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A NEW UNIVERSAL IMPEDANCE BRIDGE 
Accuracy, \'crsutiiity, and COlwcnicncc 

flfC combillL>d to all unUSllal degree ill the 
new CCIlt'ral nadia THE W50--A Im+ 
pcd ancc Bridge. Successor to the w{"U* 
knOll'll and widely uscO TYPE (;50-A , ( the 
new hridge llH·orporat.c;,; the many de
"imhle [catml's of it s predecessor, plus 
II host of improvement" tlla~ contributC' 
greatly 10 its accuracy aud opemting 
COIl\'cnicncc. 

The oldcl' bridge has IOIlJ!: been a 
s tand ard fixture in laboratories, plants, 
und schools. Hugged IWcl reliahle, it. is 
undoubtedly the best-known ill:;tmmcnt. 
in Genera l Ri\dio's cxtcnsi,'C line. i\lany 
of the carl,\' models arc still in IISC - lUI 

example of the qUflli ty lind lOll!! life of 
Geneml Radio instrunH'II i1; - hut time 
has shown many improvcmcllls to be 
both prut'lical and d csir{lblc, T hcsc, 
together with sc\'cr:.d completcly lIell' 

111 o~rt F F;~ld, "Th~ 
Con"~Jli~nt ~I" .... u .... 
"",nt of II, I" ~"d C," 
0 ... ",,,1 Rodi~ Krr-i. 
,"en'''', Vol. 7, 1'011, 1\ 
and 12, Ap,il.~"'y, 
1933. 

fill"" I, P .. n.' .. iew 
of Iht Type 1650-A 
Imp e donc . Brld"e, 
N ol. Ih. mony neW 
I. alu, •• : O.Ihon"U: 
built·in ".n,.alo. and 
d.I. do,: s ingle o.Q 
dial: .Ingle pal, of 
UNKNOWN I.,minols; 
bios ' . ,minals. Fo. 
a.h., ." • .,nal 1 ... _ 

,u,es, s •• 00 .... . 

fealU1'CS, make an impre::;si\'c list of 
rcaSOIlS wby tl](' lIew bridge is el'en 
mom useful and relillble t.han its prccle
C<"'SSQ1'. 

T wo of i hc improl'cmcnts s tand out. 
in impOl'lll lH'C: 

( I ) I IH'rf'!lscd accuracy. ~ I casurements 

of D and Q call he m:\dc with an ac{'um cy 
of 570, which , logf'thcl' \\'ilh t he bllsic 
a('curacy of 1% fol' R, / ... and C, ho lds 
ol'er the clltim l':lIlge of the bridg<..'. 

(2) The paleJ)tctl OrtlwlI!dl featu re, 
which eliminates slidinK bulances, ])er
mitting the meaSUl'ement of 101l'-Q in
ductor's aBel high-I) capac itor:;. 

T wo completely new feullU'cs COIl

tribute greatly to cOlll'cn icnl'C ill USc 
and port:lbilit,I': 

(3 ) l 'nique cabinet, which allows the 
bridge p:U1ci to be tilted und held :\1 a ny 
convt'nicut angle Ilud which, whcn 
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d~'(I, f()rms ;\ protccti\'c cover and 
carrying (':1St' 

(") ('ompielt'iy t r:lllsistorized gcncra.
tor :tmJ dpl('(:tor. 

!"it ill otlH't impw\'clllcllts find extc"
l'.iont; or original feaLnno:; iududf': 

{ti) ,\ :-;ingle diul £01' :dllJ Ilnd Q read
il\~, 

(li) A ~illglt' pIli!' of ICl'luiunl:> for :\11 
ml'u .. 'ill rei nl 'II \..iI. 

(7 ) ,\ full dl'('llde V\,1C'HSjOH of Ihe 

"1)lwr limit of Ii, I., (llld (' nll'ilSurf'Il]l"llt. 
(8) Int !'Ca..'<Cd upper frequeney limit 

(20 ke ). 
(1.1 ) :'I.1Ncr null iuJil'atioll for hoth ae 

and de mcasur('mcnts, ('limin/lting the 
11(,1'(,\ rol' f'aqJhollC'S, 

(10) Built-ill geuC'.mtor and dN('e1or, 
( II ) Thl' ability 10 m('II::;UI'e 3-terminal 

compOlll'lItfi in tlw prMoCII(>t' of larp:e 
tCl'nlin;ll t' ;lpseilall('('s. 

(1:1 ) Exlt'rnall,\' l;'lIppii<'ti dc poi3rizing 
\'Oltltj!l' or eurrl'lIt C31l lx' uscd, 

Amon' dctllill',d diSl'ussioli of thes<' 
fC31111'I'-< will help to empha:;ize thcir 
utility nllt! dD-iirability, 

THE BRIDGE CI RCU ITS 

While SPf'cilllized Rlld III1I1RU:l.l cirCllits 
ortN! lin I ' C' advaJlta~('S for si l!J.!:lp-purllO!'Il' 
bridll(');, 110 s:.llil'ffl{,IOI'Y tl'pl:ll'l' rnC'nh 
h;1\'{' ),l'('ll found for thc sirnpi<.', daMital 
cln'uil~ ill a p:l'IIC'ml~plII'po!;t· bridg(·. 
Tlwir flCt'UI'a(',\' IIml ::iTUplicit:,-' fll'f' diffi
cliit II) !>urplI&" for dired nW1L"IU'Clllcnt;; 

of indu('tlU\('C'. capacitalU'C', ~tor:lJ.!:(' flU'
Itll' , di:-;.-;ipaliull factoI', fIlid both lk ami 
llC I't'~iSl:UL('I'. III this bridj.!;c, Ihl'I'dor/,:. 
Iht· \\l'll-known (' i"ruiu; ;m' uH'(I, hilt, ill 
ordl'1' to lIluiulain llH' dr"l'in'(l 1\('C-UI'IU:Y 

• 
over wide ranges, seycral refinements 
have 1>Ce1l introduced, III addition , the 
so-(':dlcd slidinf!; ba!;uwc, wh ich has bC('n 
thc main dis:uh'nntagc uf Ihe c\;l.s8ic 
eirCllilS w hclI USC'll 10 mCmHU'C 0 and Q 
dirC<'tly, hns h('('11 t'iimillatL'd b,\' the 
Orlhonull fcalll!'('. 

The severlll circuits arc ShOll'll sc'he
maticnlly in I"igul'(, 2, .Kote that a par
allel ..... 'apacibllc(' hl'idgc is now included 
:HI \,·ell as til{' 6('l'i('8 type; this nmkcs 
I>o"-"ibl,' nol on ly the.· mC:llmrement of 
patHlle! capa(·itancf'. hut also tllC' ex
ICII~ioll of the r:\Hgc of ;lccumtc 0 meas
uremellts, 

The r:lllgc of mefiSlL rCIllCllt of t'fl(:n 

bddge corrfigllmtiol1 h:us hcen cxtcndctl 
upw:ll'd by one Jc('nde to give maximum 
limits of 1000 lIlir:1'ofaraus, 1000 henrys, 
and 10 nH'!,!;ohms. 

(':lI'(·ful l'O lllllCllsatioll of phase n_nglc 
in th(' bridge arms ha.'i !tTl'tllly improved 
tli(' ael'urucy of f) and Q mea.iuremenl 
und has made I)ossiblc !\(:cura te mCllSure
m('lIlfi of I .. and C at frNJuencies fro m 
20 c to 20 ke.' 

Besidual bridKc errors ha,·c been 
grl'tltly red ll(,l'{\ ; 1111' limiting fllctors lire 
Ihf." induel;\Il('(', resistance, and Clljl1lt'i
laBel' of IIii' U!\ KSOWX termintlls them
scln'S. T hest' llf(' ('QU:11 to or less t han 
til{' sm:llle'St lIl('llt;urtible qlmntitics (OIIC 

micromicrofamd. 011e microhenry, and 
ont.' milliohm), 

STANDARD S AND COMPONENTS 

'1'1)(' sltlllli:ll'(i t'np:lcitor' is a O.I-~f 

s ih'i'r{'(l-miCIl HI!i t or Ccncml Hadia 
m(llluf:lrtUl'e. r\ ;:hutrt ctlpacitlmcc uf 

'Will, u'n",,1 M~"o",I"r. 

Fig ..... 2 , Tt'e Av. d .. "II . .... d in 'he brldg., 

'. 

\) 
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



r 

, 
1000 I-'j.<f across 1 his capacitor causes Ull 

NTQr of only 1% , Iwd, thercfol'c. 3-
terminal dif{«·t capauil:mccs can be 
mcasun.>d nccum(£'iy whell the smaller 
of tlie 8tm,\' terminal caplWitll1lcCS is 
well below thi:; \':Ilue. 

The fixed n:li>istQl11 :tn- Gl'llcrul nadio 
precision, wirt.'-wotlnd t .... "t.'S CXtCpt for 
the one mf:~ohm 1':1.lio arm, which is a 
precision film ul1it. 'I'll(' piluS(' angles of 
t hesc resist ors nrc !'ufliticrd I,v t:mall to 
p(.' rmit au rcsiSlllllCC measurements on 
high valuoo rcsiston;, The \'ariable re
sistors arc General Hadio potclliiomclcrs 
with cxpollt'lltiai tup('rs arullogarithmic 
f;wutcs. The f)-Q poteil t iomUlC!" cOI'ers It 
Inial span of 54 db, which Illtlkcs possible 
a wide rall~C' of m('lISUI'enWIl t a.ud pro
\'ides tompiclc f) [Ulel Q l"o\'cm~e lIt 

measurcmcllt. fn·quf'ncies down to 100 
cycles and, with only tI small gap ill 
coverage, down t.o GO cycles. 

GENERATOR AND DETECTOR 

Till' gCllf'r'ator' and deh.'Ctol' a re com
plctf'iy t ransir.toriz('(l, making possible 
tire liglrt \\'cip;lrt :ll1d low ])O\H'r ('on-
8umptioll d(,~in.~1 in II portable inslru
tnf'n!.. TIll' LC osr'il ht.or [lnd tire thrc('
st:lgc transistor amplifier drn.w a tobJ 
Cllft'pm of 1l'SS tlran 10 ma, whie'lr nmkf's 
possible th e long b:lU('l'Y lif(' with rcndil .... 
aV:l.jJable "0" ('ells. l,'or' ml':l.Slll'PlllenlS 
on nonlinear' elpments, Sllrh tiS irOI1-I"Ofl.'<1 
induttol's, where t II(' applied si):!: lltll ShOll id 
be f< rnall. till o"l'illatol' IC\'el conll'OJ is 
providlld , The aillplifif'r, which has a 
voIla):!:!' ):!:nin uf u\'cr 64 db, can be madc 
scl('Glkc at 1 kr with o\,pr 20 db sccond
htlnnouic l'('je<'tion or flat for' me:tHH'(!
rnCIlt.s at 01 her f 1'{.'Qucnci(''S, Thc amplifif'r 
drivCi' ! he panel mptPr to gi\'(' n visnal tiC 
null indication 80 t hat headphones arc 
not necessary, fllthou~h they Ctlll be IIsed 
if ck'Sired. A meler' SClIsilh"ity control is 
:dso provid(,>d. 

MARCH , 1959 

1 ~ •. 
,~" ''f:::r. 

FlU"'. 3. Block schem .. tic of th e boidUe g.ne.oto. ond 
d. tecto., blernal-ge neraror conn. ctlon" 0 ••• ho .... n 

by d .. , hd lin ••. 

The internal de source iii 6 volts. Pro
vision is made for t he corllll'ctiOIl of 
ext.ernH I HC tlnd de sources. Exlf'l'II:ll ac 
gellcnllul'!,j {'an he t'onllc('ted to the 
bridge through the in\('flHll i:<olalin):!: 
traHsfurmcr provided, Ihlll' efTC'ctivcly 
elimin:l I ing I he me:lSllr{'nlf'nt ('I'rors I htl! 
call rpsuft.. from g('llcr:l.tol'- to-ground l':l
p:lciklncef;. 

Bloek schemalics of tIl(' complcle in
stmmcnt. nl'(' g:ivcII in F'igtll'c 3. 

ORTHONULL 
T hose who hnvp tried io halance low

Q components 011 II cOllventiontll hridge 
have e:qJf'rienced Ihe frustrating "slid
ing btllancc, " which is thl' slow lmlancc 
('Otlv{'rgCIlC(l r0!ulting from the illtcr~ 

dcppud['n('f' bet.wcen thc 1\\'0 btl lance 
:'ldjuMnwnti'o, This phenomenon mnkcs 
hftl~UlcCS ted ioHs when Q is less thtln 2 
and \-irtu:llly impos.<;ible when Q is Icss 
than J ~, 

"Sliding b:l1:\IlC(''' occurs ill any br'idgc 
t hnt m(!asurcs impedance in a nOllOl,thog
onal coordinate system. Bai:wcc8 made 
wilh controls that bnlancc inductrlnc(' 
011 one dial. for instancc, :Uld Q 011 an
other inhcrl"ul ly slide, bC(;allsc reactance 
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WITIi OIlT~O"'ULL , , " 

, , 
a-OUALITY FACTOR 

, 
TOT.,. _BEll 01' AOJIJSTI,j(Hl'S ~CESSAflY TO Gn 

WITHI ... 1% F'Ofl A GIVE.Jj O. 

Fill .... 4. 1'101 01 tolol n ..... "', 01 bolonc .. ,equlre d 10 
od,le"e flnol bolonce, wilh ond withoul Orlloonull, d. 

o 'unction of Q. 

(jw l .. ) is a {·omponl!nt in [l. Cartesian 
eoordinatc S.Vlit('1ll while Q (= ";.L) is a 
mcn-stl1'(' of 111lp;ll' in fI polar coordinate 
system, and they nrc cOIl&'quf!ntly non~ 
ortllO~otlal.s 

To pliminatc this diflicultr, the Tn'~; 

1G5()..A lmp('(iancc Bridgc is equipped 
with all ('x(·llI;:;ivl" p:tl{,lltl'{t fC!l.lUre, 
known ilS Ortlwrwll: This nan\(' was 
chOSf'n h{'C·:llIi>e the null i1i obtai]!('(\ by 
balan('(~ which Hrt' es ... '4'Htially ortho!!;o
nn] and th('n'fOre (·Ol\n'q~(· rapiuly. Or~ 
/hO/mll g:Hl6'"S the two ndjustlllellis /lOTl~ 
rC{:ipro(·ally in fmdl a manner :\S to 
cam'I,1 thl' I'l('(:trirnl intl'rdl'pCrldcnce, 
le!lvinl!: the two ttdjust menl;:; in(]cpl'ndellt 
of one another . As a rcsult the full Q 

• 
range is useful ~Ulcl bnlanccs are cf1s1k 
made. (Tllis devic!' \\' ill bc described ill 
dNttil in nil early iss\lc of the EX1Jeri
melt/cr.) Figure ... shows a. comparison 
of 11ll' Humber of successive balallCCS 
rL'fluircd for 10\\'-Q mcasul"ements, with 
and without Orllwllull, and is a striking 
illuSlration of the fHh'antagcs of the 
OrOlOnul{ feature. 

MECHANICAL FEATURES 

Another novel developmcnt is lhe 
unique CllrtTing case and tilLing ar~ 

rangemen\ showll ill I'igure 5. The co,·cr 
may be l:ltt-hetl closed t.Q form n pro
tl.'Ctivc cover for ctl.!Tying or storagc, it 
may 1)(' latchL'f1 with the bridge open, or 
it may be uSNI as n support wh ich n..llows 
til(' bridge to hI' tilteu tUld oper1lted at 
any t"Ollvcnient angl('. This type of case 
npproarhes I he ideal fo!" portable in~ 

strumcllt s. ' '-Oll will S('fj iL 011 other 
GClll'rui Ba(Ho products ill the future. 

The panel controls (sce Figure 1) arc 
arranp;ed for the conveni('ll('c of Ihe op~ 
{'mtor, and the Icnninnls arc placed for 
I"'nicient lise. The S\rilChillg arnUlgelnent. 
and P:llJC'l enJ!,:mving Jnttke 1 hI"' operation 
of t he bridge sclf-exp!:\ll:l.l.ory to the uscr. 

APPLICA liONS 

The basic use of this type of bridge 
is in the eVl'l".w]ay measurements of re-

S(; . Ii i[<""lIn. '·Th"1:'~i~n .. ~ or 1l~I"n .. in~ an Inlf)(.><bo"e 
!JT;<1 ..... :· J9~,,,,,1 oj,h, F",~kl;Q h.,ilulc, Vol 228. No. O. 
pp. jJ3..'.'H; U .... c',,'-. t03!t. 

<, . I': I'MCIIl "'''. t.R72.0:1O. 

Fillu,. 50 (lelt). ! , Idge co blne,whendo .. d Is on eo .il~ cOlfled, p,olecti"eca.e. Fillu,. 5b (e e!lte,). Bridie, when 
cobin .. I. opened, can be .... d wilh panel " .rtlcol 0', a s shown In Figu,. 5c (,ip"' ), lilte d ot onydnlr.d anille. 
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, 
sistors, capacitors. and inductors, and 
for this rtpp]ication the wide r:lngcs, 
efficient layout. and uniform accuracy 
of the T n>E J650-A Impedance Bridge 
:lrc important. 

Tlu .. 'SC same features, however, make 
pO::;:.I;bl(" ndditionn l types of mcn,"ul'l .... 
mcnt that illustrate the inherent VC I'Stl.

tilily of the bridge. 
Freque ncy Characteristics - 'rhe 

wide frequency rc5ponse fnci litntcs 
studies of the variations in COnll)(l llcnt 
paflunctc~ over the entire nudiQ--frc
qucuey range. An examp]!' of this is 
shown ill Figure G. The recommended 
externnl source for thesc mc:t.;;uretlw nts 
is tho ,!,n>t; 1210-C Unit ll -C OSl" illator. 

DC Bias - I'nu d jpl'milla ls :\1'(' pro
vided for lhe appl icution of a d(' pohu';z
ing voltagl' to t ht ... If' mont under ml..~\S
uremcnL LP to 000 "olts of dc hi:lS 
voltage C:lll be applied to :t e!lp:lci lor 
being mcnsurI'(i 011 ;lllY of the hridge 
ranges. DC currO!!1 e:m be supplied to 
inductors or rCflj;.. tors by eilher of two 
method!!. Olle Iwrmits cu rfents l"augillg 
from 100 ma fo r(J.O I oh m orO.OI IWllr.\' to 
O.:l ma for ono megoh m or OIl(' I1 l'ul"),; Llu.' 
(It.her p,>rmits'iO rna under nny conditions. 

Voltage Coefflcients - DC hi:\s m:lkcs 
I)O .. ',-;ible lhe study of the variation ill t he 
('apn<!ital\ct'S of a ceramic or clp("(roi.vtic 
('I\]J:u!ilor as a function of \'oltage us 
shown ill Figure 7. JIl measurelll<'llt" of 
this sort the very low \'ullll.$ uf di&;ipa.-
lion factor which eun be mC[L~ II I'OO 
gre:l.lly ('xt('nti t he field of applications 
of I he bridge. 

Figur. 6. 'Iots 01 .0_ 
p o . ha .. e. v t. f,.. 
q ... ... ylo. th .... Iype. 
o f capac lion. ot .... 01 .. 
.. r.d 0 .. Ih . Ty p . 
, 6 .50_ A t ... p . do"co 
lIo-idg •. Th. 121o..C 

_ U" ', R .. C O .elllolo< 
Wa l th •• " I ...... ... ,,0.1_ 
abl • • I •• q ... ,, ~y g ...... 

Ita'o , . 

0 

, 
0 

---

~ ~ ~ 
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~ 

Flg ur." . "' . o l .... d copodla" c. o nd dlnlpol,a n fa cio. 
of 0 "'.w .l.ch-olytlc ... pocllo. 01 0 ' .... cllo n 01 1m _ 
pou .. d d e v o llog. 01 11 11 po.-.d 10 its ro .. d vollag., 

th. " ... t ... nod '0 u.o b IOI . 

Iron-Core Inducto,s - In Ihe mefl$
lIl'cmcnL of il"oll-<,o I"OO ('oils, the ability 
til l\djust the gt'I1t'n1tor voltagl' find Ihe 
high selc(·tivit. .... of tltl' detector arc use
ful ill lite tnc:lSUI'el1l('nL of indllctalJ('l' llil 
l\, funetion of \·oltage. The dal:\ thU!~ 

obtaillcd (':111 Ihell be exlrapolatNi to 
z<'ro yoltage to d<,tennine t.he imiucl:Ulce 
nL zero pcnnr(lbilit .... . 

In such mOlti'U I'C'nU'IlIS flS the dctcrmi-
1l:11 ion of inductall<.'t' or:\ radio-ffl'<"jllCJWY 
chukf', which w>unlly hm~ low Q'sllt I k(', 
Ihe Orlh()lwl/ mt'cllan ism makes possihle 
!terumt£' 1n<.'llSUl"('ml'llts which other\\' ise 
would be impo~iblc . 

Resistonce - DC l"I'5is tanccs UJl t.o 
100 kilohms ('flil he hniancl'fl with a pr(.'
('isiol1 of 1%. Aoo\'o t.his Illugnitude, fI.It 

extern!!.1 de source should be UF«I (or 
maximum pnoci,;ion . With fill external 
source, mC:lSorC'tn('nl • ., can be made \\-it.h 
f! tnndn rd E IA lel<t voltages ovor most of 
the rcsistanc(\ 1":111/(e. Alt<.'mnti\"ely, the 
resistance at 1 kc cnn be measured. Tile 

I - . _fOt,.., '-I .CA -
I f'-=:- '"' 

c dwa VS FREQUENCV ." '- ( 

" A...,.Au.; ~o 

"-- ~ ,. • , , • 
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GENERA l RAOIO E X PERIMENTER 

Fig ur.'. VMw of ' he Type 1650-Pl Tu, Jig. 

grt'atf'r s('n~itivity Il\'uilllblc for the ae 
measur('mf'nl p('nnits higher rl'Si.'Itall("f' 
mU,I!;llitud{'ii to b(' Illeastm.'(l with til(' 
ill1l'rnat I-kc gf'nerator. For mOl'l lypes 
of n'~i"tof~ , ther(' il' no npprN::iabtc difTer
('nce he't w('('n (1(. ftlld I·kt nllue,'S. With 
an ('xh'nmlrH' gtlll'mtor, lhe behavior of 
r('.<;i:-;tiv{· el('nwHt,; th:\1 vary with fn'
qUf'rw," ('arr 1)1' slurlip(l. If HIl appn'('iablc 
n':l('tHIH'I' if! nk."iO('illtN] with Ilw ac rc
sistarr('{', il l'!1I1 mmtll\y be caJ\l'clled by 
:UI ('xtt'rrml l'apUeilol', 

The resonant fr('(lut'llcy of I1II1('d eir
el/ill' ("UII ali$O I}(" determined through 
the' m(·fl.~urf·mC'nl of :u: n ... is tall('('s O\'er 
n I'lmge of rn'(lu('rr<'i~ (up to about .1 kc) 
8uppiiC'd hy UII ('xl('rl)al osdllator . 

.\C' resistan("c m('nsurcmellts with de 
bias {'1I11 IX' US£'lJ to stud.\' IhC' ('hart,,: lcr
iSlics of Ji<xl('s, vnristono, thermisIOt1!. 
and utlwr Ilonlinf'ar r('Silltin' l'lemf'n18. 

3-Terminol Copodtor, - .\5 previ
ously m1'lItionoo , Ih£' high ~apncitnllce 
of till' slumlart! ('up:\('itor m:lkcs po~ible 
thc ml':\IoIIr1'nll'nl of (Iiree1 "apacilanee 
cI'cn 11111'11 111(' :lli>sOt'illtl'd If'l"Ininul en.
p:lf'italrl'C!; Ill'e of cOIl!<id('mhlt., 1l\ll!.(ni
tudf'. OIW of 1I1f' tr'rminai l'f\.pa~·ilall("\""l> 
appf'!u'S lIerol'or) IIII' dt,tC'e\or :tnd has no 
(>fT('('f upon til(' llll'll1.<Hrl'Ill('Il\. TIH' otllC'r 
appcars acro!';..., the standard capal'itor. 
l1('r(" a terminal ('II.Plli'ita!we of 1000 
Ililf protlu("{'s IUl t'rror of onl.\· I r-;. in the 
cnpaciI!UH'(' tllt'llSUI'('nH'llt. Thus the 
mCll."ur('ml'1l1 of ~hif'lded ;l·tcrminuJ 
component.:; :U1d of remote capueitunct'S 

• 
witb ilhiclde<1 lends is quite feasibk', lu 
the lutter duss is the 1ll(':\SurCII1('nl "f ...... 
elem(,llls ill f'ollditioning thnmOcl"s; in 
this npplic:Hioll smnll chang1'S tUII he 
determined to a degref' of n('CHl'lIe), 
limited only by the rl'SOiutioll of thl' 
djal scales. 

Limit Testing - ,\ test jig, TYI'~: H)5().. 
PI. fucilitnlcs the routine t(-;;ting of 
idcntie:ll compolH'nts. The $\('n:-ilivily of 
the bridgl' ('an he ilf'1 10 givt· :1 convclI
iently read deRcctioll of th(' lIuli incli
eator for any givcn tolern.nce. 

ACKNOWLEDGMENTS 

The wdl-illtel!;l"llted clf'Ctril-:ti nnd inC'

chanicul tit'::;i!!:11 of this hridge is the re
sult of 1IlP com hi ned efTorlli of many 
individuu ls, Ever.\' effort h:ls h('('11 Imtd4' 
to produ('c an :1{'C\\I'llte, eOIlI'f'lIif'nl. fl('x· 
ible, :llld Hltractivc illstl'UIllCILI, I' llr-
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f ,g ..... 11 . IIrld". I" un 'or 3-teo-mln • .r .... 0 . ........ .. 1' 
o' "ampl. 'n condilionlllg cham ..... . 

ticulnl' Clwlit shou ld go to I I. C. Lilth'
joh n fo r dl'vt'lopi ng t he tilt j ' lg ('t}l'I('; t.o C:. 
A. CIt-mow for workin,!!; 0 11 1 t il t, m(,<,luU1-

ii's of lilf' Orlllonllil mechnni"m : 10 II. 

MARCH , 1959 

Fig"'" 10. With tho T .. , Jig, 0 1 shown h ... , IhI bridg _ 
e .... be . 0' IIp fa. lI o· " .... go ... Iln, 10 prout 11",;11. 

Il'st iug. The ins! rUnl!'nt also ('mbodics 
thl' I'lug,l!;['stions of n, B. Silwlair, I. G. 
En$tf)n. llnd n. A. Sodl'nnall, a ll of 
whom follo\H'(ilhe proj('(' t with inlcrcst 

G. RlC'rlitl~ lwd C. C. Olin-r for layout ; :lIld enthusinsm. 
and to n. C. Fulks for hl'iping with the - IIE)I;HY P. H.-H.L 

SPECIFIC A liONS 

.a"~" 
lU,!!j ~I!UlCI' , I m!! to 10 :\10,8 rangf'l<, f<(' or dr 
CapndlllllN"'11 p",r to l000pf, 7 rnl1 l;('!$, So'rir" 

or P lIr:tlll' 
indu(,t:lll(''', ] "I> to 1000 h, 7 r,mJ({'!', &ri!'~ 

IJr Pll rlI]]!'1 
J) (of !!I'ri,'>! c:tpadt:'IlN'), 0 .00] 10 1 (It 1 k!-
J) (o( p'lralM cnpacit:lnCl '), 0.1 10 50 li t ] kr ee, _ Cp wilhin 1% if J) <O.1 1 
Q rof ..,-.ril'>l induct:lnN'), 0 .02 to 10 III I k,' 
Q (of plimlll.J in~hl<'l:Ul(""), 1 I<J 1000l\t 1 kr 

(/ .. ... 1.p "-ilhiu I t'(. if Q:> 10) 
A ce ..... . .,: 

Rr'l~t.I\lI~·, ± 1 f1, ± I mn (Rt."idulli U ... 
I mU) 

CKIJIldtII1H'~" ± 1:0 ± I'l'f (Uc..idllai C ... 
0.51'"f) 

I lldll"I:lUt,<" ± 1% ± l"h (Rcllidulli I. 
<0.2 "h) 

I) ± 5" ~ ± .001 r.\ 1 kr or ]o\\"" r 
1 Q, ± Sf'{ ± .001 ,,11k .. nr it,"w 

h e" .. , n, ., R .. ng.: (J ke 8 UI)pli !~ 1 int .. "r 'Ull1y) 
I '( 1l',(,UTU('Y for L :u\( C, 10 e to 20 kc; 
for R, 10 I' tn 50 k ... 
D "ud Q m ng('!1 fin' fundionll of frt'qu('uey. ) 

InNo.nal 0 .. 111 .. 10. F .. q ...... ., t: 1 ke ± 2 %, 

I .. No ... ol 0". <1 .. " !t'''' IJOu,;j\ lint or 1!I('IN' tiv(' nt I 
k" ;:M'II~itlvily rontn'] pnovidl \ 1 

t .. No ... a ! DC Supply: (; v, (iO 11111 1]\!Il{. 

p .. w .. Suppl .,: 4 " D" '·" Il. ~uppli(·d. C urrent 
d min Inr nw:",ul"i'rnrul1I) 10 Ill:l. 

DC I'ol ... b .. tlon : fro ""],-,, III!I)' b,' npplird (f rolll 
('xt~'rnlll $JUT...-) fnr ,,",'riP. ,'np:l<'i l 'IIIN' 1II{'I\..Urt'
ll\('nt.~. 

Ae •• n .... ln Suppll.d, O'H' ,)" \'1\ 27l-~tH Doublr· 
l>J u~. 

Oth . ..... ........ In A .... U .. bl" Tn'.; 1650-1'1 Test 
J ig. 

Oth .. A< .... o.l .. R ... ub",: Nrl1lf'. E:lrphoTl('11 
1I111y I ... uso\1 IdwTl ' high pl'l'd~i()(l i~ I"t.'quircd :I' lh(· ,·xtr .. m,'I!"( th,' hridg\' rallg\!~. 

M .. untlnlll : ,\lumillum "Hhi!wt, lI'ith ""ptiv(' 
I'ov!'r. 

Dlm. nl lo ... : 73 ~"I: 12 ~ 1 X 12 11 inches including 
h'lndl,'. 
W.lll hl: 17 pound'\. 

Typ' 

16SO-A I Imped .. n •• Bridg. t ······· , ............ ....... 1 UATON 

lU. S , ... ,.", "D 2.872.M9 
.~:',~ .... I uc S"I>" I,. .Nl.UI.....:! rD. ]~ .,,,,u",~y .bove 100 kit 
IEu« .... IIO(:.nd de 00..,..,... """ a»o be u..,d 
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GENERAL RADIO EXI'ERIME NT ER " 
TYPE 1650-Pl TEST JIG 

This tcslrjig adaptor pl'O\'ides a way 
to COlillect components quickly to a pair 
of terminals which can be placed on thc 
bench directly in front of the operatol'. 
Thus the test jig and IG5O-A Bl'idge 
make a rapid and efficient component 
sorting d(>viep. when the panel meter of 
the 1(j.:iQ-A is used as a limit, indicator. 

The test jig mllk!·s a thr(,('4/.erminnl 
connection to the bridge, so thaL the 

residual zero capacitance is negligible. 
The lead rcsistancc (0.08 ohm t.otal) hns 
cITed on ly when very lolV impedances 
are measmoo, nnd the lead capncitlUlce 
aITp.cts on ly the measuremcnt of til(> Q of 
inductors, inil"lXlucing a smnll error in 

I 
D (or Q) of less limn 0.007. 

TYIM Code Worlj Price 

16SO-I'1 1 T .. 'JIII · · .· · ••• ·.1 I,()(;AI. I $19.00 

TYPE 1205-B ADJUSTABLE REGULATED 
POWER SUPPLY 

A new idea in \'oltage regulation has 
made possiblt' the high efficiency of the 
Ty[>~: 12054 B Adjustable Hegul:ttcd 
Power Supply. This Ilew instrument, 
which delivers 120 Wllt.tS, has nn over4 all 
volume of less than Ji that of conven
tiollal supplies. 

The features of the series regulator ......... 
and the controlled rectifier are com
billC(! in this instrumcnt. The fast-acting 
series regulator ]>I"O\'ides a low output. 
impedancc OV('l" a wide band\\'idth, while 
the high 4 eflicicncy controllC(\ rectifier 
maintains constant voltage drop across 

FiIlU" 1. Pan, 1 vit", 
of th, "diu, tobl t Rtll4 
uloltd Po "" . Su pply . 
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" 
th~ sct'lea regulator. Thus the series 
regulator a\wfl.ys opcratcs at t he optimum 
operatillj:!; point , nnd tIll' powE'r dl881pa
lilOll I,. h{'ld to till' saine millimum valu£' 
rcgllrdll>iii> of the output \'olta"w 8E'Uing 
ot' or lilll' \'o1t:tge \'[\l'il1lioIl8. Fmthel'
mOI'c, tlw l'f"(!:u1nlor performalH'!;' is the 
Ml.mc at an:.' O\ltput yo1tage from 0 to 
:lOO volts. 

,-\ pair of ihyrairons is lISN\ as a high
t'flit-iellcy full-wave n '('lifif'r. Conlrol is 
obtain('{i lIy \' Il.!'iatiOIl of the tb.Wiltl'OH 
1,iu~ lhl'OlIgh a ell: f(>('; \biWk path (Fig
w'!':!) from tilt' rt'l!:uhltl'd output to the 
th,\'I'lltr'on ~I'ids. ~1I1 ){"ri ml}oJscd 011 this 
r!I' fl·I'l.iu:w l, \'oltagl' is :111 ae bias \'ohllgc, 
]Jlms{' :,l\ifu><\ \)0" with n 'SpC(" to the 
th .... r:ltron piali' \'ohagf' , to pro\'id{' 
~mooth eont rol of the Ihyr:l1ron flrillg 
all~ll" Tllf' dc fC'f'e.lbfll'k Imlh indwlcs a 
\'o1!ug(' f;o nl'('(' whi('h determines the 
\'olt:lge drop 11(01'0;;:; UU' series regulator. 
.\n)' \':lri:niOIl in Ih~ voltage drop across 
III!" :;eries 1'('gu!awl' c1w,nges lhe thyra
t !'On him; nnd lherf'fOl'r' the tirlllg Ilngle. 
'I'll!' c'b:mg{' ill fil' iug Iwglf' \'lIries lh« 
\·I, lt :l ~.· npplil.'(i to t lw S('rie.~ tuh ... to 
ul:"tim ain ('Oil:-lant trwp ~l!'ross il .. 

TIl(' :;f'I"II"; l"f'glllulO1" Uf;f'S:I diff(>]'cntlal 

MAItC H, 1959 

tastode amplifier for low drift :~I!d high 
galli. A ("athode follower between tllf' 
higll-impedancf' cascade a.mplificr and 
the gdd!\ of the series tubes increases the 
bandwidth and impl'Oves the ll"allsicnl 
response of the regulator. Posi live feed
back within the over-all negative fe(!(i
back loops is used to provide infinite 
nmpliffci' gain :Uld, therefore, esselilinlly 
zero output impedance. To assure stll

hility, the positive feed hack IS effec tive 
only at low frequencies. All oil capacitor 
across the n .. :.gulated output terminals 
maintains the low output impedance at 
frequencies beyond the bandwidtb ,if 
the amplifier. 

E::l:cell(>nt regula lion, high output, and 
low hum level make this power su pply 
suitll.ule for the most e:l:aeting applica
tions. 

SPECIFICATIONS 

DC O" ' P'" '0'0110 &.: 0 10 300 vo lt ~, Cl llllimwual.v 
ndju.~t:tbh' lit 200 1fl1l, ma~ 

Regul"'; ,,n: No IOi,d t" flllll(>1od. 0.1 volt; 0 .75 
\',,11 i'lHlllg,' fM ± IO ('~ f'h"n~,· iu lilli' volt,,~,·. 

120-C.,cle Rippl.: J milli v"lt . 

Inl •• no l Impedonee: Apl'n'~im"li'l.v 0.3 II + 
{3 IIh in pnruU"j " 'illl I "fl . 
R'gula,.d Bios V"hag., -150 v'llt~, fir. fbu·.! OIl 
6 Ill!!., mu~. 

1205 .. B 

• • g,,1<lIlan: N., I"lid to full to:lU , 0.6 volt ± t01';" 
lint'-voltag .. dlJlIIl:C, 2 \'I)lt-o<. UIII"\"gIlI!lted AC 
V()ltu.g" : 2 r ir(' lIii;;, fI.3 volt.!! at 5n. 
M.'.t "' c~u.o~.,: V{llt:'W', 2 .... 0; (·lIrn'''~, 6 "~. 
Input: 105 Iv 125 vvIWl,!iO 1;,250 w,' tWi. 
Tube Compl.m.nt: 2..{iA Vb-GA, 2-5727, 1- 12AT7, 
1-6ANS, 1-0026, 1-5651 , I-tiH7.i , 
Olm" nol"no: 1':1110'1. (width ) 9 12 X (height) 51 ( 
indle:<: ,I"p,h tl!'hind jIlIlI!'!. S~ i,wht.". 
N" , W" ighl: 15 l>(Iund ... 

Ct){it Word 

AI·I'I.1 $290.00 
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~ GENIIIAl IIAOIO EX PERIMENTE R " 
NEW SERVICE LABORATORY FOR NEW YORK 

A !lC'W Rf'ITi('l' f:1('ility has hC('1I ('S

t:1bli"II('(1 :tt our ;\ l l'lt'Opolitan Xrw York 
Offil'/' 

General Radio Company 
Broad Avenue at Linden 
Ridgeljf'ld. ",pw .J('rs;('y 
'I',lfplwllr: 

"'!lilm'.\' ~-:Jl..jO (Xt'\\ J£'rsey) 
\\"Ol'lh 1-:!i2:? (.'\('\\ York ) 

T1l(' 11('11' !;('r\' it't· [ab()rator~' htl.-< ('{llll' 

pif'!f' f,l('iliti('~ fOl' th(l n'p:!;]', rI'('ondi· 
tlolling. IUld ,'{'('uiibmtioll of Gl'llI'nll 
Ibdio prodUt'IPo . ('('!'lili{'3Iion (If (:1{ 

standards will also be handled. A stock 
of rl'pluc(,lTIent parIS I\'ill be u\'uilnble for 
thO&' customers who wish to make their 
own repairs. ;\ 11'. Donald W. Bro\\,lI, 11 
factory-trained service engin<>er, is ill 
charge of the new opC'rtllion. 

Our custonl('rs ill XCII York Statt', 
.'\ or! Iwrn X ('w .Jrr.-;{'Y, and :-;0111 hWf'i'llcrn 
COIllH·(,ticlll arE' :lsh{'(1 10 II'ril(' Ill(' X.'\\ 

York Oflit'l' ~('n' ic(' 1)I'P:U'II11('111 for ill' 
I'tnl('tiol\:< ,dwII (in PI'III!UI'''' :trt' 10 In' 
rl'lurrH"! for (,:dihr:tlioll or n'pnir', Thi" 
olli('(' willllll«1 ('{JIltillttt' t,rlrrm' idl' tll(>"" 
('ustornNS with applkatioll, ('lll!:inf'f'I'inl!:, 

alld ('ornnwr('ial inforll1111iol( , 

GENERAL RADIO AT THE IRE SHOW 

NEW YORK COLISEUM MARCH 23 - 26 

BOOTHS 3302 - 3312 

~('(' tlw '!'HL ]().)()..\ Imp(xlan('t' 
Bl'idJ.!:(' and til(' T\p~: I:?O.'·B Pow(>r 
Supply at OUl' bOOlh" , 1O~(,tlwl' 'lith 1.'1 

Graphic l ev el Re cord er 

Pul se Ge ne rator 

Tim e-De la y Ge nerator 

Sound_l evel Meter 

Microwave Freque ncy Standard 

Diele ctric MeQsuring line 

othrr 1lt'1I' ins lruTllrnls announced in 
1\1.)8 or sciu'<lulf'{1 for IUIUOunt{'mt'nt in 
H).i9, indmlinc:: 

Transfe r Fun ction and Immittan ce 
Bridg e 

Vacuum-Tu be Bridg e 
Preci5ion Inductan ce Bridg e 
low-Freque ncy , 3-Phase Oscillator 
Wl0 and W20 lIariaC5 
J · Te rminal Capacitance Standards 

The Bel' Inl'rumenll in E/ectronici 

General Radio Company 

.':" 
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