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ANTENNA MEASUREMENTS WITH 
THE RADIO · FREQUENC Y BRIDGE 
_ALTHOUGH THE 
RAD I O·F REQUEN CY 

TYPE 516·C 
BRIDGE hus 

hcen discontin ued and \\ ill la tcr be replaced 
II)' the T, I·t: 916· \. a oon ... id(·raLlc number of these bridges nrc in use in 
broadcasting 1I 11I1io118. "here they are q"ile satisfactory for measure­
IIlCIII..iI on 8 rllcnnns. lines. (:oupling nCl"orI..8. and olher rad io-frc(llIc lley 

impedances. al standard brlJ1Ull'ast freqll~: lIcics. T he insl ruelioll hooklet 
supplied "jilt this brid ge ('o\'ers quite comple tely the Inboralorr use of 
the bridge in measuring rallio.frequency ilUl:ledance. but it does not 
p~senl the material ill the 
most. convenien t manlier fo r 
those who arc interested sold r 
in Illcasilring' unlcn na S)Sh: IlI!'. 
It is the puq)(),;C o f this arlide 
10 supplement Ihe opera tin g 
instructions by ou tl ining .... hat 
has been found to lie the most 
('onn;nient pr{)(1!~ lure ami by 
Jloil1tin~ out tbe preca utions 
that lIlust be obSt'r\'ed i f sa tis­
factory result .. are to be ob-
wined. 

SETTING UP 
THE BRI DGE 

\liequate s hi e ldin g a nti 
grou ndin g a r e importlllll. 
Shielded I'onductor~ mllst be 
used for connecti ng the brid ge 
10 the generator and to the 

.FleVII g 1. Meullring Ihe i nll>wanoo of an an lenna 
IQWer u 8<.'C IJ from the "dOJ:: hou o.e" al the hH~e. 
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GENERAl RADIO 2 

,I.·tel'lnr. Tlw ,i\ .... ~()\V\ 1.;lIdiu;! 
1"1:'1 II1l1rl... ·1I ( ; mus t IN' gnlUn.It'l1 
IllrUII~11 a.t- " horl 11 le: .. 1 U" 1" 1,.~i "Il'. 
IIN' (n"ul.l } mIL ilION' !Iwn .1111" ,)r 11\0 

f('('1. C:rolllHlilll-( Ilt r,)ugh ,h .. "nurle,1 
plllll"l 6(' I"('\\ iI is II'" IIlI l i!\ fa"ltlr) 10('('11 11 ..,.· 

lht' ~'r"1\ S mil) lIo t I'f' ill gHod del'trio'al 
n m lac l "i ll. Ihe I' ll lle !. T o le,.t fur 
I'fQIII'r gmulidill l!. loud. IIII' panel" of 
IIll' IJ ri, lgc. ,INC"lor. lm,1 g(, llcr:'l f)f 

ufll"r Ihl' bridge has IK't' 1l IIlIlarl/'C'1. Ir 
till; ;,:rOlllulili g is 11I 1l' '1l1a1 t', 110 (,(fcd 

"101111 the ImlulIl't., "ill IJC OII, .... ·r\e.1. If 
, .. , ... hill g Ilw Lrid;.:t' paud llwo1\,. Ihe 

Ij ri.l g.· 11111 of 1",IIIIU',', IIIe /.,'1'(mntiill;! i ~ 

illlldl' iJu:n e. Thi;; ;'olldil;OIl "3n SOme · 
t imes loe r,' l1lc,liCll II) lI" ing im]il j,hwl 
r: ronn.1 I,'ulls fnr Ihl' hri.lgc , Ihc gl"lIf'ra· 

lur. 1.11111 Ihe fen' i\('r , \ b{' lI c r fCUI('11y 

i .. I,~ 11 00(' ('o)lD.iai termin a ls for Ihl' ('UIl' 

IU'I, t ifOlI 10 Ihc rcc ... i,,·r input. G(' lIcrlli 

111111;(1 THE 77 1-( ; PUllei Plu g and 

'1', " E i7 1- \1 Cablc J II<"\... ;Ul' sa l i~faclllr) , 
II i,; illqtOrlRlI1 Ihat a \\cll-sbiclflcd 

~ ... nl'rll" '" I.N.' used \() prt'\ ('111 pi ... \"'lIp 1101 

"III) ff"UI the ~1.' ncr<l I Or 1(1 Ih" d""~(' llJr , 

hili <11,,0 fn)1I1 Ihl' g "lIl'rlll!)f 141 Ihl' 

anll'llIln 1I1ll1"r IlIt'OI" lIrCIII,' III , \ ~':Ul,I· 

1Ir11.p-i:':;11Il1 ;:1.' lwrlll .... r , ~ III"" all ,he '!\Pt: 
()I"l· ll. i", an ('\4".·llclll loCmer IInurn.' fur 
'hl·...e 111('11)0110' 111 (' 111 8. 

I': , CII III hrmllh-a,. , frt·' pw.It' i1.'';;, il i;; 

l'I-.~' Tltial hi II ~; II ~ hi('I,I",1 re"eiH·r. Tllc 

~, ·, ' alle']l'''llIl11l1l1inltioll;; 1, 1'" is rt" ·"I11· 

1111'11<1,·,1. '1'111' \\ C, if an~ . ;.;houl,1 I~ 

,li",·<IIlIWl' ll·J . "illl'" ii i! :1\'Iioll 1('11,1" 10 

IIIn!..e 110., balmwc IlI)illl dif!i,· .. 11 10 1' ... IIIt: . 

BAlANCING THE BRIDGE 

Fur alllt·IIIHI II II'<I !> IIIT II'I· III ,.. Ihl' Iori,I;:,' 

jjo, II--t-,I as lill ,'qual _:t rm e<l l'a"illllll'c 

bri"~, ·. Hud,.." 1111' hahmn' 1'00illl Jq .... u,ls 
111 1(111 li lt' allj u"iIIll"111 OIf botll thl' C \ . 
I' \ C I'I' \ "\ C E !l Il , 1 HE:-i IST \ "\CE ('Oil ' 

Irols. 

I f Oil" ,-olilrol i,. 11\11 S(' I ,·"rn·, ' lt" a 
lIIi,.imlllll ill II ... ;; i ~ nllt 111l1~ I..: ,,1, ..... ·r\l· ,1 

\\hl'lI Ihc Oltu:-r i;; lurtlC,t IllfOlI ;::!. il ll -
,'urrC" 1 ~,·tlin~. 5 110"'(· ",<11\'(' udj USII1I I'I1 I!' 
of hOlh ,·,ml rol;! 11111,,1 1"-, IllUd,' .. nlil Ihc 
Si1!lIllt ill 1111' ,1"l ec lor is l'c" lI l'(' ,1 \(J l.('fO, 

'1'111' ],3I a l1"l ' po illl i .. fn-llllc lIll ~ \t'r) 
!'IIMP Hml 11111) ca~il ) 1"-, lIIi~scd if ml ­

j .. ~ lnll"lIl s urc lII adc 1' 10 n lpi,II). F"r 11 
rUIIg"h prdimill;lr} t,uhml~ il IIIlI } iI.· 
d" ;; ir:IJ,lc IQ """ i1 1111,,1 11 1(11 1.'11 811;'1:11. \,i,h 
It ll~ n',-ci,er 1:"· II .. i,i\ it} lurne ,1 \Idl 
,1(>\\11 . \ .., IJahll l\'c is IIpl'ronl'iu:d, Ihl • 

liell .!! iti\ it ) , '3n he iw.;rca.;cd , For II fi nal 
Im lant .. ·• rull ~i llltlln a",'Ural',\' St: .. ;;ilh il}. 
an,] 8igmll.I".lIni,..· fatio arc usual! } I) h­

tllinc.! II} lI " ill~ un Ulllllrnl"lal,",1 8i~nal . 

II illl II 11I'1t'r(HI~ lIinco"l'i ll a ll)f 'nl'roo,hll'c 
;I" HUfl i "I,· IWlll I nlle, 

METHODS OF MEASUREMENT 

\lthou~h II ... 'l'HI, .l lti·C is &lIlIi­
l'icll.l ) !lexibll' 10 I)o.'rlilit IiI l'usu re men ts 

10 be IllaJc ,, ~ 11 II ill., ,uric'., of IIICll,."ls. -

it Ira!> oc'('n fUUI .. 1 L~ ('x locriclI(,c tha i Olle 
"r 11I1'fI ' (If th,' follullin g: tllfl'l' mCl tl,}!ls 

Uri' 1lI0" t .. uilli lok fur :m\i:IIIlU tllI' Wl lIre-
111 (' 111 .,: 

(J) :-:"' ril'" Ca l,acilM Tire r('s is laul'l! 

r!1II ~t' "i l!. Ilti .. IIlI'lllIlIl i" IIII.! sallll' 11 11 
\\i lh till' ,]irl'('1 !IIdlll)!!. bUI Ihc l'''I'III'i­
IlI n,'(' rangt· I'; gn·atl ) in, 'rI'1I""oI 1111.1 , in 
:ut, li linn. in.I .. l'li,,· relll"lll l",O:: 1'<1 11 he 
" ....... lIre ,l . 

(2) I'aralk l ( :a ,'lU'il,'r '1'1 ... rl' ~i;; I ' 

IIIII'C fung"e I'a ll I,c ""h'ndl',1 \\ i lll II,i .. 
"lc thod Ioul II ... 11('111111 n lng" ,1l' 11l'11015 'III 
the 1II11;:nitlHle ,)f I Ill' ;llIlclilla re m' I,lIl, 'e, 

(3) ~:ril's an, I Pal'llllt'i Cllpln ' ilOf8 
' 1'IIi;; j" II t'llIl lhillU I ion of lilt' Illo jl;; ( I ) alit! 
(2).1I11(1 p(-nnil" the measure men l of fl!_ 
ll!: I 31WC nnJ rCi'is! >l1l, 'C ,), e r "ille rall~es . 

THE SERIES CAPACITOR 
METHO~ 

Of 1111' :11" ,\,· Ihn',· Il1 l' lho. I,.. the .. ('rirs 
eal'a,·il .or Ine I11o) (1 i", ,II I! " nc 1I1 1IHI" , 
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-

Ilui, crl>ull } 11-..: .1 fur ante nna£; ... hvMl 
r ('S;;, I ; I {, ('On'lJoO IICIII .Iot's n o t j'M'('("II 

3 11 ohms,' Silltt II large numlx'r of th.· 
anl ClJna~ "pl'rut;ug li t s llIIlllard hrottd ­
cas ' fn!(lucllcie" fall ;nlQ IhiR elllegnr). 
thi to me thotl i" di!>l'lIs:>e ,1 first . \I;tlt pur ­
lin llar r.' fl- re llce to operatin g pnll.'I',lun', 
lind to ro',I,wl;(m oferro"I> callsc,1 L) It'll!! 
n ' :I{' lnrH.."C. 

C UIIIICI ' Iio llh for this I) (II' flf IIIcaS- lIre ­

m enl lUI' sho\\ II in Figurtl :L \ ~'(llHlt'II~'r , 

CiS' of ';11(' " magnitude tlla l the tOlal 
!'-eric8 rcodant'C prescnto!d 10 lilt' I N · 
t-.: NO\~ \ terminals is II ilh;n the r3l1 h<e 
of the halulwiug cOlltl en~r. C ", is ('flll _ 

1II·t' If~ 11 in »eric!> ... i,1t the IIII\"'nO\\1I illl ­

IM·dalwc. \11 ill;l;ul halancc i" c" lahli"llcII 
\\;tl. 7." shortcll ; the shvr' is then rc-
1110\,1· ,1 111111 tll1' hri(l ~t· r(·lmh .. lt;~(1. COII -

1l("{" lioIi Fi (or the 1110 balull t"t:;o un.' iruli · 
n lH'(1 ill Figure 3. 

Th\, H: ri~8 re"i,. tallt"t: ami r~u('l a rll'(' <If 
Ihe llllll' lIIm arc gil cli b) 

It" ~ i?'2 - Il , (1 )2 

'" 
I C2 - (.'. 

(2) -w C1(.'2 

\\here lire ,"uIJl!t'ript 1 r("fc r 8 10 11r(' illitinl 
bulanec nUll Ilrt! Sllbsl'ripL 2 10 Ihe finul 
ImJarH'e. \ I''':;; I il e I'alllt' of \"" iwl i('a leS 
un imlue li,,· n.·ac lall(!c: a tll 'gulil(' I UIIlC, 
(:1I 1'al' ilil (" r("ae LoIWc. 

REACTANCE BALANCE 
The be6 1 I alue of lire capaeillllU'c, C,~ , 

IJc IIClUis UpOIl lhe reac lil e l:onllJ(JIlent of 
lh(, a ll«' /uHI impc(laoec. Since III(' lalue 
of thc 1I111..nO\\1I rellc tancc, X", i .. dc­
tcrruirU'(1 II ) t hc (/iJf(!r('f!(;(' ill /'apa/' i, a11l'1' 

I'n ... n .;S I ST~1\t. ~. """,,,,I <If ,"" 1 .. ;'1,,, I ...... Ior",,' 
<n,Io" • • on.~ fro." II ,n 1,1 .. hn ••• b~, 1" .... i.~III .. .. ,.d. f .... 
iM_"", •• '~ .... , fl • ...., "",i"Ot".n -. 1'10" ""l .. ~a .. h. 
"" ......... 1 , .. 3 " "" .... by in ..... " .. ' ~OO 00"" in ........ , ' f • 
...... , ....... 10 ..... II .. " :KlO oL ... , .. I .... ~I in ... ;,. .. ,I", 
.h" .. " .. , .11' .... ,,( ,h •• " ... ...l ~. I....,; ' •• ~"" 01 " ... """.k" ..... 
C\" . i .. '" ... _ .... I~ __ , .. t.lU.., ..... , , .. "..-,,1 • .1,., f .... , "" .. _ 

..... , ..... 1 ..... ,_ ""' ... -,,~ 
'I11~ T TO" :;00 " 1100 OJ .... 1 , , ... T.-r .. 500- . , '2000, ... ,,,,,,,,,,,,,,,,.Ied r .... ...., ......... _io,,,,,., 
H, ... " I .... n ••• I~ ...... 101 ... ,.I>I .. Io;n . I .... ;";,;'1 1,.Lo ...... 

.. " b ,I ... 1'0 '" "II t U · "' I( ... .,t 1"1 '11. ~ 1/ I l(~n"l \1) 
J U~~" ,.,,,,,,,1, 

3 EXPERIMENTER 

..... lIill ~'1> bchl cl' ll the t\\ O halances.. 
rairl) large errors eUIl (.II -"ur ir this difTer _ 
CIII..'t: is ;; lOall. and for lIl a '(imuIII accurac') 
it is desiraLle 10 sclcl,t a 1'111111..' o f CS I,) 

make C2 - (.'1 lIS large as IlOSsihlc _ Thi~ 

is 3{:iJic\Cll b) dlOOSilig till' larges t valuc 
or Cs for "hidl lire bridge "ill balUl1l'c 
initiaIJ ). if lire Ulll c lIlIll rcac lalH;C is 
eapu t.:ili,'c ; and th{' lurgcRt voille (or 
\\ !tiel! the Lritlge \\ ill halam'c \\ ith tire 
lllllclina e(UHu'clell, i f lire antcnna re ­
actance is indlll'lil c. A gOOl.I pruttflul't' 
10 rollu '> is to H1 a l..~ a Irilll balallce "illl 
a 1000 /A/Af serie .. capnl· ilor. Jf the un· 
kilO'> II ruactunw is imiuel il(" Ilw sc ltin~ 
of the C APJ\ C ITAN C E dilll "ill ill­
c'rea~. SU!,;ttbi' il c ,allics of Cs thell 
s hould he tried uillil the lurgcs t ,aluc is 
J eh:rmincd (or \\!rich the CAI'J\CI­
TAi\ C E .. mllrol "ill balnill't' \\illi ti,e 
U1I1..1I0\\1I ill c irc uit , If ti re Ullkllo\\n re o 
ac lallt'c corresponds 10 a Cal)IU;i laJl~e 

greater thall a ixllll 50 ~/A f. il \\ill 1.1(: 
po!;silJlc to balaill'C the C \1' \ C ITANCE 
CUlilro l o f Ihe bri(l gc, Itl a &C llillg lo\\('r 
1111111 Illc initilll sc lling. 

RES ISTANCE BAlANCE 

111 Ilrc di8l.' 11""iou al)()I c il Illis 11Ct'1I 
u,.." lIlJ1cd 'hat a "ulam'C {',IB IJ( ' ubluillctl 
h) Itllju5tlllcnt tor the HE::) I::)'!' \ \CE 
controls o f Iht' IJri,l g~" If III" re, 'ulII-
1II1' lult'1I 'ixed rt' .,irl lors nrc " "cll . this 

FI/;U" " 2, D;a~n"" "r O:Q"" ... -.; I; ... " ... ror "w"~,,rill" ,,,, "". 
k", .. ",,, ;'III,,,·d.llIlC'I', Z~ . I,,. u ~i"l; ltn: ~ eri el! "III'",j 'Uf c." 

Lk\tKNOWN 
c. 

G 
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GENERAl RADIO 4 

'" ill be true \\ he n Ihe III1i..UO\\ n resistu lH."C 

docs not ('.\(cecd 3 L I ohms. A balance 
sllOuld be atl,cIIlplcti ,.ith the SEI{ I ES 
It ES ISTOH lermiuuis I!bort -circuitcd by 
!lIe/HIS or the Si rnp 1!.lUt is pro\' idcd. If 
the RESlST,\NCE l"Olllro ls ("anno! be 
bala nced . the IOO-oilm, or, if necc6llury. 
the 200-011111, resis tor l';bould be plugged 
in. Failure to obtain a balance at 31\ 
ollllls or below indiellwil t.hat tbe paral lel. 
('Upuci tHnce met hod or a serics-puraUel 
con nection IIIl1s l be uscJ . 

LEAD CORRECTIONS 

T he leads from too hridge to the UII· 

kllOl\lI shoul(1 be as sliort as possible, 
certainly less than three reel,. and sbould 
be kept a reasonable dis tance away fro m 
grounded metal ohjects. in order to 
Illinillli:re capacitance to grOlUld. The 
series capacitor shollllJ be connected at 
the an tenna end of the lead, as close as 
possible 10 the point at wbieb the au· 
tenna impedance is to be measured. 1Iy 
this melbOtI of collneetion, the induc· 
tance aud resis tance of the lead remaiu 
in aeries ,,-itt. Cs for the initial as well 
as the fi ual balance, and drop out of the 
cnlcul atiou for tbe antelUla impedance. 

The lead capacitance introduces small 
errors into the calculated \'alues of resist ­
auee and reactauce. The lead ca pacitance 
CIUI be easily measured, bowc \'er , aod 
alio" aocc made for it. 

Tbe lead capaci tance, CI, is deU' r­
milled by a 8uostitution method , "herein 
initial bablllce is establis.hed "i l ll a fLXC(1 
ca pacitor connected directly at'rQSij the 
UNKNOWN terminal.s or the bridge_ 
The lead is lben conllcete,1 to the U II ­

b'TOundcd termin a l of tbe hridge, Thc 
series ca l)acitOl' is disconllec ted fro Ul the 
antelUla bllt is still cOllne( ted to the far 
end of Ihe lead_ A new balan(,~ is lIludc. 
and tJle differe nce of I he 1\\ 0 ca pacitunce 
rendi ngs is C, which illdudcs the ,·a· 
pacit81lces to groulJd of the series ell' 
p8citor, as "cll as that of I hI' IruJ itsc lf. 
The correc tion for lead capacitanoo is 
ill/Hie by usi ng the follol> iug cxpfetll' iolls: 

(3) 

(4) 

NUMERICAL EXAMPLE 
The (ollo \O';n8" dlila illustrate the procedure 

lind dala for a Iypica l alltCnnll mcail" .C ... C,,' at 
II frcqu t liCy of 1.500 kilocycles_ 

To delcrlllille the W 081 sui table vMlue of Cs. 
a balance wilb elf _ 1000 I'l'f was ,,"clOll'h,d. 
Quo aide o( the C"1',!citOl'" was counectod to the 
ullgrounded UNKNOWN termillal tbro"gb " 
two_(ootlengtb or insuJ..ted ,,"ire. "nd the olher 
.ide C)ODueeled. to ILe anleuna iDI)!)1 through a 
few inehea of leatl. With a modulated ~il; n ,,1 
from tbe fjenera t()f, and the volume coutro\ of 
the receiver let Iu a luw level. il ,,"al iml)()!!~il.o le 
tu ubtaill a IOliuinnulI with ei lher hridge control. 
A 81igh t deerea~e in iUlenail,. Wllf QJ.IICn'ed 
when Lolli 00111 .018 \O cre lurllO:d 10 IIIIIXi"",,,, , 
howe ... ,r, indicating that tlie alltenna reactance 
wu iuductive, and that Rs wat fjreil ier Ihll.lI III 
Oilinil. Co" settllcntly. tile 1000 IiPf o.erit~ ea/utl:i. 
tor " ' alI replaced by It 500 p.p. ( unit, and" 00 n 

FIGUH" 3. lJiagrll Ui uf ~'OlIIlCclim'iI fur the 1"0 " ... asur .. ",cnUi lit_I")' Iu o.Ic1c.onjllc IIIIleOl"a 
i"'lw,I ~"t'fl loy the k ries clI l'~l citor IIlClI,oo.I . \,llIi l iu OI ,,1 mCII~ lIrc lllcn l ~. o.I~ril...:tI in Ill" I"~' , 

UNKNONN 

~ 

~ 

'-.J 
G 

lire " • ..-:.~a ry I.) (1" I,'rm int1 t h,: oo""e<:li"" for C/_ the li '1011 cl' paci l ll 'C're= , ____ _ 
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rf'.ioiBIQr ... ~ ;u ... ·r led a l lilt' ~;c~ r~.i~ l b"('f· 
termiru.I .. , A , I ~·fi nll e m ini mum .... @ '''''I uti· 
IW'n-eti "illo lh" C \I'AC IT\ '\'CE control of 
till' I.ridJ:1: ,." al allou! (1.:;0 11"( II nil th" IU;. 
S IS' I' \ 't.E (:Onl.ul M' l ill II maximum. \ 1.~"Or,l­
ingl,. Ii,,~ 100 n 1'l<I~n aJ TO'!I-lOr ... a~ rel,la~1 
loy II :!OO U tlnil . A true lIuli "a~ 11 0" - O/'III; ... ,:d 
li t n ~ !WO + 39 II, C~6U1 ",.r. The C-\ . 
PAc..:rT,\ j\ CE dilll seUing ~ ,, ;;ge. led Ihn\ n 
.wnle,duII hl 'J;cr II<!rieti c~l , acilur ",;:::"1 I ~ "-'1(',1. 
IIn(1 . lIp. 100 IJl' f IUl't WM 111"~g,·d iu / 'MIIU •• j 
wi l l. tl' l:! 500 IJl' f airellll" in con;uit. T li ~ wn~ 
•• i,·d IIntl til l' CAI',\ Ct]'\:'\'C E (;ontr!)1 hoi. 
un,..,·,j li t II ~c l' jug 0\ l' r t)()O "",r. \\ illt Ih tl l ,ro\wr 
'-lI lnc of scrit'O'l "ol,"d lor "nt! SE ll I I·;S li ES S. 
TOH dl: ler rn in;,d. the d ata (or c .. h·.,ln,i,,,, .. • .on 
olo, ";nt.,<1 .~ {olio .. 8: 

( I ) \\ iii, the ~riMi u "acihor groumJeti III 
the an tenna cnd, the 5 ~I{n.:s l!l;:,s ISTOU 
'''rUlinlll:! ~h"r l .. d, and tbe It ES IST\l\Ct: 
control ~\' l tu 1';(TU, II J,,, lonee "'~,; ol.. l ~Iiucd by 
mellll& o( Ihe I'O~ Ell F~CTOII \ OJlST and 
C,\I'\ C I'I 'j\ l\CE ('onl rol=. The hllllln('\' 00,:. 

{' .. rrw wil h II ... IHr,.:e C \1' \ CIT \ :-'CE dilli llet 
111620, " ut! the au ~ ili llry dial...::\ a ~ 9. 1. Time 

C, _ 620 - 9. 1 _ 6 10,6 jOjO r 

(2) \\ i,h lh ll I!<:r iCII capllci t or o;u"",-ocl, ·" IV 
Ihe au h'unll, 11",1 I,h,· :!OO n rc~,~IOT """nceled 
til the SE III ES IIESISTOII ler""n"ls, the 
Itrid 'e wu l !Ull1,,~1 (lea, jug thc 1'0\\ ~:n 
F<\ r OI( coll.rola "ulol>("h OO ) and the (011"". 
ill l; dat" o ltl lline<l: 

II, _ 200,0 + 38.11 _ 238.8 ~"'h 

e. _ 930 + 3.3 _ 933,3 I>l' r 

(3) \ roml,,,.,,.i..,,, IIlIi"l! dIe "I..:,ve .1I'll" 
and ncglL'Cling the knd CIII,ul"iI""n', ,id\I ~: 

U. _ II . _ 238.8 oh ",. 

\' _ .!. (;, c, 
8 '" (.' , (;, 

(933.3 - 610.(, ) X 10- 11 

- '6.:!8X1.5 X 1{1i X 933.3 X {,!H.(, ")( W- t4 

_ + (,(1.,) "I , ,,, ~ (i",I IIc li, ,,, 

X. _ 231i.K + jOO 

(4) Tile v. lne of ell the leod ell l'llci ta,,~, 
" 'Il! deter",ined by COllilecli,,~ I II .. 1()()() 1'1'( 
Cilpaci ti)r 4erOtl! the Ll\ K:NO\\ N IUlni .. " I!. 
d~onlll'Cting Ihe lelld a t U.e brid-f.c, replocing 
lhe lillk !CrM. the SE RI ES IlE~ I STO I{ Ll'r· 
Illilla l8. an el I. ploncinp the bri.lge. The CA. 
PACITANCE COlllrOl8 balanc .. d at 9'-)() I.l. u~ 
11.I11'J'f. but ",·rerchalarrt:ed 111 lOOU mi llll ... I ,:! 
I'l' r, Lh,,~ " .. rln ill in!; the change ,n CIlJ 'IIf'i, ullce 
to i.>t' o"~,·r ... ·d CIILlrdy 0 11 tile \U'X ILI \In 
di ~.l. " itll the leud OOlUlcctcd to Ihe hiFh l"\ · 
K;\O""\ I<' rminal and the &cries capacItor di~. 
cnuno:elw I t the anlCllIlB ~i de. Ihe !.alancc was 
ohtoioeoJ " 'i,h the auxiliuv t.:.\ I' \ C I'I' \ SeE 
oon l l"(ll SCI III I, lll~ 5.6 I'l' r. thc val"e or C, wail 
tltU!! 5.6 ( 1.2 ) - 6.8 ""r, 

(5) Ti,t' oorl"f'f" led ,' aluCii o( U~ and \ , (l r" 
delermj" "d I'i' !1I1"'CiIUI;ng Ihe IIbo\'" ,·.h.es in 
.... ,"'uionl. (3 and (- I) , 

5 EXPERIMENTER 

( ("II ) ' If. - {(, I ... 1)33.:1 

.. (2311.11 ( UlIlh l 

- ~ 12.3 ol"IIiI 

\ . = (611.0 1 (I + ";~\~J) (I + 6~IO~6) 
_ (60.0) ( 1.0 III I) 

- 61.1 ohm. 

Z . - 2 12.3 + j(,1.1 

In Ih iil ,'lIr licul (lr ,' Yo,'. IIq;:I<'t:1 of Ihe leod 
c"I,,,ci t ollcC'" ""list>! 'III t'rror of ICI'~ Ihrlll 2 \ < in 
IIr,: elilculllIioll 0)( .. iliH'r rnnrl'onent. 

The abo ... 1",MYtlur .. m a> ~III rllll,,:r 
lc"gtl ." Itut ;t ol.ollM b., horn., in ",i,,,1 Ihul, 
Oll"f' a mcu"urf'II,ent hll~ loecl1 m a.le. a .Mitional 
III .. a"ur"" WfIl .. 1<1 ~ I I,tI , Ihe .. rree t or ",inor 
111I1(·nn :l. adj ,,_tnte"t.t;. nr of l'I"III ~L~ ;n 'rf' . 
' I' ... nc~. r"n he m utl,· ' I"i l" UI I, i,II ) , 

THE PARALLEL CAPACITOR 
METHOD 

WIJcll tbc scric!! resis tance Qf till;) au­
It lllla exceeds 3 11 ohms, the parallel 
capacitor method should be trict!. The 
technique of lrus type of measurement 
is quite similar to that for tbe series 
substitution method. already de&Cribed . 
The computations. ho\\ever, are some­
wha t more in voi ved hcca usc of the trans· 
formatioo £rom parallel 10 !!Cries com· 
ponents tbat is requireJ . 

Tbe parallel cupal'itor Illc thotl consis ts 
esseutially of connec l in g. in parallel \\ itl! 
the Ullkuo\\ 1l illlpcduu<'C. u capacitance 
of suel. magnit ude that the impedance 
of thc (.'Ornhin atiOll lies wi thin the range 
of the briJ ge, Collnections are sllo,.n 
sclu:ma Licall ) in Figure t The initial 
balancc is mat!e \\ ilh the parallel capaci-

~' l flURK 4-. C"m"'cl;,,,,! f"r the ,H'Tli llci -caPllei to)r 
,,,e lhotl .. f II1 C~'II"rcmc" l" 

~----~~ ~-----
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GENERAL RADIO 6 

tor OOllllCCl C\1 to the bri(lgt'. \\i Lil the 
Icad ('onnectcJ 10 the bridge but t1i;ocoll' 

nCClcll at the antenn a enll , allil \Ii lh the 
ItESISTA NeE ,Iccades set to .. .ero. 'rhe 
IC1HI itl Illell connecl.ed to the 111111 ' 111111 , 

und thl' hrid ge is rcbal ll lH,:C'1. The fol­
IU\\ ;II I) "lpHltions gi\l~ the scric.~ rC8;SL. 
il li te nUll ff'actance of tile antenna: 

u~ = 

Xu ::II: 

u~ 

(",el f Kl + (I ~ C1)' 
w G'Cl 

n., - - -. 1 (1 ",c';,---;:c",.,) 
• wC2 W C.C2 

or:, II.' + (1 C, C')' 
- W C1c..! 

(5) 

(6) 

" llcrt' c. is the rcaJillg of the C'\ · 
I' \ C IT \ \ CE dial for t he initial bal· 
rlm:c, lind Cz ami R2 arc tllu C \Pl\ C I. 
TA1\CE and RES IST \ .I\CE t;C lling for 
the i;CcolJIl balance . The fact Ihal Ihe 
SII IlIC l('flllS II PI"-ar ill "0111 cxpl'1!!\;oions 

si lllplifies t he ealc:ula t ioll i! . 

CHOICE OF PARALLEL 
CAPACITOR 

'1'1 ... IWII I lalue of parallel ,-upu"i tan, :c 
,1"11('111110\ on I he IIlIISIIit title of tJu.' an t,Cllna 
inlj.oc.ltlll{~· and l:an tilll" lie delermined 
ou l) h) Iri al. In genera l, tl H..' IJes t \' alue 
to IISC i" the smalles t .:opa6111111·e "ilh 
Ilhi..J'1I II nlll C:\P \ C IT\ f\CE halllnt'C 
t·a ll 1)(· obl .. ine, 1. Ol'easiull ali) , ho"e\cr, 

illlJa) l.oc dcsirabl(· 10 liSt" a large r \ alue. 
10 permil Ihe HESISTANCE eonlrols 
to be 1,lIlall l'eJ \Iilhoul thl" use of u :· 
terual SE HIES IlESISTOHS. I'rohabl ) 
Ihe III~ I rapid WII) 10 ,h-Il'rmine the 
proper va hw uf CI' is to make a IIrs t 
Irial halanoo usil' S 111(' 500 jJ.jJ. f paralll·1 
,·a pacil or. alld "'lIv in g the SEIlII':S 
IlESISTon lertl,inals s hQrl -(:i r.::uile.l. 
If the change in (·u l'lal·iI8m.'c is 8111all, II 

s.maller ,' alue of "III'IICilllllce should Ioe 
tried; if the resis tance component of hal· 
unec ('lI nno t be o btained "ilh the in· 
ternal rcsis talloo det·lItles, lin c"le rnal 
series resistor sho\ll(1 be added, or II 

larger I' aille of parallel cli pacit8n('e triel!. 
1 f it is illljlOSSiblc to (lbwill a bli lunct· 
using the larges t uVlliinble cnpncilol' 
( to()() jJ.jJ.f) an<l II ... largcll t pcrrni~si" le 
exl crlllli I'I!Si~ I Or (200 ohllls), the usc uf 
olle of the ot ller IIlel llOl.is is intli t.;lI l,e,1. 

LE AO CORRECTIONS 

l'nlike lhe series ca l)DcilOr 111('111011 , 
the parall(·l ea pacitor me thod ) ields tlw 
mOSI slI tisfllc tory rl'sul 18 "ben the au, ;I· 
iar) clIplleiliJr i ~ c:Ollllccted directl) til 

the UNKNOWN termin a ls of the 
bl'idge. The Jelltl to lhe IInteuua termi . 
nul l! 8- houltl be II'ft. conncc led at the 
I,rid ge. lind IIII! initial ba llllll"c Ina.le \1 itt, 
tbis lead disc.:onncc tcd a t the nnlt' lIn n 
terminal. The leuJ capacitance Ih us n:. 
mains alII 8) 8 in rmra llel "ith tile a ux ili · 
ar) capacit ance, is lIIeaiiu re l l a,. I'al't of 
it. lIntl iULrotlm'cs no errur inIH Ihe 

Fn, lllK 5. I )i"gr~1l1 ., ( "'''IJII'CliunB (,,~ II,,, I w" "",~,slJr" "'~nL;; , 0 dctcrt" i"c II,c Icltd jmtllcl;"'(.'e U. 
Proc.·,I" .. · ami t 'a l clJl ;, ( io,,~ un' o"IJiut .1 jll tl, e leu. 

UNt(NOWN 

c, 
• 
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IIICll""r"I!'I'1I1 of Ihe anlt'1II11' impe,llllI('t". 
Tit,· It'lltl imillct(lll(:e. hO\IC"·f . is ill, 

('11111.·<1 ill Ih(' "alt-lIlalefl '1Ilue of all. 

'{,I1IH1 r('lU'tant'C. The trlle \alue ,,( X" i,. 
tll'l,·rmint·t l ~i lllpl } h) s uhtrllt:lillg the 

IClul fl·llt· lallt ·t' from Ihe va lue g ilcn II} 
EqU!llinli (6). 

'1'1", I('ud induclollce (L ,) cun be 
"'I' II i'l lireolu s I'ho\11I in the tllO flingnulis 
Hf Figure 5. IJlllallf'(! Ihe bri.l gc \1;11, 

th., 101M) ~~ ( cllplIl'ilOr OOllllcc lc fl to 

II ... I ,N"J\I)WN lermilHll8. and \I illl 
til{' I('all 10 lilt' lllllt"1113 in pla<.'e, htll dis. 

"Hl illcded al Ihe alltenna terlllinais. He . 
III"H' II", 1000 ~~f t·apacilor. 001111(,(" il 
10 grollllfl 111. Ihe for e nd o f the 1('11(/ in 

~l ... h a n lllllner thai the P08; 1;0 1l of Ihe 
1('1111 rl.'lIIllins unc hanged , IIIifI reb1l11111("C 

tlit' J,rifl l,'t . If Ihe firs t 1111, 1 scI'oml C \ . 
I ' ·\ CIT \NeE n·lItl;u:, .... arc tl"lIol('o\ Ii) 
C' lIud C", rt·s IJI·Cli\cl). the illdlH'li,c 
r('actllntC of Ille leat! is gile n h) 

JC"-C' 
(i ) 

NUMHICAl EXAMPlE 

Th,· roll.)" ;nl; p.ocedure "nil ,1"'11 3." "'1" '" 
~ .. "Ia l; "'~ ~.f rnCII@U'",,"CilUi of An a ,,' ~""" h"". 
inl! ~ r(1<i 41""e,' jI:." .. t .. r Ihan 3 t I 01"'"1. II I a 
fr''fI'' .. .. 4·y nf:!UOO kilocydell. 

tty folln"in!!; Ihn "e" .. rll l"foc...:l"r, ... "tli .... ,1 
i" 41 .. I~il ;n Il,r n""",.;",,1 uampJ.: for tI!4'/I<:r;0"3 
"1I1,,,,·i"\4" ",('thud. 300 I'/J. f wa5 del~lI1i"l~1 tn 
I", • ~u" :I I.l r ,aln(' of parlln;'1 e:. " .citpnto;. 

( I ) '1'1", iui,iall,aI3IJce "'B~ COI t ll lili,.J.rd w' lh 
."H) /J.l' f 1 ,1"~j:t!'<.1 ;nln .he unk"o • .-.. t .. rmin~l ... 
and .. ·;tll Ih .. I .. ad to the: anle""11 ;n t,l~c" I.u l 
d;,;Njnnf"1!I",1 at Ih" ~nte'UlB ..... 1. '1'1,.. 1'0\\ Ell 
F\C'rOn ami BF.:S ISTA.:\CE CQ"trol~ "to.e: 
~N al >:('1"". und Ihr b"lancr ol,ta'""d hy . ,lj".I. 
nu'U' nf Ih,. C.\P\ t;IT ,\~CE ,lial8 a",1 Ihe 
PO\\ Ell t'\C1'OH \UJ UST kllolo. The hal. 
~ , IO''' {)('I·un r .1 "; Ih Ihe larl;'~ ( :,.\ 1',\ C I'I',\ "\ C I~ 
dinl ~n t ~ I JO() I'J' f. 0 ... 1 th~ ",,~ili"n ,Iial ~d !I t 
+~UI ""f. . 

(:!) \\ ith .h(' te .. t! 4'onrltt t("d In Ih,' rm.mn" 
110 .. IH''' I_.,ion.or Ih .. Ill"." H,,, I Ru..:iliu.) ,li~l • 
.. ,. •• ·:> 10 aou l 3.2 ""f . rP ,>t't:I '>(,I}. ,,1,,1 .. III" 
~ .. tli<l,L! hr the In:.s IST.\:'-o CE tlN'ad"" .. a~ 
fou"d 10 I", '18.:> ohm ... 

(J ) Th ... 1" la and .... Ienlatio". "rre ... folto" ~: 

(.'1 - JOO + 8.8 - JOO.8 I'l' f 

.., _ !!rf _ fi.:!H X !! X Ill' 
_ 1!! • .i(, X Itl 

7 EXPERIMENTER 

fl , _ 418.5 vi",," 
H,' _ 'I,7UII 

.'i"I",li t"'in~ in E'I',ut;o". (51 ~ ,,,I (I') 
It 9f1.S X (.r..folMI . 

• - Y.7UO + 111.160 .. 331 ',I",,~ 

' \ 4 _ 258 X 9.i~jlO_ - ~57,X"j(III.~ 
' ,1 (11) + I J. 10 

- - fln.o ohm. (""I'"c;t;",,) 
Z. _ 331 - jfl().tI (,I,,,,~ 

( 0 Tho;- i ... J",,'i,'~ ....... ho("· "f tI,.,. ),.,," " .as 
'/""""''''n('<1 I. , Ih.., " ... ,1'(>01 ""II;J>t~1 'UloI ... 
I. F:.\U Con la:cI'lO'\s "I.".·. Th .. C.\ . 
I' \(;1"1'\ "C .. ~ t.,. .. tli"$;11 C ..... 1 C" "e." 510 + 
1.2 I' .. f anti 510 - I .~ I'l' f. From 1~'I""lion (1) 

\ IC"-C' 
J.," '" C" C' 

53 .... H 51 1.:! 
1:!.~,'""XTi"i"x :;:IS.H X 5 11.2 X w-u 

+ 7.150h tttil 

Tlw""'.,'(·, .. ,1 • "tue of 8nlo'una r"~"ll\nce ill 
Ih"", 

\ ... - 00.0 - 7. 1; .. - H1..!! oh", .. 
Z. _ 331 - j87.':! "lut1~ 

I" Ihis .. " .... ".·~ I,~' I ,,( II ... I' ·A.I r,·;Ot'lan,·.,. 
"unl.1 I,,,, ....... uh,~1 in .,,' ,'r""r ')( " c"rt. 10' (. 
in tl .... ·"leulat .. ,! ~ttl,· .. ua t,·"elune.·. . 

""1; 111 " 6. F". II ... '''~'lI~;nn,,1 ""·p.", .. ,, ... ,,1 "I,,·r •. 
, .... 1101'( .tllu ~,i, ... ""p .. "i l", '."'. J,a."II.·, c"[,peito,, 
"'dhml 's fiu .,M"CI" ••. "c .. ",I"""h ')Jl of Ihe I" ... """ 

I ... "~l·il U8 fho" " I"'.e. 

UNKNOWN 
C, 

Co 
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GENERAL RADIO 8 

SERIES AND PARAllEL 

CAPACITOR METHOD 

The melllOlls dcscrihcd ahO\'1' g"I!­

erally suffice tn nl('a~lIrc unlt'nna im . 
pedance 0\ Cf the flmgc;; nornl allr mel 
ill practi<.:c, but occasionally l'x trcmc 

values of reat.- laoce, or certain I'ombinll' 
tions of resistance and reactance, an.) 
CII C"o lHllcrcd that do nOI pennil a lJal. 
ance with either a s;' l'ics or a parallel 
capacitor alone. in such cases lhe usc of 
both series ami pnrallcl capacitors, as 

5110\\11 in Figw'c 6, u';;ll(1l1) 1.II'flllits a 

IIIC8!;l llfCmcnt to be IIwdc. 

USE OF CHARTS 

\\/hcl1 lIpprO\imH1 C rCliulls ar.:' ,Ic"ifnl. 
it is \'on vc uicnl 10 IISC a ,-hal'l 10,lel"r· 

. 1 C2 - C1 
nlLIlC Lhl: (I'lanllh - . Copies of 

. w C1C2 

Ihis chart can be obta ined from the 
CCllcral Radio Company. Another COIl­

I'cnicnt chart is a log-log plol oC rcae· 
Lance vs. ca pacita nce for somc nomiuu! 
frequency such us Il1lcgacyclc. Convcr­
sion to other freque ncies CUll be made by 
dividing the 1-:Uc rcactance br the 
fl-equcncy in mcgacycles. 

SERVICE AND MAINTENANCE NOTES 

CORRECTIONS 

• ADDITIONAL ERRORS AS LISTED BELOW ha ve been discMered ill 
lhe firSl prinling of Service and i\lainl.cnance No tes. Plcase check )our copies and 
make corrections as Ilceessary_ 
'l)-pe 544·8 Megohm Bridge 

Page 3: Paragraph 7.1, read 6KGG for 6KSC: parllgraph 7.2. read (i.15"": fnr 
6VSG. 

Page I: Paragraph 9.1, read 10.0 al11111.0 for 3.0 al,,1 1.0; paragraph 11.1 . ft'n.! 
10.3 for 1.0. 

THE General Radio EXPERIME:NTER is ",uiled without charge eac/I 
month to engineer., .cientist.s, t.ec/t'liciollS, and others itlt.eres!.ed i'l 

rommunication-frequenc:y measureme,,'. and cont.rol proble ms. ,Fi,e" 
sending relluests for subscri.ption.s and lIddress-clwuge noti ces, pIetlse 
s llpply tile follOl"irtg information: name, company nome, company lId­
,lretts. type of business company is engaged in, lind Litle or posiLi011 oj 
indi.t;idual. 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, lOS ANGELES, CALIFORNIA 

.;.,::.-
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