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3 AP R IL , 1 960 ~ 

IMPEDANCE COMPARATOR ADAPTABLE TO 
MANY KINDS OF MEASUREMENTS AND TESTS 

"Double-duty" instruments that pro· 
vide Iflboratory accuracy in production
line testing, I1S well IlS pl'oduction-t~st 

speed ill laOOI':ltol"Y rnC;lsu rmncnts. tl.re 
universally wC'lconwd. Thl' C:cnel':1! 
Radio 'rv ... E l605-A I mpl..,<lnt1cc ('(Ull

paralol' hM proved to he JURt this typC' 
of instrument 1111d it hm:;, ti n14' (l.nd ag:ain, 
prov()d its versa tilit .... and ndnphlbility 
ill n variet," of applicat ions throughout. 
the Clcctl'Ollics industry. 

The I mpednncc Comparator indicates 
directly the impedance difference be
twccn fi stnndard and nn unkllmnl and 
eliminates the tcdiotlSIlCSS of mallual 
bridge h:tI:mcing. iHany of the limit
bridge prlX\ccc!:'sors of the T rnpedance 
Comparlttor ol)Qrnt(.'d at a fixed low 
frequl'llcy, ",hidl limiwd their sphere of 
appliCAtion. Thc C-R [mpedance COOl
parator not only hall a built-in oscillator 
provid illll: 100-c, I-kc, IO-kc, and 100-k{' 
operalioll but, in addition, incol"porntC'S 
fC3tmes ,dlich tlllolI' a much grcnh.'r 
dcgl'oo of preci~ion and considerabl,v 
more n~z'SHti1ity thaH do f.l1'Cviously 
(waih.blc insirumcllls. 

Basictllly, Ihis instrument' is a 6('lf
contained imped3nce nH'flslII'ing syfllem 
comprising a sibYllal source, n bJ'idge, 
and a delctting circuit (Fip:urc I ), The 
bridge "in'llit consists of the ~tnlldal'd 

and unknown rxtel"nal impedances, which 
arc to be I'ompnroo , awl tll'O hi~hl,v 

precise tmnafol'mcr-typc unity ratio 
arms, Thc \'oltages acl'OSS these ratio 
arms arc t>qual within (IIJ{' parI in u mil-
1ioll. Hence. the :lccuracy of tllf' imped
allce mcasurcmenL depends pJ'imnl'ily 
llpon the accuracy of t he external stand
ard U8('(l. Detector !!ensili\'ity pt'l'mits 
' n"hje. M c. ~"d Hnll II P B \ U,~h I',,,,';,,jon I",· 
pnls"". C .. mparn,,,..:· (;,,,..,,1 I/->J,~ ",",pfl'",,"In-, \ '01. 
:10. "0 II. I\l.:;ll 
1,':;"'" l>~l .. (1 for .. I>I'Dcl "jew "f the C""'Pllt 8\ (>l , 

impcdance-tWlenmce measurcments to n 
precisioll of 0,01 % and phase-angle dif
fel'ellce me:UjUrements to O,OOOl radiUI). 
111c metprs. which indicale impedllnce 
differClw,' fl lid phnsfJ-angl c difTcl'CIlCC, 
cau be read at It lI:]anl:c: 

Laborotory Accurao:y, Production Speed 
From One Instrument 

Tue mUll.\" applil::lIions uf lhe G~Il 
JmpNlnn(:e Comparntor in industry \\'c!l 
illustmte t he iustl'uITICII I 's YCI'S3 tili ty. 
A typical use i~ that Ilt VITRHIOX,CI 

Inc. , of I3l'idgepurt, COr1ut'{, ticllt, manu
facturers of porcclllin-dicle('t.ric r:npaci
tors. \'ITIIAMON" uscs lhc COlllpamtor 10 
dCll!l'Inillt' the lrmperntlll'e toefficien ls 
of their cnpM'itors. The t.l·II1I)('l'UtUI'C 
of 3. R:llnplt' ('l~ p:1citol' is vlIJ'icd from 
-.55°C. to 200°C, whill' bridge r~llclings 
atc lakcn ]>rriodi('ally aI, 3. lIumber of 
tempel'atUl'es. From the&' data, u ViOL of 
percent dm"i;ttioll of capaciUtncc \' 01'811<3 

t.empent ture is obtain!:.'( I, the slope of 
which if! the temperaturc coefficient. The 
inherClIt ahilit.y uf the Impt.'dtlllce. Com
p:lrator to make measurements without 
manual blllnllcingorreadjllstmcllt and the 
builtrill J!:lIanl circuit. which eliminates 
the "ITc('\ of l('ad ca]):lCitlliwe, ('nabl!: Vl~ 
Tn.D1QN tC,1 obtain the dl'lli!'oo hhomlol',Y 
nccllr:U'y I1t n speed ht'l'etoforc UI13ttain~ 
nblt· I)y NHI\'Clttiollnl If'SI method!:;. 

FIB".e I. 81 od< dio B,om 01 th e Type 160S·A Imped . 
o nce Co m po.o t .. . , 

_-:-t 
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~ GENEIAl RADIO EX'EIII MiNTEIl • 

Fillur. 1. Soml-Automal l. Tu ••• 01 Bendi x lIod lo 
Dly l,lo" _ Bendi. Aviation CotporDllon. 

Oil Ihf' pl'tlduttion lill(, wh{'I'(' lillC'lld is 
f'SS(' II! iu l, til(' I mped311tT ('OIllPlIHlI ru' ha!'; 
111't'OTll(> a \ -'TH\\I(,' \\ork lllll",..(", 1 ·,.;(~1 

in conjund ion II it h a "talltiard l'llp:witor. 
till' hrid,t!;1' p(lnni1;-; 1000)S~ I'ht·t:k li uf ('11-

ptH:illll' p rolhll' tioll lots , lIS oppo!;eti Ii) 
t h {' ~I>0t Il'St in,e:. wit Iuult inl'I'(':I:'\(' ill IHI"" 
t'o.st~. Thi" )!:IH\('-!.(!J t," IX' of t('jo;l j" macle' 
with fill :I('\'llr:H:,V of Ihl' IlrrlN of O.l(:~ 
for 1)(lth eapatit[lB{'1' ami ph:l~' lInl!;i(>. 

Semi-Automatic Sorting 

" "u·n 1'Il ,t!;inN'I':' (If HI'lldix Hadio 
J)i\'i~i()11 of Belillix ,\\' i:l \iol1 ('orpul'!l
lion, ibhirnore. :\bryl:uld, lIN'ti(>(i ft 

"\trail!" for their ~(>mk\nlolll:lt it, T('Stcr 
(Fip:1J1'(' :! l. they dlll:"t' a T yl' . ; ltiO.')..A 
Impet bl Jt·" C'olllp:lratol'. 'l'll t' :-;l'mi~ 

.\llt()1n:ttil' T(,SIN, \\hi,'1! r:1Il dll't.'k :I II 

r'IJmph1li'1lb •• Il :1 prJ .l led-eirellil ,;lIb

as.<;l'mbly :lIul thus vt'I'ify ad('<lII:I(,.'", is 
lIlalll1f:J dl1n~ 1 \11ldr-r l'uiw!>ltlr:h"1 fOl' 
IIn l nnd tluo l 'nit<'ti Stalf't'I . \il" Foree, 

IIerl' ; ~ how B('mii" pu l th(' C'om
pllmtor til work: tl\{' Impc'(\alll'(, ('n1ll

IHlrnlnl" palll'l mdt'l"l-; w\'n' di l"«"(JIl ll ('{·tcd. 
' I 'ht' 1ll('II'l"illl! \,1)11:1,1::(· .... proportiorlal to 
impcr.l:ult't'-lllaj!'uiluti{' cliIT1'rf'lIrf' ( in pcr
('('nt) :\nd ph:JSI.'-:IIIJ!tt' dilTf'I"t'I1('f' (in 
I'adinns), :l1't' amplifiL'(i b.\' the testt'!' alld 

c ompared to allowable toleran ces. 
Priulcd-circuit compWI('l1l:o \I·hieh pro
duce \,o";\gt'l$ in {'XCl'l'8 of pre-set tolor
tlll('~ t\l'(' lluturT1:llicn ll.Y rejl.'t:tcd, Built
in 1'(,I:lYs perruit Ilulomatic lilVitching of 
Comparator irnpcilallt'f' rangL'S hy lI. rc
mOt£' pUIIl'her:!-caru prl)Kr:lmmer, With 
nu tomalic progr:l.lnmin/{, testing ra tc i1' 
Olle mcnSUI'Clll('llt IX'I' s('cond ! 

11 ('l"c arc tl few l"cnsons why Bcndix 
US('l! the I mJ>f-'(lti.m'c Comparator: it ill
dicntes boll! impcdlu1Ce magn itude a nd 
phuSl.' 1I 1IgI(' without kILob t\\'iddlinJ!; ; it 
pl'O\'idcs d-c yoltnj:l;cs proportional to 
p(,I'CCllt:l~(' dpviation from a s lflndard: 
it hm, e:l:l'dll'ut gml1u ci rcuitr:r which 
I"){!rrnils lh(' long ('abl ... !"lIn!'! HSlIldl,v 1lf'('('S

s:u y in automatic eq uipm('n t; MIt.! it 
comhines Ii wide impt'flancc range with 
high mc!\Suremen t. accuracy, 

Environme nlol Tesling 

An intf'r~ting application ('volved 
from Inland Tt'l;tillg I.aboratories' 1lI'('(1 
to make- ('1I\'ironment:iI rclifibi l i t~, t('stl> 

o n :1 large number of C:l lmcit ol"ioi, T h ... 
llutolll:Jtc'd inl>trulllelltatiollsYSI('1ll (Fil!
ur(' 3), huil t III their )' 10rton Gro\·I'. 11-
iiltoi:>, planl 10 fll'tomp lish this ml'aSHl"e-
111('11(, illt'Oq)Qfall'l' till' Tn']o; ItiO,")-A 

Irnl}('(iancc C'om pantlor. The 8ystem 
llU'a8u res and rcr'ords, in 1'('"(IU('II<:(', in

><1Il:\tiOIl f(,!<jlltnlll'l'. ('apaeJtann', !lilt! 

plm.'o\(.' :ulj:l;lf' of man.v thou,~l1ldl! of (':\
pfI('ilo r>< .)f >;('\'el"nil.")C:;, (':lch operuling 

al a difTf' r('nt \'Oit:l l!J' le\'{'l and It' IIlI>t.' I"
nlur{', Tilt'S(" cnpacitol'l! arc houS('I1 in 
tWI) largr' ('()Ill)J!lrtmell tnliz<'''t.1 l' Il " jrOIl
nWIII:11 lest ('hambel':':, T he iIISlrul11('ll

tfltiun system iii r('mO[e with fL'Sprt t to 
the componcnt s in til(' chamher. 

Tile TYI'~: ](iO.~)-_ \ Impedance Cnm

p:ualor. wilieh is Ihe h('::ut of this in
t ricat{' test apparatus, serves MI li1(' 
metl8U1"ilig devil:c for l':lpaeitance li nd 
lol'lS measuremen ts. Compamtor mclc r-

-
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Fi, .... 3. 1"lalld r."i"l1 laboralori •• IIU tho Imp ...... 
• " C. (.",po,alar I .. a ..... " ..... 'M 10""""'0 .. 10.1 ... 
1'1''' .... fOl' . .. ""on .... .. '.,1 rol iobilll., I .. " .11 copoc l-

lon, 

inp; volta~cs nrc fed int.o a digita l volt
meter and arc COllverted to dip:itnl form 
for pwu:-hcd-<:llrd rccordin/.'S. The d:)tn 
!'.O rCl'ordcd will pmvidc detailed 8tatisti~ 
l'nl informatiun concerning rclillhility 
and life' cyd('S of cspacilors opt.'rating 
Ulldf'f "n~iou.3 voltage alld ellviron
mental conditions. 

A Resea rch Tool 

:'\ic:lt;IIrf'lJ1cnt of smull dic\<'<:t.ric 
I'h:II1I;(,8 of P;:lSCS rcquirf's II prC'('ision 
that taxcilllw rCiiOurCl.'Sof ('V(.'1l the most 
sellsitive imped:ulI'c-lllc:lSuring device. 
Profl'8i!Or n. II. Colc~ of Brown UII;\'cr
sit)' IlSkNl the Gcucral Badio COml}fl.uy 
10 modify a TYPE 1005-A Impedance 
COmp:lnltor so lhat il would h:H'e nn 
impcd:Ulc(>.(iilTcl'(,lIce S<.'J1!;jlivity Pit'vcntl 
times that of the catalog moclcl. li e 
wished 10 makc mcasUI'emcnts of small 
diclcctritl ('onstant chang<->:; of ga8('S and 
of dilute IIDlulions, Although these 
meflsuremcntg arc usually mnde by 
heterodyne resol1ant circuit or rcson:Hlt
cavity methods, the impedancc Com· 
~t II ,. 'I~bodo for l}it~ItI" \lelo!'u,.enltn. 01 
Fluw " "_,,,,,,,,1 'ttodemy 01 &It._ - X_too...,1 II~· 
_ ... 11 eoa .... " ("onf.",-,,", "h F.wt.;.,.,.J I ....... ,,,,,, 10.:.8 
\,.,,_11<_, 

FI , ur . .. . CI.cult und 10. m.a." •• m . .. ' .1 . moll 
ch .... ' .. I .. d,.I.<IfI< < .... sto .. l. 

APRil, 1960 ~ 

parntor WOIl out 1}(I('f\uSC of its advan
tngL'S of simplil."it." of opel':l.tion, its free
dom from lead cup:wittlllcC :tlld other 
strRy cfTcNs, and its ability to opcmte 
a t frcquclI(Jics ue.!o\\" 100 kc, 

The pll:l8C-i>ClIsitive detector cir(,llits 
are stable and qILicL cnouglt tu pl't'mit 
further modificution of the inSII'IlHwllt, 
so that, with nn extcrnt\1 dNcl.'tor. the 
usable sensitivity is 0111' part per million! 

In order to :\t'compl~h these mt'US
uremcllts, Profe:<.c""r Cole COllstruttcd 
the f'ircuit shown in Figure!. The ('om
p!ui"'(ln mptlmd u8('(1 for gHSI..'S cOII:<ists 
of two idelltical ('eUs whil'h Me SO-pf 
thl'oo-terminnl pl\mllel-plnte capacitors. 
Diffcrences ill capacital1ce, w/1('11 cdl [ 
i~ filled witb till' ~a" of illt('r{>,.;t , nnd cell 
II with a refcrence gao..., or vacuum. arc 
balanced by the cnp:l('itallcc wye I1ct
\\'01''' cAr8 ('C. Tlu.' vurinblt' Cal)llciwrs 
('., and (lIl1re gnnged ill oPPo!lition, 80 
th:l\. rotation gi\'cs It lincal' shift of rdcr
eflce capacitor C'cfrom the £'\(,(."triealmid
point. \ 'alut'S of {'f' nrc' (,hoSCIi to ,l!.:i\"c 
0.5-, 5-, 311d 50-pf fu\l·",{,(tie den('('\ion. 
Dat.a obtuined fOI" :'IU('" !2;11Ses u.s uitro
gcn, argon, nne! C1\rholl dioxido ll[e COIl
sistent to ten parts per million 01' bcttcr. 

These arc btu a few of the many ap
plications in whit'h the I mpcdance Com
p:ll'1l.tor has dClllollstrMed it!'; usefulness. 
It is tntly a universal illstrument: olle 
whicb meet:< both the laooratory crite
rion of 1\Ccumcy and the production 
criterion of speed. 

- IIOWAIW PAINTER 
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~ GENERAL RADIO EXPERIMENTER • 
THE TYPE 1605-AS2 IMPEDANCE COMPARATOR ~ 

Tn the p!'cccding tlrticJe, mention was 
madl' of fl modifica.tion of the I Inpedance 
Compa ratoJ' to give a higher dcgrt..'e of 
resolution t han the standard model. 
While tltl' full-seale standard r~l.I1gcs of 
10%, 3%, 10/0, and 0.3%, with eOl're
sponding rullp:e8 for phase angle, [Ire 
n<il.'quat.e for most uses, there are always 
appli('ation~ whcre increased sensitivity 
is desirable, 

In our own laboratory, for ins tance, 
it SOOIl beelllne appl:l1'(~nt that, whi le a 
s('m:iti vity of 0.003 full scale for dis
sipution factor is useful, an increllsc in 
sclll'iti vit,v by a f:H'tor of 3 to 0.001 
would VMII", enlllUlce the usefulness of 
thl' inSlrum(>nt. For cX~\Inplf' , with :l 

scnsitivity of 0.003 full st'lIlp, tIl{' di s..<;i
pntioll fuct{)r of good etlpacitors made 
of low-1m,,'! materials fiuc h HS mica , Icflon, 
or ]>olystyrene, although detectable, 
reprcscnt.:; extremely small-sc!de de
flcc/iollS , With O.OOJ full -sc:llc reading 
on the o ther hand, suffi cient deflection 
is ohtaine<1 so th!lt the instrument can 
be IIsed for the sorting of high-quality 
sih'(',-ed mien films. Scleetion for (:~ 

plH'itaIlCf' va llie !llld rejection for high 
dissi pation facwr ('all both be (ICCOm
plishcd rapidly. A Ilumher of f;lIrh in-

strumen!s of increased full-scale sensi
tivity have becn supplied and a rc now 
being manufactured in limited produc
tion quantities, 

Since :tlly IVcl1-dcsignoo inst.rument 
represents a compromise between numer-
ous economic and technicn l fac tors, it. is 
rarely possible to iner(>asc perfoJ'lnanf:e 
in onc rcspect without s:lerificing in 
some ot her chamc\.f'ri.')t ic. In the IIll
pedance Compamtor the inerc(\sed sensi
tivity is obtained by aJI increase in thl' 
1011·-resistance limit of 1lH'11SUremCllt lind 
b~' climinalion of the 10% deviation 
I"IIllgCS, l\pithel' compromise is ncces-
snry on a technical bftsis, but. is arrived 
at l'fl.lhC'r on an economic basis. The im
pedance limiultioll comes al>out from 
the fad that t he incrcased sensitivity is 
most l"l'adi1r obtained by a change in tlH' 
turns ralio of the bridge tl·ansformer . "" 
Since t he uvailable power from t he in
lemnl oscillator is not changed, the ill
crC!iSC ill the mC!lSII!":lble impedance 
natllrrdl,v follow8. ~jll1i1a!"ly , the eliminn-
lion of one mnge to mllke room fo!" the 
new runge is dictated by the mcehnll icnl 
cOl!sideratio!lS of switch design , twnil-
able space, and panel layout. 

- T. G. EASTON 

Pan.1 vl.w of ,h. Typ. 160$-A52 h .. p.donee Compo<o,o<. 
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SPECIFICA TlONS 
Impeda ..... Ro,....., RCI!iJ!t:lllC<' o r impeO!l.nc:e 
mllguil ud ... : 20 n to 20 ;\1 11, CllplIcit.aIlCC: 40 ",.r 
W SO II!; 10 0.1 ~f "' i~h "XiuCf'd .sensitivity. 
Indu('l,uu-e: 2Q() "h ttl 10,000 h. 
' ......... 1 OlcHlol ... fr ............ , 100 c , 1 kc, 10 kc , 
100 kc; Ilil ±3%. 
Mo'., Ron,." h npedancc Mngnitudc Difkt· 
Clll'C: *0.1%. ±0.3%, ± 1% . ± 3 % fu ll 8l'U.!r·. 
(en" be uJ jwMd (or mnximum of 50'70-) Phnse 
Angle DilTerence: *0'('01, *OJXl3, *0.01 , 
±0.03 fU(lilln full ~ule (cqulll to dL!&i pntion 
fl\("tc.r (In low(:IIt rungt .. l. 
Ace ...... )' of O'ff ...... c. ihodh'lIl : 3% of full ~caJl'; 
i.e., for t he *0.3% impc<.!a.nCl'-di fTcrcnce 1IC:llc, 
tu:i:Uf3Cr ill 0.009% of the impl'Cb.nce maglll· 
tude bemg mCAilurcd. 
Voltoll. Acron Siondorol and U .. k .. o .... " , Approx. 
t volt. 
Acconot'" Suppll .. : ' l'YPJ;: CA I'-3S Power Cord, 
td("phon.· plug, CXlenuu-mdcr l,iug, lidllillor 
f~ :u!ll('mbly (fits T)1I.l1ei !('nnilla/I) :lncl I pllre 

7'lIpt 

TUM e . mpl.m ... " 1-56.51 ';"12ATi 
1-5i51 3-6U8 
3-12.'\X7 l -tiASiG 
4-6A 1. .. 5 1-3.'\ 10 

1-VE65A-1 ,.w •. Supply: 105 to 125 ~or 210 10 250) "olt.l!, 
00 t ... 60 .:yclf$; H.Uout 100 WUlbl input. fit 115 
"0 11 ... l l'l~tnm\l'nt. will QlloCr!ll,1' ""'LIiJuutorily on 
pow~r-.,;u llpl.Y fn""qlli'II('i{'l! Ul) to 400 cyell'$" pm
vidl'tl that lhl' supply voltage is at lellllt 115 
,'OIr.. 

PQwo:r iuput re(lCl)tlLClc will :\C4'Cpt eithH 2-
wiTt· ("I'yr.: CA P-35) or 3-wi", (T n'.) CAP- 15) 
power cord. l 'wo-wire Cf)rd is SUI}1l1iloJ, 

M.u .. ,ln", Rl.'ln,'-m.ek panel with CAbinet; T\ 1'» 
I{i05-AR hM fittil~ to j)f'rmrt "ith"r UUitru· 
ment or cnbiul't to IX' ..... movt-d from nlf'k " ' jlh
oul. disturhinl' thn oUlt'r; Tn.: l005-A1\I hrut 
end Il'UPJl .... ~ ror labll' (I r h"nch ~'. 
OI ,". n,lon., Pane l, 19 x 8! 4 illl'hl'8; d£'pth l)('lhind 
p3llcl. 12 inrhC$. 
N. , W.IDh~ 2'J~ Jloul1d~. 

Prict) 

1605-A152 
l60S . ... MS2 

l,"p<I'don .. e.,"_.,,, (, ••• Y' .... ~ m. "".ing)., ... ", .... ", .. " 'I 
',"podon •• e.mpc"",., (~ ... h ",o"n.i",, ) ... ...... ................. . 

$925.00 
925.00 

STABILITY RECORDS OF STANDARDS OF 
INDUCTANCE AND CAPACITANCE 

The data shown ill t.he tlccompnnying 
plots will be of considerable intercst to 
a.1I who usc GCllcrnl Radio standards of 
illduei.'l.Jlce and Ctlpncit.ance. 

Figmc 1 sho\\'s n six·ycn r I'(.'c:ord of 
mCflSlITcmcllt!l on a capacitor of. the 
1400-tytx', hn \'ing n nominal capacitance 
of 0.1 J.l f. In this period, three measu re-
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~ GENERAL RAOIO EXPERIMENTER • 
ments of the capacitor were made by the 
:\ationnl Bur('all of Standards, and three 
were made in the General Radio L'lbo
mtories in terills of i\"BS-<:ulibruted 
:;Iallllnrds. The tOlal spread of D.OO750/0 
for all measurements in this six-year 
period is indicative of the stability of the 
cap3citor. 

Figure 2 is a record of ~BS measure
mellts over n nine-yl.'tlr period of one of 
GC'nerai H!ldio'.<; D.S-henry reference 
standanis of inductance. The tOlnl spread 
is ±O.OO7.i%. 

Fi.!!:ul"e :J is the record of General 
Hadio'~ mea .. ·mrcm('nts of a I-henry 
st:llldard indu('\or Tn'F. 118~-P, rc
tUrIl('d 10 us ('a("h y('ar for recalibmliOIl. 
The total spread o\'('r :l. six-yenr period 
is ±O.OO:>%. 

Figure 4, a record of mcasurcments 

on a 100mh TWB 1482- 11 Standard In
ducwr, is of particular interest bccausc 
it includes measurements made by nu
t ional laboratories in three countries, 
the National Physical Laboratory in 
England, the National Hesearch Council 
in Canud!l, and the ~ational BtII"eau of 
Standards ill the Unitcd St(tt('s. T hrcc 
measurements by General Hadio arc 
also included. Thc tOlal sprcad in tll('S(' 
Illensuremellts is ±O.O I%, It remarkable 
agrC('IIlCIlL whell we consider that the 
mcastll"cmcnt.s include all)' drifl which 
might rn:cu r OVCI" a 4 to 5-ycar period, 
plus !t round trip across the Atlantic, 
another to Canada, t\nd a third to Wa.o;h
ington. 

All measurCI1l(,llts in thpsc plots havl' 
been corrected to a temperature of 
20.5°C. 

LOS ANGELES O FFICE 

CORREcr/ON -

The editor offers his apologies to ;"Ir. Kel1ncth Castle. 

t'nlcs cngineer al our Los Angeles office, \\·hose name and 

photo were omitted frOIll the list. in the ;" Iarch iss.uc of 

the EXI'}:nlMJ::xTJ::H. }'Ir. Castle, whose photo is shown 

herewith, is ver~' much a pnrt of our Los Angeles staff. 

MINIMUM BILLIN G AND INSPECTION CHA RG E 
We find it neceuory to pu t into effect (IS of May 2, 1960, (I minimum 

billing (lmount of $10.00 (lppl ic(lble to (I II orden except those for repair 
P(lrts or for c(lsh sales. 

Should Governm e nt or oth er Source Inspe ction be required, th ere is 0 
surch(lrge of 1% with (I minimum of $2.50 per sh ip ment. 

General Radio Compa ny 
"';:"" 
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