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AN AUDIO·FREQUENCY SCHERING BRIDGE 
• THE PRESENT TREND in a · I' 

b ... idgc~. as in o thcr measuring in,o;tr(J· 
men Is, is toward direci-rcarl ing dill is. 
",hieh, in conjunc tion .... i'll dccalle 
muhipl)ing g",itchcs, c\: tcnd Ih i~ tli· 
frct.reading feature on~r 8 ver) Voide 
rtloge. It is cflually IlesirulJlc Ihul the 
ele('lril'ul (IIUlll lilies thus measuI"Crl be 
those trul) characteristic of the UIl

knOl.(1 impedance. 
Tilt: 1\\ 0 m 08t important chara cter · 

ir.r il:iI of lilly I;ollllcnser are its ,'11 1'01,;1' 
lance and power faC lor. For au} soli,1 
dielectric !'ondClIscr these (Iuanli lic~ 

r('maio pract ically CQnSlant o\'cr a wille 
frc(lucnc} range. The Scherillg Lrid~e 
circuit. Figure 1, in which I he resis t snee 
balance of ,lie IJridge i@ ubtained b) 
t..'O llnct'ting II voriab le air comlc lI .;;cr 
o ~ ·ro.;;s till' ratio a rm oppOi!i tf' the uo· 
kllO"1l cll pllcitance, is well adap tetl for 
the direct IIl CIlSlIremenl of pc mer (u('tor. 
(or this air condellser ca ll be cli librllted 
tu read tlirectly ill p<mer fll~'lor III LUI) 

one (req ueuc). 
The T\'P~: 716·A Capaci tance Uridge 

make .. use of the Scllt!ring bridge cir-

cui l. I ts three controls arc COll vcnient Iy 
arra nged 011 it s pa llcl IIR shown in 
Figure 2.' I)O\\er factor dial 0 11 the r igh t, 
ca pacitance dial and drum 0 11 the left, 
"i th the ca pacitance muhiplier above. 
Ca pacit8t1CeS up to I II f and rcmer 
(actors UI) to 6% (0.06 c~ pressed as a 
ratio) a l a frequcncy of I I..c can be 
n'atl directly . This range cmbraces 
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FIGllKt.: I . Scheulatie di '"nm of 11 COllv",,,t iolla l 
Sdll:rinS hrid j:C 
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t'WLHI'! 2IJ (right). The lW)w;:r . fll e l"r 
..cale iilli lilO shown I,ere full .. i7.e. The 
h l)(, 11 .. a lo· .. 110 .. ·• II powl'r factor of 

0.002"'; 10 loe c;! lin,ated 

'tlost of the ca pacitaoces met Idth in 
commllllica tion and d eelrica l engineer. 
ing; all but. Ihe largest sizes of paper 
comleusers. miea condensers. ca blcs. 
s labs of sol id dielectric. liquids in large 
cells, and ground capacilanCe8 of gen· 
era lors alld transformcrs. 

This bridgc cau also he used for a ll 
Ihc various !mhstitution mcthods. Thc 
direct.rcading controls grellt ly simplify 
not onl~ Ihe tl'O bllllllwinf,'8 of the 

2 

f', CLH K 2a (!efl). Thi8 i8 II ("11·8i1.,, drawing f)f 
the I'reciHif)n'CO lld" II ser BCI,le . Th" ft Ul Hllctll. 
division iii O.:1:/lJ'f a",1 O.Q.lppf ca n I,e ".!ItiUlutcd 

hrid gc but Ule calculatioD.S as "ell. The 
direc t .readillg range of the standard 
condenser. a TYI' I, 722·0 Precision 
Condenser "ith ouly the large l OOO'~.I-If 
scale. cmbru('es most air condeusers. 
small mica condensers. ceramic and all 
other kind s of insulators, s labs of all 
types of solid dielectrics alill liquids 
such 9S insulating oi ls in oil cells. 

Capacitances greater thall 1000 p.~ f 

and up to 1 p. f llIav be compared b~ 
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.Iiree l !'uIlHilutioli . The gUlJ}flar~1 COll-
• Iellser iu the bridge. together with its 
multiplier. 111 8) Bel mere ly as a balanc
ing Ilrln. or 1110) a lso take IJI' the differ . 
('lice u e l ll'cl' lI !.l Ie I1l1kllO\.1\ and the 
•· .. lernal s tulldnrd. The hridge is tllIll; 

eminently SUi l (-,1 1,0 the inter-compari. 
snll of sets of s iandanis aud to prlKllU"' 
li on testing, in Id.i,-h the diITerenccs 
loct •• cell tllc s taudard anti the pro<ilH" 

liou units in bOlh cn pacilo llcc and 
1)Q" cr fac tor ilia ) lie seen to full ill5ide 
nr outside predet ermined limits. 

The rc;:; is l.unec balant..:e of the bridge 
!!lII y a lso be 1lI111le by meum. of an ex· 
lernal resis tor. a T\'I'~; 602 Decade 
Besis lUnce 11m:. eonnecl('ll in parallel 
\\i ll. one of till' ('apacitance arm.<:. 
('lu I'cd across the Sllmdllrd l .. "mdcnser 
(sec Jl igun' 3) the Lridge he,'ollles 
41irect reading: in par:tllcl reFi" lulIl 'can<l 
ea l)8eila ncc. Tlli !;; ".'O\ers all ordinar~ 
IIIcaSllrerucllu; of Ihe rt:sis lilnce of clce· 
Iro ly tCl!. Greall'r a~curIl C~ ilia ) be ob· 
lai lleJ IJ)' us in g u 8ulJstilulioil me l lind. 

When an c'(lerll(l1 precision con· 
,Iellscr is used. as "~as a h, a~s the ,'use 
"i lll the o lder Tn'E 216 C'lllaci l} 
Brill;,;e. IIIe resi!'lance b;.Jalll'e mlly he 
made \I ilh u St!riCB rcsiSi!uu,:e, Te nth· 
oh lll !;; le pS in Ihis resis tance give a filler 
th ljllsrmcill tltUIl il is pos~ ible to rea.1 
fill the l)(tller (ae lor dial. cx~'1' 1 at fre· 
quencies I,do" 200 cycles. III this 
rUlHUlcr II..:: powcr (ac tor Il!IlanC"c ma y 
IJe llIade 10 0.0001 % (O.OOOUOI e.\
I'resseJ as aralia) . 

The various fealures o f the Tn-., 
7 16.1\ Ca pal,·ilunce I3ridJ;c. IIllidl III llk e 
IlOSSi lJle lhe II ide range uf uses jusl 
I·ala logued, arc sho\I'u piciurillll.r in 
fi gure 2 ami Figure 4. The most prom· 
inenl o f lhe~ arc the open scales of tilt: 
Tn .. .,; 722·D Precision Condenser used 
as t.he il l.lllldard of capllciituice and of 
the TYI'E 539·TA Air CUlillellser L1se!,1 
for measuring pUllcr factor. f' I GUII~~ 

2a suO\\ S that I I'l' r, for '''Iiel! Ihe 

prel.1 liiWII cOlhlell.:lc" i<i diree l n:aJing . 
cOl er~ It space. o f 0.2 inches or 5 di\, j· 
sions. The limi t of backlash and lillear
i l}' of I he \I orlll ;Irc abou I 0.1 /A/J. f. which 
ill y:? Jivisioll , lin d 0.01, /A/A f hail SOliII' 
!,l ign ilica ncc. FIGI' Il E 21. shows Ihal 
t,rol/lIIl the zern of the po" cr factor 
-H'll le Ihe smalle"t 11;\' isioll is O.Ol% 
(0.0001 ). so that U.UU2 C:O (0.00002) may 
IJC esti ma led. The negalivc porlion of 
the scale is inlroduced so 111U1 ill !!lIh
s titulion mcasuremenls, in which Ihe 
unkno\\-n eondenscr is cllnm:ct ed acros~ 
1114; inl ern a l s l31lllard, lhe power faclor 
bllilloee can lIe obtained withoul intra· 
thwing extra loss in lbe IJala nein g cot) · 
dcn:>(.'r connected IIcrosa the Ul''''~O''''' 

CO'\OE"'S~:1l terminilis. The scale or tbe 
IKm'cr.fuclor dial is ap proxi lllatcl ~ 

logurithll1ie frolll 0. 1% up 111111 e~len,l 5" 

10;;6% . 
Thc t'a~cilalH.:e range of the brillgc 

I:. e.'(t cntlcd to I 1'£ hy ming fOllr differ
"UI rill io UrtIlS. ' l'llc 811' it chill g nCI' llell 10 

conlrol these fllti o arms is shown 
8cllematiealJ} itt Figure ,}. Associated 
\\illl each ra tio an ll in Ihe 0 arlll is a 
mica eoodc n:oCr of such size that tue 
rcsistlllll:c-capal'i laIlCe rroouci is ap' 
proxima lcl~' l:OIt811ln l . Tlte eXilcl eq ual 
izin;,; uf thc~e pnlllm·ts is c.l rried~out lit 
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FI"l IlE 3. SI,,) ... ;n;; huw a deca,io: r~~I')/' <;an 
I.e c::onne<e leu 10 read pa ra lle l reili ilA l~ 
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F'CI!RH 5, C(.IIupIClc circui l t1i ugr8 111 of th" 
Tn' R 7 16·A CallPcitallce Bridge 

the .\ arlll b) mea lls of fou r v(lri ul, lc 
a ir conuenBI' rs. A fifth a ir condenser. 
"hose I'ollt rol 011 the pa nel is ma rked 
Po\\ Ell f ACl'OIl ZEHO AOJ USn, E '1T, is 
pro\' illell to ('ompCllsu tc for tile telll · 
peruture coe ffi cien t o f the I\lrmin a l 
,'u pac i I IIIH'e o f I he in pil l lrll1ls forlller . 

The success of u direct ·readi ng 
bridge dept:nds on so arranging Ihe 

\ ar iulis compllneul part s thul 110 c-, lra 
capueil a nccs arc placed IIcross lhe ca· 
pm'i la nce a nllS. 1'0 all a il' this eml Lolh 
ra tio unn!; with their adj us ting con
densers. the pO\ler fattor condenser. 
a nd t he inpul tral1sfornH"r a re moun ted 
on in ~ lIlal l' (1 8Uh . p:Hwl;; (Il \(l (,o l1lple l e l ~ 

clwlosed Ii)" (Iu!!! ('o\'t"n;. This shield is 
COIII,('c\,eti 10 the j une lioll of t he ra lio 
urlll ;; so tlUlI a ll terllli,wl ca pacila"c~s 
of these pari s arc pi;t('c(1 M'rose these 
anus and balanced out by the init ial 
adjus lm ent o f the I)()" er fac to r con· 
de nsers, The shieldin g is ex le nded w 
t he high Ul'o· K ."O\\ ~ CO~ l) "i\'S EIt tcr ll1 i
lI ul amt Ihro l1 gh the panel with Ihe 
result th ut the Cllpllcilancc llcr08s thesc 
term inuls i8 no t grea tcr Ihllli I }l}l r. The 
inpu t transfo rm er is doubly shiel(led 
li nd the lIirect IIdlllitt a nce o f tl.c geller · 
al OI' windin g 10 Ihe insula tcd shicl(t is 
kept ,"cr)' s Ulu l1. It s effec t on the reall . 
ing of Ihe power factor d ia l is small and 
compara ble to lhe uhange in I)()\\ er 
Cuc tor of the s ia nd ard condenser with 
sctt ing. 

.-;n" .• djp •• "'~n l 
rO b ' I'80" ' i n . 
"o .. d" , .. " co 

Ro, ;" 0' ", •. II) lI,un. of til<
... ;,d" f" m ",,,hil'lyin. fac'_ 
;11 " .... ,10 '''110 • ..., pr",;d~J 

Cu""""",';n, ,'0"""""'" ' 0 ~« f' 
.", .. n f.c' or o( ... ;., artl>. ('OJ, • 
...n. l<w .n '"IIhipl"'. f"lO il~"" 

C .. "1",, .... " .... "", .. ,,. 
"'" r_ •• m ...... " ..... 
.-1];0;'''' o ( .";"M~,I , .. ,,,lot,,, •• 

11I,"lo, .. I.h;"~I. " hi"" 
.... 'n." •.• I1 .. ,,) ""_"' ;,01)<;0 .......... ,h., • • _ 

,,,.I,.,,,,,, ."" 

I'o"., .(octor """J,,, ... ,. 1'1 . ... or. 
... ,!>Cd. '0 ,i ••• Joe •• i,""'''' "".~ "dj, .. ,illl "I., .. by ",~o'" " I .. fo,d, 

...,,,,1.,,,,,, i , moJo di=, ...,. d in R 

F",; uu: ,I. Il "'a ~ vicw of the bridge with ou,,,,, li nt.! inner ~ hidt.! s re move,l, idenLifyinK 
the pcineil'a l componctlh 
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\ ,. :j rc .. ull jJ( lljese Jesigu felHuret! 
Ihe aCI 'untc) of Ihe direct rCIuling8 of 

.,,-. t he bridge at a frcq ucne) o f I ~c o,er 
the Cll lJltcil a nee range of 100 pp f to 1 pf 
is for cli pa ci tanec ± O.zq or ±2 pp ( 

1;lIIe!- the \It LTIPLlEIt selling. lind for 
1)O"er fuclor ± O.OOO5 or ±2'1 nf du
,Ii lll n·nding. For substilu lion lIIeU;;\lrC' 

rnenl~ Ihe lH"eUraey in t he 1>1)', er fal'lOr 
reuding!! is im proved 10 ± O.OOOO.:; or 
±2't for Ihe ,·hange in po n er fa" lol" 
"b~r' cli. TIIO condensers "Ull be cOin· 
purcli 10 1111 aecurae-, o f ± O.2 pp f or 
± O.02( (. 

\nlil .. Ihe hridge is des i~ II cd 10 he 
lI .. ell al a frNluellC) of I kiIOl.·) clc, il 
lI1 a~ he uSI·d o'er Ihe " hole awli(,. 
frcfIUCIH') nln ge frOIll 60 c)clci' 10 10 
k,·. 5 ilwc the I'cailill J:,TS of Ihe !,(mer 
fill' lor llial w·c propor tional to fre
quem'). il.8 nl ng" is res lfietc,1 III tile 
10" (retillcileics lIod cXlemled a l lite 
hi gh (reqlle m'iea. 

The input IIl1ll oulpul termin a ls arc 
IIIl1rkeJ (; E' En \1'011 and 0 t;Tt;eTOIl for 
Ihe ('Onllections which place Ih(" input 
loltage aero~ III(: ra lio IIrrns a nd gi, c 
IIHl XilJlUIIl sensi ti"it y under OIOSI \'011 ' 
,Iiliolls. The ,oltage thus placed across 
Ihc bridge is limited to 100 vult s. II ) 
ililerdulll gin g ge nera lor aud de lcl'tor 
(· fl llllec liolls, II maxi mum of 700 l'OIIS. 
Ihe ,;afc ,oltuge or the s talH lunl ,'011 ' 
denser, ca n be appliel l at'ro;::" Ihe 
Ot:Tt::t;TOtt termi nals for c(JlI III rut io 
anus IIl1d (or L kl;. 

Ueing prOl idetl "i th a dust ('o ,cr, 
Ihis bridge lIIa y be 1II0uilleil on It panel 
rack I,ilh it Sl}Scilialor and IItllplificr a,; 
1;1.01\ II in Figurc 6 . The '1'\ 1'1;: 508· \ 
Oscilla tor a nd Tl'I'ES 7 L1· ,\ or 8 11 .A 

Complete @jJceifications forT , I't: 
7 16· \ Cllpnl'itall(:e Bridge arc gi,ell 011 

Tw" \I ... w,ill& 

7I 6_ \ 1t Itd .. y it ack 

716- \" CaLinei 

5 

I'l o..:L II E u. Shn"jn:.; how Ihe I. ri elge can I.., 
n'Qnnled in II relay ra~k ",i lh Tn t; 50l;l.A 

OociJIatnr ~ I "I 'I',I'1!: 714.,\ A"'I,lili tf 

\m plifier a rc a,ai la l,lc for Ihis lI~ e. 

T his as;;emhl,\ C.)Ij __ CfI·CS bench spnce 
lind is par lil'ula riy de .. irahlc for penna
ucnt in;;Lallation" and production leSI
ing, The bridge is also a\-ailable 
mountcd in a "alllttt cllhine t and ma ) 
I.e usell with it;; panel eilher 'ert iCltl or 
horizoll lal , lt!; is fouod 111 0 10 1 eOll ,cllienl. 

n, F. FlEW 
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A REDESIGN Of TYPE 200 · 8 VARIAC 

.IMPROVED m anu f act urin g 
methods hUH! mude it possible to (ur
nish the '1\ 1' 1" 200-U Variuc with an 
ou tput voltage ra ll g~ of 0 to l35 volts. 
This bas been accomplished \1 ilbou! 
materially increasi ng either size or 
"eight. The new design l>t:rJnits this 
t ) pc of VA RJAC to be u~:d for a Ilmll

ber of purposes to which the older 
model was n OI adapted because of it s 
limi ted ou tput voll age. 
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Figure I is a plan \' Ie" of the wind· 
ing showing Illtl termin als. The 
VAIl I AC can be so COJln C<: ICI I 1I18t the 
maximum output is c(l"al to the line 
,oltage (1 15 volts) or is Ui>Ol' C lim) 
,ollage (135 volt s) . Each of these COII

ditiolls can be obtained for eit her ta ble 
mounting or pa nel mou llting. neec!I· 
sitUliug provision for four se LS of con
nec Lions as 8ho\\ II. 

The dial which reads direc lly ill out
pUI \ohilge is re\'ersiblc, readi ng 0 to 
11 5 volLs 0 11 onc side 311 (1 0 to 135 volLs 
0 11 Ihe oLher. 

EkL ,. {A-
f-- "-
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OUTPUT \IOlTW;t 
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Tn'" 200- B Vario(,8 are woulld Oil the machine shown above 

SPECIFICATIONS 

Dim ensions : 4 x 3~ X 31;U inches, over-a ll . 
Net We ight : 3,%' pounds. Code Word : ll,\l.';'\. 

Price; $10.00. 

VAU IACS are manufactured under U. S. Paten t 
No. 2,009,013. 
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Ou I pu t -curre nt 
V8. outpu t-volt age 
cha rac teristics fo r 
Loth 60-cyclc and 
50-cycle o llcra lion 
a re show n in Fig
ures 2 10 5. Sin ce 
the no-load los8 is 
grea le r 011 50-cycle 
supply, the maxi· 
IlIUIll Olliput c ur

relit is correspond . 
ingly reduced. 

IlullIming caused 
I,y vibra tion of t he 
two hal ves of t he 
core II ail o f le n pres
ent 111 Ihe older 
lIIode l. Each lami 
na t ion ill the new 
Illodel is a complete 
a nnulus alHl no 
tendency to h UIlI 

cJ( is ls . 
T h ese /leu 

VA RJ ACS are 
1I0W being supplied 
on a ll orders for 
TY1' E 200-B. 

-
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OUTPUT VOL TAG!: OUT PUT VOLTAC.L 
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MISCELLANY 
• AMONG THE IN STRUMENT Se.'l:h ib. 
i(ltd h,\' GUllerul Uadio a\ the Ho('hcslcr 
\lecl illg: of the Ins tilll te of Hadio 
Eugin.ccrs \\cre Ihe '!'n'E 72l ·A Coil 
Compa rator anll the TY I' E 726·/\ 
VacuulIl·Tube Vol tllleter. Uoth inSlrll 
IIICII\.~ "ill he (Icscri herl in carl) is:;' UCi; 

of the Experimell/er, 

• ON OCTOBER 1, D." DOll ald 13 . 
Sinclair joined the Eogineering Depart. 
men l of the Cl'ucmJ Rad io COlll paU), 
Dr. Sinclair "liS c(lut:atcll a l lll i! Lni
versi I.y of ~ I ani I,oba a lld \ 1 aSSllt:h u8C II;; 
[llstitu le of Technology, receivin g , lip 
degrees of S. 13. ( 1931). S. \ I. ( 19:t!) aUl I 
Sc.D. (1935) rrOIl1 the laller inSl i W tioo. 

Siuce 1932 he has hl.'Cli ('(lu lled cd 
wilh\1. r.'r. as a n :St'are! . associate. 
During this period . pu r l of his t ime 
WIIS spent ut \'cncral Hatlio i ll resea rch 
\\(lrk on high- frclI UCllf) mcal!u n: lUcnIS. 

It is "il il di~lillcl pleaslln! Ihal the 
Engineeri ng De parl lllell i "·Cll-O.IICS h im 
ns u fu ll -tillle \·oliellgllc. 

• MR . H. B. RI CHMOND (Gcncral 
Rudio'" treasu rer) has just f/' lurncll 
frolll all cx le nsive Iri,) o f c)"ploralion \0 

Ca lifornill. c.:oing: oul hy boal , he ur· 
r i\'ed o n Ihe strike- hound coas!. j us t ill 
lillie to heave a line in docking the ship. 
11 011)'\\'00<1 seenLS 10 ILa \'C ()('c u picfl m os l 

of the Ca liforlli a lime. ( l ie !'u}'s bll ~ i 

III!SS, our pr iva le report s ha\'e nOl CQl lle 
in ) c t. ) Texus \\ us !lex I ou t he it incl'liry. 
for a first · h.uHI eomparisoll of Ihc rela
l ive a ll ruction;; o f thc I~o rt Worth a nd 
Dallus Fllirs. Conlilluing eM l t hrough 
Ne\\ Or lea us a nd way sta les. III' 
clllcq;(,li tlnsculhc,1 from the o.-dea l ,)f 
d cvclI lI ight s in a !;lec per. 

• MR. EDUARD KARPlUS has resumed 
his work on the Genera l Had io Engi. 
neering St arr after a se \'crnl weeks' trip 
to .Aus tria, U, S. S. n., a nd FnlUce , 
i\1 r . K arpills vieil ed re la I ives in Vienna 
a mi callcd upon our Aus tria n rcpre
~lI l ati ves, I)r. Pa ul Ho litscher lInl l 

Company. In :Moseow uc con ferrcil 
with ofli l'ia ls o f Tecimopromilllport re· 
gard ing pending contracts for la bora · 
lory inSlaUa tions. In '"Juris, he ca lled 
upon Blldiophon, our Frellch repre· 
!'entali ves, in I'ompall ), \\' ilh whom he 
investiga tetl the br ight ligh ts of J)lI ris. 

TlI£ CCl leral Raliio EXI'EUIMENT EJt is 1/Ioi.fed ,,·it/wILt, dwrge eu c/' 

IItoll l.1t 1.0 e n g in eer.'!. scielll ists, tcc/'nil'i /III .~, (/IHI f)1.llCr.~ i"'eres' ed ill 
cO"' ''lu tJ i f' fllio ll-j r c(IIl Ctl l'), lI. eUSll re lIlCtII. IIIId COl/tro l problem s . 'Vllc//. 
set/cling refJll es lsj()r su /,.'icriJlt ;o ll .~ 111/1/ widress-chtlllge /lol.ices, fl leo .H: 
supply Ill ejollowj" t! j"Jormtltio ll : lI f1 me, compr/l')' IHI/lle, co mpo,,), ful
(/ress. I)'pe oj bl/ si"es.'i co m Jlu lI), i.'i c lI !Jugeli ill , (//ul title or [10si l.ioll oj 
;". rii t"iduu/. 

GENERAl RADIO COMPANY 
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRAN CH ENG INEERI NG OFFIC E - 90 WEST STREET, NEW YORK CITY 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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