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ELECTRICAL COMMUNICATIONS TECHNIQUE 
AND ITS APPLICATIONS IN ALLIED FIELDS 

SHIELDED TRANSFORMERS FOR IMPEDANCE BRIDGES 

1Fr"""""ill Il EN making direct iwpe· 
llance measurement8 with 
auy kind of bridge, a 
~ h id, letl transformer ill 

w 
o rtlim.rily u!cll to 
conllect eithe r Ihe 

brid ge measurement!!, let us con!iidc r 
tbe brid ge circuit of Figures I , 2, :md 
3, wbere the lr(lll:;.f ormer is used to 
couple the generat or to a grouoded 

brid ge. Figure 1 
silows th e generator 

gcm'rator or the de
tector to the bridge. 
The purpose of the 
fruusformer is to re
duce or ei imiuute 
th e e rrOn! in mea· 
surement wh ich re
sult from slray im· 
pcdallces be tween 

IN THIS ISSUE 
coonccted directly 
to the bridge. Under 
this condition, the 
t e rminal i mp e· 
dances (Z , {lrl(t Zz) 
of the gene rator to 
ground 3rc placed 
directly acrOM Ihe 

'S hieldL'tI Tra nl!(ormer, ror 
l"'l.ctlll nce UridgC!j ........ 1 

hu:rt'II"ctI ,\ ccurller "';Ih 
Ihe I'recision Condell~M 5 

R CI:! idU/i1 In'IH!dllnCe!I in 
.he I'recision Conde nser 7 

t he te rmina ls o f the generlltor (or tbe 
,IC lector) and grou nd . Allhough in 
th e 811b:Slitution me thod these errors 
gC llc rally cancel out of the simple 
hridgc equations, it is dcsirllblc to 

lIi!lke thc lll 118 smaU 3 S pO BiOihlc in 
onler to minimi ze second ordcr e f· 
fcclS. Anothe r leas import alit use is 
Ihe m atching of impedallces between 
the hrid ge a nd the exterua l c ircuits 
to ohta in maxi mum po we r trnnl!fe r. 

T o iIIuSlrate the general Ilpplica
lion of fl hielded transformers in 

bridge arlll 8 C lind 

D. These i m pCll lIlJCCli arc us-unlly ca
pAcitive and have nn ex tremely poor 
power faclo r. The rC1!uhing error in 
measureme nts of ca p"cilnnce and 
power faclOr is large, since Ihesc 
te rminal cap"cilllllCCS amOllnt 10 sev
era l hundred mi crolllicrofarudl whe n 
an a·c opcral e!1 oscill ,lIor is u~d, and, 
in add ilio n, Ihey are seldom bala nced 
10 gro und. 

Th c sh ie lded I r:ul !' f orlller of Fig
ure 2 complelely eliminales Ihese 
gcne ralo r impedllllcel! hut 1!1Ib~litu tes 
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FIGt !Iv-I (11' (1 ). S.:he",ul;.· cin;uil ur .. f:ro Lluded 
bri,'s" 8111'1,liell uy II j::cncu lor hll\ing ."0 un· 

l'ltI"al krmill,,1 i"'I ..... lan<;~ to j:rQ",ul 

FIGlIUI:! (righl). Sch~", plic tliagrll lll sl,o";lIg 
Ihe 11..e or a lii n g l)-~hirld",1 Iraue("rll1 t!r Lt:
IWN'n !;.-"cralor ""d Lritlge. The ;I1Ip".I"nre Z 

ill .I,,·i .. place ,he termillal ca pac i
IUIlCc>, C, :\111 1 C: of the sccOIHJary 

willfling of til t: I rj ... ~forlllt'r 10 the 
sh ieili. Wllile Illc.~c CUI);lCilanccs C(l 1I 
lJe 1IIIIIIe cquu l. they lire " lIuully quite 
Ioll'gc. amollntin g 10 sc\'cral hundred 
mil'romicrofanu l" 1I1H1, for Ihis rea-
80 11 , the singly.~hidded transformer 
is se ldom used. For equal.arm hridges 
Iht' r('~u ltillg: t' rI'Or is IIcl; ligiblc only 
if the lermilllli C3 ,.3CillllICCiI arc 
eqllal und, ill ulll!qual-arlll brid ges. 
only when their rlltio is 11le H1 Ul C as. 
tlun of the rHt io Arm!!. S ince il i ~ im
pOlls ible to vary t he rntio of Le l"luinlll 
Cal)(lcit3nces HS Ihe ratio a rlllS arc 
chauged. a donblY-l!hieldf"tl trans-

'V z~ 
P "'¥' 

~ ( ~ R'~ 
C, 5 C, 

rcp ....... ·"Lt< til!:'" et.luivlIll·"l terminal impedance 
~t .. « n one siti c o£ Ih" t;:coneralOl'" lind ground. 
For "("""ni~ncc in Illllllyitiug the proble",. 
lhi ~ illl l,coti :,nc" ; ~ UIlIUIl"d to he a~oII'Joei lllf', 1 

enlir(' ly "ilt. o'u- generator tcr", i",,1 

for llle r offers the Il e~1 Wilil io ll to the 
problem. 

An add itio nAl erro r ill introdu ced 
by the presence of t he ca pa citllnce 
Ca hetwecn primary Hnd secondary 
windill~s_ If C. is aPI)fcci uhll' com
pared " rith t he impcrlance in tl1e 
bri(lge a rm C, II fract ion of 1111" gen

e ra tor volt age is a pplied HerOS! this 
C, 

arm, proportional to the r al io--" 
C 

since t he impedunce of the power 
source to ground is usua ll y mu ch 

slltuller t hHU Ibnt orew' 
Fi~1Te 3 shows the doublr-shiclclerl 

transformer connected to a bri dge_ 

-~ 

• 

-
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-"""",, Here the brid ge is isolated froOl the 
load h} the M! riee combination C& 
(or el ) and C. aDd, if C, is made 
81,11 11 11. the eiTeetil'e terminal clIJ>Aci. 
lance is kCl'lllt a low va lue. 

-

T he rCfluirements for a good doub· 
Iy.sh ie ill cli tra nsJormc r 1m.: me l by 
the Tn'£ 578 l 'ransfonll c r, origi uull r 
descr ihcd ill the Experilll etl.t l!r for 
Apri l, ]93'l. -

This transformer , which is I!h oWII 

schematica ll " in Figure 3, is des. igncd 
to reduce bolh die ICTlninal C3P:I(· j. 
!unCf' IIhoWIi in Fig-u re ] a nd the di· 
rect cnpnc it a llcc CB of Figure 2. When 
IIscd wi lh II l'ol1von liOI1I1I ty pe of illl
ped uucc hridge, the sh.icld on th e gen
era tor side is grounded 1,0 prevell! 

the lo-grolllld impedance of the ge n
e ralo r from introdu cing e rro rs inlo 
the m CIIs-urClIICnl. The te rminal cu · 
pm:: ilanccs for lhe wiuding on the 
hridge !.idc then cOn!;is t of C~ (o r Cd) 
in series with o ne-half the 8(' rics· 
purullc l ne twork C4• C1• C,. Eac h 
le rlll ill(l i ca pacitu nce is th ell 28 ~~ f. 

Ir the ense is grounde,'I, thus short · 
c ircuiting C1 • Ihe te rmiual ell lHlc i. 
lunce ill im~ rea 8Cd to 40 ~~ f. 

These va lues are sufficicllt ly low, 
compared to the usu al figure o f sev· 
e ra l h •• ndreil u lil' romi erofarads. to 
be " cgligiulc w he n measuriuJ! .Ii· 
reed y lurge ca pacitan ces o r w l"' 11 .. ". 
iug :I substitutio n method "li th the 
brid ge. UlHlcr othe r con di tions, II I· 
lowu llce call be mmlc in the re6l1h 
for uny e rror which th ey Ul<l y CUllSC, 

S ince ther IIrc cq twL the ir e ffect is 
1J ~lInlh' IIc~li gible III equ a l-arm 
bril l /Z.l'~. 

The ca pltcitanl'c C~ is oll ly O.21'~ f, 

Tn'.: 578 Tr;lIIsformcrB arc 1Il:ulc 

OK ... n . ld. " '\ Shldd.4 T .. ..., . ..... I .. U.ld~. 
I',. : ' ,:." ... 1 K.~,. K.peri,"~~'"". \, .. u. I9J4. 

-
I S~[[L 11C"~ 

~ C, P C, 

C, 
5MIILO 

C. 
C, 5 C. 

C. 

II 

D 

"te LK !> 3. The r;~u"",jetl Lr"I!;e ~"Pt.Jjed 
th rough II tl oul.ly~h'~ ltI ,",,1 Irllu~(or,,' er. Av. 
crllge val,,¢; of Ihe Ira Ol;!.ror ll1cr Cal' lIcl lllnoes 
for T," 'K 5i8 T rnnb(orlllcr Qre IIH follm.-e: 

c ,. Co. Co. 
C •. 
c" (;." 
C, 

c,wl. :!i)1l I'l' f 

U.2 I'"f 
"nc ," 70 /J./J.r 

311 /J.l'f 

ill t h ree mode ls cow' riu g II lo tal fre· 
IjIlC I1 CY ra n ge of from 20 cycle!! pe r 
seeond to 500 kc. T h ... turns ratio for 
each mooel is 1:1. givi ng an impe 
dance tra nsfer of 16: I. Exact impe-
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Ji'lcultKI. The ai r sl'lIoo IJc tween the ''''0 ill . 
dividulill yolihieldcd .... inding_ iii the important 

faClor in reducing l erlllillal c ilil iei tanoe 

dance matciJing i of lill1e couse· 
queuee In bridge measurement8, 

I! lIlce losses rIrc e M!;ly compensated ___ 
for by incrcllBing e ithe r generator 
power or .I clcclor gu iu. The 1'n'll 
578 Tran"fo rmcNi nre SlIi.able for a ll 
impeda nce rllli08 between.l 1016 ami 
16 to 1, Ii suffic iently w ille runge 10 
cover all ordiullry bridge.ci reuil rt, .. 

quircment8. 
TYI'E 578 TramforllH-"rs C'III he used 

with Ihe TnE 293·" lmpcdsnce 
Bridge 3nd, if mounle.! 011 II suit able 
plug.trpe bnse, in the '['YI'!'; S16·C 
Rad io-Frequency Bridge. The range 
of th e f lldio.frequency hridge can in 
this way be extended down 10 audio 
f rC(llICncics. 

The A· and B")l)CS cu n be uscd 10 
Btcp·down the nO·volt. 6()..cycle. line 
voltage to suppl y a T\' PE 650 Impe
dance Bridge. 

~'7-,--"F~,,,".w",,"~/,I"'''4''"c·---r,,~~"''7c-",~cc~~~,,"C"WCIC"C'OP"'"cclr-~I""~i~~Ic-
578·.\ 50 cycle& to 10 kc ' 15.00 
578· 0 20 cydes to 5 kc 15.00 
578-C 2 kc to 500 kc 15.00 

" Ran." , ••• ott.,. " .. " •• wllbln 6 db . r ",.o.Im"", •• IQ •• At uh ..... end. 01 N,k I ... potdu~ and r ... qQ •• ., .. ", ... ,I.. < .... bln ... I", "'"Y 1>0 I: db . 
tn.. I.w l ... pH .... ""Mi ... If, ..... ,Id .... t ..... Ih ,ria • .,.. rr-c ~71I T,UI,I'_ ... , • __ •• _ , ... ·' JP. 100 ... r ... ... ;a T ..... ~6·C H.dl.~·''''''''''''J 8rW. ..... be •• ,. 
pll", .\ on ill<l'o&> • ., n." .... ,b. ,.1 •• " ,bo ... . 

REACTANCE CHARTS 

WE h ave ava ilable ror diuributiotl 
a limi tCll numher or smaIL·scuLe re
productions or tJ1C reactance chart 
mcntioned in the March , 1935, i!!Sue 
or the Experimenter. These nre our 

standard clIlalog page sizc, JO x 6% 
inches, suitable for usc in loose·leaf 
notebooks. We sh all be glad 10 scnd 
copics to any who reflucst t hcm. 
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-- INCREASED ACCURACY WITH THE PRECISION CONDENSER 

E:tT~~SIVE investigations of the sta
bdlty of the TYPE 222 Precision 

Condense r have shown th ai the con. 
denser is capable of hoJdiug n cal i. 
bration made with a greater prec i
sion Iban has hitherto bec n cOll8id
cred feasible. T he Bcale is sufficiently 
OI)CII on aU models 10 penni! selling!! 

to a considerabl y g rea ter prec ision 
than is Ilccessury (or t he ca libration 
usually supplied. 

The TWE 222-L Precision COII
denser is provided widl a worm aud 
50·looth genT, 80 thut 25 tu rns of th e 
worm are required for 'he 1800 of 
rolation which lie between minimullI 
and maximulJI capac it a nce. T he drum 
1Il0lllltc d on the WOI'IlI shuft has 100 
di"isiollS, cnch of which is about 1/ 16 
inch long. T here arc then 2500 clivi-

" 'lions, into whicb thc capacitance in. 
cremcnt may be divided. By estimat. 
ing te ntia of these divis ions, the tolal 
scale leugtb lIIu y be read to o lle pllrt 
in 25,000. Over the llIiddle 20 turu.s 
of the worm, th e capnci tance incre. 
ment pe r turn is ahout 60 IJlJf, so thut 
one worlll division equals 0.6 J.lJ.l f 
and 0.1 division equals 0.06 J.l1J f. 

The calibration chart reguln rly 
provided with each conde nser gives 
the capacitancc for ellcb tUTII of the 
worm to au accuracy of 1 J.l1J f or 
0.170, whichever is the greater. The 
limit of I IJJ.I f is seL by the lack of a 
sla nd rmli1.cd leclmique in cOlinecI· 
ill g the condenser ioto a measurillg 
circuit, while the limit of O.l 70 is de· 
termi ned by uncertaint y in the value 
of tbe miefOmierofa rad. T hese two 

- limits IIrc equivalen t for a capuei· 
;(lllce of 1000 J.lJ.if. Sincc the slability 
of t he condenser when carefully 

handled is alleast o lle part in 10,000. 
a clllibration to lUI accuracy of 0.1 
J.l1J for 0.1'1'0 , wl.ichever is tbe greale r. 
is of conside rable value because it 
a llows capacitance diffe rences to be 
measured 10 Ull eq ua l accuracy. T he 
fact tll :lt t he absolute ca pacitance is 
knOWI! onty to 1 IJlJ f is no (lelrimcll t, 
because a U precise bridge mcasurc· 
ment s of capacit ance arc made by a 
substitu t ion method in which the 
sta ndard is no t disco nnected from the 
circuit. 

To re.d i1.c this aCCllrllCY, the sci· 
t in g of th e worm mu st be read 10 1/ 5 
of a worm division ami the e ffects of 
bucklash avoided hy always ap· 
proachin g II setting from t he sa me di. 
rection. lleca use of II slight eccen· 
tricit y in t he worm itself and minute 
ir regul arities iJ1 the LlCarings or the 
worm shah, the capacitance chauge 
is 110t cxactly linear throughout each 
turn of t.he worm. Au approx..iUlately 
s inusoidal variation usually appears 
whi ch, c..'X pressed as a capacitance, 
lIlay amount to a di vergcncc frolll 
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linearity of 0.3 IJ.IJ. L This worm vu ri a· 
tion n 'pe,tls i tself for e,lch lurn of 
the wo rlll throu ghout th e linear 
capacitan ce rallge. Lt is expressed as 
a correct ion which is to be applied 
to the value of cal)8cit!lncc ohtll ined 
frorn diU ca libration \"llart by lincar 
interpo ili t ion. 

As a n iUtlstrnt ion of the use of slich 
a culibral.ioll ch art and wo rm correc· 
tion, Ict it he des ired to li nd the 
ca pacitance eorrespolltlil.l g to a read
ing of 1646.8 divisiolls. The ealihra
tjon chari ill Ilw viciu ity of this set
l ing reads as follows: 

.,,'" 
1500 
• bOO 
1700 
1800 

O 'f'>llciIUl":c 
inJJ!J/ 
HI:l.2 
87 1.5 
930.7 
989.9 

IQUt9 

C"IJUdr""t.., 
/""""'W/H ill lJuj 

59.3 
59.2 
59.2 
fi9.0 

The worm correction is: 

o 
10 
20 
31> 
10 
50 

"" 70 
80 
90 

[00 

o -.' - .2 
- .2 
-. ' - .' 
" I> , 
" o 

T he Cllljbratj on chart gives Ihe 
ca paci tance at ] 600 di visions as 
930.7 IJ.lJ. f, Oi l 1700 d ivisi ons as 989.9 
IJ.lJ.f_ tlle correspollrJin g ca pacit; ,uce 
increment as 59.2 IJ.lJ. f. t he worm cor
reetioD a t 40 ,Iivisions as - 0.1 /J-lJ.f, 

aod a t 50 diyisions as - 0.1 IJ.Jl L Li n
ear interpolat ion g ives a va lue of 
958.4, IJ.P- f for a g ive n dial setting. 
Addin g the worm correction (of - 0.1 

P-II. f gives the fin a l ca paci tollce value --. 
of 958.3 1I." f. 

T he ca pacitance eaLi bratioll ob
taim,ble from such a caljbration 
c ha rt is inte rnall y cOllsisteul to ari 
accuracy of 0.1 IJ.lJ. f or 0.1 ro, which
e ve r i's th e grente r, heoce ca pacitance 
diffe re nces Ill ay he obta ined to ao 
aeel1rucy of 0.2 IJ.P- f or 0.1 <70 , which
eve r is the grea te r. 

Simi lAr calihralioU!! IllU Y be. made 
on ot he r Iypes of prccision coude ns
er,. ,,' ilb th e sa llie limi ts o f accuracy. 
In the elise o f the TYPE 222-i\l P'·eci· 
sion Condenser, which is a lready !ld
juslcd 10 be di rect r caflillg in ca pac-
itance fliffcrc nce to 1 !JJl f , the cali
brat ion lakes tbe form of a single 
correct.ioll clJart whieh g ives the cor
rection 10 be uppl icfl to the direct 
reading of the dial at every tell wOl"ln 
divisions. 

This Clllibralion 10 0.1 !JlJ. f Illay be 
UJllde at the time of purchase of a 
ne w c('llde nser or Oil any prceision 
conde nse r l'clllrned to our faetory_ 
1n the InlIer case, it is IHlvisahle to 
h ave the bearin gs of the conde nse r 
readjusted befo re attempting the ac
curutc calibration. The cost of such 
read justllle nt is usuully hctween $5.00 
IlUd SIO.OO, d e-pe nd ent upon t he 
umotillt of work ncee86ury. COlli Ie us
era Illude II IlII1\1her of yea rs ago '-'uve 
only a single bearing for the worm 
sha ft . h is not. gcncrll lly advisable to 
ca libn,l e such condensers to 0.1 IJ.IJ.( 

beca use of the ir infe rior stabi lit y. 
T he price of the comple te ClILiilratiou 
fo r ei th er IIew or o ld conde nse rs js 
S35.00. - RnIlEltT F. Fn-;u) 
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RESIDUAL IMPEDANCES IN THE PRECISION CONDENSER 

W II KN using a vnrillble air COII
dCII~t'r :I B a capacita nce stun d

lIrd III r .. clio fre quencies., il is j ill 

pOtlHllt to k ilO'" the varial io " ill ef· 
fec ti"e cn p ac itll llce ntH! power [:1(-101' 
as a fUllcLioll of frequency_ 'n1('~c 

variations res u lt frOIl1 the prC~C IICC 

of resi(lua l imllo' llanec and cnn. if 
lIeg lccu~d , cause ,'c ry appreciable 
error!' ill III f>U$ u rcmen ls in th e nulio
frNJllcnc~ rallge. 

The vtlr iation in e !Tectiv.: ctl paci
lauce is C' UUBcJ by tbe illdllC I ~HICC of 

th e condellse r slructu re ~1I1{1 !('lldB. 
Thill in,llI elance ii! IHllcl ica ll y COil
SIUll l with f rc cluc ncy ami incrcuSI'~ 

the clTcet ive capacitallce of IIle COli
dCII l'C r b) an :IIIIOlinl. cc[u al to w~t C-. 

\l cllHlrcmcnts marlc by III CII "~ of 
~ Ihe Tl-PF.; S16-C Rad io-Frequcnc} 

Brid~e 0 11 T1I'E 222 Prl'ei" io ll Con
d C II~ r" indi!'atc Ihat lilt.' effeeti\'(} in
duct llIwe of Ih ~' comlc uscr is npproxi
InIl"' ly 0.06 /-I h. Figure 1 ,.howl!! IIIe 
incre!l~c ill clfectivc cu p" citllllCC 
wh ich this inductance C,lIISI.'S al frf'
quellf·ies up 10 6 megacrcleb. Tile ill
duc lance is nearly all ill th e llupl'0 rl i! 
and stator rodi! of the condense r ami 
docs nol ,'a ry apl)reciahly wilh din! 
settin g. 

At low frequencies lhc didf'e lric 
losa is constant wilh sca le sClIing for 
condCII .'>C.rs in wh ich Ihe fi e ld through 
the soLid die lect r ic is illd epclUlcnt of 
rotor po~ ition. Since thc equi vniell ' 
rcsis l!UH.!I' va riCIi wi th bot h frcqll cm:y 
and IIca lc sellinI!,' and the power fllc
lOr, while consta nt with frequency. 

_ '-uricil wil h ~ellill~. a " fi gu re of 
"writ: - Rw , is ordinurily lI~d to 
cxprCll the magnitude of die lf'clri c 

r 
i' .-...... 
" ~ 

~ , 
! ' 
" I, , 
/' 
I, 

i , " -
FICIItK I. Inccl"8i!e in e rr""Li,,· r"pacitllnce of 
" I ..... ·is;on c<)nd~n~c '·H tll'4:l.1 by a n ~lui \'8 Ien l 

inductunl'e of O.06 .. h 

IU~i!cs . T hi .!! (Lil a ntil), is co nstan t witJl 
both fre que ucy and scale setLing. 

J .. additiOIl to lhe dicll,:c tri e 10s11, 

the re is au o hmic IOI!I! in the resist· 
nnce of the mc lallie struct ure. At 
nulio rrcquencie~ th l' ohm ic rcsist
:IUCC lIla r he the cont rolling factor, 
s ince i t incrcascs with fre qucllcy 
while the die lf'c tri c· lo88 rcsislIlIlce 
decreases. This lIIc t ll llic rcs istancc 

... ~} 
,--; 

• ··-1 

F'l:t '<I' ~' I>owrr fll.-to~ IInJ figure o f IIIeri t or 
II l,rOO;8ion '~Qtl(Ic"scr II>! II funcli on o f ca
f'lId lllnCe at L me:;lIcyc1e. The r,,11 lineco .... e.! 

lire the tr"e vahwII uLtuined wben dielectric 
I~ aod ohmic I~ are co 'l,hined. The dOlled 
e"rI<'iI lihow thf:"'e IIIIUnlilit'!j wlll.'o only .lie. 

lee,ric tr".. i~ eon~id ered 
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.. 

,. -,.- --- w+-
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F'\;\JKE 3. The " tl ri ~,[io" in /twO r(:l; ultillg 
frOIlI an accumula tion of tlus t "" the pl:.t (."II . 

The curve ~ho ... ing the effect" of .IuS! does 
no t reach II,e " plntCOl dean" plo t li t 1.ero ",. . 
pacilanee. bcclIWle dUlI l waa removed (rou, Ihe 

IIOJid dielr.clric II' ... <:11 os from the platl'-lI 

can he measured by meau s of the 
radio-frequency bridge and is ap
proximately 0.02 obms al 1 mega
cycle. Figure 2 shows tbe power flle
tor of the conde nser and also IlwC2 
plotted liS a function of capacit ance 
8Cllillg when hoth losses are COUl

bined. As a reference, plots arc also 
gi,'cll of these quant ities whell the 

: :::: co::: , 

metallic loss iii neglected. An illS pee· 
lion of lhese curves shows Ihal errors 
up to 50,% lOur oCClir if the metllllie 
loss is neglected in th e OlellSIII'oment 
of Ibe po wer faelor of a condense r in 
Ihe range be low )lower factors of 
0.0570 , wben the parallel substitu
lion is used ul radio frequ enc ies. 
\Vhen measuring cond ensers of smaU 
ph ysical size where the cupucitllnce 
10 groUlul is smaiL it i oflcn possihle 
to (wo ifl the power faclor c rror by 
using u ser ies. substitution mcthod. 

Anol her residual impcdancc, not 
ch argeahle to t he conden ser iI8CH, 
exists if fl ust ucculllu lalCB 011 tlle 
plales. The dusl coatin g produ ces a 
loss varyin g with cnpaci l:lIlce wh ich 
is !I .. rlicn l .. r l), scrious when th e con· 
de nSCT is used as tbe standard for 
mca SUl'cmellts by thc substitution 
me thod. LosBCs which vary wil h sct· 
ling in e ithc r the stnndard or the tll\

known will r icld erroneous rcstl h s 
for the loss com ponent of thc un· 
known condense r. Figure 3 shows th e 
vu ri ution in RwO for a 'l'YN; 222 Con· 
de luer rcsulting frOI11 du sty plates. 

TII"'- Cerlerol ~(lIdiO £X.'·E[(~ME"1"t:n i.s . rIl ui /ed ,,;it/wrtt. .clHfrge cfl~1i 
montl! to ellg ltleers , $t: ICll tl sts , l,e C /UI.I CUlIIS , (Hid others Interes l,ed I II 

cO lltm./l.lI.it:u tion-j rellll.cllcy n lC((Sltre lne li t lllld co! ~trol prob/c"ts. If' h en 

seruli" g relllt6sts jor subscrifJl.iotl S (Inti oddress-t:J, ulIge Iw(i t·cs , plc((s6 

supply t.llejollowiu g i"jorlll(l ( ioll: IUlIfl e, compolly !Wllle, compolly (1(/ 

dress, type oj uu si"ess COlllfJ(ltIY is c II guged ill . 1I11d (-itl f' or position oj 

individufl/. 
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