc., Malwaukec, Wise. ::>3212 
O>ntinental e:u.·non CO .• lnc ., NE.-w York, N. Y . 
Coto Coil Co. Inc., Pr ovidence, R. I. 
Chica~o Miniature Lamp Worts, Chicago, IU. 
Cinch Mfg. Co. and Howard U. jones Oiv., 

Chicago, IlL h0624 
Darnell Corp. , Ltd., DownL.')' , C.altf. 90241 
Ele(:tt"o Mcxive Mr~. Co. , Willmington, Conn. 
Nytronlcs lflc., B<:rkc lc)' HeLghts. N. j. 07922 
Dlalight C<>., Brookl)•n, N. Y . I 1237 
General lnstruml~nt Corp., Capacitor Oiv., 

Newark. N. J. 07104 
Drake tvUg. C'.o •• ChicaRo. 1ir. 60656 
Hugh H. El~·. lnc., Philadclptua , Penn~ 19144 
Ela~lic Stop Nut Corp. , Union, N. j . 0 7083 
En~ T t"c luto logic.al Pmducrs L u..: • • Eric, Pt.:mL. 
Ampc rcx Elct.·t:ron ics Co •• Hicicsvtlle. N. Y. 
Catlin~ E lectric Co., w. Hanfonl, COIUl. 
Elc:o Rcsisto t· Co. , New York, N. Y. 
J. F. D. Ekcuon it.::S CoC"p. , BcooUytl , N. Y. 
Heinemarm Elt"Ctric Co., Trt.·nr.on, N. J. 
lildustnal Cood <.·nscr Corp. , Chiusgo , Ill. 
E. F. Johmwn Co., Waseca , Minn. 5(l09.l 
I RC lnc., Philadelphia, P<.Tln. 1 ~108 

Kulka Electric Corp., Mt. V~n.on, N.Y. 
Linden and Co., Providence:", R. I. 
LittcHuse. Inc •• Des P1ain,·s , Ill. 60016 
Lord Mf~. Co. , Eric , Pc:'f\ll. L{)512 
)ames Mt l l<.->n Mf~. Co. , Maldtn,Mass. 02148 
Muellc:.-1' El(."C(rk Co., Cleveland, Qhjo 44J 14 
Nationa l Tube Co .• Pittst:..J rg , Penn. 
Oilk 1\.Hg. Co., Ct) •s tal L.:tkc, Ill. 
Patton MacGuyc r Co •• P rO\"idcm:c . R. I. 
r...ss~Seymoor, S)•rac.tJS(', N. '1". 
PlL"rcc Roberts Ruhhc r 0 1., Tn.•ntoo, N.j. 
Posillvt Lockwashcr Co. , Ncw<.~ck , N. J. 
R<:~y-Q-V"t.: Cu., M~lh:Nn, Wi~S,;. 
TRW, Ek-ctr unic Comru,ncnt D1v. , 

l.:.Onu len, N. J. (J810J 
(.;cnc r.;.ll Instruments Cnrp., Bn.w•klyn, N. Y. 
SOOkeproof Otv. or Ill. TnoJ Work~. 

El~in , Ill. ()()120 
Stj.!;ma instruments JnL:. , S. Uraintrcc, Ma~s. 
Sla(,:'kpolt.l Carholl Co., St. Mal')·~. Pt.mn. 
Ttnncrman Pnxill(:lS, Inc., CJcvC'la.nd, Ohio 
HCJ\, Commt.•n.:t:.tl Rel·ctvm~ T u lx: aml Scml -

L'Qildut.:.tor Div. , Harri~on, [\!. j . 
WJrcmold Co. , Ha rtford, Conn. Ut1110 
Z1criL'k Mf~. G>., f\:cw Rtx:h(•tlc. N. Y. 
Pr~stok F~\:-:wnL'[' D1v. lltshop .;)Od Uab.'()(,.'k 

l :C.u·p., Tt~I(•Oo, Ofuu 
Vu.·k(·rs lnc . EIL'~tl"it: Pt'<x.l- 0Jv,, 

St . UJUi~o> , ""ta. 
Elcctronh: ludu:->trtc~ Asl'>(x.: •• W.Jshin~Uln, D.C. 
Mnwrul.:i inc, Franklin Park, fll. hVI:Jl 
Stantl:H'd O tl Co., Lah;yt.•U<:, Ind. 
Bourns lnc, R•vL>rSitk, Cali{. 'J250to 
All" Fi ltt·r C()rp. , Mllw~wket..·, W1~c. 5J 21X 

Code 

80583 
80740 
810 73 
81143 
81349 
813;() 
81751 
8 1831 
818()() 

82273 
8238~ 
82647 
82807 
83058 
83186 

83161 
83587 
83740 
84411 
84835 

84971 
80577 

88140 
882JQ 
88419 

88627 
89482 
8Q6b5 
00201 
90750 
90952 
91032 
91146 
91293 
01 598 
'116.17 
916()2 
91719 
91029 
02514 

93332 

93916 
94144 
94154 
05076 
95140 
95238 
9527; 
95354 
95412 
95794 

91\1N5 
96214 
%25b 

~81ql 

9HH2l 
99180 
9Q.378 
Q98{)() 
1<:101:! 

"'anufacturers Homt ond Address 

Hamrnarlund Co. Inc., Nt:-w York., N.Y. 
Beckman lnstnJm(.'fltS , Inc •• fl.JUCt"Wn . Cal.if. 
G rayh.Hl lnc., LaGr-ange. Ill. 00525 
1solantitc Mfg . Corp., St1 rhng, N.j. 07980 
Mihtarv Spt_•cific:atioos 
j Oint Ai-my ·Navy SpC'Cif1~3l•Ons 
Columhus Ekctronit.:s COrp •• Yonkers. N. Y. 
FHton Co . • F hL.,hlng, L.. 1., N. Y 
Barry Controls Di\'. of Barry Wri~ht Corp .• 

Watertown, t-.iass. 
Sylvar1ia E lcclriL" i'roc.k.Lcts, Inc •• (t:l~tconic 

Tutx.- Drv.), Emporjum, Pt..1W. 
Indiana P3ttC'rn anc.t Model Works , LaPon, Ind. 
Swit<hcl'aft Inc., Chi<a~o. Ill . 00030 
Metal.<;" ;md Conrrol.<i lnc., Anlt.:-boro, Mass. 
Milwaukee Rc~istor Co .• Milwaukee. Wise. 
Ca r r Fasr:encr CO. , C.lmt'lrhjgc. Mass. 
Victory Engineering CoL"P (IVEL.'O), 

Sprin~fiCld, N. ]. 01(181 
Bearing Spectalty Co., San Fr:-.anci sco, Calif. 
Solar E lectric Corp •• Warren, PcM. 
Union Carbide Corp .. New York., N. Y. 10017 
T RW Capacitor Di\•., Ogallala, Nehr. 
L\:hi~h Metal Produt.:ts Corp., 

C3mhrldge, Mass. 02140 
TA Mfg. Cor p •• Los AnJ!~lc:o;, Calif. 
PrC'cision MC'tal Pwduct s of Malden Inc .• 

SC.onC'ham, Mas~. 02180 
RCA (El <.:.ctcical o~mponrnr. and IX•viccs) 

Ha ni:-;on, N.j. 
Ultlcr- Hammcr lnc~, Lincoln, Ill. 
Gc.•uld Nar. Battl'nc.·s Inc., Trenton, N. J. 
Col'nL'U Duhilit:·r EIC'ctric Corp. , 

F'•quay·V(trina . N. C. 
K a.nd G Mfsz:. Co .. New Yo t·k, N, Y. 
HoJ[ZC'C ('.a~ c.o~p . • Dosron: Mass . 
tlnlted 'T'ra~f,,rnlcr O.J. , C"hicago, IH. 
Mallory Capacito r Co .• Indianapolis, lnd . 
Wc s liJl!o!IIUUs4..' F.h:.'-Crn: Cocp., Bu:!:iton, \.1as~. 
Hantwarc Pwdut.:"ts Cu. , R..:~\ding. 1\>M. l Q602 
Continent31 Wire Cocp •• Yod :, PcM. 17405 
li'T Ca.nnon E lc.:nric lnc.., Salem, Mass. 
]ohansoo Mf~. Co., Boonton, N. ] . 07005 
Chandler Co., Wt..'thcrsrkld. Conn. 0010'1 
[}.Jie E.IC'L'tronics Int.·. , Columhus, Nt'hr. 
Eko Corp. , Willi)W Grove, Penn. 
Gcnerallnstl'\II~-L'nt1:i, lllc., Dallas, Tt.•xa~ 
Huncywcll l.n~o·., Frt.·epurl , Ill. 
Elect ra insula tion Cnrp., WOOc..ls •dc, 

Lt'IO~ lslaJ1<-l, N. Y. 
f:.dgcnon, Geml<.-shauscn ~nd Gner, 

Boston , f\.1ass. 
Sylva.ma EIL....::U"il: Pnx.lut..'L~. Inc., 

Wl>llurn, Mass. 
Cramer Pr odt.tCtS Co., New Yurk. , N. Y. UXHJ 
Raytheon Co. Compont.•nts Oiv., Quincy, Ma~s. 
T4.'1g S<>J EJcccr ic lite., Nt..•wark , N. ] . 
Garde Mrg. Co . • Cumberland , R. I. 
Ako Ekctl'onic:s f>.Ug. Cn., Lawccncc, Mass. 
Contine ntal Connc..o("t o r Q.)rp., WOQdsadc, N. Y. 
Vitramoo, lnc. , Bridgt'fJOt't, CoM. 
MC(hodc Mf(.:. Co . • 01ka~o, Ill. 
General Ek>ct ric Co., SchC'n.,-ctady , N. Y. 
Ansconda Amt..:rican Br~1ss Co., 

T1)rri~ton, Conn. 
lh - Q Ot .... of Acruvox Curp., Orlean, N.Y. 
TcKas lnstcwnt.:nts lnc. , OaU;is , T(.•xas 75209 
Thordarson· t>.ok:issn~t· Dtv. Of f>.kGuirc. 

Mt. earmd,ll1. 
Microwave As sociJ(CS Inc:., lll1rlin~too, Ma~s. 
Militat)' Stand3r(b; 
CBS Elcctrunit.'S D•v . of Columhifl JlrooLkas(-

mg S)•stcms, Danvers. Mass. 
~alt.-ctro Corp. , Mamaront.•c.:k . N. Y. 10~44 
N11rth Hllls Ek~.:.tmntCs Jm.:., GlL.'It Owt:, "=· Y. 
T rans itn)fl Elct.:tronh:s 0 H1'·· M(.·l rosc. Mas:.;; . 
Al;)(.oc Corp. , Wtf'ldl(.•s lc r , Mass. 0 1890 
ffi..·J<.ovan EJc;.'t.'( ronf(.·.s Corp. , E. Aurora, N. Y. 
Mt..•tssne r M fg . • Dtv. nr l\ob)!llll'C lnd~,tstnes, lm:., 

MUliJll c~cmd , Jllinois 
LHC Ell•t.'lrt.Jrtit:~ . H<)rst.•hcads. Nt.-w y ,>l:k 

&)16:\ Spr~~"Ue PrOLiltCtS Cl). , ;..:, .lt.d..1ms, Ma~s. 
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Parts Lists and Diagrams 
ELECTRICAL PARTS LIST 

Fed. Mfg. Mfg. Part Fed. Stock 
Ref. No. Description Pa<t No. Code No. No. 

CAPACITORS 

C1 Plastic, 0.1f'F ±1/4% 4872-1040 24655 4872-1040 
C2 Mica, 150pF ±5% 500 V 4640-0600 72136 CM15, 150pF :!:5% 
C3 Wax, 0.47jlF ±10% 200 V 5020-1200 80183 109P47492 
C4 Ceramic, .OOlf'F ±10% SOO V 4406-2108 72982 811, .0011-'F ±10% 5910-928-1476 
C6 Oil, 0.1flF ±10% 600 V 4S10-4SOO S6289 73P10496 S910-928-148S 
C7 Plastic, .00681-'F ±10% 400 V 4863-2689 56289 194P68294 
C8 Plastic, .0471-'F ±10% 200 V 4860-7869 84411 6631-'W 0.0471-'F ±10% 
ClOl Electrolytic, 2001-'F +100·10% 12 V 44S0·0400 37942 97679 5910-799-9281 
Cl02 Plastic, O.Olf'F ±1% 100 V 4860-7752 84411 663f'W, O.Olf'F ±1% 
C103 Plastic, O.Olf'F ±1% 100 V 4860- 77S2 84411 663f'W, 0.011-'F ±1% 
C104 Electrolytic, 3.3f'F ±20% I S V 4450-4600 S6289 1SOD335X001SA2 S910-837-932S 
ClOS Plastic, O.l f'F ±10% 100 V 4860-82SO 84411 6631-'W, O.lf'F ±10% 
C15 1 Electrolytic, Sf'F +100-10% SO V 4450-3900 37942 2040S9539C10X3 5910-448-5527 
Cl52 Electrolytic, 1SilF +100·10% 1S V 4450-3700 37942 TT, 1Sf'F +100·10% 
C1S3 Electrolytic , ·2001-'F +100·10% 6 V 44S0-2610 37942 TT, 200jlF +100·10% 
Cl54 Electrolytic, 10jlF +100·10% 2S V 44S0-3800 56289 30Dl06G02SBB4M1 5910-9S2-86S8 
C155 Ceramic, 68pF :!:5% 500 V 4404-0685 72982 831, 68pF ±5% 
C156 Plastic, .OljlF ±1% 100 V 4860-77S2 84411 663f'W, 0.011-'F ±1% 
C157 Plastic, .Olf'F ±1% 100 V 4860-7752 84411 663f'W, 0.011JF ±1% 
Cl S8 Plastic, .021JF t l % 100 V 4860-78S2 84411 6631JW, 0.021-lF ±1% 
C159 Ceramic, 10pF ±10% 500 V 4400-2999 72982 315N. lOpF ±10% 
C160 Electrolytic, 51-'F +100-10% SO V 4450-3900 37942 2040595S9C10X3 5910-448-5527 
C161 Plastic, .02pF +80·20% SO V 4402-3200 01121 36-203W, 0.021-'F +80·20% 5910-952-86S9 
Cl 62 Ceramic, l OOpF +S% SOO V 4404-1105 72982 831, l OOpF ±5% 

DIODES 

CR3 Type 1N965B 6083-101S 07910 1N96SB 5960-877-6192 
CR1 Type 1N4009 6082-1012 24446 1N4009 
CR2 Type 1N4009 6082-1012 24446 1N4009 
CR101 Type 1N4009 6082-1012 24446 1N4009 
CR102 Type 1N4009 6082-1012 24446 1N4009 

RESISTORS 

Rl Potentiometer, 11.2kf! 0977-4110 246SS 0977-4110 
R2 Potentiometer, 16.2kf! 0977-4021 246SS 0977-4021 
R3 Film, 32.4f! ±3% 1/2 W 6450-9324 7S042 CEC-TO, 32.4f! ±1% 
R4 FUm, lOkf! ±0.1% 1/2 W 6188-2100 75042 MEC-T2, l OkQ ±0.1% 
R5 Potentiometer, 0.980f! ±0.1% 0510- 4000 246S5 OS10-4000 
R6 Film, !Of! ±1/4% 1/2 W 64S2-0100 75042 CEC-TO, l OQ ±l /4% 
R7 Film, 100!'! ±0.1% 1/2 W 6188-0100 7S042 MEC-T2, lOOQ ±0.1% 
R8 Film, lK!'! ±0.1% 1/2 W 6188-1100 75042 MEC-T2, 1k!'! ±0.1% 
R9 Film, l k!'! ±0.1% 1/2 W 6188-1100 75042 MEC·T2, 1kQ ±0.1% 
R10 Film, 10k!'! ±0.1% 1/2 W 6188-2100 75042 MEC-T2, lOkQ ±0.1% 
R11 Film, 100kQ ±0.1% 1/2 W 6188-3100 7S042 MEC-T2, lOOk!'! ±0.1% 
Rl3 Film, 1MQ ±0.1% 1/2 W 6188-4100 75042 MEC-T2, 1M!'! ±0.1% 
R14 Composition, 3.9k!'! ±5% 1/2 W 6100-2395 01121 RC20GF392j 5905-279-3S05 
Rl S Composition, 100!'! ±5% 1/2 W 6100-1105 01121 RC20GF10lj 5905-190-8889 
Rl 6 Composition, 7SO!'! ±5% 1/2 W 6100-17S5 01121 RC20GF7Slj S905-195- 9481 
Rl 7 Compos ition, 164k!'! ±?% 1/2 W 63S0-3164 7S042 CEB, 164k!'! ±5% 5905-192-0667 
Rl8 Potentiometer, Variable, 2.5k!'! ±10% 6000-0400 12697 S3MS, 2.Sk!'! ±10% S905-034-5378 
Rl9 Potentiometer, Variable, 50k!'! ±10% 6020-0600 01121 jA, 50kf! ±10% 5905-539-4900 
RlOl Film, 15.8k!'! ±1/2% 1/2 W 6451-2158 75042 CEC-TO, 15.8kQ ±1/2% 
R102 Film, 21.5kf! ±1/2% 1/2 W 6451-2215 75042 CEC·TO, 21.5k!'! ±1/2% 
R103 Film, 59k!'! ±1% 1/2 W 6450-2590 75042 CEC, 59k!"l ±1% 
Rl04 F ilm, 2.74k!'! ±1% 1/2 W 6450-1274 75042 CEC, 2. 74k!'! ±1% 
Rl 05 Composit ion, l OkQ ±10% 1/4 W 6099-3109 
Rl06 Film 6.49k!'! ±1% 1/2 W 6450-1649 75042 CEC, 6.49kQ ±1% 
Rl 07 Compositiott, 150kQ ±10% 1/4 W 6099-4159 75042 BTS, 150k!'! :!:10% 
Rl08 Composition, 300k!'! ±10% 1/4 W 6099-4309 7S042 BTS. 300kQ ±10% 
Rl09 Composition, 3.6k!'! ±10% 1/4 W 6099-2369 75042 BTS, 3.6kf! ±10% 
RllO Composition, 2kQ ±5% 1/ 4 W 6099-2205 75042 BTS, 2kf! :!:5% 5905-279·4629 
Rill Composition, 2k!'! ±5% 1/4 W 6099-2205 75042 BTS, 2k!'! ±5% 5095-279-4629 
Rll2 Composition, lOOQ ±.5% 1/4 W 6099-1105 75042 BTS, 100!'! ±5% 
R151 Composition, 200k!'! ±5% 1/4 W 6099-4205 75042 BTS, 200kQ ±5% 
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ELECTRICAL PARTS LIST (cont) 
Fed. Mfg. Mfg. Port Fed. Stock 

Ref. Ho. D .. crlptiOOI Port Ho. Code Ho. Ho. 

RESISTORS (Cont) 

R152 Composition, 200k0 :t:5% 1/4 W 6099-4205 75042 BTS, 200k0 :t:5% 
Rl53 Composition, 10kO :t:5% 1/4 W 6099-3105 75042 BTS, 10k0 :t:5% 
R154 Composition, 1kO t5% 1/4 w 6099·2105 75042 BTS,1ko :t:S% 
R155 Composition, 15k0 t10% 1/4 W 6099-3159 75042 BTS, 15k0 t10% 
R156 Composition, 1MO t10% 1/4 W 6099-5109 75042 BTS, 1MO :t:10% 
R157 Film, 16.9k0 tl% 1/2 W 6450-2169 75042 CEC·TO, 16.91c0 :t:l% 
Rl58 Film, 16.9kO tl% 1/2 w 6450-2169 75042 CEC·TO, 16.91c0 :t:l% 
R159 Film, 6.65k0 t1% 1/2 W 6450-1665 75042 CEC, 6.65k0 :t:1% 5905-581-4975 
R160 Composition, 39kO t10% 1/4 W 6099-3399 75042 BTS, 39k'l :t:10% 
R161 Composition, 4.7k0 UO% 1/4 W 6099-2479 75042 BTS, 4.7k0 t10% 
R163 Composition, 4. 7k0 :t:10% 1/4 W 6099-2479 75042 BTS, 4.7ko t10% 
R164 Composition, 19k0 UO% 1/4 W 6099-3109 75042 BTS, 10k0 :t:1()% 
R165 Composition, 2k0 :t:S% 1/4 W 6099-2205 75042 BTS, 2k0 :t:S% 5905-279-4629 
R166 Composition, 6800 :t:5% 1/4 W 6099-1685 75042 BTS, 6800 :t:S% 
R167 Composition. 1k0 :t:lO% 1/4 W 6099·2109 75042 BTS, 1k0 :t:10% 

TRANSISTORS 

Q101 Type 2N3905 8210-1114 04713 2N3905 
Q102 Type 2N3416 8210-1047 24446 2N3414 5961-989-2749 
Q103 Type 2N3905 8210-1114 04713 2N3905 
Q151 Type 2N3416 8210·1047 24446 2N3414 5961-989-2749 
Q152 Type 2N3416 8210-1047 24446 2N3414 5961-989-2749 
Q153 Type 2N3391A 8210-1092 24454 2N3391A 5961- 989-2749 
Q154 Type 2N3905 8210-1114 04713 2N3905 
Q155 Type 2N1302 8210-1018 96214 2N1302 5960-o86-Q039 

MISCELLANEOUS 

B1 Battery, 1.5 V 8410-0200(4) 77542 2LP 
11 jack 4150·3200 24655 4150-3200 
J2 jack 4150-3200 24655 4150-3200 
J3 jack 4260-1030 82389 #111 
J4 jack 4260-1041 82389 Nll2A 
15 Jack 0938-3000 2465S 0938-3000 
J6 j;~k 0938-3000 24655 0938- 3000 
J7 Jack 4260-1041 82389 Nll2A 
j8 Jack 4150-3200 24655 4150-3200 
J101 jac k Built ln 
1102 jack Built ln 
Jl03 jack Built ln 
M1 Meter 5730-1431 91929 ME-3T 
PL101 Plug Pan of Z2W1S·18L 
PL102 Plug Pan of Z2W1S-18L 
PL103 Plug Pan of Z2W1S-21D 
5101 Switch, Rotary 7890-4680 24655 7890-4680 
5102 Switch, Rotary 7890-4690 24655 7890-4690 
S103 Switch, Rotary 7890-4700 24655 7890-4700 
Tl Transfonner 0746- 4020 24655 0746- 4020 

1650-0710/5 

Figure 6-4. Etched circuit ossembly (P/H 1650.2710). 



t) 
Mfg. PO<t 

No. 

OOkn tS% 
Okn tS% 
kUtS% 
5kn i:lO% 
Mn i:lO% 
ro, l6.9kn i:l% 
ro. l6.9Ul i:1% 
6.6Skn i:l% 
9kn UO% 
.7kn i:l()% 
.7kn i:lO% 
okn i:lO% 
kn i:S% 
.son :t5% 
kn i:lO% 

5 
4 
5 
4 
4 
lA 
5 
2 

1200 
1200 

1000 
1000 

1200 

r 

1680 
;690 
;700 
1020 

50-2710). 

f..!. Stoc• 
No. 

5905-581-4975 

5905-279-4629 

5961-989-2749 

5961-989-2749 
5961-989-2749 
5961 -989-2749 

5960-086-()()39 

NOTE: The number eppeorlng on the foil side Is not the part number. 
The dot on the foil et the trenslstor socket lndlcetes the collector lead. 

I 
< 
< 

JI03JJ~ ~ 

SOli[ 



.e foil side Is not the part number, 
lOCket lndlcetes the collector lead. 
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.02 

DETECTOR 
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6 .65K 
V2W 

BASE~ CC 

~L 
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EN EN EN 
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3 

Rt67 
IK 

2 
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Figure 



Al61 
4.71< 

Al60 Rl67 
391< II< 

;roR 

~)\ A.o.< SASE 

~E~L 
EM , 

0101.103.1~4 

fiMSISTDfi.S 

2 4 

J .02 

CI03 
.01 

AIOI 
I~.SK 
V2W 

CI02 Rlll 
21< .ell 

Al03 
!)91( 
V2W 

OSCILLATOR 

RI06 
6.491< 
112W 

CRIOI 

RliO 
21< 

II A l07 AND/OR AI08MAYSE AEMOIIEOTO AOJUST 
OSCILLATOR LEVEL 
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figure 6-6. Schemcrtic d iagram of the internal oscillator and detector. 
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Fig'"'• 6.$ 
R.f..-eM:• H-

1 KNOB 
2 PARAMETER dial 
3 METER COVER 
4 KNOB 
5 KNOB 
6 MULTIPUER dial 
7 KNOB 
8 INDICATOR 

SCREWS 
9 KNOB 

10 CGRLdial 
11 GASKET 
·ll GASKET 
13 CABINET ASSEMBLY 
14 FOOT 

EYELET 
15 KNOB 
i6 KNOB 
i7 DQdial 
18 HANDLE ASSEMBLY 
19 INDICATOR 

SCREWS 
SPACERS 

20 KNOB 
BINDING POST 

INSULATOR 

SERVICE AND MAINTENANCE 

Figure 6- S. Replaceable mechanical parts. 

MECHANICAL PARTS LIST 

DncrlptJ.n Port Ho. 

PARAMETER switch knob 5500-5420 
Marked dial and bushing assembly 1650-1240 
Plastic meter cover , Honeywell 5720-3713 
GENERATOR switch 5500-5321 
MULTIPUBR switch knob 5500-5420 
Marked dial and bushing assembly 1650-1250 
DET SENS knob 5520-5221 
CG RL dial indicator 5460-1303 
Screw, binder head, No. 4-40, 1/4 ln., panel gray 7060-o902 
CGRL dial knob 5520-5520 
Marked dial assembly 1650-1520 
Rubber gasket around edge of panel 5168-1410 
Rubber gasket a round cover assembly 5168-o680 
Entire flip-tilt cabinet inCluding gasket 4182-2002 
Rubber foot for cover assembly 5260-o760 
Eyelet to hold foot to cover assembly 5170-5030 
ORTIIONULL~ control knob 5500-5321 
DQ Dial knob 5520-5520 
Marked dial and bushing assembly 1650-1510 
Complete cabinet handle assembly (Figure 6-6) 5361-2002 
DQ dial indicator 1650-7161 
Screw, binder head, No. 6-32, 5/8 ln. 7070-2900 
Spacer, metal, No.6, 3/8 ln. 7650-1300 
OSC LEVEL knob 5520-5221 
Binding post, J5, UNKNOWN LOW; 
~UNKNOWN HIGH 

lator for JS and J6 
0938-3000 
0938-7130 

6-12 

12 

---13 

Fe<l. Mfg. Mfg. Part 
c..le Ha. 

24655 5500-5420 
24655 1650-1240 
24655 5720-3713 
24655 5500-5321 
24655 5500-5420 
24655 1650-1250 
24655 5520-5221 
24655 5460-1303 
24655 7060-o902 
24655 5520-5520 
24655 1650-1520 
24655 5168-1410 
24655 5168-o680 
24655 4182-2002 
24655 5260-0760 
24655 5170-5030 
24655 5500-5321 
24655 5520-5520 
24655 1650-1510 
24655 5361-2002 
24655 1650-7161 
24655 7070-2900 
24655 7650-1300 
24655 5520-5221 

24655 0938-3000 
24655 0938-7130 

Fed. Stec• 
Ha. 

5305-938-9109 

5940.()75-9617 
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COVER ASSEMBLY 

• 

SCREW AND 
WASHER 

SPACER 

PIVOT. 
STUD 

HAN LE ASSEMBLY 

SCREW 

16506-15 

Figure 6-7. Camplet• cabln•t aaoembly (P/H <4182-2002). 

Name GR Name GR 
Part No. Part No. Name 

GR Name GR 
Part No. Part No. 

Cabinet 4182·8210 Cover Assembly 4170-2066 
Spacer 4170-0700 Nut Plate 4170-1305 
Pivot Stud 4170-1000 Screw 7080-1000 
Screw• 7090-0075 Washer 8040-2400 
Handle Assembly 5361-2002 

Mounting Plate 71360-5770 Mounting Plate 7864-8200 
(Instruction Plate) (Name Plate) 
C" .. .... A1"7n 1 1 tv'l \111 ....... &-. ..... 01Af"''f"''1r'lk 
.,)lUU &+IIVI I VV t'V~ It:l O l ""t"-'VIV<J 

Slide 4170-1270 Sf ide Washer 4170-7030 
Handle 5360-1013 . T1g>ten 1/4 • 28 screws to 45-55 on. lbs torque. 

••Bend mounting plate to give 1/32 to 1/16 spacing, both sides. 

SLIDE 

.... 

~ 
-t-

-+ 0 
STUD 

MOUNTING PLATE 
MOUNTING PLATE (NAME PLATE) 
(INSTRUCTION 

PLATE) 

16508·16 

Fleur• 6-8. Campi••• handle and mounting pl..,. aooembly (P/H 5361-2002). 
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16508-15 

Name 

unting Plate 
me Plate) 
;her 
le Washer 

" 

GR 
Part No. 

7864-8200 

814M105 
417(}7030 

r 
MOUNTING PLATE 
(NAME PLATE) 

16508-16 
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J6 
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8 

0 

RO 210 F 

NOTE· J4 INSULATED FROM 
CASE 

VT 

BR 

Rotary switch sections aro shown os viowod fr010 tho 
ponol ond of tho thoft. Tho first di11it of tho contoct 
nurrbor rofort 1o tho section. Tho section noorost 
tho ponol i • I, tho noxltoclion bock it 2, ole. Tho 
noxl two di11iU rofor to tho contoct. Contact 01 it 
tho firtt position clockwise frotft a strut scrow (u..,. 
oily tho tcrow oi>ovo tho locating koy), ond tho othor 
contacts aro.........,od toquontiolly(02, 03, Ool, ole), 
proceeding clockwi to around tho section. A ..,fflx 
For R ind;cotot thot tho conloct it on tho front Ot 

roar of tho toction, rotpoctivoly. 

o~L 
PARAMETER MUlTIPLIFR 

5 102 

2 

< 

Figure 6 .. 9. Schematic diagram of 
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Figure 6-9. Schematic diagram af 1650-B Impedance Bridge. 
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1.5 

NOMOGRAPH FOR CONVERSION OF C, L, D AND Q AT 1kHz 

The nomograph below greatly simplifies the process of converting from series to parallel 
value (or vice versa) of inductance and capacitance, for values of dissipation factor up t o 10 (0 

down to 0. 1). To i llustrate use of the nomograph, assume a parallel capacitance of 2J.~F, and a 
0 of 7. A straight line connecting these two points is seen to cross the center (Csl bar at 100. 
Therefore, the equivalent ser ies capacitance is 100 J.IF. 

C = C (I +02) s p 
2 log c5 = log Cp• log (1+0 ) 

I 
L p=O+ a2) Ls 
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Appendix 

The instruments on the following pages are useful accessories in certain 
apPlications of the bridge. Table A lists some of the instruments and their 
primary use with the bridge. 

TABLE A 
BRIDGE ACCESSORIES 

ACCESSORY* APPLICATION 

Type 1 ~P95 Adaptor Cable Connections to: 
External bias. 
Detector output. 
External DO pOtentiometer. 

Type 1650-P1 Test Jig Incoming inspection. 
(Rapid checking of single compOnents.) 

Type 1412-BC Decade Capacitor RAC and GAC reactive balances. 
Type 1350 Generator-Recorder Transducer Analysis. 

Assembly (Investigating sharp resonances in 
mechanical transducers.) 

Type 1232 Tuned Amplifier and External detector. 
Null Detector 

Types 1309,1310, 1311,and 1313 External generators. 
Oscillators 

Type 1900 Wave Analyzer High frequency 1>20 kHz) tuned null 
detector. 
Tracking generator. 

Type 1191 Counter Checking frequency of external ac 
generator. 

*GR instruments. For a detailed description see the General Radio Catalog. 

Cotaloa 
" umber 

1232-9701 

0480-9637 

...... 
I II 

R.TEA~UIItf 
,... lt~Q~oio-t-1< lloMt-lOw 

F@~::· .. -~ 

Description 

t232·A Tuned Amplifier and Null 
Detector 

4110·P317, far 1232-AP (with pre­
amp) and companion 8-in. in­
strument 

0 

TUNED AMPLIFIER 
AND 
NULL DETECTOR 

Type1232-A 

• 20Hz to 20kHz, 50 and 100kHz 
• 0.1-,. V sensitivity 
• bandwidth approx 5% 
• 120-dB gain 

The Type 1232 Detector is a sensitive, general­
purpose, metered audio amplifier. Intrinsically broad­
band ( .±.3 dB from 20Hz to 20kHz), it has optional 
filtering that can be tuned continuously over the audio­
frequency range or at spots up to 100kHz. 

Its utility as a null detector is enhanced by high 
gain, long-life battery pOwer, and the optional logarith­
mic response characteristic. The output is adequate to 
drive headphones. 
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GENERATOR­
RECORDER 
ASSEMBLY 

Type1350 

• automatic frequency-response plotting 
• 20 Hz to 20 kHz 
• combines 1304-B with 

1521 Graphic Level Recorder 

This automatic, audio-frequency measuring system com­
bines the Type 1304-B Beat-Frequency Audio Generator and 
Type 1521-B Graphic Level Recorder in a single assembly for 
the automatic plotting of frequency-response data The re­
corder is a fully transistorized, single-channel, servo-type with 
a 40-dB, dynamic range plu{rin potentiometer (20-dB, 80-dB, 
and linear potentiometer are also available). 

The complete assembly includes the following: 
1304-B Beat-Frequency Audio Generator with acces­

sories, end frames and rack supports. 
1521-B Graphic Level Recorder with accessories (in­

cluding a 40-dB potentiometer), 1521·P19 motor, end 
frames and rack supports. 

1521-9427 Chart Paper, 10 rolls 
274-NP Patch Cord 
1521-P108 Drive Unit 
152l·Pl5 Link Unit 
1521·P16 Sprocket Kit 
1560-P95 Adaptor Cable 
1304-P1 Muting Switch 

EXTERNAL 
General Radio manufactures several oscillators that can be 

used as external generators for a measurement bridge. Three 
oscillators in this group are the variable frequency type and the 
fourth is a fixed frequency generator. 

The 1309 Oscillator has a variable range of 10 Hz to 
100 kHz. Distortion, noise, and hum are exceptionally low in 
this instrument, and the output is flat over the entire frequency 
range. 

The 1310 Oscillator offers constant output over a variable 
range from 2 Hz to 2 MHz with low distortion, high dial reso-

• 2Hz to 2 MHz 

I • 

-- . .. . 

Constant generator output and uniform recorder response 
IT'.ake this an excellent assembly for measuring the response of 
filters, attenuators, networks, loud-speakers, amplifiers, micro­
phones, transducers, and complete acoustic systems. 

The blank parts on the chart paper correspond to the 
to the length of the blank portion on the generator dial so that 
many charts can be recorded with complete synchronization of 
the chart and the dial frequency. 

Cotaloa 
Number Destrlpt ion 

Generator-ltecorder Assembly 
1350-9701 t350-A, far ~Hz SUPPlY 
1350-9494 I 1350-AQt, far 50-Hz ··uw•Y 

GENERATORS 
lution, and exceptional amplitude and frequency stability. 

The 1313 Oscillator offers similar over-all performance to 
the 1309 but with variable, single-range frequency control from 
10Hz to 50 kHz to eliminate switching transients and to mini­
mize possible error in setting a frequency. 

The 1311 Audio Oscillator has eleven fixed frequencies. 
This oscillator is part1cularly suited for bridge measurements 
because of the shielded output-transformer secondary that mint­
mizes the circulating ground currents and matches loads over a 
wide impedance range. 

• 20 V • 0.25% distort inn 

• 1 W • 100 V or 4 A • transformer output 
• 50 Hz to 10kHz • discrete frequencies 

• 10 nz to 50 kHz in one range 
• sine and square waves 

APPENDIX 2 



DECADE CAPACITORS, RESISTORS, 
and INDUCTORS 

The GR decade capacitors, resistors and inductors can be used to 
support the bridge externally. The 1412-BC Decade Capacitor is espec­
ially useful for ac resistive and conductive reactive balances. Consult the 
General Radio Catalog for details of each decade. 

---::"':.: 

.. ( .. Ol <•~·!.:'!: 

,_~.:.-:..::.:.~a!!-_ _.;;;,;.;.. __ _ 

Total 

DECADE 
CAPACITOR 

Type 1412-BC 

• 50 pF to 1.11115 ,..F 
• better than 1-pF resolution 
• accuracy ::t:U% + 5 pF) 
• low loss, leakage, 

dielectric absorption 

C.taloe 
Number 

1412-9410 

Resistance 

Descriptron 

1412-IIC Decade tapacit,Dr 

Number of 
DECADE 
RESISTOR 

cataloc 
Number Deocription Resist.nc:e (Q) Per Step Decades 

Type1434 
• +0.05% accuracy 
• 5-, 6-, or 7-dial settability 

• excellent stability, low cost 

DECADE 
RESISTOR 

Type1433 
• :±:0.02% accuracy 
• good frequency characteristics 
• low temperature coefficient 
• excellent stability 
• low zero resistance 

CalaiOI Number 

Bench I!Kk 

1433-9700 1433-9701 
1433-9702 1433-9703 
1433-9704 1433-9705 
1433-9706 1433-9707 
1433-9708 1433-9709 

1433-9710 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 

Decade Resistor 
1434-9714 1434-N 
1434-9713 1434-M 
1434-9716 1434-P 
1434-9576 1434-ClC 
1434-9702 1434-B 
1434-972~ 1434-X 
1434-9707 1434-G 

T)pe Total Ohms 

1433-U 111.1 
143U 1111 
1433-J 11,110 
1433-L 111,100 
1433-Q 1,111,000 

1433-T 1111.1 
1433-N 11.111 
1433-M 111,110 
1433-P 1,111,100 
1433-Y 11,111,000 

1433-W 11,111.1 
1433-X 111,111 
1433-B 1,111,110 
1433-Z 11,111,100 

1433-1' 111,111.1 
1433-G 1,111,111 
1433-H 11,111,110 

11,111 0.10 5 
111.110 1.00 5 

1,111, 100 10 (} 5 
1.111,105 1 0/div 4 +rheostat 
1.111.100 1.00 6 

111,111 0.10 6 
1 111,111 0.10 7 

Ollms 
per 
Step 

No. of 
Dials 

Type 510 Decades 
Used 

0.01 4 AA,A,B,C 
0 .1 4 A. B,c,o 
1 4 B, C. 0, E 

10 4 C,O,E, F 
lOO 4 0, E, F,G 

0.01 5 AA. A, B.c. o 
0.1 5 A, B, C, 0, E 
1 5 B,C,O,E,F 

10 5 C, 0, E, F,G 
100 5 0, E, F, G. H 

0.01 6 AA, A, 8, C. 0, E 
0.1 6 A, B. C. D. E. F 
1 6 B,c.o.E,F,G 

10 6 C, 0, E, F, G, H 

0.01 7 AA, A, B, C, 0, E, F 
0.1 7 A, B, C. 0, E. F, G 
1 7 B, C, 0, E, F, G, H 
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The 1 690-A is a sample holder of the Hartshorn and 
Ward type, • used for the measurement of dielectric constant, 
dissipation factor, and volume resistivity of 2-inch-diameter, or 
less, disks of dielectric material in accordance with ASTM test 
method 0-150. It is suitable for any flat sample whose largest 
diameter is not over 2 inches and whose thickness is not over 
0.3 inch. 

It can be used with resonant circuits for susceptance­
variation or frequency-variation measurements, with the Types 
i6iO..A and 7i6-C Capacitance Bridges~ the 874-LBB and 
900-LB Slotted Lines, the 1 602-B and 1609 immittance meters, 
the 1644-A Megohm Bridge, and the 1650-B Impedance Bridge. 

• L Hlrtsllorn lnd W. H. Ward, fm§~11nu g! *' !.nsLIMicn q( Ute· 
tritll En&ineers, Vol. 79, pp. 597-6011 . 
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Cltaloc Number 
Bench Rack 

1491-9701 
1491-9706 
1491-9703 
1491-9707 
1491·9704 
1491-9702 

1491-9711 
1491-9716 
1491-9713 
1491-9717 
1491-9714 
1491-9712 

DIELECTRIC SAMPLE 
HOLDER 

Type 1690-A 

• micrometer-electrode-type for dielectric disks 
• wide freq1-1ency range; fits many instruments 
• calibration corrects for fringing and strays 

• stable mounting, complete shielding 

A precision micrometer scrfN.I with a large knob drives a 
movable grounded electrode with respect to a fixed, insulated 
electrode. An accurately divided drum indicates the electrode 
spacing. The micrometer scre~N is electrically shunted by a 
metal bellows to assure a positive, low resistance-connection •. 
A release mechanism automatically disengages the drive to pre­
vent damage when the electrodes are in contact. The movable 
electrode adjusts itself to the plane of the specimen surface. 

The vernier capacitor with the micrometer scre~N is for 
use in the susceptance-variation method of measurement, and 
for precise C balance with low-loss samples. 

The assembly is mounted in a rugged aluminum casting 
which shields it on four sides. Tow removable cover plates, 
which permit access to the electrodes, complete the shielding. 
The holder can be mounted on either horizontal or vertical 
panels. 

" I 

Cat.loc 
Number Description 

169()..9701 
169()..960.2 

1690-A Dielectric Sample Holder 
1690-P2 Adaptor Alsembty (for connectinl 

to GR874 coaxial equipment) 

Description 

Decade Inductor 

t491·A 
1491-F 
1491-G 
1491-G 
1491·D 
1491·8 

DECADE 
INDUCTOR 

Type 1491 

• high..Q 

• shielded toroidal cores for 
small mutual inductance 
little effect from external fields 

• sealed against moisture 

Inductance 
Total Steps 

0.111 H 
1.111 H 
1.11 H 

11.111 H 
11.11 H 
11.1 H 

0.0001 H 
0.0001 H 
0.001 H 
0.0001 H 
0.001 H 
o.o1 H 

940's 
Included 

DD,E,F 
DO, E,F,G 
E,F,G 
00, E, F,G, H 
E,F,G,H 
F,G, H 



REACTANCE CHART 
Always use corresponding scales 

IO,OOOn 

UJ 

v 
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UJ 

ex 
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IOOOn 

lOOn 

1Hz 10Hz 100Hz 1kHz 10kHz 100kHz 1 MHz lOMHz 

1 MHz 10 MHz 100 MHz 1 GHz 10 GHz 100 GHz lOOOGHz 

FREQUENCY 
FIGURE I 

Figure 1 is the complete chart, used for rough calcula­
tions. Figure 2, which is a single decade of Figure 1 en­
larged approximately 7 times, is used where two or three 
significant figures are to be determined. 

TO FIND REACTANCE 
Enter the charts vertically from the bottom (frequency) 

and along the lines slanting upward to the left (capaci­
tance) or to the right (inductance). Corresponding scales 

(red or black) must be used throughout. Project hori­
zontally to the left f rom the intersection and read reac­
tance. 

TO FIND RESONANT FREQUENCY 
Enter the slanting lines for the given inductance and 

capacitance. Project downward and read resonant fre­
quency from the bottom scale. Corresponding scales (red 
or black) must be used throughout. 



REACTANCE CHART 
Always obtain approlrimote value from Figure 1 before using Figvre 2 

IN DUCTANCE 

;o J'f.s; 1'6> ?> ?& is ?')? 11-Y 1'<? 
I 0 [\(' "" "\. ""V' / ~ b( Vbl I" I/ """~ ;<.,. J<.. X Ytx'" ~." v b( < 

(J 9 -X X b( I>( ['\. IX / b( 6( X t')([/ IX y ~ ~ ~x.') fXK ,".b-: b2' 1,2' 
)<fY J' )I /IX 1/ zxr--1/vr><: ~ l<>tx bCl>< I>< I> I'\ I>< K KY ~R\ rx "'-lX Ix' 

2 3 4 5 6 7 8 9 10 
FREQUENCY 

Example: The point indicated in Figure 1 corresponds 
to a frequency of about 700 kHz and an inductance of 
5(X) I'H, or a capacitance of 100 pF, giving in either case 
a reactance of about 2000 ohms. The resonant frequency 
of a circuit containing these values of inductance and 
capacitance is, of course, 700 kHz, approximately. 

USE OF FIGURE 2 

Figure 2 gives additional precision but does not place 
the decimal point, which must be located from a prelim-

FIGURE 2 

inary entry on Figure 1. Since the chart necessarily 
requires two logarithmic decades for inductance and ca­
pacitance for every single decade of frequency and reac­
tance, unless the correct decade for L and C is chosen, 
the calculated values of reactance and frequency will be 
in error by a factor of 3.16. In Figure 2, the capacitance 
scale is red; inductance scale is black. 

Example: (Continued) The reactance corresponding to 
500 I'H or 100 pF is 2230 ohms at 712 kHz, their reso­
nant frequency. 
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