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NOTl~s 0," C .,IIK ANI) 

" 1 U"'-T E' ,,,.... OF 
VAf<I ,I CS 6 

a knoVlIl relation bCI" ccn 

A NEW NULL INSTRUMENT FOR 
MEASURING HIGH· FREQUENCY 

IMPEOANCE 
• THE 0 E S I G N of iml:H:dan(:e-measuring 
t'<{uipmclll, in general, in volves t.\O funda­
mental choices, namely. the se lection of an 
impedance s tandanl , or sta ndards, for com­
parison \'l i th the unknown im l)t'dance , and 
the selec tion of a method for iudicHlin g when 

them is es tablished . 
It has bec li common cxpcricJl(,c that null met hods of comparison 

)icld lhe hi ghes t prc t" i;<. ion of SC I lin g. 1\1 cOltimelTiat l ilifl uu, lio fre­
quencies. I. here there is rela tively lillie diffieu lly in obtaining mlCfluate 
illlpCll anl'c s tandards. brid ge me thods have there fore fou llIl al most 

FIGLIIE I. Vic" of the Tn·s 821.'\ T "i".'I' l"'l ... ·d ",,ce . I\ I.·" ~uring Ci"'uit wilh 
cm'er remo'·cd. The niq,ln" ... lugg"fFc I ypc Hf ca"'-C i ~ provided with II C~l rrri"g handle 
alHl I)", in~lrlllllent is easily 1 ....... 1"1,1,,. Con" .. ,c!ing cal,I ..... "nd instruc! i"" book are 

"""III1 .. d i" Ihe ,·","er. 
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10' ,\., K~ 2. II D~ic fire"" diagram or '1\.i".'I' 
iOlI".,I;"'''''' '''''lIsuring eircuil. I A_~ ;1, IIII' ,,,". 
JUI: eo.i!. f •• nre ro·l're-.c",~ .. 1 b~ II,,, ...-.,,,Iuclllncc. 

G/.. ''I ~i ll1l.lirr the b .. llI"f'1!': t'(1'Hlli"rI ~. 

lI11 jH' r l'lIl acn~pla!l(-e. '\ s the rn'II!lI"1('~ 
j " rIIi". 'f!. hOIH"er. residu .. l pllrltrn" "'fs 
in lilt' iml'(·.\uncc s tllll(l ar!ll; a mi ill 1Iu­
\\ iri ll!; ('II Ul'(' 1I10re a nd III f.ro - k r iou" 
(l(" p tll' t un'lS fro m ;,lca li:r.c, 1 he llu, ior. 

ami, III nu lio frcqm"lt'i('" , i l is gt' ncrull) 
fOllnd tiull briflgcs .I t"sip.('d for 1/)\\· 
rrt'(ltlcn("~ OIJl'ralioll bcnmll' "'" ina(', 
"lIrOlc as III I,.. lliOClc"s. 

Through "ropt-.. choic~' of illl l.M·d:IIlL~ 
i1-Huu lards 111111 im prolc lHc li l in l' ir('uil 
,',J\lf'igUnt l ious. t he upper frt' '1 ut'IIl') lim it 
fllr ,lI'ellral£' bridge 1II.'u;;u rc I1ICll lt- has. 
in r ("{'/'n l }eurs, hee n prngn 'ill' i \ ,' I) ill ­
I T{'a~'II, Tllis prlll'e"s of re fine lll{' ll l. 110\'­

C\I'r, reli l ri('l;; more a nd more ~lIercl~ 

Ihe dlOi l.'" of hridge l' irf' u itg Ilm l ca n be 
u"':' ti alHl lhcrd)~ li m its Ihl' t 'OI1\c l1 iclh~ 
IIml ulllll'lahili l} Iha l Cllll i.lt' uL luiut'IL 

\no l hl':r approach 10 Iltt' prubleTII of 
OlJllIillill~ suila ble lIu ll IIwllll)lll' al h igh 
frl" llIc lwit'B tan be ma(le b} llc\ ''''i ng e n­
tirel) ,lilTf'n' n l t}pes nf l'in' lI i ls ra liwr 
Ihan h~ rdining ('Xi6 Iiug: I, ri .l gc cirell i ts, 
T Ilt' IIt'l\ para llel:r eircu i l ~,l fo r III!<III IWC, 
Iln' ;:I'lwrnll) llliupt a hil' for Ihill iiNI i('c , 
alHi 111f' '1' \ I'E 821- \ 'I'll ill -'I' 1111 1'('11111 11'(" 
\ \clltluring: Circui l . ,Ieilt'ribeti ill Ihis 
arlit'll'. u...:: .. one Iha l ha,. llCcn found par· 

til'ulurl) !lu l i sru"lur~,~ 

' ' ' , ;-:-,. .. ,,100. "II.;,I~...J_" .nol 1' .... 110-1·" ""IL C .. "OO'. 
~" \1 .... ,,"" ....... '. Of a ....... . · .... 1,"' .. 010 .... I·""', I ICY .. 
\ ,~. 28, I'P. n·t\I. h"~ • • r. 1910, 

II II . "",<I.;,. " Tho 1' .. , ,,." . \ ,~" 1'H'" .. f \"IL 
",_'''" .... ,, ' f ..... 11 ••• II.in\ I",,,.,...,,."., •• "" ............ "I' t" 
, .. \I~ ••• ·'""'":· I',,,,,. l. l.~_ \01. 28. 1'1'. ~1t).3IR. J1I11. 
IQIO. 

GENERAl RADIO 1 

THEORY OF OPERATION 

T he hal' i..: "in 'lIi t u~ll is illus tra led in """" 

Figure 2, 
Balanre i!< uhl ui uCl1 It hen the tra nsfer 

illl [JC.lalll·,·,;J o f th o; 1\,1) purliliei T ,·ir· 
c lI il;:' (I b (: l liUI tI , / , . arc mutlc equal 
li nd o l'l'osill" . For litis comliliou die bul · 
UJU 'c cquul i,m8 I ... ·cllllle: 

G _ /I 'C'C" (I + Co) ~ 
I. W e'" o ( I) 

C" + C'C" (~, + ~" + C~ ',) -

I 
- ~ 0 (2) 
w~L 

If lite l'; rcuil is iniliall) Lalanced to II 
lI ulland thell rc hll lull l'(' (i by means o f 11 ... 
CO,, ( I(' ll 51..· I·~. Co 1I 11l1 eN. "lie n a n till' 

kno .... , lI dmi lla m·c. } i = C.& + j8~, is 
('onncctl'd to tlw tt' rmina ls markell 

t N KNO \\ l\ in Figure 2, Ihe unk!!o" II 

oollll uc li \·c and sUl"f"Cpl i\l' compo nent!! ~ 
can be found from 

HW~C'C" 
Gi = C'" (C(;~ - Ge l) ( la ) 

Hr = W(C/lI - C/l~) (2a) 

ill " hidl em and G ill rc prciiCnt ca paci. 
tance I-a llies rur initia l balanec , ami 
e m a nol G il! "3 1)8('il ll Il00 \' ailies for fina l 
LlIlam:e. 

ADVANTAGES OF CIRCUIT 

U8I'(\ in Ihi il \I' !I ~ • Ihe (·in·uil is sccn to 
I'rol. jllt'll I'u n tlld .!jllhillitillio ll rneIl8U!"f' · 

mcnl o f the 1llll-nOwII adlnillancc. ,,; 1'1 

the ,'oIllI IWI; IC COllllJoO llcnt pro r.orliona! 
to Ihe int'rt' lI1 l'n lltl \'a ll ll' or unc variable 
air rOIHII' II J;C r a nd Ihe i:l u5Cl' pti \'e (,,'0 111 ' 
IXlLlcnl pro porl ional to 11m ilw n;:mc nla l 
I'al ue of a no lher air eondcn~r . Sinl.'t' 
('ad I bul;lII l."(' is illllc lJC IUlclit of Ihe ~ 
o lher , Ihe ci rClIi l is Iidl fi ll ed for use in 
~ ., ,I", ,.,~, o f ,I", "'1'''' ",h.le '0 ,toe "'''1'''' 
em""'" "I",,, "" "''' '1''' ' ..... ,;".I •• r< .I~ ... I-<:jn:,, ; ,cd . 
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a direct.reading instrument for measur­
ing allmiLlancc. 

Two feature" of the circuit thal lIIake 
i t particu larl" useful for Illl'asufl' lllcnl.s 
al radio frC( lliellcies arc: 

I. There is a common groHud poi nt 
for onc side of till: ge nerator, one side of 
the de lce tor, 0 111' s ide of lile condllcli\'l~­

balanc(' condenscr, Ca, one si.le uf the 
s u,;ccpli\'!'-bulunce eonricn!OCr, CII , 11114.1 
olle side of Ihl' 11111-11010'11 admiLlancc . } r ' 

N ot onl) tlOt,S the 1::0111111011 groll nd eliJII· 
inate the need for Ihe shit' l.led I.ra ns· 
former requiret l in bridge ci rellits, bUl it 
renders innOCIlOus lII allY uf the resi ttual 
circ uit capa(' i laIlCl"s, as CUll bc secn frolll 
Figurc 2. Ca pacitanccs frolll l}Oinl s a 
a llli C 10 ground , for inslancc . flill across 
the g('neralor a nd de tecl.or II here lhe) 
('au i5C no error. Capacilanccs from 
ItOiuts b a nJ II to groun.t fall acro.~S Ihc 
susL~ptance·halallce condcn6l' r, CII, anti 
the cond uct1U1<.'C· balancc condenser. CG • 

When substi ll ll.ioll IlIeUSUrI' IJI{'nts are 
Inatle in terms of c1tl'acillilice incn" 
menl s they ('ancel out. 

2, 'I'll(' lfontiuetil'C cOlllj"lOnent is tHcas­
urell in lerms of a fi xt' tl resis tor a nd It 

variable condc nscr. This comhination, 
provi,ling the equivalent of a con ti n uo 
ously varia blc r('!'islance slanciard, has 

F";lIllt! 3, Vicw of ~uscCJ.t· 
nne .. . :o u,knilf:r {.'Jj ~ I,o"· 
;ug the 1"0 nlu",;nu", 
1,I""ks u~etl to fc~.J front 
the sta lor to llo r ;ul,'rnul 
circuit anu 10 the pund 
lerminul. lind I.rll l>l! di ~~'I! 
grounding the rotor to Ih" 
franit' Ihron;;h l"w.;n(Io ... · 

lane,' hrn~hc~. 

3 EXPERIMENTER 

heen found nll'f'I, frc(' r from residual pll ' 
ralllClers Ih:1II an~ I'nriahlt' r{'si!'\or Yt' l 
tlcv isetl. 

The/!t! III 0 fealilres, ill 111('IIl!<C1 I eo;. 
e ilher lIlinimi)'.!' or cli minate (.'cr lain un· 

lIanletl resitlllHl p1lranwlers. ' l'llt: gent'rlll 
ci rcuit arrangement , in addilion , ili;:­
po;;cs of others. CU l'ueitaucl' ht'l,I\{'CIi 

l)Oint.'1 (I and II of Figure 2. for inSIlUlCt' . 
fall s III·rn,.;£! conde ll St! r C', capaeilallce 
he lll'cen points Ii and c fall s atTo;,s COII ­
,ICnStlr C", anti callac ilanCf" l!I'tllccn 
points (/ alld d fall s at ' ros~ comlcns.'r 
C"'. These r!'sidual ea pacitllllt 'CS nUl all 
he illc!lIIlcd a s parls of the \ arious t'ap'lt'· 
italH:es lisle(1 and laJ...ell inlo al't'Olllll III 
tile ins trUlllenl !!a lillr .. tiOIl. 

DESCRIPTION OF INSTRUMENT 

Figllre 4 is a panel view of Ihl' '1', I'E 

82 1.'\ 'I'll ill-'I' IlIIl'ed'lllce. \lclIs llring 
Cirelli!. 1'111' ~o"lrols , Sllln\ll III Ihc 
pholograph. arc : 

I. A precisiuII·t)pC \Uri1lble air con­
(Icnscr u;;cd lo measure gll""!' !,li"(l 1'0111-

pOllcnl;< alld having a Ilial dirc(·tiy ,·ul. 
ihralc,1 frolll 100 to 1100 J,lJ,I f. 

2. <\11 uusiliary ('ollden;;cr. I:onsisl ing 
o f a hllnk of fi ,\e,1 ('o nll"lIsc r,~ ('onlroll".1 
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GENERAl RADIO 4 

b) push buuons and u small varia ble 
('ondenser, in IJllrullci with lhe SlIscc pl­
UII CC condenscr, used 10 es tablish the 
in itial susceptance balalwe aLan) ('ho5C1! 
se ttin g of the suscc plullcc condf' llS4.: r . 

3. 1\ 1;0il s \\i lCIl , marl.ef l \\ ith the fre­
(Iucne) range co\ crcd b) each lUlling eoil. 

I. .\ \ aria hlc air conde nser lISt',1 to 
measure eonduc t ive , 'oIllIJOIH'Jlt S IIn(1 
havi n g: L\\O 5('u le8, Olle rloadi ng frfll ll 0 \(1 

1.00 ",mhos alill one reading fro lll 0 to ",00 
J.j llllio!l. 

5. A l-rlOs itio ll 5 11 ill'l! IIScII t.u I's tah­
lish a .... a lc all the "ondliClan('e dial from 
o to 100 ",mhos a t I \It:. from 0 10 :~on 

;,I mhos at :\ Me. frOIll 0 to 1000 ",mhoil al 
10 \1(', anll from () 10 3000 J.l lllims al 30 
\1(', At olher than the .... · di ':;(: rCI(' frl" 
q ucncics. the .Iia! I'clilli ng mus t be lIIul . 
tiplied by the squa.'C of tIll" ratio of the 
freq ue ncy lIscd to lhe lIom ilHll fre(lucne}, 
ilHlica tcd b) tht, I-position s l,it ch . 

6, '1' \10 f; lllall varia hIe cOll llcll l'oCrl!_ i ll 

I,arallcl "i tit the coruluc lance ,'o l1( lc nscr. 
lI8t!d as ('OUrSI' Ulid (jne controls to cSla b­
lish llll' initial cOllllue\;lI1('e bal ance a l 
zero se ll ing of Ihe ,'ollcludancc ,'on­
,Ienser, 

APPLICATION OF INSTRUMENT 
Gn:a tes l l'onven ie ncc is o bl ai nl,.1 I,il l! 

tile 'I' " in-'I' in the measure mcn t uf ad- ~ 
lII ill anccs ha ,' in g re latil'cl r I' lII ali con­
ductive couq.lOncn ls since, for IlleS(" 
IIIcaSIII'C lllc nl s, thc instl'ulllcu l is dire!'! 
rca ,lin:.::, B} th" 11;;(; o f ~!rics fi).cd eOIl ­
dc nsc.'s. Ilmlt'Vcr, urlilliitalll'('s Ilal·ing 
re lative ly Inrge ('OtHlu(' tancc ' cOtn llOllcn LS 
('u n also Uc measure,\. 

III Ill!' firs t duss. na mcl}, a(hniUllllces 
Imving slIIall comludi vt! ('Ol11llOnen ls. 

full ' ·ou,IClIsc rs. coils. ,Ii ,- Iec lrie samples, 
pa rullcl- lu ne ,1 cirCll i ts. hi gh-rcsis lant.'(' 

Ullil l'. lind u ll le llllas a lHl IIn lcrl1linu le ,1 
Irall;<lIIi86iu l1 lin,';< ncar hal f-\Iall' rc;<­

onlll lCC, In Illc sc('ond "las!'. namel), ad­
rnillanel'S hal' in g largt! .'onlll l(' li 'l' ('I UII ­

pUllc lIl;;. fall ;;c rit" ,.-llI lIc ll "irc uilS. ter­

nlinat('d l.ra ns mi8"ion linc" alHlmal l' ll ill g 
sect ions, ulld IIllt,cnnn5 lind un termi natell 
tnlllsmisl' ion lint'S near '1l1 a rt ~ r·lqll·" 

r C50IHlIICC. Sume t } pica l IIlCU8urClllt'nt" 

OIl a f('I' of thesc ,lcl'i,·cs " ill ~' I"\'e 10 /""\ 

indicll lC tile I!'c nen.1 I('(' hniquc of mcal! · 

"rc llIelll . 

I. \ lca8I1rt'lIlt'nl of a ,')00 !-I!-If eon· 
,1" l1scr a l 10 1\"', 

Sc i l1.e l'rlOSilio1l Sll it c ll at, JO \Ie all.l 

II ... ,'oil 511 il, '11 011 Lh .. IO ,n :W .1l 1\ ", 

I-'It;UU; I. Pall ... 1 ,·ie .. uf 
c,,, ,cri me n' al model of 
'1' .. in· T imp c d a n ce_ 
" "'a'lllrin l!: ,.j~lliL '\1 t h~ 
Id' uf Ih~ l,a' '''1 IITt' Ihe 
6u gec l"""cc cO!lolcn 8e r 
(C!\ I'}\ C ITA (oo/C E iJ."J ) 
und th., au_~ iIi"rl ."ning 
co nd(' '' ~eT ,\ U \ , 
T L, N I I\G C \1' , ), AI Ihe 
righl ,)r,' lI ,e '~IlHhlC ' · 
am:.' ('Untlo'n>:cr (<..:01\· 
Dl Cl' ,\ ;\CE I-' ", Iou ). and 
.he 1.~ , n,lIc1 Iri"' '''cr eo,, · 
( I en~"r @ ( l\t 'l' I AI. 
IJA L ,\ NC I~ ) . Thc reln .. in_ 
in;:: con ln,l " ( FHEIJ, 
H.AI\t: E) are ilw .-ni l 
~wilch. a t Ih" Idl, and 
. 1,,· e,)nd, ,,'loncc ru"ge 

~"ilch. " , II,.. righl. 
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range. Se l IIi(' SIIStt pLa nl,(' condl' lI.-cr al 
.. Ollie high value , ~Ily 1000.0 ~~f. Illld the 
I'()nduc tance condense r al 1.cro, By \'ar},­
illg the auxiliary condensers ill parallc l 
wi lh the su"ox pt a llce and t.'OlIdue la nec 
eontle llscr~. adj u;;. !. 10 an inili:.1 hlliantt. 

Connec l Ihe Ct)nrlenscr 10 be nll'a~· 
urNI uero,:;;;; the UNKNO\\ N 1('l"lIIi nul ;; 

allilo "illl Ihe sUllcqltan<;j' IUl!1 COIl!llIel­
lUll'" condenS4,' rs. udjll~ 1 to a final bal ­
anl,('. lei the 1\ lI lilOCpl alll't' ('ondt' lIscr 
!it! II in:; be 112. I p.p. f all,1 Illc Cfll l flu{' tml('e 

eondl'll l;Cr &C Lling: 1)(.' 80 p.11I110. 

Th{,11 Ihe III1"no" n parallel cllpllt'i-
11I1I{'t'. C", alllll"Jlltiuc lancc. GI' arc: 

C. :::: 1000.0 - 112. I = 55i.6 ~p.f 
G~ :::: 80 ~ lIIhQ 

If il iii tlt' s ;re!1 10 (::..prl·!';; 11.e COII ­
,Iell>-<"r lo;;s III If'rllli' of d ;;;;;i pa li l! lI 
fac lor. V. : 

C, 
I)r - we, 

80 X 10 " X Loo 
:C---C"C""C-':':::-::";-":':"-7.,, :.: 0,23 ( ,. 
2 .. X 107 X 5ai.6 x 10 

2. \lea;;urell1ent.of 1 p.h e(lilllt 15 \I e. 
& 1 Ihe .-l'pu~ilitln II llilch Itt 30 i\l c ulld 

I hi' I'oil ;;\\ ill'll !In Ihe :W.O Fi.O \I e 
rangl' . Sc I tht· ilu&. .. · I.'tanl't' l'ond(' I1';" r al 

:<01111' 101' ,ulue. !!U~ 100.0 p.~ r. :1I1l1 Ihe 
('ollliIW lane(' liil11 a l 1.cro. ESluhlish 1111' 
illil;ul hal am .. ' a.s ,1l'lleribf'f1 ill Ih~ "rl" 
I· iou:< ,. ~a lJll'l l'. 

Connec t Ih .. ('t)i llu lit' II1l'a,.ured aero;;s 
II If' L i\" \'0\\ '\ Irrmina ls und " sla bli",h 
II ... fina l balam .. • ail befort'. Le i Ihe sn,,­
('ep lanct' eomlel1~ r sc ttin g l)t· 139.8 p.~f 
und Ill(' comille iliun' r'ol1,lcnill: r IiC llill ~ 

lit· 90 p. rnho. 
Then 11ll' lIul..nU\\ T1 !;;US(·(' I'l a Tl l ... •• 8 zo 

amil"OI"luc(:lIIl"e, Cr. a rc: 

H, = 2lf X 2::; X 10°(100.0 - \:\9.8) X 
10 I! X Ji)'l '"" - 6250 p. l1Ihn 

('-)' (;1 .. Q() X ;~ = 62.5 p.mho 

5 EXPERIMENTER 

The uIII..'I!J\ln paralle l tUll,ll' IIIIU'!', L z• 

and s iorage fu(·wr . Q •. ca ll easi l~ be 
found 10 I~': 

1(1' 
X Ji)6 X 6250 X jlJ-tI 

'"' 1.02 p. 1I 

Q .0: 62';0 = 100 
L 62.5 

:1 . \leusul'e lllcll l or mult' hed 72'011111 
('oa~ijll lille a l H30 " ... 

5/' 1 Ihe 1-I:lO;;i l ion ;;\l ilch at I \Ie ami 
Ihe ('oil 1;\,, ;l l'h 011 the 620-8::;0 I.. c ra nge. 
Estahlish an ini lial Lalull('(' wi lh Ih(, 

(·IIIHlud llnt,:'· "oIHI"1\1iC1' sc i nl z!'rfl UlIII 

tilt' SIIi'e(' ptun.·;· ,·1,11.1 .. I15('r al ~Oll1e \alll(' 
1I,' llr mid ·s('ale. Conlled 11ll' i1l11~' ,lant,:e 

10 he meas ure.1 Iu Ihe L i\" '\0\\ N ler· 
lI1im";; \li lh a li tuall ··pO",lu1!I' .~ I :III1P" 

1 ~ 11t · fi:..cd "OIHlcnsc r in 81' l'i, '8 \\ith the 
ungrolilldc1llt'lill. Ch!ln~I ' thi~ ..c ries ,'011· 
de ll ..... r 10 filld 1111' large:.1 \lllue for 
\\hi"h a Imlalll'l'un Ihe ,'ont!u1'laul'e dial 
('a ll Ix' o blai'1<·d. Sa) th is j", 1:i0 ~p. f. 

110minal,al llt·. 

U::"'c Ihe I!rolilld Il'nninal o f Ihe un­
I..U()\,11 illll'l', lan,·(' l',l llne('lell III IllC 

grolllHIt' 11 L' \"t\. '\()\\ '\ Ic r1l11nll i. With 
IIII' fi\Cd \'ondcnscr 'YHlllee ll'd to the 
un :;: rou llfled l Nt\.i\O\\ N It'rll1ll1al.lHJI 
fr"I' 11.1 till' rar "11(1, \.'S l a "li~h II.n initial 
halarwe "ill, tilt' \'ondul'lalll'e ,·ollll.>lIio(' r 
S!' l a l z ... ro a lill Ihe SII5,\"' pL UII ( '" ( ... 111-

Ilellsc r a l ""nit' rl· l a li \t'I~ Iligh \allle. 
I'll )' SOl) p.p. f. 

COlineI'! Lilt' fn'l' "1111 "r Illl' s,' ri, '~ ,'Oll ' 
,l l' IISt" r. C. I n Ih ... g:rolllldl'!ll i\ KNOW N 
Il'rlllinal 1111,1 rt ' bulllllf't'. If Ihen' ;s an ~ 

uppreciuLle d1Un~e in t."Oud ll (' l a llCt' bal · 
ann'. n: bal;lIl1'" ,,; I h I he 1£r" 'lldjus llllcn I 
Ir;lIIl11 \.' r,; aeros!! II ... f'Olltlllt,:luIi CC con ­

denser . It'u \ ing Ihe conduclarwc Ilial se t 
al 1£ro. Let lite lS uSCC plalll'C conde nscr 
reullin:.; he 352.5 p.p.f. Then : 
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GENERAl RADIO 6 

\ 

500 - 3;')2.5 = 11'7.5 IJ.lJ. f 

- I 

2.- X !:nO X I()l X 117.5 X 10 It 

:0 - I :\00 ohms 

Ui 'WOlllh:c l lilt" fur ,' lit! of til\' 
l 'UlUII ' II ~'r from Ih,­
I\.Nf)\X N ... rrninal :lIId 

groIllHI"d 
rHllllt:,' ! ;1 

8I-'r;cs 
UN-

10111l' 

IIIIg:rOlllulf' ,1 tt'rminal of the 11111..110" II 
;IIIIII.'lIlIlh'('. Ucbala'H:e "ill, lilt" "'b"/'pt-
111111.' a ll i l ClllllluClal1 l'c CO,"II-,, '"Cri". 1,.,' 1 
their rl 'H .lin!!:! I.,. :")3,(. IJ.lJ. f li nd 60." 
/.1111110. TIt"1I Ih(' l'ollllul' llInn' IIIHI I'u.o;· 

n'plnn!'l' nmlj,ollcl1l l1 of tlw SI'r il '" ,-j r ­

,' uil ar,': 

, (0,":1)' (, - I X (,OJI = 11 ,1) p.mhn 

II = 211" X H30 X l(P X (SOQ - 3:)3.6) 

X IO- l ! X I O~ = iCtI j.l mhn 

From ,he,.,;' fi gure;!, Ihe rcsi;; IIHll"C :111,1 
f!'uclan,'(- lire : 

" 
11.1) X I~ 

:-=c;-:';'-';-':-;-:;::c:::--:::: 7 I . 6 (I 11111;; 
(76 1:+ Il.l}t) 1O I! 

- 76 1,X I0 6 

X = (i61!+ 11.1)1) \0 I~ 
- - 1:106 ohlHi' 

The rl"II'!aIll' t' (If Ihe li ne ill<t' lf is (oullll 

by suIJlrac fing fhe n ' lldlll1l'l' of IIIf" !wril' ;; 

t'ondcn8er: ' 

x,~ 1:106 -(- 1300) 
- 6 ohl11;; 

~n>e ,"_il.i lil, - "I .". ~''' .... 1 .. , . ,,,, . 10"',", '" nocla ... ", 
ol." ... ~ r. B.ll". II .. ,r,Il' ..... "o. r.., ...... " , ~" b " ... uml .. .. 
"." r.., •• "i,I._.1 hy .... ,,"' j .. , Ihol ,I .. , .. ,,,r,,e'"""'" c. Ie 
" •• 1",1010 ""m, ... ~d .. -,!I, ,I", ,,, ..... ,',. ,,",,. II ..... 1 la ~ i". 
,r .. diff_ ... ,. I .. ' ...... " I .... ".e'u.', .. «" ••• ,,,,,,,10,,. ,,, 
'17.5 1'1'1 and 116.1 1'1'1. TI., •• ,,'coo. ""' Ih chftk n."", .. ( 

\ _ 11l'1 (116~- 1I 1-'! ) .. _IO '~'h" 
:~XlIlQX I !I' 11f •. I X II'.S 

SPECIFICAT I ONS 
Fr'.U'UJ Rlnll :I:W k,o ro 3U \k 
CI~lcltlAc, RUI' : 100 10 IH)() I'l'f Oil 
1Ir .. ",I;ITlI eo.uJeu!!C., ,Ji .rt°t r,·,,,HIIgo 
Canduclutl RIBI' : 

o 1(1V "tI"lw III I ,It" ( 
o lntl I'",IIQ nt :1 " ·I e I)" I' I" 
V 1000 l'",h(J II' I{J \I e ,,(',., ",II, "'I; 
I) - 3000 1'",1", " ' 30 \I e 
B"I"' (T II IhellO: ,I; n:c r .rf'aol;,,~ ranllt~ ,I, ,, r 'luge 
of Ih.' , .. ",d"cl"" <:1: dial, ari("" a . rl,,' ~\Iu an.· Olr 
II,,· rr'''I ''''''''~' 
ACCUfllCr : ± I "1'( ±O. I ', for ('1I1, ,, ,·;r a,":#'. 
Fur C<Jn.I"cl"n~. ± 0.1', of f,,11 "" .. I" ± 2' ( 
of IId",,1 ,U .. I ,,'~di"~. 

1\1"0 

1\21- \ 

Accrssarln SuppUed : CO&)l;i,.1 <,uL I .,.~ 
for cO" rlt"Cli"u .. 10 g" ... ·r~ l or an,1 Jrteclor, 
Aec uurlu R e~uir.d : A lIult"bie '3dio· 
(requeu"l &"u<:r" l<>r a",1 ,1"leclOr a'" re'llIirt'tI . 
Ei lher 1 \' I· ~ 6(11. /\ \ l o<l"I" led (),will" lnr ("i\h 
Ilw ",ltti l i"n 'l( .. (,flax;,,1 ""If"" jao:k ) or T ... ,·~ 
605·,\ 5 r,,,,,I .. r<l .5ill:,,,, 1 t.; <:",·n,l lJr is a lIrIti~f"e· 
rory ~rncraloro A ... ·,,11 ~h;ddl.J radio rl'l:'·;' ,or 
e", ,,'lIlg \111' <.l"'ire,1 ('(,' fuPIlC)" '/lnge is 't'Cflm· 
nWrl,h·d (or th" d"I,'dor. 
Mo unlinl : '1'1,,' in~'r"n1"nl i ~ "'''111,1 .. ..1 in .. " 
.. irl,I""".I"I*"ge IHO(' of ",,~, ... ;Ih ",uT~ing 
hllmlle . ... 1 remo, aMe ("0""', 
o 1m ensla ~ s : 17'4 " 12 ~ 9 1: inch..,,; . o.· .. r."II, 
N et We llht :26 f >Ol"" f ~. 

" riN' 

310.00 

NOTES ON THE CA RE AND MAINTENA NCE 
OF VARIACS 

• M U CHI N TE RE S T hlls lJ('(' n ;0"0\\11 
ill tit .. rt:l."Cnl arlit'll' ill lire G to ., t· ral 

Badi,) E.\"fH!rimcn/er "hi,'lr ou ll ill('11 a 
I!t' lIcral nrainlcnllnCt" allli !len i,'" pro· 
g:ruUJ fflr (;l·nt' ral Rafiiu imirulllenl". \ 

number of rCtl'lCli lli for mainlcnance 
n O Ll'S 011 parlicnlar ins lrumellts Iran~ 

110\\ b,.en n-eci\·c rl. IIml. beca use of Iltt' ......... 
file t thal lIvcr :\5.000 VariaCi\ are in u;;t!, 
it is lM! lil'w·,1 drat IIHin) cus tomers 
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-

IHIIIIII \,cl,'OI1H' "I*cifie ins lrtu'lioll!:o for 
I hl' II1llinICllltIlt.'t of these l'Onlrol ,. . 

I nSIM'ctioll uf the \ ari at·s rl"lurnc.1 ("r 
repairs ". ho \\ ~ such ' '011lIilioll" UJ; \\llr ll 
hrll"!'c .. ulll l llumaged \\ iruliub'S to ht' 
1110.; 1 Ilre'lllelll . Careful 1II11i'llc lI (III t'C 

\\oul,1 hove I'n·" 'III('.1 111051 of thi ,l tlum ­
age, \\ i I II I he CM"tlp t ion of 11m I l"nll~ ' 11 h~ 

O\·c rloll,lin g. 
The brll .. hl'9 shuuld he ins(jt>'-\c,l reg' lI ­

lur l) to make c("r tain Iha l ("xt .. · .... i,.· I','ur 

hll ;; 1101 ta~l"n plat.1:, The ill len lll i I ... •• 
hH'e n inspt.·etions lila} I.e ,l;;krlllilll' ll It) 
II .. · frel lll (,lw~ al "I.icl. Lhe \ !lri ll{' 101,­
Il~t' ~· tlin J,,'l! lire c hanged. When the 
brush is "om Ihe Lrass holder 111 11) COIIII: 

in ,',)ntllcl \Iilh lilt' "intiing ~lIrfnl '(' lind 

,'allSC irnmcliiull' (u1! in g of Ihl' turns 
"hor t -circlli kd II) I h~ hoilicr. .\ \\ (WII 
bru.s h Hili) II lso t:II U.;;c IIreing lu Ihe "ind· 
i n~. and Iht' resultanl roughcllctl 1I,..'as 

o n tile ('ull18et !;udaees "ill ,-ailS!- fur. 
I'lcr \\cnring 111111 damage to boil. lh(­
IJru."h li nd tlw "indiug. II il> ,..·t ·O/ll· 
me lld" tl Ihlll a " IIIall s tO('k o f re phlCt:. 
IIICI1I brushcto- be ordered n" pMI o f the 
IIIRinlenan, ·{" prtX:Nlure. 

I\lan) \'arinl'lI an' opcrllt~d in ' ,wlI­

liolls \dwre tllCrc is l'on;; iderahlt' dirt. 
,h"H. :1IIc1 gr i t . 1111\1 evcn corrosi\(' fU lIles. 
Sueh \'ar;acs require frequcllt "'I-Ililin g 
of Ihe" iUlli ng in flnl!'r 10 insure posi l ile 
l'Onl a(' llK' t" (.',,· n Ihe bru;:.h lind Ill(' "ind_ 
ill~. If this is no t donc. erra lic operillion 
ma) ~sull_ due 10 arcing allli lad, of 
proper ,'onlael , ;;;.0 Ihal elcnillall~' Iht: 
II intling m uS I IIC replacetl. 

When Ihe II l1rflwc on "hid. the hrll P; h 
IX'lm l IIl· t·IlIIIt:!; hlad.ene-II or t:orro.ll·d. il 
shollid be dellne.1 "illl ('r(X·lh' doth or 1\ 

ler~ fin~ sllll(l"a lll'r , makin g (-c rlll in 
IlllIt all rough plal'Cs are ;:' lIloo lhcll. Ht:­

mOl e Ihe Ino ... · l'arlit' lcs "i th a fine 
Itrus" a nti thcn clean willI l'arb(111 lelra · 
('hlori.le or 80mc s imi'ar high l ~ lol:llile 
l' l{'a ning: IIgCll!. 

Ex(.'Cs~i\·e hcu ling u~ lIall) \,ill hc 

7 EXPERIMENTER 

('OIu5o.' tl frOIll 100 mudl ,'urr"u l fl oll ing, in 
Ihe loud cif ... ui!. The pI'Irlillll u f Ille 

"imling affcc ted dCj Il·IHI .. in 111081 in · 
~ l al1l'cs UpOIl Ihe ,;o ... i 1 1011 .,f lhe J,rus h. 
\\ hill' Ihe .. ilUlin g: IUU ) nOI be , 'umaged 
i f the olt·rlm .. 1 I;; rt'IIIOlcJ fIU;(·kl}, tile 
I'arhon of lhe hru"h 11111) Ili ... inlegraI C. \ 
l1e \\ (,ru ~ h 5110111(1 bc insw llt:'d before lhe 

Vllrilll' is lIlP, in pla l'l~ ,1 in ""n i,·c. 
D,crheuling Ihe \\illlliu g \\ill ('auSl: 

Ihe lurn;;! 10 100St·" 1I utl , ill coolin g. Ihe) 
In a} nol relurn 10 tlwir original I IO~i. 

lions. \ rai..c.1 tllnt lila ) (·uu...c u brush 
to " car c:u-es..«i ,cl) o r I'\'{~n brt'a J... 

The ins lruc l;OIl "- Ihlll are indudcrl in 

"H'r) Va riac shipllwnt " lull' Ihal. "he n 
u \' ariae i.;; u8{' .1 10 1.'( 1111 rol IIIl' I oilltgt' ill 

,II(: primM} o f II hi~h'l oll ltg, · lra lll,· 
fonllN or oll ... r high I) ilHhll'ti ve loud. it 
is Ileccssury Ihal cilhl'r the vulill gl' SC I­
lin g of Ihe Vari fll' I"lt.' fetlm-ed 10 "A.'ro or 
thc OUlput l'irl'uil 0p ... ·nt· lllll·fure the line 
circuit is lorok" lI . If IIci ll .. : r of lite&' 
proce,lurtii is follo\\l'11. il il! possi hle Iha t 
a s ll rge "ill {'a ll~ ".-riulIS .l:ulIagc to Ihe 
\\ inding, alt hough "111'11 \ Il riae is tested 
"itll 2000 \otls ,1-(· bet\\ccn Ihe \\inJi ll~ 

anJ the frame. 

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



GENERAL RADIO 8 

Silll'c t h ... V arial' is an au to·. ra Ils fOfl lwr. 
it .-lIoul11 tU'H' r Ix: \'unncctt"li t.u a 101111 

I'in'uit coni llilling u groull!l. The ()1I1 ~ 

l''''''pt;on i;:. "hen ont' "ille of the lille 
arlit one "iJl , ,,( the load lire both 

!!roumll'll : IheSt' ma~ lJoI! ,'oltrwc led 10 tilt, 

1.:0)111111011 inplll-oll l pUI !\'rrninal olf IIU" 

Vllri uc ', 
\dN lIlHl c (1I"i ng ill bUill lilll' and 1mlfl 

l' ircuill! i ~ rt"commclIll"d. Bl' pluttlllelli 
fuses arc ("onsiderabl) dll'apcr than re-
1,llH'Clllcnl Va ria l'S. II . II . D\\\E~ 

MISCElLANY 
eAT THE ANNUAL BANQUET 
of the Emporiulli Sec lioll. I.H.E .. II.B. 
Hil'lllllo lld. Tr.' lI l'urn uf the Gellt' ral 
Hadio COllq uUl )_ II1IS Ih,· guest spell kl'r. 
lI i~ subjecL "al> "Ob>;t'nati olls of an 
Engine,· .. on tlit' Continellt and in the 
Nca r East on lilt' Thn'shold of War:' 

eTHE FOLLOWING ERRORS 
occurred in Lhe D('f'l' lIlhc r issuc of thc 
B.lperi //I ('Iller. 

In the ('apliun to F1(; \.It E 3. U~ al 10 
\ I c shoul,1 hc 0. 13 n. 

In Ihc 4'apliolllO FIGlU~: ?lhe \aliles 
for No s ho lll,1 he 

O.()()I nat 2 \1.­
O.()()7 nat 5 \I f ' 

0.01 n al 10 \II' 
In lilt: 4Ie;;"ri ,lliou or T\ 1'1,; 3 1!:i-C Dilll 

Platc. it IIII S st:tlcd that lit,' scull' pro­
grc~8 ill a eoul\lerdod.."i~ ,Iireel;on. 

As the Ilh4ltograph dearl) ;;ho\\ s. Ihe 
Ilrogression is d ock .... isc. In IlIl dilioli. Illc 
pho logrHph «hould sill)"" II nieke! sil\Cr 
honler arountl thc .Iia!' id"utical .... ilh 
Ihal on T, I'~; J IH- B. 

eEFFECTIVE JANUARY I , Ih,' 
priec of Ihe rl.'plllCCmcul 'I\N: 63.1_lll 
S iroholron for usc in T\' I'~; 63 1.B S lrt)­
bolac is rl'dlweJ to 1.50. ne t. f.o.b . 
C111)hridge. 

eRE C E N T V I SIT a R S 10 the Gen -
crill !lll,!;n lahoraloriclI in(· II/cI.· Mr. \V. J. -... 
Kroeger o f Ihe Franl..fonl ArilC uul. 
\1 r. C. Forte'" Drake. Chief Engineer of 
WOO(hlanl Co\unor Compan). Dr. 

Frcdcrid .. E, Termon, Prc&;,lenl of Ihe 
In SI i I u\I' of HlIdio Engi ncers, lind .\ I .'ssr ll. 

\V. Il . KnOlls. H. lI olle11. ali{I F. Il . 
Flansburg or HCA. 

T"E C('Il('rol UI/tl;o EXI'EIU .HEN 'N :U is tr/uiled lrit./uHI.L ciJarge each 
mo"tl, to ellg illf'erll. sciefllis ' ,~ , lechlliritl/'s, 'I/HI ollICr.1 ill' cres led ill 

cOlllllllllli"(/, iOlI-jrt.>fJI,ellcy lIIeflSllrelllcn' {,lid cOll lrol problem s. Irl'ell 
sCll dill~ rC(I" e.., ls jor subs('rip'iolls (/lid (uhlre.<j.~-dHlII~c notices, plclI..,c 
supply the fof/olV;II g illjorllw,;oll: II{IIIIC, COlI/plll'Y H{lIII C, co m pOlly (ul­
dre.~.~, t y pf' of busi ll es'" ('O"'PIIIIY i .~ ell lfllged ill, (/lid riLle or posi lion of 
irulividw". 

GENERAl RADIO COMPANY 
3D STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFF ICES 

90 WEST STREET. NEW YORK CITY 

1000 NORTH SEWUO STREET, LOS ANGElES, CALIFORNIA 
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