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, fEBRUARY , 1 ' 5' ~ 

THE TYPE P-582 CAPACITANCE BRIDGE 
AN INSTRUMENT DESIGNED TO CALIBRATE CAPACITIVE FUEl-GAGE TESTERS 

The full range of an airplane can only 
be achieved if the plane lands wilh 1\ dry 
fuel t.'\nk. Any fuel lef t. over has not only 
reduced the range by nol being used, but 
it has also added to the weight of the 
plane during the entire trip. A margin of 
safety is, of (:oursc, necessary , but an ac
curate fuel gage C.'\II keep this margin 
from being utUlcresstll'ily large. 

The fuel ga.ge on a modern military 
aircraft mcusures the fuel quantity by 
measuring t.he capacitance of fin element 
inscrted in to the fuel t.'Ulk'. This dement 
is, in cifect, a capacitor whose capaci
tance chnnges as fuel is replaced by air. 
Jleriodic checks of the accuracy at. full 
a1ld empt.y gage readings arc rnru:lo by 
the substitution of !\ variable capacitor, 
such as the MD-I (GH TYPE P-579) 
Ficld Variable Capacitance 'rester,z, J 

fOl' the tank clements, The gage can be 
only as accurate as the test ca.pac.itor, 
which, a lthough of high precision, should 
also be tested perilXlicaUy, fo t' an inac
curtlCY could I'csult in a 1088 of life, Thus 
It bl'idge is necessary to test the tester 
which tests the fuel g.'l.gc, 

The en THE P-582 Cllpa.cit.'UIOC 
Bridge, shown in Figure 1, \\'1\.<; dC\'cl
oped to moot tJ-tis need. Actually,origi
Ilal tlpc<.:ificatiotls (M I L-T-li78 (USAF) 
cnUcd for a bridge of somewhat differ
ent design, but. the TYN~ P-582, which 
meets the essential requirements, is a 
snmllcr and lighter iustrumcnt., and yet 
provides greater range, higher [U!curacy, 
ami has many convenience rct~turcs, 

After evaluation tests (including many 
environmcnlaJ tests) the P-582 was 
given the militarily assigned com mercinl 
standard designation TEST SET, CA
PACITANCE BTU DOE, l~ru 24/E, 
PRECISIO~, TIITIEE-TEnMI NAL, 
DEPOT, 

Fig .... 1. Pane l view of the Type 1'-5112 Cap<>c;lonce 6ridiJe, 
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This illlil.rllnlcnt is n sc\f-eontainoo 
brid(te R'ylIt<'m which includes a 400-
cycle ohl'ilillt.ur li lld 11 sensitivc null in
d ica1.\)!'. Rim'\' the fuel gage me!\8\lrcs 

. , " I r difl'Ct (.:Upllc lt .'uzcc. tl. rans ormer 
brid~e'" WM spt'<:ified to mako pos:;cihle 
direct (thr<'t'-termi lln.l) l!llpllcituncc 
llleusurt'mCld~" The b:l8ie bridge circuit 
is shown in Figure 2. 

Capttcit:ull.'C from the unknown ter
minal!'S 10 grouud shunts either the os
dilator or th(' tightly coul)led tr:ms
former and h:l.'\I no effect unless il is vcry 
laf!l:c (set.' sped lklltions). In addition, 
the inductin'ly coupled "mtiOllfms" of 
Ihis tYI)C of bridJ!:c proviu!' 9. mtio ac
cuntey lI!mU:lin:lble by othef types of 
COlnJ>ollC'nta. Ali II res ull , the Zlccurncy of 
cllpaeitaul'c mensurements depends nl· 
most entirely on the accurncy of the 
stulld3rd capllcitor. The range is ex
tended bv cluHljI;ing t he tums ratio of 
the trunlj.-formt'r. The transformer is in 
the del ('Ctor cir(,ui t which make!' IXls~iblc 
:L constaut volt:lJ{c on the unknown ca
pacitor ns the range is chnnged, with no 
reduction in sensitivity. The transformer 
is pOtted inside of two, high-permeability 

;:O;;;b!e katio A.c arid."" with I "duni"~b' Cou.pl6l 
Kaho AT ........ A . A. Clark ."d P. Ii "and",!yu. Prt!c.."J
;:10/1' 01 lit/!, 82. I"'n III . IIH9, PI' 189-108. 
... 'O;rM c..1~laD'" ,nd I ... M_ .. ""'n'l~ II F. f'Ioo\d. 
0 ........ 1 R",Jio F.zpu;_ .... No>'embtr. Ill ...... 

shield cans to prevent stray fields from 
affecting the bulance. 

The iml)Ortalit. feature of this bridge 
is the T-network used. in the "standard" 
side of lhe hridge. The dirct!t illll>Cdnncc 
Of this network balances out the dircct 
impcdnllcc uf the unkllown at. bCllance. 
The bfl.bnee equations lire: 

Cx ~ C. (.In 
"'h<'rt' M I~ Ii Inlutil>1irf of I or 1/ 10 (all lie· 

Icctrd) lind Cx is lh" 8('nCiJ etIPllcittlllOO of the 
1IIlkno,","1. 

Dx = wll (Gil + es ) 
The sum (GAo + eN) is kept cOTlstant, so 
thnt R is proport 100ml to /J.t :mel, t hera
£OI"e, is direct ly calibrnt.(ld ill d issi pulioll 
(actor. Otlll'f Lmllsfonncr-typc capaci
lnnce bridges requi l'e a computation to 
obtain this quantity. 

The standard capacilor, wh ich fom18 
the diiTCI'f.'utini unit. cOl1sillting of Cil nnd 
Cn• is fwtually n 5(}-to-I IOO /.'p.f VIIrinble 
air unit :U\d [\ lQO()..to- IO,OOO S'p.f decade 
of silv(:rcd-mictl. CUptlcitors. The 8\lIn 
(CA + CB ) is kept COIlStUl1t by the ad
dition of nn extra sci of l'Itntor plates 
to aTTN: 722 CIIJ)t1.C"itor, :md by dif
ferential switcbing of the mica units. 
On tho X l /IO range the lowcr limit 
is extended down by a faclor of 1/ 10, 
so tbat the o\'('NIII range oc'Comcs 
5/.'/.'f 1.0 11 ,000 p.p.f. T he accuracy of 
the variable llnit (with dial correction) 
is ± 0.4 p.p.f or ± 0. 1%, whichevcr is 
larger. In t he x 1/ 10 poi>ition, t hismcflils 
1\ bridge accumcy of ± .04 p.p.f or ±O.I% 
over the m nge of 51.0 110 p. p.f. T he rnnge 
from 110 to 1100 J.l!J.f ca ll he covered in 
either of two ways: ( I) with the variahle 
air capacitor nnd a multi.plier of X I ;or (2) 
by use of the mien dN!ndc :l lld It multi
plier of X 1/ 10. When only t he nir ca
pacitor is used, till' tleeuraey of mC!ISUrC
ment is 0.4 !J.14 or 0. 1% ; with the mien 
decade, which has a 0. 1% accuracy, the 
over-all accu racy is close to 0. 1 %. jU!~t 
as on the IOOO-t0- 11 ,OOO lJp.f range . 
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The percentage Ilccurncy fOl' CI\I>:I.(:i· 
r IRnce measurement. (with diul correc

tion) is plotted against cApacitance ill 
Figure 3, which also sbows the original 
"peeificalians. The small jogs in lhe 
I'urvc !ll'(' the cfT('(:t.of the ± 0.'1 /J/JJs pcc i
!icalion of the vUl"bblc enpncitor 111 1d nrc 
of s mu.ll CUIIS('qUf'IlCC. The origilJal speci
timtioll "ulk>d for 11 1000 1lJl.! variable (':1-

l>ncitor with Jill accuracy of ± 0.2 lJp.f or 
± 0.1%. which is unobtainable in pres
ent capacitors without n much lIIorc (k .. 
truled ('orrection chart fhun thllt culled 
for by the 5p<"<'ificlitiOIlS. 

The di~ipatioll-factor llccurncy is 
± 2% of feuding ± O.OOO::!. The small 
lo!';.<;cs of the mien dN'lIde tlf(> blllfUH't'(l 
out by I'esistive networks 011 the UIl

kIlO\\1l side of the bridge whirh (\.t'O 
!i:witehcd as lhe dc<'adc is udjUlIlL,(1. 

The ·HXkycic osc ill:l tor is thermistor 
!-t:.hilizru and uses It Wien bridll:C sclec· 
ti\'(~ R·(, !Ietwork in :l thrc<.'-sluKl· feed
hack circuit, whi('h has such :l high loop 
f(nin tlmt t he frequency is prntticnlly in
dependent of lube paramcl.Cr /'IH\ugt'S. 
The freQUl· llc.v·dct.crmining cOl npOILCllla 
{Ir(' G H prN'i>:ion rrosislors Itnd cup:lCitors. 
A butTer cuthode-follower amplifier is 
udded to prf'vcnt cxternal loading from 
affecting the frequency. 

The detector circuit has several fea
lurC8 that facilitate rapid and :lcturntc 
balanc('8. Two cllscuded, selective, twin
'1', feedback nmplifiers provide high 
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selectivity, 11Ild the sensitivity is more 
thun LWcquate for:l pn.'<:ise bultlnec. The 
null indirfltor h:L',:1 l'omprCSriCd responsc 
and USC$ a ruggedized lllelN. Two panel 
lights indict\tc lhe direction of capacitive 
unbnlance when the mctc!' is upSl:ale. 
Thus it. is nOl, ne('cS/SaI'Y to usc It trial
and-error mNhod of deciding which 
way tn v:lry the siandllrd capacitor 
when the unknowll is first connC'Ctcd. 
This f~ture gl'(~tly reduces the time 
required to bnll1l1tc the bridge and 
usually makes ~:lin-control adjustmenLs 
Ultn .. 'Ccs.· •• uy. 

It should be noted tlull. although th is 
bridge \\'1\8 dL'si~IH.'(1 fOr :\ pnrticuhu' pur
pose. it is also suiLnhle for gCJlcmi Cll
ptlCil:ulce 1ll('llsuremt'nt:> at ·100 cycles. 
Its act'umcy , rnnge, l)Ortabi lily, and sclf
COlltllilLL'(1 Hulme make it a most useful 
instrument for precise, three-terminal 
meaSUrements, 

The author would like to acknowledge 
t be OOlltributions of the many people nt 
Gencrnl Hlldio whose ideM were incor
l)Orated in the instrument. The guiding 
Imnd behind the (\C\'cJopmcnt was that 
of P. K. McElroy, whose aid ill the de
sig lL also assured complinlL t'c with the 
rccluircmenLs of el\vironmcntn l tests. 
The ideas of I. G. EnsLOII Illld R. A. Sod· 
crmnn II'cre 118('(1 in the circuitry, and 
the layout was largely the work of H . C. 
Stirling. 

- Ih:NltV P. HALL 

RANGE 
MIL T 4778(USAF) 

MIL iT ~717~ '(~SAF) 

, ~, 

10,ooOIl"! 

CAPACITANCE 
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GENERAL RADIO EXPEItIME N TER • 
SPECIFICATIONS 

Ito"~, C&I)M:ilAnee: 5 ppf to .011 ,J. 
Di.\I!Iipation F3Ctor: 0 to .11. 

Au~, ClI.j)lIdIWIOC: ........ Figun· 3. VRriable 
CIlI'3Ciwr: en xl RRnge, ± OA ""f or = 0.1 0/0. 
whichever i.8l1:l'\~o.l.('r; on XI/IO l{ll11g.:', = 0.04 
p,J or = 0.1 %. whit-hever ii! gl'\~ .. tl'r. o...~·,we 
ClI.{mcit.or: ± 0.1% 0" hoth rnng.:'6. 
Diso>illll.tion FacWr : ± 2% o f TClI.dillg -± .0002. 

0 .. 111_" FTf'qucllo.y: 400 "1)\1 ± 0.25%. 

DWedor. 

Out1.,Ll: 25 volt/> lI()1n irUII. 
Dialorlion: lee.! t.h:ul 0 .5%. 

SCHl!Iitivity of Rmplifier ruoo(': 10% SCII.le 
dd\oction for 10 ",'Oiu input. 

Sell.nu,·jtv C" !!y:<tclll: x I M UL TI I'Ll ER 110-
!!iLion 1O"~ (1<·f1('f'tion for ,OS ",J .6.C. 

X I 10 ~ll'I.TI PLI En po»it.ion-IO'/c dMk-c
tion (or .000 ,."f .6.C. 

&Oi<'f'livity of Itlllplificr :Lione: down 56 db 
3t. 800 "JlI>, ,h,wl! 64. dh ~ 110 cps. 

Seit~"i,'ity of runplifil'r und bridge !.rnll'
former: dOl"" 50 0.11, a t 800 cps, duwn 80 db I\! 
OOqlll. 

EIJ.d of ImlNdanu 10 Thl,d T •• mln .. 1 (Ch .. ul. ), 
IrolM.>iliInOl' from till' uns hidd<:>d ICAd to ('hll$!j.i 
lhlmt8 tl)(' ON'illntor !llld, thclcfort', CA~~ 110 
brklV el"l'(lr. Th,. !Output ,'t)It,lIgc' ii! rI'(luocd 
IIppT'OXimrLl{'ly liO% by MUllt imlM.'(brl«' uf 
5 knorO.1 "r. 

ImjK'UIUICI.· froln the oonxi!ll I~ VI ('h~ 
slmlll"tlw hrid,;f' trfU\Sform('r. 011 tlK' x I M l'1...
TIJ>LIER 1)("",(6(111 tlll'l'e is Iwltiil[ihl,-. rlfl't:t 
from IIlIhunt. or I len or 0.1,J. Oll,h\:xl 10 

7'Yfle 

fill"'. 4 , Vi."" of Type P'_512 C .. pocU .. n •• Briel.e 
wit+. ... "er In pklu, 

MUI .TIPLIEH l)t)~tKm. th~m is lI<,gligib le 
l.ff~...,t from 10 kll or 0.01 "f. 
... cn ........ s"p"""" One I"lwer c'Ord. 
T ..... Co,"pI __ 5 -5751; l-t2AT7WA; 1-
(IX4WA. 
P .. we. Supply, 105 to 125 '·Olls. 50-00 eyda 

30 ",'tlLi illllllt nI IIa.volt line. 
Dfm_.iofo" (i..("lgt.b) 22 h ill , x (hl!~ht) 14 in. x 
(d('pth) 1 2 '/~ hrehclI over-wi, indudlllg oover. 
N.I W. illht1 55 lb!!. 

('od~ iVord Prir.e 

' .512 ) Copocil .. nn 6<idlle ..• , •• , .•••.•. ,"',.,', .. •• 1 SUP':II 

CAPACITANCE TEST BRIDGE 
6O/ 12()"CYCLE MODEL NOW STANDARD ITEM 

Th<> ~ 1)('('i11.1 f(l/ 12O-<:yc1c model l of 
the popular Tv,'}: 1611-.1\ Ca.pncitrLllcc 
'1'('81 BridJZ:('" hIlS ('njoyed such wide
~pr(':ul 1I('('('])lanc(' that it. now I)('comcs 
the sl:llldnrd model lUld \\'il1 be known 
aJ~ Tnt-: IGII-n. T his bridge will mell&

tiro <"Ilp.m·itnllee nnd dissipulioll flldor 
over wide rIlngCSj at a frcqucll('y of 00 
cps from tJ1C [>ower linc and 3L 120 cps 
from nn extf"rnnl gCllcmtor. Filters aro 
pro\·iticd ill the null-ddector cirvuit for 

both frequencies. Operation at other 
frcqucncil.'S, up to 1000 cps, il< ll180 pos
sibil' , if suit:lble e..xternal gcucrators llnd 
filtcrs nrc USN!. 

12()..Cycle Mea5urem enh 

Cap~\(:itmu)(' mcasurmU'lltR At 120 cps 
llN' 118('(1 primarily for the measuremcnt. 
of poinrizcd t'it'<:lroIYLi(' Clll)ll(· itors, In 
the majority of applicntions of theS<' 
capacitors, II 120-cyc\c ri pplf" CttlT('nl i~ 

supcrimposed 011 the applied unidirec
tional \'oltaA'c 8nd, henc<', it h:ls become 
standllrd practice to tt'St 8uch cnpa.citors 
nt tha.t frcqu('ncy, The capncitancc 

,··'·leM .... I)"t .. C"I .. riCot 1't'Otinc at. 120 ~.K G...-I 
Nodio ~~u.~. 6, :-;-"_,,b(,r, 11/\3, _~ 8, 
I. Cl I' .... l<' ... "A ,w..- .. de !V>Ut<'(! I ..... I;""'trolyti~ Ca...,;-
II>/' 1' ... I;nll ";U> che t .. r-h"n..., 1' ... 1 Rtidpo," 0.-...1 
Il;>d", E,'1 ....... "'~~f>ot'. 31', 3, AuJ:Ul!l. 11/.J6. 1'1). 9·12. 
"'V" .. G l"wn "A \\~lrlo:-:n,,,'4" C.""dt,o.n.., TN' 
8.;'11t"." a ........ ' 11<>414 e..,,...., ... tnr .... ~:J. ~. July. IIHS, 
~. 1.01 
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, 
range of the bridge is 1 J1! to 11 ,000 JJ./ 
and the dissipation-fnctor range is 0 to 
120% when the frequency of Ull~ test 
voltage is 120 cycles. The D dial is cnli
brau'(l £01' GO-cyclc measuremcnt s; nt. 
120 cycles the l:OITcct value of d issipn.
lion fnewr is obtained by multiplying 
lh{' dial rcadinb"S by n factor of 2. 

l\1(>usurf'mC'nts at 60 cps hnvc n1!lflY 
u.~: In tlw laboratory and shop, for Ule 
tt.'Stinp: of palX'r, mica. and other capaci
tors: in the cieClri<:-powcr industry, for 
the shop testing of insulators, partieu
brly for the mcrumrcmcnt of Ole dis
sipation factor of bushings :lnd illst!
biOI'S, transionllcrs, rotutinp; machin('~, 
and euhtl'; i ll the electron i('8 lndllstl'Y it 
lli IIsed lIot vul,\' for lll<.'tlsllr ill!,!; comO. 
POIU'HI euparitors, but also for menslll'
illl!; t:lp:\citullce to ground of trans
forml'r wiudings, shields, Ilnt! cirt:uit 
elcn)('11 ts. 

Thf' l'llpllcitllncc rnnge for (j()...(;ycle 
meusurl'm{'llls is 0 to 11,000 IJf: tht' dis
sip:ltioll.f:H'tor range is 0 to 00%. Tlw 
exlt.'llsioll of the capacitallce range 10 

Z('fO is m:lde possihlc by :I uniqlH' (;(lln· 
pellt;;llinJt circuit" whieh c!imillfllC!I the· 
cfTed of stray capnciluncc aL the bridJtc 
terminals. If. for practicnl purposes, we 
considl'r the lower limit. of mt':lsun:mwnt. 
to 1)(' one micl"Omi('rofarad, Ill(' bridge 
(.'0\,('11; n !'np:u:ilftnce range of 11 hillion 
to one. 
Other Frequencies 

~\ l {'ugur('m('llls at other frcqlll'lIcit.'s up 
to 1000 cycle!' ('un be nlndl' wit h this 
bridge, 0\"1.'1' 1\ runge of I IJ! to 11,000 IJf. 
Both ('xternaJ gencrator and ('xh'1'Iuu 
IiltCI'S must be used. The dibS.ipat ion
factor rnng(' is 0 to /%, where! is opel'· 
atinp: fr{'(lucllcr in cycles pCI' Srt'OlId. 
Dissipation·fuc1or dilll readings arc mul· 

Fleur. I, Po .. ,1 vi, ... 0' Type 16 11·8 Copo~ilo .. c. 
Tell Bride., 

fE8RUARY, 195' ~ 

tipJicd br ~ to obtain the truc dissipa

tion factor, CXP1'CS8C(! in per ccnt. 
Accenory Equ ipment 

For l2()..cyclc mcusure.mcnts, the. rcc
ommellded cxternal gCllcmtor i.s the 
Tn'E 121 '!-AS2 Uni! 08('ill!"ttor. For 
higher f"C(l ul.'llcil'~ the Tyl'~: 121()...B UniL 
H·(; Oscillator is &l.t isfllctory, or for 
fixed·fr('(llIcncy measuremcllts ni 1000 
cycles. the Tnt; 121-l-A L nit Oscillator, 
Polarizing \'olttlge ClUJ be furnished by 
flny ('onvcuicnl d-c power supply. For 
voltag('$ up to 300 vohs, lhe Tn'E 12(H
B rllil Vnriable PO\\'CI' Supply is rec
ommended. 

SP ECIFICATION S 
Capo. ito .... Rang" 0 tu 11,000 "f nt 60 cyl'ics, 
I ;J tu \1,000 "f at 120 cy.-it!ll or 01110" cxt .. rnnl 
fl'1";IUCII<:Y· 

OI .. .lpo.io .... Fact .. long. ' 0 to OO f:;, ,II r,o tydl'll. 
!lang" proportiollal to rn'(IUo"Jlcy. (0 tf) 120('; at, 
120 eytit'!!.) Dial 1'('lIdillg.'I IlH1>!t lx' muitiplit'(l 

by tht, r"lio ~ for fl'C(lUC1ld<:>l other th,,,\ 00 

c~·e1('S. 
.... c ..... cy, Cflpnt."itI\II01", ±I%. Di...,jllllf.iull r:le-" 

tor, ::1::(2% of diul rending -H),ns", x ~ di""ip.'l

lion faclO)r). 
D ••• d .. , Fill,, : Twwd 10 1)0 Ilr 120 cycles, R{'> 
il,<,t.'{1 by swill·h. Jilek l'I'lVldl'<i fol"lU>lt, (Of I'lJI 
.'Xl.'rua! filtl'r fur ulilPr n'<Im·u\'i(';!. 
bl" .. ol G ..... ol .. " HJ'(IW"'d fOt ft«{ucnd(lI 
ot.hcr thlill 60 !,:ycil'2l, 1' ..... : 1214-AS2 O"CilL .... 
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~ GENERAL RADIO EXPERIMENTER • 
lor [i~l{"(1 Jx.low is rooornmcndcd for [2()..cycie 
mell.Sun'ffiClILl!.. 

Poloridng Voltage, Tl'rminal~ 111'(' provided for 
oonne<:lmg lUI external d-c polarizing voltage. 
The maximum \'0Itag6 that should be im
pl"C!!llCd is 500 volts. 

One of the term in Ill" is grounded 80 lbltt any 
:w! opt'rHtRd I)()"'~'r supply lI·ith grounded out.
put CIUI be u.iCd. The tcrmillul Cllll!\CilanCCii of 
the power Ilupply do not affl.'Ct t he bridge 
circuit. 
1" .. ",., Supply VoU,,!!,: 105 to 125 (or 210 to 250) 
volt.'!, 00 cycl<'ll. 

Power Inpu" 15 wntt3. 
Acuuorl.. Suppll.d: TYI>f.l CAP..J.5 Power 
Cord Ilnd 8pllre fWll!:S. 
Mounllng. Portable cflrrying c:\.!Ie of [\Iggnge
type l'(ll1.5t ruction. CIl.;IC ill oornpleWly shielded 
to insure fn.'«lorn from clcctrostntie pickup. 
TUH Cornpl.",.nl: One each GX5-GT/G, GSJi, 
IUld GUs. 
N.t W. lg hl:: 3Oy!! pounds. 
Dim.n.io,n, (Width) 14 J7 x (depth) IG x 
(height) 10 inches, over~aJl, including cover a.nd 
handles. 

____ c7~·y"~ __ ,-~--C_--~_oCC------------------,_,C,od,''"'V,.~,d'-_r--~PriU 
1611 _8 1 C .. poe;'"",, hOI IIfldge ............•••..•.•. .•• 1 ""\'01\ $570.00 
1214-"$2 Unl. O,dU .. lo. (I ncludlnll powe, ."pply)..... ...• AIIII01' 100.00 

IRE-1958 RADIO ENGINEERING SH O W 
New York Coliseu m, Marc h 24-27 

HxperimclIlcr readers who Ilt tend the 
1958 Badio Engin<'Crinl!; Show fire cor
dially im'itcd to visit the General Had.io 
display in Boot hs 3302 to 3310. These 
booths arc on the third floor of the 
Coliscum, which is devoted lll mOtit com~ 
pletely to cleelronic instruments and 
lest equipment. 

Re\"eral new instruments will be on 
display, fimong them: 

Slotted line for Dielectric Measure
menh - A new model of the popuhlr 
Gcneml Hndio slotted line, developed 
particuluriy for mensurelllents of did(>('
t ric consta nt and di&;ipatioll fnetor of 
IIOlid illl'lIlat ing materials. Opl'rating at. 
fr('(lucneil.'S bctwrell 200 and 5000 mega~ 
cycles, this line will m('uslII"c di('l{'Ctric 
constants between 1 and 10 with nil ac
cumcy of !lpproximatcly ±2%, nnd dig.. 
sipation factors between 0.000 1 lind 0.1 
with an aecuracy of ± (5% + 0.0001). 

Tronder Function Meter ~ A nell" 
VHF-L" II F illstrumeilL for the d.irect 

mCO.l8urement of forward and reverse 
transfer func tions of t ransistors, V:l.cuum 
tubes, and networks. 

Copocilon ce Bridge - A transformer 
bridge, which measures dircct (3~termi~ 
n3ol) capacitance over a range of .) /ill! 

to 0.0 11 Il! lit 400 (·yclt'S. This bridge 
is fully described elsewhere in t his issue 
of the experimenter. 

6-Gong Variac~ Autotrondormer 
Six TY I'E W50 Variac· Autotransformers 
on a single shaft, I"a.ted at 3,P :2 1":.\'1\, 

Ot her Important Disploys includ e 
Pulse Equipment, Laboratory Stand~ 
aTds, \ 'oltage Regulators, Electrometer, 
Iml:>£'dance Bridgf>S, Gelleml Radio Parts 
and Connectors, llnd a complete line of 
the well~known General Ihdio Unit 
Instrllments. 

Pio n 10 Visit Ihe GR Booths. You' ll 
find it worth your while. Our engineers 
will lx, on hand !O greet you and to dis
CliSS your mcasurement problems. 

General Radio Company 

... :. ... 
" . 
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