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SEN' U E '''II M lI v rE · 
",NC£ 1\01'£'1 1 

MEASUREMENTS OF THE 
CHARACTERISTICS OF 
TRANSMISSION LINES 

PA R T II 

\ SECO"O STIR ~~"I 
OLH "E" U"""H . II 

IMPEOANCE MEA S UREMENT ON 
HRMINAHO LINE 

• POSSIBLY THE SIMPLEST METHOD of deit'rlllining ,1.(, 
cha rac terist ic impctiallcc is 10 termina tc a quarter",alc sec Lion uf 
linc in a \arill\'lc rcsiSIUIlt'(', to measure the inpu t rf'"i"IUllt'C \\itl. 
Ihe TYl'e 9 16.A Hutlio. Frequcllt:y Bridg:c, llIu l to ntlj " ", t tile ICrlni­
lIalillg rcsis l;lUce utll il the iUpll1 and h-rmiuutiug rcsis tan<'t:S a,',' 
,·qual. The vutuc of rCll is lnllcc at \\ h ic h [hI' ",f) nn' cqllal is n. ­
net I) tile charac teristic in'l-"' dannJ, in the ideal en,;c of a loss-fn'" 
line te rminated ill a pure r('SiSlance. 1\lIclI1Ial ioll in the tine 1I11tl 

relH'lance in Ihe Icrmi li ll t ion mod if) tile bchu\ior ;; I ig lltl ~. 11\ (II" 
cord ance \.i ,!. the follo\\ing appruximate expression : 

Ill .. ... Nu I _" , T [ ( x" + X)'] 
Ill .. 

III 1.IIidi XG and \" r art' the reae ti, c cOIllI )UII \' lIt" of Ilu' "haraet{'ri;;; tk 
imlx',lallcc a nd ti l<' It' l'Iuiu a t ing illl l',.·.1 1II1<·.·. n·"I,,·, · ' ;\\· I ~. Fur the 

( -Yo + X")' eOllllitioll Un < < I , Equati'JII ( IU) 'IIU~ I,,· \\ritt" 11 n" 

[ 
I (So + .\ ')'] 1<0 =::: Ii;" I + :2 U;" ( 11) 

Tlw cffcet of ;'(i o n E'lllIlIion (I I) is Ilcgli giLI.· for linc,; hal ing rca~m­
ail ly low.loss ins ulation, al fre(luclicics of the order of a ntcgac)clc. 
Thc c ffect of X r7, ho\\c \ cr , lIta~ ellsi! ) ma!..e Ihe eorrcction term 
/,r (I I) beeome a fc\\ IJC r ,·cnt. 
~ reacti\'e componcllt of II deC/Hie rc"i,lIall t'(· box. SlIl'h us Illight 

' \'o i~ cal'nci liye in "olur" ] ... 1 UI""liou ( II ) i~ 1'\, .,-rill '·" Ihol thr I"",i l;'·" 
,,,,mcrica l val",· i ~ 10 I ... ,,~ I . 'I'h,' ~;Iln of \r ~ h"ul,1 I, .. 1M)'; !;'" f(,r ;n,lucl;v .. 
rellcln""c j" !h" !crmj""!;",, ,.,.,,1 ,h'\:U I;, c for '·" I",,·jlj, ,. r'·'''·!,,'',·.·. 
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GENERAl RAOIO EXPERIMENTER 2 

III.' uSed for Ih,' I ariu!'lc Icrminulioll, ,,, 
tlllllo;;;1 iUlariahl) illlillel il" in 'Hllmc , 
nl Ihe I a ltlc;;; of rf' ~ i"ltHlcC fC' luirc,1 fo ,' 

Ihis I } I OC of Hl('!U' UfC1lt(, 111 . II iii 1I'I' rI" 
fM·,· a rel:llil,'I) ,.. iu'ple lIIalier 10 re d'I! 'e 
Ihe 11('1 rea,·tanc,' oftlw Irnniualioll 10 (' 

"" gligilJle \:. Iul' l,,~ cunlll·!, ting in "'-'ric" 
II fiw,l " a l':H'iIM of uppropri:1I 1' ,..i1.", 

Example 01 Me asurement 

The Ili-foo l length tof '1"1'1-: 77 1 
Cable 1\lIS If'r lll iuah,,1 ill II '1', l'l~ 60 2 

1>C,·mle-i{cs.i."laIlOO Box. Thc ill!,!! I rl·· 
" j"lanC(' "a!! IlIl'a$,'n'd Oil I Ill' '1""1-
916- \ Hallio.FrcflueJl,') Brillg ..... al 1. 26 
mcgacycles. 11,(, P"CI i,m,.l} ,1.'lcrlllilll·.1 

qllllrler'\I' a\{~ fn ·(I HI ' Ilt'}. '1'111' ill I'" 1 a lld 
I, ' .. rnill u ting r(' ;:. i,.111I1I,('" lH'fe foulld 10 IX' 
"' I'lltl fOlr a -;-1.2 011111 -.(' II illg of Iltl' , Ie'" 
;uk I)(}x. Tili .. \ulllt ,. In u fif~1 npl'fo\i, 

Illation . l'urrt'spol1d .. 10 Ih" ch:lr:II' te r · 
i~li.' i rnpt·tlatl{'(' (If Ih,' lilll·. 

The &Jrics rt'IIClllllt'(' (X r) of Ihc 
deen"., 1.0'1": lln!lIl1l'IlSlIrt'II.lit·Cd l) 011 Iht.: 
hri.I g-,· (lilt! fl) lIn.1 10 1)1' 10.3 o hm", Xt), 
IIH.' .'t':iI·1 i \ e ,'0 '" 11'011('111 of Z.,. \I U" k 11011 n 

frolll 1't'C\ ious iIIell,. 'lrt' IlIt' llt", 10 1)(' a bo ul 

:!, I (,I"" ", I II,....rling Ilw:.o(' \ul.,.." III 
EqUilliulI ( 11 ). Ihe I'Imrael"ri>i t i. · r, '· 
~i ~ tarl l'f' i;;; 

71.2 [I + (,. , + IIl.3)'J 
7 1.2 

= 71.2 {I + n.ol.'):!} 

= 72 .3 ohm'" 
'1'111' \allle of \ Q "ill. of ""UI'~, 110 1 1M' 
1..11011 n uti I,·;:.;; ;",ll'rl('",I.·" t rnea;;; lIf,' III,'n II' 

ar.· 11111(10.:, I r il i§ IIq;-ieo.: lo.:l l ill E'I"U l ioll 
(II), Ih t.: illoli" ul(' ,1 \lIlt ... of Uu ito 
72 ,0 (l IIIII.S, 

\ ;<1 a ,·Iwcl.. on the " ... 1110,1 1,, "1 fH I tilt' 
\ IIlidi l ) of E'l'lUlioll ( II). 11 clIplldlur 

IHII in\! 3l'pro'l.i lll alci, 10 fl l""" r .. II, ' I:llh't' 
"II~ "Ollllo.:l·"~ 11 ill /lI'rit's \Iilll NT. I,) r,'· 
, 111"j' In a n'· ;:.:ti:;:illk \111111' II .. , "rr""li,,' 

\ilIIIC uf .\ T , Till' inl'" llHhl " ' rlUin ;! !i,,;.: 
r .. si ;; Il\lI~·I';; \H're Ihl:lI fOl1l1l1 10 !Ie 1.'1111111 ...-""\ 
for a "c ltinb" (If 72.2 ob ms. Thc agre(,· 
1111' 111 "ilh lite eo''''ee le,1 1-:11 111: o l,l ai " t.: d 
frolll Ihe fir,, 1 llleaSuremenl is "'I":I'c lll' lI l. 

The . li l'(:cl.rclI,ling accu rlI") of 11.1' ff'· 
;;i;;. l ll11 C(: Ilin l of 11.1' 'I'n'E 916·.\ is 1( ( . 
If IlI{'USllre lll (' IIl s Ivan :lCI 'lIr:lI')' 1.M' ll er 
t l.ulI I r; are re 'luire r!. a ('or rei'! iOIl f:!j' lur 
r,)r I Itt' ,Iial n 'adill !:; IIluSI be ,1, ' It'rtni .1I"1. 

The t;OITt' t' lion fnc lor .IW ) I", u bt aillt.:d 
h~' me as urin g 1..110\.-.1 reSiSIOr ,., II hose 
I'aluc s lie rf'a~lIa lJly nCllr I he 11111..11011 II 
\alIlC 10 be IIIt':I:>u t'C ,I. 

The dala gin' lI for the tllO IIICII .. llrl'· 
III,' ,II S jll.!l l, tlt'SI'rilH', 1 " cre "Orrt'ctci l h} 
,.f,,·ckin g: li lt' IJri.l gt' agllinsl TYI'E ~I)O 
Bt';;;is IOfil, Ilhllse rt'sist<llwc Vlllul's ;lr/' 
knOll JI 10 \\ ithin (I fCII' le nlil ,. lH'r "e,, ' :tl 

the freqlH'Il(') of lIIt' a"Urf' nwnl. 'I'l l(' cnr, 

rt'clioll \,a;; lIill . in II .. : I1Q'l1illlll I f'; :tc'-

,' lIran and !IHlU,,"tr'll 10 ,," I ~ 

"'nih" ohlII . 

Atte nualloo Me asuremenl Irom 
Slanding· Wave Ratio 

The ral i,) of inlJIII \'olt agc !o oull'lIl 

l o llage on lin (l1"' II" ' irl'lI ilcd Ira.l il lnis· 

"ion lillt! is gi ' t.: n by 
f r

hl 
>= ('u". 11 al f'O". {jl 

, ""t ( 12 ) 
+ j sinh crl sill lif 

I f Ihe length of lille, /. corre l;. l'0'"I,. ,,, lUI 

~ 1111II1I1t i pie of 11 '!UMIN·" a ",'I.'nf!1 h, 1\ c 
hll\C ('OS. 131 - O. sill PI = ± I Hn,1 E'IUiI. 
IiI)" ( 12) ""11.11"1 ';1. t" 

, ,,, • . 1 , 
-- - ± J ,,111 I ll. 

V""' 
( 13) 

CUIl~i{lerins Illu gniludc 0111) 11 1111 aSSIlIll­

in;,:: Ihlll 0.1 i" s mall cOlilpan' ,j I" ,,"il~ , 
1':l ll1l1lioll ( 13) ,'all in IU fll ht' "rille" as 

1'·''' 1 - "'" nf , "", 
r II) 

'" 
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The trlle "ouditiou or 'luarl c r.\\ll\'C rciS · 
r (Joance is difTi,-ult 1,0 es tablish ex pe ri­

mentally , LuI ... ·ilh low-loss lines no 
significant error is introduccd if the con­
,lilio .. o f maxi mum voltage rise is HSCll 
iU51cIlii. 

Tire condition of maximulll ,'ullage 
rioe can be (IC1crmincd cxpc riu,c tllUlly 
"ilb a variable frequency oscillat or, 0 1" 

"iguul genera tor, and a ,' acuultl-Iul)(; 
\ ollmc tc r. Both the input ;\11(1 outplll 

voltages 0 11 tbe linc will vary \\ jlb fn" 
que lley and the ratio o f the I \\'0 ,' olwgcs 
IUlIs t theoretically he taken at ~wcral 

frequencies to de termine the m:n;julllIll 

va lue. Prac ticall} • • lrc correc t frcl(lIcl1('Y 
("III be loca ted quite ilccuratcly by ad­
j us ting for the fIIillillllllll value o f iI/put 
\' Qlta ge since the line input irnpc uancc 
goes Ihrough a min imulIl a t lhis fre ­
que ncy. 

Effect 01 Harmonics 

The c XI)C rimclllu l ,Iiflic ultr I>itlt Ihe 
volt me Ier me thod I,ies in Ihe possihle 
s.criOLiS errors Llull ma y 1.It! e llcountc re,1 
frum harmonic di li Lon iorl in t he voltage 
~ ollrce. This lype of CITor (le IJl.' II,Js 011 Ihe 
inl l'(! ,lance of the SOllr('c, as wl · 1I as 011 

the Ioannollic conte nt of II.c voIlUb'l" _\l 
Ihe freqllc nc) correspo nding: to (Iuurlcr . 
I>al e resona ncc, tl,c cable illjlllt illi ' 
locdalll,;c is c.x trc llldy low so lhut ru al 
this frcqllcnc~' is smull. AI the SCI'Ollll 
harmonic frequency. hOI> CI'(, I', thc inpul 
imroedance is high . us the linc is in ap· 
proxim a te h alf, ,, ul e rCSQIHlIll;C at thc 
~Ioubl,' frelillem:). Conscq llcnl1) , the ap· 
plied f Ullll a mc nlal volt age is IOll er thull 
011 opc ll-circuit Ilhile t lte S('coll tl· 
harmonic voltage i ,~ ubo ut the s;ulle as 011 
o pcn-circuit. The lowered fund ull lc ntal 
,.ollage is ste ppell up to ti,e cable o u t put 

r by the resonunt rise in the line and ti,t: 
~'\'ol1\l · hann() lI ic ,'ollage a t the line (HIt· 
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put I':; cssc lll i:-oll ) equ a l to Ihe IkcouJ . 
l!(Inllouie ,' oll age at Ihe line input. 
Under t Ilese circuulStlll1ces Illtl h armonic 
cOlileul o f ,llc input alld oo lpll t -1.'011-
a ges \\ill diffcr and Iheol,scn 'cd ,'o ltuge 
ralio lIlay he seriolls ly ill c rror.s The 
magn itude o f Ihe c rroc illtrollllcc il dc ­
l..e nd;; u 1:tOil 'he rllt io of Il w genc ra lor illl' 
ll'C llmH'c 10 tl1O' characteristic impedance 
of thc line , and 111'0 11 the t ) pc o f re · 
;; p O IiSC of the ,'oltme tcr, tha t i.:;, l)C ak 
rcutli llg. I··m-s, or ;\I'c ragc. 

Diffi",Jties fcoUl IlllrnHllue dis tortiOn 
can , of course, be ayoiJed. hy tile IISC of a 
IlI lIe ,1 voltmc te r. A ratlio rece iver may 
also be Ilse,l , i f means arc a" ail ahle fm­
cnlihrating i Is !;Cnsiti ,' ; t r. 

Effe el of Voltmeter loading 

The finit e input I'C"iSI UlH'e o f the 
11l.CUIUlI·IIlI.oe voltllIe ter Illll). o f course. 
1·,·du('1! tbe resonun t r ise. ami the input 
""pacilallf'" lila), sh ift. the frNp,c nc), of 
'Iullrler ·,,·a,·c resonancc. The latlCI' I' f· 
fee t is negligi ble a t 10\\ fre quencies. For 
exa mple . thc input capacitance o f IIII' 
TYP E 726·A Yacuum-Tuhe Voltmc te r i5 
II pproxillllllely 6 Ilp f , while ti le IOt :l l 
capal.' itance o f a q uart l.' r _\1 ave sec tion o f 
tinc at on!! IIwgac) d e m uy IIC 8e\'eral 
II.ousUild n1i,-romicrQfarads. 

Tlw effecl of thc rcais li ,..: loa,li llg of 
tb~ line by ti,e voltme ter de !-,c lIds 111'0.111 
ti,e ralio o f Ihe voltme ter resis t811{;t' II) 
tile oUlput resis ta ncc "t lhc o pe n c lld "f 
til" lin", .\ I ~ I fre 'lllc nc}, of o lle llIegllc),: lt, 
Ill(' in (llll I'Csi!'- t ;lI1ee o f tire '1', po,: 726 ·A 
V,,"u Ulu ·Tu be \ToltUle ter i ~ grl'a h'r thall 
o ne lIIeg ... IIIII. Tlte o utput ,'c"is tam:1' o f a 
I) pica l line in quar ter·wal c rt;;onan(:\' 
at Ihis ("{'(I"cn ey will be \'e r ~ 1II11f'11 I\·s;;: 

IAII cltperi llWlI lol Ol'''f'nil l i .. ", "ilh ;l 1;')(10· 
ohm g<':,wrll ' or r~~dj n s: " 7,';.,)111" e,. hk y i..lIl,·.1 

" rC!l()" a n<,:~ ri~ r (o l io ,V~~ of rI. ,, 1 'f'r"fI~ Ih .. 

'" !.,,""" Cllrrc'" ,·,.1"" W3!l20. 
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GENERAl RADIO EXPERIMENTER 4 

thal1 0 11(' I1lcgoll lll, ,uul Ille vol tmete r 
londing j'an 1)(' Il l'glcl'\I'(1. 

Examples of Measurement 

The reSUlilIlit ris..: in tl .. :: quarter· 
"alclclIg1h of 'j' YPI': 774 ·1\ Cable was 
measured, lIsing a '1', I' E 80S·A Standard­
Signal Genel'a lor as lhe voltage source, 
and a TYPE 726- f\ Var.uum-Tuhe Volt­
meter as the voltage indiell lor. T he min­
imum ratio of ViII to V; .... was fo und 10 be 
0'<)161· alltl occurred at a frequenc), of 
1.26 mcgacYI'les. Tile indicat.ed valuc of 
01 is a lmost 20% lo\\-er t han that ob· 
tained fro m the quarter-wave inpu I­
n'sistancc lIl('asure lllcut prev iously de­
scrihed, A par t of Ih is discrepa ncy was 
Ira~d to the e ffects of telUperature on 
the atlenuation COHstanl (the ,·oll age. 
risc measurement WIIS llI ade at lUI n IH · 

bieu! temperllture nearly :Wo F. lo,,'c r 
111 an the inpu t-resis tance Illeasurellleut) 
and the res t is assullled to be due to the 
e ffec ts of harmonics on the voltage-Ii",! 
m('usu rClllen 1. 

Ve l ocity of Prop ag ation 

The imaginary componen t (B) of the 
co mplex propagation cons lant is fre­
qucntly speci fi ell in terms of t!, the ve-

locit) uf phase pl'Opagi' lioll, The rela . 
tionship is giw'n by ~ 

"' -, 
(15) 

T be velocit y of propaga tiun \:an I. ... 
ded uced fro m ol,scr l'a tions on the res· 
on3n t lengths oC the li nc. Llsing the fol­
lowi llg relationships, The ratio of the 
"clocit)' on thc line (I") to thc frce.spa!:c 
velocity (v.) is equ al to the corres fKHIlI. 
iug ratio of wu,'e lengths (A. a ll<l A.). lit 
any glve ll freq uency. 

n A. 
~- (16) 

I '. X. 
But A •• the free-spal.'C wavelength, call loe 
ex pressed in te rms of IrerlUelH') li S 

300 
A. =-

f 
( I i ) 

where J is ill megacycles ant! A. in 
me ters. 

FrOIll (17) alill ( t6) we may \\fi te the 
ralio~ of velocity 0 11 Ihe linc 10 ,elocil } 
in 8 pa('(~ as 

'" ~ '<I 
". 300 

In Elluatioll (18) A, 
lenglh in meters 0 11 t he 
quenc), J megacycles, 

(18) 

is tllc "a, e­
li ne aL a frc-

... io ",,,011, .s-;f,ed of • ]>"'''''n ' ''~ .,.. r,..,,~.., or ,_ 'p"'" .~I<>cit" , .. hu th." . " .'-I"t~ vo lu", 
rlCOHE 3, !'Io t (If , I. .. >'ariat;ml with ternrerature (If the (lh<ICrI'cu rnlio of inpu. "(lit . 
age to oU lput ,·ol'age on lhe OI.cu-circuitc,1 sec ti(ln of a Ii li e in ' I'WrlCr-W8" c rC!!(>lIuncc . 

• 058 
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2054 ,..' 
< 
Ir 052 
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~.050 
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o 
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Si ll\'(' il I.i ll lI ~ uall }' be mure nm · 
H'n il'IIL 10 \Iclcr rn i nc !lIC '1IIlI rt cr­

\Hl\clcug th (or some mltl lHulliplc 
Iilt' rco£) fOlher than t he full " (In-Icngth, 
A,. let " " r,·\, rill ' (l R) a5 

1' / I -:-j 
I', 30011 

( 19) 

"here I ia the lenglh in m c lN8, J the 
fr. 'queue) in megacycles, and /I tim fn lio 
!If line le ngth to wavele ng t h. FM the 
'1'IlIrli·r",II\C line, lIe hal e 

", : If 
", 7;) 

(20) 

, '" if f i;; ill f,'('1 

", }.L 
: 

". 216 
(2 1) 

The comliliuli of quar h:r,\,ul c rc,,· 
"nance requirell for the abon: c«tul t ions 
IIIB} Lx: determined by bridge IIICRSIIrI'-

111{'11 Is o r frOIll voltage-rise observations. 
( \ rcactiou Illc tli{)(1 is frequc lltl ) recolll ­
rne nded for indicaljng reSOI1 Ull l'C, Imt 
has tIll: Ili"lUh ant age that 111051 comme r · 
"illl!} u\'uilllLle oscilla tors or signa l ge n­
NatoI'!. lin\(' 11 hulT,-r amplifie r 1)Cl\H:cn 

'J8cillalor un,1 OU lpu l, 60 lh ill no I'ClIc l ion 
'In ns(' ill a lor plate or grid cu rre u l ellll 
I ~ o illlt im·,I.) 

Characteristic Imp ed an ce !r om 
Resonant Frequency and 
Capacitance 

The H'104'i!) I!! re la lctl 10 IIIe imluc · 
11111("(' li nd CUl'lIcilance (t ami C) I"l(' r 
unit 1,'ng lh o f line hy Ille apl'roxi uHlt c 

"\J'n·g~iol1 
I 

I' == ~~-
VU: 

J 
r ""'~-

CZo 
(22a ) 

DECE M BER , 1943 

Frolll E' Juatiou (22<1 ) the ,·harat:h'r · 
is l il' illlpcJmu,'t! call IJ(' deh'rminc.1 if Ihe 
Icluei! ) of prnpagal iun and thc eap"t' i. 
lance pe r unit le ng ll. an; knOll l1. The 
('apa('i lalH.;e call be meas ured dire/'I ly 011 
the Tl"I;: 112 1. \ 'l'llin-T In llli'danec · 
\ II'IISllrillg: C irl 'uil , pro "ide.1 n s u/li · 
c jelltl) "hurt Icng lh iH u.-eli SO lhll l res­
un ance e ffects llrt! insign ili(,lI n l. '1'1 ..­
le ng lh IJsc.1 sholiid lIu l c "cc{'.ll1hout I 10 
of 11 (1Iilirlc r.\\ 81t'lcn;;lh, if ac(;urate re· 
10 111 1;; arc dCl;- irel1. (.", II lille a ng le of 100

, 

I he e ffect iH! in Jill '- (,upl.lt'i IlIm:e difft' rs b~ 
I I'; (rom the s latic "<l luc,) 

The Chllrltclcri"tic illl pedll lwc ca n 1.1(" 
" xprcsscd diret'tly i ll " 'rml! of Ihc {rc · 
q UCI II 'y of Iluarler ' \\II\-e rcsona n('f' 111 1\1 

l otlll l in~ CU I Hll'i t :tlI C;' a ;! 

(23) 

Exam ple of Measurements 

The t apacit a u('o" o f :tppro\itna lcly si " 
f('C I of Ihe T\' p E: 771 .;\ Ca blc "as n\t' ao ­
IIrCII a t 1.26 '1"(' ( lite prel iOllsly til'­
termine,1 quarlt'r-":t l'c rt:!Oonan l fr,-,­
II UC Ill' ~ for tlte 117·foo t Ic ug tlt) anti 
found \0 Lc l3 1.0 #'J.'f. At 1000 t: r d clI t be 
ca paci tlHlc't' 111111 IIlI'u"m cll as I ~3A Il#, f. 

The tOl al ca pat:i l:tncc of Ille IIi·fool 
le ng l It at 1000 e} des II ilS 295 I I'pL COII­
,.('(Iuc nll )'. Ibe 10 Iai ca pacila.nf.;c of 11 7 
f; 'e l a t 1.26 \l c ca ll be cOlllputed 115 

134.0 
"" ?951 X -- - -)760 IlPC - 113. t -

Imertin g Ihest' \' :lllIel\ ill Eq ualio n (23) 
lIe ha\'c 

10' 
7.0 = "--7,,,-,;:'-,-:-c,c-""6U "" 7 1.9 " hillS I X I. 26 X _( 

Summary 

In the Iltblc foll., ,, ing arc 1;- IIIlIIilariz,:11 
the rcsuhs obtlli uc.1 It) til\' \' ario w' 
IlH' lh()(ls of 1II;' U>' III'\'III(' I1\ ,lo"slTihNI. 
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'1'\111.10, , 

11!~Ir'rII, elrl 

Tn'" 1121.,\ 'I'"i,,-T J,nl)~.,ju"c.'­
,\If'"";,,r;"1; Circui t 

'l'YI>~ 916- \ 
Ilr;.lge 

6 

7.. 

73.0 - j2 , 1 "I""" 

i:! ,3 - j2 , 1 !l1,,,,~ 

II Cb;J!11I ,we_T erm; .. a I;"'" TH!! 916-\ 
IlriJg<l 

nad;o- Fr"'I""Ucy 7::!,3 ohrnA (Crlrreele<1 
ror rcactance o r ler· 
ruina ting reai~la"cl' ) 

~~~~~~--I~~~~~~--I----~--~ 
1I"'~;na,,,:,:.Ter"';n at;.'" " ,; tl, Cll- 'I'n'l'\ 916-'\ U",lio-f'rc'lucncy 

I'"dto~ in i!er;e;! ,,-ilh term;nal. Bridge 
"'t; rer.'lIlarlce 

i:! ,2 ... 1 " 11 ~ 

C"I'"C;tll1ce and il l:I!O'lSnl Frc, 
't"<'lley 

TI-,'v.I;I2I, \ T,,;n_T Irnpc.l"nl'e­
,\l churing Circu;t , 'fYI'V. 716· \ 
CaJ'"cil Lulce B ridge, TI "v. 
SO'}·'\ SlanJard-Signal t :cllcr­
"lVI'_ Tn>.; 1'l6-,\ \ ;,,' ,,11111_ 
T,,"e V\!l tl1lclcr 

71.<J "I"n~ 

II should be nOled Ihltl in ltll Ihe 
mcthods dcscriLed fo r the ,lc lcrminltlioll 
o f charltcleristic iUlI:ICda tl(.'c, \\ ilh the cx­
ce ption of the N'siS lancc -lermillllt iOIl 
IILuthod, lhe (rC{lue ncy of mellsurClile n t 
enle rs direc tl y int o the ,'a lculalions_ If 
the ma"imulll accllrac) of the meltSltr· 
ing instrume nt s is to be rea li zed , IIII' 
frNlucllcy IIlIISt accordingl) be 1..111.11' II 

a,;ellra te ly. preferabl) to \li tl,in O:ll~; , 

Thc lJIeasureme nts (I,'scribed in Illis 
urticlc I"ere made u~iHg oscillat ors lI lI,1 
sigll l1l gc nerators \\ hosc stalillani M'I' U ­

ruey of frequcnc) ca lih rll tion is ± I(, 
\ Iore accu rate freflUefl(') lIIcaSllrenlt'nts 
\Iocre nol made as it \las Ilcsired 10 (Ie' 
termine the oons iste lll.'Y of results Ihul 
\\ou ld be oblai nc,1 \l ilh s lltndanl lah,,­
ralur)' eq uipmc nt , T Ill' resilit s oblaille.1 

II) the four differl'lI t lII('th()jls of IHea,,· 
IIrelllc nt ar(' SCI' II to IIg-ree "i lh II "prl'.,,1 
of leS5 tha n 2 ('~ , 

Uniformity 

If the Irnli l-mission line is not IIniform 
ill its dlaract erisl it'S or hlts d iscontinu · 
ities in COllstrlll ' tioil , t hc observed \ al II" 
of 20 ma~ lll']It'Il.1 "11011 thc dirretiol\ of 
prol'lIgalion , r ('or Ihe particular sectiun 
of cu l,le on Idlieh ul,set\' a tiollS \\'c rc 
,nlllle, II .l iff" rcnL'(l of 1.2 oi llw; 'HI;; 

110ted, \\ht'n tl li: Illca"ur""I('nl ,.as .ILallc 
1,) the ope n· :1I111 sIJort -<;i r('ui l ll1L­
peda n(,'(l method , B) the rc"i': llUII -C 
tertllination IIlCIIII.llI, IIIe sa m(' \' ai lle \\3 .. 

ohl aincd for ei ther di rc(-tiOIl of prop­
agation, 

This is the second of a series of two articles by Mr, Easton 
deallnr with transmission line measurements, The first 
appeared In the November issue of the EXPERIMENTER , 
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SERVICE AND MAINTENANCE NOTES 

• II S TEO 8 E LOW arc the L:c llcral Hadio ins t r UlIlen ts for \\ hich Sc rvi<:c alHl 

\'ltiintenatlCt'l No tes arc 1I 0W a\'ai lal..lc. If )OU have recen tly acqu ired li ll y of these 

instruments, ami se rvice HotCS IIrc nol in your files, w r i t,(; for a copy \ooay. When 

rClfucstiug scrviec lIotes, plclIsc gi \'c type numLcr a n ~1 seria l numi.;er nf ins iru ltlt' llt 

and approximate lIat,,; of pu n:haSl" All i·orrcs l.I')u'!CIH 'C rq,;:a nlin !!, So'n in- HIl,1 

\I •• inl ('lIl1IH'C '\fOIl-" ","null I 1M! 1I, !,l n'!l!St,d l'luur Scrvi,'" D"parlllll·lIl. 
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77,,· \ 

H~~I· \ 

~ II · II 
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C", 'n .. i'M'K-e Brid!:" '" 
C"I"wi,,,')I",' II ridg.· 

Vll,-u .. ", ·Tul.c Fur" 

\'"c"""I·T"I ... "ol'II1ct.·,V 

\'",·"" ",·'1',,1,,· \'oltmc"'r 

\ll'gohmllu""r 

,\ l nd"I",;"" " ' ""i lor 

\l od"la';OIl \ ' Ulli lor 

Dis ' ort;"" " ,,,I N"i~,: \h· ... rV 
1)i~'"r li (>" "",I N,,;.'c \l c ter 

O;!Cill,,'<)r 

\\ ; ..... " ",.I".cr 

CHI'Hcil ,mce T C>!t Bri,I;::,' 

Cal,,,ci',,,,ee T C$t Brid ~,· 

0· 11 . '·' O~cillator 
5uu",I.I,,<:,·e1 Meier 

Sn""d·L .. "d \ Ir.h'r 

S"",,, I I\,,al}zcr 

Vi l,." ti"" ~I"h'r 

5' I"a .. ·.\\ a"C (~p"cr"lnr 

Fr~~ I "'·"e~ · Lim it " ' ... nitor 

U· l r.F Si~II u l GCII .. rll tnr 

L. II · '" SiS",,1 (,;,· IIcn, ' ''' 

St:o,ul"rd.Signul (;t:ncr"".r 

'I'"i".'I' 1 II11,,~lanC('. '\I,·as. 

uring Circui l 

fo;l,-..,t ron ic FrL'<I""ncy ""'IIor 

Bell •. Frt.,<,,,cncy O>!Cill .. t"r 

VMrim'~ ( .. II trl'<'lI ) L 

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



GENERAl RAOIO EXPERIMENTER 8 

A SECOND STAR FOR OUR "E" BANNER 
T he (\('cOll1pan) ing le tte r fro m Ihe Nav) 's Uoanl of Produetioll Awards Epea!.s 

for itse lf. Nccdless to sa)" \\ e a l General Hadio are proud that our efforts ha ve \\011 

a second rene \\al of Ihe "E." To all in olher organizations \\ hoseco-operation has 

he ll)C,l us to kee p lip ou r produc tion reconl \\ c cxpress our si ncere apprecia tion 

o ...... ~, •• O<._ ••.. .......... _-
........ " ... 

.... ., .. " ... "-,.,~,, ... _ ... ,,­........... ... _.,,, .... " ......... 
" ... . , ......... ""~ ............ ..,. _ ro, ..... 'mR -.. ..... _, ..... __ ' ... " _.,_ .. _-,.,---_ .•. ' '-''R __ , .. _, .... __ ,_ .. _._" .. --. ""---,,.-.,-,_. _,,-... .. _ .......... t< • • ...wo . _ -' , .. __ . ,." _ - - -' .. '"',,-.-. ... -..-. ......... -"" .. .- .. , ... " .... -_. 
"'H " _ .. '..-n" "'" . ,_ ._, .... ' .. ..... ", ..... .. , .. --.. .. _ ..... " ... --
,... •• ""_ ...... ,,u . .... ' ... -' ..... 

.. ,..' .... .-. '1' ' ......... _" _'M' .. '" ,--..- .... - ... ,... ... ,,_ ... ,,, .... -"" .. --" .. - .... '" ... ...,. 
f P 1?1-0-<-'---.. ....... .... ,.,.- ,. ... ) _,_. __ r.._" .. -. 

TilE CetlCru l Nadia EXI'ERIM EN'I'ER is "wiled u:iU/ollt charge eael! mort Iii 
to en g iueers, sciefl / ;s l s, / eel", i ehU/ s, (lnd otiler$ in/.erested in COlli III IIlIi· 

cat.iorf-jref/ll ell c), m eus"reme"t wul COl/trol fJl'oblem s. Jr'hen sendillg r e ­
{Iu,ests jol' .~ ubscri[Jliolls wul (/(Idl'ess -dllwge lIotices, please sl/pply /lf e 
jollO/dng il/jormatioll : tHllll e. COlli/Hili)' /III/ue, ('omplll/)' flddress, ty p e oj 
blllsit! eM;; comp'''' )' is ellgaged it!, fllld tit/f' or IJO!'Iitioll oj illdiddllfl/ . 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE 39 , MA SSAC HU SETTS 

BRANCH ENGINEERING OFFICES 
!}O WEST STREET. NEW YORK CITY 6 

920 SO UTH MICHIGAN AVENUE. CHICAGO S. IlliNOIS 
1000 NORTH SEWARO STREET, lOS ANGElES 38, CALIFORNIA 
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