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Specifications

Range

Resolution
(orre digit on
fowest range)

Accuracy*

Freguencies =1 kHz and smail phase
angle (fs = full scale)

Frequencies 1 kHz or {arge phase angle
Typical additional error terms

Capacitance: 8.1 pF to 1100 uF
Series or parallel, 7 ranges

.1 pF

*(0.1% of reading 4+ 0.01% of fs +
0.2% of reading on highest range}

(0.2 Dfire + 0.5 D2 + D.002 fu2)%

Inductance: 0.1 H o 1100 uH
Series or paratlel, 7 ranges

0.1 aH

+(0.1% of reading -+ 0.01% of fs +
0.2% of reading on lowest range)

240.2 fun/Q + 0.5/ Q0 4 0.002 P %

Resistange: 0.1 mQ to 1.1 MQ
At or de, 7 ranges

0.1 mQ

+(0.1% of reading + 0.01% of s -+
G.2% of reading on iowest rangej**

Qe 4 0.003 fu:) % **

Conductance: 4.1 rO to 11D

Q.1 no

+{0.1% of reading - 0.01% of fs +
{0.2% of reading on highest range)**

E{Qfure 4 D003 flgs )0 **

Ac orde, 7 ranges

Dissipation Factor, D:

series capacitance Otot #(0.001 £5% of reading) +{0.001 fu: + 5% of reading)
parallef capacitance 0.1 to 50 +5% of reading (siiding null at =+ 5% of reading
high )
Storage Factor, Q:
series inductance 0.02 tp 10 5% of reading {sliding null at low Q) + 5% of reading
parailed inductance 110 =(5% of reading + 0.001) for 1/Q (5% of reading + 0.001 fu) for 1/Q

* Full aecuracy appiies from 15 to 35°C, <C85% RH (useful from & te 45°C),

rected to obfain specified accuracy.

Residuai terminal impedances of =~ 0.3 pF, 0.15 u#, and 1 mQ must be cor-

** Terms apply to ac measurements when external phase balance is properly adjusted; otherwise accuracy is 0.5% of reading.

Generator: Infernal, I kHz *+2% ac, 1.5 V dc. Externat, 20 Hz to
20 kM2 ac; Type 1310 ar 1311 Oscillator recommended,

Detector: Internat, 1 kHz ac with >20-dB rejection at 2nd harmonic
or flat, meter indication; 10-uV/mm dc meter sensitivity, External,
Type 1232 Tuned Amplifier and Nuil Detector recommended.

Bias: 600 V max on capacitors; small currents aliowable on induc-

tors and resistors; external only,

Terminals: 34-in-spaced binding posts for unknown; pin jacks for
external ac generator and capacitor for ac phase balance; phone
jachks for external detectar, bias, and DQ adjustment.

Supplied: Batteries.

i650-P1 Test lig

Available: 1630-P1 Test lig for rapid and convenient connecticn
of axiai-fead components to bridge. Permits 3-terminal connec-
tion for negiigible zero capacitance, introduces 80-m{ total [ead
resistance {which only affects measurements on very low imped-
ances}, and adds a D or 1/Q error of less than 0.007.

Power: 5 D-cells, supplied; battery checks provided.

Mechanicak: Flip-Tilt cabinet. Dimensions (w x h x d}  Portable,
134 x 12% x 6% in. {337 x 327 x 170 mm); rack, 19 x 124 x
53 in, (483 x 311 x 146 mm), Weight: Portable, 14.5 Ib (7 kg) net,
21 1b {i0 kg) shipping; rack, 15.5 (b (7.5 kg} net, 28 b {13 kg
shipping,



1.4 SYMBOLS, ABBREVIATIONS, AND DEFINITIONS.

The following symbols, abbreviations, and definitions
are used in this instruction manual:

C capacitance { ——i("" }

Ch external decade capacitor
Co bridge residual capacitance
Cp parallel capacirance
Cq series capacitance
-CT standard capacitor (0.1 pF)
Cy unknown capacitance
G conductance { —w— ) the inverse of resistance
GX unknown conductance
L inductance { )
Lo bridge residual inductance
Lp parallel inductance
I‘S series inductance
Ly unknown mductance
R resistance { —wv—), the real part of an impedance
RA ratio arm resistance
Ry standard 10 k{] resistor
Ry CGRL decade resistance
Ry, bridge residual resistance
Rp parallel resistance
Rg series resistance
Ry DQ rheostat resistance
Ry unknown resistance
X series reactance, the imaginary part of an
impedance

z impedance
Q quality factor = "?ii" = % = %- =tan & = cot &

for inductors @ls or e

R¢ wLp
: Bs ¢

D dissipation factor = ¥ "% "o " cot@ =tand

for capacitors wCSRS or !

prRp

PF  power factor = ?‘_S_ = s =cosd = 2

1-2 INTRODUCTION

t frequency

@ angular frequency, 27f

Q ohm, 2 unit of resistance, reactance, Of im=
pedance

k(2 kilohm, 1k{l = 1000 ohms

M multiplying factor applied to D and Q at fre-
quencies other than 1 kHz

MO megohm, 1 M =1 x 10° ohms

UF microfarad, a unit of capacitance

mfl milliohm, 1m{l =1 x 10-3 ohm

nF {or muF} nanofarad (or millimicrofarad), 1nF =
ImuF =1x 1073 uF

p¥F {or puF) picofarad (or micromicrofarad), 1pF =
1uuF =1x 1076,F

H henry, a uait of inductance

mH millihenry, 1mH =1 x 10-> H

MH mictohenry, 1 ul =1 x 1076 H

;}7 ground, case (chassis)

8] mho, a unit of conductance

1.5 SERIES AND PARALLEL COMPONENTS.

An impadance that is neither a pure reagtance nor a pure
resistance may be represented at any specific frequency by
sither a series or a parallel combination of resistance and
reactance, Keeping this concept in mind wili be invaluable
for properly interpreting the bridge results. The values of
resistance and reactance used in the eguivalent circuit
depend on whether a series or & parallel combination is
used. The equivalent circuits are shown in Figure 1-3. A
nomograph for series-paralie! conversion at 1 kidz is given at
the end of Section 3.

1.6 CGRL DECADE READINGS,

The main digital readout has eleven digits on each
switch, 0 1o 10. An X is used to indicate the 10 {to avoid
the extra decimal place). All but the very highest readings
can be obtained without using the X position {which is
added mainly to facilitate the balancing procedure} so that
it need not be used. However, a little practice in interpret-
ing readings containing one or more X's wili allow faster

L.

Ry 7 Cp
Rs

Lg Rp

Rs

Eigure 1-3. Equivalent circuits for complex impedance.



BIAS jacic, GENERATOR switch,
Valiage bias for capacitors: Apply bas only if PARAMETER switch is in
C, position. For Cp, refer 1o Section 2. Max voltage is 600 V dc. Add 3 re-
sistor as a current Hmiter to prevent short circuit.

Current bias for inductors: Apply bias onfy if PARAMETER switch iz in
Lp position. For L, refer to Section 2.

Turns bridge on, selects internal or externat
generator, ac or dc, de zero, checks batteries.

UNKNOWN terminals.

Connect unknown impedance
PARAMETER switch,

irternal OSCillator GUARD gonnection.

LEVEL control.

MULTIPLIER switch.
Multiply CGRL decade setting
by switch range tor result.

DETector SENSitivity control.
GPP ARM jack,

Connect external
decade  capacitor
for reactive bal-
ance of resistors.

CGRL decade:

Main balance control. For greatest
curacy, choose MULTIPLIER sertine
halance between 1 and 10,

Ground.

DETector jack.

Useful 16 connect
external amplifier
or earphones for
additional  sensi-
tivity  or  selec-
Tivity.

EXTernal DQ jack, DO dial,

Usetul for extending DO range with
2 decade box.
EXTernal GENerator jack.
Max power: 0.05 W.
Max voltage: 500 V dg; or
whichever is smalier,

£

5 Voac rms where fis in Bz, or 100 V ac rms,

Frequency renge for L and C; 20 Hz to 20 kHz,

Figure 11, Type 16586 Impedance Bridge,
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1.3 POWER SUPPLY R P |
1.4 SYMBOLS, ABBREVIATIONS, AND DEEINITIONS . . . . . . . 12
1.6 SERIES AND PARALLEL COMPONENYS . . . . . . . . . . . . 12
1.6 CGRL DECADE READINGS S, B
1.7 PORTABLE.TO-RACK CONVERSION . . . . _ . . . ... .13
1.8 CONNECTIONS .14

1.1 DESCRIPTION,

The Type ° wetiees Bridge {Figure 1-1) is a
self-contained impe ~istem that includes
six bridges for the measu, v.iwio © tance, resistance,
conductance and inductance as wetl as w.. -
detectors necessary for doc and-azc measureme,
of this bridge includs a basic 0.1% CGRL acCliawy, i1y —
and Q accuracy, cornwanient levar switches, visual ac and de
null indications, comnleta ~oriability, and 2 convenient
tilting mechanism ang carrying s

In the relay-rack model, the captive to. .
replaced with a relay-rack adaptor panel.

ToTe 14U 3

1.2 OPENING AND TILTING THE CABIL

The directions for opening the Typs 055 trmpedar

Bridge are given on the handle support o the instrumer:.
Once open, the instrument can be tilted 1o anv convenient
angle. The angle should be chosen 1o gi -
comfortable access to the knobs and the ber

meter and dials.

The instrument may be lockead fully
slide pins that are used to lock the instr: =it wiused, Thus,
the instrument can be carried in the open position with the
cover firmly in place.

Whether the instrument is open or closed, the cover
forms a convenient storage place for the instruction manua
and for any other test date that should be kept with the
instrument,

1.3 POWER SUPPLY.

The 1656 is powered by five D cells. Four of the cells,
which supply the ac oscillator and detector and the de
detector (BAT CHECK 1), slide into a fiber tube and
should be installed with the positive terminals {center
butionsi facing the open end of the tube. The fifth cell i

the dc¢ bridge supply {BAT CHECK 2} and is mounted in a
spring clip. s positive terminal should face the top of the
ifstrument.

To install the batteries, proceed as follows.

a. Open the instrument cabinet and place it in the iocked
position.

b. Remove the two cabinet scraws (Figure -4}

¢. Lift the instrument from its cabinet.

d. Follow the directions on the battery tube,

2. Insert 4 batteries in the tube observing the correct
polarity and place the battery tube back In its holder.

f. Siide the tip of & screwdriver in the slot between ne
clasp and the frame of the battery holder {see Figure 1-2}
and lift the end of the screwdriver toward the top of the
instrurment, This should spring the clasp loose.

g. Insert battery with the positive terminal facing the top
of the instrument, and reposition clasp by placing the end
of the screwdriver through the clasp, catching the end of
the frame and pushing the end of the screwdriver towards
the bottom of the instrument.

h. Replace the instrument in its cabinet.

i. Replace the two cabinet screws.

Figure 1-2. Battery removal and replacement.

INTRODUCTION 11



PIVOT STUD
SPACER

WHITE - BLACK
£ LEAD
SET

LOCK
WASHER (€}
NUT(H)

L ! FLAT
~ WASHER
(K}
uaz
FLAT WASHER(M) -
PLATE(L) ¥
balancing, particularly with unknown values coniaining RACKET (F)
several zeroes. Some examples:
123X = 1240 XXX =2110
12X4 = 1304 XXXX = 11110 o
12X X = 1310

1.7 PORTABLE.-TO-RACK CONVERSION.

The following procedure is given so that a 1656 Bridge O6-g /. - SCREW(E)
can be converted from a portable assembly to & rack- ' |
mounted assembly. To accomplish the mechanical and
electrical changeover, a Rack Adaptor Set (P/N 1650-3370)
must be ordered from Generat Radio.

To mount the instrument in a rack-adaptor panet,
proceed as follows (Figure 1-4):

a. Open the instrument o its horizontat position {full
open) and lock the handle. . Figure 1-4. Rack mounting the 1656.

FLAT WASHER (G}
LOCK WASHER (0}

G’:@Z/’NUT =3

$H508. 12
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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 0f the instrument {one per side} just
above the handle pivot.

c. Lift the instrument out of the cabinet and set it 1o
one side.

d. From the inside of the cabinet, remove the two pivot
SCrews, :

e. Lift the cabinet off the handle-and-cover assembly,

f. in place of the pivot screws, insert the two %-in.
screws {B) supplied. Place the lockwasher {C) and nut {H)
an each screw and secure.

g. Remove the evelets from feet ¥ and Z in the cabinet.

h. Remove the rubber feet and install the suppiied
grommets {P/N 4110-0500]).

i. Set the cabinet 1o one side,

{. Remove the battery tube (P/N 1650-1261} from the
instrument by following the instructions on the tube,

k. Twist the white-black lead-set leads together and feed
the unconngcied ends through grommet Z in the cabinet
from the outside to the inside. Twist the blue-green ieads
together and feed the unconnected ends through grommet
Y.

{. Soider the white lead of the lead set 1o 5103, 204R
Figure 6-2). Soider the black lead to $102, 204R; the biug
lead to S103, 205F; and the green fead 10 $103, 202R.

m. Install the instrument in its cabinet. Install and
tighten the two No. 10-32 screws {A) removed in step b.

n. Loosen nut K on both sides of the cpening in the rack
panel and slide plate L toward the cutside of the panel.
Tighten nut K slightly so that L won't slide.

©. Put & 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 sc that it is right side up as
you ook at it.

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

r. Install a flat washer (G}, tock washer {O) and nut (P}
on screws B outside of bracket F. ‘

s, Raise the adaptor panel up until it is flush with the
instrurnent pane! and rubber gasket.

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

]

Banana plug o
stabilized by £ /?ya'
Shoulder ’

v

CABINET

K
- =
GASKET \ “;
v

AGAPTOR PANEL

0 P
Y

Pomrnil

F J/
E

e

CABINET

nj J6508.31

Figure 1.5, Detail view of panel mounting.

u. Loosen nuts K and slide plates L over the rubber
gasket {Figure 1-8}). Tighten nuts K.

v. Snap the battery tube and batteries into place
between the insulators on the rack panel with the positive
terminals pointing towards the top of the instrument. Snap
the fifth battery into its clamp with its positive terminal
pointing towards the top of the instrument,

1.8 CONMNECTIONS,

The UNKNOWN terminals are standard %-in.-spaced
binding posts that accept banana plugs, standard tetephone
tips, alligator clips, crocedile clips, spade terminals and all
wire size up 1o number eleven {Figure 1-6}.

The EXT DQ, DET, and BIAS jacks accept & two-termi-
nal telephone plug such as the Switcheraft No. 440,

The EXT GEN, G, and OPP ARM jacks accept a single
banana plug such as the GR Type 274-DB1 or -DB2 (P/N
0274-8730 or -9731). These jacks are spaced %-in. on
centers so that a GR Type 274-MB Insulated Double Plug
{P/N 0274-9746 can be used between the EXT GEN and G
terminals or the OPP ARM and G terminals.

General Radio also makes a variety of interconnecting
cables that can be used in various systern interconnections.
Soma of these cables are shown in Table 2-3.

[

. when fully inserted. g=¥, For metal-top A= T R —
binding pest only. . Spade termin
Slandard Plug enters g p Y S Spade term al Clamps
teiephone tip S Slender with " throat all wire sizes
binding post body i i
) ailigator clip will clamp up te No. 11
assuring contact even under nut

when nut is loose.

without cutling,

0 fits mside jacktop
of all binding
o posts,

i

Figure 1-6. Methods of connection to the measurement terminals.
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Basic Measurements—Section 2

2.1 GENERAL e e e e
2.2 SENSITIVITY AND APPLIED POWER
2.3 EXTERNAL DC SUPPLY OR DETECTOR

2.4 MEASUREMENTS AT OTHER FREQUENCIES

.25
. 25
. 26

2.5 HIGH D AND LOW QO BALANCES

2.1 GENERAL.

Figure 2-1 shows the six bridge circuits used in the Type
1656 Impedance Bridge as well as the balance equation.
Both Hay and Maxwell inductance bridges and series and
parallel capacitance bridges are used to provide wide
coverage on the D and Q ranges and o give both series and
parallel values on the D range from 0.1 to 1 {Q from 1 to
10). For D vaiues below 0.1 {Q above 10}, the series and
paraliel values differ by less than 1%. Both resistance and

conductance bridges are included to give a wide resistance |

range and to allow a choice of R or G between 152 and 1
ME. These two bridges can be used for ac or dc
measurements, but for' full accuracy an external capacitor is
required for ac measurements {see paragraph 3.5).
Cs
(ww D)
oro
SERIES CAPACITANCE

RATIO R,
ARM
2 TO I Meg

*CeRL”

FPARALLEL CAPACITANCE

1
Q" A

.27

The ac detector indicates signal magnitude and deflects
onily 1o the right. The dc detector deflests either to the
right or left, depending on whether the unknown has a
higher or lower vaiue than that indicated by tha range and
adjustment settings.

A null is indicated by a zero [center) meter reading for
both detectors.

The next two pages concisely state the information
needed for making basic measurements using the internal
sources and detectors. The schematics include all relevant
bridge erminals to aid the user in making special measure-
ments that require external sources, bias, etc. Symbols on
the diagrams are the same as those defined in Section 1.

Co A
(1"F5 50l (5¢)

RESISTANCE

RATID R R
P2 A
102 TO I Meg 142 10 ' Meg

CORL” CERL” L

324116k
% 7
By N R &
<, 7, Cr €, - R, & R+ A
L I ¥ A
fwh Gy Low o o iE e wigh o
(65%% “atx Frlr (%% )
SERIES INDUCTANCE PARALLEL INDUCTANCE
4 i
7, RATIO & RATIO
R
arM 4 Arm A
i1 ro IMeg IJ.?MTO
eg
RATIO
ARMS
FJ ” "
CoRL" Ry cone a1 R, D&
oL, o-nk o-16k
YRy 00 <y
3202-16% Odpt
oy~ Ry iR G L RAG 1650814
— @ A
ﬁ‘ Rg o.v_ﬁ._ff.-,,,qrcr EXNE. SR !
x wh, R Cp

Figure 2-1. Bridge circuits used in impedance bridges.
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o__....KMWM

LOW D (0 TOD

04 pF

UNKNOWN

o (@)
BIAS Provmimierd
st oPpP
TP+ S 80D0Y < ARM
TR+
EXT 0@
BODY
Rt
Cr
Gl pF
Ry
Ty = L
X RA i U 1C
Dy = wR, Oy = wl Gy
pE af uF
MULT [ 108 [ 1 10 100 1 i 1080
RaLE M T00k 10k 1k 100 10 i

a. Turn GENERATOR switch to BAT CHECKIT posi-
tion. !f the meter pointer is not in the BAT sector, replace
the batteries in the tube. _

b. Turn GENERATOR switch to AC INTERNAL 1 kHz.

¢. Turn PARAMETER switch to G,

d. Connect the unknown so that most stray capacitance
is between the LOW terminal and the case (see para. 3.8).

e. Turn OSC LEVEL full cw. The panel control afiects
only the internal osciliator.

f. Turn DQ dial fuli at cw.

g. Set the CGRL decade near 5000,

h. Adjust DET SENS for about 6 divisions deflection.

i, Turn MULTIPLIER switch for minimum meter read-
ing.

i. Alternately adjust, first the CGRL decade, then the
DO dial for the best null, increasing the DET SENS as
needed.

k. tf the DQ dial goes into the uncalibrated portion, the
unknown should be measured as Cp.

i. The series capacitance of the unknown equals the
product of the CGRL-decade reading and the MULTIPLI-
ER-switch setting.

m. The D of the unknown is the reading on the outer
scale {Low D} of the DQ dial.

n. Turn GENERATOR switch to OFF.

2-2 BASIC MEASUREMENTS

T4
11N

s —

HIGH D (0.0 TO 50)
O uF

100 0 T0 GEY

UNKNOWN

(G HiGH {gzj

BIAS
Tibs 5 800T oPP
< © ARM
TiF+
EXT DQ
Ry
O O
B, | . H 1430 1%
XGR . T Wl iy
P nlk W
MULT | 100 {1 10 100 ! 10 100
Rall MO0k 10k Tk 100 10 1

a. Turn GENERATOR switch to BAT CHECKIT posi-
tion. If the meter pointer is not in the BAT sector, replace
the batteries in the tube.

b, Turn GENERATOR switch to AC INTERNAL 1 kHz.

c. Turn PARAMETER switch 1o Cp. (Large slectroiytics
should be measured at a low frequency {120 Hz) for greater
accuracy, {See para. 2.4).

d. Connect the unknown so that most stray capacitance
is between the LOW terminal and the 1656 case {see para.
3.8).

e. Turn OSC LEVEL clockwise. The panel control
affects only the internal osciliator,

f. Turn DQ full cow.

g. Set the CGRL decade near 5000,

f. Adjust DET SENS for about 6 divisions deflection.

i, Turr MULTIPLIER switch for minimum meter read-
ing.

i. Alternately adjust, first the DQ dial, then the CGRL
decade for the best null, increasing the DET SENS as
neaded.

k. If D exceeds 1, adjustment procedure may become
tedious, see para. 2.D.

I. If the DQ dial reaches the stop at 0.1, the unknown
should be measured as C,.

m. The parallel capacitance of the unknown eguals the
product of the CGRL decade reading and the MULTIPLI-
ER-switch setting.

n. The D of the unknown is the reading on the
innermost scale {(HIGH D} of the DQ dial.

a. Turn GENERATOR switch OFF.



e e P
LOwWQ {0.02 1010}

00
wF R i“ro BET

LOW

UNKNOWN

HIGH

app
ﬁETQ/)aoav 0 ARM
BIAS
con TIPH
i
RHEOSTAT EXT B4
Ry
55 A
LysRR,Co
L
0= 2oA el
s
wH mH H
MULT £ 100 [ 1 10 100 1 i0 100
RaQ 1 10 100 % 10k 100k 1M

a. Turn GENERATOR switch to BAT CHECKT, If the
meter pointer isn't in the BAT sector, replace the batteries
in the fube.

b. Turn GENERATOR switch to AC INTERNAL 1 kMz.

¢. Turn PARAMETER switch to Lg.

d. Connect unknown so that most stray capacitance is
between the LOW terminal and the case {see para. 3.8},

e. Turn OSC LEVEL cw. The panel control affects only
the internal osciliator. Use full output except for nonlinear
unknowns. lror-core inductors are often nonlinear.

£ Turn DQ dial full cw.

g. Set CGRL decade near 5000.

h, Adjust DET SENS for about 6 divisions deflection.

i. Turn MULTIPLIER switch for minimum meter read-
ing.

j. Alternazely adjust the CGRL decade and DQ dial for
the best null, DQ dial first, increasing the DET SENS as
nesded, Null means bring the pointer as near to the center
of the meter as possible.

k. I Q is less than 1, the adjustment procedure may
become tedious, see para. 2.5.

I. if a sharp null cannot be cbtained and the Q dial is
near 10, switch 10 Ly.

m. The series inductance of the unknown eguals the
product of the CGRL decade reading and the MULTIPLI-
ER-switch setting.

n. The Q of the unknown is the reading of the third scale
{LOW Q) of the DQ dial.

0. Turn GENERATOR switch OFF.

A -

HIGH Q (I -a}

CoRl |
RHREQSTAT

1H50.1%

wiy wR.Gyp
1w mli i
MULT 1001 1 10 100 i j5¢] 100
Ball 1 10 100 Ik 10k 100k IM

a. Turn GENERATCR switch to BAT CHECK], if the
meter pointer isn’t in the BAT sector, replace the batteries
in the tube. )

b. Turn GENERATCR switch to AC INTERNAL 1 kHz.

c. Turn PARAMETER switch to L.

d. Connect unknown so that most stray capacitance is
between the LOW terminatl and the case.

e. Turn OSC LEVEL cw. The panel control affects only
the internal oscillator. Use full cutput except for nonlinear
unknowns. ron-core inductors are often nonlinear.

f. Turn DQ dial fully cw.

g. Set CGRL decade near 5000.

h. Adjust DET SENS for about 6 divisions deflection.

i. Turn MULTIPLIER switch for minimum meter read-
ing.

j. Alternately adjust the CGRL decade and DQ dial for
the best null, CGRL first, increasing the DET SENS as
needed, Null means bring the pointer as near to the center
of the meter as possible.

k. If a sharp null cannot be obtained, the unknown is
too lossy and must be measured as Ly, or the unknown is
not inductive.

|. The parallel inductance of the unknown equals the
product of the CGRL decade reading and the MULTPLI-
ER-switch setting.

m. The Q of the unknown is reading of the second scale
{HIGH G} on the DQ dial.

n. Turn GENERATOR switch to OFF.
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T 0§
100 ud}

mi G 28]
MULT T 300 BT 10 100 1 it 0B
RAL i W ik 0% 100k M

D¢ Resistance.,

a. Turn GENERATOR switch to BAT CHECK 1, then
BAT CHECK 2, checking to see that the meter pointer
indicates in BAT. sector, If the meter pointer in the first
check is out of the BAT sector, replace the 4 cells in the
tube; if second check is out of the BAT sector, replace the
separate cell in the clamp (see para. 1.3).

b. Turn GENERATOR switch to DC INTERNAL and
parameter switch to R.

c. Set CGRL decade to full scale, XXXX.

d. Set DET SENS control at mid range {spot up).

e. Turn MULTIPLIER switch full cow. Then rotate cw
one position at a time until the meter deflection reverses
direction.

f. Adjust CGRL decade for best zero (center) deflection,

increasing DET SENS if necessary. :

9. Set GENERATOR switch to DC ZERO and adiust
ZEROQ BC knob for new meter reading.

h. Set GENERATOR switch to DC INTERNAL and
repeat balance of main reading.

i. The unknown resistance is the reading of the CGRL
readout multiplied by the MULTIPLIER switch setting.

i. Turn GENERATOR switch to OFF,

Ac Resistance.

The balancing procedure for the AC resistance is sirmilar
to that for C or L except that the R parameter switch
portion is used and there is no DQ adjustment {see also
para. 3.5).

2-4 BASIC MEASUREMENTS

e AN

RESISTANCE {1 0 i00OME )}

EXT DC

UNKNOWN

HIGH
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Dc Conductance.

a. Turn GENERATOR switch to BAT CHECK 1, then
BAT CHECK 2, checking to see that the meter pointer
indicates in BAT sector. If the meter pointer in the first
check is out of the RAT sector, replace the 4 calls in the
tube; if second check is out of the BAT sector, replace the
separate cell in the clamp., {see para. 1.3.)

b. Turn GENERATOR switch to DC INTERNAL and
parameter switch to G.

¢. Set CGR\. decade to full scale, XXXX.

d. Set DET SENS control at mid range (spot up),

e. Turn MULTIPLIER switch full cow. Then rotate cw
one pasition at a time until the meter deflection reverses
direction.

f. Adjust CGRL decade for best zero {center) deflection,
increasing DET SENS if necessary.

9. Set GENERATOR switch to DC ZERO and adjust
ZERO DC knob for new meter reading.

h. Set GENERATOR switch to DC INTERNAL and
repeat balance of main decade.

i. The unknown conductance is the reading of the CGRL
readout multiptied by the MULTIPLIER switch setting.

j. Turn GENERATOR switch to OFF,

Ac Conductance.

The balancing procedure for the ac conductance is
similar to that for C or L except that G parameter switch
portion is used and there is no DQ adjustment {see also
para. 3.5).



2.2 SENSITIVITY AND APPLIED POWER.

With the internal 1.5-Vdc supply, there should be
sufficlent sengitivity for any dc resistance or conductance
measurement, This supply current is limited with a 15-8
resistance to 100 mA, and gives a maximum possible
applied power of 0375 W, so that there is no danger of
damaging components with ratings of .05 W or more, If
mare sensitivity is required, or if a higher or lower applied
power is required, see para. 2.3.

The ac oscillator and detector system is also adequate
for all ranges as long as the OSC LEVEL is fully cw. The
oscillator delivers a maximum of approximately 0.3 V rms
and gives @ maximum possible applied power of approxi-
mately 2 mW. This low voltage level and applied power is
safe for almost all components, and only a small bias
voltage is required to keep the voltage from reversing for
measurements in polarized components. Nonlinear devices,
such as iron-cored inductors, may change value as the level
is changed. If the low-level value is desired, the OSC
LEVEL should be reduced untif the measured value remains
constant,

Increased sensitivity may be obtained by using an
external oscillator or detector, and measurements at other
than 1 kHz require an external generator {see para. 2.4).

2.3 EXTERNAL DC SUPPLY OR DETECTOR.

An external dc supply may be used to apply a higher or
lower voitage to the unknown or to obtain increased

voltage] in series with the source. For low-resistance
measurements a low voltage and a low resistance will supply
the most power to the unknown resistor and give the best
sensitivity. For high resistance values, the maximum power
is obtained from a high-voltage supply limited to 7 mA, to
protect the standard resistor, but unless the utmost voltage
is required, a 100-V supply, with a 25-k§2 resistor in series,
is recommended for operator safety.

WARNING
Bridge voltages must be limited to protect the
bridge and the unknown component from
damage. 1t is also advisable to limit the current
to 5 mA or less to protect the operator from
injury. The maximum applied voltage (Ep)
fimits and the corresponding voltages across the
UNKNOWN terminals (E,) are given in Table
21,
The internally supplied dc voltages across the UN-
KNOWN terminals for CGRL decade settings of 1.000 and

10.000 for each of the ranges of the R bridge are given in
Table 2-1.

Tabte 2-1
BC VOLTAGE ACROSS UNKNOWN

sensitivity. The voltage should be applied between the Range DECADE SETTING
HIGH UNKNOWN terminal and the OPP ARM jack {on the MuUL 1.000 10.000
i f i . NERAT i houl
side of the instrument). The GE OR switch should 100 M€ 003 v 0.09 V
be set to DC ZERO for the measurement, and the zero 10 0.06 V 0.42 V
Zfés;;r:ee:;dshouid be made with the external source 100 012V 0.70 v
The external supply should be current limited so that it 100 &2 014V V.75V
. . R 1k&2 0.14V 075V
can deliver 8 maximum of 0.5 W and to avoid damage 1o
, L . . - 10 k&2 0.14 v 0.75V
the bridge. This is most easily accompiished by placing a 100 kQ 0.14 V 075V
resistor with a resistance of E*/2 £ (where E is the supply ' '
Table 2-2
MAXIMUM DC BRIDGE VOLTAGE
Range .Decade setting Decade setting
Multipiier of 1.000 of 10.000
Ea Ey Ea Ex
100 m&2 077V 007V 1.4V 07V
10 24V Q22v 4.4V 22V
1080 77V 070V 14 VvV 70V
100 8 24 vV 22V 44 v 22V
1 k&2 77 vV 70 V 140 V 70V
10k 77V 70V 140 V 70V
100 k&2 77 v 79V 140V 70V
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A maximum value of E, and £y for settings between
1.000 and 10.000 can be calculated by interpolating
between the values in Table 2-2. Letting the value of E ¥ at
a decade setting other than 1.000 or 10.000 on some
specific range be £y’ and the value of Ey, at the decade
setting of 10.000 on the same range be £y ;. then

- decade setting
10

The value of E at the same decade setting, E5°, may
be calculated by

Ex’ X Ex10

, _ { decade setting
Ea" =\ “) Ex10

For the G bridge, the voltags across the unknown may
be 70 V on any of the lower three G ranges independent of
the CGRL decade setting. The maximum applied bridge
voltage, E,, varies from 77 to 140 V as the decade is set
betwean 1.000 and 10.000 (X.000},

An external dc detector can be used if desired. 1t shouid
be connected between-the LOW UNKNOWN terminal and
case {the screw beneath the UNKNOWN terminal}. Unless
disconnected internally, the internal detector wili still be
functioning and will shunt the external detector input with
approximately 100 k2,

2.4 MEASUREMENTS AT OTHER FREQUENCIES.
2.4.1 General,

An external ac supply is necessary to make measure-
ments at frequencies other than 1 kHz or to obtain higher
signal levels at 1 kHz. The normal frequency range is 20 Hz
to 20 kHz but satisfactory operation to 100 kHz is possible
under certain conditions {see paragraph 4.11). Typical
accuracy at other frequencies is given in the specifications,
and other considerations are discussed in Section 4.

When an external generator is used, the GENERATOR
switch should be set to AC EXTERNAL. In this position
the detector is untuned, but generally satisfactory as fong as
the unknown is linear and excessive hum or other pickup is
not present. A tuned detector (GR 1232 recommendad}
may be connected 1o the DET jack to give selectivity or
additional sensitivity if required.

2.4.2 Connection of External Generator.

In most cases when an external generator is used it
should be connected to the EXT GEN jack on the side of
the bridge. In this connection, the external generator is
connected directly to the internal bridge transformer when
the function switch is in the AC EXTERNAL position, and
the low generator terminal is connected to the bridge
chassis {which should be grounded; paragraph 4.6). A
second ground connection to the generator should be
avoided.

if the external generator can be overdriven when
connected to a low-impedance load, it is generally desirable
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to place a resistor in series with the ungrounded gensrator
connection to the bridge. This resistor should be large
enough to prevent distortion even when the bridge input is
short-circuited. The bridge input impedance at the EXT
GEN jack is a minimum of 200 £ {resistive} at 1 kHz when
the bridge is set to measurs a short circuit on the
UNKNOWN terminals. This is shunted by the inductance of
a primary of the bridge transformer, which is approximate-
ly 1TH. )

In some cases where more input power is reguired,
particularly in measurements of iow impedance, a matching
transformer between generator and bridge is useful. This
transformer need not be shielded. The GR Type 1311
Audio Oscillator is recommended for this application at
frequencies of B0, 60, 100, 120, 400, 600, 1000, 2000,
5000, and 10,000 Hz because its output will not be
distorted by over-loading and it has a matching transformer
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 circuit by connec-
tion to the BIAS jack {Figure 2-2a). In this connection, the
generator is ungrounded and capacitance from its terminals
1o ground must be considered. Capacitance from the
negative BIAS terminal to ground can cause a large error at
high freguencies 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
terminal. Capacitance of over 100 pF from the positive
BIAS terminal to ground can cause appreciable error
{paragraph 4.6). A bridge transformer can be used 1o
cornect & generator 1o the BIAS jack, but this has no
advantage over the use of the internal bridge transformer
unless the external transformer has a higher voltage rating.

2.4.3 Maximum Applied Ac Voltage,

The maximum ac voltage that may be applied to the
1656 Impedance Bridge depends on:

a. the voltage and power ratings of each component
{including the unknown),

b. the bridge circuit used,

c. the range used,

d. the position of the variable components, -

€. the method of applying the voltage,
Exact limits for any specific measurement can be calculated
from the circuit dizgrams of Figure 2-1, and by insuring

BRIDGE-TRANSFORMER

SHIELDED
LEAD
e t] +
£xt 94—
osc BiAs i BlAS
L& ~ -
[+

ANY PANEL.
CONNECTOR 140015

Figure 2.2. Methods of applying external ac,



that the power dissipation in the bridge resistors is less than
0.5 W. If such a maximum voltage is applied, care must be
taken 1o avold any adjustments of the panel controls that
would result in an overfoad.

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. H 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 B = E?/4P, where
£ is the open-circuit generator voltage and P the power
rating of the unknown component.

The input transformer imposes the following further
limit on the voltage applied to the EXT GEN jack:

Ernax = 5 V (T in Hz), or 100V,

whichever is smaller. This transformer has a 10 to 1
step-down ratio and an equivalent resistance, referred to the
primary, of 100 £. Therefore, to limit the power applied to
the bridge to 0.5 W, a series resistor of £2/2 — 100
should be placed in series with the external supply.

25 HIGH D AND LOW G BALANCES.

When the D of a capacitor is larger than 1, or the Q of an
inductor is less than 1, the component is really more
resistive than reactive. When these components are mea-
sured as capacitors or inductors, or a bridge reading C and
D {or L and Q}, the two adjustments are interacting so that
many successive adjustments are reguired to obtain a

balance.? The high D loss term in the specifications, 0.5
D24, is included mainly to warn the user of this difficulty.
With patience much betier accuracy is possible, in the order
of 0.10% on the Cy, and L; bridges.

While a straightforward balancing procedure of alternate
C and D {or L and Q) balances is satisfactory up to D values
of unity {down to Q values of unity) covered by the Cj
{and E_g} bridges, a slighily different procedure is preferable
for very high D values {very low Q values) as covered by the
Cg and L bridges.

a. Start with the CGRL decade set to XXX X.

b. Batance the CQ dial first,

c. Adjust the first CGRL digit for best null.

d. Readjust the DQ dial.

e. Step the first CGRL lever down one digit at a time,
making continual DQ adjustments. Stop when the best null
is read.

{. Repeat the same procedure with the second, third, and
fourth levers, in that order.

For extremely high D values or low O values it may be

- preferable to measure the unknown as a resistor (R |

measurements, paragraph 2.1). This is of course necessary if
the D or Q range is exceeded. It will also give a more
accurate measurement of the resistive part of the impe-
dance which is the dominating part, but a poorer measure
of the reactive part. However, the balance convergence will.
be much faster.

1HaEI, H. P., "Orthonull - A Mechanical Device To Improve Bridge
Balance Convergence”, General Radio Experimenter Vol. 33, No, 4
{April, 1959},
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Table 2-3
AVAILABLE INTERCONNECTION ACCESSORIES

TJ; E DESCRIPTION CATALOG NO.
274-NG Double-plug patch cord, Inting 36" long 0274-9860
274-NOM Double-plug pateh cord, in-fine 24" fong 0274-8886
274-0S Double-plug patech ¢ord, in-tine 12" long ) 0274.9861
274-NP Double-plug patch cord, right-angle 36’ long 0274-9880
274-NPM Double-piuy patch cord, right-angle 24" long 0274-9892
274-NPS Doublie-piug patch cord, rightangie 12" tong 0274-98562
274-N1L Shielded double-plug patch cord, 36" tong 0274-2883
274-NLM Shielded double-plug patch cord, 24'° klong 0274-9882
274-NLS Shielded double-plug patch cord, 12" long 0274-9862
274-LLB Single-plug patch cord, biack, 36 iong 0274-9468
274-L1LR Single-plug patch cord, red, 38" fong 0274-9492
274-LMB Single-plug patch cord, biack, 24" long 0274-9847
274-LMR Singie-plug patch cord, red, 24" jeng 0274-9848
274.1.58 Singie-plug patch cord, black, 12” long 0274-9849
214-1L5R Single-plug patch cord, red, 12" iong 0274-9850
1860-PBE Adaptor cable, double-pluyg 1o telsphone plug, 36" 1560-96895
B74-R34 Coaxial patch cord, double plug to GRB74, 36" fong D874.-9692
874-R33 Coaxial patch cord, two plugs to GRB’?_&L 36" jong a874-9690
274-QBJ Adaptar, shielded double plug to BNC jack 0274-9884
776-A Pateh cérd, shieided doubte plug to BNC plug, 36" long 0778-9701
874-R22A  Coaxial patch cord GR874 te GR874, 36" Jong 0874-9682
176-8 Patch cord, GR874 {right-angie} to BNC plug, 36" long 0776-9702
776-C Patch cord, BNC plug to BNC plug, 36" fong 0776-9703
776.D GHRB74 10 GR874, both right-angle, 36" lonyg ' 0776-9704

274-13XA
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~ Special Measurements— Section 3

3.3 APPLICATION OF BDC TO INDUCTORS
3.4 DC BIAS FOR AC RESISTANCE MEASUREMENTS
3.5 MEASUREMENTS WITH REACTANCE
3.6 RESONANT FREQUENCY OF TUNED CIRCUITS
3.7 SHIELDED THREE-TERMINAL COMPONENTS

3.8 REMOTE MEASUREMENTS

3.8 MEASUREMENT OF GROUNDED COMPONENTS
3.10 USE OF THE TYPE 1660-P1 TEST JIG

3.11 LIMIT TESTING

3.12 PRECISION DIFFERENCE MEASUREMENTS

3.1 GENERAL.

The inciusion of the EXT DQ, BIAS, and OPP ARM
jacks in the 1656 permits many special measuraments to be
made. The EXT DQ jack allows extension of the DQ

., coverage at frec;uenc%éé below 100 Hz, the BIAS jack altows
a bias voltage or current to be applied across or through an
unknown impedance, and the OPP ARM jack allows more
accurate balancing of reactive resistors. The following
section presents & few of the many applications possible
with these external connection jacks.

3.2 APPLICATION OF DC BIAS TO CAPACITORS.
3.2.1 iInternal Osciliator Operation.

Up 1o 600 V of dc biss may be applied to the unknown
capacitor by any of several different methods. The simplest
method can be used for measuring only series capacitance;
fortunately, this is how most capacitors are specified.

WARNING
Charged capacitors form a shock hazard, and
care should be taken to ensure personal safety
during measurement and to be sure that the
capacitors are discharged after measurement.
The external de supply should also be handled
carefully.

It is advisabie to fimit the power that may be drawn
from the external dc supply to 0.6 W (by a resistor, fuse, or
circuit breaker) in order to protect the bridge components
in case the unknown is short-circuited.

The various methods of appiving dc bias to capacitors
and suggestions for their use are described in the three
methods that follow:

. 31
...... 3-1
L0 32
.. 34
.. 34
. .35
.. 35
. . 38

. 36
. . 36
. . 38

. 36

......

Method 1. C; Bridge (Figure 3-1a).

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

Method 2. C, Bridge (Figure 3-16].

The same precautions mentioned in Method 1 apply
here, and a blocking capacitor should be added using the
EXT DC jack. The positive side of the blocking capacitor
shouid be tied to the tip of the phone plug. The voltage
rating of this capacitor should be sufficient for the full de
applied and its value should be much farger than 0.1 pF.
The capacitance required depends on the D of the unknown
and on the accuracy required. The errors caused by this
capacitor are:

~ CmCy 2
Cu=Cm o m where C; = 0.1 uF
Cy
Dx=Dm =D’ &~  andCy>>Cy
ey

where C, and Dy, are the measured values. The correction
terms should be calculated and added to the measured
values as indicated above.

Method 3. C; or C,, Bridge {Figure 3-1c and e).

This method is recommended for small capacitors. The
maximum voitages that may be applied to the Cy and
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Figure 3-1. Methods of applying de voltages to capacitance,

bridge are given in Table 3-1, but the maximum voltage on

the bridge are a function of the CGR L-and-DQO-dial settings.

The ac impedance of the dc source should be high (10
k§2 to avoid shunting the detector, and the dc¢ scurce
should have low hum. The advaniages of this circuit are
that the bridge and supply are both grounded and the dc
current can be easily limited by a resistor, since the
impedance of the source should be high.

WARNING
Note that the LOW UNKNOWN terminal has
the high voltage on it in this method.

3.2.2 External Ac Generator Operation.

When both external ac and dc supplies are used, hum
may be introduced by the capacitance tc the ling in the

Table 3-1

MAXIMUM DC VOLTAGES APPLIED
TO CAPACITORS

BY METHOD 3
Range Max Volts Max Volts
Multiplier {n Bridge On Unknown
100 pF 506 vV 500 v
1nF 242V 220V
10 nfF 142 V 1V
100 nF 8V TV
1 ufF 72V 07V
10 uF ny : Q.07 V
100 uF VARY 0.007 V

3-2 SPECIAL MEASUREMENTS

power transformers of these generators. The bridge should
be set up as shown in Figure 3-1d, with both the ac and dc
supplies grounded and the bridge not grounded, The ac
generator should be shunted by a resistor if it does not
provide a path for dc.

Method 3, paragraph 3.2.1, may aiso be used 1o apply dc
bias. The bridge and both the ac and dc supplies are
grounded {Figure 3-1}, and the ac generator is connected 1o
the EXT GEN jacks. This method i$-particutarly useful for
high-frequency measurements of srmall capacitors {para-
graphs 2.4 eand 3.2.1). '

3.3 APPLICATION OF DC TO INDUCTORS.

Direct current may be supplied to inductors during
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, An external blocking capacitor {Cy, in Figure
3-2b and -2c) is needed only for the L, bridge shown. It
should be connected by a phone plug inserted into the EXT
BQ jack. The errors caused by this capacitor are:

Lx=f-m"*“”é‘t; Om? where Cy = 0.1 uF
Oy =0y + b dCy>>0C,
- + ———— ap——
X m Co Om an o t

where L, and Qg are the measured values. The correction
terms should be calsulated and added to the measured
values as indicated asbove,

WARNING
Large inductors carrying high currents are
shock hazards. Reduce the dc¢ to zero before
disconnecting the dc supply or unknown indug-
tor.



d

Figure 3-2. Methods of applying de to inductors. {Blocking capacitor Cg is not supplied with the bridge.}

Method 1. (Figure 3-2a.}

The maximum current is Hmited fo that given in Table
3-2. The dc supply may be tied to ground and the
instrument teft floating as shown, where the capacitance of
the bridge to ground shunts Ry, and causes a D (1/Q) error
of -wRLC. if the dc supply has low internal capacitive
coupling to the power ling, the bridge may be grounded and
the de supply left floating.

The source impedance of the dc supply must be low
compared with that of the unknown, since the bridge
measures both of these impedances in series. A large
capacitor {Cpy) shunting the de supply is sometimes useful.

Method 2. (Figure 3-2b.)

The maximum current in this method is limited to that
‘given in Table 3-2. The dc supply is connected to the BIAS
jack with the signs reversed in order o keep the bridge case
and dc supply both at zero volts de from ground. The
blocking capacitor Cg must be able to take the full de
voltage. The ground connection may be made to either the
panal or the dc supply.

Method 3. (Figure 3-2¢.)

This method is recommended for large inductors, since
the maximum current is the same for any rangs. In this
method both the bridge and the de supply are grounded.

The maximum allowable current for any range is 7 mA.
The output impedance of the dc supply should be high
encugh to avoid loading the detector (3 series resistor is
often useful) and should have low hum.

The blocking capacitor Cp must be able to take the dc
iR drop ecross the umknown inductor, and Cg must be
able to take the whele dec voltage.

Method 4. (Figure 3-2d.}

This method must be used with very large dc. The
maximum voltage on the unknown is limited only by the
rating of Cp. The ac source impedance of the dc supply
must be much higher than the impedance of the unknown
since the bridge measures the parallel combination of these
two impedances. A large inductor, L, may be connected
as shown 1o provide a high source impedance. Often it is
possible to resonate the feed inductor to increase the SOUTCE
impedance further. Also, the impedance of the blocking
capacitor, Cg, should be low compared with the impedance
of the unknown since it is directly in series with the
unknown. The biocking capacitor, Cg, is not needed for
this method and can be shorted out or removed.

Method 5. {See Figure 3-2¢.}

This method permits large or small dc currents by
connecting a current scurce in parallel with the unknown
inductor. The de voltage is isolated from the bridge by
capacitor Cp. The impedance of Cg should be low com-
pared to the unknown since they are in series. The current
source impedance must be high relative to the unknown
at the measuring frequency.

A current source with the proper impedance must be
constructed because: 1} most regulated supplies that have
current limiting have a large capacitor across the output
terminals causing a low ac impedance, and 2) even the high-
slewing-rate operational supplies usually have a network
across the output terminals that reduces their impedance to
a few thousand cohms at 1 kMz. To construct a high
impedance supply use any common ungrounded voltage
supply {Kepco ABC-series units) and feed the output
through the circuit in Figure 3-3. Connect the output of
this circuit to the unknown inductor {Figure 3-2e).
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Figure 3-3. De<current supply for inductor measurements.

CAUTION
Short out the current source before disconnect-
ing the inductor to prevent large transient
voltages.

3.4 DC BIAS FOR AC RESISTANCE MEASUREMENTS.

A dc bias voltage and current may be applied to various
types of noniinear resisiive elements such as diodes,
varistors, and thermistors in order to measure small ac
signal resistance. For voltage-sensitive devices, diodes, and
varistors, the ac resistance is the stope of the de voltage-cur-
rent curve. For thermally sensitive devices, the ac resistance
is equal to the dc resistance as long as the time constant is

much longer than the pericd of the ac signal. Several -

methods of applying dc are shown in Figure 3-4.

Method 1. (Figure 3-4a.)

in this method all of the current supplied flows through
the unknown. The current is limited 10 the amount given in
Table 32. The dc source impedance should be low
compared with that of the unknown, or the source should
be shunted by a large capacitor as shown, 1T the dc supply is
grounded, the bridge chassis will be off ground by a very
low voltage.

Method 2., {Figure 3-4b.}

This method removes the dc supply from the bridge arm
so that Hts impedance is not so important. The current in
the unknown is equal to the current supplied muttiptied by
Ru/Ra + Rg}(Rg = 10 k) and should be limited to that
giver: in Table 3-2. The voltage applied should be fimited to
71 V. If the dc supply is grounded, the bridge chassis may
be at a potential of up 10 37 V.

Method 3. (Figure 3-4c.)

This method permits grounding of both the bridge chas-
sts and the dc supply. The current through the unknown is
equal to the current supplied multiplisd by Ra+ R, The
maximum current appiied to the bridge is limited t0 7 mA,
and the voltage may be as high as 500 V if the current is
limited 1o give & maximum power of 0.5 W,

Method 4. {Figure 3-4d.}

This method permits large currents through low resis-
tors, since no current flows in the bridge. The resistor Ry
should be large compared with the unknown, and the
blocking capacitor, C, should be abie to take the dc voltage
lacRy. The impedance of the blocking capacitor should be
tow compared with that of the unknown.

3.5 MEASUREMENTS WITH REACTANCE.

The ac resistance and conductance bridges of the 1656
are very useful for measurements on very low G (high D)
components and for making incremental measuremenis of
nonlinear resistive components, like Thyrite varistors or
diodes, and for measuring input and output impedances of
field-effect transistors or transistor amplifiers, gyrators,
impedance scalers, etc.

Table 3-2

MAXIMUM DC THROUGH INDUCTORS
OR RESISTORS
{METHODS 1 AND 2)

Range
- Muttiplier Maxirmnum R p, (Ratio
Current Arm}
L R
100 uH 100 m&2 100 mA 152
1mH 10 100 mA 108
0 mH 1080 71 mA 100 Q2
100 mH 1000 22 mA 1 k82
1H 1k 7.1 mA 10 k02
10H 10 k82 2.2 mA 100 k82
100 H 100 k02 0.5 mA 1 ME2

3-4 SPECIAL MEASUREMENTS
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Figure 3-4. Methods of applying de for ac resistance measurements.
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Figure 3-6. Circuit for measuring inductive resistors,

SHIELD

Figure 3-7. Shielded three-terminal impedance.

if the null is not sharp, Le., sensitive to a small change in
the CGRL dial position, the "resistance” is either capacitive
or inductive. A capacitive resistance is measured by
connecting an external capacitance decade box {Cp) from
the HIGH UNKNOWN post on the bridge to the case
(Figure 3-8). An inductive measurement is made by
connecting an external capacitance decade box between the
QPP ARM banana jack on the bridge and the case (Figure
3-6).

Measurements can be made in terms of conductance,
also. The conductance bridge has Ry and Ry interchanged,
causing the balance formulas to be as follows:

Lx = RgRaCo

{Refer to para. 1.4 for term definitions.}

NOTE
A sliding null can occur if the unknown is
inductive and of Q greater than 1 because R,

appears in the null equations of both Ry and
Ly

3.6 RESONANT FREQUENCY OF TUNED CIRCUITS.

The resonant frequency of a series or paratlel tuned
circuit may be found by means of an external variable-fre-
quency oscitlator and the ac resistance bridge. The external
oscillator is connected as described in para, 2.4, and the
tuned circuit is connected to the UNKNOWN terminal.

The frequency and the CGRL dial are then varied for the -
best nuil attainable. The bridge indicates, at balance, the
effective series resistance of a series tuned circuit of the
effective parailel resistance of a paraliel tuned circuit, while
the oscillator indicates the resonant frequency.

3.7 SHIELDED THREE-TERMINAL COMPONENTS.

When the unknown is shielded and the shield is not tied
10 either unknown terminal, a three-terminal component is
formed (Figure 3-7). The impedance Z of the component
itself is the direct impedance of the three-terminal systemn.
To measure the direct capacitance of a three-terminal
systermns, conngct the third terminal to the panel of the
instrument, using any grounded panel terminal or a ground
lug with screw just below the UNKNOWN terminals. The
capacitances to the shield have negligible effect as long as
one of them is reasonably small (para. 4.6).

Often the shield of an inducior is not connected to
either terminal. When the inductance and frequency are low
so that stray capacitence across the inductor causes
negiigible error, the shield should be connected to the
UNKNOWN terminal marked LOW. When the inductance
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{or freguency] is high, the effective inductance is increased
because of the shuniing capacitance. The error is +100
{w? Ly Cx)% (pera. 4.4). To avoid an inductance error, the
shield may be tied to the panel of the bridge. The inductor
terminal that has the larger capacitance to the shield shouid
be tied to the LOW bridge terminal. A Q error results from
the capacitance from the other UNKNOWN terminal to the
shield but a better measurement of L, is possible. {This
connection does not affect the winding capacitance itself.)

3.8 REMOTE MEASUREMENTS.

Due to the small effect of stray capacitance to ground,
particutarly for capacitance measurements (para. 4.8}, the
unknown may be placed some distance away from the
bridge. i at least one of the connecting leads is shieided,
the capaciiance between the leads is avoided. The shielded
fead should be connected to the LOW UNKNOWN termi-
nat and the bridge should be grounded, The other lead may
also be shielded, at the cost of increased capacitance to
ground. When low impedance measurements are made, the
effect of the lead resistance and inductance should be
considered {para. 4.9}

3.9 MEASUREMENT OF GROUNDED COMPONENTS,

1¥ the component 1o be measured is connected directiy
to ground, the component may be measured with the case
of the 1656 floating off ground.

Either unknown terminai of the unknown capacitor may
be grounded. Grounding the low terminal tolerates large
capacitance from the case to ground but increases sensiti-
vity to hum. However, most of the hum can be removed by
the internal i-kHz filter in the amplifier. Grounding the
other unknown terminal decreases sensitivity to hum, but a
capacitance of 10003 pF from the case to ground causes a
1% capacitance error {para. 4.6).

i the unknown is an inductor, the LOW terminal should
be grounded.

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

3.10 USE OF THE TYPE 1650-P1 TEST JiG.
3.10.% General.

The Type 1650-P1 Test Jig provides quick connections
to the bridge with a pair of conveniently located clip
terminals. When the 1656 is set up for limit measurements
{para. 3.11}, the combination facilitaies the rapid sorting of
electrical components.

The jig is also useful for measurements on small
capacitors because of its small zero capacitance and because
the unknown component is positioned and shielded to
make repeatable measurements possible.

3.10.2 Installation.

The test jig is connected to the bridge UNKNOWN
terminals by means of the shielded Type 274 Connector
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attached to the jig. A three-terminal connection is neces-
sary. The third connection is made by means of the screw,
located directly below the UNKNOWN terminals, and the
lug on the shieid of the connector. This screw makes the
ground connection 1o the jig and also holds the connector
in piace.

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

3.10.3 Residual Impedances of the Test Jig.

The residual resistance of the leads is about B0 m&2
{total) and the inductance is sbout 2 uH. The zero
capacitarce, when the lsads are connected to the bridge, is
negligible (= 0.2 pF}., The shielded leads cause a capaci-
tance to ground of about 100 pF each. Corrections may be
necessary for the residual resistance and inductance when
measurements are made on low impedances (para. 4.9). The
capacitance to ground causes a —0.1% error in capacitance
measurements, and can cause a I (1/Q) error up to about
0.007 for inductance measurements {paragraph 4.8).

3.11 LIMIT TESTING.

The Type 1656 may be set up to provide a go-no-go
indication useful for component testing. The panel meter is
used as the indicator. The setup procedure is as follows:

a. Balance the bridge with one of the components to be
measured {preferably one within tolerance).

h. Offset the CGRL decade by the desired tolerance, if
the tolerance is symmetrical, or by ane half of the total
allowable spread if unsymmetrical:

¢. Adiust the SENSITIVITY control for a five-division
meter deflection.

d. Set the CGRL decade to the center value (the nominal
value i the tolerance is symmetrical).

e. Connect each component to the bridge {or Type
1650-F1 Test Jig). 1f the meter deflection is less than five
divisions, the component is within limits.

When the unknown has a tolerance greater than £10%,
the limits may be in error by more than 1% if the above
method is used. A sure method is 10 set the CGRL decade -.
so that unknown components at both limits give the same
deflection,

3.12 PRECISION DIFFERENCE MEASUREMENTS.

Siandards, and other components, of nearly equal value
can be compared to each other to 0.01% accuracy, if they
are measured near full scale on the CGRL decade, so that
full resolution is used. However, to avoid bridge errors of
more than 0.01%, both measurements should be made with
the same settings of the first digit of the CGRL decade. It is
good practice to use as many 9's as possible in the first
digits, placing any X as far to the right as possible, in this
manner, settings above or below 10.000 can be obtained
with the first digits feft unchanged. An accuracy of 0.01 is
possible if the difference is less than 5%.
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Figure 3-8 is the complete chart, used for rough
calculations. Figure 3-9, which is a single decade of Figure
3-8 enlarged approximately 7 times, is used where two or
three significant figures are to be determined.

TO FIND REACTANCE

Enter the charts vertically frem the bottom (frequency)

and along the lines slanting upward to the left (capacitance)

or 1o the right {inductance}. Project horizonially to the left
from the intersection and read reactance.
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.
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Example: The point indicated in Figure 3-8 corresponds
to a frequency of about 700 kHz and an inductance of 500
uH, or a capacitance of 100 pF, giving in either case a
reactance of about 2000 chms. The resonant frequency of a
circuit containing these values of inductance and capaci-
tance is, of course, 700 kHz, approximately.
USE OF FIGURE 3.9

Figure 3-0 gives additional precision but doss not place
the decimal point, which must be located from a prelimi-
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nary eniry on Figure 3-8. Since the chart necessarily
requires two logarithmic decades for inductance and capaci-
tance for every single decade of frequency and reactance,
unless the correct decade for L and C is chosen, the
calcuiated values of reactance and frequency will be in error
by a factor of 3.16.

Example: (Continued) The reactance corresponding to
500 pH or 100 pF is 2230 ohms at 712 kHz, their resonant
frequency.,
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Section 4

4.1 GENERAL

4.4 INDUCTANCE AND Q
4.6 CAPACITANCE AND D
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4.8 D AND G RANGES VS FREQUENCY
4.9 CORRECTIONS FOR RESIDUALS

4,10 OPERATION BELOW 1 kHz
4.11 OPERATION ABOVE 1 kHz

4.1 GENERAL.

The basic accuracy of the 1656 at 1 kHz for C, G, R,
and L measurements is 0.1% plus one digit {0.1% of full
scale}. An extra 0.2% is-added on the Jowest R and L ranges
and highest C and G ranges (to account for switch
resistance variations in the 1-§ ratio arm). Therefore, if
there is a choice of ranges (such as when measuring even
decade values) best accuracy is attained when using the
fower possible multiplier, except in the cases when this is
the lowest R or L range.

The basic D-Q sccuracy at 1 kHz is #5% *.001 in D or C.
This last term is the phase angle accuracy of the bridge,
0.007 radians. For components with D values of less than
0.0Z {or Q values more than 50}, this is the more important
tolerance term. 1t is a litte difficuit to convert this to a Q
accuracy. One way is to convert the Q readings to D values
(D = 1/Q) and then add and subtract the tolerance and
reconvert these limits.

Another way is to use the reciprocal relationship
between the two outer scales. The range of Q covered by
the 0.001 D accuracy term can be quickly obtained by
moving the DQ dial + and —0.001 on the outer scale and
noting the readings on the second scate. For example, this
would indicate guickly that 2 measured G of 1000 could be
between 500 and ==,

Measurements on very low values of R, C or L. must be
connected 1o account for the residual impedances of the
bridge terminals and any connecting wires to get full
accuracy (see para. 4.9). These connections are important
for measurements on very low or very high impedances. A
change in measurement frequency can reduce the errors in
many cases. Accuracy of measurerments at frequencies other

4.2 DC RESISTANCE AND CONDUCTANCE
4.3 AC RESISTANCE AND CONDUCTANCE

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

OUND

------------
------------

than 1 kHz, at high D {low Q} and with shunt joading to
ground, are discussed in the foHowing paragraphs.

4.2 DC RESISTANCE AND CONDUCTANCE,

The accuracy of dc resistance or conductance measure-
ments is 0.1% plus 0.01% of full scale on all but the lowest
resistance and highest conductance ranges, where an extra
0.2% error term is added. There is sufficient sensitivity to
obtain this accuracy.

The detector dc offset voltage depends somewhat on the
irnpedance of the bridge. Therefore, for best accuracy, the
de zero should be checked after a null has been obtained,
and if it is appreciably off, it should be readjusted and a .
second balance made.

For low-resistance measurements, short, heavy leads
should be used as connections 1o 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 should be
particularby 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 AND CONDUCTANCE,

Full bridge accuracy is not obtained for ac resistance
measurements unless an external phase-balancing capacitor
is used {see para. 3.5}, because a phase unbalance will
prevent a good null condition, even when the unknown
resistor has negligible reactance. Accuracy substantially
better than *0.5%, given in the specifications, is possible
when measuring "“pure’” resistors, except when the residual
bridge inductance or capacitance combines with this pure
resistance to give the combination an appreciable phase
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angle. These residuals affect very low and wvery high
resistance values, respectively.

The phase-angle limitation is proportional to frequency,
so that if the bridge Is not balanced by exiernal capacitance
{see 3.5}, the accuracy is 0.5% /1 kHz, plus the additional
high frequency and high Q errors given in the specifications.

As with dc resistance, very short heavy leads should be
used for low-resistance measurements and the resistance of
these leads measured and subtracted from the final mes-
surement isee para. 4.2). For ac measurements, the lead
series inductance and shunt capacitance should also be
considered. For very low resistance measurements, induc
tance should be reduced by using as short leads as possible
and by twisting them fogether. The resulting increased
capacitance will not be a problem. Conversely, for high-
resistance measurements the leads should still be short, but
should be spread as far apart as possible to reduce shunt
capacitance.

4.4 INDUCTANCE AND Q.

. The 1-kMz accuracy of unusually high-Q inductance
measurements is +0.1% +0.01% of full scale, on all but the
lowest inductance range, where there is an additional
+0.2%. The user has the choice of measuring serigs or
paraliel inductance over the Q range from 1 to 10. In most
cases Lg is used for specifying components, and this bridge
has a {) range of 0.02 to 10. Above Q's of 10, the L, bridge
must be used, but the difference between L and L is only
1% at & Q of 10 and becomes quickly negligible for high Q
vatues. For Q values above 10, the quickest way to convert
to L is to use the equation Lg = Ly (1-D?} {which has an
error of less than 0.01% at Q = 10 or & = 0.1); note that the
D value for the L., bridge can be read on the first {low D}
scale of the dial, because these two scales use reciprocals.
{See para, 1.5 for general conversion formulas.)

The Q accuracy is given as two terms 5% £0.001 in
1/0. The second term s negligible for measurements on the
Ls bridge {Q less than 10), but the second term becomes
dominant for Q values above 20 on the Ly bridge (see para.
4.1). This Q accuracy holds for C readings down to 1/20th
full scate.

The residual (zerc} inductance of the bridge terminals is
approximatety 0.15 pH and should be subtracted from the
measured value of very low inductances, as should the
inductance of any connecting leads.

The residual resistance of the bridge is 1 milliohm, which
causes a small D {1/Q} error. This error is less than 0.001 if
L, is more than 160 uH. If jong leads are used to connect
to the unknown, this error can become appreciably greater
and require a correction. The D error is

RO
why

R,

+ wly

{the Q error is — O?

where B, is the total lead resistance,
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The residual zero capacitance of 0.3 pF theoretically
causes a 0.1% error, even for inductors over 80 H. However,
this small capacitance is almost slways negligible compared
with the capacitance of the winding of such a large
inductor. 1f the inductor is shielded, a three-terminal
measurement will reduce the effect of stray capacitance to
the shieid (para. 3.8). In order to reduce the effect of the
winding capacitance it is necessary to reduce the measure-
ment frequency. The inductance error due to a shunt
capacitance C, is w?Coly?, and this amount should be
subtracted from the bridge reading (para. 4.8)

The inductance accuracy is reduced if Q is small by the
typical additional error terms of £(0.2/Q}% and £{0.6/Q%)%
at 1 kMz. The first term is inherent in the bridge but the
second is primarily to allow for the difficulty in balancing
fow-Q inductors, because of interaction of the two adjust-
ments {"sliding nuil”’}*. With patience and technique much
better accuracy is possible {see para. 2.5}

Accuracy and Q range for frequencies other than 1 kHz
are discussed in para, 4.7,4.8,4.10and 4.11.

Differences between inductance measurements on differ-
ent instruments is not uncommon (even though both
instruments may be within their specifications) for a
number of reasons,

a. Many inductors have relatively low Q values so that
Le-1p differences are important and one must know which
is specified (usually Lg).

b. Most bridges have additional errors at low Q (see
above). ’

¢. The inductance of an inductor is quite frequency
dependent uniess the measurements are made well below
their resonant frequency. Either the frequency of measure-
ment or the “low-frequency value” should be specified. The
low-frequency value is simply the value at a frequency low
enough so that a change in frequency has no effect on
inductance, Note that some power transformers and chokes
are actually capacitive at 1 kHz and should be measured at
a lower frequency.

d. tron-cored inductors are level dependent and must be
measured at 2 specified level 10 get measurement agreement
uniess the “low-level’’ value is specific. The low-level value
is the inductance at a voltage level that is fow enocugh so
that further reduction in tevel causes no appreciable change
in inductance.

45 CAPACITANCE AND D.

The 1-kHz accuracy of reasonably low-D capacitance
measurements is £0.1% £0.01% of full scale or all but the
hichest capacitance range when there is an additional
+(.2%. The user has a choice of measuring series or parallel
capacitance, over the D range of 0.1 to 10. in most cases Cg
is used for specifying components and few capacitors have
D values greater than unity so that the C, bridge can usually

*Hall, H.P., Op. Cit.



be used. Conversion formulas from Cp to Cg and, vice versa,
are given in para. 1.5,

“The D accuracy is given with the terms 5% +0.001.
When [ is less than 0.02, the second term becomes
dominant. D accuracy of +0.001 is consistent with a 0.1% C
accuracy, since they represeni quadrature deviations of

similar size, i.e., Y = jwC[(1 - D) £ éé.%, FIAD] In many

circuits, a D change is just as important as a comparative
change in capacitance value. This D accuracy holds for C
readings down to 1/20th full scale, below which there is
adequate C resolution for a 0.601 D adjustment.

The residual (“zero”} capacitance of the bridge is
approxirately 0.3 pF. This value should be subtracted
from the measured value of small capacitors. Likewise, the
capacitance of any connecting leads should be measured
and subtracted. it should be noted that two-terminal
measurements of very small capacitors will depend on the
geometry of the connection, and an easily repeatsble
configuration must be used to obtain good comparisons
betwesn measurements. The use of the 1650-P1 Test Jig
reduces this variation {see para. 3.11).

The residual resistance of the bridge is T mS$2, which
theoretically causes a D error of 0.006 when Cy = 1000 uF.
In practice, capacitors of this size have such large D values
that such an error is negligible. However, if leads are used to
connect large capaciiors, this D error can become important
Y and a correction should be made. The D error is +wRaCy
{where R, is the lead resistance), and this amount should
be subtracted from the D reading.

The residual bridge inductance causes a 0.1% capacitance
error at a value of approximately 180 uF and a 0.6% error
at 1000 pF at 1 kHz. The errors are usually negligible
compared to the usual tolerances of capacitors this large.
The added inductance of connecting leads could make
substantially larger error {see para. 4.9). However, generally
these large capaciiors should be measured at 120 Hz where
this error is greatly reduced. _

The capacitance accuracy is reduced at 1 kHz, if O is
larger by the additional terms of 0.2% D and 0.5% D?. The
first term is inherent in the bridge, but the second is
primarily to allow for the difficulty in balancing high-D
capacitors because of the interaction between the two
adjustments (sliding null). With patience, much better
accuracy is possible {see para. 2.b).

Capacitance measurements at other frequencies are
discussed in para. 4.10and 4.11.

4.6 EFFECTS OF CAPACITANCE TO GROUND.

The Type 1656 Bridge generally measures "ungrounded”’
components, since neither UNKNOWN terminal is con-
nected directly to the panel. The pane! shouid be connected
to a good ground, especiaily if high-impedance components
are to be measured. If the pane! is not grounded, stray
capacitances from the UNKNOWN terminals and panel to

ground can produce an effective capaciiance.across the
UNKNOWN terminals. With the panel grounded, capaci-
tances from the UNKNOWN terminals to ground have a
much less serious effect. {For measurements of grounded
components refer to para. 3.9).

The effects of stray capacitances to the panel {ground)
are usually negligible in the capacitance bridges {Figure
4-1). Capacitance from the LOW terminal to ground {Cpa)
shunts the detector and causes no error, Capacitance from
the ather terminal to ground (Cg) shunts the standard
capacitor {Ct) and produces an error of

- C_B X 100% = ——EE'-*-—
Cr 0.1 uF
Since Ct is large, it takes 1000 pF to produce a 1% error
(whenr D is small).

in the inductance bridge {Figure 4-2) Cp is across the
detector and has no effect, but Cg shunts the CGRL
rheostat. Capacitance across this rheostat causes a D (1/Q)
error of -wRNCg. The L error is usually negligible except
when Cy is very low,

X 100%

wRnCa

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

Lmeas= L, {1+

4.7 D AND QG 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%
Abave 1 kHz: £0.001 (f/1 kHz) ¥5%
CGRL dial setting below 1:
1 kHz or lower: £{0.001}{1/CGRL dial setting} 5%
Above 1 kHz: +(0.001){1/CGRL dial setting) {f/1 kHz}
+5%

NOTE
The percentage accuracy, 5%, appiies 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, the correc-
tions for residuat and lead impedances must be
taken into account (para. 4.9).

Figure 4-1, Capacitance to ground Figure 4-2. Capacitance to ground
for capacitance measurement. for inductance measurement.
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This DQ accuracy holds for high-D and low-Q values as
long as a good null is obtained. A D or Q error egual to the
C ar L error results if a good null is not obtained for very
lossy components because of a sliding null {see para. 2.5,
4.4 and 4.5},

4.8 D AND Q RANGES VS FREQUENCY,

The D and Q readings and ranges are functions of
frequency. Also, in order to avoid errors in the C and L
readings, the D or Q of the unknown is further limited. The
resuiting aliowable D and Q ranges are given in terms of
frequency and D or O of the unknown at the measurement
frequency in Figure 4.3.

The numbers on the various limits refer to the explana-
tions below:

1. End of DQ rheostat range.

2. First division on Low D (0.001} and High C {1000}
scales {no C or L error).

3. Limited by D of standard capacitor (no C or L error),

4, 20-Hz nominal limit because of meter response (see
para, 4.10}

“ B 20 kHz, a nominal limit {range narrow above 20 kHz).

8. C or L error of .25% due to capacitance across C1 arm
in C, bridge {much less than 0.5% D? specification}.

7. Cor L error of 1% due to inductance in DQ rheostat
in C; bridge {(specification 0.2% Dy kHz).

8. End of the low D and high Q scales. Use the low Q
scale 1o exiend the low D range, and the high D scale to
extend the high Q range.

9. C and L error of 1% even if good null is reached
in spite of sliding null {see para. 2.5).

0. C and L error may be 2% above this line owing to
inductance in the DQ potentiometer.

Note that in the overlap ares either the Cg or the
bridge may be used. Below 100 Hz is an area not covered
by either bridge, requiring an external adjustment (refer to
paragraph 4.10},

4.9 CORRECTIONS FOR RESIDUALS.

At high frequencies, the errors resulting from the
residual bridge impedances and from the connecting lead
impedances become more important, often reguiring cor-
rections. The formulas for the correction terms are given in
Table 4-1. These correction terms are first-order terms only.

4.10 OPERATION BELOW 1 kHz.

The wide overlap of ranges (Figure 4-3} permits D and Q
coverage down to 100 Hz without external adjustment.
Below 1 kHz, mare of the low D and high Q range can be
used than is calibrated. In this region the iow Q scale can be
used to indicate D directly and the high D scale used to
indicate Q directly with a maximum additional error of 2%,

Below 100 Hz there is 2 D and Q range not covered by
the internal DQ adjustment. An external rheostat or decade
box may be used 1o extend the range ofany of the Dor Q
scales. However, to avoid error, the low D and high Q
ranges should not be extended beyond a value of 1 at
freguency of measurement {Figure 4-3}.

Table 4-1

CORRECTION TERMS FOR ERRORS DUE TO
RESIDUAL AND LEAD IMPEDANCES”

Measured Series Resistance Series Inductance Parallel Capacitance
Quantity Ry (1 mS2 + leads) Ly (0.2 #H + teads) Cgy {0.5 pF + leads)
2
Cq No Error -w?L C 2 -Cy (1 - DA
D R 2 Co 2
~wly Ry -w L C, Dy + Dx—'a;" (1+D)
Cp +2 R wD,C, 2 wiLela-nd | -c
2 2 2 C
D ~wCuRy (1 + D% | -w L Gy (1+ D% | + “{f Dy
R -Ro
Lg No Error L ~wCyLy (1 -2
Qx
Ro Ly 1
Q QF o T & +ICoLy Qe+ =)
X X Qx
2Ro. 1 2., 2
Lp +Qw —LO (I '-Qz) ~w Ly
RQ Lo 1, 2z
(14 -2 L
Q o W@ £ Qg r’C,L,Q

*Add or subtract from measured value as indicated,
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Figure 4-3. DQ ranges vs frequency.

The low D and low O scales are directly proportional to
frequency. Therefore,‘jche totat D or Q value is the sum of
the diai reading plus the wRC product due to the external
resistor, That is:

fow D = {low D dial reading + 0.628R x f (k{2, kHz)
low Q = (low Q dial reading + 0.628R x f (k£2, kHz)

The low Q circuit has a fixed 32-0hm resistor in series
with the potentiometer, but that is included in the dial
calibration.

The high D and high Q scales are inversely proportional
to freguency, and the effects of the internal and external
resistors are therefore not additive, The DQ rheostat should
be set to a minimum (high Q = e or high D = 50}, and the
whole adjustment will be on the external resistance and will
be:

1592
high G = T

1592
high D= 1= 0035

where fis in kHz and R is in k&2,

bt is difficult to state the minimum usable test frequency
limit sensitivity. Below 20 Hz the detector pulsates con-
siderably, but measurements are still possible. The detector
gain falls off below 5 Hz, but some measurements are
possible down to 2 Hz. Note that the external signal should
be applied at the BIAS jack at these low frequencies {see
para. 2.4).

4.11 OPERATION ABOVE 1 kHaz.

The specifications include typical accuracy terms for
measurements at higher frequencies. These apply 1o afl
measurements up to B0 kHz, but above this value they
become so large as to be useless {20% for L and C, and 30%
for R at 100 kHz). '

Substantially better accuracy is usually obtainable i 2
few restrictions are used above 20 kHz.

1. Use the Cy and L bridges. These have better DQ
coverage and fewer sources of error {see Figure 4.3).

2. CGRL settings are limited to settings up 1o 4,000 to
keep the impedance of this arm low,

When these restriction are observed, the typical accuracy
is that of Table 4-2. The bridge sensitivity falls off
substantially at these frequencies and an external detector
may be necessary 1o get the accuracy at impedance
extremes. Note also that the residual connections become
large (see paragraph 4.9).

Note that each instrument is not tested at high frequen-
cies, so that the high frequency accuracy may vary, This is
why this data is not an actual specification, but is referred
te as typical behavior.

Table 4-2

Cp-Ls ACCURACY BETWEEN
0.4 AND 4 ON THE CGRL DECADE

Basic Bridge Limits of Error Net Accuracy
Frequency Accuracy Added Above 20 kHz Limits*
50 kHz +1% +0, -1% +1%, -2%
100 kHz 1% +0, -2.5% +1%, -3.5%

*Below line 10 (extended) in Figure 4-3.

ACCURACY 4.5



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

The nomograph below greatly simplifies the process of converting from series 1o parallel
value {or vice versa} of inductance and capacitance, for values of dissipation factor up to 10 (Q
downto Q.1)., To illustrate use of the nomograph, assume a parallel capacitance of 2uF, and a
D of 7. A straight line connecting these two points is seen to cross the center (Cg) bar at 100,
Therefore, the equivalent series capacitance is 100 pF,
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Theory—Section b

BAGENERAL . . . ... ...
52D ANDCQ e e e
5.3 THE 1656 BRIDGE CIRCUITS

5.1 GENERAL.

A bridge is a circuit that measures an unknown
impedance in terms of other known impedances by means
of a known refationship between these compoenents when a
halance is made. If a voltage is applied to the basic bridge
circuit of Figure 5-1 and one or more impedance values are
adjusted to give zero voitage on the detector, the imped-
ance values are related by the expression:

2123

ZX 23 or ZX:ZIZZYE}

In the dc Wheatstone bridge all the impedances are
resistance, and only one must be adjusted for a balance or
null on the detector ({usually a second resistance is
adjustable in fixed steps to select range). Ac impedances are
compiex, having both real and imaginary parts, which can
also be expressed as magnitude and phase angle. Therefore,
two adjustments must be made to balance both the real and
imaginary parts of the unknown impedance. The above
equations become o

Z
R+ % = (Ry +1X1) 70 07 Ry # X = Z12(G3 + jB3)

Y . .
Gy + By = (Gy + 1By ) 5 O G ¥ 1B = Ya V2 (Rs 413

The GR 1656 impedance Bridge contains six bridge
circuits to measure resistance, conductance and series and
paraliel capacitance and inductance (see para. 1.5). These
circuits and their balance eguations are given in para. 2.1.

Figure 5-1. The general Wheatstone bridge circuit.

. b1

The resistance and conductance bridges may be used for ac
or dc, but for ac have no internal phase or kmaginary
balance. If the phase angle of the unknown is large, an
external adjustable component may be used (see para. 3.5}
The C and L bridges have phase angle balances, the phase
being expressed as D or Q {see para. 5.2},

Bridges have several advantages over other impedance-
measurement circuits. Besides measuring the unknown in
terms of known impedances {rather than as g relationship
between voltages and currents), if all components are linear,
the balance condition is independent of the signal level
applied, nor does the balance condition change if the
oscitlator and detector are interchanged. |n the 1658, the ac
jevel is adiustable to allow detection of noniinearities in the
unknown, and the fixed dc level is low 10 avoid excessive
power dissipation {see para. 3.4).

52D AND Q.

An important characteristic of an inductor or a capaci-
tor, and often of a resistor, is the ratio of resistance to
reactance or of conductance to suscepiance. The ratio is
called dissipation factor, D, and its reciprocal is storage
factor, Q. These terms are defined in Figure 5-2 in terms of
phase angle & and loss angie &, Dissipation factor is directly
proportional to energy dissipated, and storage factor to
energy stored, per cycle. Power factor {cos 8 or sin &)
differs from dissipation factor by less than 1% when their
magnitudes are less than 0.1.

In Figure 5-2, R and X are series resistance and
reactance, and G and B are parallel conductance and
suscepiance, of the impedance or admittance invoived.,

GRICGE

Figure 5-2, Vector diagram showing the relations between
factors D and @Q, and angles & and .

THEORY 5-1



Dissipation factor, D, which varies directly with power’

loss, is commonly used for capacitors. Storage factor, Q, s
more often used for inductors because it is a measure of the
voltage step-up in 2 tuned circuit. Q is also used for
resistors, in which case it is usuaily very smatl.

5.3 THE 1856 BRIDGE CIRCUITS.
5.3.1 General.

The basic bridge clrcuits used are shown in para. 2.1 and
the full circuit in Figure 7-9. The instrument uses the same
bridge components in the various bridge circuits. The main
adjustment is a lever-switch decade resistor with precision
wire-wound resistors in the first decade and metal-fiim
resistors of suitable precision in the succeeding decades.
The ratic arm resistors are all GR wirewound types, and
the DQ rheostat is also wire-wound with & b4-dB logarith-
mic range. The standard capacitor is a GR precision mica
unit externally padded to tight tolerance.

5.3.2 Bridge Switching.

The CGRL MULTIPLIER switch {5101} seiects the
bridge range by switching in various ratio-arm resistors.
Clockwise rotation of this two-rotor switch increases the
multiplier value for the G, R, L, and € bridges. Both ends
of the range resistor are switched out so that the unused
resistors can be grounded 1o reduce capacitance across this
arm, Double, solid-silver contacts ensure low switch resis-
tance and fong switch life.

The CGRIL. PARAMETER switch (8102} selects the
bridge circuits. The actions of this switch are such that it
{1) selects the correct rotors of S101 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 Cand G bridges.

The function switch sets up the correct internal source
and detector circuits for the desired cperation. When this
switch is in either of the AC EXTERNAL positions, the
EXT GEN terminals are connected 1o the bridge circuit
through a bridge transformer.

5.3.3 Compensation Techniques.

The design of a bridge requires many sublities to insure
high accuracy over a wide range of impedance and
frequency, These include the addition of several compo-
nertts which don’t appear directly in the batance equations,
but are required to compensate for undesired inductance
and capacitance in the bridge circuit. These are listed below

5-2 THEQRY

(for component descriptions refer to the full circuit
diagram, Figure 7-9}.

Capacitors on the main decade: Two of these capacitors
transform the main decade into a three-terminal network 1o
provide effective inductance to balance out stray capaci-
tance shunting the decade. The remaining capacitors com-
pensate for the resufting small error in the value of the
standard capacitor bridge arm.

C3: This capacitor compensates for the inductance of
the 1-82 ratio arm {RB).

C4: This capacitor compensates for the inductance of
the 10-92 ratio arm {R6).

C7 and C8: These capacitors correst the phase angle of
the DQ potentiometer (R2} to compensate for the induc-
tance of the winding. Without compensation, this induc-
tance would cause an error in C; and E_p at high
frequencies, and in Cp and L, when the unknown has a very
low C or high D,

5.3.4 Bridge Sources and Detectors

The dc bridge is supplied by one 1 1/2-V D cell which is
current limited by a series 15-8) resistor to Hmit ifs
maximum current to 100 mA. The voltage of this cell is
checked, under load, in the BAT CHECK 2 position of the
function switch. If this cell has low voltage it may stili be
used, hut the sensitivity will be reduced. {1t is not used for
ac measurements).

The dc detector is an FET chopper dc amplifier. It
consists of an input, fow-pass filter 1o reject hum and other
noise, a shunt FET chopper, a sensitivity control, tuned ac
smplifier, demodulator and meter circuit. Its sensitivity is
10 pV/mm and input impedance is approximately 100 k§2.
It has a panel ZERQ adjustment and internal adjustments
for FET bias and capacitance compensation. {See paragraph
6.2.3 for information on making these adjustments.)

The ac source is a 1-kHz transistor RC Wien-bridge
oscillator. The output voltage is about 0.3 V &t the
secondary of the 10-to-1 step-down transformer. The O5C
LEVEL control adjusts output voltage by adjusting the
voltage across the transformer primary,

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

The ac oscillator and detector combined draw approxi-
mately 10 mA from the internal 6-V battery.



Service and Maintenance—Section 6

6.1 GR FIELD SERVICE

.....

6.2 MINIMUM PERFORMANCE STANDARDS

6.3 CALIBRATION CHECKS
6.4 TROUBLE ANALYSIS
6.5 REPAIR NOTES
6.6 CALIBRATION PROCEDURE
6.7 KNOB REMOVAL

6.8 KNOB INSTALLATION

6.1 GR FIELD SERVICE.

The two-year warranﬁy \attes‘ts the quality of materials
and workmanshin iIn our produsts. When difficulties do
occur, our service engineers will assist in any way possible,

-1 the difficulty cannot be eliminated by use of the
following service instructions, please write or phone our
Service Department {see fast page of manual}, giving fuli
information of the trouble and of steps taken o remedy it
Be sure to mention the serial, 1D, and type numbers of the
instrument.

6.2 MINIMUM PERFORMANCE STANDARDS.

The fifteen checks listed in Table 6-1 are given 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 met,
the right-hand columns of Table 6-1 shouid identify the
faulty component. Measurements should be made betwaen
16°C and 35°C at less than 85% RH (see specifications).
Table 6-2 lists the recommended test equipment for these
checks plus the equipment needed for the calibration
procedures given later. Figure 6-1 shows the equipment
connected in a block diagram form.

6.3 CALIBRATION CHECKS.
6.3.1 CGRL Decade.

Set the PARAMETER switch of the 1856 to R, the
function switch to DC INTERNAL 1 1/2 V and the
MULTIPLIER switch 1 k€2, Connect 2 GR type 1433-F, G,
=N, -W, or -X Decade Resistor to the UNKNOWN.

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

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

Set the left most CGRL decade lever switch to 1 and ail
other lever switches to 0. Adjust the 1433 for & balance as
indicated by the 1656 front-panel meter. Mepeat this
procedure for all the remaining CGRL decade settings. The
1433 should be set to within 20.1% %1 £ of the CGRL
decade setting. Any readings out of tolerance will indicate a
defective resistor in the CGRL decade.

6.3.2 DQ Dial.

Connect to the UNKNOWN terminals a 1.0 uf standard
capacitor {GR type 1409-Y) in paraliel with a decade
resistor with an upper limit of at least 10.0 k&2 and a lower

R 1409 SERIES
SHORT CIRCUIT bl =+ STANDARD
GR 274-NaM CAPACITORS
PATCH CORD
Riag2 -t
GR 1310 UNKNOWN - Gsnnamao
AUDIQ - INDUCTOR
OSCILLATOR
GR {440 SERES
ext - STANDARD
GRi360- P95 GEN 3 RESISTORS
OC POWER PATCH CORD
SUPPLY
l BiAS GR 1638
IMPEDANCE
BRIDGE
DET
OR BETWEEM ‘
GR (560-#9% o MKnOwN | LINTERNAL MEASUREMENT)
- AND CASE
GR 1252 PATCH CORD t
EXTERNAL )
DETECTOR P N e _
1 f b
DISTORTICN GRSt CR 1806
ANG NOISE FREQUENCY ELECTRONIC
METER METER VOLY METER
1856810

Figure 6-1. Test setup for service and maintenance of 1656,
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Table 6-1
ACCURACY AND OPERATIONAL CHECKS

EXTERNAL Bridge Components

STANDARD pA_gA' Funs:ti(m CGRL Read® in Circuit
GR Cat. No. Value Switch Switch MULT Ra Sta:;l_dmard Ry
1440-5601 18 R INT 1%V 100 mf2 R =10000%031% R5 R4 CGRL
1440-9111 108 R INT 1%V 18 R=10000+£0.11% R6 R4 CGRL
1440-9621 100 2 R INT 1% V 10 82 R=10.000£011% R7 R4 CGRL
1440-9631 182 R INT 1% V 100 52 R=10.000+£0.11% Rag R4 CGRL
1440-9631% 1 kQ R INT 1 kHz 10082 R =10.000 £ 0.5%** R8 R4 CGRL
1440-9631 1 k&2 G INT 1%V 100 uts G=10.00020.11% RS R4 CGRL
1440-9631 T k82 G INT 1 kHz 100 us G=10000£0.11% Ra R4 CGRL
1440-8641 10k R INT 11 V Tk&2 B=10.000£0.1%% R10 R4 CGRL
1440-9851 100 k2 R INT 12V 10k R=10000+011% R11 R4 CGRL
1440-9661 1T MO R INT 1%V 100 k&2 R=10000+0.11% R13 R4 CGRL
1408-9725 1 uF Cg INT 1 kHz 100 nF C=10000£0C.11% RY DQ, ¢t CGRL
14099725 1 uF Cs EXT 400 Hz1 100 nF C=10000+011% RO DQ, C1 CGRL
1409-9726 §uFt Ch INT 1 kHz 100 nF C=10.000£0.11% RY R3, D0, CGRL
1440-9631 1 kOF . ' ) D=0.16x5% CGRL
14829712 100 mH Lg INT 1 kHz 10 mF L=10.000£0.11% R8 R3 DO, O CGRL
14829712 100 mH Lp INT 1 kHz 10 mF L=10000x0.11% R8 Da, C1 CGRL

*Tolerance of standard should be added to measurement tolerance, or preferably caltibrated standards should He used and their corrections applied.

**Accuracy limited by lack of phase balance,
TErom externat signal source.
#Connected in parallel,

limit of no more than 0.01 £ per step (GR Type 1433 W
and -F). Set the PARAMETER switch to Cp. the function
switch to AC INTERNAL 1 kHz, and the DQ dial to 0.1 on
the High D scale. Batance the bridge by adjustment of the
CGRL decade and the external decade resistor. The decade
resistor should be set between 1671 § and 1512 £,
Continue resetting the DQ dial and adjusting the exiernal
decade resistor within the limits given in Table 6-3 until a
null is achieved for each setting. The CGRL decade should
not be readjusted. If necessary, reposition the DQ dial on
its shaft until the limits of Table 6-3 are met. To reposition
the dial, remove the knob and loosen the two set screws on
the bushing. Turn the dial to the new position and reinstall
the part. '

6.4 TROUBLE ANALYSIS.
6.4.1 Preliminary Checks.

If satisfactory measurements are difficult or impossible
1o obtain, make the following external checks first:

1. |s the unknown component connected correctly?

2. Is the unknown what it is thought to be? Large
inductors can logk like capacitors at 1 kHz.

3. Are all the panel switches set properiy?

4, Are the BIAS and EXT DG iack switches closed?
Insert a plug and short the plug to check.

6-2 SERVICE AND MAINTENANCE

5. Is the D so high (Q so iow) that balance convergence
is difficult {see paragraph 2.5)7 -

6. Is OSC LEVEL control on?

7. 1s DET SENS centrol on?

8. Are the batteries correctly in place?

Table 6-3
DQ DIAL CALIBRATION

DQ Dial Decade Resistor
High D scale Setting Limits
0.1 1512 §2 — 1671 §2
0.2 756 2 — 835 82
0.5 302480 —-33428
1.0 161.28 - 167.1 Q2
2.0 7568 —-83580
2.0 3024334280
10.0 15.12 82— 16.71 82
20,0 76568 ~83580
50.0 3.0280 -334 0>

*This value depends on R3, which may be

changed if defectlive, to give a proper reading.



Name

Table 6-2

RECOMMENDED TEST EQUIPMENT™

Minimum Use Specification

Recommended Equipment**
{Federal Stock Number)

Audioc Signal
Source

Frequency Meter

Electronic Voltmeter

Distortion and
Noise Meter

DC Power Supply

Osciiloscope

Range: 900 - 1100 Mz and 4 kHz
Accuracy; 2 Hz :
Amplitude: 3V rms

Range: 900 - 1100 Hz and 4 kHz
Accuracy: 42 Mz

input Resistance: > 20 k{1
Accuracy: #2%

Freguency Range: 900 - 4000 Hz
Amplitude Range: 0-5V rms

Distortion Range: 0 - 10% second-
and-third-harmonic distortion
Distortion Accuracy: £5%
Frequency Range; 900 - 1100 Hz
Amplitude Range; 1.5-5V rms
Noise Range: 0 to -b8 dBm

{0.775 10 0.001 V rms)
Noise Accuracy. +5%

Output Voitage: 200V
Accuracy: +£20%.

Qutput Current; 3 mA
Vertical Sensitivity: 260 mV
Range: 100 kHz

GR Type 1310 Osciflator

GR Type 1121 Counter

GR Type 1806 Electronic Voltmeter
{6625-832-3356)

HP Modet 331-A Distortion Analyzer

Kepco Power Supply Model ABC 200 M

Tektronix Mode} 503

Standard Capacitors

Standard inductor

Standard Resistors

Adaptor Cable
{3 required)

Patch Cord
External Detector

Value Accuracy

1.0 uF +0.5%
100 mH 0. 1%
18 +0.02%
1002 +3.01%
100 ) 356.01%
1 kil +0.01%
10 ki) +0.01%
100 k2 +0.01%
1T MG +0.01%

Double plug to tetephone plug

Double-plug, right-angle patch cord
Response at 1 kHz

GR Type 1409-Y
{6626-628-1980)

GR Type 1482-L
(6625-556-6584)

GR Type 14409601
GR Type 1440-9611
GR Type 14409621
GR Type 1444-9631
GA Type 14402641
GR Type 1440-9651
GR Type 1440-9661

GR Type 1660-P95

GR Type 0274-9892

GR Type 1232
(6626-873-6684)

* Instruments recommended for minimum-performance standards and trouble analysis.

**0Or equivatent.
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6.4.2 No Meter Indication,

No meter indication, or a low meter indication, may be
due to weak or dead batteries, low oscillator output, poor
detector sensitivity, or a faulty meter. If the trouble persists
in the DC INTERNAL 1 1/2 V position of the function
switch {where the oscillator and detector are switched out},
the fault is in either the batteries or the meter circuit.

The batteries can be checked by setting the function .

switch to the BAT CHECK 1 and 2 positions. If the
batteries are okay, then the meter is faulty.

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

6.4.3 Noisy or Erratic Balances.

Noisy or erratic balances may be due 1o surface
corvtamination of the wirewound DQ control rheostat.
Contamination can form if the 1656 Impedance Bridge is
idle for an extended period and can be remedied by
rotation of the dial several times.

' 6.4.4 Measurement Errors.

Measurement errors due to faulty bridge-circuit compo-
nents can be located by meking the resistance and
capacitance checks of Table 6-1. The inductance measure-
ments will indicate wiring faults in the L bridges but are not

Jg J5 s101 T1

R26
{HIDDEN}

R27

CGRIL
DECADE
{HIDDEN}

3103 J102 J104

required to find out-of-tolerance bridge components be-
cause these bridges use the same components as the -R and
C bridges.

Symptoms and Probable Remedies.

1. When measurements on only one range are in error,
the ratio arm Rpa is out of tolerance. The reference
designator of the resistor is given in Table 6-1.

2. When all resistance measurements are in error {but
capacitance measurements are not), Ry is out of tolerance.

3. When ali capacitance measurements (not resistance
measurements) are in error, C; is out of tolerance.

4. When all measurernents are in error, the CGRL decade
is out of tolerance {see para. 6.3.1).

6.5 REPAIR NOTES.
6.5.1 Battery Replacement.

The 1656 impedance Bridge is powered by five D cells.
The four cells in the tube will last for over B00 hours’
operation with normal use. The fifth celi {B2} (against the
inside of the cabinet) will last for a varying amount of time,
depending on the size of unknown resistors being measured.
The cell will last the longest with unknown resistors of large
values,

For a2 quick check of the four batteries in the tube, use
the BAT CHECK 1 position of the generator switch. if the

5103 5102

o]

RI8
{(HIDDEN)

Cc8

&7
R2

B2

w1

R124 101

Figure 6-2. Rear interior view of 1656 Bridge.
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Table 64
OSCILLATOR PERFORMANCE CHECK

Measurement Remarks

it frequency is incorrect, check
the vatues of R101, B142, R103,
C102 and C103.

Measure with OSC LEVEL fully
clockwise.

Frequency!
1000 Hz, £20 Hz

Qutput voltage:
atleast 0.25 V rms
Distortion:
less than 3%

L.ow output or excessive
distortion may be due to weak

I the batteries are normal, R107
or R108 may be clipped out to
increase the OSC LEVEL slightly.

meter reads low, replace the batteries being sure to observe
the polarity markings on the fiber tube {see para, 1.3). If
the meter reads low in the BAT 2 position, replace the
battery {B2} in the battery holder on the inside of the
cabinet (see para. 1.3).

6.5.2 Etched Circuit Removal.

For access to the etched circuit shown in Figure 6-2,

remove the two screws hoiding the top of the board in

: place and loosen the two screws at the bottom of the board
one turn, Tilt the board out as in Figure 6-2.

6.6 CALIBRATION PROCEDURE.
6.6.1 General.

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

6.6.2 Equipment Required.

The eguipment necessary 1o perform the following
calibration procedures is listed in Table 8-2.

6.6.3 Oscillator.

Set the function switch to AC INTERNAL 1 kHz and
the OSC LEVEL control to its full cw position, Use the Cg
bridge with nothing connected to the UNKNOWN termi-
nals. The CGRL control should be 0. Perform the checks
listed in Table 6-4 by measurement of the output of the
oscillator between UNKNOWN HIGH and ground.

1 operation is found to be abnormal, perform a
stage-by-stage voltage check of the transistors (refer 1o
Table 6-5), Check the battery voltages with the panel meter
H{BAT CHECK 1 and 2 positions} before reading transistor
voltages.

batteries {refer to paragraph 6.5.1}.

6.6.4 Ac Detector.
To check the detector, set the controls as follows:

PARAMETER Cs
GENERATOR ACINT
CGRL 0.000
DQ Full cow
MULTIPLIER 1 uf
DET SENS Full ew

Adiust the OSC LEVEL control so that there s 0.1 V ac
between the UNKNOWN HIGH terminal and ground. The
meter should read nominally 4 divisions or better.

6.6.5 Dc Detector.
To check the DC Detector sensitivity, short circuit the
unknown terminals and set the controls as follows:

PARAMETER R
GENERATOR DC INTernal
MULTIPLIER 100 m§2
DET SENS Full ew

Balance the bridge with the CGRL decade. Then, change
the balance by one digit on the farthest right decade. The
meter should move at least 0.3 division, {This is a 10-uV
change in detector input voltage.}

H the sensitivity is low it could be due to misadjustment
of the FET-chopper capacitance balance. Adjust R124 {on
the etched-circuit board) to give a maximum and symmetri-
cal meter deviation when the ZERQ DC control is varied
over its full range. This should be at least 5 divisions both
ways. |f this cannot be done, check the detector transistor
voltages.

Table 6-5
NOMINAL TRANSISTOR VOLTAGES™
‘Fransistor Collector Base Emitter
{Volts) (Voits) {Volts)
Q101 0.64 4.4 5.0
Q102 3.3 0.64 0.0
Q103 0.23 47 5.4
Q151 3.85 1.75 1.15
Q152 0.59 0.57 0.0
Q153 5.2 0.59 0.0
Q154 3.7 53 6.0
Q18b 0.0 0.0 0.0
Qi1b6** 0.0 4.4 0.0
Q157 2.4 39 45
SCURCE CRAIN GATE
Qi21*> G.0 8.1 -11Vv

*Measurement Conditions (except Q156 and Q121): DET SENS #ull
cew, OSC LEVEL full cw, GENERATOR switch at AC INTERNAL
1 kHz; measurements made with GR Type 1806 ELECTRONIC
VOLTMETER between component and ground; all veltages are
positive. Voitages may vary T10%.

**Measurement Conditions for Q156 and Q121: Same as above except

GENERATOR switch at DC INTERNAL 1% V and PARAMETER
switch at R,
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6.6.6 Dc Detector — Difference Data.

NOTE
On early production units, there were two
controls that required adjustment for this cali-
bration procedure. These units can be identified
by the presence of a sscond potentiometer
(R129) beside A124 on the etched-circult
board.

To check the dc detector sensitivity, proceed as follows:
a. Set the controls on the 1656 as follows:

PARAMETER B
GENERATOR DC ZERC
MULTIPLIER 100 k2
DET SENS Full cw

b. Connect the oscilloscope to position 304R {grey wire}
on the GENERATOR switch {see Figure 7-8} and trigger it
at the line frequency. Set the sweep rate at 5 ms.

¢. Touch a finger to the UNKNOWN LOW terminal, 1o

introduce 60-Hz pickup.
" d, Adiust R129 beside R124 Figure 6-2,for maximum
60-Hz component riding on the 1-kHz signal entering the
detector,

Remove finger from UNKNOWN LOW terminat.

e. Ahernately adjust R124 and the DC ZEROQO panel
control fer minimum 1-kHz signal.

i. Rotate the ZERQ DC control over its full range. The
pointer of the meter must swing at least & divisions on each
side of 0.

g. Reset the ZERO DC contrgl for a zero meter reading
and change the MULTIPLIER switch setting to 100 mi2.
Observe that the meter indication does not shift by more
than B divisions.

6.6.7 Final Accuracy/Operational Check.

The measurements given in Table 6-1 are designed to:

1. Check the accuracy of the fixed bridge components,

2. Check the continuity and proper operation of the
CGR1. PARAMETER, function, and CGRL MULTIPLIER
switches and the EXT GEN and UNKNOWN terminals.

3. Recheck the accuracy of the DQ dial and CGRL
decade.

Trouble-shooting notes:

1. Since the DQ dial and CGRL decade have been
checked, incorrect readings on any range will ordinarily be
caused by the ratio resistor, R, for that range {Rs to R3).

2. if R DC INTERNAL 1 1/2 V readings are incorrect,
be sure the NULL meter is zeroed.

6.7 KNOB REMOVAL.

if it shouid be necessary to remove the knob on a
front-panet control, either to replace one that has been
damaged or io replace the associated control, proceed as
follows:

6-6 SERVICE AND MAINTENANCE

a. Grasp the knob firmly with the fingers, close into the
panel (or the indicator dial, if applicable), and oull the
knob straight away from the panel.

CAUTION
Do not pull on the dial to remove a dial/knob
assembly. Always remove the knob first. To
avoid damage 10 the knob and other parts of
the control, do not pry the knob loose with a2
serewdriver or similar flat tool, and do not
attempt to twist the knob from the dial.

b. Observe the position of the setscrew in the bushing,
with respect to any pans! markings {or at the full cow
position of a continuous controt).

¢. Release the setscrew and pull the bushing off the
shaft, Use a No. 10 Alen wrench for the CGRL PARA-
METER and MULTIPLIER bushings and & No. % for the
DQ bushings.

d. Remove and retain the black nylon thrust washer,
behind the dial/knob assembiy, as appropriate.

NOTE
To separate the bushing from the knob, if for
any reason they should be combined off the
instrument, drive a machine tap a turn or two
into the bushing for a sufficient grip for easy
separation.

6.8 KNOB INSTALLATION.

To install a knob assembly on the control shaft:

a. Place the black nylon thrust washer over the control
shaft, if appropriate,

b. Mount the bushing on the shaft, using a small slotted
piece of wrapping paper as a shim for adequate panel
clearance.

¢. Orient the setscrew on the bushing with respect to the
pangl-marking index and lock the setscrew with the
appropriate key wrench (paragraph 8.7c).

NOTE
Make sure that the end of the shaft does not
protrude through the bushing or the knob
won't bottom properly.

d. Place the knob on the bushing with the retention
spring opposite the setscrow.

e. Push the knob in untif it bottoms and pull it slightly
to check that the retention spring is seated in the groove in
the bushing.

NCTE
I¥ the retention spring in the knob comes loose,
reinstall it in the interior notch that has the
thin slit in the side wall. It will not mount in
the cther notch.



Parts Lists and Diagrams —Section 7

13

12

Figure 7-1. Heplaceable mechanical parts.

MECHANICAL PARTS LIST

Figure
Oty Heforence Description GR Part No. Fed Mg Code Mfg Part Nao. Fed Stock No,

2 1 Knob asm., PARAMETER; MULTI- 5300-5423 24635 5500-3420
PLIER, inciuding retainer 5220-3401

i 2 Dial asm., PARAMETER 1650-1240 24653 15830-1240

3 3 Meter cover, plastic, Honeywell 5720-3713 24635  5720-3713

1 4 Knob asm., GENERATOR, including 3300-3321 24655 3500-5321
retainer 5220-5402

2 5 Binding post, J5, UNKNOWN LOW;
J6, UNKNGWN HIGH 0938-3000 24635  0938-3000 5940-075~9617

p & Insulators 9938-7130 24655  (938-7130

1 7 Dial asm., MULTIPLIER 1650-1250 24655  1650-1250

2 8 Knob asm., DET SENS; OSC LEVEL, 5520-5221 24655  3320-5221
inciuding retainer 5220-5402

1 9 Rubber gasket arcund edge of panel 5168-1410 24635 5168-1410

4 10 Rubber foot for cover asm. 3260-0760 24655  5260-0760

1 i1 Rubber gasket around cover asm. 3168-0680 24655  3168-0680

i 12 Cabinet asm., flip-tilt, including 4182-2004 24633  4182-2004
gasket

L 13 Knob asm., ZERO DC, including 5520-5220 24635  3520-3220
retainer 3220-5402

1 i4 Knob asm., DQ, including retainer 5320-3520 24633  3520-3520
5220-5401

1 15 Dial asm., DQ 1650-1070 24635  1650-1070

1 16 Indicator 1650-7161 24635  1650-7161
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ELECTRICAL PARTS LIST
Etched-circuit Board {P/N 1656-4700}

Fed

Ref Des Dascription Gf Part No. Mg Code hafg Part Mo, Fet Stock No.

CAPACITORS

ciol Electrolytic, 890 uF +150-10% 10 V 4450-6010 37942 TT, 8%0 pF +1506-10%

Ci(2 ang

C103 Mylar, 0.01 pF 1% 100 ¥ £860-7752 84411 663UW, 0.0 uF 1%

Clo4 Tantalam, 3.3 uF #10%, 15V 4450(-4601 01295 15335C2

€105 Ceramic, 0.1 pF +80-20% 100 V 4403-4100 80183 CC63, 0.1 pF +80-20%  5910-974-5699

Cl21 Ceramic, 0.1 uF +80-20% 100 V 4403-4106 80183 CCo3, 0.1 uF +80-20%  5910-974-3699

Cl22 Ceramic, 100 pF 5% 500 V 4404-1105 72982 831, 100 p¥ 5%

C123 Cerarnic, C.5 yF +80-20% 100 V 4403-3500 01121 46-503W 5910-883-7321

Cl24 Ceramic, G.1 uF +80-20% 100 V 4403-4100 80183 CCe3, 0.1 pF +BO-20%  5910-974-5699

Ci51 Ceramic, 0.1 uF +80-20% 100 V 4403-4100 80183 CL63, 0.1 pF H80-20%  5910-974-5699

Ci52 Electrolytic, 18 uF +150-10% 15 V 4£50-3700 37942 TT, 15 pF +150-10%

CL153 Electrolytic, 200 uF +150-10% 6 V 4450-2610 37942 TT, 200 P +150-10% 5910-945-1836

Cl54 Electrolytic, 10 uF +150-10% 25 V 4450-3800 56289  301D106GO25BB4M: 5910-952-8658

C153 Ceramic, 68 pF 5% 300 V 4404-0685 72982 831, 68 pF 5%

C156 and

C157 Mylar, 0.0l pF 1% 106V 4860-7752 84431 663UW, 0.01 pF 1%

C138 Mytar, 0.01 pF 21% 100V 4860-7853 84411 663UW, C.01 pF 1%

C159 Ceramic, 10 pF 5% 500 V NPO 4410-0105 72982 8§11, 10 pF 5%

Cl60 Tantalum, 3.3 pF $10% 15 V 4450-4601 01295 15335C2

Ci61 Ceramic, +80-20% 100 ¥ 4403-3500 01121 40-503W 5910-883~7321

Ciez Ceramic, 100 pF £5% 300 V 4404-1105 72982 831, 100 pF 5%

CL63 Tantalum, 3.3 uF Z10F 15V 4450-4601 01295 15335C2

Clb4 Electrolytic, 15 pF +150-10% 13 V 4450-3700 37942 TT, 15 uF +130-10%

DIODES

CRil1 ang

CRi02 Type IN40D9 6082-1012 24446 1N4009 5961-892-8700

CRI03 Type IN963B 6083-1015 47910 IN965B 5960-877-6192
*CRIi21  Type 1N993 6082-10602 80368 1IN995 3961-893~6762

CR15% and

CR152 Type IN4009 60G82-1012 24446 1N4009 5961 -892-8700

RESISTORS .

Ridi Fiim, 15.8kQ 19 1/2 W 6451-2158 75042 CEC-TO, 15.8 k2 1%

R1902 Film, 21.5kQ 1% 6451-2215 75042 CEC~TOQ, 21.5 k3 1%

R103 Film, 5% kkQ £1% 6450-2590 75042 CEC, 539 kQ 1%

R104 Film, 2.74 x0 +19 6450~1274 75042 CEC, 2.74 k01 1%

R105 Comp., 10 kQ *10% 1/4 W 6099-3109  735042BTS, 10 kQ 109

R106 Film, 6.99 ki3 21% 1/4 W 6450-1649 75042 CEC, 699 k2 1%

R107 Comp., 150 k@ #10% 1/4 W 6099-4]59 75042 BTS, 150 k& 10%

R108 Comp., 300 k2 +5% 1/4 W 6099-4305 75042 BTS, 300 kR 5% 5905-681-8854

RI09 Comp., 3.6 k2 5% 1/4 W 6099-2365 75042 BTS, 3.6 k2 5% 3905-577-0627

R110 and

Rl11 Corap., 2 kQ 5% 1/4 W 609%-2205 75042 BTS, 2 k@ 5% 5905-686-3370
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ELECTRICAL PARTS LIST {cont)

Fed
Ref Des Description GR Part No.  Mfg Code Mg Part No., Fed Stock No.
RESISTORS (Cont)
R112 Comp., 100 2 +5%1 1/4 W 6099~-1105 75042 BTS, 100 Q 5%
tR121 Comap., 470 2 5% /4 W 6099-1475 75042  BTS, 620 2 5% 5805-801-6998
Ri22 Comp., 75 Q 5% 1/4 W 6099-0755 75042  BTS, 75 § 5%
Ri23 Comp., 470 k8 107 1/4 W 6099~4479 75042  BTS, 470 kQ 10%
Ri24 Pot. Wire wound, 13 k@ *10% 6036~0144 11236 115, 10 kR 10%
R125 Comp., 620 k2 5% 1/4 W 6099-4625 75042  BTS, 620 k& 3%
R128 Comip., 22 kQ £10% 1/4 W 6099-3229 75042  BTS, 22 k&2 109
R130 Comp., 910 k& £5% 1/4 W 6099-4915 75042  BTS, 910 kD 5%
g}g? dComp., S1kR#% 1/4 W 6099-3515 75042  BTS, 31 kQ 5% 5905-682-4103
an
R152 Comp., 1 M@ z10% 1/4 W, Ei27 6099-5109 75042 BTS, 1 MQ 10%
Ri53 Comp., 5.1 k{2 5% 1/4 W 6099-2515 75042  BTS, 5.1 kQ 5% 5905~683-2241
R154 Comp., 2.4 kQ 5% 1/4 W 6099-2245 75042  BTS, 2.4 k0 5% 5905-683-7724
R155 Comp., 15 kQ £10% 1/4 W 6099-3159 75042  BTS, 15 k0 109
R136 Comp., I M +10% 1/4 W E127 6099-5109 75042  BTS, 1 M@ 10%
R137 and
R158 Film, 16.9 k@2 +i% 6450-2169 75042 CEC, 160.9k§1 1%
R159 Film, 6.65 kQ 1% 6450-31665 75042 CEC, 6.6 k2 15 5905-381-4995
R160 Comp., 39 k2 210% 1/4 W 6099-3399 75042  BTS, 39 k& 5%
Ri6i Comp., 4.7 k@ 2109 1/4 W 6099-247% 75042  BTS, 4.7 k0 10%
R163 Comp., 4.7 kQ 2109 1/4 W 6099-247% 75042  BTS, 4.7 k2 10%
R164 Comp., 10 kf2 109 1/4 W 6099~-3109 75042 BTS, 10 kQ 10%
R165 Cormnp., 2 k2 25% 1/4 W 6099-2205 75042  BTS, 2 k0 5% 5905-686~-3370
Ricéo Comp., 680 @ 257 1/4 W 6099-1685 75042  BTS, 680 2 5%
R167 Comp,, 1 k2 £10% 1/4 W 6099-2109 75042 BTS, 1 kQ 10% 5905-681~6462
R168 Comp., 100 k0 £10% 1/4 W 6099-4109 75042  BTS, 100 k2 10%
-R169 Comp., I k2 £10% 1/4 W 6099-2109 75042 BTS, 1 kQ 10% 5905-681-6462
R170 Comp., 47 ki1 +10% 1/4 W 6099-2479 75042  BTS, 4.7 k2 10%
R171 Comp., 10 k2 £10% 1/4 W ) 6099-3109 75042  BTS, 10 kQ 10%
R172 Comp.,, 6.2 kQ 5% 1/4 W 6099-2625 75042  BTS, 6.2 k0 5% 5905-682-4100
R173 Comp., 10 kR £10% 1/4 W : 6099-3109 75042 BTS, 10 k0 10%
TRANSISTORS
QLo Type 2N3905 8210-1114 04713  2N3905
Qi02 Type 2ZN3414 8210-1047 24454 2N3414 5961-989-2749
Q103 Type 2ZN3905 8210-1114 04713  2N3905
£Q121 Type E101 8210-1187 17856 K101
Q151 thru
G153 Type ZN3414 8210-1047 24454  2N3414 5961-989-2746
QLS4 Type 2N3905 8210-1134 04713  2N3905
Q1355 Type 2N1302 8210-1018 96214 2N1302 5960-086-0039
Q1536 Type 1IN1303 8210-1019 96214 2N1393
Q157 Type 2N3905 8210~1114 04713  2N3905

*QOmitted in early production . )
¥Gate blas on Q121 adjusiable with a 10-kQ pot, {R129), in series with
a 220-k@ resistor, R126, on early production units,

tR121 = 620 @, R122 = 100 2 and R131 = 100 ki, in early production.
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Figure 7-3. Schematic diagram of the internal oscillator and detector.

PARTS LISTS AND DIAGRAMS 7-3

F7,55 AR L_L PART OF
RGE CLPD 1608- 2060

o

ARM

J7
EXT DQ

NOTE: J7 INSULATED
'FROM CASE

NNECTIONS
[EAVES SUBASSEMBLY
DUl HFFERENT SUBASSEMILY

EMAINS Ok SUBASSEMHLY
DW SAME SUBASSEMSLY

hpedance Bridge.

: AGRAMS 7-5




ELECTRICAL PARTS LIST

Ref Des Description GR Part No. Fed Mfg Code Mty Part No. Fed Stock No.
CAPACITORS
Cl 0505-4980 24655  0505-4980
C3 Plastic, .47 yuF 1 0% 5020~1200 80183  109P47492
C4 Ceramic, 1000 pF +10% 4406-2108 72882 811, .001 pF 10% $5910-928-1476
Cs Plastic, .47 uF £106% 4860-8248 84411  663UW, .47 uF 10%
G Oil impregnated, .10 uF £10% 4510-4500 56289  73P10496 5910-979-3360
Cc7 Plastic 4863-2689 56289  194P6829%4
co Ceramic, 1000 pF +80-20% 4404-2109 72982 831, .001 pF +80-20% 5910-075-9607
RESISTORS
Decade Resistor assembly 0810-4020 24655  0810-4020
R2 Potentiometer, wire-wound : 0977-402F 24655  0977-4021
R3 Film, 32.4 k9 £.1% 6450~9324 75042 CEC, 32.4 kD 1%
R4 Wire Wound, 10 kQ +,02% 6983-50600 24655  6983-5000
R3 Resistance Unit 1608-2060 24655  1608-2060
thru R8
RY Wire Wound, 1 k© £.02% 6983-4000 24655  6983-4000
RiO Wire Wound, 10 k22 £.02% 6983-5000 24655  6983-5000
RiI Wire Wound, 100 k€ +.02% 6983-6000 24655  6983-6000
R13 Wire Wound, I MQ +1.5% 6984-700L 24655  6984-7001
Ri4 Comp., 3.9 k&2 £5% 6100-2395 01121 RC20GF392] 5903-279-3503
R28,R21 Comp., 47 k& #10% 6099~3479 73042  BTS, 47 kf 10% 5905-683-2246
R2Z Comp., 3% k& £5% 6099-3395 73042  BTS, 39 k2 5% 5905-686-3358
R23 Comp., 15 £ +10% 6099-0159 75042 BTS, 15 2 10%
R24 Film, 164 k& 1% 6350-3164 75042 CEB, 164 k&2 1%
R25 Comp., 750 @ +5% 60991755 75042 BTS, 750 £ 5%
R26 Pot, Comp., 100 k@ +10% 6020-0700 01121  JU, 100 k@ 10%
R27 Pot. Comp., 10 kQ +10% 6000-0600  €1121 JU, 10 k@ 10%
R28 Pot. Comp., 2.5 kfi *10% 6000-040G 12697  53MS, 2.5 k2 10% 5905-792-3163
R29 Comp., 47 k £10% 6099-3479 75042  BTS, 47 k&2 10% 5905-683-2246
DIODES
CR1, Type 1N4009 6082-1012 24446  IN40GO9 5961-892-8700
CR2
SWITCHES
SI91  Rotary Wafer 7890-4680 24655  7890-4680
Si02 Rotary Wafer 7890-46%0 24655  7890-4690
5103 Rotary Wafer 7890-4430 24655  7890-4430
CONNECTORS
Ji, 32 Bushing 4150-3200 24655  4150-3200
] Phone Jack 4260-1030 82389  #111 5933-786-5775
J4 Phone fack 4260-1041 82389 NI12A
15, }6  Binding post 0938-3000 24655  $938-3000
j7 Phone jack 4260-104] 82389 N112A
j8 Bushing 4150-3200 24655  4150-3200
TRANSFORMERS
Tt Transformer asm. 0746+4540 24655  0746-4540
Bl Tube asm, 165G-1261 24655 1650-1261
METERS

ML ME-3T 5730-1431 80022 ME-3T

ﬁ;‘Q
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Figure 7-8. Schematic diagram of 1656 Impedance Bridge.
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FEDERAL MANUFACTURER'S CODE

From Federal Supply Code for Manutacturers Cataloging Handbooks Ha-1
{Name to Code} and H4-2 {Code to Name} as supplemented through Aagust, 1968,

Manutacturer

nes Még. Co, Chicago, lHinois
Walsco Etectrenics Corp, L.A., Calif.
Schweber Electronics, Westburg, L.k, N.Y.
Aerovax Corp, New Bedford, Mass.
Asden Products Co, Brockton, Mass.
Adlen-Bradizy, Co, Milwaukee, Wisc.
Leeds Radio Company, N.Y.
titton industries Ing, Beverly Hills, Calif,
Texas Instruments, kng, Datlag, Texas
Ferroncuba Carp, Ssugerties, N.Y. 12477
Fenwst Lab inc, Morton Grove, Bl
Ampheno! Eiectren Corp, Broadview, 1l
Fastex, Des Plaines, il 60016
Carter Ink Co., Camly, Mass. 02142
G.E. Semicon Prod, Syracuse, N.Y. 13201
Grayburne, Yonkers, N.Y. 10701
Pyrofitm Resistor Co, Cedar Knotls, N.J.
Clairex Corp, New York, N.Y. 10001
Arrow-Hart & Hegeman, Hart., Conn. 06106
Digitronics Corp., Albartson, N.Y, 11507
Motorola, Phosnix_ Ariz. 85608
Engr'd Electronics, Sants Ana, Calif. 92702
Barber-Cotman Co, Rockford, Hi, 68101
Barnes Mig. Co., Mansfield, 0. 44307
Wakefield Eng, inc, Waketield, Mass. 01280
Clevite Corp., Cieveland, 0. 44110
Digitron Co, Pasadena, Calif.
Eagle Signal (E.W. Bliss Co.}, Baraboo, Wisc.
Avnet Corp, Culver City, Calif. 80230
Fairchild Camuera, Mountain View, Calif,
Birtcher Corp, No. Los Angeles, Calif.
Amer Sernicond, Arlington Hts, 1il. 60004
Bodine Corp, Bridgeport, Conn. 06605
Bodine Electric Go, Chicage, H1. 80618
Cont Device Corp, Hawthorne, Calif.
State Labs Ing, N.Y., N.Y. 10002
Borg inst., Delavan, Wisc, 53115
Vemaline Prod ., Franklin Lakes, N.J.
G.E. Semiconductor, Buffalo, N.Y.
Star-Tronics Ing, Georgetown, Mass, 01830
Burgess Baniery Co, Freeport, il
Burndy Corp, Norwalk, Conn. 06852
C.1.5. of Berne, Inc, Berne, Ind. 46711
Chandier Evans Corp, W. Hartford, Conn.
National Semicencuctor, Danbury, Corn,
Zrystaionics, Cambridge, Mass. 02140
RCA, Wondbridge, N.J.
Ciarostat Méy Co, inc, Dover, N.H. 03820
Dickson Eiectronics, Scottsdate, Ariz,
Sofitron Devices, Tappan, N.Y. 10983
|TT Semiconguctors, W. Palm Beach, Fla.
Cornell-Dubitier Electric Co., Newark, N.J.
Corning Giass Works, Corning, N.Y.
Geners! Instrument Corp, Hicksvilie, N.Y.
Microdot Magnatics Ine, Los Angeles, Calif.
{TT, Semiconductor Div, Lawrence, Mass.
Gutler-Hammer Inc, Milwackee, Wisc. 53233
Spruce Pine Mica Co, Spruce Ping, N.C.
Indiana Ganeral Corp, Oglesby, Hi. 61348
Singer Co, Diehl Div, Somervilie, N.J.
Vaitronics Corp, Hanover, N.J. 07836
{itinois Tool Works, Pakton Div, Chicago, Bl
Computer Diode Corp, 5. Fairlawn, N.J. 07410
Cabtron Corp., Chicago, Hi. 60822
LRC Efectronics, Horseheads, N.Y,
Elactra Mg Co, Indepandence, Kansas 67301
KMC Sericonductar Corp., Long Valey, N.J. 07853
Eafnir Bearing Co, New Briton, Conn.
UID Electronics Corp, Molywood, Fla.
Avnet Electronics Corp, Frankdin Park, 1K,
G.E., Schenectady, N.Y. 12305
G.E., Electronics Comp, Syracuse, N.Y.
G.E. {Lamp Div.), Neia Park, Clevaland, Ohic
General Radio Ca, W. Concord, Mass. 01781
Ammerican Zettier inc, Costa Mess, Calif.
Haymen Mfg Co, Kenilworth, N.J.
Hoffrman Eiectronics Corg, Bl Monte, Calif.
Beckman Instruments Inc, Cedar Grove, N.J. 07009
1.B.M., Armonk, New York
Jensen Mig. Co, Chicage, IH, 60638
G.E. Comp, Owenshorg, Ky. 42301
Koehlar Mfg. Co. Inc., Marlboro, Mass. 01752
Canstanta Co, Mont. 19, Que.
P.R. Mallory & Co ing, Ingiarapolis, ind.
Marlin-Rockwell Corp, Jamestown, N.Y.
Honeywell inc, Minneapolis, Minn. 55408
Muter Co, Chicago, IH. 50638

Code

42498
43091
4967
49956
5301

54715
56289
53730
59876

61637
61864
63060
63743
65083
85092
70485
TOB63
70803
6
71279
71294
T1400
71468
71590
11666
k-
Raki T
71244
71785
11823
12138
72259
72619
72699
12765
72825
12062
72982
73138
13445
73559
73690
73898
74183

. 74861

74868
74870
75042
75382
75491

15608
75915
7600%
76148
76487
76545
76685
76854
77147
77166
TI263
77338
17342
77542
77630
11638
189
18277
78488
78563
79088
19725
19963

80030
BO04B
80131
20183
80211
80258
80294

20431
B06H3
Bor40

Manufacturs?

National Co, inc. Melrose, Mass. 02176
Norma-Hoffman, Stanford, Conn. 06904
RCA, New York, N.Y. 10020

Raytheon Mig Co, Waltham, Mass. 02154
Sangamo Elactric Co, Springfield, itl. 2705
Shalicross Mfg Co, Selma, N.C.

Shure Brothers, inc, Evanston, JiL.

Sorzgue Electric Co, N. Adams, Mass.
Thomas and Betts Co, Fiizabeth, N.J. 07207
TRW Inc, (A ies Divl, Cleveland, Ohio
Torrington Mig Co, Tervington, Conn.
Union Carbide Corp, New York, N.Y, 10017
tnited-Carr Fastener Carpr, Boston, Mass.
Victoreen Enstrument Co, Inc, Cleveland, O.
Ward ieonard Eiectric Co, Mt, Vernon, N.Y.
Westinghouss (Lamp Div), Bloomfieid, N
Weston Instruments, Newark, N4
Atiantic-india Rubber, Chicago, Hl. 60607
Asmgserite Co, Union City, N.J. 07087
Balden Mfg Co, Chicags, . 80644

Branson, Homer D, Co, Beacon Falls, Conn.
Cambridge Thermionic Corp, Camb. Mass. 02138
Canfietd, H.G. Co, Clitton Forge, Va. 24422
Bussrnan (McGraw Eitison}, St. Louis, Mo,
ETT Cannon Elec, LA, Calif. 950031
Centralab, Inc, Milwaukee, Wisc, 53212
Continentat Carbon Co, inc, New York, N.Y.
Crescent Box Corp, E. Phila, Pann. 19134
ot Coil Co Ing, Providenea, A.L

Chicage Miniature Lamp Works, Chicage, 1il.
Cinch Mg Co, Chicago, Bl. 60624

Rarnelt Corp, Ltd, Downay, Calif. 50241
Electro Motive Mig Co, Wikmingten, Conn.
Nytronics ng, Berkeiey Heights, N J. 07922
Diatight Go, Brooklyn, N.Y. 11237

General Instr Corp, Newark, N.J. 07104
{irake Mfg Co, Chicago, Hli. BOG56

Hugh H. Eby Inc, Philadelphia, Penn, 18144
Flastic Stop Nt Corp, Union, NLJ. 7083
Erie Technological Products Inc, Rrig, Penn.
Beckman Inc, Fullerton, Calit. 82634
Amperax Electronics Co, Hicksyilie, N.Y.
Cariing Electric Co, W. Hariford, Cotn.

Eico Resistor Ca, New York, MY,

JFD Blectronics Corp, Brooklyn, N.Y. 11218
Heinemann Electric Co, Trenton, N.J.
Industrial Condenser Corp, Chicago, . 60618
Amphenol Corp, Banbury, Gonn. 06810
E.F. Johnson Co, Waseca, Minn. 56083

ERE Ing, Philadelphis, Perm, 19108

Kulka Electric Corp, Mt. Vernon, N.Y,
iafayeere Industrial Electronics, Jamaica, N.Y.
Linden and Co, Providence, R.5.

Linetfuse, inc, Des Plaines, M. 60016

Lord Mfg Co, Erig, Penn. 165612

Maliory Electric Corp, Deteoit, Mich. 48204
James Milien Mfg, Co., Malden, Mass. 02148
Muellar Electric Co., Cleveland, Ohio 44114
National Tube Co, Pittsburg, Penn.

Oak Mfg Co, Crystal Lake, I,

Pattor MacGuyer Co, Providence, R.IL.
Pass-Seymour, Syrecuse, N.Y.

Pierce Roberts Rubber Ca, Trenten, NJ.
Positive Lockwmsher Co, Newark, N,

American Machine & Foundry Co, Princton, Ind. 47570

Ray-0O-Vac Co, Madison, Wisc.

TRW, Electronic Comp, Camdan, N.}. 08103
General Instruments Corp, Brookiyn, N.Y.
Shakeproof {il. Took Works), Elgin, 1lt. 60120
Sigma Instruments Ing, S. Braintree, Mass,
Stackpote Carbon Co, S1. Marys, Penn.
Tinnerman Products, Inc, Cleveland, Chio
RCA, Rec Tube & Semicond, Harrison, N.J.
Wiremold Co, Hertferd, Conn. 06110

Zierick Mig Co, New Rachefle, N.Y,
Tektronix Ing, Beaverton, Ore. 97005
Prestole Fastener, Toledo, Ohio

Vickers Ing, 51. Louis, Mo.

Etectronic Industries Assoc, Washington, D.C.
Sprague Products Co, Mo, Adams, Mass.
Motorota inc., Franklin Park, lil. 60131
Sgandard OH Co, Lafeyette, Ind,

Bourns inc, Riverside, Catif. 92506

Syivania Eiectric Products inc, N.Y. 10017
Air Fiiter Corp, Miwaukee, Wisc. 63218
Hammarlund Co, tnc, New York, N.Y.
Beckman Instrumenis, inc, Fullerton, Calif,

Code

80894
81030
81072
81143
81349
8380
81386
81483
81751
81831
B1840
81860
82218
82273
82389
82847
82807
82877
83033
83068
B3186
83361
83587
83740
83781
84411
84835
B4
BE577
BEEB4E
BBBE7
86400
88140
88119
BB418
88627
89482
29665
90201
90634
90750
90952
91032
91146
1210
91203
91508
91598
21637
91662
91718
21916
1928
92518
92678
92733
93332
93618
93916
84144
54154
94271
94589
84800
95076
85121
95146
95238
95275
5354
95412
95704
96095
06214
86256
96341
9673
96006
97684
98291
28474
98821
99111
99180
99313
£9378
99800

Manufacturer

Pure Carbon Co., 5t. Marys, Penn. 15857
International instrurnest, Orange, Cona.
Grayhilt ing, LaGrange, lli. 80525

Isolantite Mifg Corp, Stirling, N1 07980
Military Specifications

Joint Army-Navy Specifications

fenwat Electronics, Framingham, Mass. 01701

Internationat Rectifier Corp, £l Segundo, Calif. $0245

Columbus Electronies Corp, Yonkers, NY.
Filtron Ce, Flughing, L1, N.Y. 11354

Ledex inc, Dayton, Chio 45402
Barry-Wright Corp, Watertown, Mass.
Sylvania Elec Prod, Emporium, Penn,
tndiana Pattern & Model Works, LaPort, Ind,
Switcheraft Ing, Chicago, B 60630

Metals & Controls ing, Attieboro, Mass.
Mitwauikee Resistor Co, Milwaukee, Wisc,
Roiren Mig. Co. Inc., Woodstock, N.Y. 12498
Meissner Mfg, Maguire Ind) M1, Carmel, 1L,
Carr Fastener Co, Carnbridge, Mass.

Victory Engineering, Seringfield, N.J. 07681
Bearing Specialty Co, San Frangisco, Calif.
Solar Electric Corp, Warren, Penn.

Union Carbide Corgs, New York, N.Y. 10017
National Electronics Ing, Geneva, Iil.

TRW Capacitor Div, Ugalisia, Nebr.

Lehigh Metat Prods, Cambritige, Mass. 02140
TA Mig Corp, Los Angeles, Caltif.

Precision Metal Prods, Stoneham, Mass. 02180
RCA (Eiect, Comp & Dev}, Harrison, N.J5.
REC Corp, New Rochella, §,Y. 30801

Cont Electronics Corp, Brooklyn, N.Y, 11222
Cutier-Hammer Inc, iincotn, 3l

Gould Nat. Barteries inc, Trenton, N.J.
Corneii-Dubitier, Fuguay-Varina, N.C.

K & G Mfg Co, New York, N.Y.
Holtzer-Cabot Corp, Boston, Mass.

United Transformer Co, Chicage, 1il,

Mallory Capacitor Co, Indianapelis, ind.
Guiton Industries, Inc, Metuchen, N.J, 68840
Westinghouse Electric Corp, Boston, Mass.
Hardwars Products Co, Reading, Pann. 19602
Continentat Wireg Corp, Yark, Penn. 17405
1TT {Cannon Electric Ing}, Salern, Mass.
Gerber Mfg. Co, Mishawaka, ind.

Johanson Mig Co, Boonton, Nt G7005
Augat Ing, Attieboro, Mass. 02703

Changier Co, Wethersfietd, Conn. 06108
DPale Electronics Inc, Columbius, Nebr,

Elec Corp, Witiow Grove, Penn.

General Instruments, Ing, Dallas, Texas
Mephiste Tool Co. Inc, Hudson, N:Y. 12534
Honeywell kng, Freepors, ill.

Electra insul Corp, Woodside, L1, N.Y.
E.G.%G., Boston, Mass.

Ampex Corp, Redwood City, Catit. 94063
Sylvania Elect Prods, inc, Wobusn, Mass.

R. & C. Mfg, Co. of Penn. Inc, Ramay, Penn.
Cramer Products Ce, New York, N.Y, 10013
Raytheon Co, Comgponents Div, Quincy, Mass.
Tung So! Electrie tne, Newark, N.J.

Weston Instrisments inc, Archibald, Penn. 18403
Dickson Co., Chicago, itl, 60618

Atlas Industrial Corp., Brookiyn, N.H.

Garde Mfg, Co., Cumberland, R.I.

Quality Somponents Inc, St. Mary's, Pents,
Alco Electronics Mg Co, Lawrence, Mass,
Continental Connector Corp, Woodside, N.Y,
Vitramon, Ing, Bridgeport, Conn.

Methede Mfg Co, Chicago, 10

General Electric Co, Schenectady, N.Y.
Anaconds Amer Brass Co, Torrington, Conn.
Hi-Q Div. of Aeravox Corp, Oriean, N.Y.
Texas instruments inc, Dallas, Texss 75208
Thordarson-Meissner, Mt, Carmel, Il
Microwave Associates Inc, Burlington, Mass,
Amphenot Corp, Janesvilie, Wisc. 63545
Military Standards

Models Ing, North Bergen, N.J.

Sealectro Corp, Mamaroneck, N.Y. 105644
Cotnpar nc, Burlingame, Calif,

North Hilis Electronics ine,, Gien Cove, N.Y.
Mesavac inc, Flushing, N.Y. 1358
“Transitron Electronics Corp, Meirose, Mass.
Varian, Pato Alto, Catif. 84303

Atiee Corp, Winchester, Mass. 01890
Deteven Electronics Corp, E. Aurara, N.Y.




GENERAL RADIO

*CONCORD, MASSACHUSETTS 01742

617 3694400

SALES AND SERVICE

ALBUQUERQUE 505 2651097 DETROIT 8006218105

ANCHORAGE 907 2725741 ERIE Y ZENITH 2203

ATLANTA BOGG38-0833 GREENSBORO 8G0 638-0833

BOLTON 617 779-6562 GROTON

BOSTON 617 6460550 HARTFORD

BURBANK 714 540-9830 HOUSTON 713 4645112
*CHICAGO 3120920800 HUNTSVILLE 800 £38-0833

CLEVELAND 800621-8105 iNDIANAPOLIS  800621-8105

COCOA BEACH 800 638-0833  LONG ISLAND 212 964-2722
*DALLAS 2148372240 *LOS ANGELES 714 540-98430

DAYTON 800621-8105

TVia operator

INTERNATIONAL DIVISION  coONCORD, MASSACHUSETTS 01742,

*NEW YORK (NY) 212 0642777
INJ} 201 9433140
PHILADELPHIA 215 8468050
PITTSBURGH  17oniTh 2203
BOCHESTER 315 4549323
SAN DIEGO 714 B40.4830
*SAN FRANCISCO 415948.8233
SEATTLE 206 7470190
SYRACUSE 315454975373
“WASHINGTON,
BALTIMORE 301 881 5333

UsA

TARGENTINE
amti PARAGUAY
Coasin 5 4.
Buenos Aires, Tel 52-3185

*AUSTRALIA
Warburton Franki |ndustries
Fry, Ltd
Sydney, Tel. 23 1111
Melbourne, Tef. 69.0151
frishane, Tel, 51.5121
Adalside, Tel. 56.7333

*BRAZIL
Arnbriex 5 A,
Rio de Janeiro, Tel. 242-7290
FdG Paula, Tel. 527806

*CANADA
Ganerad Radit Canada Limited
Toronto, Tel, (418] 252-2395
Montraal, Ottawa

CHILE
Coasin Chile Lida.
Santiage, Tel. 39-6713

COLOMBIA
Manuel Trujillo

Venegas e Hijo, Lida.
Bagots 2, D. E., Tel. 320673

ECUADOR
Suministros Tecnicos | tda,
Guayaquil, Tel. 512.419

HONG KONG and MACAL
Gilrnan & Co. Ld,
Hong Kong, B.C.C., Tel. 227011

INDiA

Morwerne Private L imited
Bombay, Tel, 252317, Catcutta,
Lucknow, Kanpur, New Dethi,
Bangalore, Madras

*JAPAN
Mideriva Electric Co., L1d.
Tokyw, Tel, 561-8851

KOREA

M-C Intarnsticnal

San Francisco, Tel. {415) 397-145%
Seaul, Tel 22.68%1

MALAYSIA
Vanguard Company
Kuala Lurnpur Tel, 88213

*MEXICO
Electronica Fredin, 5. A,
Mexico, 10 D. F,, Tel, 20-85-48

NEW ZEALAND

W & K Mciean Limited
Auckland, Tel, 587-039

Wetlington, Tet. 555-869

PAKISTAN

Pak i.and Corporation

Karachi, Tei. 472315

PERU

importaciones v
Azpresentationes
Efectronicas 3. A,

Lima, Tel 272078

PHILIPPINES

F.) Weltf & Company

Makati, Rizal, Tel 89-34.86

SINGAPORE

Vanguarg Company
Singapore, Tel 94695
TAIWAN

rHeighten Yrading Co., L1d.
Taipeai, Tel. 518324
THAILAND

3. Simon Radio Co,, Lrd,
Bangkok, Tal, 30991-3

URUGUAY

Coasin Uruguava 5. A,
Mantevideo, Tel. 8 79 78
VENEZUELA

Coasin C. A,
Caracas, Tel, 72 96 37

! *GENERAL RADIO COMPANY {OVERSEAS)
. P.O. Box 124, CH-8034, Zurich, Switzerland, Tel. 47 70 20

AUSTHIA
Iipl. tng Fetar Marchetsi
Wien, Tel 57 82 30

BELGIUM
Groenpol-Belgigque 5. A
Bruxelies, Yef 0Z/25 16 36

DEMOCRATIC REPUBLIC
QF THE CONGO

Desco fe Schulthess

Zilrich, Tel. 25 44 50

DENMARK
SEMCO A/S
Giostrup, Tel 45 27 22

EASTEAN EURQPE

General Radio Caompany
(Overseas)

Tel. a7 70 28

EIRE

General Radio Compsny
{Overseas), Tel 47 70 20

Generat Radio Company
LK) Lirmited, Tel 22567

FINLAND
into O/Y
Melsinki, Ted, 17 123

*FRANCE
General Radio France
Paris, ¥el. 323 8774 Lyvan

*GERMANY
General Radio GambH
Miinchen, Tel 4618 17
Hambwurg, Tel. 45 06 56

GREECE

Marios Dalteggic
Representationg

Athens, Tel. 710 669

IRAM
Berkeh Co, Lo
Tehiren, Tel 62 82 94

*Repair services are avzilable at these otfices.

1SRAEL
Eastronics bLid.
Tef Aviv, Tel 44 02 6B

ITALY
General Radio tislla S0 A,
Milang, Tel. 29 31 29

LEBANON
Projects
Beirut, Tei. 241200

NETHERLAMNDS

Graenpot Industricis
Verkoop N, V.

Amsterdam, Tel 070/64/474

NORWAY
Gustav A Ring 4/S
Qsia, Tel 48 68 90

PORTUGAL
Casa Serrag
L.isboa

REPUBLIC OF SOUTH
AFRICA

Associated Electronics (PTy.} Lid.
dohsnnesburg, Tel, 724 5396

SPAIN
Mispano Etectrondca 5. AL
Madrid, Tet. 233.16.03

SWEBEN
Firma Johan Lagercraniz KB
Solna, Tel. 08/83 Q7 80

SWITZERLAND
gaytter & Co A G
Zirich, Tel 25 54 11

*UNITED KINGDOM
General Radio Company
(UK} Limited
Bourne End, Buckinghamshie
Tel, 22 567

YUGOSLAVEA

General Radwa Company
{Gverseas)

Tei, 47 70 20

Printed in USA
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8101,106R TC

S10%,06R TO
5101,112R TO

3101,113R 7O

IEAD M 70

IRAD "E" TG

1808-2050 IEAD “gP 1O
IEAY "D TO

IBAD "En 70

51011008 7O

S101,1148 %0

51011158 TO
3101,116R TO
SI0L,302F TO
S101,303F 10

'H5R6 R7 || BS

5101,314F BY R
S10T,2158,k BY KU1 (OME ¥KD) TO S101,315F BY R11 (OTHER 210}
5101,2167,F BY KO {ONE EMD} TO 5101,316F BT K0 (OTHRR VD)

5101,304F,% TO S103,306F,R

Stot ]

CONNECT TIOR8

5101,3068 BY &2 & €3 4n

S101,107F,R 0 310%,307% BY ¢4

5101,T07FR

3108,316R

5101,1158

5101,107FR

5101,304¥R  (DSTLATE)

8301, 3078

5101, 308F

5101,309F  {TIBULATE)

5171,20F  BY Ry (ONE EMD) TO

S101,303F BY RY (CTHER EMX)

5101,#14F  BY W12 (ONE-END) TO
¥ erimn )]

5101, 308F
S101,307F

ki
S101,710F TO 510,767 (eUATE)
S101,71F T0 S101,315F
| . 5103,312F 0 SY01,3LF
Figure 7-4, 101, MULTIPLIER switch, assembly.
Sioz
CONNECTIONS

s/02,
s102,
si02,
sioz,
sio2,

202F TO Sioe, ZiER

30zB, TO SIOL, 307R &Y R3S

503F TO Sz sorR BY B4

IOTE,# TO 5102, 202K TO 8l02, 3OTAR
2orF TC 102, Z201F,R

Figure 7-5. §102, PARAMETER, switch assembly,




7-4 PARTS LISTS AND DIAGRAMS

/08

COMVECTIOVS

18708, 104~ o ST, LOFS B
Wiwg, o2F b SeL /06 F BV
OB, IOXE TV oL ol HY
&%W re L S09F EY
ot AT o3 HEES &Y
wod, rokre ;o 03 posE &Y
WOL FOSE XD 08 sosh &Y
I3 IEEE SO 5083, 07E

S/o3, SoiE D SYO3 FOGE By
Srog, I8 SO SO, 2ol
/05, 400E 7P ol RO G~ el
SR, Ker TP 308, 10 ¥S &Y

5008, 2ol Fie ro

Figure 7-6. $103, GENERATOR, switch assembly,
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COVER ASSEMBLY

\ CABINET
,— - I
W N
3 SCREW \1
SPACER
NUT PLATE
PIVOT
STUD
vy —
SCREW AND
WASHER HANDLE ASSEMBLY 16508-15
Figure 7-7. Compiete cabinet assernbly (P/N 4182-2004}.
GR GH GR GRH
Name Part No, Name Part No. Name Part No. Name Part No.
Cabinet A182.8210 | Cover Assembly | 4170-2066 Mounting Plate 7860-5770 |Mounting Plate 7864-8200
Spacer 41700700 | Nut Plate 4170-1350 (Instructien Plate} {Name Plate]
Pivat Stud 4170-1000 | Screw 7080-1090 Stud 4170-1100 Washer 81400105
Serew® 7000-0075 Washer 8040-2450 Slide 4170-1270 {Slide Washer 4170-7030
Hardie Assembly| 5361-2002 Handie 5360-1013
*Tighten 1/4 - 28 screws 10 45-55 in, ihs torque.
**Bend mounting plate 1o give 1/32 to /16 spacing, both sides,
O SLIDE SLIDE WASHER
. [ o
N Py
— k boade ' [ ‘J 0_1 +
1 1 |
STUD
- O A Q
- 3 Fd
STUD MOUNTING PLATE
MOUNTING PLATE ¢ WASHER (NAME PLATE)
{INSTRUCTION
PLATE]} HANDLE

\

Figure 7-8. Complete handle and mounting piate assembly (P/N 5361-2004).

1650B-16
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