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THE MEASUREMENT OF CABLE CHARACTERISTICS (Part IV) 
MEASUREMENT OF CHARACTERISTIC IMPEDANCE (z.,) 

I n P a rt I it was sho\n l tlUll, the dl:1t'aC­
tcri.'>tic impedance of polyethylene .... d i­
ck,(·tric :l.nd tefloll-liic]f'ctric ('ables is 
('Ollt'tunt at. vcry 101\' frcquCHl'it.'S, dL'­
cre:lSC8 somewha t in :l mLxlium-fre­
quelle)' range, and is 14;:lil1 constant :~t n 
lower \'aJ\I(.' nt. vcry hip:h frNll lclicics. 
(&'C Fi!!:llfC 3u. ) Chllnwtl'ri~'ic impcd­
:1JlCC ('1111 C!lFi il.v he dl't<.'l'lI1 ill(.'(1 at a n y 

d('Sircd frC'tluCIH:Y if:1 suitable impedance 
bddge

U 
is nXfLilnblc with wh ich to 

ITIC:lSlIl'C tho opell-cirellit. reactance, 
X()C, and shOrt-circuit 1'(>;t('t:Ulce, Xsc . 
( If a Mmple length of cubIc." T he 
cilaract{'J'istic irnpQd:Ulcc is fhetl Z,,= 
vXocXsc. 

The h ridge met hod is t he most sati!T­
f:1.(,tol"), method for mC:lSllrf'lllf'nIS on 
cablf's lit low fl'l'<lueneics, such ~18 I :\·Ie. 
where thl' indul'lancc Vftrics with J'cspect 
10 frC<lucncy , and for' meU;;UJ'eIlWrtls 0 11 

l·lIbbcr·di~'ipctric cahles and ol lwr types 
of cahles ill wuich ca paeitance is not ill· 
dependent of fl'<'qu(>Jl{'}·. Twin·(·onductor 
('nbl('S ure more d ifficult but l'al! be 
mC:'Ii'.urOO by usc of the T \'l'~~ 87·1-\ ' 0 
Ou lun connectcd bct\\'CCIl the bridge 
and the cable sample and adapted to 
Ule desired fn!qucncy of metl~Urcm('n t. 

Since polycthylctlc-diclect ric find tcf-
10n-diclI.'Ctl' ic cllbles ha.yc pmcticaU .... con­
stant Zo fol' all freq uencies llbove tlbout 
20 to 40 1\1c, and since it is this valuc of 
hI) that enlet's into most a ppl ications 
and is u:;ually iist(l{l, nn ind ired method 
of measuring Zocan be uscd. Th is method 
is h:'ls(:(\ upon the following simple rela­
tioll to velocity of propagation (v) a nd 
eapatil anee (C): 

101 ,600 
Zo = (I' in per eent) x (C in 1J.1J..f PCI' ft.) 
"[JuT f!nIM F.D~""""il4l l)epnrlme1lt " .i11 be ~lnd 'omake 
....... rnm~8d!l!ior" for a8)" .~j6e 'lIea.u ... "", .. ' probr"" ... 
"f'noferably '~r"b el ..... l.i .... r lCD~h of o".....,i~htb ""'''e­
l~ .. £th. 

ohms. Sinel' C for polyet hylcne-dielectric 
01' tc fl ol1-dil'it'(Jlric cahles is independen t 
of fl'cqurll l''y, if., cnl! he Illt'asUI'ed Ill, ti ny 
cOII \'('ni('1I1 low fn'qu('11(:y, such as 1,000 
tydeti. (:\ lll ..-C_17 B Spccificll t ion allows 
:lny fl'('(lll('l1(;Y from 1,000 tycles to I 
1\ le. ) T he I'clntivo velocity of pl'opaga~ 
tion , v, elm be determined, l\S outlined 
in til(' fol1oll'inp; settiol!. al nny conv('n~ 
ient f requC'lIc,V abovc til(' regioB of challg­
illg ciral'at'leristic impedance. T heil Zo 
can he calcuhlled fmlll lhe fonnula 
g ivel!. Tile Ildvnnt:lp""" of Ih is indircci 
methud al'C that it is ;;impie alld t'L'<llIircs 
less l'xpensivc equipmen t lh:'ll1 the im­
]lednncr·-bridgc melhod , llnd the high­
fl'(-'{lllCIH.'Y pnrt of the measuremcnt 
(measuremcnl of v) cnll he made using 
some of 1 he same equipment I hat is 
nCC<.'S,">:.u·'v fo r the measu rement of HI· 
tcnU:1tion. Thus \\'(, have 1'('(\(1(:00 t Il(' 
mcaSUl'{' llwnt of 7.0 to the c:Isier lllellS· 
' lrcm{.'nt s of v and C. Becausc of t hesm!lll 
\':U'irLti~lnR in c ilal'll(,(.o;:! l· ifllil's t hat O('l'ur 
fWIll poillt to poillt nlonp: a flexihle 
('uhle, it is desimblc 10 use the Sllllle 
picce of mble for both mefuiuremcnls. 

MEASUREMENT OF VELOCITY 
OF PROPAGATION (v) 

The usunl reason for making this 
measurement is. H.<; implied above, 10 
determine charactcristi(' impedance (20)' 
but the vnluc of (I is occ:lsionuHy re­
quired for other rensons. Sim'c 11 is eon­
st:'lllt at. high fl'C<I'lCllcieR (Figure 3b), 
Ihe f"cqucnc}' of m{'aW H'Ill{'llt is not nt 
n11 criticn l provided t hat it is nbovi' 20 
to 40 Me. T he mcasllI'ement cal! b(' 
made with the l.'quipmcnt shO\\'Il in 
F iglU'o 9. 

T ho T..,.·I'}: 120S-R Unit Oscillator, 
a mplitude-modulatcd, delivers power 
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through a TYl'E 874-010 iO-db Pad and 
a palch {'onl to a Tn}: 874-Q:l Adapt.or 
fit tl.'(\ with b(lllumt plug>:, Thc:;c plug into 
the jat'k .. top binding posts of :1. !;ccolld 
Tn'~: H7-1--Q~ Adaptor,'6 aw l onl! end of 
the cable sample;s also ('cuuIPCIf'd :11.'1'058 
these binding PDf";;, (COllllcctors am Hut 
used 011 the titbit, sump!c for t hi:; mc:\Surc­
menL ) Tlu" coaxini end of till' s<-'tond 
:\daptor C0I11 u"l'l8 to olle cud uf t he TYPE 

Si--I- \'Q Volt mOIl'I' Detector, wbose 
IltiWI' clld h; tt.'rmill:lted ill a ' I 'yl'~: 814-
\V~I ;)()...ohm T('l'miliatioll. The dt:­
modulated tllldio l'llw\opc Sigilli I is con-
1lf'(JICll by fL put.ch coni to the '!'V I'E 
1212-.\ eni!' )lull Detector. The TypE 
nO-A IlctNodYIH' fi' reqlll'llcy :' l otor is 
I'Ill'on!!iy n!{'ommcndcJ ill order to im­
PI'OVC 1.11(, iU"("llracy \\"ilh which the fl'e­
qllrn('y is kno\\'u f!'Olll 2% t.o 0.1 % and 
lo I"(XI11 CC very si~nifi(;:lnlly thc d:\1II;<'r 
of miS<'alculutiu)!; the Ilumber of qlltl.rtcr­
wavelcngth", k, iu 1 1)(' c-~\bl(' ~:\mplc, as 
described brlow. 

H can be SCi'll lhltt thi:: Bystem cal.! be 
described as con;;i;;1 illg of II 5O-ohm P;CII­
crator of variable fl'cqucncy driving fUl 

uniuned voltmet(>t in parallel \\'i lh the 
cabl!' sn.mple input. 1f the oth(;I' cnd of 

UTh~ Typ~ RiJ.Q~ .\(IM(*lr i •• ullI,h",J "ilh 1"0 \..unA'''' 
pi",," ,.",1 tWO binUi"lC IIOIIiU 

the cable sample is opeLl-circuited, nnd 
if the oscillator froqllcncy is "aried, the 
cable-sample input imped:lUce will vary 
bcL\n~cl.l alternate rna.\:imUIlI and mini­
mum values, wilh the minima Ill:lrkcd 
by milJilllUIll indientions 011 thc volt.­
meter. I t is well known lhil.L t he m ini ma 
OCCllr when t he [cngth of thcc:tblesampll' 
is CtW:t[ to an odd numbcr of qll:l J" tct'­
wa vclcnglhs. 

The mc!\.surcmell t is made by findillg 
Lhe frC< lllclicies for two adjacent volt­
mNcr' m inimllm rcadi llgs. Before IIsillg: 
th() fl'C{IUCncics so fOHlld, it is dC!lirahlt, 
Lo find also t ile next ;;ever3.[ frequcneic;o. 
for minim:\ :wd to check that thc oopal"a­
tions he! wcen ally two ndjnc('nt fre· 
qucncies nre rC;lsonahly uniform, lhu5 
~ual'ding against bei ng misled by :t po~­
sible spurious minimum, Cull the IOIV('1" 

of lhu (,11'0 fl"!'qllcllcies to be used II IUld 
the nexL high~r olle .r~. The phy,;icul 
length, t, of the cubic sample is [!Iso 
mcnsurCtJ. T o c:1\cublc pCI' cen t velocity 
from t hc>3c datn. fil'st deter-mine the lIlun­

ber, k, of qll3.rLcr-w[lvc!cngths conlai ned 
in the s:unpl e length al t he fl"C<luency of 
II by mcans of thc following llpproxi­
maLc'& I'clation: 

"1'1 .... f". ",,,I,, ;,. ulmroxi1Uatl> ~'''''' of "".",a1 m~n~­
U,~""'nt en"", in 'e'~rn"ning / 1 and /,J, ""d beco.u.~ k 
""'" ~~" OlCllct, ",,1,1 il>t"",r_ 

1212-4 UN!"!" NVl~ OHEerOR 

TVPE 874'G!O 
10 d~ PAO 

TYPE .".",~ .. "y 
"''' 

B. 

874-WM 50-OHM 
TE~""NAlIO" 

874-1'0 l'OLu"nu I)ETECTQIl 

SAIoIPLE 

lOOSE COUPLING 

,----

Flgu •• 9. ",,.o"le­
ment of equ ipment for 
meoturtment of ..... 
Io<:il., of propogotion 

In coolllol cnbln, 
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Figu,. 10. Mtlhod of 
conn. cll .... . 10 tw ln_ 
..... dudo. cabl ... TI •• 
.emainde,oft ... "' . ...... 

TYPE eN_YO 
YOlTIoIET[1I DETECTOR 

--­TYPE 814.""101 

PAreM CORD F.l 
NULL O£TECTQA 

AUGUST , \957 

TWO TYPE 1000-P5 Y-H-f 
TI!ANSf"OAMERS UPEO TooCT"OI 

\ 
GROUNDED CONNECTt<lNtfOR Sl-iIELDEO CASLES) 

ABLE SAMPLE 

OPEN- IPCUTED END 

""nll ~y",.m II IdenH_ 
c .. 1 wllh 11101 of Figu •• 
9. ! ... .. ad 0' c .. pp •• 
foil ond 'ape, Type 
. 7 4-ZC CI"",pl can 

b. uuct, if d .. ired . 
50 OHI>! PATCH CORD Fll()M 2 SE MICIRCLES OF 1* 11 eus WillE 

TER MlNII.TKlN GE NERIlTOR 

2f, 
k~ --- ' 

- fa - i, 
using for lhe qu:mti ty (j~ - /,) the :1\"er­
!\!!c difference iJ<'tw(,'('n SHce 1\'0 rrc­
qUt-'llcif.'S. As !,;1l1culatcd, k should be 
vcry dose to lUI odd Integer lWei shou ld 
he n;mndL'(i olT to t his integer, which is 
then used ill the fol\l)wing formHl:~ to 
determine per cell I \"pioc it.y: 

(f in ft.) x Ifl in :\k) 
v = . per cenl. 

(2,..1.6 ) x (/:, mh'gel' ) 
.\ cOllvenif'nt lengl h fo r the cable 

sample is a\)Qu( 25 fed, which willl'csult 
in \'ahl l' ~ for U2 - II) of :1rO\ln(}12 M(' 
for poiycthylene-(I ideet ric cnblcs :lnd 
tll'Ound 15 l\'i c for po]yethylcm'-alld-:lil'­
dil'lf'C.:lric ca bl(!l;. It. is convenient. to 
cho()Sc il in the 100- to 200-;\ lc range, 
l'illl.!c the hcwl'mlYlle frequency mctcr is 
direct. rcndillg UI Ibis r~Hlgc. If mue'l! 
I" ngel' {'able SJ.unple><. or hig:hel' fre­
quencies arc used, sllccessive mill ima 
~lrc more closely spaced percentage­
wise, and Ihere is the possibility th:\ t k 
will nui be selected properly. all CITOI' 
11131 i~ not eusy to detect. If t.hc fl'('­

quency meter is not lIS00, it is 1'(>(:VIl1-

mended that 10w(')0 frC<luencics :lnd/ or 
shortcl' {':Ible SllInples Of' liscO 1.0 mini­
rni7.c Ihis dnngf'ro The t' r{'(j\l(mcy I'ange 
of 11m Tn'E 1208-6 Of>('ilhlor (G,-1-500 
i\ Jc) is adequate for most npplil'illivmi, 

The error of m{':tf>urement equals t he 
sum of the error in detcrm illi ll g I and the 
el'l'ur ill datcnnining il' The phYHical 
lcngth of the cable sumple ("a ll pl'Obnbly 
he measured with an af'Cllr11cy of ± I 2" 
illch or better, but (,lid effects must also 

be conf';iricrcd. The cqlli,oalent {']e<:tricui 
" len}!:lll " (due to fringe l':.lpaeit:wcl") of 
th{' 01'1"1\ (Oil'cuit :1t t he far cud or the 
cable 10 :\11 be kf'pt to less than J4 inrh, 
alld the Icngth of cable in pu t CQUIlCC­
tiOllS 1.0 t.llt' binding pOSls kept to I~ 
than ~'2 inch with reasonable CIU'C tlnd 
for all but the largest cable t,ypca. These 
end dTeds will 1)(' approxirnn.lely corn­
PCJ1AAl 1"1 I if !1 inch (or more for l:~rgl'r 
cabk'l$) i~ added to the nlea5mcd ICllgt h 
of tllf' ('able propel'. All t ilillb"s (Ooltsidel'cd, 
ill typi('n l cases lhe el'ml' of ITIeftSllI'illp; 1 
is about ± O.-l % for II 25-font length. 
The en'or of mcasurill~ fl'<'q uclIc), is ± 
2% if the calibl';llillllilf the TYPE 1208-13 
Oscilllltnr is USl.'(1 directly, but the \lSI' 

of Ihe TYl'~~ nO-A Hotl'l'Odyno Prf'­
QllOIlCy ;\lc-H'l' imprvns t his to ± O. t (k .. 
Thcl'cfol'{', the over-all aCI'IlI';try of dl"­
tcrmining pCI' ccnl vl"\c)I'ity t:fl H be aho(tt 
± O.5%0 B CCO:HlSC of ; he '"illoill! ions in 
Ch:lF'Uclel'istic imp"dtlllce a lonJ!; th(' I'able, 
ml"ntioned endicr, this accuracy is proh­
abl)' soll1C\dmt bellcr th an is "i:rn i/iclmt. 

The nU':\snrcment of iwill-comlut'tor 
cables, sllicldt'(l or unshielded. is made 
in eX:lCliy tl1l' $!UTI(' WtlY <Iii jUSL dC'S(lribcd , 
c.xCep! llial two Tn't: lOOO- P,) V- II -F 
Trnllsformcrs (uIllllnoo, balan{'('(I-to-­
unbalflnccd trfln~formcrs for the ojO-

250-;"'1<; mllgc) :lrc llSf'(1 to connect the 
gencl'atot' l\Od the voltmeter, rcspc<:­
ti\"c1y, to t he inpllt cnd of the cable 
sample, us shown ill Figure 10, Th e lwO 
trnnsfo nncl'f; :l1'e stmpped t.ogelhcl' with 
copper foil (to pro\'idc a common 
p:round) and tape, and two short. scmi-
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{'irclcs of ;'\umber II Awe bus wire 
ju jl1 togcthcr the b31nnceu ends of t he 
tr:lUsformel1l and 9.rc at the S.'lme time 
tNmilluls to which the cahle !I~lInple is 
t'Onlll'Ctcd. If Ihe cahle sample h:18 f\. 

Rhicld , this >1hould he connet'lcd by 
nW:UIS of :t short, wide copper stl'ap to 
t he {'ommOII grolllld of th e lnmsformers. 

MEASUREMENT OF CAPACITANCE (C) 
AND CAPACITANCE UNBALANCE" 

The C9.I)''l.citance per fooL (el of cables. 
usually requircd for tbe dcll'rmUIll.tioll 
nr churac lcri,uic impedance (Z,, ) 9.nd 
IlReful in it.s 011' 11 right for inspt.'Ctioli 
purposes tLIlt! for circuit calculfll ions at 
low fl'('fJllcncics, eft!! he ensil)' JIlC1L."u l'cd 
with \'C l'y high (u.:t·urnc)'_ Thu high ac­
cUI'ucy is destrnhlc for 111'0 rca.so1l8 : ( I) 
The error in Zl/ as detCfmined from 
ml'l.lImred values of velocit.y of prol)(I­
~alion (tI) Rud capacit:mce (C) is the slim 
"f the ("rrors in both mellStll'f'ments, and 
minimizing th(l ellpat·itance error hell):) 
10 maill tain r(,:l.~n:lbl~ RCCtII':U'y for 
ZOo (2) I II the measurement of cap:lci­
lance unbal~ulc('. of shielded IwilJ-t'otl­
ductol' C'aliiclI, the lillnl3ll1',\\'cr is dirt.~tr.y 
prupOI'tiollal to t he difference 1)('lwt'cn 
two, ne:lrly <'quIll, me.'lsured capacitance 
v:ltues, and, if most of 1111' allo\\'e~1 cahle 
tolerance iii to he utilized, flef'urat e 
nWfU'urf' lIlent" are essential. \Ve ha\'c 
already seen that for polyethylcnt. ... 
liil'lcctl'ic :lIld l cnOlHlieleclrie enbkos the 
l·apaeitlllll.'C is independent of fI'N]U I~lle.\' 

:llld llllli 1\1/ L spccificatiolls nll(ll\' the 
usn of IUlY frC'qucncy bctwl'Cll 1,000 
cycll's and 1 Me fill' tho lllf'aSlII'ClIlc lll. 

III the illtt' r·t'Sts of at'('urtlcy it is best to 
8('k'1· t. a low fre<]uf'ncy, alld 1,0Cl0 cytlcs 
is lI ~u:dly mQ~t cOJl\'enient. The '1'\'1')0; 
71(j...C Cal)acitancc Bridge is well :mitcd 
for this IllC:L.SUI'Clllcnl 1)C('.'lu!i{· of i ts 
wide l'apacitance nln~(' amI its high 
aCf'llracy. 

The meusurement of capacit.ance UII­
bal.'lllCC is made by connecting various 
combinations of the t.wo inner (:011-
ductors :lIld shield to t he bridgc a s out ­
lined in :\II L-C- liD Spccifica!jon." 

For best !lCClll':lCy the suostitution 
mClh()(1 is r·c(,:ornmenJcd. USillg the. COI'­
rectiun dUlI'I mount ed 0 11 the p:wcl of 
each instl'umcnt, olle can obt:1i l1 an :lC~ 
curacy of ±O. I ~ 01' ± 0 .8 ,,;J, \\·hich~ 

c\'el' is gl'C:lter, fo l' capacit:lm;e values 
Ul) to l ,OOO ""f. TII'('lIly-fi ve ff!CL of 50-
ohm po lYl' lhyle llc cnhlc nonnaU .... has 
n capacitance of abollt. irlO ""f, to which 
the 0.8 ""f Iu·cura.cy figmc npplil.'S. U 
longer sam ples It!'C used, making Ihe 

cnpudlall(,c ~l't'1I1el' t hnn 1,000 ""f. 
Ill(' O.I "'D lICi.·lIl'llCY can he mnintaill('tI 
throu}!:h thl' usc of T\'I'~: 1·Iij(J Stnnd­
ard CondeIlSl·n;. ,]" N: :')0.) CondenS(>rs 
a rc sat isfnctory for illitinl halallcing. Iu 
til(' measurement of C;lPllcit:lIICC IIUh:ll­
!lJICC, cnp:l.(' itancc difTcI'ences of It's I'! 
than SOO ""f \\'ill Iii' ellt'ountcrcd, .'luJ 
the :lceume"" of ± O.S ""f t !U\ be im­
pron!C:i to ± O.2 ""f. if <1csi1'(.'(1. by ihe 
usc of \\'O!'m correction dala supplit'tl 
with the Tnt,; i1G~C Bl'idge 011 s pecial 
ol'dcl'. 

Twin-conductor cables can be m(,:J .~-

Ul'tXl USIIlj!; the thrcc-nl(':lsurelllcill 
method. 

The THE 1214-A unit. Oscillator {4UO 
or 1,000 ('ycit..'S). already rc~:jtlired for 
the \'('/cx·it .... -of-prol}!1.p;afioll melL,;)ur('­
mellIs, is a \'cr,)' s:ltisfactol'Y gellcr':IIOI' 
for the ol'idgt" and III<' Tl'I'E 111:.1· ,.\ 
Uni t ;\1111 i)l' leclor (also used in the 
other Ill c:l~lIrCmcllt.) , with the Tn'E 
1!J51·.\ F ilter, is lUI excellcnt ol'idj!;(' de­
tector. J\o otil('r C(luipment is nc«icd . 

- W. n. 'i' 1I U1tSTO.' 

( To /)f concluded) 

"BetA .. ~ th .. m.-..'~n"'"l 0' .. I .. ...;la~ .. nh"'a .. (~. a 
ohara~tic: 01 "'~1.ko:1 t";n...,.,nd"e1Or oobl .... it di ... 
~..-I in ~11'-'C-l;11 SllOcifi .. t;on. II will DOt bedw,u_1 
ill detail in til;" _nier.. 

, 
1 

, 
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, AUGUST, 19.57 ~ 

The equipment for the mca~urement s 

uI5('u,,-,,('(1 ill this article includes many 
items listed ill prcviou ... installmCIlI f;. III 
uddition, the following at'e ncecJeJ: 

~<lill'" _,,,,::-:::::-:-:,c:::-::-: _ _ ,-I"'O~'C' __________ _ , 
1 Type 121"-A Unit Oscilla.or ..... ..... I P,.ioo 

$ 7.5.00 '-'. 
tl.SO 2 ~~:: :~:=~!t~~:~o~. Ttrminotion . . . . . . ... . . :::::::: ~~ : ~ : ~: ~~ 

, 
Type 874-VQ Vollme ter O •• u .o. , •.. . .... . . • . .. 
Type 1212_" Unj, Null Derector ... . ......••.. • 
Type 1201_A Unit Pow .. Supply . . ..........•....• 
Type 1000-1>$ V·H_F T.andorme r . .•... .., ••...•. @ 27.50 

MOTOR DRIVE FOR VIO, V20 VARIACS' 

30.00 
1.5.00 
85.00 
H.OO 

driW'1l models, :lS listed in the table 
bclo\\. These models do noL h:n'C hnll 
bc:winh'S ami nrc supplied wil hou t easct'. 

Prices gin~n ill Lhe table arc pel" unit 
fot 11. min imum quall tity of 5 units . 
J~OI' less th:lll 5 units, add th{' Sl't-up 
charge. 

The popular rJO ami r:w ~c'I·it·s of 
, 'nriacs is lIOIr anlibblc' ill mol or-

~ C .. , ... ..;\"r " ,,01 "tir_,,"dl<"'m"~ 'U I'I'l!~.1 "n Il l! ",odd •. 

··"'dd l'l,0 nl! 'n'" ",H"!,. ·"" for "'"to .... lr; '·cn \"]0 Mnd 
,'20,,,,,.1<"1., 

OurWl'-ill. Tnrquf' I," 240 1M UO ' ,'(j !lOO 

S;apndt<lr Indurkd \""'s \" ">1 Y('I; \""'; y~ Yf'~ 

~ l i('ro~l1-itchl'll 

l"duued Y~ y~ I'M y~ y~ \" f'::! 

fk('(mds for 
320 Tmv"rt<C 8 " 32 32 64 128 

Scl-l'p Clwrge 
P mfll/",l 

l ' ariflc Type 1-4 Ullil« 
VIO $131.00 $131.00 $131 .00 $ 138.00 $131.00 $138.00 $12.00 
V1OG2 114.00 184.00 114.00 114.00 114.00 12.00 
VIOG3 211.00 218.00 211.00 218.00 211.00 12.00 
Vl0H 139.00 139.00 139.00 139.00 139.00 139.00 12.00 
Vl0HG2 186.00 186.00 186.00 186.00 186.00 12.00 
Vl0HG3 221.00 221.00 221.00 221.00 221.00 12.00 

V,. 162.00 162.00 162.00 162.00 162.00 162.00 12.00 
V,.." 236.00 236.00 236.00 236.00 236.00 12.00 .,.,,, 292.00 292.00 292 .00 12.00 
V,.H 162.00 162.00 162.00 162.00 162.00 162.00 12.00 
V20HG2 236.00 236.00 236.00 236.00 236.00 12.00 
V20HG3 292.00 292.00 292.00 12.00 
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~ GE N ERAL RAD I O E X 'ER I ME NT ER • 
NEW CAN ADIAN OFFICE 

Riol IKU I'KO\~" 

To prm'ide the best !;('f\'iC'(' for our 
Cnnndi:lJI {'ur.lonU'rs, a G{'Il('l':Il Radio 
futtor,l' hmnch oflice for Cftlladl\ WllS 
01)('11('(1 Aup:ust 1. 

The 11('\\ oflkc is ioeal('(1 at Of! Florol 
P:lrkwtl.y , 'I'orOlllo 15, Ontario, jU:-it 
!-Uuth of ilOutf> 401 lit tl\{' I\{'(,]c ~treet 
turnoff. We cordially invite .you to I'iail 
liS then'. Ther(> will be II !;uh1'>t:mtini 

we hor>(' thal mnlly 1~'rJH'rjm(,II{t'r rcad('r'; 
will take the opportunity to insJ)<''Ct. 

This ('XICIiXioll of our domestic dircct-
6.'llcs I>oiicy has terminated a long :lIld 
cordial ns;ocintion with the Canadian 
l\ lnf('oni CompnllY, our representatives 
for mun," ye:Lrs. 

Thc new oflicc is in char!!:e of Arthur 
KillJ!;l"llorth , llb]y :\.~istoo by Richard 
J . Pronm. Both :\ft, well known to 
Camulian cnginctrs and 8cientisls and 
have had mudl e:-':IX'rience with General 
Radio cquipmeut Ihrou~h their previous 
years of ns.'iQCiutioH with our repr('­
SCII tll live:;, 

T he telepholl(, number is C Herry 
4-622\. If yOIl I\re fl. r('Sident. of Cnnndn, 
your pholle ('all or letter dirC'Ctiy to that 
oRie{' will r('('eive prompt. and efTecti\'e 
nltenlion, 

Gellt'rul Radio service and repair 
work will l'onlinue to be handled by 

1'1()("k of instruments anlibble, which Bayly Engill('('ring, Lid" Aja.x, Ontario. 

STORAGE BOX FOR TYPE l021 -P OSCillATOR UNITS 
Tht:' wnmlil(' Tnt:: J()"21 Hlzllldnrd 

~ip;lll\l G('n('mlors co\'er a fr<'<IU{,IICY 
range from ID :\Ic to 2000 :\ Ic by mcsns 
of three ~iIlator units and 8. {'ommon 
IKlw('r Rupply cahinet. 

l'in('(' tIl(' g.'\f(' stomp;<, of osdllator 

units nOL in tltiC hM frNlu(,lHly IK'CII Il 

problem, we nrc milking anlilable the 
Tn'!:: 1021-PIO Stomge 130:-.:, Wllich will 
hold one oscillator unit. This box is 
made of trealed, moisture-J'($ist:Ult while 
wood and is \'irlunll~' dust. tip;ht. 

Type COik 1I'0r<l p~ 

5'0<011_ 80K ",.,',.".",.,', .. ,", ... ". TI--'''''"o',~,'::.,''''-r--:'"l ''OO 

General Radio Company 

"';"" ... 
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