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Anyolle who has bal!l.Il(,'cd an im­

fX'<1!uwc hrid~e has prohably cxperi­
ell('('d til(' frUfltration flf try ing to 
meaJ'lUl'(, illl impeciarH'c outRidt, th(' 
range of t il(' aVMoilablt' hridge. T he 
lo,.:,.;cs in tht' unknown m;t,}' I}(> too gn'ut.. 
its imlX'dn.rwt' too high or Loo low; 
\\'h!lt(>n"r the rt'tJ. .. '>eJll, the null halarw{' 
('nnllO! 1)(' oh!atlll'd, C'ornbirring t he UII­
kno\\'Jt with another illll>cdalwe (,1(>­
n1(>nt may 1)(' the solut ion; liometimcs 
allot her illstnlm('llt is anl ilabll'; but !L'i 
of tell aJ'l not th ... meUl'urCnlent is aban­
dOlwd withonl IIny u,.:('[ul illformatiOll 
being obUtinl'd, 

T he 11('\\' T,VIX' 1 {)()'3-.\ Z- Y Br'idgt, 
po,~"(-'Sf;('~ the almo.st unhelievable dml'­
(l,('leristie thaL it ('all be baiall{'ed for (lny 
impcdull('e {,OlH1Pt'ted to its tPl'minals. 

Fig u,e I , P"ne r "Ie ..... "f th e Typ . 1603- A Z-Y 
8,id g e, 

From !:!IlOrt ein'uit to open eiJ'('uil, fenl 
or imaginary, positi\'{> 01' lle~!lli\'e, ft 

brid~c balan('e ('an be obtained wit h 
ease. Clearly, high M'c'umcy {'annot be 
mailltllill{'(1 OV('f an illfinitc f!lltge, 
l\cvCI't heless l good :l('('UflWY is ob­
tailled OV(' I' a \'el',V wide !'llllge and , even 
in the I'anges appl'oH('hing zet'o im­
lX'dante 01' ZPrO IIdmittllllc'C, Ihe ability 
to gr't I~n tlllswcr of lilly kind is often 
\'cry vl\luahlc, 

The ClIstOllllll'Y ty pes of imr)(:dtuH'c 
bridge:>, l\'lax\\'ell, liay, Schcrill~, elf'., 
evaluate, more or less d irectly. the in­
du('Larl('e 01' ('upa(·it:llwc of 1I11 unknown 
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GI N IRAL R AD I O f )( ' I R t M I NT lR , 
{'i,,'uil ell'm('nl together with il./i rv­

SI.stllllt't'. Q, ()f di1'lSipalioil factor . De­
lermilltltiOlI of the eorresponding rl'­
{leta!1\'(' 01' lIlISI!cpl:UI('(' ,'ah\(~ of the 
unkllOWIi t ht'll rc<luirc.s It ('ompul:ltioll 
ill terms of t il(' ullgular ft'('III1ClIl'Y w. 

The IIl'W bridgt· is dosilPwd for till' 
audil)-frl'qIlPlu'y muge, IInmillally from 
:to eyek')j \(1 ~O kilocydes. I t mt'lIljll1'('S 
difX'('lly Ihe qundmtur.· ('ompoll('Il\:-I of 
II t'Olll plcx impt,,'{bnce Z = It + jX, or 
It l'ompll'x ndmill:lIW(' }' '"' G + jU. 
The Ullku(I\\ II Z or V IIHly lif' ill 
1m,}' I)f thl' fOlll' quadrants of the ('0111-

pie:.; pilUle silU"(' I his hridge C:111 nll~l~lln' 

b()th JJu.~ill/,(' and " cynth'f' v/lI\1l'S of It 
and C 11:-1 11'(,11 a:; X alld B. 

The ha,"II' {'irruil is lht' fllmil iM 

reSi>ltalll"'-I':lI)!l('itall('l' bridge bl lt ill 
u ·d Iwl'e ill [l nuulIler wll k-It is ht'­
li('\'('d In rel)rt'~111 un elllirely 111'1\ 
npprotll'h lu Ihe impedn.lln: II1t·lUmrt·­
nWILt pruhlt'm III lludjo freqllclwic: ... 
I t bt!tU~, hu\\'{'Vf'r, 3 ffl m ily 1'(!.'«'mblKltI'e 
to lilt' rfulio-fIWIUt"lry hridg{' d t'.""rihNJ 
hy Silll'luir.u 

Th eory of the Bridge Network 

Til{' 1;-Y hridK{' f' mploYM tI ~llh:;tll 11-
tioll lc~.'hlliqut, wherehy lUI iuili1d hal­

ante. withoul the un known t,lt.'nwllt , is 
fullowC'Cl hy Il filml halnnl'l,! with I hI' un" 
klloWIl ill (·Ir(·ui t . The difT{'l'('nt'e ill 

III'Uinl:( of Ihe I'olllrohg brt,wC'l'lI 1111'>1(' 
fwo balllllf'('l'1 mCllilluu"s the t'HIllI)I('x 

('ompollullis of the unklloll'n . Bl'idge 
blllulIc(' i!:l ultllilled by tile adjU:illl1cnt 
of a piliI' (If n~-;i;iti\'(:- cl('m ('lIt.:,j, olle ill 

cadi of two opposi!1' hridge :Irm!<. 

Fil!;urf' 2 t'lt uw.~ tltt' hasil' hridj.(t ur l­
wMk ill whieh llll' baiaJlf'in" nmtrol.-; 
tlrt' titl' rlwuo;ll.ll>I U., ealihmh"(l ill 

FlO ... . 2 . B.nic b .1d O. n.' ...... k. , 
~-€[ ... 3-.~ -­
~ 
-<D-- • 

'" 
.,hm" of re~islu l ll·(·. :Iud Gg • {':dibrat l'fl 

ill mhos of cOllductan('f' . If Hpi Ilrld GUI 
nr(' their initinl lmltl!lcc val ues. Iht' 
Ctjtt:\\ions fot' tll i,; prelirnin uI·.\' b!lhtncc 
lIl'(!: 

Ilpl'~"" Ub( 'a ( I ) 

G.,II.C, - C. (2) 
It will bc 8('('11 thut Ihi lS initi:tI b:llaJl(,(> 

i>l illdcpcn<i{,llt "f frequcnt·.\' atld, fur­
thcrmoro, \\'ill h::H'(" nu s.lidillg zero, 
~inl't' l1either of I ht.' oulaudrrg ('01111'01.;; 
()('('UI'S ill bOlh e{p lUtiorrs. 

For mcus llrillg it,; impnr:ian cl'. the lIlI­

knOWII (Z = R, + jS .. ) is iniiel'lcd ill 
~ries into tht' P anll of the brielg ... 
IlI't\\'ecli R~ und Iht, bl'idg(' VNt.f'x \- . 

Til{l finnl bridge bul[IIII'c t hell yields t hI" 
II('W "alues It~ und C.,. It follows Ihut 
tht> unkllowlI r('8ii'llllll (;t' i:s givt'll by: 

R~ = It" - R", ,. 6N" (3) 
HI uU frcqu(' nl'ics. )JOIC lhal Hs can Iw 

IIcgativ(' if H", eXI'I . .'cds R"" T he UII­
ktlown reiH'tl l ll{'t' 

X.t = K (G'BI - G",) ., ,.;:rM;' .. ) ( I ) 

where the hriugc to".o;IOI1\ 

'

" Hb (5) , ~ 
we" 

Tile unknown re:l(· t IUIl'C I": i"d'I\'li\'4' 
if (;" iii d cncl.IR'(1 in tllc fillnl h:llull tf', 

or (':1I1:l('lti\'e if (;. i:l illl'fea .~ed . 

FQr 1ll{,8.'Iuring its admiLlal[(,' , t il l' 

unknown ( )" = U .. + jU .. ) i" I'olltl('cwd 
ZWt'lko" 1 Ill' . \ ann (If tiw Iwid!!;e in pamll{'t 
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with O~ alld ('~ Till' fi lial lll\lllll('~ yields 
the new \'fll ucs 0.., unci R", so that the 
UllkuoWII {'olldu('tnll('(' : 

(:, - G., - ()~ - ,r.. (Ii) 

at. 11.11 fn'<lue lltic.'i llild ('an he n~ativc if 
G." (>x('('('(ls 0 ./. 'I'll(' unknowll KUS­
l'cptall{'I' 

I 
U,., - Hpj 

I , -
(7) 

is illdll('tin~ if H I' dl' l' rCIi~:i 01" l'fl ptU'i ti vll 
if HI' ill c' rCZlil(':i in th o fi l1:l llml:u If'C. 

2\'01(' that ill the 111'0 ty pc~ uf mcll.,,-
1lI'CIlH' II t. the flL!I('tiol l~ of I h l' t.wo bal­
IUH'{' ('o ntrO\ f'I al,(, trlUISpo.';t;;t-!. I II ,tw 
n1(~l\M II'e n1Pll t. of Z. Ihe ('hange in N ~ 

gives dirc('tiy the r('j\[ ('ompOItCIII I? ~, 

a lld the I'Imngc ill G~ determines the 
im/lginary f"OIll I}(lrl ('nt X r. while in ,Jill 
mcaSurCIll('llt of r , till' dUlIlgo ill /(" 
d('tt'rllli ncs the inHigi l lury I'Dml)t)Ilf'n t 

B& and the chtlnge i ll G. gin·s directly 
t he T'ClilCOmpOIIl'1I1 C I • 

A givcn scull' Oil the H. control ('lin 

obviollsly he rn t"l{l(' dil'(!('t, rc!ldill~ in 
bot h R, ulld 11 . by lhe IJrop<'r I'hoi('(' of 
Ih£' bridge Wu><lant. 1\ , Equation (fi), 
Similarly t hc G. COllI rol ('U II 1)(' madt' 
direct rending ill hot h G, tl llcl X., 111-
sJX'ctioll Df t he equatiuns ahDII"8 tiUH, if 
I he;e ('Om OlOn dilt l lit-ale.; !tn' 10 be ('nli­
hm led ilt ohms :tnd mi('romhos, the m­
quircd vlll uc of 1\ i.s 108, If e(Jlllplll,. 

cDvcmge is dc.sired , il foll01l"8 thaI, t he 
resiS1allce mllge mllS1 he rhe rCf'ipI'of'a l 
Df t he conduclullt't' I1t llgC, III the T y pe 
1603-'\ Z-Y Bridg<', 1\ equlLl!! loe, aud 
idClllie:d mnges of 1000 ohms a nd tOot) 
.urnh08 have been dlOsen for 1 he eOIl1 -
plt'x P:H:.ulIetet'" of t he unkllown. To 
permit nlf'u8urell1ent of p~ili\'(' aud 
IIcKativc values of H, OJ. X . twd Hr , 

initial l}td:1U('(' IllIISt o{'{'u r a l mid ­
r;\Ilgf' of bolh ('011 1 rol ,,{,{tl(,s, 

From l'qu:tl iOI1 un it i~ ,~'C11 t hilt ti ll' 

JUlY , 1955 

hddgc COllstan t., I<. is a fultction of fn'­
qncm:y. By me/ills of a t h\'('(-'-po,'iitiol1 
fl wiuh , 1111' fixcd p:~mmete~ of til(-' 
hridge nl' t.work arc ~' I el'lcd 10 kl,(,p 
e3ch of the prod ut't.'i N.C'. ami U .(',. 
",Irl",tallt and, si mu ltfl.ncot\ >ily, 10 give 1\ 
{1 n'l lue of 10' for any OIlC of th n'(l ('on­
\'cnicnt reference f rCflllcllcit.'li: /0 = 100 
(', Ike or 10 kc, When thj' hridgo i ~ oper­
ated at. the (;orrespolJd ilJ~ r('fl'rl'ncc f re­
qUCIl('y, I Itt' dial 8('31c for the imagina l'Y 
!'ompollellt will be di rcM I'c:ldin~ ill 
oh ms or ~Illhos, The I? and C senlcs :II'C 
dit'('f' 1,. rcadill~:11 {li lU fl'cqllc1tt',Y 

Whell Lh{' operat ing freq lle lH'Y, j, 
di'T('r~ f rom the ..".;h . .'(' lCd rcfcrCIl t'c fl'c· 
quclley, In, thc im:lgilHlI'.\' ('om poucnt,'i 
(Ire giv('u hy: 

x ~ /i n uhm::l) = 
J. 

(6 r.'. ill J.l. lIlhl ~) (8) 
J 

lJ ~ (in p.ml\o.s) = ~ (Ollp in ohl11l4) (9) 
J. 

,\ baiaH('c of thi$ bridge l'a l1 be Ilb­
lained in termJi of WI I)('f/lIIlCt Itt a ny 

gi w'u {I'('qllell(' ..... j. if R ~ ami X ~ (~) 

l1I't, IHllh belo\\ 1000 0 111111., If l' ither of 
tl1('$" qU:Wlitil'S exceedJi 1000 ohm, .. , all 
iIll1)(>1I01Ic,> halanl'£" is impOl>.'1ihle, Il ow­
,'1'('1', hy {,OIllICf' lillg the unkl10wn ill 
pe.mllt'l in the A arm , lIIl (ldlllil/ lnu:(' 

bahulf'c l'lUi be oh lai llf'd , 9>1 t he follow­
ing liimpJp ('on~idf'r:ll il)n will , .. how, If 
{·ilhN N)mpOl1ellt of t ill' ('I)lllplex 11ll­

ped:l1l1't· 

JI,~jX , ~) 
ex!'l'{'.J~ IUOO "llIn ,~, tht' i!!'a lar villuo of 
t hi~ impN I;ln,'(' mu,:" " X(' ('1',j 1000 ohms, 
:md citc >I('alar valul' of the {'o\'I'('$pond· 
i ll~ l'ompl('~ (ldnlll l:\IIf'(', Ill; 11'('11 as I':teh 
of il!; l'Ompfl lll'lt l", Illu.:jl I.K~ I{'s...; I hllh 

won ~mh.~, 
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GENEIiAl 11011010 E X PERIME N TE R • 

FIIt " ,e 30 . In iti al h o lance Db · 
la ln e d wll h co nl, o l • .1G. and 

.lllp. 

fl g"r. 3b. Me a l ,," m e n t of 
Impedonu. Fino l balanc. Db· 
la in l d w ith cant. ob G& and 

f lg " . e 3c . Me o "" •• m . n, o f 
admillanu. final bo lonu oh· 
tolned wit h co ntrol. G . a n d 

',. 
('1m v('rst-'Iy if LIther of tlw {llIad .. !l.!" rc 

I'l)mpol1enls (,' . 01' fJ 1 (~) c."{-l'cds 

1000 ,uml}l):l. :III (It/ndUaIlCI' l)lllull cc is 
impOii-"iihl,', hut lUI iW7JCtiallcc- bnluuc(' 
('till be mad('. 

Thu"i t-il her fl. Z or a l ' bu.\;m('(' i" :II~ 
way,,, po8.~ ible aut! we h:H'c a truly IIni~ 
w·r.sl.l IIridg(' with lUI infinitt' niUj.,"e. 

The familiar ('(I\Uuions for trnn8lal ing 
illll)('(lalll'l' to atimillulIl'C' l'ompUlll'nl::l, 
or vil'(' \ ' (,MI, rUIl, of rOUI'st'. 1)(' ulK'd if 
lksin'd , 

III n ~i\"(,11 impedance hi\bll('(' it will 
hI' ~'n fmlll Equatioll (8) that. if &G. 
turn.'> 0111 ttl 1)(' 1(·, l hun 100 ,um hos 
II'hl'lI f. i .. I Ill" 10 h, (\ shifl to the n('xt 
-"maUl'r \'alue I'}f f~ will inl'I"('a.~ till' N­

(jllirNI 0(;,. t~1I fold 1lIid thl'r('by ('II~ 

hUllec til(' prt'('isioll with whidl I h(' 
!'I'adallt"(·, X " i" ('vu lliatetl . Similarl.\', 
ill II giW'11 :l(lmill:\II(-j~ hahwc·l'. Eqllll~ 

lioll W ), if oU p i~ II!s," lllau 100 ollm" 
II'hcli f~ i" ILK) I' 01' I kl', U ~hifl ICl till' 
Ilf'xl Inr~"l' VHlth' of f~ will illl'l1"U:"(' !hc 
pn'I'i"i()11 \\'jlh whir'h the ,j\IS(·('pl :llll'l'. 

11., \':&U 1J\.' ml'lllSl1tl'<1. 

('OIl\,t, t1it'I,V , lilt iIH'I"t':I;;e in I., if I)/»,­
"ihlt., may !:('f\'f' to hring within limit." 
1111 "olT- __ "alf''' \'aluc of X i, while (I de-­
I')·ea.">(' \If f., if pl)!>. ... iltl('. may hrilll!; \\"ith~ 
ill IimiL~ (111 "I) IT-~I'al('" \"ll.hw of Il s, 

(' Ill It'I' IllI'H(' ('olHlit ion~, 1 ht· f~ M,II'I'1 IW 

' ,. 
swi leh futll'tiOll:J, in dTcet, a.s :t mtllti~ 

"liN for the X or JJ 8('ale ranges, lmt 
not for Ihe R ur G !wall' I'!I lIgt:s which arc 
rL'I(l'd Ilt 1000 11nits elll'h for flH valucs of 
both f and f., 

Ope rating Features 

The u"cr will apprf'f'intc the· ('UII­

\'('uir'Il('C of z(.'rl}-l'enU:red Se!l lL-s on the 
t \\0 bal*lIcil\J.!: I'onl l'ols whit-h, in the 
filllll baianec, I"(':ld d irectly thl' valuC:3 of 
0/(,. und oGD , and ('Iiminat(' t he Hlh-· 

tn1l'!ioll indicatcd ill lhe equut ion", 
Ear h b:llallcc rOlllrQI c'ollsists of bl't) 

:'t'pnrate I'hcostalil, T hf' l'c a1"e tll'O lIIai/l 
('olltrols dc""ignatcd as G. tuld H,. ill Fi!l,'­
UN' 3, T hc;;:e han' idel1ti(':lllilumr '>I'ales, 
cIU'h l.erQ-{'entl'rccl and "lllibl1lt(>(1 to 
'*' 1050 111I1lo; ill ('(I('h d lr('t·tioll to pro­
\'ide ~om(' dt'l<lnlhll' ow·rb". T he), tll"f' 

pn'Sj'1 to thei r rc~p('t'liVl' mid·J';(·11Il' 
\'ahll's G,.. :tlld /(N prior'10 making lIw 
illilial Imlnlll'I' lI"il h t hl ' /11'11 lj.lIx ilial'Y 
"01111'011; ::'(j'G fiud ;)./(". Final lJalall(,c i:! 
th('11 made wilh thc /\\'o main dials, 
II'hi('h indicate dircetly I he nllues of HI 
(or (; z) und M,·. for Equation (8) (or oN" 
ror Eqllftlion (9 )), The frcqucll ty rutio~ 
in Ihe:-c NIII!ltioll'l arc illtlil'alctl 011 tht' 
main dials. 

III opera/lOll de~igl1ated -11." IIOtlIIUl, 

durill!!: the illiliul halnrll'f' the tll'.) Jll:Jin 
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, 
cunlrol rht'OSt!ll!; urc removed fro m the 
circuil, by s lritching IIlld:'ire rcpllll"cd by 
lwO fixed resifllors dupliC'ftting their 
mid-seIde values 0 .. illld R IA) thlls 
avoid ing a prctimi l lfll'Y ccn tf'ring of tli(' 
main dink This f('ntu rf' i:o n great ('011-

vcnicncc ill making measurement .. OW'r 

II runge of fn.·quc/I(')' , since fl quiek 
rcadjul"lnlCnt of llil' initin\ halullc{' l':\11 
I)f' made on the uuxilifL l'Y dials fur eu('h 
110\\" frequency. 

If the 7, 01' }" c'Um p OIll'IlI S of the UII­

kl1oll"lI pl'OduN' ollly !<mall llluiu diul dis­
phWf'lYlelll'" (reudab1e with limilNI pn.'­
I ' i~ioll ) in til(' finnl balance, a r rl'erf#.d 
0 1)('1':\1 iOIl lechniqul' (':\11 he lIscd. I II thi:> 

c' a.~ "U IQur hul:"lnl'c conI 1'01,., art' in t lip 
I'ir'('uit during the initini IJIlilUH'e, whi~'h 
is made with the IWO main ('onlroll3 
llftN the 1\\'(1 fluxilinry eontl'oi~ illl\'(' 
1~1I ::'{'t to give lht.' desired mllg/' 
of mf'fl !'iUn'lllcnl.. The finni h:lIanC'l' il) 
,lwl! mildc !'o\pl,v 011 th(' IWO auxili:lry 
('ontrul" whose i!!l:I1'Jnenlal disp1:u·c· 
1I1l'lIt!o;, 011 expanded 13~·!de.:;, permit more' 

1)l'c('i!'IC !ll('l\SU I'e 1llC'1 I l ~. 

Fur thi.s puq}()..."<,, till.' :lUxili:u,\' dial:; 
:11'(' ('ulibmted in the smile uni t,:) :tIS thl' 
mniu dials and ha\'(' full ':«'ale mngc:s of 
120 unit ::> for .l(;. und 140 unit" for 
.lR". They 31'(" purpo1>e\y m:lde !Ifill· 

flgur. 4 . Imp. danc. compone nl s 01 " bloc. boo " 
o . 0 funcll on 0' fr . q .. ency . 

"" 
"'" • 

.... ')0 \ 

, 

j 
, ~ ~ 

,-~-~ -""" 
'" -I " ." .. .t ,... 
~ » 

JULY , 195 .5 

lincar to permit maximum precision 
in the measurement of n few ohmg or 
ft fcw micromho..~. 

B,v selecting the ft PPl'Oprillle UtfllIlKC, .... 
melll of t.he detector i.crminnls of 
the bridge, the opet'3tor tn1ly mens­
ure : (1) t he grolttl(/l'{1 Z or )' v1\lut.' of till' 
unknown wilh olle tcrminal ~rollnd("(1 

amJ Ihe g round "ftPflCiltlUl'l' of its high 
t(' l'Iuiliul ill partillci with the unknowli 
dement, (2) lhe dl:r('ci 7, or' l' value wi l h 
t he groulld CllPlwituu{'{'" of both I(,r· 
miuals remuvl>d , 01' (3) the /J(lia'icui 
I'ulue of Z or r with both ground '·11pl\('· 
itunC'C'S of tile floflliug ullknolHl clemcnt 
(>xi,.:ting in delta :H·ro.s:; it. Th is vlllU:1hle 
fen t ure is nol PO~~I),,(-d by muny types 
of impcdallc{' bridg('s. 

The gellemtor i::> i,,;olat.cd from tlH' 
bridg~' nel \\'ol'k hy fill interrml !<hieldcd 
IfUll.'<formcr. ( Fig. 1,) A similur t'Xhmllll 
Ir;llll'former InOI provided) is I'equil'('{) 
for lhe dl'll'{'lOr input if the bllilw{,('(j 
"Hlue of Ihl' unknown is desired . Thl' 
' j',vvc 578 ' \ 'ntll"f ll rmr r is rCI·omm('lrded. 

Fi).\"UI'C' 1 !-ihows til<' panel arr:tHg('­
Ilwnl of lhi~ bridge, Thl' two (i. ('011 · 

trois are on the left and the two HI' eon· 
trol" al'C on the right. Switdlin~ i" 
nrl1lnged for maximum l'oZl\'l'uielH'c, 
whil'h lK'rmilS llw unknown to rl' lIl llill 

Flg .. , e S. R. octonu v,. , •• i. lanc. for 0 ty p ica l 
10 .... . peo~e , . 

" 1 5~c 

~ " " " - , '2 -- 6 lO+Z4 + 2iJ ,. 
u 
Z • " u 
< 
~ -8 - 1 

1-1-'1 
<, 

~I 
~60. ~ 
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GENERAL RAOIO EXPERIMENTER • 
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FlU"'. 6 . I ... p.donu po.o .... t ... o f 0 .. elec trolYlic 
capocilo •. 

al tached to 3 siup:lc piliI' of t(,l'miwd.; a l 
all limp .... The fUIl('tioll of t he' Jh ,;(']('<'lor 
.;wit('h (IIPPN lC'ft 011 pauel) ha!; already 
h(!('11 det;t'ribr;d. A six- positiotl .switl'll 
(uppe r right panel ) prov idC':3 rOI' / I ) 1101'­

Illill in itiill. (2) 1'('\'('1'10;0<1 initia l :Ind (3) 
final halalH'e for eithcl' Z OJ' }' mr;I4'HI'C­
mcnt ... 1t di"COIIIle<:t8 the Ilon-/!;l'uum]od 
termina l of t he U11kuoWIi for all initial 
bU\:IIlI'CS. In addition . it ;;ihi ftt; l h(' 
hridge po..<;itiun of t he unknown t.o 
permit Z 01' }' measUl·CIllCllt..i, kf:cping 
the samc Illlknowll termil);11 grotillded 
in all position", 

Residual Errors 

Any iTll lwdnn('(' bridge is .suhject to 

c'Ntain J'l\t;i dunl ('!TMI' bt' l':lu>-e ilE: r&is­
live eomponcnlfl ('1m not he m:HI(' eOIl1-
pJe·tell' llun-I'cadi"c. nnd it.~ real'live 
('umpOlll'lIt,.,; ('tlUllOt h(' mad(' to h:1V(' 
ZNO IOil,;ci<. Ftlrtherlllor('. iltm.r /!;nllllld 
('apat'itaI1l'C' (').:i.:<ts Ilt e:wh \ 'ertl'x of th(' 
hridge whi d l is llo] , dil'N,tly grollll(kd . 
T his (':~pn"il:l1l('f' is I1Qt ~i!!:nifil':lIIt. 

of t'Ollr~'. if the upp~)~il(, \'t'rt('X il"' 
.c;rOllllded. 

In thi .s h-Y hridge, N'I' rip:l\ro~:!. the 
bridj.!(' Vl'l'te.\: \ . is j.!l'OlIlId.-,d fol' im­
pNlllll ce mCIlSlll't.'nWIII S. while the hridge 
\'{'rl ex T is grolLnder! for' ad rn ittanl'f' 
nWU ';1I1·{' rn(' ll t >: . 111" 11('1' Ih(' rl"'li d u al 

, 

o(lLOCYCLE S 

Fig" •• 7 . "npt don u co"'po .. e"" of tope ,.co.d. , 
h.ad a. a fundion af fr equ. nc ... . 

j51'Ound l'apati li\Jl ('C' tLt the vert ex Sap­
pears 3(>IOS." l he P arm fOt' Z m('a .~­

ul'(.'rncllIs nnd aet·o&; III(' B 1i I'ITI for 
}' meaSlIrcnwnts, To Il('ut r:l liu' 1 his 
f'a pacitIIH1'e. :1 .smull vol tage ()f appro­
priate phase nnd magnitude IS Ill· 
ttwlu(,t.'d at th is junet ion S. T he 
tmnsfUl'll1N (·:'pa('itllll ('(-' a nd the groll lld 
cnpficitalll':c of Lhe \'CI'iCX Q arc in pal'll l-
1(,1 with either r~ or (' ~, where lh("Y nre 
insign i fictl II t . 

Othel' signi fku llI rCilidlul.! impC'lilull'cl'J 
arc the s mall illducta nces of thC' wind­
ings of Ihe two main rlJ('ost:us. T hese 
have bl'CI1 neutralized nt mid-seale ft.nd 
a t the extreme scalc limi!.s by pla,<­
i!ll4 appropria te ('upaeitot·s : ~('!'O"s ear h 
half of lhese rh('ostal \\·;ndings. '1'11(' re­
maining (twlLlf'ed ) erl'Ors t'{':wh :1 nUl :.:;­
mum at t lIP '*' !)()O Sf'UI!' point>!. ('Ol'ri' ('­

lion data, si j.!nifi(·an t '}IIly al hi/!;h fl'('­

qU('!l(·ie". l1 rC' su pplied. 
The 0\'('1'-:111 Ht'C' ur:l('Y of m C,l'<IIJ'<"­

ment d('p(,llds not oilly 011 the ill fhll'lIc t, 
of hridge t·(' :;:i dlla!.~ bui 1111'0 upon 1 li p 
I'l'sohuion uf the eontrol dinl" :lIld () II 
the :;;ell;:;t;\·;ty of the null (i1'tN'lur . 
;';in('e till' I, ridgg efmsl:)nt 1\ I:; 11 l'tlll (' ­
tioll uf fl'('(tU(,IH'Y, it should be no\eu 
Lhal the absolute ntluc>- of a I1U'I1..-;-
1l1'I..'d X ~ (W B ~. hut IlfIt H ~ or (:~ , 

depend dir{,.,tly IIpOIl the :tt't·Urtlr·.v willi 
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, 
wh il-h th(' frcIl lIcn l',v,/. of Ihe ger]('rator 
is known. :\ominnl accuracy of U1(' 
hr'jllge is ± I 111(. 

APPLICATIONS 

Th is !lew a nd vC't'1!illlil(' Ill'idge iti s im­
plf' , ('ollvenif'll\ allrl r':Jpid in opcnltioll 

and ",hould Huri m:u l.\" u"eful appli(':l ­
tions in additio!! to l ht' ohvious mca.s­
I U'{'rl1CIII of H. I~ an d ( ' component s. 

J UL Y , 19 55 

trolyti(' ('ap:H'itor, when Imm;!at('(J illtl) 
SCl'iC:$ l'l'sistIlIlCC alld eaplII'it!lu("(', F igu re 
G, s how t he p rogressive drop of (' with 
im'rNlsilig f li nd the rapid l'i.sc in H 
helow 401) ('yelNI. 

D. T~;ST f; POll LI N EA IUTY O F ('0;'111'0-

NENT~ 

A f rf' tjllc ru'y !'1m of a tape n.'t'ol'll er 
hellel. Figul't' 7. s howed it 10 he Irou­
I"I'souant al Il'UHL up to 20 kc. 

AmOll~ t h ese arc: r::. lh;~ON ,\N'l' F REQUENCIES OF l NDll C-

A . TlI~: T yrlt· .~r," BLAC K Box" I'nol1- TOBS AN D TII,\Ni<. t'OIlMI.;I( foI 

L.E ~ I 

'rllI' /wo· t (' rmiual ("irc'\li/, Ilc/work, 
eOlltaiuiu).!," It r('si ~ tol' , all illdul'tor and 
IwO l':tJ)!u·itol'!;, \\'a;,; mc:o.surcd a s :l!l 

i mped~llH'(' fl'(J m 100 c' to 10 ke. Figure 
4 shows 1111' Yil ri aliOrl of R and X with 
frcl lu{,II( 'Y· 
B. AN,\LYi<.I::: O F Eu;("ru o-A c o u::" ]IC 

'J'n,\ :-<fi J) UC t; IIS 

Figure 5 ~how>; t.he ulwJn mped imped-
1111('(' ('ir('](' for tl :o:m all 2-ohm, 2-indl 

loud ;:; Ilf'akcr llH'a;:;ul'l'd direi'll)", without 
a trnn$formcr, :1nd dC'll) onstra t.r ,,; a nln­
jor aN,u!;ti.· rr'S,l!1UII('l' , with out :\ huffl f'. 
111 :\!,ou t 350 e)'I·les. 
e'. LF C Il A I( ,\('rEIlIf;Tl('~ OF EI,E('T ltO­

l.YTIC ('A I ' ,\('I'I'O Il:O: 

~ J(' :tsllred ndu(':; for !l. ,,: rn itll el(·c-

Figlll'l' 8 show;; Lhl' SLi Sl"C pt:lIIl'f' vllri fl ' 
lioll of [l, 5 hellr.,!, in dtl(,tor wit h int'l'CIiS' 
ing fl('{lllelll'Y. Th is indue\or firs t he­
('H me l':tpaci t ivc at fl, re\'ertcd 10 induc­
ti\'(' at h. :lIld beca me ('lI patitive again 
a/ h, whi (' h i:< 1I0t all {'x:)c't IWI'l1) olli(' of 
j,. 
F , TIUNS ~'OIl;\I ~, 1! P A I{,\;\n ;T E H:-; 

Tltt' open [1111 1 :-; llOl't-l'i n'uitcd imped­
:lll\'e of II'IUIAformeri' !'lIn hf' mca:<lIl'cd 
t llf're by yi t, ldillg INtk:o.g{' l'e~\I'bl1l t·t', self 
ami mu t ual illtluctl\lll'C, ilnd ('ocfli eient. 
of ('Oll p1in~ ; for cxa mplc, I hi s 11I'i dge has 
hl'Crl uscd to ml'fll-H LI"(I the leakllge I'cac­
ta nee of V:l rial' · lU I I otl'a tlllflJl'merS, 
C, ,\ n olO TliANl'M J ~SION XE'rWOltK::: 

Th e input Illld output imped llll(,{, of 
(iltl'l':; l int! 011)1'1' audio f n..:qllc IlI',Y I mll!>--

Fig u •• 8 , SUI .. pIO" U .. o.iollo .. of .. 
S·h .... y induclo. al f •• qu . nci .. 
",h • • e di sltibul e d cp .. cilonce p.o· 

dUUI ' ...... o .. c. , " ecl l, 
f'II U" 9 . I", p e d .. ".e compon. n" 01 a S .. ll bo Ulih ce ll 
(1 10"1'1 e ",ply ) fiU e d ",ilh t .. p ",ole •. Sinc. t h. e lec, ... d u 
of thi l pa.'ieula. ce ll wer. nol d .. III .. , d , ... II •• "'ith w"ler, 
Ihe dol .. 0 ,. .. 01 indicotl"e .. f ,h . a clual conllonll .. , Ih e 
"'0'. ' , bul a .. p'U . .. I. d h . .... nl y 01 on exampl. of thlt 

I 

ill , , < , .. 

Iype of m e a s u,e""", , 

~. 4{1r,--~--------------; , 
"' .. 0 
u 
< '00 , 
.~ 

• 

~ '. " .. ~ ,.0,. ", 
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G ENE R Al RAOIO E X PER I MENTER • 
mi:>giQIl Hctworks, together with thpil' 
('ompll'x (·hal'tu·tcristi(' im lx:d31(·(I. ('nn 

IX' obtnillNL 

I I. hI I'EU.\N(,~; O ~· IhT'n:BH,~ 

The intern;\l impcdalll'e of bat t l'l'ie,.: 

('uu be mellliul'cd provided tlwt tht'il' 
resisuul('e is los." t hun olle kiloh m . 
I. ('Ol\"DUCTI I ' ITl O t' 1. IQUl D:; 

T h ili hridge should he parliculnt'ly 
lI~f!L1 fol' nwa.-luring Ilw 2\-(' {'oBdul'ti,'­

i Iy of c[cl,trolyti(' ($olutioJl.~. I rt'f'sp<wt i Vl' 

of diel('\'lrit (·un~lan'. , Ill' reacl iv(' ('om­
POlll'nt of the test ('ell impcl'l;l lll't'l'UH be 
halnlwed. Fj~II I'e \) IIhow8 da ta takell 
on tap \\·~ltcr msing a Balshaugh ('(Ill. 
,1. EtE(~I' 1I0-C11~: ~l lt'AI. n ~'il. EAI{( · IJ 

Cil"l'\lbr tH'(' p [O! S of :;o[id>l 01' [iqui u .'i 

IHl \'i ng [n;:,sy polarizations ill th(' audio-­
fl"CqlH'lll'.V l'a1lp:C ('[Ill hl' obtaiuNI. ]).'I.t1l 
that han hiihcrlo hl't'll di fli cllit to pro­
('Il\'(' ill t hi ll region :11'(> 110\\ easily l[lkl' ll. 
K I<'Et: DB·I ('K Loo l'~ 

The ability 10 mea!>lIl'f' t1 nC'WHin' 
resi,;tnll('C wi l h thi >; bridgt, iE illustrated 

hy t Ilt' claw in FiJ.:urC' 10 wbid l ",h nw the 
"tHintin!!, with fr{'{J\II'IH'~', of the inpm 

, 
~j:GnVf I 

.. 00 . a, ,-
11. , .~ '" , 

.'00 
I I 'OK< , 

- ..oo---+--l' J + 
F~ "0<1 JOO lOa 000 

100 zoo JOO 4<X> 000 P 

"00 , 
·100 

-t '00 .-". ! 
"00 

It-CAPAC'TI~E -I--, 
Figur. 10. Inp ~' ' mp, d o n • • of 0 f .. dbo. k circuit 

. I> o wing n ' g a.i" . r •• i.'ant ' c har ... I.ri t lic . 

im l>Ctiuuct' of ~u umpli fit' l' wit h (,:1t ho([(' 
follower net work. 

- [ \ ' A ;>; G. E.\~TO;>; 
- J JO I! ,I T IO W . J.AM;"OX 

~01'E: Thl' eirc uit [I ud met hod of nWll,~­

uremCll l for t his br idge 11":1" deviS('d b.\· 
I Vall G. E:IslOn, .\drn iuist ra t i\·e E Il­

gin{'C[·. Hora tio W. Lrllllsull . EllgilH.'cr, 
colllll)ol'[l l.cd in the J in ~ I fl esigll. - E Dll'On 

SPECIFICA nONS 
F, . q u . n .... Ronll.: 2(1 rp'l"s 1021) kr. 
Imp. d an .. o nd A dm illa n .. Ran ll" If Ih,' "hll(\­
lull' n,,,i~tnnt'e is I~ than 1000 ohm!! and [he 

.... 1)..'101 \11" 11'1\("11111(" is 1(oS!! • hlln 1(100 1 ohms, 

Ihe uuk nowu i~ mCU$urNI mlliU illllX-,{j,IIICI'. If 
[II!' /i hS/.hill' '"(lUdlU'lnn(,.;> is leSll thll.ll 1000 
mi("romhos flud til(> "h~olut.., ~Uil<:t'plll n<'e is 

1('9 th:1Il 1000 :~ mil; l'QlIlhoa, thl' unknown is 

me3!'urt'ti us I1n Iidmiltance, l 'nilr-r ('{, I'I:)in 
Ilmikd ('ondilioI!6, ,. rhoice of Z or J. IU"Ul!Un.'­
rnerlt~ i~ l)QSjjibte. 
A<cu ra<y : For reul ooml)OZI('llt-8. U or G: 
"'(I r; +[2 n/, ms or 2 l1li,·romho~l ) (or till' lIIuio 
'Iiuls- (·(:Im!',o.l\·"t,.. of k·'<.j! thllu uhout lUI) ohms 
(or lUll llIi ('l'Qm h~f ~'IUl Iw mt·/iilIlJ'I.·d OJI Ih,· 
:mxili:lry di:tt~ within ",,( 1\';.+11).2 ohm or (L2 
lIl it" ru.nhoJ). For im"ginury rmILIN" .. ·"t, X fI( II: 

'*' (I "; +[ 2ynhmOl'j( mit'mmho ])rOllhl' main 

TY/Jt 

1603· 06. 

di:I!.!! : ""(1 %+ [0.21 0hlll or O.2f. mi(:romho]) 

for the auxiti" ry dill Is . To oh,,, il1 this U('CUr1l\'.\" 
in 111(> rnCllI!u r"(!ffienl IIf l!lll:ltI qw"lrlllU,.,.. ('"III· 
tNn\'nloil III tllt' higher frl·qul'no;::it';!. (>orl"('Cli"n 
dntu, su pplietl in ,h" 0IJerllting ju;.lm .. tious. 
lIIusl IJ.t. li ll pl il<d. T ill' 1\ }5oJute nU!!I~ urt.'ln .. nt 
IIf X :uHi U, but nol It and G. i!lvolvcs th(> fre­
qUt'nl'Y error of thl' .. -,,(oiti ng gc.u .. rahlt". 
M ... lmum Appli e d Voltage: l ;j(j I' o ll s rillS. 
06. . .... 0,1 .. R. q ul re d , A NL libmlt'ti 08Citt:, lOr "r 
ot lwr suit.ubl(> II "':: gcllcn' tor, and u uul! dell'\" 
LOr. T he l 'yp.; t210-13 Unit (h(;iI1nlor :lIlt! the 
T YI' f: 121 2-A Unit :\'ull DNe,·tol :or .. Il'('om­
Illcuri('ti . 
A . . . .. o' i •• Suppli e d : 2 '!" ' P!; 2,4-NCO Shielded 
C3hl(lll. for t.'OI)Il~ l joJ!s to b'l'1LN:I[.or lIud 
dell.'t; lor. 
Mo u"""g: Aluminum (>ahi lH' t :lnd PIli"'!. Hlu<:k 
(>rat' kll' lini;:!h. Crr.rrr iJl}( hundlt' IlI'ovitll'd. 
Ol m . " .io"" Panel: ( \\" i<llh) 12 1", X ( h"i~hll 
1;·Pll X (depLh I 8 1 ~ 111I'hl'.:l. ovcr-nlL 
Net W. lgl>' , 2 1 (2 POUJ\l!~ . 

S33S.00 
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, JUL Y, '9 $ $ 

NEW PULSE AMPLIFIER INCREASES UTILITY 

OF UNIT PULSER 
Dc;oigncd prinlllrily flS :1 companion 

instrumcnl, for the T YI'~; 12[ 7~A I l"nit 
Purser, the T\"I'~~ 1219-A Unit Pulse 
Amplifit·r offcl'8 II SIlC(!ific solution to lhe 
problf>m of producing pulSt'S with matly 
diffefCnt ('hnnwtcristi~s of durution, 
dllty rn.lio, Imd impf'<!anec level IlL 
higher power lcvf'ls. III combination, 
the { "l1il PuLc;er :lnd Unit Pulse Ampli­
fier ('on8titut(' fI pulse gClwrator lll>­
prouchillg the wide mllgc of dumlions 
and ('('petition mies ehufllcwristie of the 
L"uit PUISCI', but with the power--output 
dlflr;tI'tcri;;tit'1; lI.';lIuJly t\SSociutcu with 
more expensive !lud I:i l)O('iuiillCd pulse 
gctlcmtors dcsi~H('d to fit limiu.>d field;;; 
of application. T hrough .he economies 
of standardiz(."{1 unit d<"sigH, Ihi!; ver­
satile combinntion is lower in pril"c thl\n 
IllUIlY rmrrow range pulS('f1; designed 
for rm'diulll pOWOI' OUlpUt. 

When it is dri,'cll by :lny svuilllbic 
>lOUri'(' of (>it lwl' l>08ilivl' or rJ(:gtH ivc 
pulse.'i, thl' L"llil P ul$\(' AmplifiN will 
produ("l' pulS('s of {'Urt"('nl wilh magni ­
tudl'S up to ()()() ma. Thil"l pul..e of ('ur­
t"Cnt. C:ln drive illl('malloads to prorhu'c 

L F"LDl<. n II •. ·· l'ulod in _ .. ",.n ]· .... k ..... e··. Gf~"""'l 
R4d .. e",."...alln. I·u!. XXVIII . No. 10. M.",h LIN--I. 
I'P. I -7. 

(Lither positivc or ncgatiw I'oltugr' 
pulses, or i:1l1i be lliK .. d to dril'e a load 
('xt('rlwl to tIle inslrUnlell t. The iLltel"lllli 

iOlltll'csislcrr8 111"(' ('hoscII to lC'rminatc a 

wide nLrict.~r of tnlll;;missiOIl lines Itl 
their char[l.eWristit · im[>OOall{,cs. 

Ge ne ral Design Con side rations 

The maill objet'l iV(' ill the design of 
the TYN: 1:l19-A lJllit P ill&' Amplifier 
WM 10 obtain a maximum value of cur­
nmt. into I he lond while rf'tl.lillillg :I.'! 

many of lhe t1eliirahle wide I"/wges of 
dunuion and I'Cpetition mIl'S of the 
lInit PulseI' us p()~ib]e. It was obvious 
at the out.:;Ct thnt some m:Lxinm rn d uty­
ratio limit:_lions had to be imposed if 
the nmplifier wcre I() produ('c fL usefully 
high output. puwer :1.1 modcmtc ('ost. A 
l'urrcnt bcl w('('11 12 und 1 t1mpcrc, giv­
ing Ull udNluntc voltagl' for direl'i 
dc/lef·tioll of ;t cllthode-ray tube with 
the low{'1>l rloJ"mnHy ('llcoun1cl"Cti lrani!­
mi~ion-lilil' tcrmill!\tillg impcdan('(', 
was desirable. Cenci'll] ('on"idemlions of 
power Mlpply design , ('{'onorni("al park­
uging. hCllt dis..~ip:ltion , and \'!U'UUffi­
tube availability If'f l 10 the finn I dlOi('(' 

FI"".I .. ,"onl l view of !he Typ. 1219_A UnU ,""I .. A",pllfl • • _ 
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~ G£ NE R A l RADIO E X !"E RI MiNTIR " 
"f IX'lLk ('uHellt H,j; GOO mil for very low 
du'~' rntil)i::l illle! flOO inti for dUlY ralios 
in the' Iwighhorhnnd of 0.1. Tlw 111:\):i­
mum duty mlio II"t\8 !:ie t 111 0.2 I,." plutc 
di..;.~ilmtion in thc output IS tagt'. 

Thl' Illl'~ili:lry j'olt8idcrul ions of d riyc, 
hUllflwil ll h . [Ul t! {JutPl lt ("ir('uil W!'fC 

1"l10Sl'U 10 Inllk!' tlt(· Iwi, (Is IIl1iver~[tlly 

uppli"llhl(' as pC)s.~iblc . .\ I inimum III1II)lIt 
im r)('da ru'{' \\II;j set al flO oh01;-:. :l1Id 

('n1I"!'llif'ut "111 m's of OUlput impl,(lulU'(', 
ranp:illp: up to t.~ oh m» for posil ivt' out­
put Jlul::;('$ alld ;,70 ohm>! for ,11(' IWg:l­
livo 1>111)«':0;, W('rt' pI"Q\'id,'d b." irlll'1"lml 
swi\('hirllo;. With pul~s of lOll/! IlIm.lion 
and low value", of oulput iml){'(lulH"c, 
Ii ('ll p:1I'i , ivc oul pul I'ou pl iug systt'm 
would hf' ulilky nlld would limit, 'he 
Oll' pul \·nltaJ.!;c",. To o\'crt'onw this 
pr(,blcm. thc f)IILpul "wil(' irinj! syskm 
'I'm; drsi/!ucd to per·mi. bOlh Iwp:!Hivc 
and pu,.,.;t;\'(, out pUI pl1l~s to rt'lai n 
Ilwir d-,' j'mllpol1('llt I"('bti,,(' to ('Il!u;:si~ 

Io;rouliti. 
FOI" maximum flex ihilit y, provision 

is nUIIIf' for l)()lh pORi!i\'(' aud 11t'p;ali\'c 
drivlIl!, puisf':-. ,\ ptl.11I'1 <,\\\lit('h 1'011 11(,(,11< 
:1n a rnplifh'l"-iIl V('I" ll'I' li la;!! ' in lO ',111' (,ir­
mit whcII po;-:ili\"(' d1"i w is lI:>('d. With 
I liis III·nlllgf'IlU'IIt. ;1 i~ po..·,,"'ihll' t~) d rin' 
till' amplifil'r frnm almost :111." 1'1111«' 
~ ( llI 1"\·(' . 

To illl'ri'IL'l(' rUI·til('r tile' fk·xihilil,\' of 
tilt· Hhtl'unWllt , n :switt-h h:" .... h('I' 1i pro­
vid('(\ whi('h willl'Ctllll '(' .hc' ou'put ('111"­
I'('lIt hy :1 ral·.or (Jf aJlPt"O'\ill1: il f'l,\" :!.,l, 

Filly,e 2, Th e Unll !"ylu, Dnd Unit !"ul .. Ampll f'e r, 
"'''( lIpl" p ulu .. T.,po 12 1' ·A Un ;1 O .clU" I", "I 

1400 mog" cycle •. 

so thaI it 1)('l"f1Il1('s possible l.u upf'I"al c 
tiLl' il1st nllll('111 &lfel.\' :lt dUI)' ra t io..,; ' II) 
'00.;) wil li all outpu t ('url"f'llt of1tM) ma, 
Two dcsi mhle fell l llr(';, al'C ~t\i l 1('d by 
this modc of OI>f'1"Il tioll: il is possible to 
ohtllill a :<quart'-W:H'(' output. and t Ilt' 

rill(' :md de/'llY timf'tl t11'(' impro\'cd. 
As wil It 1111)' p OWN a mplifier w ir('l"(' :1 

maximum duty-ra t io r('1O ' ri('liOI} is I1t'C­
l':.,:;nry to Ohl:lill I h(' df';oif('d peak. power 
011 t I'll ' , it is po...."ihll', h,Y il1("orl'('('I, r hoi{"(' 
of Ill£' input lime d llralion~ al1d rcpf'ti­
tioll .-atc;;:. 10 o\','rlo.lld tlr(' outpu! :1I1l­

plificr slaw' and tlH"'rrforc tu damllg(' 
it. The nf'·("f's.~:l l"y protet'.ion fur the out­
pul lulx.-!; tilid l}Ow!'r :;nppl,Y is uffonlf'd 
hy 11 lOO-ma fu~' m OlL lrt('d on 1111' fronl 
ponel. A lIeOIl palld Inmp dl1('~ d()\tllle 
duty a..; pilot 111mp nnt! hlown fuS(' indi­
(':llor, "i lll''', in t il(' ("'('III of 11 $('rioll$ 
overload \\'hid1 will hluw .he futlc, the 
la mp is ('xtirlj..Tui;;:hNI. 

Circuits 

Tl1I' busk' ('ir('l1i.l'." of . hf' lIni. I'ul ...... 
Amplitic'r is .'OI1 \'1'l1t i0)1I1l1. ZlS "hOII'll h,\' 
Ihe <.>lcmentilfY '«'hcnUlti(' of FiA"lI1"(' :l 
aud .·ollsi"ts of a po\\'('I" ~lfl ~I ' usiug; two 
pnrulleled 5763 power pcnwdC!l ( \ ' -3 , 

\ ' -4 ), 11 d .. i,'Cr cmployill.l! a T\'PE 12,\ l ' 7 
/\,-2 ), :llId, for positi\"(' input jlulS(.'j';, nil 

funplifier-l1n'N lf'l ' .~l:Ige (\'- 1) . T wu in­
!('rIl:l1 po\\('r sllpplil'.s of 300 volts lind 
:1IiO ,'olt s for till' OUlput lube .. all(\ dri \" 
('I.'i, rcspel"ti\'~'I'y , nrc providl'd , 

" :,1ill~lf' 12-positioll m\lput. -"wit(·h. 
:-;- 1, cOlltroli! lhe intcrrlally llV:lilablc 
01111)111. irnIX,d:ur t .,,s and outpUl Pll 1.~(' 

1>olarit.\" FOlll" ptk'ilion,s of Lhi1-\ ::;wiU·h 
:-eled Oil' put pul.t'<'s I hilt are l:tO.siliv(' 
wi l h rt~Sr)('('t to t h!i&iis ground at inr­
l)f)littw'l' It'\'{'I~ of .30. 75, 100 , lind 1:-10 
IIhm>5, In this ('1:1;;''' Qf opt' nl.ioll thc 1\\'0 
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" 
!Output, tllh(:~ ill't' U:'l(..'(1 ail cll.1iJodc Col­

low~r~. lind t lJ(>ir 300-\'olt. l}Ower "upply 
hils its !lI'g,atITt! side Oli I,ha.-\S;g v:ronnd. 
For pulses wit h IICg,Hliv{' poln!';,y 111<' 
rcnmiuing eight. tiwitd ! I)Q,-:itions llI'e 

used 10 provide itll~'rn!l1 IOtlds with illl­

pcdarl{'(':i ruugiug f !'olll SO til rt p proxi­
milici," t)70 oh mi!. The JO:Hls in t h;;t ('Uli!' 

1m . .' pllll'l't.l ill ,iI{' platt' ('; rcuit of lhl' 
.~7 ()3 's. aud \ IH' po.~ili\·c side of thl' 
300- vo11 puwm supply i", I!;l'ollnded to 
f' h~\&; i.'l . T he oull)ut stllg(> for neg~lt.i\·e 

puiS<.'S t.hug llpproadws Il (' lI l'renl source, 
Hml Oil' output impl.'d:I1It'(, is liJl(lllr :llId 

indl' lX'llCient of Il lbe ,'hflI'lWle risti,'s. 
For ncgm,;vc pulse input. thl' irqmt 

polarit.y switt'h ('onl1("1'\,8 lhe input. ter­
mini!b dirct·tly to the drin~r >S Inge. 
In thi!' usc. Ihe power :Implilit'r i:s 
~ t\\o-stage nllit lind prO\'ide",; :\11 0111-
put pul!.<C of c.. .. '·rHent shn lX' (SL'C Fig­
ure 4 ) ill whil"!l Ihe input. PUI8C dura­
Ijou IS faithfully reprodul:cd . For 11 

lal"g('-arnpiilude ncg:lliv(' puli.<e. ulli­
mall.' ri:;e zUld de"n), timc~ fnr the 
OUlput "tag(' nrc ,050 I\tld .O:.lO /01:<£'1' 

1'6S1)(,(,tin-.I}" Pulse>; :I.i brief f1..~ .050 
j.lSt'\" IlL the haH-lI mplitud r point,; h;\\'c 
11('('11 fuiL hfully repro<lw'Nl, When t he 
duly ra l io i-Iwit('h I:'; in the 0.':; po.;illon, 
the ri~ nnd decay timc's nre im proved 
t.u ,(Jail I\lId .020 j.I:SC(' I'c..;ptX·livcl}, (sec 
Fi~IJr(' 7:l). 

The amplifier-inverter "Ial.!:l' i~ ('011-

11f'('Il'd 10 the' in put terminals and su p-

~. 

; 

, , 
~~',~u'..Lk;;--t 
.... ~".<l" 
• 

I.,,; l"JI'.,r 

i 

J ULY , 19S5 

plied with plate \"Oltflg'· \\"h('11 lilt' iUPUL 
polarit .... switl'h i8 ill th(' I-'()~iti"" Illlmt 
p():..ition . Thif:lS Lage thC'1l prO\'idei!l a Hl'g­
atiY(' plll~' 10 t.U I"II ofT t he dri\"er 1IpOli 
tilt' applit,atioll of :1 po,~ili ve dri " ing 
pul,:e. ~omc ('Inc mUSI bi' r_W'rci~"d to 
prt'>'Uf\'p Ihe good !'llHpe ciUll"lH"tCri.'lti l'lj 
illhorent ill illl' driver-powN :unplifi{'l" 
,.,y"lt"m .• \ n rxcc&~in .. po:<iti,"r <iri,·illft. 
amplitude wi\1 '":Hl84.1 the 01llplll PUhiC \0 

he -;lreldl(!(J hy lip to 0..1 Il:;N' and will 
l't\ lt'if' fl small hump of Ihe (JrdC'r of :1% 
of t he plIlM' nmplitudr 10 appl'11r before 
the lale tr:lII..:ition (see Filturc I (' \' 

SinC'(} Ihe Olltput 8,\';';1"111 is dir{'("t­
('oupled, I h(' input sigllals III the p:rid of 
ill("' driver :llId amplifirl" mu,,\ b(' :lppii{'d 
1lll"!luj,!."h wllpling (,tlp:l.cito]"l'!. T hCSt, si,L!:­
nal.'l mll:)1 appenr 11{'!llllin' or po:<itin' 
with fC8pc'('L to Lh(' (,(}thod.' l)t)lcnti!tls 
of eil lll'l" Ilze d1'i\"rl' 01' nmplifit·r. It liz., 
iuput Wert' lIpplil'd rclrltlw' ttl ('ha~is 

u:round mthl'r Ih:1I1 r('fl'r('Ilf,t'J to t he 
1I('galivc l5u ppl~', lilly lIoi;;(' or hum (III 
this ~lJPpl,\' would add 10 nil' si gllll1. 
T I.i lS would un.lccc"..~,nrily i'Ompli.'all' 
the de"igll tlf the driver-powN supply, 
:\ote Ihut. in Fi/-!:ur(' I. the in pm ..:i,L;­
naif! are rcft'rQIH'('{i to Ihe .iri"" 811pJlly 
neglltin' mlher Lh!!.11 In Cilll S.;;;IS Ill"olilUl 
h." vi rtul' f) f an in8ulal{'d low illpui 
lermillll1. U(':)\ performance will :'llw:IY'; 
he nhtniuN I hy lIo:1ting Ihl ~rolilld nf 
1111 illpUL -"ystem 011 IhioS post. Thi" dill''; 

not pre,'llld,' obluilling s.\'lll'hl'()!lizillg 

" 
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GENERA.L RA.DIO E X PERIMENTER " 
F,~ .. ,. 4 

N"9"'iv. 0 .. "'"' p .. !" 

O.'""",;c," P.R.F. '" 'O~c 
SIlO 28_1 .. Tp 'O. '",,_ 

0.1", • ..,;.", P.R.F • • leke 
m 28 ""I" f, - 0 • .5.u • .., 

.# .ee/.... P.R.F, _IOke 
!On 28 ..... ,. f p ' 3,.< • .., 

I" .K/= P.R,F .• 10~c 
SIlO :xl vol.. Tp' J ....... 

0.1/"' • ..,;"", P,R.F .• 10ke 
:I).of,. fp ' O.SiL'" 

O'I ...... c/em P.R.F. _10ke 
!On 30 ... h. T,' O. 1'1# ... 

N~"', •• 0 .. 1p'"""I .. 

ZO" • .c/crn P.R.F, • 200. 
m 25.01to flO - lOOOf'oec 

(Nvte .Iope o.l>onom) 

133 ... "';... P.R.F. '" Ike 
57Q{l 271) .01.. f p • 200 ....... 

Ih ..... "' .... "". 
»C'l '0 ... 01 .. 

puISC$. etc .. from Iho driving soun't!, 
l<ince these :sigllu.ls arc generally ob­
tuined through I'oupling dl'f'uihl whose 
low,frequelley impt.xiluH'e is ncgligihle. 

Tbt, two internal pOWt'I' sli pplil'S ilre 

of tllf' full-wu,\'e-douhlcr "ariely. whi(·h 
make most cfficitmt U8(l of the power 
tra.nsformer ropper and to wliif'h ;;elf'­

lIiUIll rcetifiel"S IClld themselves ,so well. 
Larg(' rceti/iCl' de-rating figUl'e,s ha ve 
becn w5Cd to insure long life. AdO<llIll.tIl 

filtering is provided by two-sc(,tion R-C' 
units for both driver and output sup­
plieR, The hum on thc output pul!;!' is 
less thull 1%. 

Some Notes on Operating Characte ri stics 

III nllY spedfie usc, 1::\l'('ful considera­
tion must bo given to two importan t. 
(,ffeels that arc f'n(,OUlltc l'cd \\'ith ( I) 
pulses of high duty I'f~tio and (2) pulses 
of long timt' dunltion . The eiJametCl'is­
ties of tho T n'f: 12W-A under thl'st' 
~'onditinns UI'C gi\'erl in Fi~ul1's ,j and (i 

helow. 
f.igure ,J shows till' effed of high duty 

ratios on output l'UIT('nL This infonllU­
I ion I;; tabulated Oil lhe panel. The 
elTel't is duo to powcr supply I'e!!;ula­
tiol1, aUe! it is an adv:llltageolls 011(' 
UO('1lIl!l€ il permits II marc c/'Otlomic:ll 
lise of the output tubes for the low 
duty I'alios moot ('ommon!y CIl('OUII­
tcred, With ouL the protc('tion of de­
crcllsin!,!: pOll'\!!' su pply vollage at higher 
duty ratios, either the range of duty 
1'alios or the peak ('lItTCll! at. t 11(> 10\\'1'1' 
ratios would havc to be dcc rCIlSCO. 

Figure (j shows the r.:harllclcril'tif'S 
of Ihe output pulse with regard to m:1X­
imum permissiblo pulse durations for 
!I('gatiw clrin·. lI el'O th(' cri leriOI1 sc­
le('tcd was It droop of IO'tr in the" 1 lIb/' 
on ,. portioll of till' pul:;;c. The l':uJlp-off 
m:.y he due to tilly one or u eombillution 
of 11H1~e eiTe('ls: ( I) di="l'hlt .. ~e of lhe in­
tettlRl pOWl'r :<upply, 12) insu flkiellt 
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-

I I ~ 11 , ~,t - j o:rt ... 0' . '" ....... "" .. .., 
CJJTl ""T il; 

chi\'il1g i\ITIplitlld«' whit'h will <'-::l.U:;(' Ill!' 
drin>r lull(' tl) ('omp lnwk 011 prrma­
lUI'('Jy, or (3) a ('()mhilllliioll of low rlri,'· 
ilL~ \'<lllal(f' wilh all t'xt(,l'Ilul b14)('killg 
rapa/'llnr ill till' ddvilll( pUl~·I!:(,llt'm t ol'. 

Fil(lI l'(' I) Mho\\"~ that. with 11 tll' i vill~ 

vI/hag!' ill (,XI't'';'''; of 27.,1 volt>.. tilt' lirst 
clT{'I'1 will prf'dllmirltl\I'. (wd II ram l}-()fT 
of 10' i will be rt':tehrd wilh nil oulpul 
pul.sf' of 1000 j.I:<t'!', 'I' l l{' mit' of I'll.lllp-ofT 

i~ n'ry ltead," lill{'ar MJ a lOOO-J.l";{·'· 
"1I1~' will han:, :I. droop of :l.rl/·'c d ul' 
to this cITl'd, l'tt' , (dolled ,·un'c). In­
!{'flu-tioll 1)('lwf'{'t1 the \11';\'(' \' and main 

pOWN ';UPI)Ii('!S hold::; the droop for I>o· ... i. 
ti"t, puiS(> ou tput>l dOll'II, so 111:-'1, wi lh 
inpUI IImlllillldl'.'I in ('Wt'S. .. I)f iiJ \'I,ll". 
pO.~III\·l· ou qm1 pu1.~(·,. up to 10.000 
~""\' may I .... obt,uill('(1. .\~ t he d ri\'iu,ll; 
\'uhll,l!;1' j" 10\\,('1'('(\ Ix'10\\ ils maxim um 
nd\ll·. thl" l'ffl,(·t due to tli":l'hMP;{' \}f til(' 
/ll'i\'~'r (,Ol[piing (-it'/'uit pn'domilllltel'l. 
lllld lilt' 10' ( mllll).Qff figul1' i" N'lll'hed 
:mu!II't·. For (·xamplc. wI lh Illliy 2.J "oits 
tl\'lIi1uhle. Ihl' outpul pulst' rlroop~ hy 
lijf,( al 3000 $l1W(· . 

JUlY , 1955 

Fig .. , . 6 . Oulpul p .. l .. . h ...... ' • • I.lln 
... fun.' i ...... f m .. dmum p. ,mluibl. 

p .. ln du ... tlon. 

With p().o!:itiv(' input pubes, 111(' drl\'('r 
sl ll),!:1' !luppliCli 0.11 IItk'qu:t [e voll:tf!;(' to 
pennil Ihl' mtlximum duration ... :;hOWIL 
ill Fi,l!;ur<' Ii 10 1)(' r(':lf'lwd. 

FiJ!un' i illustrates t.wo :Hldiliolllli 
millor t'hunwwristit'!l of Ihe 1'111se Am­
plifier which !~r<' of illt~'l'f'Rt \\1lC'1l I ll{' 

un it i" 11$0(\ to prtf( IUf'C' brief pu lsl's. 
T he l'ff('(·j ... at'(' time delay alld a I{'nt!· 

e!ley for t he illput pulSl.' to lx' '< t reldt{'d 
whell til(' illn'l'tN-ampiifier .l'laJ!;1' if! 
r)\'l'rd riWlJ hy fl p()r;iti\'(' il'l)ll\ pulst·. 
Figures i , 8. :\1Id h. iliu!'1 rat<· til(' I imt.: 

Flgu •• 7 
n .... ""'1..,. """ ov....w .... H..:I. 

1 ..... Neg. so.. O.05p.uc 
()j."", N"'U- lSv SOO O.O~ • ..: 

1 .... '" N~. »- 0.05011": 
()jill'" Po •. 20. SQ.) o.os,.. • ..: 

lnp~' Po.. 50v 0.05j.l •• ~ 
()jlpu' Po •. Xhr 31,: O.~ • .., 

(N .. ' . ' •• ""'1111 co~.ed 
by o_dr ... ) 
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G1NER"l .ADIO E X .. E RIMENTER .. 
drlu,Y c lfCt,! for hot h negative and pOt!.i­
livo outputs \\'ith II brief ncgtlti\'f' input 
I'll!&: ; the lime delay throllgh 11\1..' Pu lse 
Amplilier ioS of the order of O.O,!) ",tiC(' . 

In Fi~lIre 7(', Ii high-lIlnplitudu po.sili \'{' 

pulse is uscd to overdri ve the PUl.lIC in­
put, SliJgc, 1I11d thl.! outpu t pulsl' i..;: 
"stretcheo" hy IIpproximatf'ly 0.3,1 
,u8C('. The strctriling c lT(uot is rcdll c~'d hy 
reducing input amplitude. 

- H. W FRAN~ 

SPECIFICA liONS 
O",p,,' .... Is. : Th~· OlX:n-drt'ui t OUC/JUI IJU I;!!> 
vol",."", ill iM'twC('1I JU nnd 2;;0 " 0 l~ :sn, 1 i~ 
I lu' lJI'oduct of chll r.(Imbin"l iOIl of i lllpcdulI '''' 
(lllll available curr('lIt IiSI('(ll)clow. 

(I ) ImlJo'dllnCt!: 
11. , ~O@ili vp pul~: flO, 75, HlO, 15() ohltl~, 

nil *101( 
h. :\1'~li\'t~ 11U1l!!t,: 50. 7S. IOU, 150, 21.10, 

250, :wo Ohlll~, /1. 11 ""10<;"; .')10 
ohm!! _ 20", d£>."igtl('(1 to 1}I'rruit 
1Irl1.r im",m o u tiJUL voit>lg('. 

(21 DlIlpli t Currt'lIt: 'I hi" '/Ulllllit..v d"/*IU I~ 
1L1'01l th,' l)I):l.itioli Qf Ille Iluty-r.nio ~'I'('t.)t 
~will'h 111111 upon Ih., ~I U! >' rllei..,. 

n (I:, 

" . o :.! 

" 

I'Q:;ITCn; l'lIU'f, !" 1,CATln: "I ' LISE 

(3) Trn.n~ilioll Timt'lI: TIlt' troll.,ilif)1f tinwi' 
.1.'"eull (In the trnll"ition lilllt!:! , 1113glJituol', ano 
polari!) of tit<' 1111)111 pulf!(', I!.fI VoY'U fI>l QII ehl' 
~,ttinp of till' OUlpu t ImpeUIIII(:", 1){)lflrity. ami 

dut.Y-l'lllio ~Voi l,·hl'~. Thl'S!' chnr:H'U'n>l,i,'8 .:r~ 
~lIrnm:lJ'i1;,-.d in ellt.' 14hl,· belo Vo'. 

( I) :\laxilLlllln 1'11);1/' Du mlion : Tlw m.:rxi­
mum «ul'lItioli of th" pul.~ d(·p('nd~ only 011 t ill' 
loll'mhle rnturo-ofT during thl' "on" ]Jmior.!. If 
IOc~ is dlOl!t'lI, th.,u II,e lIulximum "on " period 
for 1l0",itivl'IJIlI;oe", is 10 1II,!l(.'t' li nd for Ifc/;lIliv,' 
]Jul~':S 4 Ill}' ....... : with lh{' Typl' 1217-A , , lit· 
nUl.'I; imum for nl'IUI,h'" IJII I~ • .,. I;; 1 ffiJUl('(", fot 
po!'itivc pul!w8, HI ml~. 

(5) Put,..· :;h.;/)(': (IVt'nohool I{'u lhan 5 f , "I 
ampliludc ull 4 11 .\ output swit.('h IlOi'itioll . 

(6 ) Xoi~': 11 11111 011 t ilt' olllj )1I1 puleo' If'S<! 
I hnn I ,,~, of pllI~ IlIup!it ud{', 

(7 ) i Uplit Pult'!.': 'I Ill' maximum dUI'l.tiun uf 
t h{' OUll'lIL p ul ;<t' i~ eo /lOILlC ext!:ut ,Ich'rmirwd 
hy the inpu t jJull!(' " olllll,t', :uul 101{'rll[,II' drOOl), 

fil pu l J 
NCjI;:Ltive au v 
~f'I!':llh'll S5 v 
Poslth'j' 10 " 

:\1,\:\DII I:\1 Dl'HATlt)~ 
TO 10<'; DIWO t> 

pQljil i",' 
Outpu l 

:WOO ~I!I,(' 
IU,OOO 
10,000 

~"g:llivc 
OuLI)uL 

Tit .. d rool) is ll. ppro:<i nmtd~' Ii!"'''r, IlI'n."I.' the 

INPUT .. UlSE O UT .. UT CHARA CTERISTIC 

---
Hiii(' DUTY ItATI() DI ·,.y HATH ~ 
/1,11,1 S" U.2 S" 11.5 

Ilt't'lI.Y Hi~ 1)..:<'1'" H~· J) 'CIII' O UT l'l'T 
I'oillril~' ,\1111)litu.l .. T iny, 

T im\! Tillie T im!' Timl' ~,,'itch 

Ni'g"liV<' :>0 v 2 m,"'-'(' 50 Il\~"''t' :10 m~ ... ~' 40 Ul,-i!t'!' 20m !<I.·I· Xeg.'1II"'·, 50 11 
50 '" IlIl 5() i\'cgalivt,,;,(J " 

N"g"liv,' :14 ) \' 51) U1P ... ·f' '0' ! ll,1t) "" 'Ml Nt·gativ!., 5ill \ 
80 HI) 7. Po;oiriVO', "1111 
' 80 1111 Iltl SO 1'000i l ivc, tOO 1J 
()(I 1M' .. ~. N"glLliVl', M 11 

X('jI;utIV" :.0 ,. 1217-..\ '1M' 
,~, !Xl 1111 i\'t'g:lIiw, 570 

I'lIt~'r '" '2(1 7U If)) l'Q<!i livt', !,I) 11 
'80 '00 1211 1:10 Posith,,', I:lCJ 11 
~) 211) '0 1lj(J Nf'~uh'I', .j() 11 

I'H.llII',' 2 ,'I v 1217-.\ 110 21" SI) 'OIl Ncgaliv,', "ill f 
Pul""r '" ' SO 1M' 12i1 I'llI'iti\'l', fit ) II 

(:\Iinllmrm IH~·h~:lr.\· ddv<' l ,., 21() 1:{l) I \,/1 I'O~iliv!'. 1511 II 

'" 80 II' .~ N"jl;:Hiv,,, " I ) II 
l'o,. lti v,· 2':' \' 1217-A 'Ml 110 11M) l!M1 :O;"g"lil"' , 5i!! u 

I'u l"'r ,l(j 110 W So I'<lsil iv,', rill !! 
(Pul,~ _tt<'ll"hill(l: 11.:1 ,,8('(' 1 , •. Jf,() lH1 11(1 P'l~iliv,', l.'illl' 
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.. 
mtuimum dUr8tivn~ for "ct dJoolJ an- '2 lh.· 
ailc)Vll figul'('8, 
Inpu' Impedanc. , Approxinmtl·ly 5U kilohm!! 
~hunlA'(l by :m joIllf. 

?'IIP*' 

JULY , 19.5$ 

,ow •• Suppl." 1\)5 12."1 lIolli', 50 1)41 ("ydt'l!" 
Inplll P .. ",." ,oJ "1I11", full [(lUd, iI5-vollliul!. 
Dlmon"ion.: (Width ) IO'~ X (lwi.ll:hO MiC X 
(cli'pth) t}l~ itl<'h[·"uvt'r~!lJl. Nt! Weight: St:illn< 

('/)/1, Word Pr'rr 

Unll 1'111 .. Ampl ifier ••.•••..•..••..•..••.•.• \lllln $175.00 

A REGULATED POWER SUPPLY FOR UNIT 
INSTRUMENTS 

To pro\,idl' the ultimate in pt'tform­
[1U(,(-, f rom (:('rlNal [{adio L'lliL I llstm­

!\ll'n ts, a \,oltfll,!:(. ... rt,A"ulatl'd pow(']' unit, 
tllt~ Tn'~~ 1'l0t-,\. rlli! H(.·gulatfod Power 
Supply. '$I now anlii!lbll'. 

Although lhl' Tn'.; l:m3·.\ Unit 
Power :=;upply i", Ud('qUllt(' for allllormni 
UIif'S of enil [1I .~'r\lIllC!ll s. ,h{'l'(~ are !~Jl­
pli{,9.tion$ whef'(' maximum stahility of 
os(·ill:llQr Out put umplitudf' find fre­
qUt'nc'), is rt.·quire-rl, whcr\.- umplifier hum 
level or pulse jitter mus t be minimized, 
or where [(}l'lll liHe \'ottnge fluctuates 1>0 
[mdly thal I'(lguiutioll is a IlCt'C88ity. For 
thl'SC und olher (·ri ti ruJ applielllioll8. thf' 
lIew regulateO 1)0\\,('1' ullit is well suited . 

Tho TYI'E 120I-A Cuit Hegulated 
Power Supply is idclllical III size ~lI1d 
t'xtcrtlill ('ollstruction 10 tho T\' I'f: 
J2()3-A Unit Power Supply, 80 that the 
two arc ('omplewly inlerdw.llgN~bl(' 

m~hll.ni('ally for the operation of Unit 

7'UJiP 

1201 _A 

'Igu,. 1 (rlghl). '0"" ... 1 ..... of Ih . Unit R'gulolo d 
'0 ...... Suppl.,. . Flgu .. 2 (bolo .... ). llo mo nto,.,. 

.chom.lic, 

Instruments. The regUlated IIlIit., how­
evcr. is cnpahk' of furni,,:hillg higlwr out­
put I'urrent with grt'atly rcdW'od ripple 
:lIId Hoise. 

Thc cirtuit , shown in Figure 2, l>i 
thllt of U ('om'cmionlll bCrit:'d rt'guia.tor, 
t1tiing 11 .jG,jl.typc Voltllgt\ rt,ferClit'l' 
tuue lWei a hi,l!:h-gu.ill elllwocie amplifier. 

For !'rit in1l applicntions, th!' lise of 
thc Tn'~; 1201-A l 'nil U<,gulnh'd POWN 
t'iupply will 11::!ult ill improvefl perform­
Iln('e from (;n l'nit. I n!!1rUnH'nl:!. 

SPECIFICATIONS 
Hlgh _Vottog. Output , 

:\lllgllitud!', :~()II voltll .11', '"" I <r; 
Itf'gul>l.tiofl, * 0.5";: 
('urrent, iU mil , mILt. 
120-Cyele IliWI!' , to tntlli,·olt .. lit full \u"d 

Hoo ... Output , 0,:1 .'oll!!. 11(': ~ 1111111., m:\;\ .. : 
unl'('~lJlntrod 
Inpul : 105 to 12F, vQIt.il. 54.1 to 00 eydl'8, 100 
wult.il. 
Tubo,: I 12AXi \ - (I,.\V5(.T L 0051 
Dlm ... oio .. ., (Wi4llh l 5 X (III:-ight) M{ X 
(dc,pth l 6 1• mehe.l. over-all. Itot in{'\udinlC 
power cord. Not W.lghl : 5 I)()Utul ~. 

('oilt! Word I'r icl' 

\,<EF.T SlO.OO 
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GENEIIAL IIAD I O EXPElIlM EN tEII " 

K . Adami W. M.lhde R. E. Bard 

NEW PHILADelPHIA OFFICE 

[n order to gi vc better service to 
our ("ustomcrs il) the PhilHdclphia and 
Camden al'cas, GCllcml [bdio has 
opened a new bnlltl'h onh'c nL 1150 York 
I{oad, Abingtoll. PCllllsylvaniu. :\ I r. 
I\:ipling Adams, fo r lIill{' .\"{'un; manager 
of the Chicago nllin'. i.s noll' mlllli'gCt· 
of the new Philadl'lphia offi("('. 

)'Ir. William ), 1. IhLlc', who has hl'C11 
a&;ol'iutl'd with Ollr Chit'ago offi('(' f')1" 
fiVl' yeal"s, h('eome:; manager of the 
l 'hi('ngo ofne(' ('LIlt! lI'ill II(' nssis tco by 
1\[r. Hohe rt E. Bard. who has for the 
past three years ht'Cli 011 our C(\lnbridge 
Hull,s Rliginccrilig staff. 

OTHER BRANCH OFFICE CHANGES 

;\1 r. William H. Thurstoll, well known 
in tht' Xc\\" York arca a~ munllger of Olll" 

distrid offi('c and as Chairman of t he 
i\orlht'l"ll XCII' .Ier.-.;('y Hedion of t he 

W. II , Thur lton G . G . ROil C.W. Ho,,;.on 

1 HE, is retul'l1ing to the home of lice at 
CllIn bridge to a~"llmc ncw respom,ihili. 
tics with the ~tllc" Ellgillc<!ring group. 

1\ 11'. George G. Hos.-> bet'Ollle" the Ilt'W 

manager of th e Xc\\" York ollicc. I[ e 
wil! be ably :lssi"ted by i\ l r. C. William 
Il :'l-rrison, who rOl' tlH' pa.~t two years 
IHlii beell :l sale:; ellgiu('Cr at C:lmbridg£'. 

NEW DISTRIBUTOR FOR ISR AEL 

We btl!) plcasure ill announcing the 
a ppoint mellt of the L:mfisclls P roduct-M 
Corpomtion. 3D Broadway, Ne\\" York 
ti, X C\\· ,. ork, liS our cxclusive rcpresl'n L· 
nlivl' for Israel. 

11 is e..xpeclcd t hat we shall be I~ble to 
render the hest rhls.'iible service to 0111" 

frien ds in Israel t hrough the good ofli(:cs 
of the parent COllt.'ern ano its residcnt 
branch, I he L:\Ildseas·Easlt'I'n ('om· 
p:tHy, P. O. Box 25:")-t, Tel .\ viv. [smel. 

GENERAl RADIO COMPANY 
27S MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE : TRowbridg . 6 . 4400 

BRANC H ENGINEERING OFFICES 

tHW YORIt 6 , t.uW YO. It 
.0 WUl STREE T 

Tfl._WO.th 4.1722 

lOS ANGfUS 31, CAllfORNI ... 
1000 NORTH SEW .... D URHT 
TH._HOIr~ ...... d ' . 6201 

CHIC ... GO J, IUINOIS AIINGTON , PENNSYLVANIA SILVE. S~RII"G, MARYl ... ND 
'il1D SOUTH MICHIGAN AVENUE 1150 YO~IC ROAD IDSS 13th STREft 

Tft ._ W"'booh 1·3'10 

." ~" '" ," 
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