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Flgu •• l . Typi 1680-A Aulco.,.,ollc Copocilonci Brldgl A"I.,.,lIly. 

THE AUTOMATIC CAPACITANCE BRIDGE 

The ideal measuring instrument. is 
one that requires only Lhat. the un
known be conncc:ted 10 its term inals 
and whic'h thereupon indicates the 
ml'asured value, with not. so much as a 
single control being manipulated. A 
fi'w suc h fllltomat ic instruments ha ve 
ht'en developed; many more nre sure to 
('orne. General lbdio's Jirst f'n(ry in 
a projccted series of uutomatic digital 
instruments is the Typ~, Jfi80-A Auto
matic Cnpacitnnce Bridge, which se
lects range, balances capacitancc and 
loss simultaneously, generates coded 
digital output data, nnd displays the 
ml'asHrcd values, co mplete with deci
mal points and units, on illuminai.l'd 
indicat.ors ~ all in !\ half second or so. 
Tbis new bridge not only permits a 
dramatic spcf'dup in the measu rement. 

,... of eapucitors, but also couples ensily 
int.o systems for automati(', error-free 
recording of duta. 

The exceptional speed and self-bal
ancing capability of the automatic 
bridge arc not bought at the expensc 
of aC('llrjl('y or capu{'itan('c range . Basic 
accur~u.·y is ± O.I 'Yo. and til(' ~·eapaci
tallce mnge for mif'ful measurements is 
I picofarad tf) 1000 microfarads (S(>C 

Spccific·ntiolls). Di$ipation-factor range 
is 0.0001 to 1.0, and the bridge also 
measures parallel conductance from 
0.1 nanomho to I mho. 

HOW IT WORKS 

The brirlge circuit is n trani<former 
ratio-arm bridgp, in which balance is 
achieved by the adjustment of the 
voltage impressed on the sta nda rd ca
pacitor. The method by whit:h this 
voltage is automatically adjusted to 
produce bnlancc is shown in Figu re 2. 
Any unhnlUIlCc ClIrr('nt from thf' bridge 
is sep:mil.NI into real and imaginary 
<:omponents uy 1.wo phase-scnsitive de· 
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flgu., 2 . (I , m, nlo, ), block dl .. . 
gtom of 110, oUlomolic btldg, . 

1015"1.'" tl~CIIITS tIlO.WfQl AMO lOgit 

OSCIU.~TIIII 

QONTROl TO 
UIOGE 

'RIDGE 
CIRCUIT 

t.cctors. The dc output from each de-
tector coutrols the direction ill which 
a reversible coun ting decade counts 
pulses derived from the bridge genera
tor. rr, for instance, the capacitance 
value indicated by thc counting decude 
is too high, the dc output from the 
phase detector will cause cou nts to be 
subtrucwd from the decade. The coded 
output of eaeh coun ting dccade is, ill 
turn , fed back through a d igital-to
analog converwr to change the voltage 
on the bridge standard unti l balance 
is reached. 

To minimize balancing time, as well 
tl.S to afford tbe greatest verstltility of 
operation, four operating modes are 
provided. The optimum mode depcnds 
on the kind of measurements being 
made and 011 how mu ch each compo-
ucnt diffcrs in value from the next. 

In thc two ~·At:;T modes, the init.ial 
value is set to 02000, and Ihe pulses 
are counted first ill the mos/ significant 
digit until it is balanced, then in the 
next most significant, and so on until 
the least significallt digit is balallced. 
The balancc speed in these modes is 
essentially independent of the value of 
the unknown. 

The A UTOMATIC RA NG!:: mode is used 
for highest-rcsolution measurcment& of 
capacitors that va ry widely in value 
from one to the next. For such mCa8tlte-

ments, this is the fastest mode. The 
bridge quickly selccts the right range 
a nd the balance sequence starts fit the 
most significant digit a nd works to 
tbe least. 

The HOLD !tANOJ-: mode is identical to 
the AUTOMA 'r lC II.";:';OE mode exccpt 
that the bridge will not shift to a lower 
range li nd thus d isplays a series of 
measured values in a form for easy 
comparison. Operating in this mode, --. 
the bridge would not, for insta nce, indi
cate two ~ucccssive measuremcnts as 
1263.[ nF and 13.107 n F'. Instead} the 
second measurement would be made on 
the su me range as the fi rst , for u. read-
ing of 00 [3. 1 01". Although the bridge 
will not change to a lower range, it will 
go tQ a highcr one, so that a correct an· 
swer will always be indica ted . 

In the two CON'r I 1'.""UOU8 modes, the 
pulse count starts at the least signif
icant digit of the counter, so that bal
ance time depends on t he difference 

1. " 

" " 

'. 
'. 

fl,,,,. 3. Simplified nlo~m .. l; c dlag ... m of Iran t
form .. rollo -.. rm bridge. 
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f"'" between the last vldue measured and 
the true value of the- unknowll. 

lu the contilllloll:;-INlcking (TIlACIi. 
CO:'<1") mode. the buiU IlC'e begins at the 
previous mcnsmed vnlue und proceeds 
from the least significant figure to the 
most, as with a conventional counter . 
The bridge then follows changeij in ca
pacitanc.' as they oeem, always iHdi~ 

l'ating the current capacitance value. 
This 0101..1(' is lIsl'd if the up plication in
volve!'! s mall char)ges in t ilt' caparitancc 
bcirrg measured, ns. for instuncc. in 
tempcru ture-cQf'flif'icll t testirlg. 

In the 1'11\/"K $AAtP LF.D mode. the 
bridge, insteau of :wtomatic-nlly follow
ing changes in Captlr.itance, makes 
measurements ollly 011 command of the 
operator. Balauce stOrt!! tlt the prnvi
ous value and procCfld-", from till' least 
signilicn.nt figure to t.he most. and this 

,... mode is tbus e.~pccial1y usdu! in til(' 
tesling of IllRUY ('apacitors of th(> same 
nominal va lue. 

The Transformer Ratio·Arm Bridge 

ThCJ trausformer ratio-arm bridge 
(6f'e Figure 3) has enjoyed recent. favor 
in commercin.1 designs and is used in 
the most. accurate capaciltUlce bridges 
avtl.illlbic tQdl~Y" Thl' chid ut.ivantagc 
of this typl' of bridge is that 0. prf'cisely 
known turns ratio ca n be u>ICd to ex
tend the usofulness of a. single high
precision standard co mponent o\'er a 
very wide range. This turns mtio. 
moreover, is unaffected hy age, tem~ 

perature, or vo/tng!' variation. 
'r o balance the bridge, the vol tag(> 

011 t.he standnrd cIlp!lritor is adj usted 
so that the cu rrent through the stund

,- {JI"d arms cquals the. current Howing 
through the unknown arm. Under this 
condition, the detector current is zero 

"'ItH t 965 ~ 

unci the detector indicates tI null. At 
balnuce, therefore: 

c. = 
R,C 
E. •. 

The ratio transformer in the Ty,,!; 
1680-A Bridge iii a high-pcrmeability 
toroid with 1-, 10-, 100-, and lOOO-turn 
windings. The iutcrmtl standards. which 
bnsicll lly determine t Ill' accuracy and 
stubil ity of ally bridge, arl.' n. O.l-~F' 

polystyrene and silvered-mica capaci
tor. with n temperature roeflicielJt of 
on ly n few parts per million rC, for 
eapacitllllcC measu rements at 1 kels 
and 400 cis; II l -~F precision polysty
rene ca pudtor for 120-cyc1c I"apaci
t.fUlC£' mellsurement;;;; and, Ill! (·onduct.
anN> stumhlrds, ilCvernl precision resis
tors wou nd on flat card forms to an 
initial tolerance of hetter thllJl ±O.O 1 % 
:lnd scaled against utmospberic etTectfl. 

The Phase Oetector 

Since the detector sigual is zero ut 
bnlance, the phase-detector characteris
tics do not nfTef't accuracy. They do, 
however, IlfTeet speed of bul:mee. The 
TYI'E lI:iSO-A Bridge us!'s a sumpli ng, 
(jJ" keyed, phase detector,~ which nr~ 

rives Ilt its final output vulue within 
only one period of the signal frequency . 
The prirHliple of operation is showl! in 
Figure 4. T he phase detector stores the 
insta nt.anool1s value of the input signal 
Ilt n particular point in the nc cycle. 
So thnt the detector can sample the 
value of thl.' in-phase component, n 

'J. P. lIee.h. '·Aoeu.-.ey. 1""";.'0'1 .• ..,\ Con, ... n,en"" 
I.". C.IW:'t.a""" M"".",erne .. ",'· G ..... ~I R .. d;~ B~,.n·
...... 1 •• , AUltUn-8el1tolmbe. 1002. 

• K. K Sch...,inN, ··lIi~h- I"'rfon ..... "" l)e,no!III1.ti""o 
1oc Sf,n'O M...,han;o,,, •• " PrO(,,,/i,,,. oj 1M .V"';~"GI 
B/«tr..,;u COft!.r...et. !litO. V(>I 2. p 393-403. 
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switch is closed bri{'f1y whcll th is ~ 'o ru 
ponf'nt rcfiubcs its peak ampli tude. lllld 

this peak value is st.ored in a storage 
CttPll.ci tor. T he q Ulldmture component 
is zero a t this time Rnd thus does no ~ 
a fJCI 't Ihl' voltngc. The (Ie- outpu t of 
this f,ypc of detector follows the in
stan taneous vu lue very d oscly and 
!'!upplics the necessary up-lo-d at.e infor
mation to the logic ein:uits. 

f il;l" ,e 4 . Th , ... mp •• d pha •• de''''o,. 0 . £I . m . " . 
'''''1' "l"ek d loll"o ... , .. . Th . e"'" lillnal, lAC, ." 
l ol v . d .", .. i" · pho .. a"d qv .. d, .. ,u<, <""'p .. n.,,", 
c. Th , Iwlleh d ..... wh.n , .. . . llIn .. 1 ( ""'p .. n.,,' 
. e .. eh •• III p. ok v .. I .. . , d , Th . ", ,,.111"9 de .... ,p .. , 
d .. sel'f' I .. !lowl Ih , pe .. k yoill . "I Ih ' .i9n .. ' ( .. m· 

po ... ", II.'''' ..... , "1;1"'" "p,"oo<hll z.ro , 

The Reversible Counter 

There flre t.wo reversible tl Cf'IHlf' 

cou nters, olle for capacitance bal:l.nce, 
QIJ!' for los,,>, I~ach cOlI.'ilsts of four com
plemen tary fl ip-fl ops coupled tOg1:lt her 
by gates that can nrru nge the {'in'uit 
for either forwilrd or reverse cOll li ting. 
The tl igitnl logicl by which the fo nr 
flip-flops a re lI"ecl \,Q generatc a scale 
of [() is show n in Figure ?i. A 1-2-4-2 
coded outpu t is sllpplierl at a rea f-panel 
!';onnector to drive aux iliary Ollt pu t 
dcvit-es, such 1\5 prin ters. tape·punches, 
etc, 

Voltoge·Ad jusling Network 

To bala nce the bridge to a null. the 
voltage on the s tandard capacitor must 
be adjusted precisely ill steps as small 
as tho leust significa nt digit. which is 
.r. tent _1>111;"" 'or, 

FOI'IWAII O IH~tflS E 

fig"'. $ , Ul fI) f .. d !lac" , .,110 ... , •• 
co nv ... tinl 16 IlolU of '.u. flip 
flop. In'o ... .. 10 .f 10. C ..... " 
pul lel 0 •• " 1,,., .. 1. 01 du.I"1 tronll · 
tI .... from " a le 1 '0 1101. 0 , , •• d . 
b ... k pulu . du.f", .. ., ... I,lon. "om 
" .. ,. 0 10 . '0'0 1. Tho ...... .. - ... , 
"'0'.. do nOI OccU ' but . ,. by_ 
pOllod by tho f •• db . . .. .... , op • • • 

ClUO'" . 
(lI;o"t) 'n 'ho , ."' . . .. dfrod l.n, co"y 
pul.u 0 •• O . .. ., .. ' . d dll.lnll "",,"I. 
lions fr .. m II .. ,. 0 I .. "''''e I , Aft., 
II .. , . t , lh . ~o .. y pili.. fr .. ", 'h. 
fin' fIIp. llep d o n no' .eo~h Ih. 
• • ~o .. d fIIp.lI .. p ... < .... . . .. , lh . 110'., 
.... I " " .... d ' 0 Iftl 110 . fo .. rlh flip · 

" o p 10 ' h . r ., .. flof., 

I , I ! -~ 
OECIM_l 
",U ,",&II 

0 0 , 0 , , o 0 0 , 0 , o , , , 0 , 
• , 0 , 0 , 0 , 0 

• 0 , , 0 

( 
I I I 0) 
o 0 0------1-

~ 
~~ 

o , , " • • , 0 0 0 0 

.~ ! '" 

OEC'''' Al 
IIU1oI8EII 

• , , 
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_0 - 0 , , 
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Fleur. 6. Rulstlve curre nl _adding netw .. rk y ud , .. c .. nl ... 1 ... .. 1' .... "n lIand .. ,d ca "a.llo, . 

om % of full scule. Figure 6 illustrates 
the principle of the resistive current
adding network used for th is purpose. 
The bridge voltage E is applied through 
transistor gating circuits to a series of 
weighted conductances. There are four 
conduct.ances for ellch full cou nt ing 
decade. weighted in a 1-2-4-2 series to 
match the decade output code. Jr, for 
example, the unknown capacitor is 
1.37 JiF, the counting deCfides will 
continue to operate until the t ransistor 
gating ci rcu its connect concluctmwes 
weighted I, 0.2, 0.1, 0.0 1, 0.02, and 
0.04 (a tolnl of 1.37) to the bridge 
transformer. When this cOlldition is 
reached, (l, current of 1.37 units flows 
to the input of an opern.t.ional ampl ifle.r 
and feedback rc.sistor, which converts 
the current into 1.:17 units of voltage 
to balance the bridge. 

The transistor gating circuits do not 
significantly afie(;t accuracy. With the 
high-gain ope.rational ampli fie r, the 

,.... digital-to-a nalog con version accuracy 
is determined by the resistors to with in 
a few parts per million. 

Accuracy 

T he basic accurncy of the bridge is 
±O.l% of rea.ding for capacitance a nd 
conducta nce. In cases where this high 
accuracy is not required - ill produc
tion-testing of 10% capacitors, for ex
ample - the balnnce speed ca ll be in
creased by reduction of b~idge sensi
tivity. A rear-panel sensitivity control 
is available for such purposes. 

No error is introduced by stm y ca
pncit.'lilce if shielded cables nre used . 
A three-termi na l connection is thus 
made to fhe capacitors under test 
both of the lends to the unknown being 
shielded by a grou nded guard termi
n:tl. The stray capacil1t.nccs to guard 
shunt the low-impedance rntio trans
former and detector and therefore do 
not affect the accuracy. Series resist
ance of leads, however, cnn cause errors 
on the highest capacitance range. The 
curves given in the specifi cations in
clude the effects of lead resistance up 
to 50 milliohms. 
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ASSOCIATED EQUIPMENT 

Type 1680-PI Test fillOlure 

As mentioned earlier, the uutomn.tic 
bridge is an amazing time-SIlver eV('1l 
without auxiliary instruments. One 
operator mung olle automatic bridge to 
measure capacitors can replace several 
operators using manually balanced 
bridges. The only auxiliar'y equipment 
really needed is some means of COII 

necting tbe cn pacitors to the bridge 
terminals. The TYPE l68O-PI Test Fix
ture (Figure 7) is ideal for tbis purpose. 
It includes adjustable, insulated , fast
actiou spring clips to receive the com
ponent leads and a built-in switch to 
sta rt the balance procedure. Its top 
plate is removable SO that it can be 
easily adapted to specialized contact 
arrangements. Shielded cables connect 
this j ig to tJle bridge. Altbough it is 
designed primarily fo r axial lead com
poneots, the j ig is easiJy adapted to 
accept parallel-lead units. 

Automatic Input Devices 

The process of ronnecting capacitors 
to the bridge can be completely auto
ma ted. Automat.ie input equipment 
may be justified where the fastest pos
sible measurement rate is required or 

where capacitors a re to be mea~urcd ill -. 
a test env ironment, out of hUffilll1 re:l.ch. 

The scanner is the most likely ill
strumcnt for sequentially connecting 
capacitors to the bridge. This is basi
cally nn elcctron ic or mechanieal switt'h, 
with a Ilumlwr of shielded leads to the 
componcnts to be tested and a. single 
pair of shielded lends to the bridge. 
Important requirements of such II 

scan ner are low series contact resist
ance and low stray co,pacitance across 
the termina ls. 

Automatic Output DeYices 

:\Jallual recording of measure ment 
data ca n be c\'ery bit. as time-t'onsum
ing ~ and just us subject. to error 
us manual bridge balancing. Fortu
nately , the. technology of dat~l process-
ing hus advanced to the point where 
there is a fairly wide range of rcason- _ 
ably priced , rcbtiv(' ly simple instru
ments to record data uutomaLicully. 
These include printers, tape- and card-

FIIIU'. I . Typ. 1137- A D .. 'a I'rlnl • •• ack.maunl. d 
with Ih . .. ulomatlc b .ldIiO. 
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I'" p\indu~:" ullulog rl'I'ol'{lf.'rs, typell"ritrrs, 
!~nd mngnet ic-t:lpc> r('l'ordcrs. 

Printers 

'I'hl' G('Il('ml Hadio T nF: 11:l7-A 
Data Print<'r (Figure 8) i:; d{'siglH'd for 
tI~1' with (;11 digitul C(luipmt'nt. T hi:; is 
a 12-t'olumll pril\l('f, whi('h Ihl:'l'('fol'(' 
handles th{' full I'flll:II'itam'<, and dis~i· 
pfl t iOIl-ratior r(':H.lOllts (Ii vc digits (,lIcb), 
with tWQ t'(\lllmn~ ldt O\'I'r. Hillt'c thc 
printer dOl':; not print out the tiN-lma] 
point and un it" u~ thl'Y appear on the 
bl'idgl"s \'i<lH:LI rI'UdUHt, Ollt' of the rf'
m:tining two column$! I:; usu:llly IIsed to 
indirlltC' til(' rangt' 011 whi('h the hridge 
was balun('('<i. 

'I'll(' prilltl' l' is prohably the simples t 
and it'lIs! l'xpclli'livt· wily to ri'I'ord 
mew;UI'eml'lll:s madl' by thl' automatic 
bridge. I t:; diill\(lvalilagf' i:; that the 
priutcd tup(' it produl'f's j" 1I0t. m:whin('
re:Hb.blc, and it (,lI lInot, therefore, be 
fed into u ('om puler for prol'cs:<ing. 

Tope Punch 

.\ tape punch i:; the lcast expcnsive 
way to record dltta in machine-rC1Hlaulc 
form. Tbe mellsurcd v~illlc:; from the 
hridgc arc punched on the tape in 
binary-coded form, t he presence Of 

ab!>cllce of a hole on the tape indicating 
a binary 1 or O. 

Binary-coded Olltput data corre
!lponding t.o (\Il d igit:> of the bridge 
readout nrc prer<t'nlcd si multHlleously 
(i.e., in paralll\i) at the bridg~ output 
COllu('(: tor. The tupc IHIIU:h, on the 
other hand , can acc('pt and punch the 
dll!.a ollly Olle digit at a time (i,e., in 
scric:-;). Therefore, a parallcl-t.o-r<Nial 
converter (sometimes culled un inter
face or int.crcouplrr) is refJu ired be
tW(,CIJ the bridge and the tape punch. 

APRIL '965 ~ 

fig . 9 . IBM Mod., P, 'nting 5"mmo'Y P"n~h 
op •• olln ll ',om O"lpul of o"lomoli. brldg • . C .. -
po<ll ..... . V" '"" .... .. ulomall ... lly pun ch_d o 
0p .... lo. odd. 1e., .. 1 numb . ... AI. o In " '0 '1 '0'. 
or . d .. t .. prlnl .. .. nd (lop) lnl.«o",I . , requ l •• d 

fo, po ... II. '-lo- ... ' ,,' conv ... lon. 

Cord Punch 

The pUllched card has many :ldvan
hlgt'S as a data-storage deviC'e. It is 
maf'hill('-rcadablc. Cards clln be auto
mali(:ally sorted 01' r~'rrallged. f\ single 
c:lrd, b(\u dng complete measurcment 
duta 011 U ('omponellt, CUll tmvel with 
the compon('nt. 

Figure !J s hows the briuge driv ing 
an IBl\J i\lodel :)lG Canl Pun ch, with 
the ttid of a parallel-to-serial converter. 

Analog Recorders 

"Tn certain applil'uti()ns (in the plot
ting of tf'mpl'rature f.'ocfli cil'nl.s of ca
pa('itors, for example), all analog re
cording is thc most uscful prcSCll la
tion. Tbis ('an be an X- Y dmrt or a 
strip I'hart, SUdl liS thaL produced by 
the Cit Tnt; \':;21-B Graphic Level 
Hc('order. Either way, !l digilul-to
analog COllvNter is l1I.'Cdcd !o translate 

9 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



~ GENERo\l .AOJO EXPERIMENtER 

10 

the digital output of I.lw hridge into 1\ 

Vf)[lag(' anuJug. The Tn'~: II;H~A J)jgi· 
tal-to-A nalog Converter is compatible 
wil li recorders made by CCllcrni Htldio 
und by ot.her munuracturers. 

Digitallimil Comparators 

I n utmost 1111 high-volume capacitor 
test. programs, u decision immediately 
rollows eacb meusurement. The capaci
tor h~ good or IIot good, higher or lower 
thau nominal, inside or outside toler
a nCe. A human operator can make 
t.hese decisions. or they, too, clin be 
hUJl(/Icu llutomtJ.ti ~·ltlly. A Lwo-limit. 
digital compa.rator can be programmed 
to illdieaw whether each capacitor is 
within a given set of limits, too high, 
or too I(!w. 'fht' indication cu n be II 

simple set of pa nel lights or it Cil n be 
ill the form of relay contuct closu res 
used to sort capacitors into various 
bins. If the tompllmtor is combim:d 
with II datu. printer, the lat ter Cll II be 
made to print out-of-tolera nce results 
in a sef'ond {'olor. 

The limit comparator is t"Specially 
valuable ill (juulity-conlrol , production 
testing, lUld !lccepta nce applications, 
where it can r(.>d ute hours of work to 
mioutes. 0 11(' f)a ll sclect II group of 
componentR, (or example, measure 
them, and thl'1I glullce at a prioted 
tape to I:herk for rl'jel:ts. The tape can 
be fi led with the acceptance report or 
returned to thl' supplier. 

Other Output Devices 

Typewriters and magnctic tape re
corders are nmong the other output 
devices thllt ran be used to record data 
(rom UIC automatic bridge. Both re
quire a parallel-to-scrial couvertcr. 

Reali7.ing that the automatic bridge 
wiIJ more often lhan not be part of a 

lurge.· mCllSlIt'f!mCIJL syste m, Gtllcrtl l _ 
Radio hus arranged to supply com
plut(' sy~tems in(:orpora ting nuxiliar.v 
instrumeutntion delicribed nbove. 

APPLICATIONS 

The automatk' bridge WIIS designed 
primarily for thc rflpid , automat ic 
measurcment of I:aplwitalll:e. The fol
lowing arf' some of the specific appl i
cations ca lling for such n ca pa bilit.y: 

Intorning in$pection 

T he automatil: bridgc i.s of obviolls 
value in incoming- inspection llpplicll
tions. aud espeeially in those invol ving 
mllny short. rUIlS of widcly differing 
values. No set-up time, no sets of 
stnndards nrc required~ the bridge call 
measure capacitors as fast as an oper
ator can drop them illto a test jig. 

Environrnentof testing 

A batch of eapacit(lrs can be meas
ured over and over to determine the 
effect. of aging, humid ity. etc, on ca
pacitllllC'e. For sllch measu remen ts, a 
scanner is uS('ful at,. t.he in put. Iwd a 
titpe or cnrd pUllch nt. the outpu L, 

Ternperoture-toeffitient tests 

T he capacitance of a component call 
be measured as a function o( tempera
ture. An obvious arrll ngement consists 
of an X-Y plotter accepting capaci
tance datn. from the bridge, tempera
ture data from It t hermocouple and 
preamplifier. 

ProdUttion testing 

Largc quantities of capacitors cau be 
presented sequentia lly to the bridge 
by means of a belt, reel, or other type _ 
of component handler. A tape or card 
puncb is recommended to s tore dnuL 
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Production sorting 

.\ digital limit l'omparalUr, u.'l lIolNI 
curlier, (·un lx' ui4'd with the hridge to 
inspN:1 (,Clml)(lIlcnt.s rapid ly 011 II go-
1II)·gu hlll<i:< ur 1l1'I·unling t.o progmmm('d 
tolentui'cs. 

Other applica tions 

Seve'ral ing('nioul" cu,.tomc~ hav\' 
nlN>udy disl'OVl'rcu ways to lI;\~ the 
hridge for upplicatiolls otber tban the 
struightforwnrd mC88illcmcnt. or (;llpUt'

itor8. The bridge, for inStitm'<', becomcs 
It l'UI)J1l"itUIl{"C I'ompamtor ir lUI externul 
n,rcrcrH'(' ('upacitor is ('nnnct'ted to til£' 
propN INminals on the bridge. T he 
hridge will the.. illdimtt' the differ
enct', po~itiv(' or rll'gat1vc, het W('{'II t he 
unknown t'upaeitor and th(' t'xt('rn:1J 
!Standard. Th is permits exlru 11.{"('urnt'y 
Slid re.;olutioll over some of til(' range, 
and it is a l!!O useful where hl.rgc num
bers of t'apacitors must be padded t.o 
u giVt'll value. As each cupu('itIJr is 
cou nectt'd to the bridge, t he bridge 
imlicMcs di rectly the value of thc fe
quired padding capacitor. 

The bridge will balance not only 
for capacitors, but also for resisto~ , 
inductors, and complex impeduOl!f!S. 
Wheo measu ring resistors. the bridgo 
wilJ Itutomatically select the range 
Qnd indicatp the effective colJductanc<' 
(G' "'" I I R) of the resistor along with 
it,s stray cnpacitance. For ind uctors, 
the indicllted value will be in tcrl1l8 of 

I 
u negative papacita nre (C = - (2 ... /)1/,)· 

The bridgt"' will balance for impedallces 
hctwL'e1i about I ohm and 100 megohms 
at I kc/R. This runge covers most of 
the l'om]>lex networks and int.egrnt.cd
('imlit v[liucs. While t h(' units ind i
l'at.('(1 011 t.i)() bridge [Ire not parlit'ula riy 

l·onv('nit'llt for SlIt' lt mell-.lu'{·ml'nl.", tol
erunc£'-l'hel'killg lind .-orting '·nll I'a~il-" 
Ill' at'(·ompiifllll'd if th(' tl'SI limit .. ar£' 
lin:;t ('onvl'rted in to t'quivulf'nl c·apat'i
tlUIt"(' or {"OTltlu,·talll't' vallll'~. 

Remote-Controt applications 

' lost of th(' fl'Ont-plln{'\ (·0I1trol,; t'an 
he opcnlted remott"ly . Th ill fC~IIUrt' , 
ulc)IIg wilh till' tligilal nutpuL~, makl-:; 
tht' bridge slIitllbll' for irU'lusion ill Spl'
ciulizcd Ry~tcm~ for allLOmat i(· sortiug 
of ("omponClits or {"ontrolling of pfoduc·
t ion prol'cSSI's. 

SERVICE FEATURES 

Just as F!l1f(·ly ali !Iutonmtit' equip
ment :save::; i tl! Ui:!Cn; muncy wlwlI it is 
working, it il; \·Ny r·o~tly wh(,11 it is 
fort.'Cd .)lIt of aeliorr for :«'f\·icc. There
fort', \\'(' hu,,(' tiesigfl('tJ inlo tht' bridge 
sc"eral featureg to hf'lp kl'C]l " dowu 
tim!' " to a minimum , .\11 ('ompollcn LS 
except some ill the power stlppl)' ure 
mounted Oil plug-in, ('asily replaceable 
fibe rglass etched boards (8t'C Figure 
10). "Test" positions of ~ t he front
pllllel BALANl:~J control ullow the llscr 
to "walk" th£' briclg(, throl lgh tht' 
complicated haluoc£' logie one step at 

fig" •• 10. Plug.ln "chl d ,"oo.d. 0 ••• 0111., ... 
mo".d I.., ... ,,1 .. o ... plo ...... "t. 
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GENERAL RAOIO F X PERIMENTER 

a time to check operation. With th il~ 

troubleshooting a id, a fnutty circu it 
card cun quickly be isolated. 

CONCLUSION 

Wit.h this, the first in a projected 
series of automatic instruments, Gen
em'l Radio has combincd a classic 
bridge cirC~l it wit h modern digital con
trol teehniques to prod uce t.he fi rst true 
bridge that i,q t,ruly llu tomatic. T he 
practical eonscquence of this develop-

menlo is the speedup, by u fuctar of 10 
o r m ore, ill t he m easure ment o f capac
itors. The resulting economic advan
tage to ally huge-scale prod ucer or 
user of capacitors needs no elaboration . 

- R. G. PULKS 
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SPECIFICATIONS 

I AI 1~ cl' ,II ~W cl' ,1/ fUQu cl_ 

C"p .. dlohU (pO.OU I I)' , 100 p1 .1000 "F 0.01 p' ·l00 1'1 0.01 p' .I00!/oF 
Co ... lu<lohU (p"roIlI U: 0.1 ,..,. ..... , .0 ...... 100 pmho·'.O mho 100 p mho·LO mho 
Dlulpol!Dh fDciDt" o.oOOI·Loo 1100%1 0.0001·1.00 \100%) 0.000'·1.00 \100%) 

(diru l .. odl" , ) 
(M.o ... r. d o.--"uclo"".) Ow ~ Ow ~ 010 0> 

'ASIC ACCUIACY 
(10. cu,v • • ) 

Copocllonu, 0.1,% of reod(" 11 0.1% of •• "d'"' 0. 1% 01 ,"odlhll 
C."du<lonu, 0.1% o f r.od'''11 0.1% 01 •• odl", 0.1 % of <lodl"1I 
DIUlpo!lo" f.,<1 .... , I%ot .. odin, 1% o f ' e"d lnll 1% 01 r • .,dl", 

S'HD OF 'ALANCE 
fo.' Mod ... 

(opp •• • ) No 10",. chon, .. 1.5 •• u.nd. 0.35 .. ~ .... d 0.15 •• u.nd 
(Spud ",oy b.oom.· Wllh 'Oh, . ChOh, .. 5.0 •• c<>"d. 0.6 •• ~ond 0..5 .. ",,"d 
.mOl .10 .... , 110,," 11001 
U".d wh ... diiOlpollon Trocki", Mod .. , 

10·ceun! chon,1 1.0 . ...... d O. I .. ' .... d 0.1 oo<:ond 
IOIl· cou,,! chG",1 1.0 •• cond . 0.35 .. ' .... d 0.1 •• ,and 

foetor I,/Mo ... r. d h.or 
Ih. I .. ", ... d of .och 
rO" II· ·) 

1000' cou,,1 cho", • , , .0 .. u.nd. 2.6 ,.cond. 1.1 .. "o"d. 
• fDt" •• ri •• copoeito"". ",eo'ureme"1t 0 cor. etet lon kha<l ... ppl'.d) COft be ..... d , I' D. _ 0.1 (10%), 'O<I'.cllo .. _ 1%. 

11 0. _ 0.03 !3%), corrern.... _ 0.1%. 

EFFECTS OF lfAOS, Tlwrll ill IIU error iutroduCtld 
by st ray capacillulo::e if shielded cablQll nrc UllOO. 
Seriel! resistruK'e of leads CIUl calise crrOnl on the 
highes t range. Accuracy curvCII include the cr
recta of lip to 50 mil of external cable. 

VOLTAGE ACROSS UNKNOWN, I Von lower ca
paci tance rang08, decn:m8ing to I 11\ V 0[1 hight'll t 
range. Can be IICt (internally) lUI low Il8 1/ 10 of 
t hese vallie!! with a proportiQnate 1088 in rOllO
lutioD. 

DISPLAY, T wo 5-digit uanka of bright-light, nu· 
merical indieawra, wi th dedmnl pointa aud 
IUlita of mCllI!ll rement. Lamp burnou t doee. Ilot 
affect instrument Ol}O;!rlltion or !:(Klod ,)utput. 
Lllrnp!! can Ix:. repln.ced from front pllilel. 

DC BIAS, Call be in troduct.od from external 
8OUrte. 

12 

lEMOTE CONTROL: Start and bll lnnce contN)le 
tan be Ilt tivated remotely uy OOnt.aet closuree. 

OUT'UT SIGNALS 

Numerica l Dolo , 10 digita ft('V 1·2-4-2 code. 

letn". Cod. (1 107): 1 d igit ftCl) ]·2-4·2 code. 

",,,, Comm .. hd .. l Compl. lIa" of B .. I .. nc. , Chl1ugf' 
from " i" level to "0" levl:l - retuTll8 to " \" 
level at end of display interval. 

Sl,na' lev. ls: " I" level, 0 V; "0" level - i 2 V; 
ooth with respect to reference line, wh.ich is Ilt 
+0 V nbove cluUlllia ground . Impedance of liues 
- 12 kn. 
MEASUREMENT RATE , Pllnel cont rol allo ..... s ad· 
justment of mllll!lllrllment raW 811 that displar 
t imp. bet ..... een mensuremcnt.8 i8 betwccn npllrllxi. 
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male]y 0 .1 und 5 H. The rlOW can btl IICC m llll lluli v 
(or relllUtely ) lit 1111)' r:lte t>QmplI lihll' with hili· 
anell t iml' . 
OPERATION AT OTHER ME"SUREM(NI ,1tE. 
QUENelES, With illternul flU,tory Illooilimliun. 
t he lllea8urement fre<:lucnciel! elm iX' rhnt\jtOO 
to any frequency bel\\"een 100 c/ e lind 1 kc/ s. 
DlfFEUNCE MU.SUREMENU: Ii\' the addi t ion 
of It 8uitable alllndard W termina)8/)ru"ided, the 
bridge C/tll be mllde to indiCIIW t It! deviation , 
either positive or neg.'1tive, frum II nominal 
value, over part of the nmge. 

GENERAL 

Pow ...... ub ... ' 105 to 125 V, HJ5 ttl 2aS, ur :,!lO 
w 250 V. 50 or 60 C/ B, 1110 W. Intermil 120-

CamJOQ N !1It!ber 
--

"Pllil 1'65 

c .... "" .... "".-_ ... 
• ••• • _ .. 1 •• _._-... . • ...._ ... -

l ! 
r ! 

• ., .. 

cycle 08Cillat()f ill locked te> power lille for liO
cycle upcrution. 
"""Ulo.y Co"',oll: A r~lir-pli ll~J 8e1l6itivity COII
trol ClIlI be used w lIIillinllz~ bli lli llce tillie bl' Ii 
decrl!8.Se in rtlllOJuliulI , ' 
Mou .. ,lng : The AlIwlIIl\lic C"IIlLtiw.nce IJridj\:l' 
AlI8embh' CtllllIitiUl uf I,,'u oompunenUl, TYI'~; 
W72-A fJigiw.J Contr(>1 ( ' nit nnd '1'\"1'.: I Un-A 
AlIwllllitic CSI)scitance Uridjt;l' . End fmme!! for 
bench IIIlIunt and hardware fut fliCk mount Ilrf' 
both SUpplied, 
Dlm . ... lo .. " Punt!! IH by 10' ~ ill (ISS by 270 
l1un ), depth behind Ilnlll!1 ]8 in ( -lIiO mm ). 
N.I W.llhl: il Ib (a:l kg ). 

Shlpplnl W.llhl: 115 Ib (liT kg ). 

Ve~riplion l 'rirC 

1680-9701 
1680--960' 

T.,p. 1610_A Au'omoll. Capacilonu Brldl ' A ... mbl., 
T.,p. 1610_'1 1.11 fl.' .... $4150.00 

15.00 

Th. 01°"., o"d th . udol.,. A 
Olt T.,p. 15!I _C Sou nd _L ..... 1 
M.I" r.g .. ' .... 115 d8 01 a 
80011,, ' co""rt ,,, S.,dn • .,. A ... . 
"'0110 , JrhOlo "U'IO'., A ....... al _ 
10" Ca".alld'IOd !'r... lid .) 
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PRECISION COAXIAL CONNECTOR PAIRS 

WITH CALIBRATION CERTIFICATE 

:-;illce thl' introduction of tilt' Tn·.: 
OOO-BT Prc('isioll Coaxial Connector in 
m()3, every olle of the&' COllllectors 
hus been n.wn-t('!jtcd beron' l'lhipml' lI i. 
Connector!! nrc tested in w"rs at 1.5, 
:'1, .J .!'i, G, 7.;i, and !J Gels anti ilr(' then 
separated a nd sold singly, with till' 
acttUlI test. specification for the pIlir 
used 118 the guaranteed speeificlltioll 
for the single connector. The \SW ll 

of two conn(>ctors bought singly <'Qu id 
be as high as twice that specified fo r a 
single ('ollllcctor , even though it is 
a lmost cert.a.inly mu ch lower tha n t hnt. 
On the other hand, if one cou ld bP sure 

fl.",. 1. cGU .... tlOII • ...tlflcaf. 
'0. T.,po 9OO.aT Connodo, 

Pol • • 

of buying the :;nffi(' two connectors that 
were tested tog<'thcr, he would efT(>(·· 
lively huh'c the gunrltntccd nnnt of 
the pair. For the be/writ of those whose 
applications demand eXIl{'t cnlibl1ltiOIl 
data or connc{'tor-pnjr pcrrormall ('e 
guara.ntct'd within the ~pccifications of 
the IEEE Re('ommendC'd PractiC'e,' 
we nre now olTering pairs of T ype 
OOO-BT ('onllc(,to~, togC'thC' r with cali
bration certificates. 

The 0900- 9107 Connc('tor Pair 1:0111-

prises a pair of seria l-numbered (:011- _ 

'''c...: ... l Mlcl'O ..... e Nt ... ;' T~. (I.fttrol R"dio En"'" 
_~I"', Febru.ry-!>I .. ",h l~. 

" 

...... ............. 
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IlcctOrs and a certificate of compliance 
with VSWR specifications. Spceillcd 
VlOw£( daLa apply whether thc two 
conncctA)t fl are mated together or 
mounted on opposit.e ends of low-toss, 
low-\'~ I\ 11 lilies. \0, 20, :30, or ·10 em 
long (including conner·tors). \\'h<' 11 the 
COllllec tOrs arc installed 011 lines of 
other lengths, the insertion VS WIl may 
differ fro m the culi bra(iOIl valuol:!. This 
iii ai$) tnn' whcll only one conn~tor 
of the pair is ust.>d. LII pmetice, this dis
crepa ncy is small because of the cxtocl
lenL basir design of the (·onncetor. 

The discl)nt inuit ies in the co nnec
tors Ilro smlLlI , aud t.he I:OIlIlCcI.ol's urc 
rclativf'ly ::!hort clcctrieully; il is there
fore vtdid 1.0 I'onneet the sil< C'alibm t ioll 
points with a contiullous ClLn'e on the 
calibmtion churt, (see Figure I). 

Test Procedure 

The <,onne<'Wrs are mounted 011 pre
cision .jO-ohm a ir-line sect ions and nre 
tested by the s ubstitution method .'" 
The air lincii, induding the COllncC' t.ors, 
Me 10 ('11\ long find are therefore 11Idf
wa\'c multiplt's at t he test frequtneies . 
Churnctcristic impc(.i3 11ce of tbe nir
line sed iOB is held to bcLl£r than 
±O.Ol.ii"c,. Except for the iufluc nce of 
sk iD effect, the impedance of Ii rigid 
a ir line is strictly [I fUll ctioll of its 
diumel('fs. These diameters arc mellS-

tA. ~,. San,lertOn, "A NUl L1i.h.P, ,,,,i"<>n ;\INhod 101 
,b~ ;\1., ... "",,,,,,,,\ of Ib~ VSWR "f Coa .... 1 CO""..,,,,,,," 
INK T",~.~rlo"". o~ J"rrQ''''''·~ 1·~,o.~ n nd l ·f<hiqto .. 
V"I M·I'-r·g N"~.,, 6~~-M8. 
IA. K & n,l ......... , "All A"""no"., g"b.li',,1100 Mpth,nl 
10' .\ ..... ,,"". Ih~ VS \\,II til Coo.xi.1 ('on""",, ..... " T~. 
Mtr~""''' J~"",I, 1'01 5. ~o t, J ... " 1002 • • , (\(l- 7:t • 
• I. A. Hflr.;. ami R. E. S~i .... ty. '''!'l,e H.~.I;"litm of 
lIi,lth ~'r""t""""r Irn' .... I& ..... S1.nd .... d.l!.in,lt Ai,.il,_, 
['_ ... l l" ...... · CORle ..... "" on P....".;.", ~:I""I"""""n~11e 
.\I ... "~t •. Nat;"n.1 R" .... " of St. .. ,I.", • . R(,,,,Ikr. 
C<>kt. JuDe IIMU. (I'ubl"'tion ..:hMUIM in 'KBB rn. ... . .. , .......... lrut"'_"'''', .... rs-,cd .v • .....,._nl.l)te IIM' ... . ) 
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flgu,e 2. Use rs' coUbtol. d c rsnn , elrs. p"i. t .. ' e " 
UG ,.doplo. pol, . ( leel.lnl le tlgth ", n ... pl e .o 

.eu d, ,,,,, ."'""Id b , ..... !tlp" ", 10 c ... . 

ured with pre('ision gauges, whose ac
curacy is tl'1lccable to the XatiOmll 
Bure .. \u of Sta ndard::!. The total mcus
Uf('mcnt (' rror inrludi ng r('pf>iltuhil ity 
is 0.02.i% at 1.5 Ge/s, incrcnsing 
lin{,l:lfly to 0.08% fit!) CI·/S. 

At lowrr frequcncies, the test-line 
impedul)('o devilltell from ·)0 ohm:> Jx>. 
cause ()f sk in dTed. In precision a ppli
cations. the connectol'l! IlfC iuatalil,.'d OIL 

:'l.i r-line scl'liolls similar to those 011 
which th(' ('onn{'etors were tested . 
Then;fo~t the :>ki n-effcet imped a nce 
deviation does not illtro{hwe reflec
tions ill the t ransmission·liU(' system. 
Skin-eifeC't, corn.'ctiOll s ar(' , hOI\'cver, 
required for some applications at fre
quellt'ies below [Ihout .'iOO ~!f'/s . Such 
/'orrcctions have been disf'uSS(~d in tilt' 
literature} 

Applications 

The 0000 9·107 Conllf'cto r Pair is 
recommended fo r 118(' where a mated 
puir of connectors having an accllr::dely 
knowll V8W Il is req uired , where gunr
anteed ('omplianoo with ihe pertinent 
Sf'ctjolls of Ih(' 11~ I~ E Rcc'omnU'lided 
Prlwtice is sough t. a nd in the testing of 
tnlllsit ions. ('OIllIf'ctotS, adaptors, and 
other low-loss tran!lmis.<;ion deviC{ls 
(sec Figure 2) . 

- .J. ZORn" 

C(ll/lwg No. 

0900-9401 Typ. 900_IT I' .. d.lrsll Co ,.,,;rs' Crsn"odrs, I'rsl, 
wilh Ca liwa tia" C. rti'i,ale 

$72.00 
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GENE ..... l R ... DIO EX PERI MENTE" 

OPEN HOUSE at nearby Bolton, we'd be vcry pleased 
to see you. Hours at both plants a re 
10 :30 All to :1:30 I'M. 

1964 INDEX 

I t is our pleasure to extend to all 
t:xperimeliler readers an invitation to 
att('lnd an Open I louse a t General Radio 
Company, :'Ilonday, June 14. Olle rea
SOli for this festi\'ity is ou r fiftieth 
annivrrsary which happens to fall 011 

that very dny . AnothN is the desire to 
introdu('(' our new Bolton plant. no\\' 
in full operation. If you can con
veniently visit us at West Concord or 

The index to Volume 38 of the I~"'\'

perimenter is now available. A letter or 
postcard to General Radio at West ,.... 
Concord or to one of our sales engineer-
ing offices (see page 2) will bring yOll 
a copy promptly. 

------
DO WE HAVf YOUR COftfCT NAME AND ADORfSS _, com

pany or ."....--., ... "' ...... ~ .".., or P.O . .&ox, city, 1fuN, and 
... _1// ... , ,.,... dip ". __ w..I .. "'" ..... and '"""" 
if fa 1M witlt can .......... ~ II,.., ,..,., wm. Vll cr pulccr,,1 will do. 

" ';:"<. 
" .. 

GENER ... l R ... OIO EXPERIMENTER 

GENERAL RADIO COMPANY 
WESr CONCORD. M"'SS"'CHUSETTS • US'" 

BULK RATE 
U. S. POSTAGE 

PAID 
__ . ..... U.S.A. 

P£RaUT 1115 
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