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A PRECISE, GENERAL-PURPOSE 

IMPEDANCE BRIDGE 

A f('1\' ycars ago, when we \\'(' 1'(' 

eOllsid(,I'illg t he rcdc!;igll of the old , 
I:Iloping-panel TYPE GOO J mpNllttlcc 
Bridgr, I we had to d('('ide whl'tlwt, 10 

makf' a 1% bridge, like the G50, or :\ 
hridgC' of higher llCCUrtlCY for modC'rIl 
!lfN..'j .. ioll components. GCIIN:llly, fl 1'('­

dc"iV;l1('d instrUlllcnt ~hould do all thllt 
it '! pn'd(,{'f';..~r did. only lX'ttN, by 
la king :Id\"lllllag£' of impro\"('d ('Om­
p Olll'IItS :Iud t('('hni(jlt(,s. We knl'\\, thai 
Ollr pl"f't'L .. ioll ('OmpOrwlll s C'ould 1)(' u~d 
with l'oufidC'Il('(' ill all 0.1 % hddgC' .. \ 
Ic-c hridh't', hO\\' ('\' (, I' , ha~ the udvHlltllge 

' 1101 ..... F . ;"101, "Th~ ('o .... "ni~nl 'I ...... """,'~ .. , "r 
C', II ..... 1 I.," r. .... ,...,,/ II"";" £Ipnt ...... , .... 7. 11 .t I ~. 
Ap •• ' •. \l ftl'. 1{l:1J. 

tha t the main ("ompollcnL (C, If or I.) 
can be pl'cs('nU'd on :\ ;;ingl(' log:U'ithmi c 
dial, 1 hU8 prO\-idiug a I:'im plc !Jahner' 
;ldjlL"lmcut for rapid mellSII~mcnl!'i. 
This \\'as:"O important that. we u('('idNI 
to Illu\.;(' two bridges. Thc Tnt: 1650-.\ 
Impcdau('(' Brid~c2 introduced , hrt'(' 
yeaf"l'l ago h;l:l 11 IHlmlX'r uf importull t 
improy{·lllcllt:l. hilt it rrtainrd Ill£> ",jugll' 
('ilL dial lWei J('f Il;I",j(, af'('UrlWY, It Wll ,,, 

;\11 imnwdiut(' 1)('", ~1I('r , For Iho:«' who 
IIN'd 1,I:1'1'att'r lI('('lIm(',)' , \I'P 1I0\\' inll'oduef' 
Ill(' p]'cl'i."ion imlK'UUIl( '(' hl'itig(', fht· 
0,1 (1 Tnt; IW8-,\, 

' lI .. nn p, II ftll. "\ ,~ ... (· n;' ...... 1 hdlINlalL(ot 11,;,1....,," 
fintCMl HINt;. /;1p"",..;f4ltr, J3, J, \Ialth, 19:.9, 
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'. 
C()NOIIC'ANCt: 

Fill"'. 2 ... EI ....... ' ... y ..... m .. llu of , .. . < .. pod' .. n .... nd <ond".t .. nu b,idll'" 

Thi :ol IW'\·. ,-;('If-f'(,utaillt'd hl'id}!;l' ".\,,~ 

tern i,wllld(·" Iii, lu·jdl-\"(' ('in'uit", fur 
('Olllpll'l!, p ll:t";{' 1',W('I':Ij!;{' of th{' pa",_~ivi' 

half of Ill\' irnlX'd:III('" pl:III('. :t I -kl' 
o·wilblo[· :tlld :«:I"{,lin' 11I'II'f'll,1' Hlld 
Ihrl"t· dl' puw('r Hlppli(',< rllr tI(, f('~i ... lutl('t· 
(liid l'OI,dll(·t:lIl/'(' lI1PII~Iln:'lt1('lli~, 'I'hl' 

nmin d('",ign ohj('elin' fol' till." ill .~l rll­

IItI·l1t . IM·",id".'< hil!;h :lC·('llr:w.v. W:l~ II, j!;(" 

a simpl.\, adjulil('d am! {'a_~il.\' 1'~\:Ld 

huluu('(' :ltld ll.·:ldolll s.v"'lc·ltl. TIll' ulliqlll' 
IIl:,ill halnl\('(' "'y"I{'111 u"{'d i" alll)l)~t liS 

(':J-"Y to h:tlall('(' a ", II ",illlpl(· 1(. dial and 
~'11:till ly Olll{'h e':,,,i..r teo rrad_ 

THE BRIDGE CIRCUITS 

'I'll\' Ill'id).!;{· ('i1'('uil:-; ill ,lit' T, 1' 1: 
11;0.;-.\. Figun· 2, ar,· Ill\' falltiljul' "*.'rl(·", 
IIl1d Jlllralt('1 illdlH·t:UI('(' :lnd l':lpat'i\:ilu'(' 
I lid}!;I''; 1I"t'd ilt ,11 .. T\ 1'1 : 10:;0 :lllli ~illli· 
1:lr ill~trUm{·I1''': .• \1,.;0 illdud('d :II'(' :1(' 

'p: j,· ..... I·,·"il':l all('I' lIud p:ll'allrl-('oIHllIrt­

IttIC'(' 1,nt!P:l';;;, hoth IJf whi{'h hal'!' pha ....... 
(() ) luljll;.:.rtf'llls 110,\ fOllnd ilt olltl'l' 
hrid,l!;('" of Ilti." typ". TIt{'S(' (,in·uit ... lll!lkc 

pw ..... ihll' ;\ p r('(· i ... • ae b:tlant'(' 011 1111 

illdll('til'c' or ('ap:lI'ilil'l' 1'(·"i~11J1' 111 ,d gi,'(' 
a nwa."utl· of it,. n·;u·lallt'('. whi,·h is 
\':)111:11)1(' fllr prNli1'l iug IllI' fl'{'cIU{,II(,Y 

('I ta ra('h'ri!;tic, 
Tit .. im·lusioll of Ih.,I':(· two Iwidg{'t' is 

illlp(Jflaltt fol' tll(H'l' !halt jll."t Itit'lJ .... ltl'l·-

nl<'ILI" on rr"j .. , 01':<. !<lllf'(' till'.\' fill out 
Iht· pa,.,~i\'(' half of 11](' (Oolllph·x pitlllt', 
mol "hl)\\11 ill Fi,l;:ul'{' :3, Th('y Iwtk(' 

po,~ihl(· till' rIl(': I ~IlI'('11l('1l1 of n \'('I'y 

1<-"" . .'1' iudtiC'101' 01' capaeitol' wil hUllt :\ 
"*.·rioli:-: '·,.,Iidill!{ 111111." ::-iu( .... till' ('(JIlI ­

!lUIU' 1I1 t':Ul I:M.· 1\I(':t"lIl'{'(i It_" ft N'"i~'()r 

:\lld "If' iuchll'lIl1L(,{, or c':lpfl('it:IIJ{'(! (':litH­

I:ltc'd from IIii' 1IIl'llsUl'('(1 () :\Ill! /( 

(0 1' m. :-:'onw Ilt'idgl'" h:wc Idue J) 01' () 
1'3111,;(' . .., Oil IIII' apJll'opl'illt(· L 01' (' L.!I'icige 
10 I1tf'a"Ull ' 1o",,,,,, ('01111)( 111\ '111::;. hut 111,,'1, 

lire' Q i;3 IX' lo" I;.! (I) :tIKI\'(' 2J. tlte 

!'('"uh iug h;'flil)u." "lid il1K ,,1111 mllk('" 

t 11l'm 11:':(,]('."," fill' pl':WI ielll m(':\':;III'('ItlI'HI. 
Tluo '1' \'1'.: HiilQ.-.\ I1nl)('d:wct' Bl'id j!;(' 
111:'('';' the p:lt('nt(·d (11!'1'11O~l r L I ,~1 11]1·(·1\­

:lI1i.~m. whil'lI ).!:l'l'atlr f'xt(·rt d " 11)(' \lsd'tli 
I'a lt}!;l" T hi .... t!t'\·i(·(· i1·quirt,,, II loWn·jl h. 
mil' ('IIL :ulju;;tlllcrtl, which would be 
impml'lil'lll with ,hc' lill('ar di)(ital 1'\.:(<1-
out of I ll<' n('1\' hridgr" _\ It hullgh Iht· 
U);{"' !If 11)(' If I\lU} r; l)]'iligl'" doc·s 
I'CljIlU'C a ('f1I{'IIi:ttiult 10 1;('1. / , '/I' (' 

(
I _ /(Q r ~ !L) 
• iii' w I( , 

Ilw hi)!h :le('unu'Y of Ibt' (J 1,(,lulirtg 
(±2% ± OJIO(5) rC'''lIlts ill IM'\lt'1' 
I. or (' UCCUI'tl(',V III \'CI·.V low Q'", t ll:11I 
dl)('.~ ('\'('1\ 111(' UII'I·I!()."t'I.L nwt'h:tll i:'l.lll . 

' fl . 1', 11411. "/)rohOh,,1I I MC"h~ni""1 1)0,·'·1 .... '0 
I",I'''''-p lIri,I~~ l\AI~"'" r"n'· .... '·,,"" ... G<", ,,,/ I/lJoJiO 
1;3",... .. "./"", 3;1. I. ,,, , ;1 . Ill'·" 
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SEll/ES RCSISr!lNCC 

(,,. " 
\o,~·!jV 

Sollies INDVcr"NCC 
(':'-~ 

PAR,,((n INDuc rll NCI; 

" " 

Fig ur. 21>. El e m e nl",y IC h e maliu "f the , .. i. lonee and Inducl .. nc e o rid!! ... 

The bl'idgf' rangos extend up 1.0 11 00 
~f, llOOh, l.lMn and I.l/j and down 
to 0.05p£, O.05J.lh, O.OSmQ nnd a.Dout) 
(20k~m) which is t he maximum res­
olution, COl'l'cspondillg to ollc-h;t[f of 
the last d igit. The I, and C ntngcs a rc 
more thun adequate to cover uny 
pmcticnl :ludio..frcqueney component, 
and Ihe cOlll1Jinulion of n il I? lliid a G 
bridgf' ~ivf's l'f'sistancc covc mgc f!'Om 

0·1.2 ,., 

~----~--------, 

.... 
0 ' 002 

O-+(Q' I) 
0 " .2 (D oD 931 

Fig ur e 3. Phon cov.'''II '' "f !he Ty pe 160B _A 
Impedon • • Bridge. 

0.05ml1 to 20ki'ff! with the range from 
H! to 1M!"! cO\'C'red on both bridges. 
These two bridges cnn be used for both 
:'Ie and de measurements. 

CONTROLS 

The Main ReadCXJI (e, G, R, o r l) 

An important design objective was a 
readout. ;;,yst cill that lloll-technical per­
f:Onllc l could rcad without. crl"Or. Evcn 
thc most cxpc rienced cliginCt'r oCCll"ion­
nlly mnkes u. mi::;tnke ill interpolatillg 
a 8c:11e or applying It mulliplying factor, 
and ill all importallt project one oe­
('usional mistake can he costly. Fot· 
repeti tive pl'Oduetioll testing. the opertl­
tor lllay be skilled at rending settles, 
but few can kcep lhis up all day without 
:t nustnkc, We felt, therefore, that OUI' 

customers would value a simplf' digital 
display, \"Ny similar 1.0 an llutomobilt:' 
odometer, Imt with decimal point. lUlU 

ull it, iuciieated, n,.,; shown in dctuil in 
FiJ!:UI"c --I, Thc I'C life two obvious \\'UY>i 
to cl!'ivc i>ueh 1l1l iudica tOl', " 'hi ch, of 
('Oll t'!;C, /l1u!<t acclII':lt('ly track the prcci­
!<ion·rhco.~taL bala ncc adjustment. One 
is to h;\.\'c n, separute ndjustment for 
cllch digit , tL'I is done on n. dceude box . 
This requi rcs foUl" k llobs, with the 
r('sulting ;)])])0.\':\11('1' of :l.djustillg nil 
four to vary the ,';(Ott ing betwecn 0909 

5 
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Figure 4. TI •• digital 
CRl r . .. dout I" ~ h.du 
lIulomolic d l dmal 
poin t loc .. llon and 11 _ 
lu",lnole d Indication 
0' the unll s of 

m .... ur. m .. nl. 

und 10000. Tilt> ollw]" lIwlhod lISC!! 011(' 

input tJrin.'. hut. 10 get from one olld to 
th~ other, thf' OIX'rnfor would h:wu to 
grilld through all 10,000 po.~itioIlS, 

which is tedious and l ime consuming. 
\Ve compromii:'Cu otl t\1"O eonlroh;, tl. 

COIltf<C' and II fh1l', ('I1.('h fuJju,;ling two 
digit.~ (Th(' first u('hmlly goes to 114). 
Ellch of \11(><;(' controls CUll be swept. 
through it;-; ran~e in If'i-IS thull one rcv­
fJlulioll. T h£'rcforc, during !\ bnlolleing 
prot'edllrc \\'h('1) t h(' operator (,Otll1'8 10 
t!t{1 {'lid of lim fine ndjustm{'Ilt. rnng!', 
th" ('Oar.:«' control I;;: moved one digit, 
[lnd lbs lImn 1 nlVolutiull of the fine 
t:ontrol will n?S('t it to Z(,I"O. 

To fueilitatc flll'tlwr Ihis problem of 
Il'llnflition hetween the two adjustments, 
the \'cl'nicr fl/,[tle cxtt'ud13 Ix'yond 90 10 
lOG, Thi" ov('l'Iap of the adjll,'>tmClltt> is 
pUl,ticulnrly Il~crlll fO l' pl'('{'i"ion com· 
pon(,llt~, which tin' uSllally in int('grnl 
valuf'fI, ~ that Ihe rillul adjustment is 
.... ul'it,d about fI I'eading such :113 !Jong and 
10000, 1IU\\('\,('I', the sccond diul (from 
the right) eQuId Hoi bc labeled 10 since 
lhifl would giw' the sequencc 9999, 
Ut)]()(), whirh would lx' mislc!ldillg, 
Also, :l littll' thought ,\'ill t:how Ihat a 
j!;f'I1I'\'n·typf' tl'll1l~fl'l' to "carry thl' 1" 
would tllUi>C (,('lIful'ioll sin('c til(' O)X'I'ntOI' 
would 110t know wilt,I'(' ht, wall 011 the 
fille adju,.;lll1cnL Therefol'(" we h[l,\'c 
adaplNI lil(' ('011Vf'l1liol) of using X \0 

repreS<'11t 10 in Oll(' digit. The sequcnee 
nO\l" 1}('('oJlles 9999, 99XO, 99Xl, cie" 
\\'hieh se<'lllS ullwmul at first, but is 
casy to 1I1:1."ler. 

The "(enlode" 

T ill' ('oarN' control of t il t' llIaiu rend· 
out \'aries from 0 lu 11'1, :l.nd ('[Id l digit 
mu"t rcprc1<r'nt :1 predse (k tclIted step 
of rc~i.~tl1l1re in Ihe bridge circuit. We 
have referred to th is ad justment all a. 
"C('ntade" "ince it is similar to It decadc 
l'e~il'itl1n('c box, but has approxi mately 
100 fixed steps controlled by one knob, 
The ol"'ioll:; (and expensive) way to do 
t h is is 10 pilI I I·' prec.ision resistors in 
series on a dctenlcd switch, whi('h 
should be a shorting type to nvoid 
di<:(.'Otltin u iti('s, T he ('hc!lp way is t.o usc 
S('\,CIl resis tors in n bi nary SCqUCHCC and 
('ode a multiple contact swit.ch to give 
[l, decimal scale, Th is method results ill 
iarg(' ad just nH'llt discontinuitie", lI'ilil'h 
would give huge lI1olllcnful'y bridge 11Il· 
halallccs nt t hoS{' slepll whf'rc some re· 
~islol's switchcd out and 0 \11(;0 1':; 811'itr lwd 
in, T he 1I"0rSI step is bet\\'('CII (;3 :l1ld 5 4 

where the ~ri(>s combi wl i ion of I + 
2 + .. + 8 + 10 + 32 is switched out 
and 04 is switched ill, This coded binary 
l'icheme woul d have a momcntary valuc 
of either 0 01' 127 hct\\'c{'Jl 03 and G·I 
unless t llf'~ 111'0 switching functions 
were peI'formed exactly at. t he s:.Hne 
moment, which is impossible, 

Thf' .'I(' II (' lI1e u,';('d in the cenw,de ha" 
all the ad\'il1\tnges of the con t ilillOllS 
;;('l'ie8 (lrrangCJll(' llt but uses ·10 ]'f'si:-tors 
in;:jead of 11 4, T he switch ing Sl'ClUl'llre 
i::; iOhown diagrammatirally in Figt11'1.> 5, 
llnc (~ach /'c"i,;lor in t he .:;('riC's (·hnin has 
IL \,lllu~ of thr{'e limes Ihat of :t :o;ingle 
st<'p, R, ill the adj u.~tnlCIlL T he inl('r­
media le vnlues ore obtilincd by ShUll! illg 
(':teh S('I'i('s l'e~i8to\' \\'ith 011(' 01' both of 
til{' Iwo l'('f<istor;: mounted UII the wtOl', 

As :o;howlI , at str·p 1 t lw re~istun('c value 
is ~R plus the pill'allel comhillat ivlI of 
3R, GR :l.lId 2H, whieh comc" out. to be 
:. lolal of 41l, ] 11 stcp 2 the 2 R l'Csistol' 
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is removed, giving:~ tot.'\1 of 5R, and in 
sl(>p 3 1.10111 shullting I'('f;ililors lIrc re­
Inowd, giviHI; nil. ;\ole that when the 
I:; lIl1rlting 1'0101' I'csi:;Iors al'e moved into 
POf:it iUll for ,;huntillg the !text &'ries 
re~islor til!')' al'u nol in circllit. and so 
thel'(' is no ('oineidellce problem. This 
method ('ould n('tually bc cxtC'ndco to 
r('{itl{,(, fllrlh ('1' t he IlUmixo l' of 1'C';;.ir<tol'!', 
but lhe l1\1l11be r sa\'cd fOI' ('uch addi tional 
rotOI' CQntaCI becomes iil11l1llel', ami the 
(ksign oct-omes more complex. 

The switch stator is on all etched 
ooard with a rhodiulll-platcd contuct 
pattern simi lar to Ihnt shown diagram­
rll!l.l ically in Figul'{' 5, and thc pr'ceisioll 
I'Cflistors arc mounted dirN'ily on this 
hoa rd along wit h IIw ph.'\Sf'~~'OmpcnSfit­

illg components (!:("{. ix' lo\\'). 'I'll(' rotm' 
is a ;;;ma ll elr'hed board mount illg the 
two shunting ]'t'ioI islOI'i!. The (lOll tilctS am 
pl'('rlons metal and the 1'0101' takeoff is 
a sli p ring. 

The fine, Or vel1lier, control is a 
wil'('-wound rl1('osl a t {"(lllllcetf'd in serif'S 
with the centnd(, un d (:om pel1!<lItcd to 
obt a in t lw df'~il'f'd lillf'alily lind phul'i(' 
('h!lI1Ict{'ri~t if's. 

The 0 and Q Adjustments and Readouts 

The D a nd Q adj u:'itmelll:'i fOl' the I~ 

;wd C bridg('~ nrc two gfLltgNI -to-d b 
cxponenti,li rhl'Oi"tal ~. The whole mnge 

MARC H , 1962 ~ 

of D 0 1' Q adjustment. for each bridge i.'l 
on a single seale, so thaL no multiplier 
is necessary, The appropriatc sclile i~ 

iliumilUllcd , a s is the lellN D or Q 
aOOve the dial, so that there is no 
fluesl ion of whnt function i.-; be ing read. 

ScpmUlc D scales arc lIsed for the 
series- ilild pnrallel-capncitll11Ce bridges, 
aBd !lCpnrnte Q scales for t he scl'ies- !l11d 
puraJlel-in<.Iuew.llce bridge~ . The l'ange.'l. 
have wide o\'erlap, !'lO that inductOl'S 
with Q values from 1 to 50 (or cap!lci. 
IOI'S with D'r< from 0.02 to 1) can be 
menSUI't>d as f'ithcr n sel'ies or parallel 
('onfiguJ'alion. At Q " fil ues abovc 50 (D 
below 0.02), the difference between t il t' 
series Or parallel \,[11\10 is 0.0·'%, at mosL, 

The Q bnlallCC for resistance or 
rondllclancC' Ilwtlsuremcnt s consiSts of 
two dcradr;;. or ctlpacitanc{' lind 1\ 

v:ll'iahlc {'upIH'itor, wit h dial ;;; firTlmgNI 
to give ill-line rendout. All illdi('!ltillg 
light. illdicatcs whether t he Q balance is 
inductive (for II measurements) or 
capacitivc (for G measurements). This 
readout also IISCS the X inJit:ution to 
fucilitalp bahlll{'I'~ t hat. OCClll' in ihc 
awkwfl rd region beyond 9 ow tl deeade 
udjuslll1cnt . 

ACCURACY 

The b!li;ic b ridge flCCUrtley of 0.1 % 
at 1 kc is primarily a function of the 

" 
" r~-+-O TERMINAL 

--I ........ --1--~-
fill"'. 5. f"n<lh.nlll dlll ­
lI'IIm of t h . ,.nto d . 

.wlt,hlnll ' . q " e", •. 

" .. ~ 
" " 

I , I , 
" 

D(f(NT[D POSITIONS .-
7 
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cnlibrulion und the Rtuhility of the for ff' s is t anl'C an d cond u ctance. 
Sll\Jldilnl COml)(ln('nl~ uscd. All tilt" fi:i:ro 
1,(,I,iSlO!':;, including Iho~ of the cenlude 
adjustment, nrc prC'ci:5ioll wil'('-wound 
lIllits, sim ihu to thQse uscd ill Cmwrul 
Radio decade rc~ i:;to rs . The stnndard 
taparitor is similar to our precision 
sih"CI'-rnil't\ ~tandal'(l s, hut is shunted hy 
:l. 8mall, slubili1.eci, polystyrene capacitor 
to rcdUl!l' tIll' O\,f'Z'-all tem pel'ature 
('ocffi(·it'nL. Tht' 101:11 capu('iiancc is 0. 15 
jlf, so tha i in 3·1t-I'millal capaeitam'(' 
mcaSlLt-cmculs sub:;lantinl strny fnpaei­
ta u('e ,';1.n IX' ph~t'I'd f\ CtOs." it without 
Cllt lSing a ppreciahle {,ITor', 

On 1 he lowest impedan ce runge of 
(,11('h bridge w{' han:- (Hided nn additional 
0.1% to thc ncctll':wy spc('ifications, 
b('('{IUSC t hi~ l"Ung(' \11iC" /l. OI1(.'-ohm 
ratiO-flrm I'l'sititor, whidl i~ s lightly \('88 
stflblc :md nwl't· fl tTf' f' tf'd hy po"-,,ihlt' 
vt\riatjoll~ ilL s\\'iteh-cOILtuct resi:,;t:U1('C 
thun arc Ihof!(> of big/wI' vahlf', The 
mngc switchc8 iw,H' solid-silver double 
oonl:let:,; to keep the~ vn rifllio ns small. 

The :u'('umcy !'perifictLt ion IIIFlO in­
clwJt's a ± O.flO5o/t-of-futi-ilca le term, 
whi rh i.~ ±,!.4 divi,~ion on the In!;t digit, 
of the indic:\tol', This limitation is 
imposed by th(, abil it y lo read the 
COHlLter, the linearilY of the fine :ldju,~t­
mellI, anu bflcklu.",h in till' counter dril'e. 
T his tf'l'nl reduce!'! the b l'idge accurary 
by It Ilf'gligihle fllllouni fi t full s('all' but 
fit 1/ 10 of full ~cn le in('I'('!U;es the pOR",ihle 
error to ±O.15% (('x{"{'pt on the lowest. 
impedallcc m llgcs when iL becomes 
±O.257,,). 

Th" othN f' I'I'OI' tf't'IW! given ill the 
sp('('ifieatioll,~ :lrc importallt only for 
I'cry high-D or low-Q Ille:l .~ll rements 01' 
have eITrct t)rdy nt highel- frf'qllcllcies, 
It .~hou ld be noled that thl' ba~ic 
~lccmncy ('\'('11 Ht 10 kc iij 0.2% fOl' 
Land C Ulcnsur('ments and 0.3% 

Th(' I'('i'iclu!tl imped!tnc(!s are the 
irnpcdnllecs tlsso!'iat ('d with t he UIl­
known tNminals themselves. An internal 
four-tcnn ilml conlLeetioll is made to 
these tcnninu ls, so t h:lt l hf' resist.ance. 
j ~ that of th" bill d ing post nnd the ill­
ductance i.<; t hat, of t he loop complcted 
by t he !'hol'tcst conll!'!'1 ion bct"'eell I he 
tcrmina ls. T ho 0.25-pf capacitance. of 
the terminals cun be l'Cmoved by in­
stallation of a gJ'ollHdcd !!hicld bctWt'Cll 

tllf'lll. 

Substantial f'ITo l' t WM put in to thl' 
d!'''ign of this instnllncnt, to get the 
fixrd phn,.;;c errol' term down to ± 0.OOO5 
mdian (the D of C and f~ :\nd the Q of 
f? and a ) whii' li we f(-It, was neccssnry 
f(l l' n prrt"isc bl'idge. FOl' exam ple, :1 
0.1 'Y'" rapaeitor to 1)(, used in :l prcci!<ioll 
t witl-T IHtll circuit L1'qui l'cS :'1. dis.<.: ip:\­
linn-faclor 1I1f'a."llrCmcnt \.0 0,001 , since 
t his D etTol' could ('ilUf«! just as nluf'h 
utlbn.ifLn('C in the null ci rcuit as a 0. 1% 
capacitance el'l'OI'. The fixed error term, 
±0.OOO5, is the rnnre impol'l:Int, sinre 
it is lal'g('l' than the 5% term for J) 

"fllues up to 0 ,0 1. 
With th£' rCRislau('r IwidgeT t his phase 

pt'l'ri ;:ioll rnohles olle to chcck t he Q of 
mally hobhin-typc, wire-wound l'csis\ol's, 
\d lich ha"e ilPprceiable I'cnctnnce evelL 
at audio fl'('quclld cs. 

If the bridg" phase shiHs \\'('1'<: 1I0t f;() 

cJo:<cly cOlltrotlcd, :1 mol'l' subt le diffi­
cult.y would OCI'LlI', A J) ('1' 1'01' could 
cxi!':! Ihal \I'ollid put the finn ! b:t1 nILl,:c olT 
th£' (' lid of the adj ustment nmge for a 
vcry low- /) component. If t his J) error 
WNr, fol' exn mp]e, 1\.'1 g],!'111 us 0.0 1, t he 
cnpa('itnncc ba ln ltec would be lim ited to 
nboliL Y2%, ;:illce the !lull-meter dc­
fl ecliOIl iF- pl'oporti01l1\\ to the sqUflre 
root of the sum of the squa res of both 
adju .... tmcnt unhuh\ TlCcs, 
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POWER SOURCES AND DETECTORS 
,\n iulem:!I , tll"o-trflllJ':istOI' ur olwil­

blor driw'S 11lE' hridg{" I hruup;h :l bridl!:(' 
I r'~lIl~r/) rJLWJ' 11'111'11 lli[' ill"'t runll'Il1 i.o,; sct 

for l -kl' mj'a";\II'('mrll! il, [ t hafl:1IJ adjuf; l­
alii!' 0111 pili ami n ppl i('~ :l 1I1:1xin1l111l of 

ah()u\ I v(.[ \ I)('hind 50 ohm", '1'111' 
dpll'(' llJr II :Wfl: ~ix ,~ I:tgl '~ 10 gc't \'t'ry hi!!,h 

guill and 25-J b ::t'('olld-harmOldt' r{' ­
jf'eli!)II, Thi fl: f'ir'{'l Jil Ila,.: l'IIIIIPI'(':<:<ioll II) 
gin' lludN,I r:lIlge h) til(' llull-rnrtN 
ddh'('liou to I'edu('(' lIlt' Il('cc~ t'iI Y uf 
d{'[('!'\I')' 11;:1 111 adju,,;l nwnl ,,;, Ull lIlt' 
rXlI'rnw I'ung;c'f.i, \\"11\'1'(' mol'{' gnin i,'I 
I'l'qtlin'f l, all l'xll':.20 dh of A:aill jo; :11110-

m:.dit·ally flddNi by t h(' range "wil(,h , 
Tht, ~,It'('livl' ('i l'l'lIil :-; itsI'd ill t hl' 

o';;('iI Jat!)r :.IIld dl'tectOl' an' moltnlt,d 1)11 

II 1l1Od u!r' that ",l idl'.~ ill froBI l ilt , re:11' 

of the in f;l rurlwnt and :rl~o pn,vid('!'. :1 

p:l1I1'1 illdi<:a lioll uf lhe inlel'ual fn '­
fluent'y. A l-kt, lHoduk' i!<l usually 
slIppli ... d , hul llthrr fl'('ltllC'llC'ieii :11'1' 
11\'ailal,14 ' IIPI!!1 r('ql1('~ I, \Yhf'll mo.lull'!S 
f!!J' olh('J' fl'l'qtJf'lH'i{'s :11'(' tJS('d, thr 

1m llwr fl~'! jU(,!l4'y-d4'pt'nd£'lIt mu II iplica­
lion f,H'lor" fill' Iht' I) amI (/ IX':lJingi'l 
un' :'II;:!! indif'atr,d ou the pallf'1. T hl' 
i ll ~I !'U IH('lIt ('all al ."o I,lt' uscd wilh [\11 

r\'It'1'1l:d IN_'illa1.or, whil'h i:; applird 

t hl'Ou~h till' iHtl'l'Ilal hridgl' tnrn."fOl'lIlc.r, 
T hl' inl('l'!I:ll d ... I('I·!ol' has a flat. fn:­

'III('II('Y 1 .... "'PCII. I:'f' for' t hi.~ mode of 
OIl<'l'lItiotl, :11 1d ;' 11 £,x/'('1'Il:\1 ~l('('\i\'f' 

([1'lt'£'lot' , f;ut'h 11 1' thr TYI'~: 1232-A 
'i'U11eti Amplifif' I' !Iud :-\ull D('k etor, is 
\JSf'ful fo l' rne:ISHH'lIlCnt, at low Icvels 01' 
011 lIon li llNl.r COrnl}() II{' nl ~ . 

Thrl'C inlernal dc sllppl i f's :In' included 
In giw good el r: ;;cll,~iti\'ity, These SlIP­
pli<'5 of 350 voJt.~ , 35 , 'olli", and 3.5 vol t.s 
litt' f'I IITf' ll l [imitf'(i to avoi d damage to 
t he bddg(' o r 11l1knQ\\'n alld [11'(' ad('qu:l t.C 
to appl,v t ht, Rtflndard E IA tef' L voltages 

MARC H , 1 9 6 2 ~ 

uf II\/' ra tlgl'. Tlw rangr I'witch ilul.o­
mUlitally l'hooSl.'~ l he optimum supply 
for el(('h rangr, \lor('O\'el', 1111' SWil{'h ing 
r hallgl's the rnallll{'l' in \l'hi(,h til(' '<:Olll'('f' 

is C()IlI\£'('t«(1 10 thC'- hridgt, 10 gf't rna"i­
mum I'I'"~iti\'ily :wd to p1'C\'C1l1 (' :>.:('c ~~ 

meter d:\mpillg ff ,r 10\\'-I'('li i f; I:lIII'r 
mf'a:; llrCnlt'lll ii. 

TIll' dl' dt' j('ctol' i'l;\ 1<Cllf;i ti ve, J;;hfqwd 
lIull indicalor, To I\void the !It'(:l';;~itr 

of zel'!) adjustllWIl1. no de amplifier i~ 

uS4'd . \\'ilh Ihi'i ~,V1iII'm, O,l nl, h:ilUll tc' 

may lx' 1I1:lde f!" 11II l ohm to 1 mt'gnhm 
if ('a 11' i>l 1:lkt'll ill J'(':tdi ll ).\ Ihe llirtl 
d el!'{'! I)l', J>l'o\' i~illll is tllllde for the U~~' 

of ('" INn:!1 (I<- ;:cm l'('('S {Illd hi!!;h-gai n (k 

nlill (]1: IN'tors, 

SOME ADVANTAGES O F 
AC RESISTANCE MEASUREMENTS 

T he ll fidi t inll of II Q bnblH'f' for 1111' 
R :Iud ({ bddA"l's Illakc!<I po,;"ib lf' I ht, 
pl't't'il'(' Ilwa~ur(\n1{'nl of n~~ i,;t o l''; at I ".' 
illst pad of ul dl'. Thi~ 110t ol1ly OH'I'('Oll1f':; 

tilt' 8('II,..:il h·ilY limitation of the d(' 
brkl}!;c,~ al Ill(' mug!' f'''"X'mf',~ (scc 
al-H)ve), hUl a1.~o make;; [l\,:lilahlt' "onw 

gC'l\('11I1 ad":luta,11;C'$ thaI :W iwiligl'l'l h:II'(> 
0\'('1' df' hridg('~ , I f th(' l'{'l'i ",tol's urc 

goilt!; to 1)(' u~d al ;lC', t hen nn ;"It 

rnea.'iUI'f'IIU'1I1 i ~ ilion.' [ogir:al. FUl'thl'1', 
til l' 0 ;n(\i(,:"i(l1l i" lI:<cflll ill m:lll,\' (':lSf'S, 
A~' 11l 1'1I.~lll'f'mellt :> Nl n 1)(' mad£' at !~ 

IlIlH,h 10\\'('I' 1('\'(,1 t hall d (' mC[I."u rt'tnCllt;;, 
sillcc ac dc, tccto)':'! OJ'(' gellcl':llly mo\'t' 

!<ICn;;i I i\'I' t hnn dc df'tl'('lIU'"" bccau,'<f' t lLey 
1111\-0 no de drirt. Th is llll':ln;: !hal , ill 
lIlallY {'a;<C.~, the a {' LtlCll;;\ U'{' Il1{'lIt is :l. 

bett('r m(':lSl1I'C of Ihe low-If'vel dc vahl(' 
o f 1'('f.i i"loI'S that fi re \'oll!lI1;C or pow(,r 
Ben!'iti\·c. 

The last fltutCIllCIit. is I rile only if 
there IIl't' IIQ apprcci;d)lc fl'cqu(,llcy 
ciTf' cts Ihal wO\lld make thr z('l'o-I('vel 

fur \'[Iriow; types of rl'.~ i !<l l()\'s O\'{'j' mo~t ilC and de V\l!UC'S ditTf'rcllt , Tht'r!' (l n' 
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mflHy PQ~"ibll' f r'cquCl!(,Y effor t:!. to be 
("on~id('red, hut the on ly important olles 
mc disll'ihllteUl'tlpfiCi ltl llCC C'fTcti s \\'hich 
(':lU8C difficulties only in tIl\' high 
llIC'gohm range nt 1 k('. The Irick that 
thi;! hridge uses is t hat il. ~C1\1ircf11h:lt 
IlCriex 1'('~ifit:U L(.,<-' he m ClUilllw] \\,11(,11 the 

unknown resistor is ilLductivl' :\1ld that. 
(Hlralkl cotldurtiuwc be mcasul'(>d wilclI 
the r('~istQI' is CI1P:l(,ll i\'c. Serif'''; iudl1ct­
;\n('(' docs not alTcc·j the valliI' of ,.;pries 
"C8istanc<', and pa ndle1 cn pal' itflllcc d{K's 
1I0t ;\ffel:\, the vl\lue of p:u'nllcl CflndllCt.­
,Ine(' (or plll"fl.llri 1·1 ... ~i,.;hUl('f'). Of coun;c, 
tl resistor will have b£1th ~I'ies induct,.. 
1\1)(>(' find p:u'alll'1 ('apnc;it:1ll(,c, but the 
t'('i':om\nt fr<'fjllC IlCY of t\ r('"iSlOI' would 
h:l.v(' to 1)(' l fi kl' 01' IOWN 10 /,!;('I all el'l'or 
(If OY:{ III 1 h. Fe\\' i'i('lf~re~ I)(,('linp; 

rCl'iJ'llo l~ l)('h;\ \'f' like I hal , (T his dI n's 
1I0t. nH'lI(1 10 inq)].\' lhal Iht' :11' alld d(' 
rcsi.;ttuwcs of fl. I ralll'formrr nr nw1.flT' 
winding fll'C anywh('l'(' nenr C(III!II, I LI 'ro, 
ircllI los.scs arc lilt' main cau:=:<: I)f 
difrrl'rll('e,) 

APPlICAn O NS 
R, l, C Components 

Bridg<-'s of this Iyp(' lUX' UC'KiWINi 
primarily 10 nWW<1ll1' t'('"if'tOl'S, ('ap:td­
Iflr .... IIllU indHl'tor,,:, 11110 lhi!' Ol1r will 
IllI'll:,tUT' f'!JlHponenls whn.'>!' "IX,t'ilit'd 
1(l1l'1'II1I~"'''' 11 1'1' ""I'll hl'lO\\ Jt:;, It is 
of\('n df'sil'a hlC' /I) n)(,:\i'lI l'\' JI' f' , or 
pnOI'('I', ('ornponrnl,; to Hl\l('h hkhrl' iH:~ 
ctlmt'y, for <-'x:unp](', ill i\('{'i'pl:,ru,',' l('sls 
,)11 hlll'llt·t'-tin(· (!lI~'S. in qlla]it~'~('l)Ilt rot 

work wherl' a distribution wilhill lhe 
lol£'rtUw(' nlllg(' iil dM'i1wJ, {II' i ll dt\'t'lop­
ment work \\'hf'1I CUnlulaliy/' inlrt':lllt..:c 
('ITCf'ts :\I'r I)(> ing st udied. Although 
l'; p('(·inli1.('c! pl'{'6:<ioll hridg('" al"(~ 1'(>('0111-

ml.'ndt'O for mC:l!'tU1.'rnent of I'l'fNctlf'(,: 
il11l>('(I:III\'(' ~hLlIdurd l'l, t hii' hridge ifol 
ndl'quulr to eheck most 1"oI"'col1tln ry 
stalldal'dS u!'<NI ill produl:tif)H tl'sting, 

Note tha t it will comptlfC t wo com­
ponrnt~ of decade \'ft luc to 0.01 %, !>inoo 
I hey C:lIl be hal:\n<;cd to the full-scale 
resolution . 

Networks 

The wide 1'!lllge :111(\ oomple\(' phH~­
ang](" COVI'r:lgt' of t.his bridge m:lkr it. 

tI&'ful fOl" ml'llsHI"il1g the im]JNhulC{' !Jf 
/' hlack boxes." The hridge ,,·ill h:l l ~II1('(' 

fora[mOfl! a ll paf;:<i vc impl'd:l ll(''f'sn l t k(', 
th(' except ions bein g 1 he induclor::; above 
llOOh (lI'h it..:h would pl'oh: thly be c:1jml'i­
t iV(' III I kc) a lill cn pacilies abo ve 1100~f 
(which :;hollid uSHa lly 1')(' IlwasHrf'd :It 
[nw fl"l'q ll en tiC'~), Th m:, sut..:h th ing:; tl.<: 

potted Ul't\\·OI'k", I nlllR{llIN' 1" im p,"d:'llwes, 
!un.! amp[ ifiC'I ' input ;\1Id Imtpu t impl'ci­
Hllrl'S t..:a ll he mellstll'Cd , Hnd 11wir amlin­
fr('C[ut' lwy chafal'lr>rblics plOIH·tl if fill 

('xtemal o"ci llniO I" i.<; Il;;;('d, 

In-Silv Capacitance Measureme nts 

Wc',·c fOUlld lha t, i ht' ahility 10 IlWa*" 
ure smllil ~'apat' il:ull'p~ haf' 1)('f'11 1I.~f'flil 

fo r Inc:l1>U!"ing i hc ('apaeit:U1l'(' hl.'ll1"('t'll 
C(HllpOIl('nl~, \\.jl'('!'i ot· 1110UIllillg :,;1l"l1,·­
lurl' i;, T he l\d\,:lnt~\g(' of Ihl't'l'-1('l'IniHHI 
(':I])(ll"il:\1I('f' IIIC'H:;Ul'f'IIWlIl i; is n:-f'ful IWrf', 

!'<ill('(' il i" pI)~"'ihl(' to nH:':\~Ul1.' ~lll'h 

qUtlnlitit·,.; :1," thl' f':lpar'itanl'l' 1)('I\\'rrn 
:111." IWO ('(JlldHl'tOl'" 011 :111 (,tt..:hl'd~hmll'd 

patl('nt with till' oih(·I .. " grounded. 'J'hi~ 

ability to makc mf'a .~ ltn'm{' I II~ i,l 1111' 
J)I·(' . ..;{'11('C' of \al'l,'t' rupacitant..:e to ground 
1X' I'nlil~ thc usc of long shif'ld('d l':tblrs to 
(oOI1I1('ct 1'l.'lIIo\e or oliwl'll'isc iWICCC,.;",ibk, 
('ompOll('nl s lind 10 rcdllCe' l he sh1l11ling 
(·fT(·(·t of \e:l(irapacit:1IH'C' IU jllf' HH':l~tll·!'­
l1letl!,. (,f fllllaU ('ilJ);\('ilOr":, 

Testing 

The T Y\'E IG50- P[ TCf<L J ig t()1l1j('i'ts 
oon \,l'nif' lI tly to t hc bridge (~'e 1:0\"(:1' 
pbotogl'l1ph), t IHIS pl:\l:ing qllick-cOIlIt('(:t, 
:;)[ll'ing: le l"lnll1:ll ... OI l t he hench di l'C'e't ly 
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in front. of I \W OpCI'atQI' , I r I he gaiu of the 
ill1'.trul1)eul is adj usted to give:l, (.'OnVCll* 
il'ntl,v re:ld deflectitl1l fur il. given bridge 
unb:1If1l1ce, this combilUlt ioll provides 
!~ vC I"" .. , lile und n{"('umte selup for llle 
)'npirl 101(>1'(111£'(' tCOil ill,l! of compul]f'llls, 

llt:S ll Y P. l-I,\ I,L 

MARCH, 1 962 

CREDITS 

TIll' T n.; 1608-1\ Imp. ·d,\llr.., Brldj!l' \I:U:, 
dev('lopo.:d loy 11 . P. II HI!. H. ,-\. Sod,' mUll!, 
.'\ dlllini~tr:llivc En,ltiru't!fi 1'. Ii: . Bodge, D,"~ign 
ElIgilll~r ; C. S. l\clllH~ly. J ~ .. yout Dr:lft ~rn'ln; 
W. II . Ilig,ll;irlloot l'lHn, Pru<lul'lio ll En!;in ~·.'r: 
""d D. H. Urr1l1.1hllll'. 1'.,.,1 E"gim."C r, h"v.., 1111 
,·'!tll r ihulcd 10 th .. fin,]1 ,k'ilign. 

SPECIFICATIONS 

RANGES 

C .. pocltonce: 0.0.') ]Jf I" \ 100 ;J in ~1'VO'n Tn ngl"., 
"criC8 or p:oralieL 

Ind .... on •• : O.O!) ,IIh ' 0 1100 h ill ~cv .. n rallgt':':, 
,J('ri ,,!:, or p" r"l1t:1. 

1t. 111' .. n.", 0.05 m!} \0 1.1 ;\ In IU' or d!·. 

Cond .. ct .. n •• , 0.0,'; nil tu 1. 1 Ii u.-. or ,Ii­
(20 k.\I f1to O.!) 1/). 

o of Serle. C, 0.0005 10 I . 

Do' po, .. n.1 C: 0.02 10 2 . 

Q of Setln L: 0.5 10 .'10. 

Q of Po,,,Uel L: I to 2000. 
Q of Sarin t, 0 .()()(I,1 If> 1.2 indudi\(l. 

Q of Po.oUel G: 4),(J005 t<) 1.2 (,'upucitin·. 

ACCURACY 

C, G. R. l 

A'l k., ±O l' r ± O.OO.')' r of ("II ~" fl l{' '·.X"I·pt 
"" 1'/llt'!!l It ,IUd L mUj,(I'I'j ,mil hij,(I .. "" C 1111'] n 
rnll)(PS whl·rt·iti~ ±O.2' ~ ±O,OO.'i' , of (ull ~(>:lI\·. 

Ad dU i"nol % . .. 0. terml fa, hIgh f, equen<y 
lind lO'lIe pho", o nill . : 

C and l 

[±OJ)()1 (J {(.)J ±tl. lf) I '~-;;-±O.!lf)'J (~ 
(If 1ll1'II:!III'i'd qUIlII(ily. 

If ond G 

[ ±O.OO2 ( 1 {I'Y ±O.lJOI)O(JI ( /kl' ) ' ±O. l tl ] "! 
of rUl':I~"rpd 'lll!mlil.v. 

R .. id .. ol Te,min .. 1 Impe d .. nu: If ..... J ml!, /,,"'" 
0. 15 ph, t' ..... 0.2;' pI. 

Dc R .. i" .. nu and Cond .. <I .. n." , ~,1Il)" ILl' for 
l-kr lll(.'lIAllrt'IIWllt,s, <::>:"('pl Ilml ,wI·nr",·y is 
limill'd by '!!f.'ll.',ilivily lit 11l{' r:ww' t·, lrem~. 
Ba!:II1O'('S to 0.1 (r :Irl! I)()i;.~ihh' from 1\110 1.\111 
will, the inlerlln] SU I'J).v :In,! IIf'I(,dor. 

o (o'i) of Co.l, 

± O.OOO."> ±f!', :I' I kl' or IOIl..,r. 

±0.0005 1 {" ±5';;: abol'e I kf'. 

Q of If 0, G, ± 0.0005 I ~I' ±2''(. 

GENERAtOR AND DETECTOR 

In! • • nol O .. Ulo lo r: 1 k(,' ± 1 (>;. l1lJrmuJly Sl1 llplictl. 
l 'lu!!;_in modult'!I for ot lwr fn·<"ju(·I\('i .'I! :\Vllrl,lhlt· 
un rNjll('S1. I.('vpl "OlltroJ provided. 

ln l" ,nol A. Del. <lor: ('(In he 1l~('{1 {'il lwr Hilt or 
.-I'lel'lil·(' III fl'l~rll~'''(>y of phlr.:-in mOllule 
("orm~II.\' 1 ko.:). :X"ond-lmrmonk t(.'jtol:ti()u 
1l1l1)roximatt'ly 2.,,> dh; I;l-'ll~it i\'ity ('unlrol I'r ..... 
vi(ed. 
Inte.nol Dc Suppl' • ., 3 .. 5 v, 31; v, 3bO v; Hdjul't* 
111)1(', :LIlt! 1>011'I'r limill'd til I, .... ~ Ihan I; wull. 

Inle.nol D. Detector: .'\1111 in,Ji('atnr, 1 1'0 ... tIllll. 

hle.nol 0 ... 11010. ond Deleclo" T YI'E 1210-(' 
,'Uil IH' O~t'ill:lttlr IUld '1'11'.; 1232*.\ 'I'mit'd 
\mplili"r lItHI Xull [)("IN'tur aTI! rI'f'Omlll'·'idf'<1. 

Dc Bioo: I'l'<wi)'i(ln i~ mllrl,· for hilll'iu~":JIIIWilono 
I" 1;00 \' with ~'xtl'tlull ~IIIJpli\·" ,,,,d f()r (,i,t~illt:: 
"uTr('ul ill i , ,,hJ('I('~. 

GENERAL 

A.ceno,t.. S"ppll. d: Tn' l: ( ' \ " "22 3- Win' 
POIler ('orll; l!l'UI't' fllSt!!' :\lul indir:'tor l(lmp~. 

AccUlo, l .. A"o;lobl" Tv!'!; H,i;Il- Pr '1'1'1'1 .ri!!; 
c'.\ll·rlml ):Cu('nltor :HJd ']('h'd(.r, if \I~I, M 
li~((,,-I "]}()\'l'. 
Po w", Inp .. I, 10;,10 12" (or 210 I,) 250) voh~ , 
!)O-VO qm, 10 wlllt$. 

Moun'ing: Either re!ll~'"rlwk or h'~Il<'h, HI! li~tt,,-J 
l>1'low. 
Dim.nllono: Hllf'k m(}d~'I, punt'l, If) hy 121( 
iudIC.'! ( .. sa hy 315 nun) ; bl'lwh mo.ll'l, widt h 1 f), 
111'ir.:ht 12 '·" d,'p(io 111~ i"~'lw" ("8.; hy 320 
h.\' 2!)5 mill ), ()vtor..,,11. 

N at Weight, 3fl' , pound., ( 17 kg). 

_--c-'J~'VPO'C' __ -;--:-;- c:-;;C""Cc:-;:c:c:c-:::,-,:c----I- C()fic Word 
1608·AM Im pedonc. B,ldg. {a . n. h Moun' ). " ,wn..: 
1608·AR Impedonc. a,ldll" (Ro.k Mo .. nt). "":VII. 

I'rift' 

$117S.00 
1175.00 

11 
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~ GEI'HIlAl RADIO EXPERIMENTER 

12 

RELAY-RACK MOUNTING FOR THE OUTPUT POWER METER 

Th" T YI'~: IS·I()...\ Output POWc'r 

:'I 1l'1t'r, d(';:;('rib('{1 ill th£' .J nll ll tll'y-Fl'hnl­
:lry i~"lI(' of til(' Hrptrimull.a. ean be 
adal)tl'd fot' r<'lay-r:l('k moullting by 

Ty/H' 

the :lddil ion of p:lTld f'xtem:ion;;:, Ordt'r 
l'VN: 480-P212 Pfllu,' \ Extell "ionR tiS 
li.;ted 1)('1011'. 

I 
Xci 

II' eight 

$6.00 

r (l(ft' Word I'rir.-

40%1115,1 

NEW LINK UNIT FOR THE GRAPHIC LEVEL RECORDER 

Tho Typ. 1511 . " G,aphl~ l ..... t R .~ord .. wilh !he nlW 
Typ. 1521 . '14 Lin~ Unit I •• hown ,h,y lnll (b'low) th o 
Typ ' 1304-8 Bool.Fr . qu o ncy Audio Geno.olo. and 
(.ight) the Typ. 1554.'" Sound and Vlb,o!;on "n.dyn., 

.\ Ill'W Link Cnit. T YI'E 1;)21-PI-t. j" 

110\\ :L\,:t ilable to {'oupl" t lw T YPE 1521-.\ 
(;raphi(' l,('n' l H(,Cilrdf'f to Ill(' T n-I. 
130-1-1\ Ikat-Fn'qul'rwy ,\ \,<l io (:{'Ilcr:l­

tor or to tlw TnE \55\-,\ :-;0\111d and 
\'ibralioll ,\llnlyZC'1' f(lr the automatic 
N'mrding o f fl'f'qu(,IH'Y N'''I)()Il:-C chnr-

T ype 

1521 _1'14 link Unl1 

ll('trl'i"lj{''' , With Ihi" link unit, thr audio 
g('nN:ltor ('all lx- llLOlll1tf'(1 ('jlher ahon' 
Of iwlo\\' Ill{' re('ordel'. T he analY7.(' f i,; 
op<' fal ('d abo\"(' the t(' ('Ordet". 

'I' ll(' TYI'~: 1521-Pll I.i nk l'nit1 wilh 
\\hich the !,!;ellet"ator ('ould IX' mountC'd 
only above fhe recordf'r, iR di:-;coll tinued. 

('rxft Word J'rirt 

I'ASIC $1'.00 

General Radio Company 

;1 
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