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ACCURACY, PRECISION, AND CONVENIENCE 

FOR CAPACITANCE MEASUREMENTS 

The dircCL-rcading accmacy of 0.01 % 
in the new TYPE 1615-A CapacitalH,:c 
Bridge here being in troduced is an im­
provement of an order of Ilulgnitudc in 
accuracy over most pn)ccding bridges. 
This has been made possible by the 
improvements introduecd in reeen!' .years 
in st andards of nb,o;olutc capacituuec, in 
capacitance bridges, and in rt'fCI'CIlCC 

capacitor:; at the Xational Bureau of 
Standard~1 and other standa rds labo­
ratories. The computable ('ross capacitor 
developed at the XatiOllul Standards 
Laboratory of Au:;tmlia by Thompson 
and Lampard2 1m,.; made it po&liblc to 
dctuminc the unit of capacitance wit h 
an accuracy that is now a few parts per 

million and which may be cxpC'ctcd to 
improve. The advnntllgcs of ratio trans­
formers and of transJormer I'atio arms 
ill bridges, e:.:ploited inililltly ill Great 
Britain and then morc fully in Australia, 
ha\'c been utilized to increase the pre­
cision of meaSUf('ment. and to extend the 
range to capacitanccs below I micro­
picobrad (10-18 famd). Furthermore, 
the N'ferencc capacitors used to store 
and transfer the capatitHlH.:e unit have 

1~1. C. ~ltG...,~oc. J. F. He",h. n. o. Cutk""kl·. ~'. fi. 
11 ........ , ... ,1 ~ •. R. fiol\.,r, ")Ie'" .pparatllS at the 1'8\;011&1 
H"..,.." of ShOOllacd. for a'-hu e rllpa"ita.""~ lIIe&."ce­
menl." IRE r ..... N •. "" hol' ..... nl<1UON, '·ot. 1.7. pp 
25.'~261, lJecelllOO. 19r.8. 
'A. :'o!. Tho"""",,,n, amI I): O. 1 ""'I"'r"<~, "A ;';cw '[),""'"",,, 
;n £k...,lnl1!la""" 11",1 II. ,\pphc&t,on to Calcolable 
St&nUa"t. of C .. """i' .... ...,." Nal"n, 177. 8S8 (1956). 
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been improved by the usc of three­
terminal t.'Ollijt ruct ion to minimize con­
ll~t iOIi erro~, which limit aceumcy in 
cil!lflritnn\ of 1000 pf or Jess, l und by the 
uS(> of ntlw COII"trllctioll mllthod.~, 1011"­
ICmpI-'I':.IUI\'('-{'()(.' ffkiellt mnll'rial!'l, al,,1 
8('!\lNI ronlu illNS to itlerell!le th(, stubil­
ity. Wi lh lhis nell' llpparattl.'I, the 
Nntional BON'au of Sl:1udards ('all noll' 
(''('rlify CU I)al'ilors to an accuracy of 
50 PPIl\ or "1'1 IN. 

;\bny of th('--e imprQvPlIll'lIta have 
also I){'('n im'orpomtcd iut(! the !lC'W 

Tyf'F. 11;15-,\ Capal'it».tH'(.> Bridgc. This 

hridg(' has t ntu;;formcr mtio :trrllS fo r 
nC<'ltnH',V fiIld ~tl\hiJit.y, Its iUl(,I'n:.il 
cap:l ritatlr(' l'.tamlnrti li ure th l'C' I'­
f~rnlill:ll , S(';\Jf'd ('up:wilOt!' h!\villg lOll" 
tclnpl·rtlllll1' cod Ji t,it 'lIt;;, 'I'hl' lwidj:t(· h :1!i 
she-figHt'(' f'(',-;o lu tioll fo r' cn pacit:\II('(' fr(1Il1 
1 IJf 10 I pf IUld n dirf'd-rf'adillg :\('­
cllmey of OOl t·~ o\'('r thi:! c:1p:li'it:uwc 
rongl' D.nJ OVCJ' 1l1~t. of the frequency 

runge from 100 cycles to 10 kc, The 
impcd~nl,(, of the lralli;.former r:uio arms 
ha" been kept \·c r.y low, l::o that ncellr:l tc 
three-terminal measuremellts call be 
made cven in the prcSCIlC'C of lurge 
capacitnllcl's to groulld , The bridge also 
hn.'! the Ilcces''lury internal shiclding to 
permit 011(' tel"ln inal of the UnkJLO\\·ll to 
be grounded, SO thnt bOI h I.wo-l('rmin:tl 
Iltld thrtt-!('rlllbltli mNt~ll l'('ntCllt.s Cft ll be 
madc over t he whole (,lIpucit:UI('C r:lIlge. 

The ba lanl,(, {'Ontr,)ls are !.:>\'N-type 
s\\· it r lw.<;, the. rcilcioul i~ digital , and 
lhe decimal point is automatic:llly 
po"it io ncd. 

These features, IInu othcrs deS('ribcd 
below, resuJt in a C'apn" il:J. IH'C bridge. 
that bl'iHgS to lire J1L C!\ i< urem('1I1 o f 
CllpIH'itnnce, to Ihe intt' l'tomp:u'json of 
standarcif<, find to t lw IlU';tS!l l"enlL'1I1 of 
uiek,ctric propcrtit't! lUi UI1I1 ;; I1UI degl"('C 
of accuracy. prcci,..ion , r:t.l1ge, Ilud 
~'on\'enicIlCc, 

TRANSFORMER RATIO ARMS 

:'I lnnr. flf t lU' nd\,:lI1t,1~CI'I uf induo·liH·ly 
ClJlJfJJl~, l'''' tmll~r(,rm('r, rat io nrm~ Im\'e l.eel! 
known si lln' ""0\11 1S$8, aud th"y 11 1'(' ro\"!'rL~1 
in ,1,'lull in thj· 1\128 BriLish Imtcut of \, n, 
l!Jurnlo·iu. l ,i l1Jr, IIH' \\/111 mllfle of I!.l'm! how­
('\'('r, unlililboul ,10(' time of WorM \\:.r rr , 
wlwu 111'"' lI"pli<,trtion~ \\"('1'(' (ouml in I hl1 
mClUo(tr<'m"llI o f \"I'n' ~m: 1 1l ('J1fll,,·itntw\,. Siu(·" 
IIUlI 11lll", Irtln~furl1i('r ratio flrnl.!! hllve becOllie 
il1l'r(,'L~in!:h' pu[mlllr in f"Omm(>rr-ifll hrirlll:l'!I lUI 
I'('I1It~ in thl' IIPPllr:HUll of Ihe m.tiOlllllal'lI1d­
utili tahfJl'tltori{-o!. 

The advulIlllj.:1'8 or ~u('h rfltio arm.! :are lhni 
al"'un\('iCil wilhin n few rar~ ~r million . re 
nol difli"ult 10 "hl<lln o\'er n wiele rllllll:(' of 
inlegrlll \'ltlu~, 1"'('11 for ratio.~ lUI hi!>:" tl.t 
1000 to I , lind 1h.ll l thl'Oro ratiOll oro .11mOliI 
ulllllfl~'led hy :' ItI', temperature. !II' \'OItIl)(Il . 
Th{' low iml>l'{iIUICO of the tnln:.fnrm{'r fll tio 
lor nl lILso nmkCII it easy to meH>,ur{' rliWl't 
i tl1\lt!Iblwe8 and to (l.xciudo t.he grouud im­
pl.'{ !1!1\'\JI! iu a thn:e .. tennill9.i I1lell.~ll",mcnt 
without th(' II!I(' of gUlIrd circuits a ud lIu'(ili.~ry 
11111811('1'11. 

T o iIlHl!lrlll" the!!(l ,'hliOlcteristil'S, II !!imple 
('111)11.1';111111'(' hri,llf{' with Irn,,~fnrll1er mlio 
IIrm$ is s I1(l' .. n in Jo'igure Z. Oil the toroida l OOr(', 

,_ I,nman' windinlr, ronnt'{'Ied Iu l he .;en{'rntor, 
~\'r Vl'!l uril ... 10 excite thl' ('on,; th{' IIlImber of 
Ilrimt.ry tllrns, \ ' /', IIct"nninL'!! Ihe loull on the 
t(:('u"rator bill d~'~ nnl in!hll'll\'c t he hridge 
IIl'lwQrk. If " ll tl,e m:.gll<·ti(' lIux IS ('{)nfine..i 
to the .'Ore--tu it is 10 II l,iKh L/{'gr('{: ill fl I';~'I\\­
lIlNril"llJy wound tomill with II high- lierUll­
~bility ('ore--the mtlo of Ihe opcll-f"il'('uit 
Vollnjl;e!! il1,]lIl'e<l ill Ih{' IWO ~'on{bry "indinlOl 
nut!>t be exadly ('(IU:l 1 to the t1tlio o f the 
Ilumb{'r of turnfl. The mtio Clm be ('IUlI\.[f~'{1 hy 
Ihe U!M' of 11Ipj! I>lon ~ the two !!('('()ndoriCl'l, hilt, 
"'hen the num'~r of !Urn!! ill fixl'd, thl' \"01111 \0:1' 
ill hh{hl~' im'uri:mt. (..1U1 Ilje:CI:\ in Ihe core I>crllle­
IIbility with liml' :;ll cJ t(,l11pl'rntu~ hll\"e only 
!M'\'ond-onJ{'r eif('(!t3 on Ihe rulio, 1l(!<'!lIISC they 
m()dif~' only til{' \"('ry lim:tll tllllllllnl of Icnkul{e 
flux Ihllt is Ilot confim~11O lhe ,'on : in H pru~ticl\l 
Ir!ln~former . T he rlltio ill, Ihe~forc, both 
hije:hly art'urate lI ud hll1:hly ~ 1 1l 1 ,1(', 

I" FiJl;ure 2, thc two I r:U1~(orml'T lICCOnd!l ry 
"indill.l9! Jlr(, u~I :08 thI' r!llio :.rms of t he 
rlllisrit:m,·l' hridge I"ilh Ihe ~1"nJa rd cil pao­
itor, ('v, anti thl' unknown, C ... , "g the ol her 
two IlrTllll in II. ooll\'l'lltiOl1nl fou r_urm brid.~e 
network, The l'(}u,lilil)u for h:tblll'e or r.cm 
del('('lor currf'n t is l'IIl!ily 111.01' II to be tbaL 
I'"-C,, - l-xCxor ('.f ' ('>: - I' ,· / I'x - .\',,/Sx. 
This bnlllnt·l' <'()ndi t ion i~ nol nlfeCll'<:l by the 
('Ilpa<'ihllll't!:'! sho"'n frum th .. , II !llld I, Icrmi.."ls 
of eN aud C~ \0 Ihe ll'rmill llJ G cOIIIl .. '<' letl to 
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FlO" " 2 . ... capocl tance b. ld,,1 with 
Irandarma •• 0110 arm. _ 

the il1lW'1011 of the. I'lItio IIrm~. The ('uJllle· 
itllll(-e>I lK'tw(!('1I L a nd (i ~hun' Ih(' clel('(':lor , 
110 'hili thcy 9ITeH only the bri,lge !lellsith-ity. 
TIll' (,1I1l1.ri1.lIllr("" h{·'"t."+.'n I[ lIud () nrc (I{'I'OM 

til .. IrIIU"rOmlrr "indin~. To the (':'( Il'1I1 that 
thl' trll.!I~rorm('r ('Ull 1M' lI&!umL,,-1 ideal, Le" 
whh no n'<Cislun('c in ,h(' SI):'OIliLlry ,,-judin!,! 
anel ,,;Ih uo Bu.\" Ihlll doeo nnt link loqullllv 
bolh /IC(."OlIduri{'@. the I'u rr .. !!! dt:l"'n hi' the 
11.(; Mtpal'itan",," ,I(IM! nol l'hull¥<' Iht' vo In¥(l!! 
1',- IIml I'x or ,III' hlilulll'C' oondilion~ . In 

Ilr"IlrliN', Ihe Ir:.usforllll.'r re;il'tIHwl-'@ "nd 
cHk:lge inductllll{"(.'l!; run he kc'p' w ~nl>lll Ihllt 

Quite low impNinn""" or IUl)I:c l'lIpuritnllL"eI! 
l'liIl he ,-onne<'lcd rrom 1/ to Co heJoN! 'here is 
IIIJprl'(-illhlr error in thl' hridk(' 

The jUIII"I;on of th~ rJtio nrtn~. G, i~ thcn. .. 
fore a gunrd Ilf}int ut j{tlArtl ,>oIt'lltilil in Ihe 
hridltt' . • \ \1 ('n lllldtnuf't'!lIO (; rl)nl Ihe ~I or L 
l'OnlC", of Ihe bridjo:" nrc c'l:t'ludt'(j from thc 
m(>,u.UI'('Illt'l1t . III Ihe thr~ .. terminul cnpnl'ilOr!'! 
n·prt'N'IlI~ ... 1 uy the II. I .. (; t('rrniMI~ in F'ig\lrC 
2, Ihe hridge mCH~llrl'l! oll iv lbe dl,,-~·t CH PIlC­
itnn~, ('x, of IllI' llllkl1o":n ill Il'rm~ of !hc 
direc:t ~Ilpll!'it'u".'\'. C\·. of " III"ndnrd. wilhout 
1I.ldit i(JJUII ;uanll'it('lIil~ or h,i/ullt'l'tl. 

On<' (,IHI luke ,uh'lIlIl"Otc of fh e nCt'lItHIC lind 
IIllble rtLfio~ of the trno,,:former h\' the US<' in 
Ihe hrid"e of n ~I:mdnrd nrrn wf,ie-h i~ 'ixl'(l 
lind It rntio whil'h 1'1111 he vuriL'd 10 bulullcc 
the bridge. 

F'igurc 3 ~howl! Ihrl'(' of Ihl' lJO$Sih l{' WA~'S of 
1)lllllul'ln!>!: tl ~illlpl{' tnHl"forU)('r_ttltio cnl'IlC­
italiC'(' hri/Ig", For ~illl l)lil'it\" . the j!.enl!rator 
IIIHI primary Itrt" 0'" "hoWI1, but it iii IIsrJumcd 
Ihnt the ''''0 ~'OllIbril':ll h'II'<) 100 IUnlH Cltrh 
And lire exri\('d NJ thlillirt'te is I \'olt pcr tUM!, 
Tht' rllpII(11(1r ill tht' lIulmo"'" rum i~ lhl!mmed 
to I)(' 72 pirofl!.rlldl. 

In F'ill:u!'i' 3:1, the t"'o mlio arlllll are equal 
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IlIld Ihe bridge is b:illlll("('(! in the conv{'ntiOll81 
\\-ay ... ;111 II vIlriahl1' f<tlllld ll.rd rllpacitor which 
is adjusted to 72 pr, 

The detector rllrrent l'lill NlulIlIy well be 
adjusted hy 1\ variation in the \'01'"/1:1) applied 
to II fixed 8tflndllT\1 cnpil.ri tor, 10 Figure 3b

z the standard rupnciwr IPl fixed 11.1 100 pf, 80(J 
this is b:ilao«ld all;"il1" th .. 72-pf unknO"'1I 
connected to the lOO-\'olt elld or Ihe tllln!l­
former by COlUlN'tioll of the stamhm! to 72 
volts of the opptlo!ite ph,lSC, oh,,,il1('(1 frolll 
suitllble taps on t h.. I r:UI!<rorll\er "illdill!;/!, 
The imJlldlH' di\'idcr sho ..... n ltall R win.ling of 
100 turn~ with tap!! every 10 tum" I\lltl, UII Ihe 
Sllme oore, anoth{'r "illJluK of 10 lU1'1I1 tllpped 
CI'ery tum, fr, M ShO\\' II , thc M..'fillld winding ia 
connectoo 10 Ihe 70-yolt till' on Ihc finn 1\'il1d_ 
illg 8 U<l the CII I>1ll'ltor to the 2-volt tAP 011 Ihe 
l!CI.'Ond "'indin", the requiml 72 I'nl\@ iS IlJlplicd 
to the ('A I ,,~('itor, Six or lIlore (h .... ·iI.l~ ror Iti"h 
prc<'igiCIIl ('an he obtllioCfI III 0. 8imilflr f,,~hioll 
",ith more lurns 011 0116 t'Orc and tht: use of 
ndditiollul I'OrflS drivcn frOIl1 Ihe finl!, Rueh 
induc li ve dividcl'6 hllYC very 1I ,·O'un, le 'Olld 
st,lhle rstiOll. but 11l{' e.rrol'!! i;I('I1'UrIe wilh 'ho 
number of dcclld~ IJeCIHl8Il of louding efTl'l·I~. 

J\nothe r 1I11'lhod of hillalll'c hv volllige 
varialion is ~ho"'o in Figure 3<"', \\h,:ro II 81Jl~11l 
dl~'flde di\'ider ill Ill!(.'(1 in l'oll1binntion Inlh 
multiple fi>.l-d r~ pll ('ilors. Thc ]OO-turn iIt.'C­
ood~r\' is "1]1))("(\ {'n'ry 10 !urna to provide 
IO-I'oft incl't'mentIJ, If, Iltro. II 1000pf CIII)lIci lor 
is ('01111(.'('1('(\ 10 lhe ,O-\'o lt tnp lIud A 10-1)( 
CIIPllritor 10 the 2O-volt Iup, the rl"l!ulting 
deledor ('ur!'i'llt hlliulICCII Ihllt of the 72-11( 
unknown connN'ted 10 100 \'ohl!, This hrid!>!:e 
ClIn be gIl'CIt six_figure tellOluliolt, for example, 
through Ihe 0I11C of sh: fix(.'(\ ('npncitol1t in 
d lX'lIde ~Ieps frolll 100 "r to 0.001 pf, curb or 
whith f!1lIl be connf'Cted to IIny OI1C of the 
tups 011 tl,(' tmnsfornlt'r, 

In IIny of thCli(' hridj!.CII, the tlrirllCe mlio CIlII 
"'00 bc nlried by U'<e of Inps on rhe uoknown 
.li!idc of the trnn"former 10 \'nry the \'OItIl!>!:C 
upplied 10 Ihe uukno" Il cllp.·witor. ~'or e~lmplc, 
if Ihll unkno,,'n (",plll'ilor Wl'n" t'onIU'l'tl'(l to iI 
IO-tum or IO-\'olt tup 011 Iht' "pper hllif of the 
tTllllllfomlcr, then II (,:II), ... itull~l' or 720 pi 
instl'ad of 72 would bc huln lwl~ll,y tl,,· elumllird 
cllp"dtofl!' shown, TIl{' t:lllji(l' of 1101' hridOte r~n 
I IIIUI Ix- c~lenJed to me!l~llr~ ~'~ I}!l.I'itortl \\hich 
lITe "'11t'1l lurger Ih:on the stltlldnrns in the 
bridge. 

8~· " ~- " ~'~. " 0. . , , 
'0 •• lOll :roo 0 

10<>. • /00. , 
n.uv " '0 ..... , .... _ .. _ ... c-o_ -..,ouc......... 

FlglI •• 3, Me1hod. of bot"n dftl ~"padlon<. 
in a Iranllo.", .. ""I;" b. ld , •. 

5 

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



6 

~ G EN E RAL R A (lIO E X PERIMENTER 

These tldVfllll:lgt'll of IrllllsfOfuu::r r:.tio a rms 
nnd dividel'1j make I'QiII!ihl(' !I hridgl' uf very 
wide rllnge und high nlTuruty, @inrc "o~ only 
:Ire the nlli~ 8tllhll' nnd lll'C'UflHe bul, ",heu 
ouly 11 few fixed C(\ IXwilol"l! nre I1'<lllired :IS 
S'IInd,lrdg, lhe ShHldurdli CHII be ('0I1 Sl l"lwlt ... 1 1.0 
111l\'c high shlhilit.), and ~('('lmwy. Thi!:' bridge 
C:lU Ilbo h:lv~" wide rllng!! of fr1'1:t'U.'IH'ies .• 4.t 
low rN~\UCllcil'!l' (I. limit is im~ 0 11 lien­
s.itivil)' Iy thl' mnsimliOl vo11:.1C1' ouluiuflule 

from the Inlllsform':r, s.iore, fo r :I given rore, 
the vol\:lge at !!.1tum lion is "roport.ional W 
frKlliency. AI high fN'(IIH!nti!!!:l them is II do­
I'ret>!C in !I('clirill'Y r('!!u llilll!; from the dc;-re:LSe 
in ('UI"(' !It.'rlllt'llhility wi th frequl;:uty, from the 
incre'Lil..'.J louding of the trnnsfornwr II)' it.!! 
l!!!lf ..... UI)!.u'itancf'M w,,11 II~ the hridge I'Up:w· 
itlult'llS fwd, or l'OUrse, from lht· lI'lmli residll1d 
f'allll.<'itann'S and indul't:HI!'I~ in the bridK~ 
"'iriug Hud f'QmpOII('n ts. 

THE TYPE 1615-A CAPACITANCE BRIDGE 

CAPACITANCE 
The nelV Tyt)~; HiI5-A Capacitflttcc 

Bridge is a lr.lI1sformN·mtio bridb't:' of 
the type thnl II!;CS H single decade of 
transformer voltage diviii ion and mlt t­
lip)!' , fixed, standard cnpucitors to 
provide ~ ix dccadcs of rer-:olut ioll in 
capacitance. As sholl"n in thr clrmcn· 
t ary diagram of F igure of , OIlC side of the 
!:iC.condnry of lhe ratio Iransfornwr is 
tapped at interva ls of Oll('·tenth, ultd to 
these taps can be cOHn(>ct('d six sllllldard 
ca pacitors ill an: ... combi uation n:lC)uiN'd 
to balance thf' bridge. If, for example, 
the standards conn('clcd 10 liI(' six· 
dl'cades swit.ch are 1000, 100, 10, 1, O.t, 
ol\d 0.01 pf, the rtl lLg(' of unknOll"1l t hat. 
can be balanced is from 1000 pf 10 O.lX)I 
pf when tIl{' ti ll known iii connccl('d t.o the 
full voltage of the ol hN sceonda rr of 
th£' tNlu[.:former. T his unknown side of 
the transformer ha!5, nO\\'e\"cr , a tap at 
olle--t.enth of Ihl' fllll voltng£" so t hai 
when the unk-nown is drivt'll from t his 
lower voltage, the runge is Illultiplit'{l 
by tl' lI , and an unknowH up 10 10,000 pf 
or 0.01 ~f cau b\> balanced by tht'same 
internal standard;;. The range is ('x· 
tended still fu rl her hy furtlwr d i\'i !5 ion 
of voltage on Ihf' unknown !5ide through 
tl sccoud transformcr or inductive 
divider driven from the 0. 1 tap on I.he 
ratio tmnsformer. This second divider 
provides addition!! I ratios of 0. 1 and 
0.01, !;o that, with the voltage npplit'd 
10 the unknown red uccd to 0.01 and 
0.001, th(' bridge is given two more 
ranges of O.I·~f and I-~f maximum 
capacitance. 

To f'xtend the ra nge 1.0 smaller 
capaci ta IlCCs., tll"O add i! lonal standards 
are used, of 0.00 1 lind 0.000 1 pL This 
y i£'lds 111"0 morc nlnges, O.oool pf 1.0 
100 pf and 0.00001 pf to 10 pf. There 
are, th(' refore, ('ighl slandard capaci tors, 
ouly .!fix of which a re used fo r anyone 
mnge. T hc {·on nec l iOlls of t hese cap:lCi· 
tOr8 arc made by t he !;nmc nwge swit.ch 
t hat l'o(' le ... t.s the transfomwr taps. 

With this eombinat ion of eight ill· 
ternul stauda rd capacit ors and four 
voltage ratios to which the unknown 
enn be cOllllcr:!ed, the (":"IpaCilance rflnge 
of I he bridge extends from a ma . ...:imutn 
of 1.11 1,110 J.< f to a minim um step of 
0.0000 1 pf or IO- IL J.<f. T he cn pacitor,.; 
!\TlU rat ios used for each ra nge are 
iudicnt.cd ill Figu re 5. 

FIlii"" 4. EI , m' M"'y ~ch'm"ti. d;"II."m 
..f Ih ' '''p"c!I" .. U b.idll" 
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lOSS 
To obtain :l pN'ClSJon of six figures 

ill t he cnpacitUlHlc balance, til(' loss 
balance must be madc ('qually jlrt'risc. 
As shown in Figul"'(' 4. the 10..."5 balance 
in this hridgC' can be made in !{'rIllS of 
C' ithcr 1 he dissipn! ion factor, D, or the 
shunt ('(lnductanCC', G, of the un known. 
For 1ll000t pu~, di8.'<ipalion fuctor 
ofTer'S till' grealrr range snd cOIl\"cni('ncc. 
Condudllnce I;; uscful in some measure­
ments of dieleetric mal{'rials and is 
1lC(:CS..;ary whell external standard.1iI nre 
added 10 t hc bridge :md wll('ll t he loss 
in tlw bridge I<tandurd::! exccros that of 
lhe c!lp!u'itor being mcasured. 
Dissip a tion Factor 

The di"Sipat ion-faci or bnlnllC{' is made 
by means of four resistallce dec:1dcs 

AUGUST _ S EPTEMaE •• 196 2 ~ 

FIIIU,. 5. copo.nonel ,"olonc ••• n'.oll. 

connccted in S(>ri!'s wit h tbe common 
!;idC' of all thc internal capncitanCC' 
stlllldards as shown ill F igur<' 4. Sine:!' 
D - wRCr , whcrt' C'r is the lolal ('npnc­
ilan{"(" OOllllectro. to the junction of til(' 
cllpacitofi:! und ref'istors, th(' resistanC(' 
demd('s CIIII be cal ibrated to rC'ud J) 

directly at a p,:lrticular frt'<luenty, in 
this case at 1000 cps. With four d('tad,o" 
of 100, 10, I, and 0.1 ohms per step and 
with the total ('upacitallcc ndjustcd to 
0.001592 ~f, the rangc of 0 nt tOOO cps 
is from 0.01 to 0.000001. At olh('r 
frtoqllcncici<, the indil"uted 0 must bl' 
lIlu ltipti('d by thc frc<IUCIlCY in kilo­
cyclf!~. To ('xtcnd the range to highl'r 
0 , add itional ea pacitors arc added by a 
mngC' switch to makc Cr = 0.01592 lif 
for a maximum D of 0.1 and to make 
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Cr "" 0.1592 ~r for Il maximum D of 1. 
Thj" (,f1pflrilll.nl'(' lidded bClw('("H the 
rcsi..:;ton. nlld the Irllll:;hmncr end of the 
detector dot>:! not Ch!'lUgc the l'upa{'­
hUIl!"c bn1nll('C. 

Although the bridg{' hug only Cour­
figurt, l"(':sulutioll ill J) , lhii'l pr('ci~on is 
adt'lluntr for tile aix-figurt' cnplicillmec 
imltlncc (If I':lpu.·jlur .... whoS(' f) is 0.01 
or 1f'.;;.o;, l<ilU,{, tilt' small.''"L divh,jul\ of 
1 he 0.0\ range of t.he D decades is one 
part per mjJIjon. 

Cooduclonce, G 

Bnlnrwc of Joss in the unknown in 
tcrm~ of :<hlllll. rOl1dU(·tfUll'C, G, is 
prul'icif'd in thi~ bridg(' by the I'quin1.]cnt 
of four decades (If ('OUdILCI ance ill pllntllel 
with the intt'tllal {·u\.J:luiwr:-t, II::' showll 
figurali,·cl.\' ill I"igurt' 4. The 1.'011-
ductance 1l1'(.'<i('{1 for the IOAA in mo;;t. 
capacitors i~ !;mllll, t'orr{'Spouding to 
re.;;i~tun('C IIltiC'h gl't'~ttN dum tl mrg(Jhm, 
80 thM nrdillltry n' .. i.~IltlW(' lIN'lId('s 

mnnnl IX' l"imply cOllllectl'd ncro-"'-S Ihe 
capacilors. 1\ j;; i:< itnplt.', hOllel·t>r, to u«e 
N!:;i"l:mN' df'('ade~ in II T It('tll'ork to 
ohwin :\ Vllri:lhlc ('ondu{'tan('f'. With 
1000kiiohm rt',.i~tnO' 3~ the ~ri('$ Ilrm~ 
a .... 1 III(' :<IUI1!' four ",,,i .. lallec df'(,tl(i("R 
u;.('d for D ~IS (iI(' ~hunt arm, tht· range of 
r; i'l from 0.1 ~mho 10 0.00001 ~lIIho, The 
('onJU('ttll1('f' is l"('!itH'f'(i by n f:lelor IJf 
It'll wil('li Ill{' !let.work i,~ :<\\"ildll'd to Ih!, 
O,! tnp 011 t lw I mn"formt'r inst(';ld of to 
the full lI'indin~, lwd Illc rallg<' il< tl1{'11 
from 0,0\ lOO,OO(}OOJ /-IlIlho, ,\' ltt'l) Ihe 
lo~ in 111(' ('xlcrill i l nr intrru:ll ('aplu'itor:< 
eX('I'rd-i Ihn! of tilE' 11l1kno\\'ll, til(' hridge 
mUM hi' \1111., t () ndd In~1< t" the ttll known, 
With tilt' c'U!H.lu e'l:ulI'c 11,,1:111(,1' of 101<s, 
th(> T nNwork ("1m 1)(' rt'udil:r .;\\itdwd 
to th(' tap;; III full or It'nth \"nh:tg(' 011 the 
unknowlJ l<id(' of I Ill' hridg.· 10 pNI\·id{· 
till' RaUlr two rllllg("s of ('(}nducllIllC(' 
IWNI. " tli(' ultknowli (- 0) till 111('1'(' rtrt' 

for condu('lllllt'f' E\ef(~~ the iltterllal and 
external :!t:U1dards (+G). 

ACCURACY 

T he ftceurncy of 1h(" bridge. i ~ deter­
mined primarily by II\(' lUO(·tlnley of the 
tmn,.formcr nt1ios and hy Ihe 1U't'umcy 
of the in1('rnal ~t:Utd:ird e:IJ)!\eitor~. The 
aCCHmcy of the rnlio:< dCjX'nds upon the 
magnitude of the ra tio, UpOII freqUl.·lley, 
nlld upou the load conn£'('INI 10 the 
tr:J.nsfornl(-r. The aceumey of thc capaci­
tor:<, whieh dejX'llds init i:llly upon the 
llccur:\cy of the rdercncc sland:l rd ,lith 
which t.her nrc ctl libnll{'(.1, is 1I1;t1l111y 
Hmitcd 8ubscqllClli ty by the ('hanges 
proou('cd b:r ngi1tg find by fl uetutllinnfl 
in teml)('r:'t.IlI~, prcso ... un·, tlnd hu midity. 
To ach ieve!1Il tlCCU nlCY of 0.01 9;, in t lte 
hridge rNlding over II wid(' rallge' of 
frequency a nd capacitnnce and wit hout 
frequent rt.·ctllihl"n1ioH, )Ja rt icui:lr t·ll re 
has bet'n taken in the cons! ructioll of 
Ihe tr:lI11.formcrs nnd cap:witors. 

Transformers 

Relativel}' loll' numl,x·rs of 1mill'; fire 
u~ in the trfllli'fornwl"S 10 k(!('(> the 
leftkage indut't:w("{', SI my ('lI l>:willulN', 
flnd ['('",ist:llll'<'~ of Ih£' wiltdings ~ 1'1l11111 
th:lt the ratio IW('U)';WY remain;; high, 
('YCII II·Hh I()ftd,. gr<.'lltcr lillln I ~f and 
frt'qu(,llci('" fibo\"(~ 10 h. Thf'SC !'mull 
J'('"jdual inqX'darw0; makt' it lXl<'sihle, 
for eXluup!(', \I·h('n a l ()()O..pf cllpa{"itor 
is l)f'iJtg TlleIL"t1N'd at 1000 ('ps with unity 
ralio, to lo .. 'HI ,hI.' I)';tn.~f{)nrll'r with 118 
much It" I ~f of ground or {"able ("apllci­
t:Ulce lx-fore Ihe cr·ror in Ill(' m£'!If-lIln:.'<.i 
(Iirf'cI (·apIH'illlllC(' ex(''('('d'i O.O I ~. The 
small bridge indut"!:IIH'('s; 111'(' not il1 ,~ i g­

nitic:llll, hnw('\'N. \\'hl'll high f':lpn('ilallcc 
i," 11lf'II"U1't'd [It high frr'(jUNIC.r, 1t11d Ihe 
bridge crrnr i.'l 11lr'1I of t h(, Ol"d ('r or 
+ 0 OO?"' (' ( f ) ' 'f (" . - I (J ,./ 100lI) , 1 110 corr('(' 1011 

for thp indu('\arJ('C is uf'{'cI. 
TI1f' fU'CUrucy of II\(' mliol'! when i he 

Imnsformer i-; lighlly 10:1£1('(1 i" l)('Ilfer 
than 0. 1 pari I)('r million for IllI' unit.y 
r.!.lin Hlld i" lX'lIl!r than 2 ppm for the 
0.1 ratio:\I 1000 cps or lower frcquellcics. 
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,.. The winding SClf~C3pll('itunccs :lCt. as n. 
lonu u" ftt'l\UC IWY illcrca.."C~, so ,hH{ the 
error in Ih(> 0 .1 ratio i tH'fClI"cS 10 :l hllU L 
20 ppm III I II kc and 100.2°'0 III 100 kc. 
'Vhel l tIl(' auxiliary triLl)!'<fnrnwr i~ (:0101 · 
11('{'/cd for I'lIlio.~ vf 0.01 ami 0.001, the 
ruliu I'I'rnn; orc inCl"caliCu by the louding 
('/If'cts of 1 he input. il1lpcdanec of l hc. 
lIuxilillry tnlH"forrncr. Thc~ errors call, 
1I01\'('wr, to n Inrge extent be el imin:ltcd 
by ('omppnS:llilig impcdauttH, nnd the 
0.01 und 0.001 ralio.." ill the bridge' :I n,' 
ndj\l~'('(1 to within ± 20 ppm ill The 
fn'qucllcy range below 10 kc. The phaf:C 
Cfrons UN' , in gCIl('r;ll , somewhnt l:lrgcr 
than l h(' maKll itu~c errors of lh~ ratio£!. 
A L 1000 cps, l he phase error is prOb:l hly 
wit hin ± ID J.<mdians, htLt, thl' Nrol' 
illt'l"l·n~.':! ill npproximatf' propol'1ion to 
mlio unci to the square of fll.'qUCllCY , 

Capacitors 

Thf' interJJ;t1 s t:lIld:IIXI caparitors are 
CQn'll nl{'wd to h:tw such small changes 
with lilllf', lc.ml:N!rallltl' , and CII\'irOIl· 
nwnl ,llal t il(' iuililll eulibmtion to 
±O,OI % ma,V he l'xlX'(>tl'd 10 (>\lungl' IN\,-l 
thlill 0,01 % 1:N' r yl'f\ r in Hur l1l:11 U~, T he 
tl'IIlTx: rllturc Clil'flicicn t il of the 1000-, 
100-. find IO-pf un it!', whiclt II rc IlIv:\I' 
multipll'-plate cnp:lcitor:,. fi rc It,~ than 
5 ppm °C j til(' cnrffirjPHls of til(' f lll'nr 
ZiC'!HIN-Iypc 1-, 0.1-, tlmi O,01-pf uniLi 
lIml of the eyl indrical 0.001- 1l1ld 0.000 1-
pf Ul\jl 'l Ur(' 1(':<." Ihlill 20 ppm °C, 

1'\11' IIII1lQ~t Z('ro changcs of (,:lpad­
t:lllt"(' Idth :tlm'll>lwric PI'(",:;lIl'(' :lIId 
humidity , all hul the 1\\'0 SIll:ill('ilt ('3-
p:)('itor~ :m' hel'llwt icfllly 10(>:11(,([ ill all 
fit rno.~p lll'l'l' of dry liln)~!,J'" . Thi" l'I':il ill),!: 
i~ II('e('t;~l.\r,\' lI'il('l'c o;l:11Jility of h(: llp]' 
thlm O.OI f1, is pXpf'I'ktl, I)('cau~ ill 
t1l1 11111'(':111'{\ eap:H:itor thc (,[lptH'itn11l:c 
('h:lIlJ!;(':'I II I)1')ut 2 pplll fOl' l,tH'h I r~ 
dllll lj!l' ill 1'\,hll i , ,1' llU ' nidit~·; llf'lll,(, :t 

50' 0 t'harlg\' ill humidity prodlll'f'S n 
0.01 ('(, ('hang" ill Nlpaeillllll'C. And TIle' 
pn'~lIn ' ('hall!,;l', for cxnmple, resui1 ing 
from IlIUVilig the capacitor from lhe 
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ncar·se3~len·i altitude of Washingtou, 
D.C., 10 the Illore than 5000-ft alt itude 
of Boulder, Colomdo, pr(KhIf'C~ II ~':1.paci · 
tnll(~ dc(·rca,..;c of ahout. O.O I ~'c , 

'1'0 rninimii',c long-Ierm drift, all metal 
p:lrt:; of t he I'flpu('itorll tll'C IllnU' to 
avoid difTf'rl'l1T i:\1 Sll'e!t'«'s , und lhey nrc 
anIlC:lit'd nnd tf'lll l)(' ra tll l'!'-('yt:icd 1,0 

I'i'liC'\' (, !'I rains lind to accelerate the 
ini t ial uging. 

Tile hridgc elln lx, t,t\librtltro quickly 
and aceuratciy by tilt' me:....,ur('ment of a 
single cal ibr:ur<! extcruul stlllldnrd cn~ 
I)''l('ilor of 1l111lo~ t any !'iz(' \\-ilhill the 
rllHgc of the hridg('. ~i n('e the six-figure 
rcsolutjoll of the brid!!:(' p(, l'mits com­
pnri.son with a pJ'{'('if'inll IX'! Icr than 
0,01% dowll to 1 I)f, the {l<"eUrlu:y of 
c:d ibratioll is usually det<:rm i!l('d by the 
a.c('umcy of the s tandnrd , Only oue 
r'xtertml s tandnrd. mo:;t eOI1\'cni(,lltly a 
thrcc-tennill:ll I()()()..pf ktand nnJ, t' is 
required bce:HI!'t., the II t't'lIrll.t(', internal 
0. 1 Il'flll'iformcr mti .. f'llil he ui"f'd to 
insure an ilccurlltt' ralio uf Ihe ill!crnul 
('apncil:lllcl' s t3Jldard;;. ,\ - 1 poo-il ill" on 
each l'!lpacitanc('. It' \'(' r SI\ iICh ('OIlIIC(,I ... 

the corrf'spondihg iulernnl capacit or to 
the 0.1 tnp UII the urlknO\\' 11 ;;ide of the 
tnHlsfornll'r. This ~3pn('if or (':ll) be 
compared \\'ith t h(' next d{'('htle_ cilp:wi· 
tor, which is cOl11lC'l'Ied TO 1.11<' maximum 
\'oltage on th(' "fanel:lI'd ;; ide wllt'll tho 
lIdj(U:(,1I1 Ic\'er i!! FoCt 011 t ht' x po!;'itioll, 
tlnd lilly udjustnwnt s rl.-'<tuin>d C:lH he 
mnde with triml1l{,fS n('('t~i blc beneuth 
1\ ;;:Udiug cover on ,1](' hridp;r !l:lne!. 

Su('h {'he('k~ or rC('ll lihr:Hiolls of the 
bridge lIf'(ld not be ' IIlllde often . 

lou 
. \ Ithough t ile :wcur:wy of the merumrc~ 

ffi(,llt of los.,> i .. 1I0! imp(lrtant ill the 
lIIelLSIII"('U1('llt of m:UIY capacitnl'l', the 
T\'N: WI5-.\ Cnpu('it:lllN! Bridge m:lkes 
1:N):;.~ihlc l1l('a:llln' llIcrlt li Qf di;;..~ipation 

faefor to Ill! a ccuraey which eX!'t'cds 

"'I,e Tn' . 110' lIef~(tn..e f>UlP ,lord Ca, •• U'>r8 .... 
~o"uu~"ded. Tt- " 'ill be oJc.cnbod in .. . "~"8n' 
i.ue, 
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that or mOf\l capa('itanl'f' bridgC's. This 
R('('unwy of (±O. 1 q. + 10 ppm 1 I)f the 
me:tsurt'{1 "nlue if; appli£'1lbl(' u\,(oI' the 
whol!' /) ruugc nnd o\"('r Ilf'urly nil 1 he 
cupllril:1I1C(' lind frt'{jllCJICY rtlllg('R. A t 

low frt'tIIl('Il('jf'S and small l ,apaf·jlul\(·C 

till.' IUTlm,('y will he lil1litf'd b,Y tht' re· 
du{'C'd ~l'lI"ilh'ilY of th(' hridgf' .. \1 high 
frl'quf'lIC'j,,"l Ilild at mtio.~ nthf'f thlUl 
unity, llll' pllllf:!.' ('rI"Ot'S of lhC' transform­
f''''! will 1'('(illI"(' the al'(·nr:w~·. Within 
th{',.,;> {'xl n'TlL('~, the at'cur:u'Y of lht' D 
rt'adiug i~ dc·tl'rminffi by tll(, r('",i~tall{'{' 

d(,(,lIlips, \\hieh art' adju~ted within 
±O.05c'o. und by thl' tot;)l (,llp:1('illlll{,(' 

coutu'I'lt,d to thf' dl't,'!I<il's, which i.s 
trimmed tC) ndjuF"t the f) I"('acting to 
within ± O.I 'JQ l\'hcll fI ,,':lll(i:trd of 
kllOWIi f) is Ill¢tbured. 

'I'll(' l(l",~ Il\(';l!HU'CIll('llt in terms of 
shullt tfilidurt:1 I1f,(" (;, j" lilllitl'd to nil 

3l'l'unu'y of ±(t % + 0,00001 ~mho) by 
till' ;ll'l'lIrliCY of the 1000kilohm rt'"i."itors 
uS('d ill the T lwtwork, lligiwr ;lc('urary 
is !lC'ldotH UN'dcod. It would 1101 olily add 
to Ihe I'ost but would also re<luil'(' 
('Qrrcc'liollf< to the bridg(' (,' I't'adillg. 
Th('''l' l'orrt'diOlls, amounting to 1\ 

mnximum of 270, are duc to t il{' 11011-

lillC'lll ' rrlitlioll 1~t..\\,('C 11 the til"'lIde re­
Si., t:U1C<' :lnd the (>quivnlcnt ('Ollduf'!:IIW(' 
of till' 1If'1 work. 

'I'll(' los .... meru;u1'('d by tilt' hridb'f' I1S 

('ithc'r /) or G is till" 10$8 of Ihc lIlIkllOll'n 
CUplH'ilOr IY'llIth'l' to thl' 10,." of thr 
inlrrtlill s!:\lldards. ~illl,(, Ih(' bridgt, 
cnJ):tt'itorl'l lilY' (,flN'fully drll1J('d tlnd 
H'nled ill dry nitrogclI, it is C'Stimntf'-d 
that thrir di<v;:ip:uioll f:1dOl' d()(,1!1 not 
cxt'('t'd Il few part;; PCI' milliotJ. Thc 
n('t'ul':lI'Y flf ab"'o[\1tr lo;:s llJ('a:Ollrt' d II.\' 
l ll(' IU'id~t, i", thNl'fo1'l', Ih(> fo;:L1l1I' :UI 
Ilmt IIr till' 10:;'<:; relativc to the bridge 
cap:Lf'itors, 

CONVENIENCE 

Reodout ond Bolonee ( HC'rer tu FignrC' I.) 
Pal'! C"q)('rif'n('(' If'l1 dl'l man)' of u~ 10 

picture a bridgc' of H'ry high pl'c('i. ... ion 

and ul'('unll'Y al' II 11111Sl;i,·c but drlic:lte 
labor:ltor.}' in~trUIllt'nl wh il'h . \\hen 
h:lIldlrd with ('oll!'ilicr:lblt, ('art'. coddling 
tllld ~Il1C cunning, Ill:!)' y ield un lIe­
curate value for t'npacitflIlL'e olily after 
tlL(' applicatiOlI of numerous ('orrertiullt<, 
The TYPE 1U15-A Cnplwi t:lIw!" Bridge 
ill nQ \\'fl.)' fit s thi:; picture, T Ill' mod('I':l.tc 
size and weight of this bridge p!;'rmit it 
to be mov('d ahNLI lilt' lubonnory 'lith 
('3St', and liLr brid~c is~umdl'nlly rH~'t'd 
to be tmuI'I){)rtNI illtn the fi{']d should 
it .. accurncy be required tll('l'e, It i,~ 
C:l~' to balan(:(\ I'jI"y to l'('1\(1 , and Ihe 
rc(\(lill~ i .. IICCUnlte \\, ithout (·orr('c'tiOlll'l. 

A fC:ttm't'. whir h c'ollt l'ilmles nllldl to 
the etl:"(' of halall('(' :I lid of reHtiing iii the 
11>11.' of 1,,\,('1' o r IUlf'nr rflthl' l' th:lIl I'Olnl',Y 
switches for thr dc!·adc ... . The fllllu ll 
pallcl space O(:c'u picd b.y lIw:;c switehcs 
makes it I>O ...... iblc to position the six 
d('{'ades nlld rallgc 51\ itch for {'3pnc­
itlillCi! and thc fuul' dec:ul(,'\1 and nlllgc 
switch for 10;0...'1 withill tht' ",pan of the 
ol)('nltor'" right Ilnd Irft. h:lIld~ , t'C­

sp<'(·ti\'rly. TIlf' throw of the !;\\'itches 
is :lbout thrt'f' indt(>$, so t he 12-po.;;:ition 
nmge of :lny d('(':Hlc (':111 ho. ('ov('fNI wit h 
only 11 !;ligltt IlIO! iolt of hnltd 0 1' finge r, 

The position of ('neh dcenclf' i:;: iil­
dicat(!(1 by n. nllmbN oppca rillg in lite 
\I'indow aool'e rarh le\'er. T he bridge 
('apn('il:lIwe frildout thu,.; npJlNlri< ill the 
eOIl\'('u ielll form of "ix clo:<cJY-f'ptLcrd 
digit:< in n h()rizoh\al linC' and til{' f) 

or (,' r(>tldollt :lfl Jl flimililr lilll.' of fOLlr 
digit;;:, .\s the Il'\'('r at t l\(' right is 1ll()n?d 
to dl(lngt' r:lporil1111(,{' 11I1lg~ ', Iht" cll,d-
1Il!!1 poillt i:< uutnmati('ll lly plX>ilifltl('d 
ill the "ix-figu re rcadollt 10 indir.Me 
\\"ilh()ut !Hllit ipli(',.~ Ih(' f':l j):H·ilfLlI('I' ill 
pil-ofarnd.s f ron l n tn:lximllm of 1,111 .110 
pf 10 :1 miu imum f)f O.c)()()()l pf. Thc 
If'\'{'f OIL till' left flimilllrl.\' mon's the 
d('{'imal l)Oilll \\111'11 the f) ranj!;f' is 
I'hall~(>{1 to indkalt' di]'('.·tly th(' di~ 
~ipntioll f:H'tor , T Il{' dr('im:ll l}C)inl is 
:llso po",itionC'<i IllIt(Hllt!l it'nlly 10 !'Cad 
cOllductnllt'c in mitl'omhos, but 811(.'(' G 
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mllst I,., multiplied by the f:l.ct.or;\l, this 
fador is illdicnted ill orange engrfLvilig 
ndja('\'ut to e:lllh pOfiitioll of the C _IIAX 

r:1I1,11;(' ~witch lever. This multiplier is 
required only for G :md ror extC.rlml 
stlliidard:'l, uud til(' Ot'ange color i1' tll<Cd 
011 the p:llId t.o indic31e all qlltllltilics 
to whjth M 11\\1:-;t be applied. 

Hridges of high pl'cci:::ioll are of len 
rC'putC'd to be b ridges which are 1I0t 
(':l~ily baltl,II('cd, In spite of its I\-ide 
rang{' and high prcci",ioll, the THE 
Wl5-,\ Capaci talwe Bridge eml often 
bt' b:tliulI:ed \I'jth mOl'C eilS(' and spced 
than bridges of lower range and ne­
ellrM'y. For example, when CI'Cll the 
approximate magnitude of n (,:"tplwittJ]' 
is not known, a rough balance CilIl be 
m:1dc quickly all this bridge by the lISC 
of the maximum cn pal'itan('c l":llIgC, 

so thal the six dC!':Idt's COI'cr tile mnge 
from I Jif to I pf nnd the si.x ltvcrs efln 
be tried in quick succclo,sioll to dttcn niue 
th(' ba)ance point without, a change in 
!"iUlgl;'. The - I pos.ition on CHc h of Ihe 
cap:lcitullec decndcB, wh ich was mCIl­
tiotll'd ilhovc flS uf;Cful ill t he ';(')f­

t.'ulibmtiQII of til{' bridgc, also facil ita tcs 
ba):i1lt(· ill the I,,~ion llf'HI" :11l~' 7.ero by 
pt'!"mi1tillg a tdlll rcdllctioH of I)ridgc 
cap:1{'itllll ec hy aile step in II dcC'nde 
without the lI(X'c;;:::ity of moving the 
auj:Hlcnt [ever, 

Connection of Unknown 

Thc cOIH'cniencc of the balnncc con­
trols is matched by the ('(In,,{'nic]lec 
wit.h whicb V:1.I'iOlI'" '.\"1)(:5 of pup:H'itor::: 
call he C01Hl~' C,tf'd to the brid~f' for 
lIWft>:lU'pmClll. T wo types of COllll('(!tOI' 
for Ihe llnknoll'll (':\p:1('iIOl's arl' PI'O­
vichl flL the UplX'l' right l'Ol'UN of the 
bridgc paucl: a pail' ()f TYr~: 87·' Coa,xi:ll 
ConrcectOl's 3nd a H'.t of three TYI'E 938 
Binding Posts \\;th stJUldard Vi-in ch 
spllcilCg. Par th I"Ct,-tf'l'minn l mCflMcrr'­
m/>ll i" with complete shielding, ns is 
rcquired particularly rm' \'C]1' SIMI! 

capacitance, t hree-le.nninal capl1citors, 

AUGUST.SE PTEMBER , 1 962 

such as the TYI'E 1403 Stnndnrd Ail' 
C!lpa(' it o r~ nnd Tnt; 1.J22-CD PI'('ci-::ion 
C!lpncilol', cnll bt' mll.llcctcd \\"ith ('ouxinl 
cable'S to the coaxial bridge' lel'mi1)3Is. 
Cnpt\l'itors hal'iug othcl' common t.ypes 
of c'O:lXifil {'onneC'lors can :ll~ be ('on­
I1cct (o(i to the hridge tNminnls by the 
lISC of the appropriat e '/'YI't; 874-Q 
A(/nptol'. Cl1pndtor~, such ns l he TYPE 
HOI :U1d TYI'\:!: ].jog Swndnrd CIlPflC­
itors, whif'h lUt.\'c TYp~; 2701 Plugs as 
w rmilHlis, ('11l1 be plugged into the jnek­
top biudiug PO$l.s. The bindiug posts 
(Jan also he used for the conncd iuH of 
pat.ch cords nnd [c:lds of \lUlU)' typcs. 

The nppropriate !>Ct of ullkno\\'1l 
torminliis is eOIll)('I'I.C'd to the bridge 
(llnJ t he unused terminu l,.. discouHect cd) 
by menns of n four-po!,:itioll tCl'minnl 
swit ch 11)(':lted next tn tllf'se tcrminflls. 
As this !lIdtl'h is mo\·cd to changc 
tcnnillnl:=;, it :11:::0 shows the corr('~pond­
ing challgt's uf COHncclions and grounds 
ill the simple cir('uit which if! engra\'cd 
on the pand. Tilifl simpl!,' circuit. 
di:1gmm docs Hot rrpl:lec t he olX'raling 
instl1lction m:\IHlfll l but it. dOl'fI !'('rve 
('\'tll Lhl' COHstnut utiCr fiB a. usdul flud 
c"N-prcS('lli l'C'mindcr of thc ci,'cttlt 
which is in lISC nnJ of the pos."ihle 
sonrccs of mCtlSUremClnt 6r connection 
Cl"ror. 

" ' htH the f('l"mill!\1 S\\'it('h is set III 
the po"iti(JlI m!lI'kNi CAL, the I. 01' 
dl'tectnr "ide of till the tCl'Inimlls is 
di;;:eonll('('tNI. This I~rm ils a check or 
sclf-eJlihration of t he bridge l.!ap!H'itors 
at any lim(l wit hout the need for dis­
counl'ding lhe lIllk~IO\\,IJ, 

Three- r erminoi 

In lilt' IIt'xt position, marked 3 n :mt, 
the coaxial TYPE 87·' unknown tel'­
min:lls tWe. {'oll ilectcd to the bridge, 
\\;th the I. t('rminal ('onncct('d t.o the 
dl'teclOl' a nd the H lenninal 10 the 
tl':lnsfonncr. The shields of the con­
Ile('\ors and nil ground points on the 
bridge nre connected to the guard point, 

11 
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GE N ER A L R A DIO EXP ERIMENTER. 

so that all cnpllcitnnCCl! to thc shield;:; 01' 
10 gmund lIl't' exduded fl'Onl the direct 
capacitance hetween JJ :Iud I. 11)(~asu r('d 
hy 1 h,' bridg<', 

The third po.';il ioll of the flwi1ch, 
1l\~lrked 3 '1'lm~II N .\L, COlU)CCt .. III the 
brid~e the H, I,. :lnd liND bind ing I)();;h; 

h l.';teud of the CC1il.xiftl terminal1i, TIl(' 
II post is conncch'u to the lmn:;Jonl1cr, 
lite L PQ!;t to th(' detector, and t he 
U:-IO po:;t to lhe tl':Ul.:\fornLCt' midpoinl 
find hridgf ground, As in the ('o:lxiai 
thr~-t('I'l\lill111 mear,;ut'('mcnt, the lwidgf' 
1tlf'lt8UreS only the dirc(:t cupacit:uHl{' 
het 11'0011 lhe II and L pUi'lts ami excludes 
('uP:l{'il-llIlCCS from I:{ or L to any OKn or 
guarJ point,. The open binding POSli'; 
have a dil'cct cnpacitance of about 0.2 
pf, which must tIliually be mCMul'ed anU 
:;uhtl'1lt'led from the value mcasm ed 
whell 11 {~lp:tcitor is cOllucctcd. The 
Iwidgt· can, of course, mcasure this small 
tel'Jniual capncitnt)('e, as well as t haI 
of rillY leadf; ('OU llcctcd bet.ween tel'­
mimlls flU e! el1}>flcilor, 

Two-Terminol 

12 

The fourth pOf;itioll of t,he switch, 
m:u'k('d 2 1'EHm:-lAt., dcS('r\'ea spC'ci:'t1 
fl.ttcntion bcCllUf'C of the impol'lu1l1 
rhangci'; it. makes ill bridge COllncctions 
find bridge measurements, T he bridge i,') 
agnin cOllllccled to the biuding-poiit 
terminals with the" posf conneclf'(\ 10 
t he transformer, bitt. the L ami (;,:.iO 
posts al'e now cOllll('etcd tOgf't/Wf Ilnd 10 
the hridge c:1.SC and panel find tn :tny 
oxtefmd ground l1'-:Cd, The bridge IIO\\' 
mCllS1l1,(,S ,,/I capn.cit:I1ICCS belwcen the " 
tcrmilltli al1d I, or ,,:-1 0, inl'ludillg stra.y 
l'apacit:l.lltcs from po,.t and lends to ih(l 
pal1c1 find other f'11\'ironment .. These urf' 
thc ('a pacit:l1l ccs measured by thl' {'om­
mOtl two-te1'm inal capat·it:lllCC bridg(',:':o 
lh.aL it. is possible to dupl icatc wi th the 
IIC\\! TY1'~~ iG15-.\ Cllp:1.('italH'C Bridgc 
the mC:lSul'cmcl1lsof f,lI'o-lenn inul capac­
itors obtained with oldcr bridges, ,'iwh 
!I.S the '!'YP J:: 7 iG-C CllpucitallcC .Bridge. 

In principle, this chang€' of the 
in hcrent ly thl't't,-tCl'lnitt[11 tmll"formcr 
hridge to l\I'o-t.cnnin:\J operaliolt is 
macic itS ;:holl'll in 1"ig:11t'(, .1; lhe gl'O\!tJd 
point is ,'limply $witchl'd from I he ('Cllt e l' 
(If Ih(, tr:H1 i<former ann~ to l he jl1ltt'Iinn 
of I he slaudflrd and unklJOlI'll {':lI,aC­
itOl's, thereby gl'UHuding Olle sidQ of 
the HnkuOlI'lI, In pradicc, t his Ch:U1gC 
iil ('om plic:lted hy the fael thaI the 
('ellter of the u'nn..;.fmtncr, which is the 
gwwd poin t 10 whi('h 1 he bridge I5hil.'lds 
at'C connected, i1i IhcH (,Ollnected lo the 
higlt-i.mpcdancc s ide of the dctc('\.ol' 
it1l;tl':ld of to gl'Ollnd . To p revellt Cl'N)!' 
v()ltngc.~ from entcring the dcicclor, aU 
tJlc wi res and bridgl' shields connf'cl(ld 
to thf' high side of the dctet:lot' Illusl 1~ 
cnclooc-U by .:1 grounded Rhield. To 
pt'odd(' t his ('xtm "hiclding for Iwo­
t{'rmillal mCll!:t11'cmCllts, t he bl'idgc e(,llI­

p01t('lltS arc el1c1oscd in an inltcr shi('ld 
bo" which is eneloscd by bu L insulnted 
from I he ouler box :'Ind punel, and tho 
prim:lr)' of the m!lil1 ra tio iransfonncl' 
is a lso enclosed in two scpa r;ltc ;;hidds. 
Externa l Standards 
Ronge Exlension 

The. ufiCfulneAA of 1 he bridg(· is furt her 
Incl'ellsc-d hy Ill(' pl'O\'isioll 011 lh ... bl'idgc 
panel of u p~l i r of tcrminal1i to pCl'mit 
t he cOlll1ct'tioll of an ('xtcr1l:ll standard 
cap:\citor or rcsi~ t ol' to SUppIC!lll'111 01' 
J'eplace the stnml:l1'us in the hridge, 
T his pair of coaxial 1')'I'E S7.t C(ln­
ll('ctOl'i'!, locn~cd 10 thl' left of tbc co::t.xi:tl 
pail' for' 1 he un knO\\'l I, has thc L termi n:'ll 
conllected to t he L tcrmill:'11 of the un­
known llnd thc H U'; rminnl connC't'tf'd to 
the " t :ln d~l1'd ;;ide of t he trallsfornwr 
through 11 1'ot:'l l'r swi!ch, by !l)eaJl~ of 
II'hk-h flll}' of the tell steps of volt:lge 
from the t l'Un~rO I'n)(!I' CUll be applieJ to 
the ('xINll:1l stallll rmi. This rotary 
switch, wit.h i ts digiwl l'eadol1~ th rough 
u wiudoll', pl'oy idl'!> a seventh decade of 
capncit:lI1cc or a fifth of conduclnllcc 
I'1ho»(' Il ltlgnitl1de is determined by t he 
extcl'nal slandnt'd chosen. For examplel 
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the eU l)ll('ibnce runge cnn be extended 
tu n JoIf hy lil(' conol'dion CJf nil f'xtern!ll 
Slnlldlll"(l or 0.01 pr. With th., (.' .\lAX 
rt\ltgc I{'n'r ::ct tit the I p.f rna:-.i llltlnl, 
I he l'Ulo.ry de<,'udr- tllI'lI Jlmvidt',; :\ 
IlIIluuco control of I J.lf )X'r ntrp li nd t h., 
I"\'N 8\\'it(' I\('~ ('x1('ud lh(, Iwlfllll"(' tHlIgl' 

.~ ix Hu/rl' (/('{'aticl'l f ro1l\ 0.1 jl.f through 
I pf lX'r .. t('p. 

Atcurocy Extension 

Siu("(' both thr tlllkllOWIl and Cxt...rlml 
~tandn rd cup:1citQtb ('all be l"onneclC'd 
lo a wide ronge IOf accurate tr:ul,.fonl1er 
Nil ios . .n compnri.";flll of exterllnl ('ap:w­
itors cnn be made with un lU'f'Url\Cy 
c\'en higher t han that of Ll le dil1'ct 
bridge r{'udingj !lHd t he rat ios ('an 1)(' 
cllo~u so that the mngllitudc>I of the 
('xf{'l'nol c!l pl\cil~)rs do not h(lve to be 
decade mu ltiples. For C'xample. l'U ppo;;c 
n l<taudn rd ctlp..'l.citor of 1000 pf is 
nVIlil!lble with :1 calibr:ll ion 3ecuracy 
higher thnn 0.01%. Thi" accUl'Uc~' ClIl1 

be Imn~f{'rrcd to 0. cap/witor of, ><ny, 
5000 pf by ('On nN·ting that cnp(U'i lur to 
th(' o.ppropriate unknown terminal.8 and 
the IOOO-pf standard fo ihe exlNllal 
Slandurd terminalf'. When t il(' rotary 
de(:uuc switch for the c.xlcrllill I' lnutinl'd 
if! set to 0.5 :l1ld t he C M.-I.X lew'r In t he 
O.OI-J.lf po:;:ition (where M - 10), the 
e.~ternnl st:lIldnrd is efTcclin·ly multi­
pliNI by 5 10 bnl:uu.'C the unknown, 
Small difT('re.rl~ ixolwecn Ihe C_~l crhlll 
c:l.1)i:u·itors cun. of ('OUnIC, I)(! bn laneed 
with th£' bridgf' capacitance and con­
du/·tancr dCClIdf·f<. alld any small errors 
in the bridg(' I"t'adi ug of t he difTcrc1H;e 
firt' in:<ign ilimnt in tlw com pa rison 
ml'lIf<IIJ'('I1lC'111 as long 3S !il(' uifTcl"I' lH'f' 
is a f<nmll 1)C1·('('IH.ngc uf lh.~ tow.\ 
cnpu('jtu llcc. 

Resolution Extension 

Thr 1"('l'o1tuion, us well as actumcy, 
(I( t ht, bridge can be. extended ll,Y t lil' 
'11 ... " .. ;1"..1 ~r..n.''-e ,a • .u. ;......,. 
',I.. K &"'~.....,n. ",1. l'u""d An'P.'iflrr .no! XliII n..'f(!wr 
.. 1111 V ...... :-.l'cn .... lI. S. ... iti'·;I)·.· a .......... N",'" K~~ 
...",,,., M, 1, Jul)" 1961. 
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usc of an {'xt('runl slnndurd cap3dtor . 
It has already been noted aOOn Ihnt 
till' es trrllill I)tnndard !md it s decade 
,;I\'itch add a seventh dC't'nde, wh ich ['lUI 

have increment .. ('ithrr lurb'"Cr o r smo.ller 
thrm those of th(' six [('vcr det-udel'. 
1';\'cll highl'r reK(llutioll i~ po .... ~ihle when, 
for cxampll'. t I\'f) 10000pf r'xtcrn:\\ ('[lpltC­

itor.s lire compar<.·d , I){,OlHlS(' th£' bridge 
dI'C:ldc!! ('[I II be 118(.'d to m('rl..'<ttre n 

difT('rent'(' fl.....; ;'tmaU lUI O.(K)()()I pf or I 
part in 101 in t his cJI:!lmplc. US.'l.hlr 
1"(':<oIUlioil of 0.1 ppm is not hard to 
obtniu with the recommcnded THE 

1232-1\ Xull D('tr..'t'lor, but higher rei'olu­
tioll tlSLLalJy r('quil"('~ spe"ial detectors. 

GENERATOR AND DETECTOR 

The fa('t t hnt t ilc irl stnullcut contains 
IIcithcr generator 110r detcctor mo.y 1I0t 
Sl'€"m a tonnm i('IH"f.! to the occru;iono.l 
user of Ihe '1" '1'.: I6 I5-A Co. pacitanec 
Bridge, but it is orten an engint'ering 
and ecollomic ndvuut!lgc. A generator 
arrd II detector in :;;eparnle paCkllgl'!< ('nn 
be better .selecwd or modified to fit fhe 
many uses of till' bridge O\'cr its wide 
range of cilp3 r itancr Ilnd frequency, Fo!" 
most of the uscs tllld most of t he rangc, 
the recommended gClIernl.or is the IICW 

'!'v!'}: 1311-A .\\ldio Oscillator' and the 
recommended detcctor if.; the Tn'.: 
1232-A Tuned .\ mplificr !lnd Xull Dc­
fector. 1 A oomplclC system for cnpac­
ilo.o('(' meusurenll'nt, (·ollsi;;:ting of the 
bridge Il.nd til(' n.'OOI1lIll(·nded gCIl<'r:ltor 
and det('Ctor. is flv:dluble as th" TYI>~: 
1[;20-.\ Capncitll.l,('('-:'I lctl8uring As­
scmbly, illwdrlllf'd 011 page 1·1. 

- ,I. F. H ersh 
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GENERAL RADIO EXPERIMENTER 

SPECiFICATIONS 
Capael lan ... Ran"e \6 r .. nll e.): 10 - " to 10 ..... 

fnnuls ( 10 ,,\If 10 I"n. din!(·t mldiu.I(; Ii-figure 
ro.;ulution, smnlllOl!l division 10 - 17 farmls. 

DI II .pal len_ F .... er R .. n ll e (3 ron,,"): O.{)()(X)OI 
to I III I ke. dirt..'(·l reading. Din.'Ctly llru­
porliOllnl 10 frL'qucn('Y III ollwr frt..'(ilwuciCl!. 
Foor-figtw;: resolution; smalle<t divi ... ioll, 
0.0000(11. 

Conduclance Rani. (2 rani" + : 2 ran".. 1: 
10 .... "mho to 100 "mho; "-fi~urc re;rolutiOIl, 
III1lAllcst dh'ision JO'" "mho; tnde~lLdent of 
frt..'qlwnty; variC!! with C muge. 

Accuracy: 
Cflplu:ila!!ce-direc/ rewJi llf}, ;'I/l'TfI{lls/amiflrrl, 

±0.01 r~, (lXI'Cpt nL Ihl' nxlremL'I! of the runge. 
At high l'ap:U'ltanI'C u",1 high frequency, error 

ill + 0.002% r '" (1~)' .. \t low ClI.p"dtallee 

lind low fI"C(IUeuI'y, accura<:y m,.y be limited by 
britlJi;e lrelllli I i \'it y. 

Capaci/IIIIN) campari$OlI. ,cith tIler/wi ~lall(i­
/lTd, approximately 1 ppm. 

Type 

Oi<rlJillf.lliUiI lawr, ±(O.I% + 10 ppm) of 
me""llred "alue. 

Co.uluculI1ce. ±(1 % + 0.00001 "mho). 
F,equ eMY Range: Approximately 100 "YI'IC!! 

to 10 kc. 
Tlm peralu.e Co, lflci , n' , 01 In.ernal S'and .. rds: 

1,(,."lI! than 5 1)I)m;oC for t he 1000-, 100-. lind 
J{)..pf ulli,s; ~ iKhlly grcntcr for thc ~m"l!er 
(':lll:v'iralwc units. 

Mo.lmum Vall .. " .: 20 volts at 1 ke. ProPQr­
tion:!1 10 fn.'qllcncy. 

Ace ... ori .. Requl,ed: GCllcTlttor :wd d'-'IL~'rorj 
the '1' \'1' .: 1311_A .\ndio Osdl!"tor <llltl thl) 
Ty .. ~; 1232-.\ Tuned .\mplifier :tnd :\1(11 De­
te('(or are rL't·omnH.'nded. 

Accellarte. Supplied : T YPE 87·!-WO Open­
Cil"l.~uit TerOliufltioll, '1'\'1'.: 8i<1-B22 P:.t.<,h 
Cord. nnd ']'y .. I: 27-1-N L Patch CoOrd. 

Dimenoiano: \\'idth l!), lwiJ!:ht 101 ~, (I ~'pth 
12~~ inchC!! (485 by 270 I.y 325 mm), ovcr-all. 

N" W. ighT: 38 L2 pounds (17.5 kg). 

Code 1I"0,.d P ri'-r 

1615_AM Copaehonce Rrldlle, Rench Mod.I. .. ATTIC 
IIAUIY 

$1475.00 
1475.00 161 5.A R Capacitance Rridll" Cabin" Madel. 

U.S. 1'81¢nt '10. Z.5-I~.r~7. 

TYPE 1620-A 

CAPACITANCE-

MEASURING 

ASSEMBLY 

The Tn.: 1620-A Co pacitanec-1\[(,M­
uring Ass('mbly cOIl!'<ists of the 1'\'I'J:o: 

1G15-AM Capacitance Bridge with the 

TYI'" 131 1-1\ Audio Oscillalor and the 
Tn'E 1232-:\ TUlled Amplifier and Null 
Detector, thus providing u complete 
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system for the pf'('ei~ meflStirement of 
cnpfl.(·ittuH'e on-r the f:lIlgc of 10 J..!pf Lo 
1 J..!f ( 10 11 to 10 6 farfl.cli,). ]-'I'('qucll cy 
rnuge i'l npproximah'ly :lO eps to 10 kc. 
The ~ystl'rn h:l8 .'iuflieiclLt ;.:('I\:<iti,·ity to 
rt':ili:r.<' t he rllJl.~ ix-pbl·c resolution of lhe 
bridgl' for fill m( 'tL"U((>mcnts ex('cpt for 
vcry "mall CUP11Citllll(,CS tit the lower 
frt·qucrwi('s. 

'1'!lP~ 

1620- A Copoc!lo n •• -M. o . u.;nll •• nm bl y . 

Oscillator and detector a rc mounted 
side by "ide as ,<;ho\\,11 in the photograph. 
The cud fr:1I11('I> IHe bolted togctllC'1' 10 
make tl I'i~dd l\.'-8Cmbly wiihout. the usc 
of 11 rt'lay rack. COllnection cubics 
are supplil'd . 

The o.;,;eillator operates from the 
pow('r line, the detcctor from internal 
batteries. 

CQ"" Word "rirs 
ouurT 1 $2080.00 

HIGH PERFORMANCE, LOW-COST 

AUDIO OSCILLATOR 

WITH SOLID-STATE CIRCUITRY 
l\lodcrn solid-state circuitry iR lIS('d 

in the IIl'W Tnt: 1311-A Audio (}.;:eillator 
to produC'C a !<('If-('oulnillcd, romp:wI, 
incxperr"i"e im;tl'lllllcut \Iith mun)' de­
simble fcuturcil. Amoll~ thcSl' al'O high­
pOller output iuto :~ II idf' nmgc of lond 

impedanccs, 10w-dil"tortiOIl evcn when 
the load irnpKianel' is short-I'irl 'uitcd, 
f'xccllcut stability, low noi~, aud W'ry 
smull .~ i7.c . 

The T\T~: 1;31I~A Audio OscilintOl' 
supplicl' 1)OII'N H1 (' I(,\'l'n commonly ul'('(l 

FIIIU •• I . Panel Vl.w .. l it.. Type 13 11 _ •• IIdl .. 0 .. 111010 •• 
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FI,,, •• 3 . Th . " .. Ip'" l1"n'_ 
,,,, .... , "u,,"'. ,""I<hlnlll " 
wid. ,a"lII. "f (""d ''''p.d _ 
a ...... O"la w." 'ak . .. al 
I h , b,,' a • • ,.p .... ",,,,I ... 
"f p • • f" .... a" .. at all fo._ 

, , 
>' 

.....,_ OJ'I""" lwt~ 
SOltT' .... fYOI,.. OOO~"l1 

q .. . "c'." • ~ 

fixed fn-quC'lwie.;;: 50, !iO, 100, 120, 200, 
.tOO and 500 ('P" tllld 1, 2, 5 fllld ID kr 
(\.."1 ~1('('led oy n rotz\ry ~\\'itdl. ,\ 1'011-

tinuou!Oly adju~tuhlc iut:n'01cutal-frc-­
qllf'lH')' ('outrol pro\'idp;;; a fllng{' of ± 2% 
Ill)(mt th(' nominal fn-qUI'IIC,\', Dill' IIddi­
tion:ll (f('C]U(,IU'Y CUll bc pro\'id<:>d b)' til(' 
lIf.('r at :\ tln:·lfth switch 1)O~ition by thl' 
addition of 111'0 r{'~i;;:tor.o. 

16 

Th., output tr:onfOform{'f hUri U tapJlf'd 
N'l'oudllr,v lIiuding, f<O t hnt an Olltput 
pOWI'f of III I('ll"t r)llC Wlttt can 1)(' deli\'­
('n'd to fiw' dilTl'n'llt load illllX'dlllle('!O, 
ami tit len,..l ulIl'-hnl( watt to nny rr­
.. isti\'!' load hctw('('n 80 milliohms nnd 
S kilohms, fL'I showu in Figure 2, 

In Illmt oscillator,;;, on·rlo:lding nnd 
wlwcform clipping occur I\'h('11 Ih(' 10:11.1 

iml)('(innrc is vcry low C'ompart-d to illl 
IIPtimum 1'!lluC', In rontrnl't, thc Tl' I'E 
l!lll-A Audio O!3cillator ('Ull l'upply (l 

I()\\'--di~tortioll !\ignol loony lond illl­
pt-dnu(,(, from lUi opel! CifCUit 10 1\ ~hort 
('irr'uiL ind('pcndeflt of th~ FoI.,tfillg of 
th., lap on tb ... output tf'fllll<fornwr, Thc 
o\'('·r-ull di"tortioll i~ al\\'a.v~ loll', Icss 
thatl 0.5C'( nt a I-Imtt output ICI'c111nd 
typi{,:llIy Ie."" Ihall 0. 1% OVCf mu!.'h 1)£ 

'I, .... 3. fl •• Typ. 131 1·A 
..... dl. 0 .. 111",,,, will d,I ... 
""y Im p.d,,"U whh l"w 

dl •• "rtj",., 

• , . , 
• 

• 

'~\ 
i. , 

• • 

• ~. . 

- ... 
1 he ffe(JUI.'IlI'.I' range, as shown in Figure 
3, Hum and t1oi~' C'olll l)Oucntf'; lit'(! IC!:!$ 
th:w 0.00..'1% of lhc maximuTn OlltpUt., 

CIRCUIT 
Thc o:<cillll.tor makc,; uS(' of the flY 

mili:lr "'iell hridgC' network and a 
multistagc, C'lus..;;.. B, lrfllll'i..:lor :llll pli fief 
to provide the IIcr('~try l)OwC'r output 
without additiollnl butTcr :unplifier.:. A 
:-impl ificd :iehcmllt ic diugram is showlI 
ill Figure -I. The frcquclley of o)<cil!ation 
is delermilwd hy the. cfl patitors and 
one of c1cn:'1L pu in; uf rt')<i,.,to~ in the 
JXl;;iti\·c feedbnck path. ,\ thrrmiSlor is 
pari of thc Ttcglllivf.' f<'t.'dhfwk Jlllth lind 
ass;urt'S a \,l'ry stnblC' output sigllnl, .'18 

shown in Fib'll rf'~ 5 and G, without the. 
di"tortion tls,-;ocillt{'d with many ampli­
tlldf.'-Iimiting l'y8tcm~, 

;-iix tran~ i :-lof'il lire htcllI'poratt>d ill ::L 

i'l in glC' dircct-collpled fc('(ihack loop. The 
high loop gain rr.~nlt,,,, ill (1.11 u~('illator 
whieh i", sub!Otnntially indf' pcudent of 
traUl'lstor char:1ctf'ri>ltiC':), with loll' dis­
tortion and long-II-t'II1 rclinbility, Noise 
and ~hort-tcrm amplitlldC' and frNIIIC'nty 
vun:l\ ion8 lll'(' lll inillliU'd by the. u:"(' of 
10w-III,i;;.(' l'irl'uitry f,lr ,1)(' input ftm-

FUlL OUTPUT / 
_t;0I'W1 b'J 
~ 

V --
~,-L -
.~ ~ - •• , • • 
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plifil'r, QIOI. Tho tr:Hl~isto r, Q I02, 
pl"Ovides II high·iml:H·ciltllCC dri\·c cin'uit 
for operat ion of tile CInSSo I3 output 
stll~W with Ii minimum of cros..."Over dis-­
tortion, withom th(.' usc of complieillcd 
telllP<'nltu!"t'-8(>II.'<iti\·e bias networks. 1 

Sim'C the HC-nct\\·ork capucitor!! nrc 
too large (0.1 ",f) to!J(' made udjustllble, 
tile' irl cr<'tnelltal-frf'qucll('S adjustment. i.-; 
produced by a \'ari!ltiOIl in the \"oltage 
across pnrt of olle of the cap:lcitot"S hy 
means of a potentiometer. This hHS the 

'J . J . F ...... and R. G. ~·"lh. ·· lIi.ch.-I"'peda...., Drivt 
lor Ih .. Ui,,,i ... ti,,n "I C..-.ve. Oll"'tl"'''.·' rA~ • ...,w. 
&"uJ, .. ,",,,J, AUCUOI. 1001. 
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I" 

, 
1 , , - , ,- , 

~~ , 

,. 

sume eITect 011 the drcuit as n variation 
in (·apacil:Ulc(', amI, sin<;C' the potcllti­
onwler im]"letiam'(' i:- low compan:·d to 
thll t of the C:lpllC'itor. the control (':\11 

be ml ibratcd ill pcrccntage fl"C<luellcy 
change. 

APPLICATIONS 

Although thc TYPE 131 1-r\ Audio 
O;;;dllntor was dl'!<igm'd prillillrily fOI" 
u sc liS a bl"{'lIerulor for bridgf' mN\;;IIl·C·­

mCllt;;, its ;;UI:H' rior I)('rfornmt)(·(' IIml 
many features tnllk(' it well ,.uitf'tl to 
almost any application whf'rt, t\ high­
quality audio o>:,<,illlltQr is Il('('dcd . 

FlO"' . S. Typical oulp'" Clmpll • 
... d . "oblll.y of .h •• oc lll ...... , 
.howlnll wo,mup d.ift fAI CI"d 

• • 
1 . 1 .. 

"'::=':!~~: 
! 

.ho ... • •• rm .. o"ollon II I. 

, 

, 

., 

.~ 

FIIIII •• 6. Th . flo. f •• "II ' ''cy '''PO"'' 01 th. 
0 .. 111010. , Uml"ol •• • h. n,.d fa. ' .c h .c~ lnll 

the ' ...... 1 I" , •• "II.ncy.r • • po" " m . .. I II •• m. "II . 

~..J -------', 

,ti111~ 

~ ,~ ,~ '" , , 
" ,.~ 
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GENER ... L R ... OIO EX'ERIMENTER 

For bridge ml'tI~ul"('m(,lIl~ the !!hieldcd 
8('cond:lry winding on the output lrilll~ 

former penn its the oscillator to lx> uFl('d 
us u floating source, thus minimizing or 
f'liminating circu luting grollud ('url'f'llll). 
This featum i~ aiM importallt in uther 
low-level systems. 

f.'or nUln), applicat ions, such :IS t hc 
('lI. libration of higil...spt'Cd le\,pl I'f'eorde~ 
find tlllttlog-to-digilnl ('Om'ertcno, the 
vl'ry Inw le"el of :-hOrl-lcrm ampliludl' 
aud frequency variations in thi,", o..--cil­
Intor nrc importnnt. Apprceiabll' rrrors 
rim be caused by the cyclc-tCH'yeic 
vn riation found ill mus l oscill:uo~ . 

For 6'l'neml Inbomtory mC8ijurcmenlS 
the fiu.'lting output, the loll' dil!tortion, 
Hnd the ability 1.0 dri\'(' ally load imped­
ance w il h ollt clippin g fir(' amollg the 
m():'l t u;;;cful feflturc~ of this oscill!t tor, 
while the 81na ]] "i1.(!, .'Iimplicity, I'('li­
abililY fl lld e.'(cellellt sta hility a re im­
portant advantages for production-tcst 
nppl iculions, 

The oacillator is mou ll ted in fa rompnct 
cabinet which elUl be u8('(1 {'it he r on the 
bench or, by me!H1S of udupt o r paucls, 
in II reluy mck. IL CUll he ooll\"cll iently 
Illounte<l wilh t he TYI'.: 1232-A Tuned 
Amplifier and ~ull OclcC'tor! as :1. 

oornplC'tc o.~cillator-dclcctor combination 
for rdny-rack moulIl ing. Rc lay-r.'lck 
adaptor :'lOtl! for this purpo&' nrc listed 
Ix·low. 

- n. G. F'U1.K$ 

SPEClftCATlONS 

FIUOUEHCY 

It .... " 11 fixed frequencies from 50 to 
10,000 I'piJ. 

C ...... I, 50, 00, 1~.1 120, 200, ,100, 500, 
1000,2000,5000, 10,lMl <-ps I!£'lec too by mll. ry 
~witch. A vernier pro\' ides :t ±2% IItJjn~t mel'll. 
:obollt noruins!. 

... cc ..... v' ± 1',1 when 6f coutrol i, lit 1.ero. 

OUT'UT 

Po ...... , Oil!! watt ioto matehed hllld. (Till''' 
provide at teust ollL'-h.alf watt ontl'lIt into auy 
re>iisti\1l loud between 80 miUiohffiIJ and 8 
kilohm!!.) 

V." ••• , Continuously ndjustahle from 0 to 
I. 3, 10, 30, or 100 volt.8, open circuit. 

c .. .,. . .. " Continuously IIdjW!11.ble fmm 0 to 
40, 130, 400, 1300, 4{)()() millinll1pcrC!l, "hort 
rircuit (1l1)jlroX). 

Im'.elo .... , Bet"'t't'u one :uIII two times 
maltlu.'<.I tond, depending on control ~ttillg. 
Olltput circuil is isolated from f{round alltl, 
h(>nfe, filII bt' U9('(1 to <Irive I:mil1nl'1!d circuils. 

DtSTOlllTl0N ... NO NOISE lEVEl 
Ol".mon: l .t,,,,, th:on 0.5 tc under II.II~' Iu;I,d 

oonditiOIl. T~'l'i ~lI l1y lem limn 0.1 S'o over much 
of rnuge. Osclll:ltor will drive ll. shorL ('ircuiL 
",'ilhout waveform dipIJing. 

... c 'h,m: T ypifll.lly lC/lOl Ih:;n 0.003% of 
oulilul \"olt,.ge. 

GENER ... L 

To,mln.ls: JUl'k-to!, T v!'.; l)38 Iliuding Posl.9 
with ~ tantJ:1I'(1 I ~ -inl'h IIpal'injt:. Sep:u":lle 
KroIlU!! tennim.l hold!! Tn.; !t3$- L Shortinl/: 
Link ""hifh fan be u.'!l.'(1 to Jl;:fOlInd adjacent 
OUTI'UT biuding 1)(1814. 

Pow •• I .. , ..... 105 to 12,; (or 210 10 200) vollJJ, 
50 to 400 (,fl!!. Total llOwcr in lult varies be­
tween 7 :lnd 22 1'.'111 14, depcnding on load. 

M ... nlln.: Atuminum ilMwl and r:obinet, in 
gmy-cmekle finillh, for btUI'll use. P:mel l1daplor 
l'Ct..i! fire aVBilable 10 permit mounting in 
~t:,lJ(b.rd I!~ine ll reillY rllek. 

"'cnn.,I.. s.",U.eI: T YI'.: CA 1'-22 Power 
Cord, spare fll.'l4)8. 

Olm.n,i.ns: Width 8, h('ight G, depth 7U 
inrhes (2Oi) by 156 by 200 mm ), over-all. 

N., W.lghl, G l)(Iund~ (2.8 kg). 

Code Word Prir:f! 
1311 . ... 

<IIIO·PlO' 
410· '316 

... .. dl. o .. m.,..... . .. TIPSY SI7.5.GO 
7.00 1t.1."·It .... "'d.plo, S'" (fo •••• m., • •• nlyi . ';XPAS';"!KlO 

1.lo".lock ... d.plo, $," U., ... 1110' ..... d 
TYI'E 1231 . ... T", ... eI "'mpUII., onet Null D.I.d",l EXI'AS IU,II UM 6.00 

I~~ " .. d"" ""' .. nt. "I tI, .. A"",",,"n T.,t ... >i,,, ........ 1 Tel"."'I'" Company. 
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NEW COAXIAL CABLE CONNECTORS 

Have Lower VSWR, Are Easier 10 Install 

The ,'ontinliOHS dc,·clopm('nt program 
for Gn T'-I'g 87·1 Coaxial Con ncl'lor:'l,· 
among wha'lC recent achic\"cmClLts Wl11S 

thl' l(ttking v('ri'ioll of the cOllllector,' 
has 11011' produrcd a greatly improvcd 
dCl'ign of ca blc connectors. Both me­
cha nically and c\('ctrically. thc lX'rform­
alU'(' of t hcse new cable (and paul'l ) 
COlll1o('IOI"$ ill commcnsuratc with thnt 
of t he rigid-line <.'OnncctOI"$. Thc new 
8(' ri('.~, which is identified by the letter 
j' i\" in the type Ilumlwr [11Id by n gl"fly 
rubl)('r guard on thc cabll' end, in8tcud 
of lill' black pr(',·iow;!y uS<'d, will replace 
the older 8{'ri('s 011 September 1, 19U2. 

DESIGN CHANGES 

The drosign objecti,·c!; were (n) lower 
\"SWR, (b) minimum challl;(' in \'SWH 
9.8 9 result of assembly ,·ariations, nlld 
(c) sim plifil'{) us.'I('mhly. Th('~ haw ixoell 
achien '{) by (a) n>dcsigll of thc lrunsi­
t ion I:)('tw(!c n tI)(' basic Tn'~: 874 COII­
nector aud the cable, (b) reduction ill 
lht, distorlioll of cable dic l\'ctric duc 10 
mclting during Ihc solderiug operntion 
011 t he ililler "onductor, (c) 1111 impro\'ed 
mct hod for ntt:lching t he cubic br.tid 
und jacket, and (d) impron:" mcntll in Ihe 
rubbf-r guard uSN.! on pal('h .. (mrd lypc~. 

In :Iddition, thc inlier ('ollductor 
soldering operation for smnll-di::II11et('r 

·l'. S. ,,,,,,..nt No. V.I!I. 11I7. 
'''Nn: .ntl I n,pro,,~d C'lOu"'l Conn""\.Ol1I." G(OI, t ,aI 
No,/;o H,~i_"m, 3.~. 10. o..tobtc •• 1001. 

•• 

fit"',. 1. N ..... _,y". ".pp.d .. Ir,,",IIl,," ~""",,.'I ,," 
,,"d "Id.'"" • • ""I."I.I,o",;Ii"" ."""utl,,". 

cables hall I)C('II ~imptificd , lind fi tend­
ency for l ht· T\'I'~~ 874-P B Pnllel Con .. 
nc('tor 10 oo('ornc ll light ly loose in it:; 
palle l fl ange with hard usage has (X'(' 11 

corrected. 
Thc tmllilition hctwN>1l th\'~" air­

diciectri{' COIIII('('tor and lImatJ('r solid .. 
dieleClri(' ('3blc~, p;; hown in Figure I, i:l 
all important pa rt of I he ennncctor. The 
older, ta lX'n-d , de;:igll hlls i)e(on "-,plalffi 
by a step t!"'.IIl!lit ion , wh i(·h is ('tlsi{'f to 
control in mach ining, eafol icr 10 in."'pect, 
a lld c>ru; ic r to I«)lder. Crimpi llg of the 
inner trall~itioH to tht· cnble wire is also 
po!.!.'!il>!1.' with thi, .. dl.'sign, for non­
critical applicatiollil. 

Thc most criticnl P:l.rl of uny cable 
('onllC<'lor is thl.' actunl ('onncction be­
tll'('(' 11 t he cnble conduct ors nnd the 
('orrcsponding p~rl s of I he collnector. 
The (',,(,Ilter-conduclor connect ion is 
uSl1ally the most difficult 10 make with 
con",i" tently 101\' refl('('!ions. Qne of the 
cnuses of high V 'wn i~ fiow and di i'l­
tortioll of the diel{'(·tric mat.erinl during 
solderi ng. Anot her rela ted eause is the 
v:lriation in loentioll of thc end of the 
ca hle dielcd ric with respect to the cnd 
of the eOllllcctor in ner transit ion section . 
Furthermore, Ihe pln!'ltic di('lcctrie can 
actlmlly flow inlo t he 6Oldl'red joint Ilnd 
product 311 inducti,,\' discontinuity. 
Tllf.'sc coIJditioll8 arc ilI11struted in 
Figure 2. 

Th(>sc probl('m~ h:H'e 1x-cn I.'lirninuled 
by t he addition of :~ Teflon disk, [1 51 
shown in Figure 3, which blocks any 

/ _. 
,"-",,,,,, 

(Left) FIt .... 2. T"pl.,,1 ."Id" f l"l · h. ,,' dbl""I,," 
,,' ..... 1. di"lu" I • . (.ig4I) FIt",. 1. T. fI." d;,k 

.11 ... 1"., •• dl.I" .. I"". 
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o '1, ... . 4. N ..... , 
p"lo,o'o" f . .. "I •. 

flow of the cable di('I{'('lrie into the 
sold('N'd joint, alld proddl'8 h('at in­
sulation. It. prO\'id~ nlso 1I. dcfinill' 
surf:wc for tllC' ('lid {If the imler tmm:i~ 

tiOIl to rt'~t ngllill:"t during the !;()Idf'ring 
operation. Him further <:onlror of dielec­
t ric di."tortiOIl is prm·jdNl by all im­
proved 88l"('mbly prO('l't.1uN'. 

The ("Onncf"tioll bet ween til{' ('able 
bruid and connector :ll,.;o hml l)('fJn im­
proved. A tll!)f'r has 1x'('11 udd('d at the 
end of the knurlNl :.('1'11011 of the outer 
tr:)n,sition as f;ho\\'11 ill Fif{l1 r(' 5, to , . d 
redul"(' the indudiw' di:l('ontilHuty lIC 
to the step-up ill dial1wter. ami 11 new 
pctforatcd ferru le, ~hown ill .FiguI'Cs 4 
and 5, has l)I'eli pro\'id('(1 10 hold both 
thl' jnrkf't ami braid &'('urt'iy ill pl:.lce. 

Thc (,:\hl(' jackf'1 now~ out into the 
perforatiolls, produl'ing an elTective 
holdiug for('('. aud preventing the jacket 
from drnwiug :tWIlY from the brairl-lo­
eonnct'tor joint. III IHJdition , ('rimping 
is n<-'{'CS..~lrv OWl' only a l"hort If'ngth of 
ferrule.1Ul ~howll in Figl.tfr 5 .. b It n'-:uh, 
tht' diel(>('lrl(' i~ {·ompN'l-o. ...... d \"cl"y much 
Ie$. ... Ihllll with a ,"iOlid ferrule, and the 
eIT('('i on IIU' rSWH i~ relatively smnll 
eV(>1l :\1 freC]uenciCft Lip 1.0 7 Gc. The 
pt'rfonll(,d fe rrul(' is employed in nil 
oollll('('lo .... of til(' 11('\\ ,..(>rie~. 

Till' knurled, cyli udd('lll lr.lIl~ition 
\\·jlh II (·rimpN:l.f('rru l(' method o f hraid 
holding 11"(1'< I'('will('(1 ill I he 11('1\" dl',<ign 

fl ..... 5. (",p, ov." ",etho" of r ..... ' on" 
10 •• 1" .et.nlton. 

• 

Ix!<:aul«' it olTers N!\·('m]lldvnntilgr.i! over 
the butt-ret('ulion sY8lclllS COllullOlily 
employed . The principal ad\,llIIlage is 
lhut it prodde8 the lellilt diS<.'OlItinuous 
tr:ln~ilion coliFistent with tbe necessary 
requirement for TYl' t: 874 Con n(>clors 
thllt the inner tmnl<itiOIl must be pUFhl-d 
slightly forwflrd during a&embiy to in­
"tall the insuirttor ill th(' b:~ ic connector. 

.., 

Fl ...... . 
Incr .... d 
L.n.,h 
fo.nU .. ln 
IDld .,Ln • • 

flO ... . 7. (RjoNl N t w .In. clamp nul hal ...... L. 
ILo nD I I'l.II. ("h ) pa.lIlv. 1 • • ~ln. of cann.do, In 
M,.a" •• rI •• af p.n. 1 I'la ..... , w ith lockw .. . h • •• 

With this typc of 1\8.<;(,l11hl)" chamcter­
~I ic of all TYPE 87-1 ('abll.' ('(lIllW('tOl'$, 
the inul.'r tr:ln"ition and iUllcr eOlml'('IM 
a re u<.'CumIPly lX'<'itionNi. and the 
tend(,Il(,)' for 1\101'1.'1\1(,111 (,lIu!<N:I b:y f1('x­

iug, expall"iOJ1 . o r conll'lldioll of the 
('fthl(' wit h l('mJX'r:.\llI~ chan~t'!1 is 
proct i('ully elimin:llrd, Ot hN :1d\':\II1 flges 
includ(' ropid :1s."('mhly and low co"t. 

The rrnrward prolru!'iol1 of the inner 
1r:I1I"it ion il< now ui'ed all UtlI'OIlJl('\'lors, 
!->O thai th(' "58A" :lnd "f32A" ~'ril',~ of 
cOllll('Cln~ Cfln 1)(' i'Oldercd !IS ('a .~ilr :LS 

the large r Cl1ble tYI)('8. For tlti!) pHI'[JO,.:c, 
the lIell" tmni'ition pi('('(,8 in t.I\{'~ S<'ries 
have b('en lengthen(,d (Figure (1) . 

A iockwu"h('r has 1)(.'('11 added to pre-­
\'enl pos."ibl(' loo!lClling of the ('OIHl('f'lor 
in the panel flange, find 011 nddili()Utli 
S<'t of f1f1t s has 1)('('11 prm-id('d 011 til!' lIut 
thflt clamps the btlsic 1'f1hl(' (,OIl1)('('lor 
in the panel f1nllg!' to ftH.'iiitnte tilthi,­
enillg behiud a PfiBeI where accf>s..Jhility 
is poor. Sec Figure 7. 
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ElECTRICAL PERFORMANCE 
The new stepped t rnnsitions yield a 

very low VSWH tip to 7 Ge, tlnd t he 
refl('d iolls introduced by the COlltlcctor 
:\5 !\ whole 3rc now lower thun the rc­
flel'liolls inherent. in even the best 
fl('xihle ('f1hl~. 

III the dcv('lopmcnt. of the new e.'l.ble 
eOlllleelOrfl, it. was 1101. possible to em­
plo}' stfllld tmJ flexible ('flbles to tCRt the 
COIIIIN'tors, Ix-ell11SC tll('SC cables arc not. 
mudt· 10 suflkicl1tJ~· close tolerfUt('C!< lll1d 
an:- Ilot suffi"it'lllly UlIifOrm. It was 
Il(,h'~try, th('refol"(', to build S('cliolls 
of di('lp('trip-fillt'd lill(" :H't'l1r:l.tel~· {,Oll­

struf'u'd to be a.'I clOI'C a~ possible to the 
d('''Cil'('d 5()...Qlull ('hnl':1('teri.~t itl impcd­
nnc('. FAwh :'I t('ppr-d sr-t'( iUIl of the t 1':llIl<i­
tioll waJ; d(', .. igltNI [lnd tested inc!i\'id­
tllIlI}' ill ()rdcr to i.;;olut(, each individual 
disl'ont inuit)' filld minimize its reflC<'1 ion. 
This is important ill D<'hiC'ying 3. 10\1'­
rcflet'linn dC';::igll al)()\'e I Ge. The f('sults 
of nnvn Illc:!Surcmenls made on dcvel­
OplllCll t tlnits ar(' shown in Figures 8, !) 

and 10. TIlf' t('Sf con figuration, showl1 in 

flIlU' . 10. \lSWR of 0 polr of "CSI"''' c .. lol . 1'0 .. ,1. 
11 .... ' 0 .. Idlal co lol ••• ctlon , 

AUGUST . SEPTEMIIER, 1962 

FIIIU'. 11. l .. , 
conRllu,otlon for 
flllu. ull, 9, a .. d 10, 

Figure II , eompri~ two tran!Oitions, 
1l!!OS the Tn>.: 87 1-R Ih.<:ic Connectors, 
cOllllC<'ted baek-to-bilck through fI short 
8('(:tion of 5O-ohrn polyethylene line 
with a T('floll disk placed flt c:wh end, 
simulatiug tlw ronll('ction to 3 cl\ble. 

The o\'('r-flll vswn of the ('om pINe 
conn('('{ors in",tnlled on a('lual cnhlc~ is 
CX('CIlCllt, us sholl' lI in Figul'l'S 12 to 17, 
for 111'0 h:l.<:ie nit:lchml'ntJ;. III the first, 
!l COllncctor i ~ illfolfulled on un l'xirc'll\cly 
long lel1~tll of I'able . .<:imul!llillf/; nil 
infiuile cable. ~ 1('a~l1I'('mcllt of tili .. ('011-
figuraiion rcpn'!«'lIl1'l the rS\\,1l of a. 

i~Rd I ; ±±H 
'.Uu,," .. 

FIIIU" 14, Avo'''II ' \lSWIt of .In,,l . Typ. 174 ·C5 .... 
CO .. n l elD, on l .. fI"l" I . .. "th of lyp. 174 . ... 3 Cabl •• 

("'ppll .. 10 ollthl MSlA" .. , .... ) 
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.. 
: :H:=----;-L -+''f-HL''---f,:::1 .. 
. " 
·",)<--t--t--+:C.,,-t. -c.f-~f--f--l. 

10 , ..... " " • • 

Figu,. U. A" •• OIl. VSWII of Type 874·R20A 
Potch Co.d 'o",llIlnll of two Typ. '74·CA CO". 

"U'D.' ",ount.d on Typ. 174 · A2 CDbl •• 

i~~ 
"'0' • ,. , ... ".~" .. 

fIIlU •• 16. A" •• OIl. VSWR of patch .o.d cDnlill· 
in ll 0' two Typ. 174· CIA CDnnuID'. "'Du .. "d On 

RG.214/ U CDIoI. hi",;ID' 10 RG . 9/ U). 

FIgu,. 11. Au •• og. VSWR of Typ. '74·1122A 
Polch Co.d .onllll;nll of two Typ. 174·C51A Con· 

n. <lo,. ",ounled on Ty,. '74 · A3 Coble. 

!<i ll glc cubic COl11ledQr 011 a tYI)il.'al 
$('ctioJ1 of eoaxial {'ahle, sometinws 
referred to as till' "1'igid-lillc-lO-Cflble 
VfmrR. " It is illustrated ill Figlll'<'S 12, 
13 and 14. In I III"' second, ('ahlc ('on­
nectars art' inll l(ll1f'd 011 oppo."it{' ends of 
a th l·C('-foot length of cabl(', typi{"fl.l for a 
patch cord , and a lo\\'-VSWR tCl"lllilln­
lion is plugged int.o olle end. This i>l 

' A. K &n'\cl'lJ(ln , " "n A~"f1\I~ Snl)oli!u t i<)n J,1 ~lho< l 
0 / :u .... " rinOf, t be. \ 'SWH of ('ollia l Conn ... toolI." n~ 
,l l ir ......... "J .......... , . Janua,)'. 1002. 

"""""', .. '" ,.",.,"' .. " 
TYPE 874-PSA TYPE 874-P8A 

f llCl«T or 'A~[I. U CI< OF P~N£l 

]'l'ferre<1 to as "ca ble-ta-cuble VSWR" 
when the cable length is a multiple of a 
half wavclength.! It. is illustJ'ated ill 
Figures 15, 16 and 17 . 

A note of ('xplanation 1;; required for 
the "infi nil(l" cahle measu l'ement s. Most. 
flf'xibll' cables exhibit t\ reSOIl f\IlCC phe­
nOmCIlOlJ II'hel'Cby period ic vf.ri:tt iOll S 
in characteristic impcda]lcc inherent. in 
the Illfumfactu ring process become 8)'n­
chrOIlOUS with the mca;:lI l'cment fl'(' ­
qllcncy. ThC'i'(! appea l' as periodic VSWH 
~pikcs ill t he mcn.';Ul'emCll ts nnd are due 
to an accllmulat ion of mn ny reflcction:;. 
Thei;C. htlvc been positively identifil'd :IS 
occurring in the e:)ble and , for this 
reUi;On, nu\"c bCCJl omitted from the 
COllllcc:tor VSWR graphs. 

AVAILABLE TYPES 
The 874-f;l'rie!l cabl{' conncctors arc 

ava ilable with :I \,firit'!.}' of fit l ings that 
mah them adaptable to bot h patch­
cord and panel-moun t ing usc. Thci'{' nrc 
iden tified by the letter ~ries C1 CI.. 
PB, PL, PH L. The suffix, L, identifies 
t he lockillg type. The followill g table 
l i~t!-l :wuibthl(' (·:tlalog it('llls. AI;:o shOl\'ll 
below lhl' tnhlc arl' the lools J'CCO]ll­

mt'ndcd for u :;..~mbl'y . The ferrull'M 
crim pillg tools, Si4-T058 alld 8i4*T08, 
are rccollullClld ... -'<.I, c8JX'einlly fo r volumc 
ns...<:embly, although sui wblc ff'l'fule 
t l'imping can lw :lehicved with ordinary 
plicf'io1 whef() app('ar(llH:e is 110t impor­
tant. The TYI'f: 8i4-TO K Tool (\il , 
hOl\'c\'er, is recollllllended WhCIICW'I' 101\' 
and repJ'Q(\IIf'ible VSWR is desired . 

All lhcSfI l'Olll11"'clors ha\'e a. 5O-ohm 
charact.eristic impcdilllce. 

- JonN Zom:y 

flgu •• II. Mo"nl;n" dlmen,;ons 10. Typ. '74 Panel Conn.~la.,. 
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CONNECTORS 

'1'ype I-'il~ CfJ(le Word l'riU-
I-----I-~~I----~=-----I~~~I ~----I 

.7'. CA 1S0·""m) 874.A2 Cllble CfJAXCAB I,&R U .'O 

.7'· C.A ISO·"""' I RG·SA U, .9. ,U, COA XC(.I RI.>ER 2.50 
· I OA O,.87A 0 ,.11 6 /0 ,.156 U 

5O-ohm 
Ps nd 

('omIL't·tOr8 

- I ..o<:'kiIl
Y
' 

H L ..... I~ 

.74 · 'ILA 

.7' . 'RUA 

.74 · 'Rl5U 
17' . I'RL62A 
"'. 'UT 

, I6' IU, ·1 66 /U, ·113 U, 
.2 14 Iu ,·215 /U,.2 25 U, 
. 227 lUI (non.can.lllnl ;"" 
pedllnce) RG· ll A U, .12A u, 
. 13A /U, ·638 U, .79& U, 
. 89 U,·1 4. U,. 146 U, 
. 149 /V, · 21 6 /U Cllble. 

ISO.oII",) 87'. A3, II:G.29 /U, . 55 U COA XCAI.U : I{ 
Ioe"e.), ·58 Uberl .. ), ·14' AN, 
· 142A U, •• 59 U,.223 UCllbr .. 

RG·59 IU, ·62 /UIOI,; .. I, .711 U, COA X C.\XIlOR 
.1 40 /U,. 210 /U Cllbl .. lnon· 
can.lll ni ;mpedllncel 

Sa",e 110 Type . 74.CA. 
Sa"'e II. Type . 74·C.A. 
Same II. Type 874·C58A. 
Slime 110 Type 874.C62A. 

$11"" II. Typ . 874·CA. 
$1I",e liS Ty pe . 74.C8 .... 
SII"'. II . Typ e 874·08,... 
$11"" 110 Type 874·C62A. 

(XM "YH(lBIS 
OOA XJ'A RHOT 
("OAXYilSII'E 
("OAXY6 W I1"T 

C'l IA"AI'I' I . ~:R 

I'UA"R\T1U:R 
c. IA X-A SA n :R 
,' tlA" IIA Rio: ~: It 

SII"'e liS Type 874·CA. COAXYPISC II 
SII"" liS Typ' .74.C8A. {"<1.\"nIRP~1 
Slim, II. Type 874·C58A. ("tJAXTII Rl'",1I 
$11"" 110 Typ, 874·C62.... '~JAX-r.'UC'.\N 

W'" L:.:o:d:._-::,,-"' ____ + --'''C'C.C'C.::c''C.'C.':·T'-- 1 
SII"" II. Type 87 ' ·CA. N'A.:tH1V<J"& 
Slime 110 Type '74·C8A. <'tJA,"("ONI>01t 
Slim, 110 Type 874·CS8A. "OAX(' UHU;W 
SII"'e 110 Ty pe 874·C62A. ('OAX"W}I;ET 
Wife Lelld. ""AXlU:RI.lS 

2 . .50 

2 . .50 

3 • .50 
3.50 
3.50 

3.'0 I_-;;~;;:~-I UOI 
3.40 
3.40 
3.40 

3.7.5 
3.7' 
3 .7.5 
3.7' 

1--',--- 1 

3 .7.5 1 __ =-=-_1 
0.00 
0 .00 
4.00 
4.00 
• . 00 

TYPE 874-TOK TOOL KIT CRIMPING TOOLS 

L Oule.·candllclO, w.ench .. 10874.2610) 
7. Innet.,andudllt ""flnd! . ..• . 10874. 2611 ) 
3. Cllllplfng.nul ... rench . . .... .. (0174·6801) n PE 874·T058 TYPE 874·T08 

O. "anl.ring upllnder Ired) .• . 10.7'·6820) T, Cod~ Word lJri("~ ,. Keepe , fe. rinll e"pllnde .. 10874.6840) ,. l ack.tln" u p ande' I" teen) 10874.6800) 
874 . TOI( Tool 1m .... ('OAX" I "!"n :s $20.00 
874 . TO' Ohnplnl TOIII ("t}.\ X (;RI.\IIl A 75.00 ,. Ring pu"'e • . . . (0874·6830) 17 • • T051 C'I ..... ln' Tool eHAXCIII .\I I'(I u .oo 
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Coming - in September 

The 3rd Annual 
ElEGRONIC INSTRUMENT MANUFAGURERS' EXHIBIT 

Boston to WoUiinglon, D. C. 

Thjs popular exhibit (EI:\IE) has now 
bc<-n ('xpalldcd to inrludt· eight )('ading 
inslmm{'nt munufal"lul1'rs <,xhibiting to­
gctlwr in lIill{, ('onn:'nit'lil loe:llions. 
Op('ratiug di~pl:\Y!l of th(' latc"t ill..:lnl­

m('uh \\'i!l ag:tin 1)(' felltun."<i, and factory 
cngin('('1'S will 1)(' on hand to diS('u.\'S 
your mcu.."uf{'Il1('IIL problems in an 
unhurriNi atrno;;ph('rt'. 

'I'll(' "I>OII:<Ors itT'{': GenC'rnl Hadio 
Company, ,\rnpex Corpor~ltioll, FXIt, 
1":lm1xia Elc(,troni(' ... Coq>or:ltioll, ~Oll­
Lin('ar ~yslem~, 111(',. Panoramic Elcc-

tron i~, Inc., Sensitive HC&'!lrch Instru­
mcnt Corporation, and Trio Labora­
tories, J ne. 

GcnNal Ibdio will exhibi t. three IlI'W 

bridgcs: the TY I'f; 1()()8...\ I m(X'd:l1I(,c 
Bridge, the Tl' I'E l(j.13-.\ In('l"('lI)('ntai 
I ndudtUlN' Bridp;r tilld til(' T\"I'E Hi I ;;.. \ 
Capaeitullf'C Bridl-\r. OthN di"'plny~ will 
indudl' til(' Tv ... ; 11.10-.\ Digital FT'('­
qucn('y:\ lctcr, T YI'E 1:1(-;0...\ :\ Ii('fown\"e 
O!>l'illator. T",'~: 1217-B t.:nit. Pulse 
O(,I1Cr:ltor, and Tn'!': 1558-A Octave 
Band :\oi"" .\uuIY1.cr. 

Waltham, Massachusetts Monday, Sept. 10 Chorlernouse Motel, RO\Ile 128 

Syracuse, New York Tuesday, Sept. 11 Sheraton Inn, Corrier Circle 

J ericho, long Island, New York 
Cedar Grove, New Jersey 

Thursday, Sept. 13 Meadowbrook MOlel 
Mondoy, Sept. 17 The Towers 
Wednesday, Sept. 19 Cherry Hill Inn 
Thursday, Sept. 20 Marria!! Motor Hotel 

Camden, New Jersey 
Philadelphia, Pennsylvania 
Watchung, New Jersey 

Red Bonk, New Jersey 

Monday, Sept. 24 Wally's Tavern·cn-the·Hili 

Wednesday, Sept. 26 Molly Pitcher Hotel 

W a~ington, D. C. Thursday, Sept. 17 Marriott Motor Hotel 
Exhibi t hours: Noon to 7:30 p.m. 

Washington Office Moves 

Eff('('tiv(' SeptemiX'r I , 1!}{i2 the 
Cellcr:ll Hadio Office sen-ing 
Wa.<ohingtoll, D.C. and the South­
east is moving from Silver Spring, 
;\Iaryland to !lew and hager 
quarters. 

Ne w Address: 
General Radio Comp any 
Rockvi lle Pike 01 Wall l ane 
Rockville, Maryland 

Telephone : 946·1600 (Cod e 301) 
TWX : (301) 949·6787 

Gen eral Radio Company 

... ::". .. , 
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