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SPECIFICATIONS

KANGES OF MEASUREMENT
Frequency: 20 M2 o 20 &ML
impedence ang Admitancs: — « to + s,
Ui i i et as an impedance If the resistence iy
Tens than J00C € and the resctance i3 Jess than 1000 /60
Unknown is messured as an admiftence i the abaoiute con.
ductance s less then 1000 #3 and the sbsciute susceptarice Is
tesy than 1000 HifD.
ACCURACY (WHE unkitows groundsd}
B 3% k12 0 oon omain gl or D2 on AR dial) 20,0000 teaX,
G: ZI% = {2 poi on wein G disl or £.2 48 on AG dial)
R 0002,

¥ o=i% o {27 O on main X disl or 02677 § on X diah)
0000 euR,

Bs 219 h 204 a0 on main B dial or D205 40 on AE dial
#0000 el

These expressions acre valld for R and G up 16 20 ¥z for X

wrf B the 1% torm 5 valid up to 7 kHz; sbove 7 kM2 it hecomes

%, abve 15 kHz, 3%. Shghlly larger srrors ooour st Bigh fre.
guencies for divect or defla meassuraments.

GENERAL

Arrassoried Supplied: 274NP Baleh Tord, EME34 Poich Cord,

A reil: & ter and Dstent 12408 Bridge

tiscillaior Detect fesgremended
Genorator: 1311-A Oscillator recommended or 12100 or 13104,
Max safe voltage on bridge is 130 ¥ rms, giving <32 V on e
Rnigwn.
Digtecior: 1232-A recommended.
Meunting: Lab-Bench Calinet
Dimensions {width x haight x depth): 12% x 134 x BW: In. (320
% 345 ¥ 220 mm.

Weight: Net, 214 16 {10 kg), shipping, 31 it (18,5 kg2,

e
18085701 i TR0FA T-Y Brivge
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Figure Ik, Panel view of the Type 1603-A Z.Y Bridge,
{For lepend, soe page 2}
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INTRODUCTION

secrion 1

INTRODUCTION

1.1 PURPOSE.

The Type 1603-A 2-Y Brdge {Figure 1-1} is an
audio-frequency bridge that csp measurs any impedance
conpected to its termimals. From short circuir re open
circuit, real or imaginary, positive or negative, a bridge
balance car easily be obtaised. Good acouracy is ob-
tainable over a very wide range.

The Z-Y Bridge measures the Cartesian coordin.
ates of complex impedance in obms (series resistance
and reactacce, each carrying the same current; see Fig-
ute 1-7) or the Cartesian coordinstes of complex admit-
tance in micromhos (paralle]l conductance and suscepe-
ance subjected to the full torminal voltage; see Figute

1-3).

1.2 DESCRIPTION,

1.2.1 GENERAL. The Type 1603-A Z-Y Bridge uses 2
cenventional resistance-capacitance bridge circuit {see
Figure 1-4) and operates in the frequency range from 20

Figure 1-2,

IMPE DANCE Resistence Ry, én series with
Ry inductive {positive} or
S

capacitive {negative]
redctance X .

Xy Z. fobms) =R, +fX_
Figure 1-3.
ADMITTANCE Conductance G, in parallel
ey with inductive (negative)
Ty - 25, 8, or capacitive (positive}
-—ed

susceptance B,
Y, (umbos) = G, +jB,

ops o 20 ke, A calibrated oscillater or suitable genera-
tor {such as the Type 1210-C Unit RC Osciliator) is re-
quired to drive the bridge and a null-balance derector
{such as the Type 1232-A Tuned Amplifier and Null De-
tector) is required to indicate bridge balance, A Type
274-NP Patch Cord and 2z Type 874-R34 Patch Cord are
supplied to connect the bridge to the generator and de-
rector,

1.2.2 SYMBOLS AND ABBREVIATIONS. The following
symbols and abbreviations are vsed in this instroctiod
book:

ac - alterpating-current

B - susceptance, imaginary pasgt of an admittance

C ~ capacitance

cps - cycles per second

. g I R G
T ! T3 2 e 55 oo B
U -~ dissipation factor, 3 % F

de - direct-current
emf - electromotive force

& X BALANCE

4‘"“\
8 5 BALANGE
ST conraes

Fipure 1-4.
Efementary schematic diagram
of the Type 1603-A Z-Y Dridge.
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TYPE 1603-A Z-Y BRIDGE

£ - tesigtance

¥ = teactance, imaginary part of an impedance
Y - admivance, ¥ =G +jB

Z - impedance, T =R +jX

& - change in

A « initial balance

@ - phase angle

uf - microfarad, 1 pf =1 x 1075

i - microbenry, 1 ph =1 x 1076k

pmbo, p215 - micrombe, 1 gli=1x 107613

f - frequency
H
& - conductance, G wé—{{miy HX =0

1 - current

i - imaginary operator, j2 = ~1
K, k, &, - bridge constanis
ke » kilocycles per second
kL1 - kilohms

L « inductance

M =« correction factor

pf = picofarad, 1 pf =1 x 107% pf =1 upf - 5.1416
R2 G? £1-ghm
PF » power factor, PF = R?+%x2 G +B2 @ ~ angular frequency, w =20f
_1_X_B
Q - storage factor, Q =m= o = 1.2.3 CONTROLS AND CONNECTORS. The following

table lists the comtrols and connecters on the Type

1
- tesi R awfonly if B =0
R - resistance, Gfim y if ) 1603-A 2-Y Bridge:

TABLE 1. CONTROLS AND CONNECTORS

Fig. 1-1 ! Name Type Function
Ref No. ... O

H Iy 5-positicn Changes the values of fixsed bridge

sotary switch components by lactors of wen to
permit measurement at sny audio
frequenty.

P Mensurement G-position Belects condizions for initial Z or
rotary switch Y measuwrement, final Z or ¥ meas-

urement, and normal or reversed
M3 aurement.
3 INITIAL BAL | Continucus rotary | For normal substitation measurz.
H[X OB Dw contred with dial ments, sets initial balance of X or
G component.
4 INFIIAL BAL | Continoows rotary For normal substitution measwure-
ARORAB contzal with dial ments, sets initial balance for B
or B component,

% Xore¢ Continuous rotary For normal substitution measure-
centrol with dial ment, seis final balance for X or
and vernier & component.

& ROHB Continuous rotary For nermal substitetion measure-
contral with dial ment, sets final balance for B or
and vernier B component,

7 LENERATOR | Pair of binding Comnection fof exrernal gener-
posts ator.

8 BETECTOR Three binding Connection for external null
posts deteetor.

9 HNEKNDWN Pair of binding Connection for component to
posts he measured.
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OPERATING PROCEDUR

SECTION 2

OPERATING

2.1 GEHERATOR CONNECTION,

Use an ac generater of known operating frequency
between 20 e¢ps and 20 ke. The General Radio Type
1210-C Unit RC Oscillator is a recommended soarce. To
make the bridge direct reading, the generator frequency
must be 100 eps, 1 ke, or 10 ke, and the fg switch set ro
the same value,

The maximum velrage thar may be applisd ro the
bridge is 130 volts rmy with the f, switch at 10 ke or
1.0 ke, With the [, switch ar 0.1 k¢, he maximum vojt-
ape depends on the generator frequency, as shown n
Figure 2-1. Simce this switch can be set to 10 kc o
1.0 ke for the frequencies abave 450 cps, 130 wnles is
the usual maximum voltage. A 60-cycle power line may
he used for G0-cycle measurements, provided that a 1:1
isolation gransformer is interposed between the line and
the bridge, The sering of the f, switch is explained in
paragraph 2.5,

Ceonnect the generater to the GENFRATOR rermin-
als of the Type 1603-A, with the low side connecred to
the terminal that is grounded to the bridge panel.

2.2 DETECTOR CONMECTION.

Connect the black insulated BETECTOR werminal
to the grounded terminal, vsing the connecting link, to
measure the unkaown as & greunded impedarce or admit-
tance {the usual type of mezsurement; for measuremem
of ungrounded components, refer to paragraph 3.3).

PROCEDURE

Connect a General Radio Type 1232-A Tuned Am-
plifier and Null Detector, Type 1212-A Unit Null Devec-
tor, or other suitable null-balance detector acrosy the ¢d
and black DETECTOR rerminals, with the high input of
the detector connected to the sed rerminal. Unless the
detector is logarithmic in respomse, i should contam
some means for monitoring (ts sensidvity. In the meas-
urement of neniincar elements, such as iron-cored induc-
tors, a tuned selective detector is prelerable,

2.3 CONNECTION OF THE UNKNOWN,

Conrect the unkvown circuit element or nerwork
to the UNKNGWN terminals on the bridge panel. Connect
the end of the unknown that is grounded, ot that has the
higher capacitange to ground, o the LOW unkaown rec
minal, Leave the unknowa thus cosnected while the de-
sired measutements age made.

2.4 DECIDING WHETHER TO MEASURE ZOR Y.
2.4.1 GENERAL. The unknown can sometimes be meas-

ured ns either an Impedance, 2y, or an admittance, ¥y,
but it most instances, it can be measured only as one or
the other.

If the approximare value of the component to be
measured is known, use Figures 2-2 and 2-3 to determine
which type of measurement should be made. Figure 2-2
shows the limits of impedance measurement and Figure

YOLTS-AMS
@
£

50

500 fer 2ne Sac e 2he

FREQUENCY

20« B 100 200«

Figure 2.1, Maximum voliage that may be applied io the LY Bridge with the f, switch set at 0.4 ke,
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N

Y G

forbis) . % .
X\\\ '\“ﬁgﬁa Iig
AN

Figure 2:2,

fmpedunce-measurement Hmits of the
Type 16034 Z-Y Bridge.

¥ PLANE
EMICROBMHGS]

Figure 2-3. Adwittance-measwement limils of the
Type 16034 2.V Bridge.

2-% shows the limits of admittance measarements. Note
that the immaginary scale for these plots is a function of

f
either — or—=. The range for the imaginary part can

1 i
therefore be extended by appropriate choice of § {refer
1o parageaph 2.5}

I the spproximate value of the component to be
measured is not kown, make a wrial balance as authined
in paragraph 2.4.2, 2.4.3, or 2.4.4 1o devermine whether
the unknown should be measured ss an impedance or an
sdmittance.

The compenents of Yy (in umhos) can be computed
from the components of Zy {in ohms} and vice versa by
meants of the consteuction described in Appendix I or
by the transler eguations in Appendix 2.

2.4.7 CAN THE UKKNOWN BE MEASURED AS AN M.
PERANCE? Tz find out, connzct the generator, detec-
tor, and uakaswn to the bridge, set the [, switch to the
nearest frequency sbove the generator frequency, set the
measuremett switch to NORMAL Z INFFIAL BAL, and
adfust both & conteols for balence. Then set the meas-
urement switch o 2 MEASURF and adjust the main con-
trols for balance. ¥ balance occurs within the ranges of
beth main dials, the unknown can be measured as an im-
pedance. If the balance 18 offscale on either dial, the
unrkaown must be measured as sn admictance.

2.4.3 CAN THE UNKNOWH BE MEASURED AS AN AD-
MITTANCE? To find out, connect the generator, detec-
tor and unknown o the bridge, set the f; switch o the
neagest frequency below the generator frequency, set
the measurement switch to NORMAL ¥ INITIAL BAL,
and adjust both & controls for balance. Ther set the
the measurement switch to Y BEASURE and adiust the
main controls for balance., I the final balance eccurs
withis the ranges of both main dials, the unknown can be
measured as an admittance. I the balance is offseale
on either main dial, the unknowsn must be measured as an

impedance,

2.4.4 MEASUREMENT AS EITHER IMPEDANCE OR AD-
MITTANCE, If, in the tests described in paragraphs
2.4.2and 2.4.3, the main dials are on scale inboth cases,
the operator has 2 cheice of measuringthe given unksown
ax an impedance or as ag admirtance. See Figurex 2-2
and 2.3,

NOTE
For any specific measurement, the meas-
geement switch must be used either ex-
clusively in ies chree left-hand pesitions
{7y measurement) or exclusively in es
enree right-hand positions {Y, measure-
ment). For example, never follow an ini-
tial Z balasce with a final Y balance.

2.5 SETTING THE /, SWITCH.

Then the operating frequency is 100 cps, 1 ke, or
19 ke, zet the f, switch to the same frequency for direce-
teading measurements, For other operating frequencies,
set the fpswitch to the nearest frequency above the gen-
erator frequency for impedance messurements and to the
pearest frequency below the generaror frequency for ad-

mirance measurements. Theratio of -I—Q should be between

4.1 and I0.
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For maximum precision, first make a tial balance
with the f; switch seras specified in the preceding para-
graph. Fer an impedance measurement, if the final Xy
balance is offscale on either end, set the [, switch to
the next higher frequency; or if the final Xy balance is
onscale but less than 105 ohms, set the [, switch to the
next lower value. ¥For an admittance measurement, if
the fina] By balance is offscale on either end, set the [,
switch to the next lower value; or if the final By balance
is oascale but Iess cthan 105 umhos set the f, swirch to
the aext higher value.

If the generator frequency iz pot the same as the
fo switch setting, muliiply the Xy indication in imped-

ance measurements i)y%, and m{ultipiy the By indication

in admirtance measurements by?.
o

2.6 NORMAL MEASUREMENT PROCEDURE.

- Fe measure an unknown under normal conditions,

proceed as follows:

a. Connect the generaror, detector, and unkoown to
the appropriate terminals on the bridge.

b. Decide whether to measure impedance or ad-
miteance {refer 1o paragraph 2.4).

c. Set the f, switch to the measurement frequency
(refer (o paragraph 2.5).

d. Set the measurement switch to NORMAL Z INI
TIAL BAL for impedance meazurement or to NORMAL Y
INITIAL BAL for admittance measurement.

e. With the A controls, balance the bridge to ob-
tain a null indication on the detector,

f. Set the measurement switch to Z MEASURE for
impedance or to ¥ MEASURE for admittance,

g. Balance the bridge with the main controls.

h. If the f, switch setting is the same as the gen-
erator frequency, the impedance or admitance value of
the unknown is the value indicated on the main disls.
If the generator frequency is not the same as the f,
switch sesting, multiply the imaginary component (X or

£ . f
B) by—* for impedance or—for admittance.
f £,

For example, if:
genersator frequency = 2 ke
fo switeh setting = 10 ke
measurement ~ Z
final balance readings, R = 400
X =200

then Z, = 400 -j1000 ohms.

2.7 REVERSED OPERATION.

2.7.1 PRINCIPLES OF REVERSED OPERATION. The
primary use of reversed operation is to take advaniage
of the expanded scales on the £ controls by using the
main controls for initial batance and the & controls for
final balance. Actually, the four controls may be used in
any desired combination to produce a balance. Computing
the results would be quite cumbersome, however, if more
than one of the X OR @ controls, or more than one of the
R OR B contrels were used for the final balance.

Reversed operation yields mare precise data than
does normal operation when:

(I} In ttormal impedance measurement with the f,
switch set to 0.1 ke, the X OR G dial reads less than
120.

{2) In notmal admittance measurement with the f,
switch set to 10 ke, the R OR B dial reads less than 140,

{3} In normal measurements, an initial balance
cannot be obtained with the £ controls.

{4) Increased accuracy is desired for measure-
ments between 10 and 20 ke,

(5) Measurementsare desired between 20 and 30ke.

2.7.2 REVERSED OPERATION PROCEDURE. For re-
versed operation, connect the generator, detector, and
unknown to the appropriate bridge terminals, decide
whether to measure impedance or admittance (refer to
paragraph 2.4), set the f, switch to the measurement fre-
guency (refer to paragraph 2.5}, and then measure the
unknown in accordance with Figure 2.4 and Table 2.
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TABLE 2. PROCEDURE FOR REVERSED OPERATION

Use for Ptebalance | Preset Set Malce initial Record Ser Make final Results{**}
{Fig. 2-4 Ref) and do not measurement | balance with{*} measurement | balance with
disturk switch ta switch to
inductive 7, AR ORDG | ZIORY) X OR € and LX OR OG] Z(GRY) ~X OR DG Ditference be-
inducrive Yy and MEASURE ROR B and INITIAL and tween final and
Both components LR OR OB AR OR OB] BAL LR OR AD initial &K OR
smafl, near top REVERSED 06 and LR OR
(4] scale O readings,
with signs
teversed,
capacitive 7 RORD AX OR LG | Z INITIAL X OR G and OX OR AG| 2 MEASURE | DX OR DG Difference be-
Both components near top DAL AR OR OB and and tween final and
small. scale REVERSED 4R or LB AR OR LB initial HX OR
() G and HBR OR
AB,
capacitive Yy XORG AR OR DB | Y INFTIAL LX OR D6 LY OR DG Y MEASURE | OX DR BG Difference be-
Both components near top BAL and R OR B and and tween final and
small. scale REVERSED LR OR OB LR OR AR initial HX OR
{3 &G and AR OR
L8
7y with small R XORG LR Y} 0LX OR LG X OR & FORTY) X ORG Difference be-
and large X. al centes INITIAL, and R OR 8 and MEASURKE and tween final and
Yy with small B { scale BAL OR 68 AB LR OR LD initial X OR G
and large 6. (zero) REVERSED and Bk OR bp*
(4)
7y with smgll X RORD Z(OR Y} XORG AX ORAGY ZORY) LX GR DG Difference be-
and large K. at center INITIAL and and MFASURE and R OR B tween final and
¥, with small ¢ scale BAL Lr OR AB RORB initial &X OR
and large B. {zero) REVERSED &4 and R OR
() B
High- XORG 2R Y} HX OR DG Z{OR Y) XORG Final
frequency and R 0GR INTTIAL and MEASURE and X DR G
MeASUrEment s 21 at center | HAL AR OR OB ROR D and
{6) srale REVERSER RORB
(zero) "

{*)} Mzke the initial balance primarily with the vwo controls Hsted in this colomn. The other two conteols may be adjusted for bal-

ance unless otherwise noted by an entey io colume 2,
. I . f .
(**) Multiply the imaginary component, X OR 8, b}'?" for impedance measutements, of by . for admitrance measurements.

k2]
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OPERATING PROCEDURE

7 PLANE
+ﬂ050§’ (OHMS)
® Ha ®

+H20
o429 TSI
® HFE ®
-jlosoi;?
-1050 -140+140 HO50
0
Y PLANE
*ﬂ050é, (MICROMHOS)
® ﬁ: ®
+120 -
Sarrvemmmmm)=—O=\=0=—
® %’ ®
-jloso-£ 1
-1050 -140/4140 4050
0

Figure 2.4. Ranges for reversed-operation measurement of impedance {above)
and admittance (below}). Measurement procedures are given in Table 2.
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SECTION 3

PRINCIPLES OF

3.1 GENERAL.

The basic citcuit of the Type 1603-A 2-Y Bridge
is shown in Figure 3+1. The B arm is a fixed resistor
Ry, and the N arm is a fixed capacitor Cp. As with any
impedance bridge, two separate controls must be adjust-
ed for a complete null balance. These are (1) a theostat,
in parallel with fixed capacitor C,, that varies the con-
ductance G, of the A arm, and (2) a rheostat, in series
with fixed capacitor Cp, that varies the resistance Ry
of the P arm.

An external sinuseidal ac geperator is connected
to the bridge across Q-8 through an internal double-
shielded isolation transformer having a 4-te-1 step-down
turns ratio. An external null-balance detector is con-
nected to the bridge across T-Y.

The Z-Y Bridge employs a substitution technique:
an initial balance, withoer the unknown element, is fol-
lowed by a final balance with the unknown in the cir-
cuit. The difference in the points of balance indicates
the complex compenents of the unknown. This procedure
aveids some of the residual-impedance errors ordinarily
encountered in bridge circpits as well as certain cal-
ibration errors of the bridge components,

For impedance measurement, the uokoown is in-
serced, by switching, in series inte the P arm of the
bridge (between Ry, and V). For admittance measure-
ment, the unknown is conpected in parallel across the A
atm {between Q and T},

On the left-hand side of the panel, the X OR G con-
trol and the AX OR AG control are in parallel and vary
the conductance G, of the A arm. Onp the right-band
side of the panel, the R OR B control and the AR OR
AB control are in series and vary the resistance Ry of
the P arm., The dials on these controls in no way indi-
cate the actual values of G, and Rp, but indicate the
change in pmhos, &y, and the change in ohms, &Ry,
between the initial and final balances.

The two main dials have identical zero-centered
aod linear scales extending to 1050 usnits in each di-
rection. The X OR AG and AR OR A8 dials have full-

OPERATION

Figure 3-1. Basic circuit of the
Type 1603-A Z.Y Bridge.

GEN.

scale ranges of 120 and 140 units respectively and are

purposely tade nonlinear. Each £ dial is calibrated jp
the same units, and functions in the same rotational
sense as it companion main dial.

A six-position switch in the upper right-hand part
of the panel discoonecrs the high unksown terminal for
all initial balances and insents the unknown info the A
or the P arm of the bridge for the final balance, depend-
ing on whether impedance or admiteance is to be meas-
vred. The low terminal of the unkunown remains dicectly
connected at all times, either to the bridge vertex T for
the three admittance positions or to the vertex V for the
three impedance positions. Fer both admittance and im-
pedance measurements there are two alternative inirial-
balance positions(designatedas NORMAL and REVERS-
ED; cefer to paragraphs 2.6 and 2.7), and a single posi-
tion {(designated as MEASURE) for the final balance.

NOTE
For any specific measwement, this switch
must be used either exclusively in its
three lefr-hand  positions (impedance
measurement) or exclusively in its three
right-hand positions (admittance meas-
urement). For example, never follow an
initial impedance balance with a final
admittance balance.
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3.2 COMPORENTS MEASURED.

The customary types of jmpedance bridges (Max-
well, Hay, Schering, et} usually have limited maximum
and minimum ranges and evaluate, mote of less directly,
the inductance or eapacitance of the unknown circuit
element together with its resistance, its Q, or its dissk
pation factor 1Y, Dereemination of the reactance or nus-
ceprance vajues of the anknown requires computation in
terms of the angular frequency .

For many applications, the parameters of prime im-
portance are the Cartesian coordinates of the complex
impedance, series resistance and reactance, or the Car
tesian coordinates of the complex admittance, conduce-
ance and susceptance. The Z.Y Bridge measures these
Cartesian coordinates over an extended audio-frequency
rarge, nominally from 20 cps to 20 ke. The unknown may
lie in any of the four quadrants of the complex plane,
since this bridge ean measute both positive and nega-
tive values of Ry and Gy as well as X, and By, which
individually can have any magnitude from zero to ino-
finity. In this sense, it is a truly universal bridge.

The basic equations for the resistance Ry and the
conductance Gy of the unknown are:

R, (in ohms) = @RP {in ohms) {1}
Gy (in pamhos} = 86, (in pmhos) (2

These equations hold for any value of the operating fre-
guency f. Positive values of Ry and Gy are indiesced
by a comnterclockwise displacement of the corresponding
comrel dial for the final balance (decrease of RF“ or Ga)
Clockwise displacement indicates negative Ry or G,

¥hen the unknown is measured as an impedance,
the basic equation for Its reactance, in terms of the se-
legred J is:

f
X, {in ohms) = {«f«} &{33 {in jeombos} (3}

A pusitive {inductive) reactance is indicated by a coun-
terclockwise rotation of the corresponding control dial
for the final balance (decrease of Gg). A negative {ca-
pacitive} reactance is indicared by a clockwise rotation
of the corresponding control dial for the final balance
{increase of G,).

¥hen the uoknown is measwed as an admittance,
the basic equation for its susceptance, in terms of the
selected f, is:

B, {in wmhas) *{%) §Rp {in ohms} {4y
o

A positive {capacitive) susceptance is indicated by 2
clockwise rotation of the corresponding centrol for the
final balance {increase of R?}, A negative (inductive)
susceptance is indicated by a counterclockwise rotation
of the corresponding control for the fimal balsuce (de-
crease of Ro).

Equatiens 3 and 4 can be teansposed to read:

&G *{)x Zif : A
a “(fo x =TT 7 miC, (34)
&R, (f") B fo 2nf C {4A)
R b B sss—— 52 0
P/ mrzpr >

These equations show that when an inductive unknown
is measured as an impedance {equation 3A} or as an ad-
mittance {equation 4A), the value of 3G, or SRP {and
the corresponding final-balance scale reading) will be
directly or inversely proportional to 2. Accordingly,
with an inductive unknown, the penerator frequency must
be kaowe accurarely if correct valoes of X, or By are to
be obtained.

Conversely, when a capacitive unknown is measur-
ed, the value of G, ot R., is independent of £, provided
that Cy and Cyp are independent of £, and we need aof
knaw the geaerator frequency exactly to obtain an ac-
curate X, or B, measurement,

Equations 3A end 44 can be used to obtaln the
series paramerers L and © or the parallel parameters
L, and C . of the unknown.

3.3 BRIDGE CIRCUITS.

The bridge networks for normal operation are
shown in Figures 3-2, 33, and 3-4, in which the red¥s-
tive elements are designared by the symbols used in the
schematic diagram:

R1 is the 4R OR 48 contrel,

R2 is the R OR B control.

R4 is the &X OR AG coatrol and is in series with
the fixed resistor R7.

R5 is the X OR G contzol and is in series with the

fixed tesistor RSB,
The value of R (Figure 3-1) is thus the sum of R1 and
etther RZ or R3, while the value of G_ is the over-all
conductance of the four-resistor network (R4, RG, R7,
HA) in the A arm.

For impedance measurements, the vertex V is
grounded, and for admittance measurements the vertex

T is grounded,
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Figure 3-2. Normal
infrial balance for either
Z, or Y, measurement,

Figure 3-3. Normal
firal balance for &,
medsurement,

Figure 3-4.

Normal final
batance for Y,

measvrement,

Theoretically, the lnitial balance values of G,
and R should be independent of the operating frequency
and the position of the f, swirch. Nevertheless, the in-
itial balance will shift and a new senming is required
whenever a change is made in any of the following:

{1} the opetating frequency, f

{2} the position of the £, swheh

{3} = shift from impedance to admittance measure-
ment, of vice versa

(4} a change from pormal to teversed operation,
of vice versa.

10

Thiz initial-balance shift, which hes no appreciable
effect upen the final dara, is caused by the acrion of
some frequency-sensitive residual impedance and by
the fact that the fixed bridge paramerers carnot econo-
mically be made o have their exact theoretical values.
A chaoge made solely in the parameters of the unknown
does not require 2 new initial balance,

Initial balance is made with the rwo & controls and
finalbalance is made with the (wo mais controls. Hence,
in accordance with the legend given on the main dials,
their scales read directly (withput subtraction) the
values of #G_ and 88 to be substituted into equations
£1) through (4).

For normal initial balasce (Figuwe 32}, the
measurement switch removes the two main-comtrol theo-
stats {RZ and RS} frem the bridge circuit and replaces
them with two fixed resistors (B3 and R6), which have
the center-scale resistance values of R2and R3, respece
tively. Hence, the main dials may remain in any arbi-
trary position for the initial balance, This feature is a
decided convenience, especially when the uakoown is
measured at different frequencies to determine its fre-

quency characteristic.

Figures 3-3 and 3-4 are the circuits for the in-
pedance and admittance final balances in normal opera-
tion, All four controls are pow I cireuir, but the finatl
balsoce is made solely with the rwe main costrols {RZ
and R5).

Normal operation is the quickest and most fool-
proof method of determining whether, at the given opera-
ting frequency, the unkacwn is inductive or capacitive
and whether its R and G, are positive of negative.

3.4 REVERSED OPERATION.

The conditions under which reversed operation
will yield more reliable and precise data than normal
operation ate:

{1) ¥hen the sdjustment renges of the & controls
will not permit an initial balance in normal operation.

() When R, is less shan 140 ohms or G is less
than 120 poshes.

{3y ¥hen, in & normal impedance measurement
with the f,switch see 1o 0.1 ke, the X OR & dial trading
is less chan 120 units.

(4} When, iIn a normal admittapce measurement
with the / switch set to 10 ke, the R OR 8 dial reading
is less than 140 units.

{5) For measurements between 10 and 20 ke,
somewhat more accurate data can be obtained with re-
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versed operation due to the action of certain bridge re-
sideals (refer to Section 4).

(6) Reversed operation permits this bridge ro be
used, with decreasing accuracy, up to 30 ke. Use above
30 ke is not recommended.

Inthe reversed initial balance foreither impedance
or admirgance measurement, all four controls are In cir-
cuit and may be used in any desired combination to pro-
duce balance (see Figure 3-5).

In the reversed final balance for either impedance
ot admittance measurement, all four controls are still in
circuit. Theoretically, any desired combination of these
controls might be used to establish final balance, Hence,
the values of G, and Rp for equations (1) through (£
might be computed from the combined displacements of
these dials between their initial and final setting. Such
a procedute is cumbersome, however, and is pot recom-
mended. (

The practical method is to use only one of the
X OR © controls and only one of the R OR [ controls
for the final balance. The 3G, and ER_ values are then
the differences between the initial and final scale
readings of these two dials. No cognizance is taken of
the scale reading of the rwo controls which are not ma-

nipulated in making the final balance.

Reversed final balance can be made with:

a. Both main controls.

b. One main contral and the & control on the
opposite side of the bridge panel.

¢. Both & contrals.

Procedure for reversed operation is outlined in para-
graph 2.7. Refer to Section 4 for residual corrections ro
8G,, which may be significant in certain cases.

Figure 3-5. Reversed initial balance for either
Z, or Y, measurement.

3.5 BALAKRCE EQUATIONS.

With reference ta Figure 3-1, this section develops
the working equations (1) thzough (4) under the assump-
tion that no residual Impedances exist in the bridge
network,

Let G_; and R, be the initial-balance values of
these parameters. Then the complex equation for the
initial balance is:

] _ iR

Rp1 ~5C; T ax, Car P9 )

From equation (5) we obtain the two (scalar) initial-
balance equations:
R (6)

a

Co = Ri}CpGai <
Note that both equations {(6) and (7) are independent
of frequency and that the initial balance will have ro
sliding zero since neither control parameter occurs in
both equations,

Let G_, and R_, be the final-balance values of
these parameters. Then the complex equation for final®
balance in impedance measurements is:

e 1) iRy :
Rpz ¥ Ry F f(‘\x - u:CF) el G,y +ieCy)y (8)

Equation (8) yields the two (scalar)impedance-measure-
ment final-balance equations:

Co(Bpp ¥ Ry = RyCy @

Cp (1 = @CX,) = RyCpGy (10)

€

which again show no sliding zero. Note, however, thae
equation (10} is a function of w? if X, is inductive, but
is independent of w if X, is capacitive (refer to para-
graph 3.2).

Let G ; and R ; be the final-balance values of
these parametets for gdmittance measurement. Then the
complex equation for final balance is:

"1Bp
an

i . -
Rp3 ™ i, = (Gyy * G +iwC, + By (1)

n



GR 1603A Z-Y Bridge (16) 0001.djvu

TYPE 1603-A 2.Y BRIDGE

Equation (11} yields the rwo (scalar) admittance-

measurement final-balance equations:

EK
Ry3Co = Rp{Ca * 5 (12)
Cn = Rbcp {Ga3 + C_’x) (13

which again show no sliding zers. Note, however, that
equation {12) is a function of e if B, is inductive, but
is independent of « if B, is capacitive (refer to para-
graph 3.2).

Since a substitution techpique is enmployed with
the Type 1603-A Z-Y Bridge, we can combine equations
(6} and (9} to obtain our original equation (1) te de-
termine the components of 7+

R, =R, "R

% p ?=5gp

P

which yields a positive R_ if R_; exceeds R ,. Like-

wise, combining equations (7) and (10}, we have:

Ry
b m; (Gap " Gppd » K Gy ~ Gy (1)

where the bridge constant, K, is the product of the
scalar impedance values of the B and N bridge arms:

R =z (15}

Note thar X will be pesitive {inductive) if G, exceeds

G,

In a like manner, we can combine equations (7)
and (13} to obtain our original ecuation {2) to determine
the components of ¥ _:

G, = Gai - Ga‘} = éGa

x

in which G, will be pesitive if G| exceeds G_,. Com-
bining equations (6) and (12) gives:

are B - R H
By = Ry~ Rpl)(“rz*j> - Pl as

12

Note that B, will be negacive (inductive) if R, exceeds

R,

3.6 CHOICE OF BRIDGE PARAMETERS.

Note that, in the twe types of measurement, the
functions of the two balance controls are wransposed. In
the measurement of impedance, the change in Rp gives
directly the real component R and the change in G
determines the imaginary component X, ; while in the
measurement of admittance, the change in R determines
the imaginary eomponent B and the change in G gives
directly the real component G,.

P control can be made

direct-reading in both R_ aad B_ by the proper choice of

A given scale on the R

R
the bridge constant, K : 3. Similarly, the G control
& wcn a

can be made direcr-reading in both G and X,. If these
common dial scales are to be calibrated in ohms ard
mictemhos, the required value of K is 166, If complete
coverage of all possible values of the unknown either
as an impedance or as an admittance is desired, the un-
known resistance range must be the reciprocal of the
unkoewn conductance range. In the Type 1603-A Z-Y

‘Bridge, when K equals 109 identical ranges of 1008

ohms and 1000 pmhos have been chosen for the complex
parameters of the unknown, with an overlap of 30 units
on each end. Initial balance must then occur at midrange
of both main-contrel scales to permit measurement of

positive and nepative valves of R, G, X;, and B,

For linear main-dial scale in resistance and sus-

v should be a linear theeostat, To obtain a

finear main~dial scale in conductance dnd reactance,

ceprance, R

the value G is acrually the conductance of a fixed re-
sistor in series with a theostar (the G control), whth
is wound on an appropriately tapered form.

From equation (15) it is seen that the bridge
constant, K, is a function of frequency. The f, swirch
selects the fixed parameters of the bridge network 1o
keep cach of the products Ry T and R C constant and,
simultancously, to give K a value of 10° for any one of
three convenient reference frequencies: f, = 100 ¢ps,
1 ke, or 10 kc. When the bridge is operated at the se-
lected reference frequency, we have:

X, (in ohms) = 160 £G, (in umhos) (17)

109B_(in pmhos) = =38R, (in ohms) (18)



GR 1603A Z-Y Bridge (17) 0001.djvu

PRINCIPLES OF QPERATION

thus giviog direct-teading scales in X and B,. When
the operating frequency, f, differs from the selecred
refereace frequency, f, we can substitute the value:

f
K = 10° ¢ (19)

into equations (14) and (16) and obtain the original
wotking equations:

f

X, (in ohms) = _f_o_ (8G, in umhos)

. o -f .
B, {in tzmhos) = T, (SRP in ohms}

The basic component values chosen for this bridge
are as follows: Starting with C, = 0.1 pf and choosing
the initial-balance values to be R = 1100 Qand G, =
22060 ,umhos,.then Ry =628.3 f,, C, =—6—‘%U—2— and pr
0.07238 °

o

3.7 CONDITIONS FOR BOTH Zy AND Yy MEASURE.
MENT.

For = specific operating frequency and f, setting,
there is a choice between impedance and admittance
measurement only over a small range {see Figures 2-2
and 2-3).
quency, f, it may be possible o have X, (f/f ) less than
1000, permitting a final balance with the X OR G con-
trol, while for a different f, setting, it may also be
possible to have B, (f_/f) less than 1000, permicting a
final balance with the R OR B control. To have this
choice, however, R, must be less than 1000 ohms and
G, must be less than 1000 pmhos. This condizion de-
mands that R les within the limits:

However, for a specific operating fre-

1000
1 + Q.2 < Ry (in ohms) < 1000 (20)

X

or, what is the same thing, that G, lies within the limics:

ffng—«i < G, (in umhos) < 1000 (21)
x

The larger the value of Q,, the broader will be the range
of R_and G, values which satisfy equations (20} and
(21). It should be understood that, while equacions (20)
and (Z1) must be satisfied to have a choice of measire-
ment, they do not, per se, stipulate that a choice is
possible.

3.8 UNIVERSALITY OF THE BRIDGE.

In terms of the working equations (1) through (4},
we can now demonstrate the universality of the Type
1603-A Z-Y Bridge, having scale range of 11000 cohms
or pmhos, for any given f and any chosen f,.

A final balance of this bridge can be obtained in
terms of impedance if R and X {f/fo) are both below
1060 ohms. If either of these quantities exceeds 1000
ohms, an impedance balance is possible. However, if
the woknown is connected in parallel in the A arm, a
final admitrance balance can be obtained, as the fol-
lowing consideration will show. H either component of
the complex impedance, R, + X (£/f), exceeds 1000
ohms, the scalar value of this impedance must exceed
1000 ohms, This means thar the scalar value of the cor-
responding complex admitrance, as well as each of its
components, must be less than 1000 fuvhoes.

Conversely, and by the same reasoning, if either
of the quadrature components G, or B _{f /) exceeds
1000 pmhbos an admitrance balance is impossible where-
as an impedance balance can always be made.

Thus, either a final Z_ or a final Y balancedis
always possible, and we have a truly “universal’’ bridge
with an infinite range.

As shown in paragraph 2.3, it may be possible to
enbance the precision of an X, measurement by reducing
the original f, value, or to enhance the precision of a

B, measurement by increasing the original f, value,

13
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secTioNn 4

EFFECT OF

4.1 GENERAL.

In any impedance bridge, the basic balance equa-
tions are modified by the existence of various residual
impedances. The final effeet of certain residuals that
exist unchanged in both initizl and final belances, is
automatically canceled in the substitugion technique
used in this Z-Y Brdpe, Othet residuals may produce a
cermain amount of sliding zero when usknowns with lowQ)
values are measured. In genetal, the degree to whieh
bridge residuzls medify the basic equations increases
with the operating frequescy. The most important re-
siduals in this bridge are discussed in the following

patagraphs.

4.2 RESIDUAL CAPACITAHCE AT BRIDGE VERTICES.

The residual capacitance to ground at each vertex
of the bridge nerwork exists in all impedepce bridges.
If one vertex of the Type 1603.A Z-Y Bridge, such as
vertex V, is actually grounded, the tesidual capacirance
of the opposite vertex, T, has no eficer on the bridge
balance, The residual capacitance of vertex Q exists in
parallel with the large capacitor € (0.1 uf) and has a
negligible effect. The ground capacitance of verrex Sis
thrown across the P arm of the bridge and may have an
appreciable effect ar high frequencies. These conditions
exist, in both ipitial and final balances for impedance
measurements of grounded unknpwns {Figure 3-10) or in
measuring a direct ¥, value (Figuee 5-113,

For admittance measurements of a grouaded un-
knowa {or in measucing a direct impedance value, Z3)
the vertex T ig directly grounded. The ground capaci-
tance of verrex Q is now in parallel with € {minimum
value 0,018 uf) and is wsually negligible. The residual
capacitance of vertex 5 is now thrown across the B arm
of the bridge and will have an appreciable effect at high
frequencies, especially when £, is set to 10 ke giving
the maximum Ry =63 ki3,

In  subsritution measwements,
siduals exist in both initial and final balances so thas,
to a first order, their effects cancel in an evaluation of
G_ and ﬁp, However, shifting the S-verrex residual from

these vertex re-

14

RESIDUAL

IMPEDANCES

the P arm to the B arm requires to0 large a displacement
of the 5 cotgrols between jnitial balances for impedance
and admittance measurements. Three steps are therefore
taken oo minimize the effective residual capacitance a
the S veriex:

(1} C5, C6, and C7 are given 2 minimum capaci-
tatice 1o groand, .

{2} The shielded ransformer (Figure 3-1) is con-
aected so thar it contributes a minkmum amount to this
residual.

{3} A small voltage, of appropriate phase and
magaitude, is introduced at S to cancel partinlly the
effect of this residual capacitance. For this purpese, a
small capacitor, €12, joins 8 and the ungrounded termiy
nzl of the generator. This canceling action, being a
function of the frequency characteristic of the trans-
former, canoot be perfect, so that a new initial bulunce
ix required when shifting from impedance o admittance
measurements.

4.3 RESIDUAL INDUCTANCE IH MAIN CONTROLS.

The second residual of Impertance in this Z-Y
Bridge is the residual inductance of the winding of the
twoe main theostat controls, RZ and R3, which are ase
sumed to b pure tesistances in the basic equatiobs.
The effect of this residual has been largely canceled at
midscale and at exteme-scsle positons by the con-
pection of an appropriate capaciter, CB, €9, €10, and
C11, acress vach half of each of thene theostar windings.
When [, is set to 10 ke, €9 is augmented by C13. A rev
sidual inductance reaches & maximum at the 3500-scale
points.

The fact that this center-point cancellation is aot
perfect is the principle reason why some difference ex-
ists between normal initial balances and reversed bal-
ances for either impedance or admittance measurenents.

Due to this residual inducrance, reversed opera-
tion using the two main congrols in both the initial and
final balances {paragraph 2.7) should yield more accu-
rate dara.
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An asppropriate capacitor, C16, is likewise con-
nected across the & control, K1,

4.4 CORRECTION FOR RESIDUAL INDUCTANCE IN

MAIN R O B CONTROL..

To obtain the most accorate value of reactance or
conductance, it may be desirable, I cermain cases, to
compute and apply a correction o the ocbserved value of
3G, in order to compensate for the residual inductance
that remains In the main R OR B conrol rheostar, Cone
versely, it has been found that so correction is neces-
sary in Ry due to residual inductance remaining in the
maic X OR G contrel.

This correction to 5{3* is practical only when re-
versed operation is used. &t it a function of the final
balance setting of the main R OR B conteel and is pro-
portional to the ratic £2/f_ so that it is most important
with higher operating frequencies and when [ is set to
0.1 k. The procedure is as follows:

a. Observe the scale reading of the maic R OR B
control at final balance and from the curve in Figore 4-1,
determine the positive numetical value of M. This curve
was computed on the basis that f and £, are each 1 ke,

. M the final-balance position of the main R OR
£ contro] reads positive resistance (or inductive sus-
ceptance), the correction term in umhos is:

2
Correction to 3(33_ = %}B&(fw) {22

¢. If the final-balasce position of the main R OR
B cootrol reads capacitive susceptance, the comection
term io umbos is:

2
Correction to &G, = kzw(—f;—} {23}

2}

d. The individual values for the constants, k 1
and k ,, for this particular bridge are:

Type 1603-A 2-Y Bridge Serial No.

k= . ky =
= f
when §g = 10 ke, k=

e, When measuring an inductive impedance or any
admittance with a positive G, decrease the observed
absolute value of 8G_ by the correction term.

f. When measuring a capacitive impedance or any
admittance with a negative §, increase the cbserved
absolute value of 8G_ by the correction term.

g Use these corrected values of 8G in the basic
equations (2} and (3).

Residual inductance in the main 8 OR B control
causes excessive counterclockwise or deficient clock-
wise rotation of either the X OR € or X OR 46 conrrd)
for final balance. Twoe different & values resulr from the
five-percent tolersnce in the compensating capacitors,
C# and €9,

Parenthetically, it may be noted that the cor-
rection to X in ohms is the product kMf and is the
corresponding resldual inductive reactance in obms in
the main R OR B costrol and is thus proporddonal to f
and indepeadent of f,. When £ = 10 ke, the maximum cor-
rection to X, usually lies within the limits of 2 to 4
ohms, The curve in Figure 4-} was drawn on the as-
sumption that 3 300-chm carbon resistor showed a ficti-
tious reactance of 0.2 chm at 1.0 ke, so that, at the
1500-scale position, the main R OR B costrol had a
maximuam noncompensated inductance of 32 uh.

7 T !
’ i fg = fhe |
[#h4 _,M”“ "‘\«,‘\_ ¥oxike
- ™
M pd 5
7 ~N
a4 ; \
A - . o
7 ! \\
| i W
: M ‘ !

oor | | N
O K0 P00 R0 400 500 600 700 BOG 900 KX
MAIN RE SUALE READING

Figure 4-1.
Correction factor M {for Equations 22 and 23}

45 RESIDUAL CORRECTIONS OF DIRECT ADMIT-
TANCE MEASUREMENTS.

In the final balance for direct admittsnce measures
ments (refer 1o paragraph 5.5.2) the bridge capacitor C,
is augmented by the ground capacitance of the unknown
germinal thar is coopected to the high bridge rerminal.
H the smaller ground capacitance, Csﬁ* exceeds 1000
pf, 2 correction for this residual is desirable. Proceed
as follows:

a. With C gz 2gainst the high bridge terminal,
measute the direct components of admittance:

15
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Gg = (8G,)y + 22,000 C (24)

g2

(23)

o
e
»

o o o]

b. Reverse the connections to the usknown so
that C_, is against the high bridge terminal and measure
the same direct components:

Gy = (8G,)7 * 22,000C (26)

B, g{m [(ﬁRpjz *10C,, [1190 + faﬁp}zﬂ @n
4]

¢, Connect together the two direct terminals of
the unknown to short our the direct admittance and leave
C,yand Cy in parallel. Shife the detector terminals and
measute the combined ground susceptance, Bs‘ of the
resulting grounded two-terminal unknown:

L3 ® f
B, = @(Cgp + Cpp) (_f;)(akp)3 28)

SECTION D

d. Solution ofthese simultaneous equationsyields
the values of the two ground capacitances:

R (3G, ¥y ™ {36G,)
C = _;g + a’l a 2]
gl = o [ 44,000 (29)
B (3G,); ~ (5G.)
Cp= 521 ‘a2 2:' 0
82 ° 3, [ 44,000 69

These computed C_ valees are then substituted
above to give the cotrected components of the direct
admittance. In the foregoing equations, capacitance
values are in microfarads and wis in radians persecond.
If any final balance indicates an inductive susceptance,
the corresponding (8Rp) is negative.

In the measurement of a three-terminal admittatce
that is balanced to ground so that each ground capaci-
tance is given directly by the ratic B /e, the measure-
ment in step b is not necessary.

APPLICATIONS

5.1 TYPICAL LABORATORY MEASUREMENTS,

The following random tests made with the Type
1603-A Z.Y Bridge demonstrate the upiversality of this
insgroment.

1. The cutve shown in Figeee 5-1 is the input
impedance of an electronic network with feedback. The
Type 1603-A Z-Y Bridge was used to measure positive
and negative values of both real and imaginary com-
ponents.

16

Z. If the resonant frequency of an inductor is
below 20 ke, the susceptance can be determined as
shown in Figure 5-2. To locate the fundamental resonant
frequency, adjust the generator frequency until R (ob-
served on the &R OR AB dial with ceversed operation)
vanishes. Alternatively, a few measurements of B, can
be made in the vicinity of f;, and the frequency for B, =
0 is then determined by graphical interpolation.

3. Figure 35-3 shows a rtypical “'black-box®’
problem, in which the frequency characteristics of im-
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Figure 5-1. Input impedance of a feedback circuit
showing negative resistance characteristic.
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Figure 5-2. Susceplance variation of 4 S-henry
inductor af frequencies where distributed capacitance
produces resonance effects.

pedance components are given for the illustrated LCR
network, which was resonant just below 1 kc.

4. The electroacoustic behavior of transducers is
shown by their circle diagrams. Figure 5-4 shows the
unclamped ciecle for a small, two-ohm, two-inch loud-

OG0
10Ge 200¢ 500 IKe

FREQUENCY

Ere

Figure 5-3, Impedance components of "black box*
as o function of frequency.

REACTANLE - OMMS

Figure 5-4. Reactance vs resistance for a
typical loudspeaker,

speaker without a transformer, and shows acoustic resw
nance at 352 cps.

5. Figure 5-5 shows how the series capacitance
of an electrolytic capacitor measured over the audio
range falls progressively with increasing frequency, and
how the series resistance rises rapidly with decreasiog
frequency below 400 cps.

6. Figure 5-6 shows the impedance components
of a magnetic tape-recorder head. Since the slopes of the
R and X curves remain positive, nc unwanted resonance
eccurs within the avdio range,

7. The bridge is particulatly useful in measure-
ments of the ac conductivity of elecerolytic solutions.
Irrespective of dielectric constant, the teactive com-
ponent of the test-cell impedaoce can be balanced.

17
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Figure 5-7 is data taken on tap water in a Balsbaugh
cell,

8. Some of the many other applications for which
the Type 1603-A Z.Y Bridge is suited are:

a. determination of leakage reactance of trans-

formers,
b. impedance measurements of open- and closed-
circuit transmission lines at audio frequencies, and

¢. measurements for circular arc plots of solids
with lossy polarizations in the audio-frequency range.
Such data have hitherto been difficult to procure in this
range.
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Figure 5-5. Impedance parameters aof an
electrolytic capacifor.
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Figure 5-6. Impedance components of tape recorder
bead as 4 function of frequency.

5.2 MEASUREMENT OF DC ACTIVE UNKNOWNS.

Within certain  voeltage limitations, the Type
1603-A Z+Y Bridge can be used to measure the intemal
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Fipure 5-7.

impedance components of a Balsbaugh cell

(110 pf empty) filled with tap water. Since the
electrodes of this particular cell were not

designed for use with water, the data are not

indicative of the actual constants of the water,
but are presented bere only as un example of this
fype of measuremeni.

impedance of de active unknowns, such as batteries and

dc power supplies. In order to prevent a mementary shore-

¢ircuiring of the unknows and detrimental switch arcing,
as the measurement switch is operated, it is essential
that the voltage of the unknown be applied to the bridge
only with the measurement switch set at either Z
MEASURE or Y MEASURE. Thetefore, this switch can-
not be used for ineroducing the unknown for the final
balance, as is conveniently done for all passive un-
knowns.

To measure intetnal impedance of dc active un-
konowns:

a. Connect the LOW terminal of the unknown to
the bridge.

b. Make the desired initial balance.

c. Set the measurement switch to £ MEASURE
{or ¥ MEASURE).

d. Auach the high terminal of the unknown to the
bridge and make the final balance.

e. Disconnect the high side of the unknown be-
fore switching the measurement switch.

f. For impedance measurement, short-circuit the
unknown terminals to discharge the bridge capacitors
before switching the measurement switch,

If the dc emf does not exceed 15 volts, the active
unknown can be measured as either impedance or ad-
mittance, depending upon its internal parameters. For
admittance measurements, the unknown will be subjected
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to approximately a 75-ohm tesistive bridge load with f,
set to 0.1 ke; approximately 210 ohms with [, sét 1o
1.0 ke; and approximately 200 ohms with f, set to 10 ke.
For impedance measurements, the load will be infinite.

CAUTION
If the dc emfis between 15and 150 vols,
the active unknown can be measured
only as an impedance, which means that
its internal resistance must be less than
1050 ohms. In this case, do oot set the
measurement switch o any of the three

admittance positions.

5.3 MEASUREMENT OF INCREMENTAL INDUCTANCE.

Although this bridge was not designed specifically
for the purpose, it is possible to measure the incremen-
tal inductance of a relatively low-impedance test in-
ductor, provided that its resistance is less than 1000
chms so that it can be measured as an impedance.

Connect a suitable de biasing emf in series with
an ammeter and rheostat of value r across the inductor
as it is measured. If L and R are the series parameters
of such a test inducter {scalar Impedance = Z)rhe
measured compouents of its parallel combination with £
are:

X = el . wlL (31)

2
TERE:

[

R
1+2T

2 2z
Z Z
R(1 + 40 Rl + 20
( Rr) _ ( R:)

R, = (32

L+ 2R 425
I

+ R
e

The third members of these equations are valid approxi-
mations if ris kept large encugh so that Z2is negligible
compared with r?. To evaluate the small correction term
in the denominator of equation €31), we will assume the
less extreme inequality that the square of Z is negligi-
ble compared to the product Re in equation {32) and

obtain:

- . S (3%

Finally, substitute equation (33) into equation (31) to
give the desired incremental inductance:

X

L= X (34)
ypES

in the presence of the biasing curtent. The incremental
storage factor of the test indicator will be apptoximately
X /R,

It is assumed above that the biasing branch has
an impedance, r +j0. Since a dc active network is being
measured, use the procedure outlined in paragraph 5.2,
The dc voltage drop across the test inductor must not
exceed 150 volts, and the measurement switch must be
restricted to the three impedance positions,

5.4 MEASUREMENT OF POLARIZED CAPACITORS.

By an analogous procedure, electrolytic capaci-
tors carrying a de polarizing voltage up to 150 volts
¢can be measured as impedances. A sujtable polarizing
emf with the correct polarity is applied through a re
sistor of value r across the test capacitor. The voltage
source should be on the low side to minimize the effece
of its ground capacitance so that the impedance of the
polarizing branch is esseotially ¢ +i0. If there is any
appreciable dc leakage cument in the capacitor, the
applied emf muse be reduced by the Edrop in r (measured
by an ammeter in the polarizing path) to give the actual
potential on the capacitor.

If C and R are the series parameters of the test

capacitor, {scalar impedance = Z), the measured com-
ponents of its paralle] combination with 1 are:

=1 . |
X, = = {35)
x R 2? 2R
well + 5 +53) wch + 3
2 2
R(1+§m> R(I“*g%)
Rx* Rr = Rr (36}
p+ 2R 4 22 1 + 28
T 4 r

The third members of these equations are valid approxis
maticns if we make r large enough so that Ziis negli-
gible compared with 12, To evaluate the small correction

19
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term in the denominator of equation (35) we will assume
the less extreme inequality that the square of Z is negli-
gible compared with the product Rr in equation (36) and
obtain equation (33) as in paragraph 5.3. Finally, sub-
stiture equation {33} into equation (35) to give the polar-
ized value of capacitance:

- (31)

The dissipation factor of this polarized capacitor will
be approximately R _/X,.

Since a dc active network iz being measured, use
the procedure outlired in paragraph 5.2 and use only the
three impedance positions of the measurement switch.

5.5 MEASUREMENT OF UNGROUNDED UNKNOWNS.
551 GENERAL. A

neithet terminal grounded constitutes a delta network
composed of the direct impedance Z, (or a direct ad-
mittance, Yd} between its terminals plus the pground ca-
pacitances C_, and C_, between its terminals and
ground (see Figure 5-B). If these two ground capaci-
tances are equal in value, this delta network is des-
cribed as a balanced impedance or admittance. If C_,
is not equal to C_,, the network is unbalanced to 2 de-
gree determined by the ratio of the two ground capaci-
tances and the terminal having the larger ground ca-
pacitance is designated as the low terminal, while the

two-terminal impedance with

other terminal is the high terminal.

When ouve terminal of the impedance s directly
grounded {usually the low terminal), the delta network
ne longer exists, since Csi is short-circuited, and we
have the direct Z5 or Yy in parallel with the ground
capacitance, Cs 4» of the high rerminal (see Figure 3-9).
The unknown can then be measured as a grounded ele-
ment as outlined in Section 2,

By suitable arrangement of the DETECTOR ter-
minals on the bridge panel, it is alsc possible to meas-
ure the impedance or admittance of either the direct ele-
ment with both ground capacitances effectively removed,
or the unknown as a delta network, balanced or unbal-
anced, which consists of its direct valve, Z; or Y,
paralleled by the series combination of its two ground
capacitances (see Figure 3-8). This triple choice is a
valuable feature which is not available in many imped-
ance bridges. ’

20

IF Cgi > Cg2

Figure 5-8.
Delta network of nongrounded two-terminal element.

Figure 5-9. Grounded two-terminal element,

5.5.2 MEASUREMENT OF THE DIRECT VALUE OF
THE UNKNOWN. If C_, differs appreciably from C,,,
connect the low terminal of the unkmown to the LOW
bridge terminal, and the ground terminal, if existent, to

“the bridge chassis, Strap the red DETECTOR terminal

to the adjacent ground post (see Figure 5-10), Connedt
the null detector to the two insulated terminals with its
high input to the black terminal. Neither terminal of the
unknown is now directly prounded, and:

a. The larger of the two ground capacitances,
Cs |» i Aow across the detector where it has no effect
upon the balance of the bridge.

b. In an admittance measurement, the smaller ca-
pacitance, C_ ., augments the fixed bridge capacitor
(C, =0.1 uf) by a small amount which, in most cases,
is quite negligible. {(Refer to paragraph 4.5 for correc-
tions, if necessary.}

c. In an impedance measurement, the smaller ca-
pacitance, C_,, constitutes an additicnal arm of the
bridge from the high side of the unknown te vertex T.
For small values of C_,, the error introduced is usually
negligible,

Nete that only the direct value, 2, is in the P
arm of the bridge for impedance measurements and only
the direct value of Y, is in the A arm for admirrance
measurements.

5.5.3 MEASUREMENT OF THE BALANCED OR UN-
BALANCED DELTA YALUE OF THE UNKNOWN. For
this measurement, neither of the insulated DETECTOR
terminals of the bridge is strapped to the ground rermi-
nal; in fact, the entire bridge network is floating above
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LOW pET TYPE S78-A
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Figure 5-11. Measwrement of the delia vasues of

Figure 5-10. HMeasusrement of the divect vailres, Zy and ¥, balanced or wibalanced.

Zd &nd ng

ground {see Figure 5:11). The detector mizst be con- [TDET ) YPRALANGED
nected o the bridge through an external shielded trace- Ly

i i + SHELDEDLEAD OF
%’o:ma:; {General Radio Typt? 578 or equivalent) as shown !""”’Rr-:oemw LEAD of
in Figure $-12. The low side of the detector itself can i :
be grounded. Note that the complete delta network of BN 3 EA00T
the ucknown now exists in the P arm for impedaoce w“LM“,
measurements and in the & arm for admittance measure- st TYEE S76-A
ents R | TRANSFORMER

“
GO0T+  #sH

D LEADS OF MINIMUI LENGTH
RED

Figure 5-12. Use of double-shiclded detecior ~—GEY TERMINALS OF TYPE 503-4
ax

transformer in medsuring della network of
nongrownded element. y
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secrion 6

SERVICE AND

6.1 WARRANTY.

We warrant that each new instrument sold by us
is free from defects in material and workmanship and
that properly used it will perform in full accordance wich
applicable specifications for a period of two years after
original shipment. Any instrument or component that is
feund within the two-yeat period not to meet these
standards after examination by our factory, district
affice, or autherized repait agency personnel will be re-
paired or, at our option, replaced without charge, except
for tubes or barteries that have given normal service.

6.2 SERVICE

The two-yeat wamanty stated above attests che
quality of materials and workmanship in our products.
When difficulties do occur, our service engineers will
assist in any way possible. If the difficulty cannot be
eliminated by use of the following service instructions,
please write or phene our Service Department (see rear
cover), giving full information of the trouble and of steps
taken to remedy it. Be sure to mention the serial and
type numbers of the instrument.

Before rerurning an instrument to General Radio
for service, please write to our Service Department or
aearest district office, requesting a Returned Material
Tag. Use of this tag will ensure proper handling and
identification. For instruments not covered by the
wateanty, a purchase order should be forwarded to avoid
unnecessary delay.

6.3 CLEANING OF CONTROL RHEOSTATS.

If the Type 1603-A Z7-Y Bridge is idle for an ex-
tended period, a small amount of sfudge may form on the
contact surface of the resistance windings of the four
control rheostats. This will produce an zlectrical noise
when the controls are manipulated, which is indicated
by a scratchy noise when an earphone detector i used,
or by erratic behavior of a visual null detector. This
condition makes precise balancing annoyingly difficule

22
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although it usually does not invalidate dial readings
once balance is established.

To semedy this situation, rotate the controls back
and forth several times over their full ranges. Aveid
slamming dials against their mechanical stops. i the
condition persists, remove the bridge from the cabinet
and clean the bearing surfaces of the rhecstar cards
with a clean lint-free cloth, preferably moistened with
alecho! or a half-alechol, half-ether mixture, DO NOT
use water, gascline, or saliva. DO NOT use any ab-
rasive and DO NOT apply any lubricant.

The two main controls are readily accessible for
cleaning. When cleaning, use extreme care pot to disturb
the tension of the rheostat arm or its sewting on the
theostat shaft.

To clean either of the & controls, it is pecessary
to disassemble the rheostat and to recalibrate 2 specific
teference point on the scale. Proceed as follows:

a. Notice the amount of clearance existing be-
tween the front sutface of the dial and the under surface
of the transparent indicator. It will not be necessary to
distueb the indicator to remove the dial. When reas-
sembling, make sure that the dial is replaced with the”
same clearance.

b. lLoosen the two setscrews that fasten the dial
to the shaft. Do not disturb the collar on the rear endof
the shafe.

¢. A red flexible wire leads from the terminal on
the rear of the rheostat. Unsolder this wire at the end
away from the rheoscar.

d. Remove the single screw
tact terminal on the rear of the theostat,

e. Withdraw the cap portion of the rheostat and
remove the dial and friction washers from the shafr.
Clean the bearing sutface of the winding as directed

opposite the con-

above.

£. Rotate the shafr to alipn the contact brush on
the radius with the hole. Replace the rheostar cap and
simultaneously intreduce the front end of the shaft into
the friction washers and dial bushing.

g- Rotate the cap so that its rotary contact termi-
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nzl bisects the small angle beoween the two terminals
o the base of the rheostat. Replace and righten the
single screw.

b, Connect one unknown terminal of a Wheatstone
Bridge to the red wire and the other unknown terminal
te the wire that runs directly to the base terminal of the
rheosrat (nearer o the top of the bridge). Rotate the
shaft by means of the extéroal rear collar, and, inde-
pendently, rotate the dial on the shaft uotil, with a dial
reading of 120, the measured resistance is:

for the HX OR 4G control: 18,400 ohms 420 ohms

{one wire turn}
for the &R GR OB control: 23.0 ohms 0.2 obms
{one wire tura)

1. Tiglten the two dial set screws to restore the
clearance noted in step a between the dial and us in-
dirator,

j. Recheck
reading of 120, and, if satisfactory, resolder the red
WErE.

the resistance value for a scale

4.4 PRELIMINARY TROUBLE.SHDOTING

The apparent failure of the bridge 1o functien
properly may be due to sources ourside the bridge.
initial balance cannot be chtained:

a. Check that the penecator is actually applying
an ac voltage to the GENERATOR terminals,

b, Check that the null derector responds with
sufficient sensitivity and is not overloaded.

c. Determine whether the unkoown is open«or
short-cireuited, as follows:

{1} Measure the unknown with reversed opera-
tion using the 2 controls (refer to paragraph 2.7).

{23 If identiexl initial and final £, balances
are obtained, the unknown is eszentially 2 shorr circuir,
and 7., =0 +j0.

{3} M identical inicial and final ¥ balances
are obtained, che unknown is essentially an opes cireuit,
and ¥ =0 ¢j0.

6.5 [SOLATION OF DEFECTIVE COMPORENY

Suspicion of defective components in the bridge
petwork or faulty swirching ean often be verified from
the fellowing I-kc measurements with a vacuum-tebe
voltmeter. Table 3 gives the ratio of the l-ke woltage
scross each bridge arm to the voliage across the gener-
ator diagenal Q8 when the conusls are adjusted o give
either a normal of a reversed initial balance. The last
two columns indicate how these voltages vary as the
main contrel disls are gpiven a right-band rotadion {re-
versed initisl balapee}. The last line gives the ratio of
the diagonal voltage Q8 to the generator voltage.

TABLE 3
Bridge Arms® 0l kel ke [10ke] XORG | HORB
ST/7QS .54 10.6310,94 | Increase | Decrease
SV/08 0.54 [1.63]10.94 | Decrease | locrease
- VI8 0.75 |0.4010.008 | Decrease | Decrease
QT/Q8 0.7% {0.40]0.068 | Decrease | Decrease
Qﬁfﬁgﬁn 4.18 10.24 0.25 | Decrease | Decrease

*The four vertices of the bridge can be identified as
follows:

a. Vertex Q is the common connection of the four
capacitors CI, €2, €3, and €4,

b. Vertex T is the lead cownecting the front
terminals of R11 and C2.

¢. Vertex S is a commen conpection of the three

resistors K9, R1D, and R11,
d. Vertex V is ancher terminal 6.

23



GR 1603A Z-Y Bridge (28) 0001.djvu

Rs i . : i g A T l
(HIDDEN) |} sy B AT,

RO

012 (HIDDEN)
Ci4 (HIDDEN)

Figure 6-1, Fewur interior view of the Type 1603-4 £-Y lridpe.
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Figure 6-2. Top interior view of the Type 1603-A Z-Y Bridge,
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GR 1603A Z

DESCRIPTIOR
CAPACITORS
Ci Plastic, (0.100uF 1.25%, 100V
C2 Plastic, 0,100uF *.25%, 100V
C3 Plastic, 0.1576pF 1%, 100V
C4 Plastic, 1-733pF 19, 50V
c5 Plastic, 1-733pF 1%, 50V
(] Plastic, 0.7090uF 1%, 100V
c7 Plastic, (L70%F £1%, 100V
C8 Mica, 200pF 5%
co Mica, 240pF 5%
Cl¢ Mica, PBUpF 5%
i1 Mica, 1300pF $5%
ciz Mica, 15pF 2109
Cl3 ' Mica, 130pF 5%
Cl4 Trimmer, L.5-7pF
C15 Trimmer, 7-45pF
Cl1o Miea, 1000pY 5%
C17  Mica, 240pF #5%
[#3¢5 Trirmmer, 3-20pF
cle Micz, 6Z0pF 5%
RESISTORS
R1 Poteptiometer, 1508 p5%
R2 Potentiorneter, 2,11 to 2.14K8
73 Resistance strip, 1.055KQ 20,19
R4 Potentiometer, 20K £59
RS Porentiometer, 20K £59
) Potentiometer, 160,18 $0.05%
R7 Resistance strip, 6KQ #0.1%
R Resistance strip, 317.50 :0.05%
RS Resistance strip, 53.460 $0,1%
R1¢ Resistance strip, 698,15 20.1%
R11 Resistance strip, 6,283K8 t0.1%
TRANSFORMERS
TI
SWITCHES
51 Rotary wafer
52 Ratary wafer
BINDING POSTS
11 BNC Type
]z BNC Type
i3 BNC Type
14 BNCG Type
L] BNC Type
J6 BNC Type
17 BNC Fype

-Y Bridge (30) 0001.djwvu

PARTS LIST

PART NQ,

4860-3200
U505-4760
4860-5300
4860-4900
G505-4780
4860 -5000
U5G5-4770
4860-1900
4860-2000
46802900
4740-0100
46600500
4680-1600
49100300
4910-C10G
46843200
4686-2000
4910-0400
4680-2700

0973-4020
0433 -4040
0510-3750
0973-4070
0433 -4050
15030260
0510-3770
0510-3780
0510-3790
05103800
0510-3810

0378-9701

78900972
TRUG-0960

4060-0100
4060-0100
4060-0100
4063-1800
4060-0100
406G-0100
4060-1800

FMC MFG. PART RO,

24655
24655
24635
24633
24855
24655
24635
81349
81349
§1349

76433
81349
72982
72982
81349
81349

81349

#4653
24655
24655
24635
245655
24635
24653
24655
24635
246533
24655

24655

24655
24655

24655
24635
24653
24655
24653
24653
24653

4860-5200
0505-4760
4860-5300
4860-4900
0505-4780
48605000
0505-4770
CMZ0D201]
CM20D241]
CM20D751]

CM20B130K
CM20D131]
TS2ANPC, 1.5pF
TS2AN200, 7-45pF
CM2Z0D182)
CM20D241]

CM20D621]

Q873 -4nG
(433 -4040
O316-3750
(973 -4070
0433-4050G
1603 -0260
0810-3770
0510-3780
0510-3790
031G-3800
0510-3810

0578-9701

TRIO-0972
7EY0-G960

4060-0100
4000-0100
4060-0100
4060-1800
40600100
4060-0100
4360-0100

FSN

5%10-101-4714

§910-227-0814

5910-950-1224
3913-799-9275

8%i0-101-4714

5940-626-9922

5940-272-1454
5940-626-9922
35406269922
5940-272-146¢
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DESCRIPTION

Parch Cord

Patch Cord

Patch Cord

Patch Corg

Foot

Dial Asm. Inductive Reactance
Knob - Inner contyol
Knob - Cuter cortrol

Dial Asm ~ Resistance
Knob = Inner contyol
Kaob - Outer control

Pial + Knob Asm-Initial Balance
AX to &G

Dial + Knob Asm ~ Initial Balance
AR to AB

Feel « Quantity of 8

Handle

Indicators - 4

Knab - Frequency for Direct Reading

Knob ~ Initial Balance

FART MO,

0274-9880
0874-94

0274-9880
0874-9692
5250-0200
1603-0340
55203500
55202100
16030350
55203500
5520-2100

1603-0360

1603-0370

5260-1100
$360-0500
54 70-0900
550G-1100

§5500-1100

FMC MFG, PART HO.

24655

24655
24655
24655
24655
24658
24653
24655
24638
24655

24635

24655

24655

24655

24655
24655

24655

0274-9880

0274-9880
0874-9692
$250-0200
1603-0340
5520-3500
3522100
1603-0350
5520-3500
55202100

1603-0360
1603-0370

5260-1160
§360-0500
5470-0900
5500-1100

55001100

FSR

5355-954-7040

5355~954-7040

6£625-351-1408
5355-912-0009
$355-912-0009
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Cods

[
o019
o654
1009
21
01298
02114

piki
02660
02768

£3508

03636
(3868
03911
04009

04713
05170

05624
05820
onaz

07261
07163

07387
07595

07828
47839
9MNG
07983
07998

08730
09214
9408
4821
0922
{3236
11599
134598

12672

12697
12954
13327
14433
14635
14874
14936
15238

15605
16037
15644
1970
2E335
4446
24454
24455
24655
26806
28520
28659
30874
FEXN
3929

37942
38443
404931
42150
42498
43991

49671
49956

S/68
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FEDERAL MANUFACTURERS CODE

(Hems 4 Cadel awd HA D {Cade % Hamel =2 swppl sicontad Sunegh Jyne, 1967,

Henulocturery Npme ond Addrass

Jones Mig. Co,, Chicago, Hiinois

Walsco Efectranica Corp., Los Angeles, Calit.
Aeravox Corp,, New Bediord, Maas.

Aklen Products Co,, Breckion, Mass.
Alten-Bradsey, Co., Milwaker, Wisc,

TFexas Ingryymonts, Inc., Dallas, Texas
Fertoxcube {orp. of America,

Saugertles, N. Y. 12477
Fenwal Lab. Inc., Morton Grove, 1il.
Amphenol Electronica Corp., Hroadview, HIL
Fastex Divisjon of 1. Tool Works,

Des Flaines, Hi. 600i6
T. E. Semlconductor Produces Dept.,

Syracuse, N, ¥, }3201
Grayburne, Yonkers, N, ¥V, 134}

Pyrofitm Resistor Co., Cedar Xnolls, N .
Clalrex Corp., New York, N. Y. 10001
Atrzow, Hart and Hegeman Eleciric Co.,

Hartford, Conn. 06106
Motorota Semi-Conduct Product,

Fhoenix, Ariz. 83008
Englneered Electronles Co., Inc.,

Santa Ans, Calif, 92702
Barber-Cotrnan Co., Ruckiord, 3L 61101
Wakefield Eng., Inc., Wakefield, Mags. 01880
£agle Signai Div. of E. W, Bliss Co.,

Baraboo, Wisc,

Avnet Corp., Culver Clty, Cailf, 90230
Fairchiid Camera and Instrument Corp,

Mounraln View, Caili.
Sirtcher Corp., No. Los Angeles, Calif.
American Semiconductor Corp., Arlington

Heights, Ti. 60604
Badine Corp.. Bridgeport. Tonn, 06605
Bedine Etectric Co., Chicago, Ul 60618
Continental Device Corg., Hawthorne, Calif,
State Labs fne., N Y., N Y, 10003
Amphens] Corp., Bozyg Inst. Div.,

Delavan, Wisc. 53115
Vemaline Prod. Co., Franklin Lakes, N. 1.
Cenerat Eiecrric Semiconducter, Buffalo, N, ¥,
Star-Tronics Inc., Georgetown, Mass, 01836
Burgess Battery Co., Freeport, 1.

Buerndy Corp., Norwaik, Conn. 0AB%Z
C.BS, of Berne, Inc., Becne, Ind, 46711
Chandler Evans Corp., W. Hartford, Conn.
Teledyn int., Crystalonics Div.,

Tambridge, Mass. U2140
RCA Commereial Receiviog Tube and Sems-

conductor Div., Woodeidge, N.J.
Clarostat Mtg, Co. Inc,, Dover, N, H. UIEE
tacksan Electronics Corp., Scotesdale, Ariz.
Sclitron Devices, Tappan. N Y. 10982
EFT Semicondudtors. W, Paim Beach, Florida
Comell Dubilier Eleceric Co., Newark N. ).
Corning Glass Works, Corning, M. Y.
Generzl Instrument Corp., Hicksville, N Y,
ITY, Semiconducror Div. of . T. ard T,

Lawpemee, Mass.
Cutlee-Hammer Inc., Milwaukee, Wisc, 53213
Spruce Pine Mica Co., Spruce Pine, N, €,
LR(C Electronics, Horseheads, New York
Electra Mig. Con, Independence, Kansas 67301
Faluir Beaving Co,, New Briten, Conn,

G. E. Schenectady, N, Y. 12305

G. E.. Biectronic Comp., Syracuse. N, ¥,

L. E. fLamp Div), Neta Park, Cleveland, Ghia
Lenaral Radio Co., W, Concord, Mass 1788
American Zettber Inc., Costa Mesa, Calif.
Hayman Mig. Co., Kenilworth, K, |

Hoffman Electronics Cortp., B! Monte, Calif.
Imernatioral Business Machines, Armonk, .Y,
Jensen Mig. Co., Chicago, Hl. 60638

Constanta Co, of Canada Limited,

Montreal 19, Quebec
P, R. Matlory and Co, Inc,, Indiapapolis, Ind,
Marlin-Rockwell Corp., Jamestown, M. Y.
Honeywedl Inc., Minnecapolis, Minn. 55408
Muter Co., Chicaga, 31i. 60638
Natiomal Co, Ing., Melrose, Mass. §2176
Norma-Hoffman Bearings Corp.,

Stanford, Cons. DER04
RCA, Now York, M. ¥.

Raytheon Mig. Co., Waltham, Mass. $2154

Codu

s30H
54294
S4715
56289
HOII
59875
60399
£1637
£1864
63060

61743
65083
65092

0488

0563
T0N03
126
71294
T

71550
7iptd
ki bird
TE744
FLIBS

71823
2134
Ti239
261¥
72655

IS
73825
Fi562
72082
pARRT]
73445
7355%
73650
73899
741%3
74861
14970
75042
73382
75491
gaice ]
3918
76005
149
76887
TFER43
Yees4
T84
747
TI166
77263
77339
77342
T

77038
78189

ke
T8488
785353
79089

7908
9963
BO030

80048

ADL3E
B183
BDZLE
80258
80294

Morvlacryrers Home ond Addrass

Sangamo Electrin Co., Springfteld, I, 62708
Shaitcross Mig. Co., Sedma, N, O,
Stuire Brothers, Inc., Evanston, Hi.
Sprague Rlectric Co., M. Adams, Mass,
Thomas and Berrs Co., Elizabeth, N. [, 07207
TRW Inc. (A tes Div}, Cleveland, Ohio
Toryington Mig. Co., Torringion, Cono.
Unlon Carbide Carp., New York, N. Y. 10017
Usited+Carr Fastener Corp., Boston, Mass.
Victoreen Instruinent Co,, Inc.,
Cleveland, Ohio
Ward Leosard Blectric Co., Mt. Yernon, N, ¥
Westinghouse (Lamg Div), Bloemfleld, N, |
Weston Instruments, Weston-Newark,
Newark, N. I
Azlantic-tadia Rubber Works, Inc.,
Chicago, Hi. 60607
Amgperite Co., Unien Clty, N, }, 87087
Belden Mig. Co., Ohitage, 1, 60644
Brosson, Homer D., Co., Beacon Falls, Conn,
Cantleid, B, O, Co., Clifton Forge, Va. 24422
Busaman Mig, Div. of McGraw Edison Co.,
. Louls, Mo,
Cenrralab, Inc., Milwaukee, Wisc, 53212
Corainenzal Carben Co,, Int., New York, M. Y.
Coto Cell Co, Ine., Providence, R, L
Chicago Miniature Lamp Works, Chicago, 1L
Cinth Mig. Co. and Howard B. jones {tv.,
Chicage, HI. 80624
Darnett Corp., Ltd., Dovmey, Cattf. 90241
Llectro Motive Mig. Co., Willmington, Comn,
Mytronics Ine,, Berkeley Helghts, M. L 07922
Dialight Co,, Brookiva, W, Y. 11237
General Instrument Coyp., Capaciter Div.,
Newark, N. 1. D7t04
Drakz Mig. Co., Chicago, 11l 60656
Hugh H. Eby, Inc., Philadelphia, Penn. 19144
Elastic Srop Rut Corp,, Unlon, M, J. 07083
Erie Technological Products Inc., Evie, Potin,
Beckman, Inc,, Fullerton, Calif, 92634
Amperex Electyonics Co., Hicksville, N, Y,
Carling Electric Co., W. Hagstlard, Corn.
Efco Resistor Co., New Yore, N. Y.
1. F. . Etectronics Corp., Srockiyn, N. ¥.
Hetnemann Electric Co., Trentos, M. 1.
Industrial Condenser Corp., Chicago, il
£. F. whnsor Co., Waseca, Minn, 36093
IRC Inc., Philadeiphia, Penn. 19158
Kulka Eiecrrie Corp., Mt. Vernon, N. Y.
Lafayetie Industris} Electronics Jamskca, MY,
Linden and Co., Providence, B L.
Littcluse, Inc., Des Plaines, 115, 60016
Lord Mig. Co., Erie, Penn. 18512
Malloy Eleciric Corp., Detroir, Mick, 48204
Jammes Milien Mfg. Co., Malden Mass. 0248
Mueller Electric Co., Cleveiand, Uhlo 44114
National Tube Ca., Pitshurg, Penn,
Ouk Mfg. Co., Crystal Lake. L.
Patton MacCuyer Co., Pravidence, B. 1.
Pasg-Seymour, Syracuse, N, Y.
figree Robeits Rubber Co., Trenton, N |
Positive Lockwasher Co., Newark . N, L
Ray-O-Vac Co., Madisen, Wisc,
TREW, Electronic Component Div.,
Camden, M. §. 88163
Geneval Instruments Corp., Brooklyn, N, Y,
Shakeproof Div. of . Toe) Works,
Eigin, T, 60230
Sigma Instruments Inc., 8. Brainrree, Mass,
Stackpote Carbon Co., 51, Marys, Penn.
Finnerman Products, Inc,, Cleyveland, Ohdo
RCA, Commercial Receiving Tube and Sewi~
vonductor Div., Harrison, N, f.
Wiremotd Co., Hargford, Conn. 06110
Zierick Mlg, Ca., New Rochetle, M. Y.
Prestole Fasteser Div. Bishop and Babeack
Cerp,, Toledo, Ohln
Vickers Inc, Blectric Frod. Div.,
St Louis, Mo.
Electronic Industries Assoc., Washington, £.C.
Sprague Products Co., N Adams, Mass,
Motorola Enc., Frankln Fark, Hi, 60135
Standard 08} Co., Lateyerte, Ind,
Bourna Inc., Riverside, Catll. 92506

Coda
B33

80431
BOSE3
BGT40
BLOT3
81343
BEMY
BEa50
£1751
81831
186G

82218

82273
82389
B2647
82807
83058
BI186

331461
B3587
83740
84411
84838

84921

- BESTF

BoGBd
AR

BEE40
8521%
88419

RRGAT
B9482
89663
an20t
hatri b
90952
G032
GEE4D
25293
Y1598
9E637
91662
BETEY
giyvey
vI519

676
w3132

939:h
Yelas
G4154
25076
93140
95238
95275
95354
95412
95744

86095
862le
$6256

Se34k
56791
96900
97965

95291
98821
Erel b
9538
99B{0

Fonylocirers Nome ond Address

Meissner Mig., Div, of Maguire Industries, Inc,
Mount Carmel, Blinois
Air Filter Corp., Milwaukes, Wisc, 53213
Hammarlung Co. Ine., New York, N, Y.
Beckman Instruments. Inc.. Fublerton, Calif.
Grayhuti Inc., LaGrange, H1. 60525
Isolantite Mig. Corp.. Stirling, N. }. 0798
Milirary Specifications
laint Army-Navy Specifications
Cofumbus Electronics Corp., Yonkers, N. ¥,
Filron Co., Plushing, L. N Y
fiarry Controls Div. of Barry Welght Coep.,
Watertoum, Mass,
Sylvanis Electric Products, Inc., (Electronic
Tube (Hv.}, Emporium, Pean,
Indianz Pattern ang Model Works, LsPost, bnd.
Swieheraft Inc., Chicago, 11, 60630
Metals and Cemtrols Inc., Attleboro, Mase.
Mitwackee Resistor Co,, Milwaukee, Wisc,
Carr Fastener Co., Cambridge, Mass,
Victory Engineering Corp QVECO)
Springfteld, N, 1. 07081
Bearing Spectaity Co., San Francisco, Calif.
Solay Electric Corp,, Warren, Pens,
Urnidon Carbide Corp., New York, N, ¥, 10017
TRW Capacitor Div., Ogailala, Nebr.
Lehigh Meca? Products Corp.,
Cumbridge, Mass. 02140
FA Mfg. Corp., Las Angeles, Caiit,
Precision Metal Products of Malden Inc.,
Sronreharn, Mass, 02180
RCA (Electrical Component and Devices)
Harrisom, N. }.
Continental Electronics Corgp,
Brooklva, N.Y, 11222
Cutler-Hammer lac., Lincoin, I,
Could Nat, Batterles Inc,, Trenton, K. |
Cornell Dubillec Electric Corp.,
Fuquay-¥arina, N, C.
¥ and © Mig, Co., New York, N, Y.
Holtzer Cabot Corp., Boston, Masa.
United Transformer Co., Chicago, il
Malory Capscitor Co., Indignapotis, Ind,
Westinghouse Elestric Corp., Boston, Mags.
Hardware Products Co., Reading, Fenn. 1
Continenzal Wire Corp., York, fenn. 17408
ITT Cannes Eleciric Inc,. Salem, Mass.
Johanson Még. Co.. Boonton, N. | {7005
Chandier Co., Wethersfield, Conn. 06109
Dzle Etectronics Inc., Columbug, dNeby.
Elco Corp,, Willew Grove, Penn,
Geacral Instrumenzs, Inc., Dailas, Fexas
Honeyweli tnc., Freeport. {5,
Electra Ingulation Corp., Woodside,
Long Island, N, Y.
Edgerton, Germeshausen and Goier,
Boston, Mass.
Sylvania Electric Froducss, Ine.,
Wabumn, Mass.
Tramer Products Co., New York, N Y. 100i3
Raytheon Ca. Components Div., Quincy, Masa,
Tung S0l Electric inc., Newark, N, |,
Tarde Mig. Co.. Cumberland, R, T,
Alce Elecrraniex Mig, Co., Lawrence, Masy.
Conginenta) Conpector Corp., Woodsjge, M. Y.
Vitramen, Ine., Bridgeport, Cona,
Methode Mfg. Co., Cricage, I
General Electric Co., Schenectady, M. ¥,
Ansconda Amertcan Brass Ce..
Torringion, Conn.
H:-() Div. of Aeravex Corp., Orbesn, Mo Y.
Texax Instruments Inc., Dallas, Texas 75209
Thordarson-Meissner Div. of McGutre,
Me. Carmef, 3,
Microwsve Associates Enc., Burlingron, Maws.
Amphenoe Corp. Jonesvilie, Wisc, 53545
Military Srandards
CHS Electronics Div. of Columbls Broadesst«
ing Systems, Dasvers, Mass,
Sealectrs Corp., Memaroneck. N, ¥, 10544
Morth Hills Eiectronics inc., Glen Cove, N ¥,
Fransitron Electronics Corp., Melrose, Mass.
Atlee Corp., Winchester, Mass. Q1890
Delevan Electrenics Carp., E. Aurora, N. Y.



GR 1603A Z-Y Bridge (33) 0001.djvu

NEAMDEr reTers o me xection. Phe section neqresd
the panel is 1, the next section bhock is 2, etc, Tha
next two digits refer 1o the contoct, Cantact OT s
the firat position clockwise from o strut serew {usu.
olly, the screw obove the locating key), and the other
contocts are numbered sequenticlly (82, 04, 84, ete),
procending clockwise arcund the section. & suffix F
or B indicates thot the contect is on the fromt or rear
- of the ksction, respectively.

i ®)

LNKNOWN

v#Q)

LOwW

3.

&OTE
FESISTANCE /% OHMS URLESS ?‘;‘
OIMHERWISE SPECIFIED
&2 IQ00 ONMS
CRPALITANCE IN M CROFARRDS
UNLESS OTHERWISE SPECIFIED

O PANEL CONTROLLED CUMPONENT
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ot dog
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B 20pp¥

CPERATING FREQUENCY
0.020 kHz to 20kH;

REMOVABLE { %ﬁ 2
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£2
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,%’ Her °°
ot o aglOff
1o0rF .
¢ &

Figure 6.3, Schematic diagram.
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TERMINALS OFER FOS e @ \/ﬁ
fd
. v

& MEASUREMENTS

¥ TERMINGS BRIDGED FOR Y MEASUREMENTS

Figura 64, Blpmentory schematic dlagrom of the Type 16034 2. Brides,
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BRIDGE INPUT IMPEDANCE AT IMITIAL BALANCE,  The varation of
the input impedance which exisrs at initial balance acrogs the vertices Q
and S of the bridge, as fs and f are varied, is shown in the following table.

£y £ Zog

Olkc| 0.1 ke | 4175189
.1 ke I ke 75184
Glke| 10ke 60-38.7

Thke | ©.1 ke | 1OBO-§53
I ke Lke | B20-j330
ke | 10ke | 410-j85

10 ke | 0.1 ke | 6730-j194
10ke | 1ke f6150-j1750
Wke | 10 ke | 1410-j1590
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APPENDIX 1

Construction Method to

Y, to Z, lor

X

Admirtance values can readily be converted 1o im-
pedance values (and vice wversa} by & simple construc~
tion method L. This procedure is especially helpful whea
the final measurement results are to be plotted rather
than tebularized.

To convert admittance to impedance;

1. Compute I{}‘&;"Gx and -I§’Sf3: (G, and B in
hos), and mark these points on the Z plane {see
Figure A-1}.

2. Draw the line between these two points.

3. With a squsre {or & construction) find the per-
pendicular from this line through the origin.

4, The intersection of the perpendicular and the
lite is 2.

To convert Z_to Y, compute iﬂéf’Rx and mié}éﬁixg
plot these points on the Y plase, and proceed with the
constroction described above.

2&@’, Boehne, “The Graghical Selution of Linear Networks™, AIEE
paper, Geoeeal Meoting, Fall, 1962

Z

X

e

Convert

to Yx)

CORSTRUCTION YO GET I,

Frow 2% anp- 190
By E

[
-

4
i

N - 3 IR
R

______ d
LMY e‘ﬂ‘“‘j
2 BsDGE

Figure A1

Construction for converting admittance components %o

impedance componenis,

29
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APPENDIX 2

Transfer

The following eguations can be used to convery
impedaoce components to admittance components and
vice versa:

Z {inohmsjo ¥ (in jerhos)

6 6
. — szxm ?‘ (38)
2
RI+x 2z,
i0bx. ~go®
WYY X
) 2 Xz ) Zx 29
RZ + X, Z,

Y, {in pmhos} te 2 {in chms)

5 &
VG WG
. . - x (40
* g2+82 y2
% x %
PN B
it VB
. £ . = (413
2 2 2
{;X + 83& Yx

The storage factor, Q_, the tangent of the phase sngle
8_ by which the applied volrage leads the input current,
can be compuzed by:

30

Equations

“42)

The dissipation facter, the cotangent of the same angle,
vat be computed by:

43

The power factor, the cosine of the same angle, can be
computed by:

R G
PF_ =cosf, == ===
£ Y

X
"X X

(44)

The parallel resistance and tescwance, R and X,
can be computed by: )

G 2
L o 2
Rep = T R (1 + Q.9 {45}
X X
—an® 2
0¥ Z
_ 2
Xxpx - x"; =X (1 + D5 {46}
x
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APPENDIX 3

YOLTAGES ACROSS THE UNKHNOWN AT FINAL BALANCE,

An approximation to the voltages existing across the unknown after the
final balance has been mads may be computed from the following equations,
in which E {(geserator) must be limited to a maximem valve sripulated in para-
graph 2.1,

8. When the unknown is measured as an impedance, Zy

v
E (Unkmown) _ * (47
E {Generator) 3 1.9
Q\ELEE x Y+ {Xx - g;:’z:}
b, When the unknown 1s measured as an adminance, Yx:
G
E (Usknown} _ b “48)

E (Generator) 007 (@C, + 8, x 10707

In these squations @ is in radiaos per secend and the numeries C, m, Gy, and
Cs* in rerms of the setting of the selector switch, have the following values:

SBelector Swirch c

Setring " b Ca

x 0.1 87.7x 1677 | 329x 0% l1sozx10d | 1741 x 1079
x LO 41.7x 107 | 1455 x 1076 | 15.92x 107 | 175.8x 1079
x 10 6.68x 1077 | 5.67x 107 | 1302x10% | 1818 %167

These equations assumwe that the voliage across the bridge vertices Q
amcl 8 is one fourth of the generator voliage. Actually, EQﬁ may be somewhat

E
fess than “%__Ei‘é‘ due to transformer losses. If the exact value of the voltage

on the unknown is required, it sheuld be measured with a high-impedance
electronic voltmeter,

31





