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, JUNE, 1957 ~ 

THE MEASUREMENT OF CABLE CHARACTERISTICS (ParI II) 

MEASUREMENT OF A TTENUA TlON (a l OF COAXIAL CABLES 
AT 400 MC AND 3000 MC 

IHilitary specifications (l\ II tre- I7B) 
rl'<luirc that for quality control the at­
tenuation of nil high-frequency callies be 
mC!LSUI'cd at 400 i\ l c and, in most cuses, 
:Ilso at 3000 l\ lc. Low-frequency cables 
3re llsu:liiy mca.sul'(xl at. 1 !\Ie. For both 
tbe ·IOO-Me and 3()(M}..i\ic OlC:l5l1t'Cmcnt s 

the ilL';(' ltion-ioss method is n .'Commcnd­
cd. This method C:LIl he uSC« fot" ull 
cable types. The iusel,tion-loss method 
uml jl s pradical appliCtltion m~;ng com­
mCI"cially [Lvailablt, c<[uipmCnL firc de­
scribed in dckliJ below. 

METHOD OF MEASUREMENT 

The mcnsnring sctup consists of tl 

conSlllllL-Output sigllnl source, a cable 
;;ample to be mcasured, alld lL hctem­
d~'nc-t,rpe detector luwing 11 step at­
'cnualor and an inditating meter that. 
arc accllt'ately c:\libmlcd in dt>(·ihels. 
The signal source and the detector arc 
made up of the cOlllponel1l~ !'.howll with­
in the dashed box('~'1 of Figure -I. Changes 
in signal len!1 into Ihl' dctl'Clor are di­
rectly measured in te1'lus of the I:orf(. .... 
sponding changes in attenuat.ar setting 
and meter rt.'adinp:. 

To make 3. m('tl~lll'ement, the signal 
source is first connected to the detcclOr, 
tbe dctector (ntlenuntor pillS meter) 
reading is noted: then Ihe {'able sample 
is inSCl'too betwecn the signal sou rce ::Uld 
the detector, and the new det('Ctor read­
ing is noted. The inI'Crtion loss of the 
sample in dC<'ibcls equals the difference 
hct.lI'ccn the two det{'ctor readings. 

The insertion loss mctlSlIl'l'(l as abo"e 
is made up of the aHenuation loss of the 
cable sample (which is the quantity to he 
detel'mined) plus any reflcction losses 

that may occur at the jtUlctions betwccn 
the signal i'()IIfCC, c:lhl<" and d('lf'ctor. 
Pads arc used at the sil!;nalsoUl'tc output 
~lnd detector input, !lltd if the iml>Cdnnce 
of the cable sampl(' matcbes the im­
poonn('e of the pads, the I'eflection losses 
arc zero, a.nd mcasurt.'<i inscrtion loss 
C<]lIais attcnuatiolt loss of the sample. 1f 
thc imptld:Utce of til(' c:lble Stlmple docs 
nol mateh the iml.K.'(lnnec of the pads, 
then at ('l1ch junction t\ reflection loss 
OCClll'S, aud their combined ,,:1111<' is sub­
i.l'!lcu~1 from Ilu'mmrcd insertion loss to 
obtain uU{'nuation loss of the sumple. A 
di.:cussioll of the n:\llU'e of reflection 
losses and how 10 dclel'lnine them will be 
found later in this l)apc:l'. 

DETAilS OF EQUIPMENT' 

Signal Source: The siglin I source con­
sists of l\ Unit 01"1:iI1310r ('1',,1'}: 1208-13 
for -100 t-ol c or '1') I' ~; I::!Z(k\ 2 for 3000 
1\1c), a 'l'YN: 120I-A rltit Hcgulatcd 
Powcr Supply, a. T1'I'I-: 874-(; 10 Uklb 
Pad llc:d to the oscillutor, anti :\ second 
lO-db pad next to the cnble sampl .... (see 
IXlrugmph nfter next). At ·100 ~ 1 1: thc 
use (,1f a '1'\'I'j,j Si I-F500 5OO-:\l c Lo\\,­
Pu .. 'lS Filter is rccommend(.'d. 
Detector: The hc tcl'odync-tYI)(' detcctor 
cOIls-isls of ft 2O-db input pad (sec n('xt 
p!lragraph ), l\ cr."!:;ltl1 mixer (TYI'E Si4-
MH Mixer H(,(,tifi~r ), n local oscillator 
(Tnt: Im-B Cltit Oscil1!lLOr), :lnd a 
3(}-~1 C' i-f :unplifi~r wilh step altC'nlllll0r 

lind meter, both accuratcly calibrflted 
(T \,f'E 111f}.-A t.:nit l- F Amplifier). T he 
mixer combines the sigmtl inpu t :UlU lhe 

• O~ ....... l lI .. di" .... "ien ... nt ""l"ir-ed u litl"! 1o.;"'Oy .t 
,h~ cn,] "I , hi. orti. e . • '0' ,1~t.11 ... 1 01"",,6 ... 1<on •. _ 
O. n. ""1II1o". o. "rile for tl'~n'. 
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GE N ERAL _ AOIO EX P ER IM ENTER • 
iocal-oseillntor outpul.. (sc, to the proper 
frequcncy) to produce 11 beal.. fit 30 I\lc, 
which is amplified and measured by the 
i-I amplifier. With ndC<luate level sup­
plied by the local Ofwi ll atOl" to lhe mixcl', 
the :unplitude of the 30..1Ic beat is pl"Q­
I>ortiolltl.l 10 the sigllal input lev<:1, so 
thnt. flUen llat iOIl nl{'tI ~llrCmClll S Cfln be 
made very !lccurntcly by means of Ihc 
calihl'a led attelluator and metcr in the 
i-f amplificl". 
Pads: The type of pad used at the il ignnl 
SOUI"{'(, out pu t :tnd dctcc lor input de­
pends Oil fr(lqncncy !md on cn.blc im­
)X.'<bHCC. At ·100 :'.1(" for nil c:lblcs up to 
l (l()-ohm impedance tine! nl :lOOO :\ Ic for 
SO-ohl1l rabl('s. TYI'I': Si-l-GI O 1(Hlb 
Pad~ ar(' mOilt l'olwcniently used . .A t -iOO 
;\1(' fo r cnolCli abovc 10000hm imlX'<lance 
and at 3000 ) Ic fOl' enblc irnp('(luIlCL'8 
othcr than :,0 ohm>:, usc approp!"i!lte 
Icngths (00 :\s 10 ohtain appro .... im:ltcly 

'Fur ~"'''III,·. Tn·III1,I .. (" """ .... 6Ut'<I'Q 11(: "'''''I ....... 
!O. II. ~I. 1211. • • MI II~ . ,. ... u l'I1"I .. ('8 .",1 ~I-I..('O .... 
i .. ", ... h."J-.I,l) I,.. hll ..... '1> Itf; " .. ,,, ....... 8 Ihro ... ",. 13. 
tI3. 71.1. \11. II~, Il l , an,1 I H\; T.,.n S~ I ..(':;s ...... I .... 
1i!! .. IIO lie: " ... ,,""' •• ~~. ~,.:iII, \11. 12~, III. B"rl l~ 2; 
alld T.,.,.., ""-('M r~ " be flu .. ! to, JIG lI\omh",...>II, 112 • 
•• ~114n (ltl ........ n\h' ... I>" ... ,.." .. lorobabl,y .... ""loro"_1 
III _n, 01 ,1J<o.<. .... _ Ih~ II, 1<1 Ih~ .. h'" ... i I nut I,., 
n .... lltnt "_II.ni .... II,·. but il .·iII be tal .. ra~lI1I")· ... , .... ,""""',r} "'NI,,,,I .,/ ..... ",~~·tiOl' /". "'O/GI<UrN"rnt 
pu"lIW"«. I" i .... h.I1" .. tI."..., ", .. """v...... d.r ",hI",. c.blr 
J'UMl"'I <'A .. I,.. 0",,11 ... 1. thr a",~ .. uf ..,..,,,,.,....j .... hl .... "'''-, 
boI .... ' I .... · ....... , Ihf '0\11 .... lo ... iJ 0' ,I,."bff...,J"rlol .. 1 
•• b ..... " .. y 1>/,1 "' ..... ,'. AI 111"1<-. tlHo h ... i".."r.mp;nll 
f~""I~. in "'hi~h "'_ .... Iv Ib~ 'n''''' I""iol •• ..-, 

to db attenuation In each) of the s., me 
type cable :18 thnt being measured. 
Connedions to Cable Sample: The cnblc 
sam"lc should be fiLted wilh suitable 
conncctors fOI" mIlking I'cliable conne<:­
t ions to the IUcusUl·ing appnnl.tlls. A vai l­
:lblc TYN: 87·' Cabl(' Conncct.ors C:lll be 
uS/..,<1 on man.Y difTcl·cllt. st:uldal"d C(l hie:",' 
0)' if standard tnilita!")' cOIllU'ctors nl'c 

liJ5('(l, !tppropriate '1'''''£ 8i.J Adnptors 
C:lll 1m used to make the connections 10 
the T \"I'~: 874 Conncct.o!"s nt. t.he. signal 
SOllT"ee nnd dctector. The lise of T l'Pl: 

R7-1 Con nectors fOl' at.tcnuation tnC'3sun:­
ment puq>oscs is rt..>(:omtnendcd Will' I"C 

1)QS.<;ihle, bl'l'auSC' they can be insta lled 
011 l'ables considemhly m Ol"(' cllsily (HId 

quick ly th:1II other conneetor~ nnd can 
be re-uscd many titnl'S.· Cubles that 
cnnnot be fitit'<l with Tnt: Si4 COIl­
Ile<'tors call be fitted with Type~ , Type 
IlSC, Type c, T ypc liN, Type LC, 01" 
T .vpc t il t' conncctors, and adaptors 

• "Tlof I>no;d .. · ... m~n~ ,,,",,1 .. "'''''''l 11 ..... 113" btt ._1 
IJ\'~ t h.·}' nrO av~ . lahle ",, "''''t~ly and inc'fl'~","i'·~ly 

VEC .. , 
FEC .. Z 
n:r~7 
n:c..o 

1{1 fo. SI()O 
I{I 'or II 00 
I{I f ..... II 00 
1{lI(lI" 11 .00 

fJ.g ..... 4 . S.lup lot ,h. '".""u ...... nl 01 " tt'nua llon In .. _.101 .. o bi .. ,,' 400 "nd 3000 Me. 

... '0'0 .00 .... USE ,....".,... .. 
fQlllOOO_1J1l 
"""f<2~O .. U 

C_EU" .U '!flED 
...10. Tf~E ... , ... u 
""""Et.OIIS ~ .,,~ 
"'..:_ GO'INKTOflS 
~~ A",,,,,,,,",UE HI'( 1 

i;:~~:~P-=[CllO~1 J 
lOtAIL! SA " .U"I : 

L __ ... ___________ J 

, 
HI .-C:\.lNE 

r-HETEROOvNE-TYPEDETEcToo-i 
I TYI't: IZII.4 J 
I ""'T '''~.'''''''''H I 

, 
HOE .... .... 

.. "'C ' fl£eTl~,tl'1 
c::oro~[C1 ['10 
EHGII_~Eg •• ' 
TO LOCAL 
a.C1LLATC_ 

, , L ________________ ~ 

TO 4-C , .. 
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, 
from plug find jack w'rsiolls of nil of 
these to TYPE Si4 l'lrc :wail:lhlc." 
Length of Sample: Tile (:hoicc of s:lmp\c 
lengt.h of a cable is IIslI!llly a balam:c ~ 
twccn measu rement :tccuracy, which im­
pro\'~'S with longer samples, 35 will be 
dise\l8scd later, and practical consid­
crtllions, wh ich gel1erally, though not. 
always, mak(' sllflrl('l' lengths preferable. 
A mfl.xirnum limit on the lengtll i!l set by 
the scllsitiv it), of the dell'elm' and power 
output of the o!>t'i ll:llOr. Expre;;sed ill 
terms of the nt.t{,lIwllioli of Ihe sllmple, 
this limit is about 00 to SO db. 

The /leeuracy of Ihe o\'cr-all measur­
ing system CRII be {'hcc.kC(\ at Imy lime 
Illert'ly by m C8.SUI'{'IllCllt s with the TYE'I: 

8f.1-CIO 10001b siglllll sourec output pad 
in nlld out of 1 he (·i.-cuil. The ch:wgc in 
rcnding when the pad is rcmm'cd should 
C<lunl the knowll aUl'll11fttion of the p:1d. 

A DJUSTING THE EQUIPMENT 

Detector: The local-oscillat or frcqucllCY 
is set to 370 Me fO I".a 400-::\lc mcnsul"(.'­
inC-ilL or to 7·tl.J ~ I c Co.' a 3000-~lc 

mcasurement. In the latter C:l.S(', the 
2970-::\lc fOllrth h:u-mollic of the 10<.'1\1 
oscillator is gCl1crtLted by the mixer to 
produce:t 30-::\1c beat with the 30()()..:\le 
J';ijl;nal frcquellcy. 1 n ('it her caSt', t \Ill(' the 
toes I osc ilhlor f01" m~lximum i-f !UJ1-

plifier mele!" dcfll'eiion :tfter' the l'iigrml 
sourcc has 1x.'C1l set to prOI){1r frccluclU.:Y 
of mcasuremcnt llS OlLtliucd below. The 
uutput coupling loop on tire loe:l1 oscil­
lulor slrould be !Hljush'd to pl"ochll"c 
bclwt.''l'1l 25% :lIld 100% dcflcdion of 
i·f nrnplifier IIU'Lt'r whcn MtT~ll IIE",I).':l 

JU N E, 19.5' ~ 

switch on amplifier is !;cL 10 D-C MI..XI-;II 

(.;UIIIlE:-;"T, 

Si9no l So urce: For ·1OO-i\le lllCi\SUI'I..'­

ments, the di:d of t he TYI'E 1208-13 
Unit OSl'illnll,r is SCt to 400 nnd t he out­
put (,,(,)lIp ling loop a.djusted lo gin- a 
eOIlYCllient. level nt the detector, For 
3000-:\lc meas W'emcnts, the 'I'YI'~ 12"10-
A2 L"Jlit I\Jystroll Oscillat()1' must he set 
to 3000 Ale :tlLd its repeller v()llago ad­
justCl'I for m:l.XinlLlltl ou tput. 

When the OiIdlialOr is fi rst. tUI"Ill'(1 on, 
allow n few milLutl':i for warm-up, Since 
il does not hn\'c a frequency calibration, 
the klystron oscillator is SCI. hy using the 
l ocl\l-o~cin:lto l' frequency cillihrn1ion :18 
fullo\\·s. (OlltC!'let , the f fC(jucney seldom 
nCl,.,<ls to be rcadjusted. ) 

I. Conncet devo('tor to sigmtl solln'(', 
olnitt iug thc 2tk.lb pad :lIld the ndjlll"l'II1. 
l{kIh pad, disconnect locnl oscilinlOr 
{rom mi:'l;('r, ~t. MET~,1t R~:.H)S switch on 
i-f umplifil'l' to I)-t· MIXEIi CUltll~:~'I', :llld 

ndjLlst "IYRtmrl u~jllator Ilt; I' ~;I.Ll:n 
VOLTAG t: {'()1 111'O1 for ma...ximuill defk'Clion 
of met('t OIl i-f nlllplitil'r, This prodw.:ps 
Illaximum OUT put 11'\"(·1 from klystron 
osc'illa.\ol' for \\"h:1Ie';('I' frequency it 
hnpl)ens 10 be SCI illili3liy. 

2. Set "n.~rEII l!leAUS switch to 1-1' 01. .... 1."­

l'UT, r(~()nIlCt't loral oscillalol' 1.0 mixt'l', 
nnd adjUt.l locnl·oseillator fre{ llie/ll'Y 10 

pro<iu{'c two sl rong defiectiollR of th 
i-f amplifiC'r melel' scl>!lratcd by l,j )Ic 
OIL the h)(:ld oscill:lIOr dial. If the 
klYl!ilfOl1 Os(;ill!llol' IHlPl>CIIS by luck to 
he set aI, 3000 i\11', then the Lwo seU inp;s 
Qr the lut'u) osci llalor dinl will be :tt. 7'1'2.5 
::\ l c and i~i.,i .\le rcspectively. If not, 
then usc n Iocrcwdri\'er to rl':ldju.st 
kl.vstroll-DI'CiliaLOr frcquf'llcy, repc;ltil\~ 

step;; 1 and 2 until lht';-OC two fn'<lucney 
readings are obl:lined 011 IOt'nl-oscillator 
dinl. There (ll~ rnny be fwo v{'r,v w<'l1k 
deflections ill belw(,(,n the 15-Mc-sP!H'l'(i 
strong dl'f1e("lions, and these at(> l}('nlS 
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, 

with harmonics of the klystron oscillator 
frequency , but. they un,' so much lower 
in level that they cause no nmbiguity. 

ACCURACY 

The Ilccuracy of mcasurCnl('1l1 is d1.1-
tcrmillC(\ by Ule H<~ClLmcy of the all('IIU114 

tor-meter combination in the i-f nll1pli­
ficl'. The maximum errol' is I pCI' ccnt of 
the attenuation va lue being mCllsurcd 
plu,; u fixed errOl' of 0.:3 db. Since the 
mCllSur('ffiCllt iii alW!I}'b made at the 
illlcrmedilllc fr~'lIcncy of 30 )ok, accu­
mcy i.s indcJ>cndcm. of the mC:l.iUl'rlllcnt. 

fr'(,'qucllcy. lkCau:K' of the fixed error, 
the lotal errol' expressed ill lX'r ('el1l of 
the nLtl'lluntion \'nllll' bciug mcaslLt'co is 
I~ for hi~hrl' attenuation \'ulue::;: SO iL 
is dCioIirt\blc 10 lISC fairly long cable 
&lInpl{'$. Fur rxamplc. the maxi mum 
over-nil ('rror whcn measuring (j dh of 
attenuation is li per cent, whilt: for ~ db 
it is ~.5 per ('enl, as show~ in Figure .J. 

The Tn' t; 1201-",\ t;lIit HC(,rui:llro 
Po"·cr tiupply preveTlts crTOrI' due 10 
f1ucllmtioll of the !>ign:ll ~urrf' outplll 
during Il mcrumretnent. The usc of 50-
ohm pads ilL the ends of lilc cable i'llll\plc 
makes n·flcctiou 10"':;('5 nt I ht'i'C jlltlct iOlls 
negligible for eables ha\·inj! ehll1"actcr­
isti(! impedance values Ilcar 50 ohm'!. 
When cables hll\"ing other ,·alm'S of im­
(X'<ianc·(, ar(' nl('ll.'mred, the rcflrttion 
losses lire usually aecUI"ately kllOWIl :lud 
can 1.1'.' s.uhtr:\ctro from the measured 

, 
" " 

6 

insertion loss to obtnin the true nUenua­
tioll los:; of thc ~:lmple, liS discussOO. in 
det:lil ill Ih(, nest sc..'CtiOIl, or lengths of 
c~ble of tiLe 8.'tllle I .... PllllS being Ineasured 
can be used :-IS pads, thus eiiminatinp: 
reflCl.:lioll loS$(,'S. 

EFFECT OF IMPEDANCE MISMATCH 

in gellcml, the insertion loss of a net­
work is made up of altenuation loss, 
repr('SCnling esscntililly the power lib­
sorbed by the network, tHld reflection 
Ios.<;cs causcd uy impedance-Ie,'cl ehallgcs 
:11 the illpnt :1l1d output junctions, Since, 
in lhe method previously dcscril.xxl , the 
Ilttellu:ltion loss of :l cable Rumple is for 
mOSt cnble t.v1X'S dC\l'rmill{."i by mcas-­
urcmCllt of its illf':CI·tioll 108s in 0. 5Q..ohm 
mt::J sLlfulP: S.Y~tem, the refl~tion los.'ics 
must be ("Onsidered :18 pOAAihle sources 
of error when the cable ('hnracteristic 
imped:lllcf' is not :-,0 ohms, and either 
their elfcc.'ts must be made ncgiligible or 
eOrl"<'Cl iOlls IZHLf':l be made. 

Rl'fiecl ion 105..') l"flll he c..xplnincd ns 
f01l0\\"5. ·W hen C'1lC'l"g,v traveling :lIang tI 

uniform ~'ystcm cnCOlin lel'i' lUI imped­
!Itlce disconti nuity, a portion of tbe 
energy is reflected bnck to the source, so 
that the ellel'It\· transmitted beyond the 
discontinuit.y is 1t'55 thall the inriclenl 
energy hy tiJ(> amount of the reflected 
cncrp:y, thus r(>Sull ing in a "r('fleet ion 
loss." Thc IlI11J.mitude of this rcileclion 
loss for a siuglc jllllction is: 

10 loglQ ( I II ]' It) decibels, 

in which I r I is the absolute mngnitude 
of the refledion coefficient of the 
jUllction find is diL"C(' lly related to the 
\·oll9.gc-standing-lI"!lvc ratio (VS\'-I1 ) 

flgu, .. 5. 'I, .. I"lion of "' l o""' l m . AI ouu, ,,.y wilh 
cobl. lo",pl. oll. nuOlion, 
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• (VSWlll - 1 
1 1 I : ( I'S W1<) + 1 

Fortllll!ll cly, the VH Wn Illllst IJC f:lirly 
high hefore any sigllificunl amount or 
fcficetion loss i" pn1duc<:d; for example, 
ft VS\\~H of 1.25 corrcslxmJl! 10 t\. re­
nC(l t ion loss of only 0.0;; db, while a 
"SWH of 2.00 c;orrc>;ponds lo a loss of 
0.5 db. 

I f the ('able s.'unplc lxoing meas ured in 
the JO-olun system dOC!:! f10t ImvlJ :l 

characteristic impedance of 50 ohms 
two C<lual discontinuities exi!;l, 011(' :l~ 
oneh end of the cnblc SIlmpic. A.<l!\ result, 
there flrc two t..'(llIill rcflccti()11 losses , 
eauh of which {'nn bp cnlen!:lIcd fro m Lhe 
cquatioHs in the :lOOVC parngmph. In 
addition, mu ltiple reflect ions arc s('t up 
i ll the cable s:\mpJe uct.ween the junc­
tions. nud theS(' cuu modify the reflec­
t ion 1068('5 by an flIllOU!\I. depending on 
Ole d~lrical ICligth of lhe (':1010 S:lmple 
nnd on the fl'oQllency and tim >! C:IIHlot be 
corrected for by n simple cn lcui:l1ion, 
The multipil' reflections :lfC rallidly at,.­
tenuated in trnv('ling through t il(> cable 
Rlfllple and CAli be made l1egligible by 
lhe usc of :1 long sample, 

For (,X3fllpln, to take an extreme (,3SC, 
suppose the \' WH of t he jUllct ions is 
2.00, as it would he fOl' a l00-0hm cahle 
sample, Then, if the tHtcmmtion of the 
cable sam ple is !ll)oul, IU <lu, t he maxi· 
mum possible errol' c:llIscd by mu[lip[e 

" I' j,.lou ..... lMCd t .. lho hnL)td~,,('(! Itw~1& 0" both ,,;<WI 
or Ihe j,""oil"1>~" foll"",o: I' .. ~ - Z., II, "'hioh Z. ~ Iho Z .... Z. 
ft...n\.(1c'~Ii~ i"'.I"",]s.".N of lloe unlr".", _I'I~'" "I> '" Ihe 
1""I'1~"', •• ul Z ~ II", "'Iml ""I"""""""" 1100 ')" I~'" I,oe.. 
)·ton" II", j"Mllon. ALI<>, Ilo.e ... t;o of ""Heol",1 PO"''''' 10 

lociooul I>,,, .. ~r i. ~'I, .. I Iv I' !', \ '81\ II ""UIIJ. i ".~. , 
... t"eI ... ,·er III , .... ,." Ii .... " "i,)", if Z .,," 7 ... ", h.:"h ~1. 

Fig",. 6, R. fte . , lo ... loli . 0 .... 11 0 .. C'- 1M . "blro.lId) 
"'S, oobl. lmpedo"CI .ltd \fSWR . 
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reflections is only ± D, J db. T he. normal 
calculated J'CiI(.'Ctioll loss nt. ench june­
tiou is, as mentioned eu di£'I', 0,5 db, so 
the lotnl reflection loss rO!' bolh june! ions 
is 1.0 db. Suppose thnt. the mca:sur('(1 in· 
sc.rtiOIl loss of the lOO-ohm cabl ... &l.mplc 
in Ihis example lurns out. to be 11.2 db, 
The desiroc\ at.tenuation 1058 is fount! by 
subtracting the cn lcu[aleU total reflec­
tion loss of 1.0 dL from the mCllSuJ'(.'(1 in· 
scrtion loss of 11,2 db, giving 11 fina l 
aUlilVo.r of 10.2 db with all ullcertaint:\' of 
± D.I db,OI' ± 1%, owing to muJti l)le 
reflections, 

Figuro. G giVe!; values of the tota l I'(}­

flection loss of bolh jUlwt ions as:. fUllc­
tioll of VSW H llilt.! also us :1 function of 
the characterisl ic impedallce of the cnble 
8.'l.mple. (T he references to twin·conduc­
tOI' cables and lo lhe 2O()..uhlll im lxxi:lI1ce 
10.\'0.1 will be explained hIe!',) I t was 
pointed 0111. in the previous paragraph 
that this 105.<; is smfl.U, nnd the curve 
shows in addition that cubic cil:lr:lcter· 
istic impedance need be known only ap-­
proximatciy in order to obl:lin :1 sum· 
(;ientiy accumlC \'a[uo. for the rcfl(,(,tion­
loss correction. For ("X:Hllplc, th(l. eO .... 
redioll is a.3n db for 75-0hm cables and 
0.28 db for 7 1-ohm cables; so it se<'ms 
reuson:lhle to usc a l'Olmdc<!-off cor­
rection of 0.3 db for both typC8. 

T he maximum possible l11a~niludc of 
the erro l" c:llLse<l hy multip[c I"cHcctions 
eflll be determined from Figurn ij :lnd 
is equal to tilt' lIum\)cI' givcn fOI" the 
reflection loss reduced by twice lho cable 
unellnatiou; r.,)" if tflblo attellllfl tion is 
LO db, rcdudion is 20 db 01' 10 to L 

• • • '00 , .:r: ; .. ""' ..... 
o,n I.,r. ~~,.,.. 

t " ... 
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~ GENERAL RADIO EXPERIMENTER • 
For t1 \'~W U of 2.00, Figure (j l!:in'S 1\ 

reflc.::tion 10tiS of 1.0 ub. so the mllximulll 
possihll' error uoc to muILil)le reflC'Ctiolls 
is olle-tenth of this, or 0.1 ub. 

If til{' cuhle s..'l.mple C:lnnOI he mllde 
10llK ellOugh to attenuate the multiple 
reft!'(·, iOlliHIllfli!' icn l ly whl'l! a high \ ':-i WI{ 
exisl~ , !!It'p!l should b(> takeu to n'liw.:e 
the mi::!llltlll'h. :-iuit:lhle rc'Sist:ul('e I)ads" 
CIUI he u~1 if Il\'ail:\hlc, or oth!'r mt':lIls 
cnn 1)(' d{'\i~1 to fit. the p:lrti('ul:lr 
condil iOIlI!. 

H the illllx-'(iancc of the cttblt' to be 
mCIl.';tIr{'(1 i", j.\1·e:Ht'I' ,Iml\ 100 ohms, Ihe 

reflection-Io$." correc tion is too large to 
nl10w J(ood accul'tlcy; so fot' IIUf·h ('flhles 
the 11,;(' 111' P:ldli m:lt('hing III{' ctlbl!'1'l ii'! 
rC<.'(lmm{'IHIl'd. " 

The milit :Ir.\' s l}('(:ifkal ion ;\ II I r('-17 U 
rC<luin'S that at aooo .\le lhl' pads lind 
l'OIlIiN' tOni a t til(' (.':lbl(' sumpl(' muM 
m:lIl"1l Ill(' Io:tmp](' illl]X"lianc('." 

In :<uTnmary, tltl' u;;e of a Tn'.; $71-

010 lO-db pad nt e(tch cnd of the cable 
o>alllpic provides 11 known impedullce 
term inlltion suitl\ble fo r many types of 
cable. Whell ('abl('ll, h:\\'ill& eharncter­
iSlie impedanc('S ill the v icini ty of 50 
ohms arc me:l.$urcd, l'f'fI('tl ioll 10StiCS nrc 
IIcgl ip;ible, aml Ihe measured insertion 
loss is ('(Illal to t 11(' at tenualion. When 
eabk'l:l having imlx'(lan('('S othcr than 50 
ohm" nrc mt'lt"ur('ti. I he reflection losses 
e:UI, in most inst:I1H'{~ , be c:tlculated, 01' 
detcnninCli din.'!·tly fmlll Figtlr(' G, and 
suhtr:l(>led from mC'(t:;ur('(1 insertion lOR'! 
to ohtain t he true aU{'lIu:tlion. T hus a 
singlc Ill(':lsuremen l. M'I up ('an be ufl«1 for 
Il(,:ll'iy all cllhlc I.\'PC'S. 

For other ('able tY I~S, npproprint(' 
lengths of thl' !lame type (':lblc replac(' 
lh(' .JO..ohm pnds. 

\\' . H . TIlt'ltsTO:\ 

( T(J /.H> r(mli ll uld. ) 

" 1 ~·n ... h. "I .,. 1 .1~ ... " .... . hot' ... n,~ <h ... ne..,.ur in,· 
..... Ia , ...... . Ib<o .,.,,'" U"' • .., . .... ... " t... ...... 1 .. r-dt 

LIST OF EQUIPMENT 

Ty ... 12 16-A Unl. I_F Amplifl., .••.. . . ..................•• 
Tv,.. 1208_8 Onll Oulll .. 'o, ..•.••.....•.••..• . •..••. . ••• . •••.• 
TVp. 1220-.1.2 Unl. Kly'w"" Ouill ... or •.•.••..•••..••..• •.. •• . . . 
Tv,.. 1209·'" 0,,11 01(1110'0' .••.••••••..•...•• . • . ••.•••..• • •.• • 
TV,.. a74·F500 low Po .. fll'... . ... . .. . . . .. .. ............ • 

2 TV,.. a74oG,O l().db Pod • .••••.•.. . ... 
J TV ... a74oG20 2O-cIb 'od ••.•..•.. . .....••••••..•••.•••.••..•• 
I Tv,.. a740MR MI" .. t:.ctill., .•...•••.••.......•...••..••..•••.• 
J Tv,.. 120 1_.1. 0,,1. "SI~lo •• d Po .... , Suppl, .. ... ......•.•••..•••. 
2 T,,.. a74-R21 Po,d, Co,dl l o"a luppliad ... i.h aoc h 0,,1. Ouillolo, ) 

Tv,.. 174 Adopto .. ond CobIa CO"" .. IO ..... ,aqui,ad . •... . .•••• . 

Price 

U3S.oo 
>00.00 
272.90 
2U.00 

16.00 
SO.OO 
:lS.OO 
32.50 
15.00 

"'<>TO: \11.1<'10 '" . h,· """'I""~"t to .,,.., 'H'" r .... n, l,ot'. ",eft·" ........ ·"'· II! h" ,I ...... ,' .... ';" 1~' .. """I ... <>f I)" . ..... ,e. 

NATIONAL CONVENTION ON MILITARY ELECTRONICS 
SHERATON PARK HOTEL WAS HINGTON. O. C. 800tlo 19 JONE 17·19 
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