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A PRECISE, GENERAL-PURPOSE 
IMPEDANCE BRIDGE 

f w y ar ao-o when w were 

con idering th redesign of the old, 

loping-pan 1 TYPE 650 Imp dance 

Bridg ,1 w had to decide whether to 

make a 1 bridge, like the 650, or a 

bridg of high r accuracy for modern 

prPci ion component cnerally, a r -

d ·igncd in run1 nt hould do all that 

it pr de or did, only be ter by 

t·1king advantao· of improved c m

ponents and techniqu . . W knew hat 

our pr ci i n component. could b u d 
with <'Onfide 1 c in an . J bridcre. A 
1 hrid<T , h w v r ha th a vantaO' 

1Rohert F. Field, "Th1> onvenil'nt :\1 n urement of 
C', R, and L," Gen rnl Rnrl·io Exp rimenlcr, 7, 11 o' 12, 

j'lril-J.\lay, L933. 

that th main componen (C, R or L) 

an be pr n e on a incrl logarithmi 

dial, thu · providing a impl balance 

adj u ment for rapid mca urcment · .  

Thi wa . o important that ''"e d id d 

t mak two bridg . Th 'I�YPE 1650-A 

Imp d nee Bridcr 2 introduc d thre 

year.· ago ha.· a numb r of i1nportant 

improv m nt , but it r tained the 'ingle 

RL dial and 1 ba ic accura y. It wa · 

an immC'dia b , t 11 r. For tho.· who 

n � d oT at r a ura y we now introduce 

thC' pr I 10n imp clancP brido-C', th(' 

.1 TYPE 160 -

2IJcnry P. Hall, "A ;\few Tniv<>rsal lmpedanc Brid!!: ," 
G n ral Rnrlio Experimenter, 33, 3, March, 1 -9, 

Figure 1. Panel view of the Type 1608-A Impedance Bridge. 
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Fig u r e  2a. E l ementary $che m at i c s  of t h e  c apa cita n ce a n d c o nducta n c e  bri d g es. 

This n w , elf-co11tai1wd bridg y -

t n1 include. ::,;ix bridt;c- circuit.' for 

con: plctc pha8e ovC'rage of 1.h pa�s1v 

half of th im.p dance plan , a 1-kc 

o. ·cillator and ·clcctiv d 1. tor and 

thrc de pmn"r uppli for de re.-i.·i.ancc 

and condu ·tan· ineasurcrncnt . 'I'h 

inain design objc ·ti,re for this irn;ir l-
1nent, beside high a curac \Ya to a-et 
a . im.ply adjuste d and casil read 

balance an<l readout y. tc1n. The uni uc 

inain l alance s . ·tc1n u. cd i., almoRt a 
easy to balanc a ·  a simple 1 dial and 

cc'rt ain ly much easier o r ad. 

THE B R I DGE C I R CUITS 

Thc bridge circuits in the T 1'PE 
1 GO -A, FigurE' 2, are the familiar R ric 

and p ra.llel inductance and capacitanc 

�'riJgc · m;ed in the 'I YPE 1050 and si1ni
lar instrmnent . AL·o included are ac 

s('i·i s-resistan and parallel-c nduct

a1H'e 1'1·id ·e , both of "·hich hav phase 

rQ) adjusL!11 nt 11 f und in oth r 
h1·idgcR of thi · t. pe. The ·e circuit make 
po siblc a prccis a · balan e on an 

induct.in� or capacitiv r i. or and giv 

a n1 a ur of it. rcactan e� which i 

valuabl for predicting the fr quency 

chara t ri ·tic. 

The inclusion of these hvo bridge· i 

important for mor han ju. t inea. ure-

m nts on r i. tor , . ince they fill out 

the pa . ·iv half of h ompl x plane, 
a. . how11 1 n Fi o·ur 3. Th y mak 

po.·f:iibl h rn.ca ur ment of a ver 
lossy inductor or capacitor without · 

enou. ' . liding null inc the om-

pon n can bP n1ea. ur d a a r i. tor 
and the inductan r apacitance alcu

bkd fr01n th in asur d Q , nd R 
( r G) . • 'on1 bridg h ve "ide D or Q 

rana on th appropriate L or bri g 

to 111-a ur Lo ·. comp nent bu when 

he Q is be]o\,. 72 (D abov 2) th 

re. ·ulting tediou liding null m.ake. 

th m. ti.·-le for pra tical mea ur m n . 

rrh YP.., 1G50- I1npedanc Bridge 
u c th pat n -d RTHO LL®3 mech

ani n1, whi h gr a 1 xtcr d. th u eful 

range. T'hi device require.· a lobn.rith
mic RL adju ment, which would be 

imprac ical with the lin ar digital read

ou of th new ridg . AlthoLwh th 
u of the R and brido- do 

reqwr a alculation to o·et L or 

(L = RQ C = _9__) 
w wR 

th high a ura y of the Q reading 

(±2% ±0.0005) r ·ult in be ter 

L or a cura y at v ry low Q' han 

docs even he OR'rHON LL me hani. m . . 
3H. P. Hall, "Orthonull - A :\Tecbanical Device to 
Improve Bridge Balan<•f> onvt>rii; nee," General Radi<> Exp rimen/er, 33, 1. April, HJ>fl. 
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M A R C H, 1 9 6 2  

Rs Ls lp (/NO Q) o- 1.2 
(.LOW 0\ 

o. 5 - 5g} (HIGH 0\ I- oo__J 
SERIES RESISTANC!i SERIES /NOUCTANC!i PARALLEL INDUCTANCE 

RATIO RA ARM 

figure 2b. Elementary schematics of the resistance and inductance bridges. 

The brido-e ranges extend up to 1 100 
µf, llOOh, 1.11\/In and l.lU and down 
to 0.05pf, 0.05µh, 0. 05mn and 0.05nU 
(20kMfl) which is the maximum res

olution , corre ponding to on -half of 

the last digit. The L and C ranges are 

mor than adequate to cover any 

practical audio-frequency component, 

and tho combination of an R and a G 
bridge gives re istance coverage from 

0=50 
_./ 

........., 
D=0.02 

Figure 3. Phase coverage of the Type 1 608- A 
Impedance Bridge. 

0.05mn to 20kMn with the range from 
H2 to lMn covered on both bridges. 

These two bridges can be used for both 
ac and de mea urements. 

CONTROLS 

The Main Readout (C, G, R, or L.} 
An important design objective was a 

readout y tern that non-technical per

sonn 1 could r ad withou rror. Ev n 
the ino t experienced engineer oc asion
ally inake a ini t ak in int rpolating 

a scale or applying a multiplying fa tor, 

and in an important project one oc

casional mistake can be co tly. For 
r petitive produ tion ting th opera

tor may be skilled at reading scale , 
but f w can l eep thi up all day without 
a 1ni take. We f lt, her fore, that our 
cu tomers would value a simple digital 
display, ery si1nilar to an automobile 
odometer, but wi h decimal point and 

unit indi ·ated, a hown in detail in 
Figure 4. There are two obvious ways 

to drive su h an indi ator, ' hich, of 

ourse, mu t accurately track the preci

ion-rheo tat balance adjustm nt. One 
is to have a separate adjustment for 
each digit, a i done on a decad box . 
This reqUir fou r  knobs, with the 

resulting annoyan f adju ting all 

four to vary the et ing between 9999 

5 
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GENERAL RADIO EXPERIMENTER 

F i g ure 4. The d i gi ta l  
CRL r e ad o ut i n c ludes 
a uto m a ti c d e ci m al 
p o i n t  l o c ati o n  a nd i l
l u.mi n ated i n di c ati o n  
o f t h e u n i t s of 

m easur e m e nt. 

and 10000. The oth r m thod u one 

input drive, but o get from one end to 
he oth r, th op rator would hav to 

grind through all 10,000 po ition , 
which is tediou and time consuming. 

We compromi ed on wo control , a 
coar and a fin , a h adju ting wo 

digit. (th fir t actually go to 114). 

Ea h of the e eon trol can b wept 

through it range in le than one r v
olution. Therefor , during a balancing 

procedure \Yhen the operator comes to 
the end f the fin adju tm nt range, 

h coar ontrol i n1ov d one digi , 

and l than 1 revolution of the fin 
control \vill reset it to z ro. 

To facilitate furth r thi problem of 

transi ion bet" er he two adjustment , 
he v rni r al ext nd b ond 99 to 

106. Thi� ov rlap of th adju. tment i 

particularly u eful for pre i ion com
ponents, which ar u ually in integral 

values, so hat th final adjustment is 

vari d about a r ading ·uch a 9999 and 

0000. IIow r h econd dial (from 
the right) could not be label d 10 in 

this would give the quence 9999, 
99100, which would be mi. leadino-. 
Al o, a littl thought will how that a 
g n va-typ tran fer to "carry the 1 

would cau. onfu. ion inc the op rat.or 

would not know ' her he a on the 
fine adjustm nt. Ther for , we have 

adapted he convention of u ing X to 
r pre e1 10 i1 one digit. 'Ihe sequ nee 

now be om 9999, 99 0, 99Xl, etc., 
whi h m unu ual at fir t, but i 
ea y to ma ter. 

The "Centade" 

h coar e contr 1 of th n1ain r ad

ou t varie from 0 to 114 and e h digit 

m.ust represent a pr ei deten ted tep 
of re i tanc in the bridge circui . V'1 e 

ha v r f rr d to thi adj u tin n t a a 

"c ntade" ince i i imilar to a decade 

resi. tance box, but ha approximately 
100 fixed teps controlled by one knob. 
Th obviou (a1 d expen ive) way to do 

thi i. to put 114 pre i ion re i tor in 

ne on a d tent d v itch, whi h 

hould be a ·horting type to avoid 

di continuitie . The cheap way is to u e 
. even re i or in a binary sequence and 

c de a multipl conta t swit h to give 

a d cimal scale. Thi m thod r ult. in 
large adju tmen di continuitie , whi h 

would give laro· mom n ary bridg un
balances at those tep wh r ome r -

. i tor switched out and others switched 

in. The wor t tep i b twe n 63 and 64 
"h re the eri combination of 1 + 

2 + 4 + 8 + 16 + 32 i wi ch d out 
and 64 is S\vitch d in. Thi coded binary 
. ch m would ha a momentary value 
of eith r 0 or 127 b w n 3 and 64 
unl the wo witching functi n 

were perform d xac ly at th am 

moment, which i impo ible. 
The scheme u ed in the centade ha 

all th advantage of the continuou 

, n arr an gem n t but u e 40 r istor 
instead of 11 . Th wit hing qu nee 
i . .  hown diagrammatically in Figure 5. 

H r each re i tor in he ri chain has 
a valu of hree ime. th t of a in 1 
, t p, R, in th adju ment. The inter-

1nediate valu ar obtained by hunting 
ach seri re i or with one or both of 

the two resi tor mounted on th rot r. 

A shown at tep 1 th r i tance valu 

i 3R plu he parallel ombina ion of 
3R, R and 2R, whi h comes out to be 
a total of 4R. In t p 2 the 2R resistor 
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i remov d, giving a total of 5R, and in 

tep 3 both hunting r i ·tors are re

m v d, giving 6R. -ote that ' h n th 
·hunting rotor resi tors are moved into 

po. i ti on for hunting the n xt erie 

resi tor they are not in circuit and so 

h r i no oincid n e problem. Thi 
method could ac ually be extended o 
r du e furth r th nurnb r of r i tor , 

but the number saved for each additional 

rotor contact becom s smaller, and the 
desi(J"n becomes more complex. 

The \ i ch stator i on an etched 

board ' ith a rhodiun1-plated contact 

pattern similar to that shown diagram

matically in Figur 5, and the precision 

re i tor aTe mount d dir ctly on thi 

board along with the pha -compen at
ing component ( ee below). The rotor 

i a mall etch d board mounting the 

two shunting re i. tor . The contact are 

pre iou metal and the rotor takeoff rs 

a slip rir g. 

The fine, or vernier, control is a 
wire-wound rheo tat connected in serie 

"With th c ntad and omp r sat d to 
obtain the de. ired lineari y and pha. e 
characteriRtic�. 

The D and Q Adjustments and Readouts 

The D and Q ad ju tment for the L 
and C bridge are t\YO ganged 40-db 

exponential rheostats. The whole range 

fi gure 5. Functi o n a l  di a 
g r a m  o f  th e ce n t a d e 

sw itching s eq u e n c e. 

TERMINAL . -
3R 

MAR CH, 1962 

of D or Q adju tment for each bridge i 

on a single scale so tha n mul ipli r 
i nece ary. Th appropriate ·cale is 

illuminated, a is the lett r D or Q 

above the dial, o that there is no 
question of what function i being read. 

Separat D cales are u ed for the 

ries- and parallel-capacitance bridg 

and eparate Q scales for the series- and 

parallel-inductance brid e . Th rang 

have wide overlap, o hat inductors 

with Q values from 1 to 50 (or capaci

tor· with D's from 0.02 to 1) can be 

n1easured as either a seTies or parallel 

configuration. At Q value above 50 (D 
below 0.02), the difference between the 

serie or parall 1 value i 0.04%, at mo ·t. 
The Q balance for resistance or 

conductan m a urement con i ts of 

two decade of capacitance and a 

variable capa itor, with dial arranged 

to give in-line readou . An indicating 

light indicates whether the Q balance i 
inductive (for R measurements) or 
capacitive (for G measurement ) . Thi 

readout al o u the X indication o 

facilitate b, lance. that occur in th 

awkward region beyond 9 on'> a decade 

adjustm nt. 

ACCURACY 

The basic bridge accuracy of 0.1 % 

at 1 kc i primarily a func ion of the 

6R , .. . 
2R 
. 

- _I " 

�· 
.. 

3R 

I 
2 

I 
3 

_TERMINAL 

-

.. . . .. 
3R 3R 

DETENTED POSITIONS 4 ---
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calibration and h tability of the 

standard component used. All the fixed 

re i tors, including those of the centade 

adju tm nt, are preci i n wire-wound 

unit. , imilar to tho e u ed in General 

Radio d cade r i tor ·. Th tandard 

c apacitor i imilar to our preci ion 

silver-mica tandard bu is shunted by 

a small stabiliz d, polystyrene capacitor 

to reduce the over-all temperature 

coefficient. The to al capa itan e i 0.15 
µf, o that ir 3-t rminal apacitance 
mea. ur n-i nt ub t ntial ray capaci

tance can be placed aero s it without 
cau ing appreciable rror. 

On the lowest impedan e range of 

each bridge \Ve h ve add d n additional 

0.1 % to the ac ura y pe ification , 
b cau hi range u es a one-ohm 
ratio-arm resi. tor, which is slightly le. s 

stable and more a:ff ected by possible 
variations in switch-conta r 1 an e 

han are those of higher value. The 

range wit h ha e solid- ilver double 

conta ts to ke p h variation small. 
Th accura y p cification al o in

clude a ±0.005 -of-full- cale term 
which i ±72 divi ion on the la t digit 
of the indicator. This limitation i 

impo ed by the abili ty to read the 

count r, th lin arity of the fine adjust-
1nent, and backlash in the counter driv . 

hi · term reduces the bridge accuracy 
by a negligible amount at full ale but 
at 1/10 of full ·cal i1 er a - the po ibl 
error to ±0.15 0 (ex ep OI he lov;re ·t 

impedanc- range when it becomes 
±0.25%). 

Th other error terms given in the 
pecification are impor nt only for 

very high-D or lo' -Q m a ur ment or 
have effect only at higher frequencies. 
It hould be noted that the b asic 
accuracy ev n at 10 kc is 0.2 0 for 
L and C ineasurements and 0.3% 

for re i tanc and conductance. 

The re idual imp dance are the 
impedance associated with the un
known terrn.inal them Ive . An internal 

four-tenninal c nn tion i made to 

the e terminal , so that the resistance 
is that of the binding post and the in

ductance is hat of he loop c01npleted 

by the shortest connection between the 

terminal . The 0.25-pf apacitance of 
he terminal can be removed by in

tallation of a grounded hield between 
them. 

Substantial effort w�s put into the 
de!'3ign of this in trum n t t get the 

fi ed pha e error erm. down to ±0.0005 
radian (the D of C and L and the Q of 
R and G) which we felt wa nece ary 

for a precise bridge. For example, a 

0.1 % capacitor to b used in a precision 
twin-'1� null cir ui r quires a dissipa

ti n-fa tor inea urem nt to 0.001, in e 

thi D error could cau ju t as much 

unbalance in the null circuit as a 0.1 % 
capacitance error. 'I he fixed error term, 
±0.0005, i. the more impor ant, since 
it is larger than the 5% term for D 
values up to 0.0 1. 

With th re i tance bridg , thi pha 

precision enables one to check the Q of 

many bobbin-type wire-wound resi ors, 

whi h hav appreciable reactance even 

at audio frequ n ·i s. 
If the brido- pha e hifts were not o 

clo ely controlled, a rnore ubtle diffi

culty would occur. A D rror could 

exist that vYould pu he final balance off 
th end of the adju tment range _for a 

very lo"-D component. If this D error 

w r , for xampl , a. great a 0.01, the 

capacitance balan e would b lin1.it d to 

about Yz%, since the null-meter de

fie tion i · proportional to the square 

root of the um of the squares of both 

adju tn-i nt unbalances. 
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P OWER SOURCES AND DETECTORS 

n in ternal, two-tran i tor RC oscil

lator drive the bridge throuo-h a rido·e 
ran form r wh n th in rum n i. et 

for 1-k In a ur m nt . It ha an dju. t

al 1 output a1 d ppli a maximun'l of 
about 1 volt b hind 5 ohm . 'I h 

det tage to g ry high 

g in and 25-db econd-harm ni r -

j tion. Thi circui ha compr ion to 

give added range to th null-m t r 
d0fl ,cti01 to n'ducc the n ce .. -·ity f 
detector garn. adju. tm-n . On the 
extren'le ranges where more gain i 

r quired , an extra 20 db of gain i auto
maticall added by the range switch. 

Th lective ircuit u cd in the 
o cillator and d te tor are mounted on 

a modul that lid . in fron'l th r ar 

of the instrument and al provide. a 
panel indication f h int rnal fre
qu nc. . A 1-k m dul i. u u lly 

. upplie , but th r fr qu - nci r 

av iL bl up n r qu st. Wh n module 

for other frequencies are u ed , th 

proper frequency-dependen mul ipli a
tion factor.· for the D and Q reading 

are al. o indicated on the panel. The 

in ·trument can aLo be use d with an 

external o i llator , which is applied 

thr ugh he in ernal bridD"e ran former. 
The internal d tector ha a flat fre-
qu 1 y r ·pon. · for thi of 
operation, and an xt rnal tiv 

d tector u h a th TYPE 1232-A 

Tun d Amplifier and ull Det · or, i 
u ful for Inea ur-m nt at low level. or 

on nonlinear compon .ent ·. 

Three internal de upp]i ar includ d 
to give good de -n i ivity. The e up
plie of 350 volt , 35 volt and 3.5 volt 

are curren lin'lited to avoid damage to 

the bridge or unknown and are adequate 
to apply the tandard EIA te t voltage 

for variou typ of r i tor over mo t 

MARCH, 196 2 

of he ranue.. Th range S'ivitch auto

matically chooses the optimum ·upply 

for ea h range. JVIoreover, the wi ching 

change th 1nanner in which the source 

i conn t d to th bridg to ge max1-
mun'l n ·itivity and t prevent exce s 
n1 er damping for low-re ·i. ·tance 

mca urem nt .. 
The de det t r i a -n itiv haped 

null indicator. To av id the nece ity 
of z-ro adjustm n , n d an'lplifi r i. 
u. cd_ v\ ith t.hi y. tem, 0. 1 1 Jan e 
may be n'lade fron1 1 ohm to 1 In g hm 

if care i · taken in reading th r ull 

detector. Provision is made for the u.·c 

of external d sources and high-o·ain de 
null detc ·tor _ 

S O M E  ADVANTAGES OF 

AC RESISTAN C E  M EASU R E M E NTS 

Th addit i n of a Q bal nee for the 
R nd G bridg . 1nak . po· ·ibl th 
pre i m a. ur in n of r i.·t r 1 kc 
inst ad f at de. This n t nly v rc01ne 
th sensitivity lin'litation of the de 

bridges a the ranuc extren'le (see 

above) but al.·o make available 01n 
general advantage that ac bridge have 

over de bridge . If th r i ·tors are 

going to be u. ed at ac, th-n an a ·  
mea ur m nt i inore logical. Fur h-r, 

the Q indic tion i u -ful in many a. 

Ac easurement n b mad at a 
mu h Low r level than de rn.ea ur m. nt , 

In ac d tector r g nerally m.or-
n itive than d d ctor , be au. hey 

have no de drift. Thi mean tha , In 

many cases, the ac mcasure1nent i a 
be ter m asure of the low-level de value 

of re istor that are voltao·e or power 

ensitive. 
'I he la t ta tern n is tru only if 

there are no appreciabl frequenc 

eff ct that would mak th zero-I vel 
ac and d val 1 diff r n . Th-r arc 

9 
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1 0  

G E N E R A L  R A D I O  E X P E R I M E N T E R  

many po ible frequency ff e t o e 
con idered, bu the o n ly impor ant one 

are di ribut d capaci an e effect which 
cau e di:fficul ie on ly in the high 
megoh1n range at 1 kc . Th trick that 

thi bri dge u i hat it re uir hat 

eri re istan e be measured \vhen the 
u nknown re i tor i i nduc i e and that 

parall l condu tan c be 1ne ur d w hen 
the resistor i capa itive . eric i n d u  t

ance does not affect h e  value of e rie 
re i tan ce ,  and parallel capaci tan e do 
not aff th alu f par llel conduct
ance (or paral l 1 r si tan cc) . Of cour e ,  
a resistor w i l l  have h o  h erie induct-

ance and parallel capaci an ut th 
r onan frcqu n cy of a ·e i .  tor would 

have to be 45 kc or lower to g t an error 
of 0 . 1 0 at 1 k c .  Few elf-respecting 
resistor behave l i ke that . (Thi c 
n ot mean to i mply t hat he ac an d de 

r i tan cc of a tr an f onncr or motor 
winding are anyw her 

iron lo ses are t h  
diffe rence . )  

near equal . Here , 
1na1n au e of 

A P P LICATI ONS 

R, L,  C Com ponents 

Brido- of thi typ<" ar 

IS 

primarily to mca u re r ·is or 
I or an d inductor ' ,  and thi 

rn asur com p nent. who 

tol ra nc ar ' e l l  below 1 
of ten desirable to rn. a. ure or 
poorer, ompone nt · to much higher ac

curacy, for xample , in ace pta n c  t t 
on bo rder-l ine as , i n  quali  -c n rol 

w rk 1,vhere a di tribut i r wi t hin t he 

tol ran e ran ge i d sir d ,  or i n dev �lop-

1nent work when cum u lative t lerance 
effects are being udi d .  Although 

pecial i z  d prcci ion bridg ar r orn

rn. n d  d fo · n1 a ur inent of reference 

i mpedar tand rd. · ,  thi brido- i 
adequate to check mo t ondary 

stan dard u ed in produ tion te ting . 

Note that it will  compare t� o com
ponent of de ·ade value to 0 . 0 1  0 ,  si nce 
they can be balanced to the fu ll- ale 
re elution. 

Networks 

The wide ran ge and comp lete pha e

angle coverage of tills bri dge make i 

u eful for mea uri n o- h i m p  d n f 

" black boxe . ' Th bridg 'vill ba l an 

for ahno t all pa ive i mp <lane a 1 k 

the exceptions bei n g  the inductors above 

l l OOh (' hich wou ld probab ly be capa i
ti c at 1 k ) an d  capac i i bov l l OOµf 

(which h uld u ual ly b m.ea ured at 
low fr "'qu n cie ) . Thu , u h h i n g  as 

potted network , tran sducer imp dan e. , 
and ampl ifi r input an d ou · p u t  i mped

ance. an b rnea ur d and th ir audio
frequen y c harac eri · i c  plott ed if an 

external osci l la or is u ed. 

I n-Situ C a p a cita nce Me asurements 

We ' ve foun d thn, the abili to m a. ·
u re rn.a l l  apa i t  n ee.· ha be n u. ·eful 
for 1nea luing the apa itan e b tw en 

cmnpon n t  wi res or moun ti n g tru c

ture . The ad anta · of t hr -t rn1 in<: 1 
capa i tan m a ur m n t  · i. u efu l h re, 

ince it i po. ·ible to mea ure uch 
quan ti · ics as he capacitan ce b t ween 

any t-vvo conduct.or. on an ct h cl-board 
pa ern ' 'i h he other. ground d .  Thi 

ability to n1ake n1 a.  u rcrn.en t  i n  the 

p re ence of l a rge capac i  anc o ground 

permit the u of 1 n g  hi l d  d abl , to 

c n n  remote or oth rwi i n a  · ibl  

omponen - and -o reduce t h  h u n t i n cr 

effect f 1 d capacitance i n  the n1 a u re
ment of small  capacitor 

Testing 

The TYPE 1 650-P l Te. t Jig nn 
conveni n tly to h bri d g  ( e O\ r 
photograph) , hus placi ng qui k-connect, 

pring ter m inal or the b � nch di re ly 
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i n  fron t of th op rator.  I f  he gain of h 

i n .  trum n i adj u ·t d o gi a conv n
iently read deflection for a o-iv n bridcre 
u n balance, thi combi na ion provides 

a versati le and a u ra e etup for he 

rapid toleran e t ting of com pon nt 

- H E RY P. H LL 

M A R C H ,  1 9 6 2  

C REDITS 

Th TYPE 1 608-A I m p  d a n  e Bri dg w as 
dev lop "d by H. P .  Hal l .  R .  A. Sod e rman , 

d m i n jstrative Engi neer; P .  IC . Bodge D sign 
Engi neer ; C .  S. Ken n ed , Layou Draftsman ; 
vV. H .  H igginbotham, Produc ion Enginee r :  
and D. B .  Brad haw, Te Engine r ,  hav all  
c n trjbuted to he fl. nu] d sign. 

- EnrroR 

SPECIFICATIO N S  

R A N G E S  

Copacita nce: 0 . 05 pf t o  1 1 00 µf i n  s v n range , 
series or paral l  1 .  
l nduc:.to nce: 0.05 µh t o  1 00 h i n  v n rang 

eries or paral lel.  

R e s i sta n c e :  0.05 mn to 1 . 1  Mn a or de. 

C o n d u cta nce: 0 . 05 n(J to 1 . 1  ao o r  de 
(20 k Mn to 0.9 n) . 
D of Seri e s  C: 0.0005 o 1 .  

D of P a r a l l e l  C: 0 .02 to 2 .  
Q o f  S e r i e s  L :  0.5 t o  50. 
Q o f  P a r a l l e l  L :  1 to 2000. 
Q o f  S eri es R: 0 .0005 to 1 . 2 i n ductive. 
Q o f  Parallel  G :  0.0005 to 1 . 2 apa i i ve . 

A C C U R A CY 

C, G, R, L 
At 1 k c :  ± 0 . 1 l' ± 0. 005 of f u l l  scale e x c  'P 

on lowest R and L range · and highest C and G 
range wh ere i t  is ± 0 . 2 CJc ± 0 . 00. of fu l l cal . 

A d d iti o n a l  % error t e r m s  f o r  h i g h  f r e q u e n c y  
a n d  l a r g e  p h a s e  a n g l e :  

C a n d  L [ ( .! )2 f 2 J ±0.00 1 . 1 k 
± 0 .  l D 1 kc 

± 0 . 5 D  o/. 
of mca u r  cl q ua n ti ty .  

R a nd G [ ± 0 .002( 1 �-:c)2 ± 0 .00000 1 ( 1 ·�( }' ± o . 1 Q  J 3 
of rn asu r  d q u antity .  

R e s i d u al T e r m i n a l  I m p e d a n ce: J � 1 mn, L � 
0. 1 5  µh, c ,......, 0 .25 pf. 

D e  R e s i sta n c e  a n d C o n d ucta n c e :  Sa me a for 
1 -k<' mca u r  rn nt , x pt ha ac u ra y 1 
l i mite l by en i tivity at the rang ex rem 
Balan<· to 0. 1 0 are pos ibl from H 1  to 1 Mn 
with t he internal supply and detector. 

Type 

D (o r  �) of C o r  L :  

±0.0005 ± 5  a t  1 l o r  l ower. 

f ± 0 . 0005 lk ± 5 abov 
l 

k . 

Q of R o r  G :  ± 0 . 0005 l � ± 2  

G E N E R A T O R  A N D  D ET E C T O R  

I nter n a l  O s c i ll a tor: 1 I c ± 1  c;,· normal ly u ppl i d .  
Pl ug-i n module. for other freq ucn i s ava i lab l e 
on r que t. Level control p1·ovid d .  

I nter n a l  A c  D ete ctor: Can b e  usecl either flat o r  
selec t i ve a t  freq u ency o f  pl ug-i n m o d u l e  
(n ormaJ l 1 k c ) .  Seco nd-harmo n i  rej ec t ion 
approximatel 25 d b ;  en i i v i  y on t r 1 pro
vided . 
I nter n a l  D e  S u p p l i es :  3 . 5  v, 35 v, 3 0 v ;  aclju t -
a. b l  , a n d  po wer l i m i t  cl t o  l h a n  ;>i '\Ya tt.  

I nter n a l  D e  D etector: � u l l  i n d icato r , ] µa/m m .  

E xtern a l  O s c i l lator a n d  D etector: TYPE 1 2 1 0-
nit RC Osc i l l ator and TYPE 1 232-A Tu n ed 
mpl i fier and .i\' u l l  DetPctor are r c m1n n d  d .  

D e  B i a s :  Pro vi i o n  i mad fo r b i n  ing�capacitors 
to 600 v w i th external , u p p l l e  :i.nd for biasi n g  
current i n  i nd uctor . 
G E N E R A L 

A c c es s ories S u p p l i ed :  TYPE \ P-22 3- i r  
Pow r ord ; , par fu and i nd i ator l am p  . 

A c c e s s o r i e s  A v a i l a b l e: TYPE 1 6  0- P l  T 
ext rnal gen rat or and detector, if u 
l i  t d above . 

t J i g ;  
cl a 

P o w er I n put: 1 05 to 1 25 (or 2 1 0  to 25 ) vol t 
50-60 cp , 10 wat 
M o u nt i n g :  Eith r r "lay-ra k or b nch, a I i  d 
below . 
D i m e n s i o n s: Rack m cl l ,  pan l, 1 9  by 1 2 U  
i nches (485 by 3 1 5  n'l rn ) ; b n<'h model,  \\· idth 1 9 , 
height J 2 Y?., d epth 1 1  Yz inches (4 5 by 3 20 
b 2!)5 m m ) ,  over-al l .  

Net W e i g ht: 36% pounds ( 1 7  kg ) .  

Price 
1 6 0 8 - A M  
1 60 8 - A R 

I m p ed a n c e  Bri d g e  ( Be n c h  M o u nt) . . . . . . . . . .  . $ 1 1 75 . 00 
1 1 7 5. 0 0  I m p e d a n c e  B ri d g e  ( R a c k  M o u nt) . . . . . . . . . . .  . A IL 
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R E LAY-RACK MO UNTI N ,G  FO R T H E  O UTPUT P O WER M ETER 

'f"h 1 -10-� u t pu Po we · 
.J· n u  ry-li' l ru-

nr, r is"'llC' ft.rp ri111cnl r, c a n  b 
adapt <l for r h y-n1 e k  rnou n t i n  hy 

Type 
---

480 - P2 1 2 P a n el E xte n s i o n s  ( p ::i i r) . . . . . . . . . . 

t he n.dditi i f pn.nd 0xt n._ion._. Order 

Ty p .,  -1 - 2 1 2  Pan<'l Ex n . i n. O. '  
li. · d bclc w .  

.Vet 
H" eigh l 

4 o z  ( 1 1 5  g )  

('ode 1 1  'nrd 

1-; ' !'1\ :-i f!; Lfi A T  $6.0() 

N EW LI N K  U N IT FOR TH E G RA PH I C  L EV E L  R ECOR D ER 

T h e  Type 1 52 1 - A  Graphi c L ev e l  R e c o r d er with t h e  n e w  
T y p e 1 S21 - P 1 4  L i n k  U n it i s  sho w n  d ri v i n g  ( b e l o w )  t h e  
T y p e  1 3 04 - B  B eat - Fr eq u e n c y  A u d i o  G e n erator ,a n d  
f r i g ht) the T y p e  1 554 - A  S o un d  a n d  V i brati o n  A n a l y :z: er . 

• \ 11 'W L i n k  -ni , 'I' · p E  i .-2 1 - P l - L  i-., 
t w avi i lnbl t > <' u p lc- t h  T Y PE 1.5_1-.. \. 

� raphi r· L Ycl 1 C'cor<l r t o  t he' T Y P E  
1 3  Beat -Frf>qucncy ,\1 1  l i o  1 e 1 wru-

or or t t he T Y P t, l - 5 1 -.\ ::..; u n d  an l 
'i b rat iou An� 1yz r for t h  t l t JJlHtl i · 

r <'< r<liug f freq u. • ncy r i"l n. · har-

Type 

a d eri · t ie". T i t h  1 h i.· h n k  1 1 n i t  th audic  
u- n 'ra l r ·an l n1 i n t  cl Pith r a hc n-C' 

r h le w t he rec r urn lyzf 'r  i;:-; 
p rat d :.. hove' t he rc·< ·ordcr. 

T he T Y P E  1 52 1 - P l l Link Unit wi h 

v h i  ·h t h  rrcn l m u n t  d 
only � I O \' h r ·ord r o n t i n  l d .  

( 'orfe H • ord Prir<• 

1 S 2 1 - P 1 4  L i n k  U n i t  . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .  $ 1 8.00 

G e n e r a l  R a d i o  C o  p o n y 
pft\NTc0 

I N  
(/ s . ... 
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