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A NEW COMPARISON BRIDGE FOR 
THE RAPID TESTING OF COMPONENTS 

IN T HI S 1 S SUE 
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eTHE TREND to\l"IIrd eornplexity and 
mur(' cX(leting l:Il>ttifi{'llliulI'i ill de<'lnmic 
(..'(Iuipmcnl !lao." ix'('u accomp:tuiPt.1 by a 
(J"{'rlIcnuous illl,.,t:':h\(' in the qUUTltili('S pro­
duced, :lt1d, a .. '! II I'l%uit, morf' and mol'l.' 
pnx'is(' compon('nt s z'C8iHtor>!, eapacitOl'8, 

lind inductor~ all' being II"{'{I. In gt'll-
{'ml, it is IlP(.'("ssury to mCI\ .. 'llu'(' these com­

ponents Ix-fon' :IN;f'mbly, lind this mcu."UrC!ll('nt, particularly for I I>cr' 
ccnt. or' O.~,j IX-!" ct'Jl t eompOllc ut s, i;:; lIsunl1.v made on a "Inb(watory­
type-" bridgt·, .\ 8 lhe ntllnb(' r of ('olllPOU(,1l1S to be TlU'IISur(-'(i inC"rcllSf'S, 
the necJ gl"O\\8 for an :w('urat!' and :,:impl(', g('n(,l'al-purp(~ bridgl' for 
produ('tion tc:still~, and, to fill thisllC('(1. til(' Tut; 1001-.\ Comp:lrisoll 
Bridge, showu in FigllT'(' I. hn...; I)('('n dl'\·('lol>(''<I. 

In making Ihe mO:;;1 pre('i~ bridge mellSUlocmellts, n substitution 
meth od is u;;(.·d. I n OIl(' 

fonn of the general 
method, the bridge is 
"stalld~l"(lizro" with II 

knowll "tandard imped­
IlllCC t hat has uC'ariy lht , 

s:~mc \'alue as the Ull­

known to be IIH':l.'iUl'ro. 
I II this cusc, the bridg<> 
is used primari ly Lo 

flgu •• I. Pa ... 1 ., ..... 
of Ih Typ. 160.· ... 
Compa.ioon aridlle. 
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GENERA L RADIO EXPERIMENTER , 

rncw;UI'c lhe rlmall difTCI'Cllec uetween 
.he slandtlni a nd the unknown, lind t he 
dfect of lile bridge enOl'S aPPI'oil.ches 
ZNO ~'oS t he t!ilTcI'cll('c between lhe rltllllll­
a rd and unknown approaches zero, The 
Tyl'~! ltiO.t-A Com parison Bridge i~ 

s'lwdm'di zed in our' calibrating I:lhom­
tory at n IOOO-ohm imlX>(bllcc Icvel, and 
I he t rue bridge zeJ'o is hund cnlibrated , 
.\ t t his point the bridge ('1'1'01'$ nrc elf£!(:­
lively ZCI'O. 13)' rei" ri(" iog 'ht' impedance 
d iffel'('m'c range to ±,j per cent or ±20 
pCI' ('elll, b ridgc errors stay ~mllll and 
\I'e obtain "Iuhomtory accuracy" un n 
"production-Iypc" bridgc, T his bridge 
i" suHiciclll1y accurate so that lhis 
fllandardizlltioll :it 1(H)() oh m,:; will hold 
good from lL fc\\ ohms 10 u few lllegohms. 
lI owcvl'l', the rl l:lnd:\rdi zulioll ('Hn IJc 
('hel'ked lit. all,v time by sim ply intcl'­
{'hanging the standu rd and unknown and 
nOlill g that tlw bridge rcading rev('t'SC;;. 

Tht, Typ ~: 1(j(JI-A Compal'ison Bridge 
I:>' t:omplC'tci:-.· sclf-cOIlUli ucd, con~isti llg 

of II ca thode-ray tube vilmal delectol', 
bridgc, and an oscillntm' which operates 
:\1 I kc 01' 5 kc. I t Can be lI ~ed 10 rneaslIr(' 
both impedance differCllce, 6 Z, and 
di..-si plltion-fuctor difTNencc, 6 J) (or 
!<Iol'llgc-fnetol' di/fel'ence, 6.Q), for 1'1;.'­

,:i~tor~, ('flpa('i IOI'S, (lnd inductor!'!. S,v 

pnJl'iciing a t:. /J OJ' t:.() balance :loS well 
Ull t\ t:.Z bnlilllcc, II Ihorough check of 
componcnts Cilll bt' made. For ex'~lllpl c, 
if cltpacil.ors arc hcing dlCthd, not onl ,\' 
\\'ill t hose Ihnt art' outside ca pncilnllCt' 
limits be I'cjected, bUI all'O Iho~ wi th 
ubnonll!ll dissipation fllclol'~. 

Ea.sc of opemtioll has been SI rcsscd, 
so tlmt llU'iI$uremcnt.s {'un be mad!' 
mpidly , '1' 11'0 dial :>., ('onvenienll.y loeated , 
arc rotated 10 hatance the bridge, or, fo r 
more rapid OI)CI'ul ion, the dials can be 
llsed to ealiUI':ltc the cat hode-I'ay t ube, 
whieh thell indicates the unh.\ I:\lIcc in­
stil ntly .. \ t blli:UH'C, the dials indi ctL1t, 
directly the DOl' (J dilTCl'cncc and thc 
impedllnce diffcrcnce betwcen t he stand­
llrd and unknulI'll , CXpI'CSSl.'(\ :u; a per­
centagc of t he sta ndard impc<iuuec, 
Ordinal' il)', the bl'idge is llsed to clw(:k 
com ponent s from curren! proouction or 
pun'lw!le lot s agai nst :1 similar l'0111-
pom' nl indcpcndcnUy Illt!a"llrt,'d alld used 
Il.'; a st.u,mhud. II (Jwc:'I'CI', if 11 laborntor,\' 
stal1dani is uS(.'(I, rathe), thlln Il :mmpll' 
component, the instrument lx..-'Comes 11 

precision lahoratory compllrisou bridge. 
This 11I'idge ('an be used fol' t he direct 

comp:wison of components OVCI' 11 vel',\' 
wide im!)cd:Ull'C nlnge, fro m !lppl'Oxi­
mat ely 2n to 20 :\Icg n. The bll.Sic IIC­

l'Ul':Iey of Ihc bridg(' is ± O. l pCI' cent, 
dC('I'Clising somcwhat a1 the extr'clllcg of 
its impedanl'c rangc. T II'o impedan{'c­
ditfcl'l'u{'c ranges art' provided : OUl'. 

o to ±il pCI' ccnt fur' uN'Ul'ate compuri­
son of components close to each other III 
value; dle oth(> I' , 0 to ± 20 pel' ccnl, of 
soml'whal Ics.'wr aCCUnle,V, for (' hecki ng 
to the> ('ommon t olel':lnces of ± 10 pel' 
ecnt a nd ± 20 pCI' ('cnl. Thc irnp('(I:I!I(,('­
dilTcrCIlt'l' di :11 ; ~ ;;hOll'n in FigurC' '2. 

Fig"re 2. cro. ,,·up of 'lie 
Impedonc"·.HfI",,,n<,, dlol. 
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,\ r;irnpli'it.~ 1 ~hcm:llic diH~I':1II1 uf Ill<' 
bridge is shown i ll Figure 3. A pl'CCi81011 
linelif POIf'lItiotllClCr in the ml;o arms 
i~ used to pror ide 11 ±20 Iwr cenl im­
jX'dflllc-e-difT('I'('ncp J'ange, T his 1>01 en­
ti om('lcr Is ~hull!p(llo l)I'o" i(ll'!l ±:j l>er 
,'(,Ill range for milrC prcc i~ com parisons. 
\ {Iil'fereutiul CHp;}("iwr Ilrrofi.'4 the mtio 

linus p l'o\'id (~~ tl.(' dissipation·fllt·t,)/, 
hniu lw(', The point :H which 111(' liridgl' 
j" grounded ('fl ll be switched, so I h:ll, 
m('lI!<tII~m('IIUo tun he m:l.dc with tht· un­

knO\nl either grounded 01' ungrounded . 
'I'lli' detector is 11 t hrt.'(-' .. s t.:tgP, high­

~ain, DOli-lin!':!!' :tlllplificl', Till' highly 
non-linear Mmpli ficr pCl'mitH I he bridge 
tn IIf' halanccd wi thout COIII;111 1111 res<' l.­
tilljl; of the gain ('onlrol . BIII:llJcc is indi­
\'1I1t'(] Oll :t cut hode-ray tuhe. The detec­
tor lime (·on::;tftnt has bt'<'l1 mildc less 
Ihllll IUD mic.roseconds , so tlwt, {OJ" pm('­
lica l purp~. lilt' ('ITOr \,I)lla~{' apl>Cl\l"S 

instantly. 
The .. sdlbtor is :l. cOIl\"t'lIlional R-C 

pllll&!-shifl IlRtiliator \\"l1i('h is ('QUpINI 
II, ihe hrid~(' Ihrol1).!;h a shirlded bridge 
11":lu:;formcr and :t cathode followcr. T he 
1':l lhodl' follo\\'t'r climi lluh-s :I n)' rC:1cliorl 
or Ihf' hridgr !Jack on the osei lltl.\or. 
while the "1X'<'iui tmnsfOI'mf'r shieldi ng 
PI"(1\"f'nt8 :lny unhld/lneed ,·oltllgcs from 
Iht' I)scill/ltor from affecting the IwidgC' 
hal:ult'c. _\ difTt'1"Cllt ia l c'a p:ld tor is 1l.sc<1 
10 balu nI'(' Ihe cnpaei tnnee from the 
transformer "hidd 10 til£' I'nds of t he 
~hielded wi nti in).!;. 

RANGE OF MEA SUREMENT 
The upper lwd 11)\\·('r Ilmita of impt.·d­

:111('(' mel1.5urrmClll \\ith thi~ type or 
brid!!I ' are delt' rmin{'(1 h." 1111·('(' mflill 

f ig .... ., 3. E~ ...... ' .. t~ ~;.~ull 
.. , .... brldg • . 

OECE M 6ER , 1952. 

(:H·tOI'!'.: r·,,!<icl\l;11 irupt!tI:l.llces, pickup 
rl"01Il 8tm.)' fiC'lds. and scnsiti\'i !y. 

_\1 high illlped!\nl'('~ these limit iug 
\'undiliOlls ure : 

I. Parallcl 1·llpnl:itllllcf· 3011(1 re:;j,>laIlCt' 
H\'rQ8S the Ilw,\,'".ul'ing terminals IJf 
t he hl·idgc. 

:!. Elc<: lrO:' l llt i(' I)ickup bN.";UI~ of till' 
hi~h impt'l lam'(' le\'t'] 

:J. Docrt'a.sed sen"i! i \·i l~· IIf'('IIII1W Ilf 1111' 
load of III I' detectur UI1 thc bridge. 

I n tbe ' I \I'~; I f,()-I-A {"I)mpari~)n 

Uridge, the illl)lll iml)edau('e of I hf' dc t f'('. 

1.01' is high. llIl l l sllffi cit n! ~t ll:,. i ti\'it.\' is 
pro\-idcd 80 th,d df'tector Io.'tding d \l('ii 
not limit pClformanc:f' . Thorough :;lticld­
ing within Ihe bridge effet:,tively elimi-
111llCS crrOI"lj from ciC('trostlllic I>ickup_ 
lI owever. in slTOng cit'CtrOSlatir rieldi!. 
pi('kup ('.'(tl'l'wd tu the brid!(c is pOilSihlc. 
GcncraJl.v, lhis cxtcnt(11 pickup \\'i ll he 
at GO~ and i'tlll eas ily I)(' clirninfl tet"i by 
inSf'rlillg :I filler, t;<U("/1 as tht' T\' I'~, 

1:231·1:J.::; Adjll"lflblc Fil ter, nt the fiit('l' 
jll(' k on the " nne!. P:U":lllel re<i"t!l I1C'(' 
aCj"O:<S the IlH'(ls.lll'ing t.Nmin:ll~ is j'X­
tl'enwly higll and i::= (·ompletcl.v, Il('gli­
p:ihll'. Shunt r ap:l('itan('(', hOIl"(lvCI", docs 
limit lhe high iTll lx"<iUlw(' mngc. WllPll 
the unknO\\1l is ~rOllnd('d . tht' l;huu\ 
l·lIpaeilll llee, r., mdudc& II\(' cnpacitlUlt'f' 
of SQmo sh ielding wi t hill t hI.' Ill"id~e IIlld 
i!' a ppr'oximliltly IU ""pf. Wit h t h(' \111· 
kl1O\nJ ungrou nded, however, tIle :;hi('ld 
cnpllC' its.llcl' is pluced across till) hrid).!;c 
":Hio arms Hnrl ('. ill less lhan I "pf, Rilll'l' 
the brirlgl"' nW:I " W ·f'S the pllnllld COlU-

, .. 
""-_,P_----' 
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GENEItAl It"OlO EX PE-It IME NTER • 

L.ina.tion of Lhe Impt-dauc\' tu be mCaS­
ured alld the stray capacitance across 
the measuring terminals, this ext.remely 
low value of shunt capacitance is neces­
sary for high impedance mellsuremcnts. 
An analysis of the bridge balance e<llI:l­

lions shows thai, t.he error at high imped­
ance is: 

c. C> 10" 
lo~or capacitance I + (';r (,,"Ice ,'lgUI'C .J .) 

For inductance l - w2 IJ~C. (See Fig. 5.) 
For resistance 1 +,}n~2C;Z(See Fig. 6. ) 

For a mD,.'l:imum error of 0. 1 per cent 
00 the 5 per cent rangc, these t~"pre:;­
sious must equal 1 ±.02 since 
ll±.02) x 5 per cent = (.5.0±O.I ) per 
cent. This corresponds to a high imped­
ance limit of 50 ,,4, .100h, 20 Meg n ai 
1 kc. 

At low impedances the range is limited 
by 

L Series inductance a.nd resistance ill 
the standard and unknown brid~e 
nrms. 

2. Electromagnetic pickup because "r 
the high currents at low impedance. 

3. Decreased sensitivity hC('fltlS(' of 
the load of the bl'idge 011 the 
oscillator. 

To maintain constnut sensilivit.y , tilt, 
voltage across the bridge musl be h~ld 
constant. as the impedunce level d('­
rrenses. This requires supplying nvW(' 
power In the hridge. Since this power is 
limited, the low impedance l'ange is 
limited . Sufficient scnsitivity to balance 

-

(8elow) fill''' • .t, (b.low rill"') fill"' • .s. 
(. IIIM) Fill"'. 6. 

, J·l-I 

t-+¥~~ 

I\, I ~"'';:f -

1 '--
-~J , 

t he bl'idge to wil hin 0.1 per ceuL CU ll be 
maintai ned to an impedance level of 
about 2 ohms. At, t his low im pedance 
level, large CU ITent8 (llhout ~ ampere) 
flow thl'ough the b]'idge arms. T he re­
sultant. electl'omagnct.jc pickup betwecn 
bridge elcmenta causes an error in the 
hridge balance. This errOl' hns been kept 
tinml1 by careful placement of le;lds. Sel'ies 
ind uctance and I'Csist:lIlce has been kept 
smull by using heavy bus-bal' wil'ing in 
the bridge amlS. The elfec\, of this series 
impedallce is (w·the r redu ced by kt>cping 
ihe bridge wiring as symmetrical 1I.S 

pr·acdcable. The low impedance limit 
of I,he bridge is shown in Figures 7, 8, 
and 9. For a maximum error of 0.1 per 
("ent on t he 5 PC I" cent range, the bridgf' 
may be used t.o 2 R, 0.5 mh, 30 ~f at I kc. 

The impedance difference and dissi ­
pntion-fuetor-differcnce ranges a l'c lim­
ited by the efft'et of crQSS-{;oupli ng tel"m~ 
in the br'idge balance equations. As lhe 
impcd ll.lH'c difference inc]'cases, it, cause< 
IUl erl'Or in the mensured dissipalion­
facio r difference. Similarly, as thc dissi­
pation-facto r difTerence inerellSC8, il 
CIlUSf'8 an e]Tor ill t he measured impt.'(I­
ance difference. Because of t hese cros~ 

... ' ~--t.- . , .~ , , .. 
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cuupling terms, we have limited the dis­
.!Ii pation-factor-difTcrence range to ± O.02 
where the maximum error in the imped ­
ance-differcnce measurement becomes 
0.1 per cent. Instead of limi ting the 
impedance-difference range to about 2 
per cent., we huve accepted a slightly 
lurger error in the dissipation-factor­
(Ii fff'rence meusurement. 

USES 
!3t,>CflUSC t he bridge is cali bmtoo i ll 

Jler-cent deviation, lhe job of sorti ng 
components to :I. given tolerance is 
greatly simplificd. The high uccuracy of 
the measurement. plus the fact that 
8D or 8Q as well as 8Z is measured , 
insures an accurate production check of 
componCllt.8. 

The -r,."1'1"; IOO.f-A Comparison Bridge 
can be used in ei ther of I.wo ways. First. 
1\11 unknown can be compared agains t a 

f"""'" suitable standard by rotation of the bal­
ance dials of the bridge until thocal hode­
ray tube indicutor shaWl! a balance. The 
difference between the !!umdard and un­
known is t hen rcad from these dials 
dirccUy. Second, t he cuthodc--ray tube 
('an be calibrated at the desired sorting 
tolerance and used to give an instantane­
ous "go, no-go" indica.tion. The first 
mcthod provides bettcr accuracy, while 
the secolld permits rcally high-speed 
sorting. 

r 

For production testing, t he standard 
need not be a precision laboratory stand­
ard , but can be a. component, si milar to 
thosc being checked, which hus boon 
independenfly measured . A standllrd 
preeisel:v at the desired value is not 
necessary, si nce aD offset. zero is provided 
within the bridge. Thus if ±2 per cenl. 

DfCfMIHR . 1.$' ~ 
rC8istors ure IJei ug sort(.--tl lt uJ the uVlIiI­
able standard is off ±1.3 per cent, t Ill' 
bridge zero CM be offset exnctly 1.3 I)CI' 
cent and tbe resistors checked ys if 1\ 

l>erfcct standard were Iwai lnblc. 
T o sclC{'t or to check matched pair.< 

of components, no standard is nccc8snr:v. 
The pair are simply connected to llw 
standard and unknO\\"Il terminals. thp 
difference bet\\een the components heill~ 
indicated directly by the bridb"C' 

T he ~.,.. p, 160l-A Comparison Bridg(' 
iM ideal (or measuring ccuter-tapped 
windings to be sure that t he ttlp is cor­
rectly centered. Simi larly, tWit windin~ 
on the same eOI'e caD be compared for 
unit.y turn!! ratio. rn t,hese cases till' 
rneasurement is mnde with idcntiral ('ur­
rent8 through the two windings. 

An example of a production problem 
yt the General Radio Company show"!' 
the typo of npplicntion fOr which t h(l 
Typ.~ li304-A Comparison Bridge h!l"!' 
f'Clllized large economics in tC'6l lime. A 
large uir-core inductor) accurate to O.2.'l 
per cent, is used in the- frcquency-dill.­
CI·iminat.or SMlion of nne of OUI' rl'('­
fluency monitors. V:lriations III wilY' 
from spool to spool , wi nding tension. 
and other variables make it iml>ossibl{> 
to hold the inductnnce t.o a 0.25 per 
cent, tolerance by simply ('oullting turus 
~ the coil is wound. As II result, lhCS(' 
coils are wound with a few per cent moJ'f' 
inductance than Ilecess..'l.ry Hnd then 
" I>ccled down." The coils were formerl~' 
measured on a TYPE 6G7 Inducumce 
Bridge t.o 'within 0. ' per cent. I.urns 1'('­

moved, and the measurem ent repeated. 
This process would then be fCl>cated ruI 

many limes as llecilSS.'lry to bring thf> 
coil within limit.s. The opcrtltion was 

I ~f~:li 
--.. , .~ ... .. ,,--_. 
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G[ N£IAl IAD I O EX P EIIME N TER • 
tim~'/)II~umlUg Id!11 II pn.'ntliol1 Itiliur:I­
lory brllijt(', Th(' job h~ nOlI 1){,(,11 
slJ("('deti up {'onsidcl'1I bly by II din ... ·, \'om­
p!lri"On with K stnmlard I'oil. Tilt, {'oil 10 
he !~djll"ilf·d iA pl:1Cf'(1 nn 11 lum! :IIII(, 
II'hi('h lIlukt'S i'(IUlIloCl hI 0111' end of tILt· 
\\' llIdillg, This eOUlliN is brought throu J;h 
:I :;lip ring: 10 lhc grounded unknown 
I('rminal 0 11 tlw TlI''" I(iI~-.\ Comp:u'i-
9011 Bridgf·. 'I'll!' 01 Iwr f'nd of \ he winding 
IS ('UIUlt't't CfI (hrttllr to th(' hridl,lc. The 
hrid'((' in~lulllly indjcut(~ Ih:ll Ill(' l'oil 
il'i oul~ide limit:'! . Turns fire now rt'mo\'cd 
while the coil is alill cOllnecte<1 In Ihl' 
hridgl·. \ 8 {'ach lui'll is remow:!li, the 
!'athod{,-I'fl.Y tube instantly indi("l)lf'" th(' 
IlPPI'OIl.{'h 10 bllllll1l·('. When the hu!am:e 
condition is I'{'aelwd, t.he wi,'(> fl'om the 
('oil is cut find Mld('l'l.'{l to its tel'mi nal. 
(n this \\I'.V th(' coi ls /lre ('asily and 
quickJy mad(' idcntical \I;thin 0.1 I)('r 
cent. 

Tbe eomp:lrillon hridge hilS illsa proved 
wry helpful ill the measurement of "ery 
Qmall capadtors. In tltis applicalion the 
bridgl' i~ nol used to compare two SIllIlII 
cap/1.(:iIOl':'l, but I1ctuall.v mcttSlIt'('S one 
CI~pa('ill)I' d irectly, We h:ui seYC'ml loI s 
of I , 2, a nd ~ I'llf eondcm:i(!N 10 he 
f' hcckcd. These \\'('re quickl:,>' cbecked 
b~t placing 100 I'Jif (·;tpacitoNt al tl\(' 
stnndanJ lind unknown terminals of the 
bridge and l"eUing the offset. zero sa thn.t. 
the hri(\b"t' iudic:ltf'S Zf:'ro. By pI IH~in~ the 
small eupacilfll'il 10 be measul'(>( l in 
paraii('i with ,11(' 100 I'l'f caplwitol' nt the 
unkuo\\'u tl·nn in/ll". Ihl' small t:lp:u'i tor 
tall hr- 1ll('~l."lIl't'(l I),v l'C-hni:ull:iu!;, Ih(' 
hrirlp;e. TiI(' ±:j pcr I'CIlI. 6 Z se:tif' no\\" 
1'('/I{ls ±;") 1)('1' I'cnt of Ion ""f IU' ± .S ""f 

full 8(;ale. Eacll tlil' islOIl " I 111(' :-{':dl- l:-(,\' 
Figure 21 r('pl'()~n UI 0.1 ""f. B." :>uitahk' 
l'hoice of th ... shunting' cap:lcitor, t he fnll­
:5('l1lc reading can I'M.' m:\{lr' lmy nllllC, 
.\1 ± Il'l'f (Ir I('.,,~, full s('ale, slnl), cllp:wi­
tal1ct~ Ix'(!om(' , rel'y importlllll ilnd IllW;t 

be considered if aeClI rntc mCH.''tIrement!; 
IIrc to he Illade. 

The compurison hridgc i~ ideal fol' 
eheckillg g:tllgecl pOIf'lltillmclcl'!! thlll 
must Ir:i!'!;: ('l)ch OthN wilhiu II gi\'f'1I 
lolerullc('. A poillt-uy-poinl llle:l."'Ur1'-­

Illenl of Ii. p:lir of non-lil)('ar potcutiom­
('H~ I"S on a lahomtol'Y bridge ('fin bC' \'cry 
li mc-consu ming Ilnd cOIltl.\'. B.v C1\ lih l'al~ 

inA t he cathode- ray tubc at t he dcsil'(,d 
tolcl'1(1lce :Uld cOlIllNl ing Ihe poten \;­
om.eters tu Ill' checked l(l t he s1:\Ildard 
:lIId unknowll tc"minois of I he bridge, 
tht' potenl iomelers CU ll ue chocked in a 
:-<ccond or two b.,' simpi.,· rol:l t ing them 
through tJu~ir r:lIlg(' whil(' wllt('hin~ Uw 
clithodc--rsy tul)(, . Fnilurc to track within 
the sl)('(;ifie<i l imits :It :111," l)Oinl is in­
MUIl II.\' indicated. 

Simillld ... ', gangCti cOlid eIlSt- l~ for o<scil­
lnton! or fi.1ters CUll be checked in 11 ~m:di 
frn('tion of the I illlc 1'Cfluil'cd h.\'!~ point­
bY-I>oint meas urement. FUl'thermorc, 
the condensers are not. chwkcd il l a fell' 
discrete poiut:i but continllollsly 0\'('1' 
their whole rangC'. 

Thci'{! lire bUI II fell' ur the l)()SSiblc 
applications £01' which t he TY I'~: IGO~- .\ 

Com parison Bridge can be used, but 
thcy serve to il1u!'lrnte ils ver&lu.ilil.v. II 
comhines eilse of OI>Cl'ation widl suffi­
cient HCClinley for componenl t.P.S l ing ill 
lleilrly:'l.lI production jol);>. 

- ;\ 1. C. H OI.TJh 

S P EC IFICATIONS 
o."IoU. " 1."gO: For 'mp«llm,,-~·, :1:5("( !lnd 
±21Jf C, ..... h-,·t{'(i by 1\ pailI'I ~\\ itch, For di3eipa­
lioll flu·lo r. ±.015 al 1 kt, ±.075 !It 5 kr. 

Inlpod."c. t."II . ... d ",eel/roc.,. : IrnlJ(.'(itlll('t·!\ lJo. .. 
1\\' .... ' 11 2 fI "nrl 20 1\In rtlll Iw f'O mp:lr"d . For 

the 51 ( devilltlon fllllgl' the b~,c ul'l'uroity I:' 
± O.l r;" bue, at cxt~mc \'nlu~ of unpcdllllr<' 
I hp llC{' Um.cy is IIODlI'lI'hIlL l)(lOrI'r, Tbe rMge for .......... 
" .,.,.,;to r~. I':lpllcitol'lj, Ilnd indueton! f ... r which 
the ± O. I ": ... ,"'urne), nplll i .... ill gi,,/'n in Ih ... 
tnhl ... : 
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Tlw ... · fungi'" IIllply whell c'O ItiPMUlI; '«)IIlP"" 
11I'1,L!" hr.;04· ,ir,,;l!ipalioll r:l~wr dd'fPl"ellc<'lI do not 
"xI"!"!,,1 .lY.!. 011 tl,!' W e;. df'villlirm r:lllji:C' til(' 
.\Ct'UrlI!'Y iOl O.li('t uV{'r IIH' Slim .. irllP('(\'tll{'{' 
mllj(t"', 

Dlu/pollon ' 0<10, ......... o cy: TIll' :wI'ur/ICY "f 
m"ill'llU1'IIH'nl of differen<*l! of diMl lJlllion flltt"r 
at I k.' III ±LOOO.5+2{'/" uf th,' ilupt'tlw,I't' 
djff,·n·n(~ ·) . :'IIId lit 5 k ... ±f.OO25+2 t , of tlw 
ull\lf'daru· .. • tillTC'rt!IH"t' ). 
F"ClI .. n~y , Fn'qu(,lIci(1< uf I ke lI"d I) kt- I!.n' pro­
vid("(1. ..... I~«·d hy pltllcl ~"·itt'h . 'I'll<' fn"(IIWlwy 
'" vdlhi" 2::3(';' of 1111' lJOminll] , ':l l\ll' 
(Hounding: Two grouud pO~l1 iOIl:! :' /'t' \Jru\' nlt'tl , 
"u" uf whiCh ground)! lll{' jUJl(~lion of I !(' ~ lllnd · 
lIrt! lind UJlknO"'11 ilnl)oC(i:J.lU:f'>r. With thill oon­
III'I-lIOIi !Ill' total irnpt'drulCf'1! beL" I..;'!! th(' high 
II'n1ll1L1\1~ Imel gruu nd nre CQIIl 11IU\.'d. In till' 
olli('r (.'(>III",,·tiulL the jllll,'lioll of Ihl' r:'lio :lrm~ 
IIf thl' brilljl:;l' I~ grounded, ICII-ving ]"'th l('rrnill(lLq 
of thl:" "t~m d/l.rd (lnd UU]O,U" 'U uJll(rtJulided. 
With Ilu~ ('\Jnn''i'lion tht' dil't~1 iml)l'ibn~ .... 1)(,­
tWI'i'1I I,'rmillld~ .,f n /'OIll!V'IIf'n l ,~ !I}tl,,~ uf'l'tl. 

Compo,isoll Bridg • ....... 

O E C £M8 I' R , 1 9 .51 

(11)(1 u .'I'tuillltl 11I1I)l.-olllL(.'l" II, gl\luuJ, "itlull 
('('rtrun hmit3, .. LIlIl..,t uffl'tt the bridjCe haJltlH~ ' 

VolIOIlO Appl ied 10 U" . "O ... II: Alll1rolClm:u.'h~ 11 ... · 
v(olt, for impt'fllll1f't':'l IlblH'e .soon. FQr 1.., ... ". 
VDIII~ of illlp!'dfllll .... 11.0(' \'oltsg" iI; .,I'Cn'lL.-<-d. 
1'Orr("<pondwl,( 10 U l'IOurN' in1I)('(lfl nl~' of Ihl' 
order of 100 11. 
Zero Adju l lme"': An IIdJu..~l!Iul;' Intio!x ITUtTk I" 
p!'(IvlJ('d with IOt'kinl; !!Iellnl! ilU 1 hnl lilt' x('r" 
I'IU' b-I' off~'~ to (.'(j r r('!lpond to tile d('vitl.tH)n of 
tht' sllUlJ nrtl ('(J1ll1lt)n('ni f!'(lm tilt· d nsirl'<l 
nomill(ll v0.1111.'. 
A~Ullor; •• SuppUe d: Lilw .. COnn( .... I"r I'(jrJ. 
A~~""o,;,, Required, For g('III'rlll I)urpo.'<', Il.«' 
;ldjllstnblc eahbrut('(1 @hlUdW'd~ slIch a.; Ihl' 
TYrg 1432 J:ktoOOI' Hl,!;;htol'll, T\ I·V. 219 Dc.>e:.u. •. 
Cupncitonl, /lJld Tnt: 1400 \)('i'nd" Indudors_ 
Fixed standnrtl~ ~1Il'h ~ I bt' '1'\ I't: 009 SlalldnrJ 
CUp'ICil(l/'ll, T\ I'C 1481 IntlUl'1MII, and T,·rr. 500 
Retliatorli may .111\0 1)(1 tll'l'tl Whl'!I(,Y"r :opprr>­
Ilruu(o y,uUI~ a.rp !.v:ti!"h!t. 

J>'or prodUl'tiuli I.,,.I!$, till' 6tnlld.ard i~ oft"', " 
!'() lnlJ()llell t of thl' type to 1)1' II'"t<'d. thut hllo!; 
bCl'n m('n",lu ..... 1 inaC'I)I.·lIdclitly OT ol ltt'rwi.'" 
1>f,j.-wIC(I. 
MO lln li", : W('ldl'.! nlulIlinulll /'lIhiH(!l 
Olme" "iolls: (Width) 12 luch, .... (hl'ight ) 14 11 
il1('h('lI, (depth ) 10 inth\'!'8, 
N., W.ight: 22 l.j poll nd>! 

('<Jilt Wllrtf ('rttr 

I ' \'I'T\ $33.5.00 

NEW BRAN CH P LANT 
H<"CognizUlg IhaL lhe dl:maHd~ of an .. 

l)th('r cmergen,·), could not be mel. by th{' 
thctHlmiluiJle facilitit!:>, tl \l' General 

Undi\l Compauy, in ID·IS, began to ex .. 

plore the possibilities for expansion, Any 
further mnjor expansion was, for muny 
l'I'II~,ltIl'<, all but impos'liblt1 at. Ill(' pl'C&'nl 

Im'ation 111 C'amhridg('. AftN a careful 
l"('an·ll. m:cumpullicd by :\11 1l1l:\lysii< of 
the residenre locntionti of il~ CIllI)ioyce:;, 
:,\,uil:lhiiity of 811iulbll' local manpower 
pool~, tU' l'l'AAibility, indllding Ilcnrncss 
10 highway lind r.1i1wuy fflcilitiC:!, & build .. 

,.... iUK ~jtl' w~ chosen in a cou nlr), district 
III W(lSt ('olleord. :\lIlssilchu,,;eUs, iiQm(' 

l'I~lltf"'11 m;l~ west of C"1mlwirlgf'. 

About eighty IIcrl'S of hillO wcre pur .. 
dllL<:.eI:i tn (il1n\\ for adequalc open spa('(' 
tlrOUlld IIDy I ,t1ildin~'1:4 I hal might ('\'('nlll ­

ally be cOUSlru('\L'd. 
The K ore:.llI trouble brought the lire..! 

soouer thnn could have been expected . 
In Ihe late spl'in~ of 1!:)50 the rC~I.I'm:I" 
mCIlL p.·Ogl·:lr1l Iwgall ill ea m esl, and 
G(!lIfor'a[ Hudi o 1\'tIS l'1I11ed upon to lllnkl" 
its coutribution llf pl'('('i!<ion IC'SI eqU;P­

men t and coml>OlIl'nls 1\1 n rate far Ix' .. 
yond thc capacity of it~ plant. in fU('1 
the tl.8('ending ('UI'\'(' of nl"w defens(' 
orders malelloo rtu~ly Ill(' ('urve r.nuS('(] 

by Ill(' rf>arm:lIlu'ni prc)j!nnn lu'giuninl-: 
iu 1910 
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GENEIlAl RADIO EXPERIMENTER • 
Plans for construclion on the nell' l>ite 

were drawn up immediately , but. before 
construction could be started a cerlifi· 
"ation of the necessity of this new facilit.y 
W!LS required. This 11'115 issued by the 
Xational Production Authority upon 
the request of the Department of Dc-. 
feuse. nnd building was started in .Ju ly, 

1951. The first. production operations 
began in April, 1952. ~ 

This modem, fireproof plant hus 
8C\'enty·two thollsund &llIat'e feet of 
floor space und is dC\'OlOO to manufac­
turing, with uuxi liary sh ipping, recei\'­
ing, and stockroolll fncilitic8. 

TilE General Uadio EXI'EIUME{\'l ·f.:U is /lwiled wil/'oul dwrge cud. 

1II0lltll to en gineers , scielll,ists, tec hnic iUllS. alld oth ers in terested 

ill cOlnlnunicfltion-jrequency mC<ls ure m,ent (Illd ",,"trol I'roble lns. 

Wi,e" sending relluests jor subscriptions unci odclress-clllmge lIotices, 
plC<lse supply t/te jollowin g illjo rmutiolt: nume, cam,IU"y uddress, type 

a/ busin ess company is engaged in, alld title or IJO.'i j,j01I a/ i"dividllo/. 

GENERAl RADIO COMPANY 
275 MA SSAC HUSETT S AVENU E 

CAMBRIDGE 39 MASSACHUSETTS 
TELEPHONE : TRowII rId(1 6·UO O 

BRANCH ENGINEERING OFFICE S 
MEW '01' I, MI W 'OR' 

.. WElT SHUT 
Tll .-WOra 1·51l! 

lOS 'MGHU JI, ~HlfO RN" 
lUI NOnH SEWARO ITUET 

TEl. - HOII' .... ' ·I1I! 

CHIUGO I. ILLINOIS 
til SOUTH MICHIIUM A'fENUE 

TEl IlIA . II I l·lIli 

"'~" . • ... 
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