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Fig" • • I. View "f 'h, !t'mln,,!io n. d .... lb,d 
in 'hi' ".lld •. 

Calibration Standards for Precision 
Coaxial Lines 

TYPE 900-WR STANDARD MISMATCHES 

In 0 (oo)liol l ine, as in any 
uniform. disTribute d .pa rameter sys· 
tern, il is the terminating impedance 
thaI determines the reflection that 
octurs when on elecTromagnetic 
wove traveling down Ihe line reoches 
the for end. From the magni tude and 
phose of the reflection, the nature 
of Ihe termina ting im pedance can 
be deduce d, and coaxial-line meas­
urement devices Ofe b ased on this 
principle. 

As with ony measuring system, 
standards of coli brotion ore neces­
sary to ensure accuracy of meas­
urement. The standard terminations 
described here filt this need and 
ore recomme"ded for the calib ra­
tion of slolled lines, brid ges, im­
pedonce plotters, fixe d · ond swept· 
frequency reflectomelers, ond lime­
domoin refleclomelen. 

Thl's!' hroadhand mismatches a l'f' 
'<lll nda rds of VSII Il . for use iu thc 
('lll ihra tion of slotted-lilH' s),!ltems. rC' ­
fle('tomClc~. lind other " ,""Il( and 

refl(,(·tiun-(·ul'fli(·il'nt m(,ll.~llrilig u(,,'ic('s 
The T\ I'h-. !X){)-WBllO, -\rBI:?O :lIId 
-\\,HI.,O :-italldurd .\ Ii"mat(·h('s intro­
du{'c \',.;11 u\ of 1.1. 1.'2. a lld I .. '" respct'­
t in·iy. :l1Il1 !'lll·h of thpti!' IIlI it" cxhihits 
!If'url), ullifonl1 ,.,111l ('iJ;ll"attcril'll il's 
fro m dr' 10 S .... I G ll z. (:-it'{' F igur<.' '2 1 
Eat'h unit ('oll\llri"i's:l SU .O-nhm ( HhKJO , 
I'l"c(·jsi!}1l Coaxial Conlle('lOI·. :l low­
reflel'liOII ('llIltinllOlIs trnlll'i t ion. a lld 
a pt"e('isinll (·y lindri(·al resistor. The 
pu"itioll at whit'h the mis match i" 
iulmdllt'C'd into Ihl' :IO.O-oh m sy:>tcm i., 
appro-.:imatel.1' .... ('m hl·h ind til(' r(lfN' 
(,Uf'e pluu(' of the> (: HHOO Connet'tol'. 

Tht' it'rmi lllliing f' [(' ments at·c highly 
slalll{'. ciepo"itl'ti-melHl·fil m resistor" 
with dl' re."i,:;laIH·('.~ of ·1.'). ..... -1 . -11.07 
:wd :~:Ct~ (Jhm~. re .... pc(·til'l'ly. ±o.al ~ . 

Cal ibratioll ('ll1H'l~ suppl ied wit h elll'h 
unil gin' t il(' meltsu fC"d rcsi ... tallcc at 
dl' ami lit fin' PO itl L~ ill th(' fre­
querH· .... baird . X BS ('ulibratiotl s(>rI'ic(>s 
are :t1:;o III'uilahl(> to I Ull z with uncer­
taillti{'s of \'~\\ It mea.surc ment from 
±O.OO.-, at 1 (; 11 " to ±O.O lO tlL 4 G ll z. 
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TYPE L-~oolITs)----: 

, 

" 
,. 

TYPE 9O(l-WRl20 !2~ UMrTSr-

TYPE 1900_YwAIIO 110 JITS~ , 

, 
" , 

FAE ~EHCY-tH. 0 , 
.~ 

FI,u .. 2. A .. , • ." .... il ... ., I<h VS WIt o f l o ... pl. lo ll . Sp •• ad , I .. Ih . ... . .," "' . d dala .,., ,h.,wn .,1 I , 3 , 5 , 
., .. d . O H • . M • .,I ... . ...... I .,.u,.,.y II b . n " III., ,, ± O.OO3 for Ih . Typ. 900-WItIIO, ± O.OOS fo, Ih . 

Ty p. 9 00_WIt120 , and ± O.OIO for ,h . Ty p. toO. WItISO, 

APPLICATIONS 

Direct RF Calibration of Siotted·line Systems 

:\ Ianr funON contributl' to innt'­
{"un\t'y in th(' ml'u",url'mcnl of \ ... \\It 
with u ~Iolted-lin{' sy~tem. l'nf'crtninly 
in tilt' dl't{'('tor re::;ponM' I:l\\', ('alibrntioll 
n('('urlH' .... of til(' indimting i'btrtl llll'n t . 
r(',:.idttul \,.,\\ It ami prohe I'('ft('('( io""- itt 

til(' I'lottrd lim' a ll of thl'~' introdu('l' 
,,:trying rtT{'('t:; that art' dl'lX'udl'ut 011 

thl' magnitude of ,-... \\ It being IllI'U"urNI. 
the frl'(IUelll'Y of operation, :Ind tiU' 
n:ltlll'(' of thl' in",trllmelll' Th('- '1'1 N. 
HOO- " It Stulldard .\lh,mn {(-h(',~ oifrr 
n "implr means of estnbl i"-hing directly, 
at the measurement freqlwn<"y, t he 
o\,('f-nll ~.Y~tem uccurac .... . 

I-' igul'(' :1 :-.hows th('- 'ltanding-wu\'e 
patH-rns of dc"ign-('enter mi"mnt('hes at 
, S11 1! 1('-\'I'\s of 1.1 and 1.2, mrn'!urt'd 
Ilt 7 Gllz with th(' Tn-!:: ItHO-.\ :"IloUed 
Lin('- H('('ording ~:r"tem I 

, L !I.t.I\,I ... o.o. ".\ "'Ion~d IJ ... U ...... "le, tor.' ..... .. 
"lIri .. ,rntf' 'or 1.0 .... f," ,lie (;11000 SH ... .-· alld .. s .. ... 
C .... a .. 1 Tqn ... ..,tll ..... 111 .. 1 !!rlllnr."· O.~ ... I Httd •• s,,· ""'.-; .... ~I". J.nll&I")· 1111.; 

ColibraTion of Frequency-Doma in RefJec· 
lomelers 

The T\'I't; tIOO-WH Standnrd :\ Ii '>'­
matches nre wcll I'u it{'d fo r thr '"SWlt 

('n librution of swcJ)t.-frl'qur ll('Y reti('-c­
tometl' r", unci im(X'tiul1l'e plotter,; based 
nn dirrctiolllli ('ouplrl"S, h,)' brid jUlH:tion!'l, 
magic t t'f'!'I. or rf hridgc'!. C'ulibrntion 
through G H\.IIXl ('ollllr('tors offers th(' 
gr<'ut(,,,t n('('urucy; howr\'I'r, th{' uS(> of 
thr Tn-E !IOO-Q Adaptor:-; m!l.ke~ it 
po;<~ib l{' to t"alibrate measuring de" ices 

. - .... --
100-_00 

t60-IOII,'O . , 

W-.. ii:h , 

I-+-

rT . ,. ;-t 
f l' .... 3 . Sl o .. dl ... -wo v. poll .. " . of T'f' pU 
toO.WItIIO ... d _W1t120 Sionda .. ' Mism.,l ch .. 
01 m. a sur.d 0 1 70HI wllh a Ty p. 1640 _A 

Slo II , d U .. , It ... rdl .. , 5yl" ... . 
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May 1966 

TYP[ 9()(Hlt I 
olO.VIOR / LCC-:'::-'C", 

L--'ir---1I ~ N[CU$ARV / -
FI, .... 4 , Fh .. ".f .. ..... ... '1 
•• fle. lom. ' . ' for ... . 0 . ... ln 8 

/ VS WR ', b elo w 1. 1. 
"-' __ --1TVP'f too_ IIO 
'" STAAOilMI , MISMATCH 

<'quippl'd willI mallY ot her t.ypr" of 
(·O IlIH·(·toril. 

The '1' \ I'E !.IOO-\rn 110 .\ li"'Ill!l tl- h i~ 
ptlrlieulurly Ib cflll for til(' ('alibrat ioll of 
liXl'd·frf'qul' IU':," rcH(>f'tO IllCll' f :< I\'herc 
the r{' .. jullal r<'li('ction {'fror,; of t ill' 
1ll{,!L.'Iuring in"lrumellts III"(' tU IIl'd OliL 
' \" Ull ('xu mpll', Figure ~ j" llw blQl,k 
diugrnm of il fixl'd·frNIUI'Il/'," r('flr(' ­
t() ffi(>tr r sYl;km built arollnd II hybrid 
jU Il t' t ioli ill whi{'h the error I<igll:ll i ~ pro­
portioll ul to lht' rcflc(' t ioll {'()(' tlidf'llt 
of thl' unkllowlI ]X'ing meulSlIr{'d . Thi,; 
s,Yl"te m prO\'ides full·scu le " :01\ II indkfl­
liOIl!; of 10<t', I Cc . ulld ('n.'ll O.I(c.· 

Thr f'illibnttioll proeNiurl' for thi" 
!<y!>telll j" u.;; followi!: 

(u ) .\ '1'\ I't: !)()()...\\'.)() :-i tu nd:lr(i TN­
miuat iOIl is !'Onneeted to til(' unknowlI 
port of til(' hybrid jUlH' t iOIl :llId tl1l' 
imp{'dulli'e-llllltt"ililig LUn('r ( I' , 1'.: Boo­
'IT ,\ l ) is tHl jll~l('d for II IIlLlI in the 
dt't('rt{'d ~ig ll n l. This makt,,, th(' ill~1 nl­

nu'nt r('~idtll\l relledioll equal in mngni· 

'" , 
'1r_=_=~, --, 

tilde to til£' I'('"idnul rrt\('et ion of thl' 
terminatiOll , Th ll~, th(' fI/'{'tlrtl!'y of tlw 
Il\CU-;lIrem('nt i .. di rcctly depcndent on 
til{' accuru('y flf tlw U'nninntiOll, ( lI igh· 
Iy a('('urutt' (':dibratioll t('('hniqu('~ for 
determining the lerminnlion u('('ur:U',\' 
are d{'5('ribed h," S:lHtlen<OlI,') 

(il l The '}',n !)()O-Wn, 10 Stalldunl 
.\ lism:H('h ( V"II II .. 10c,) i-; ('olllll:'l'lI'd 
in plll('t, of t hr mau,lwJ tC l'min a lioll , 
and the sigilli I }('\'e} i,., adju;; ted for full ­
i',c'a ll:' illdic-atioll OIl 11](' mete!' of, lht· 
'I' \I'~; IZI ().., \ l ' nit [.J' ,\mpli fi('r ill the' 
'1'\1'.; I)~T j)eu'('tor, 

The uliknowlJ to 1)(, me:hureel i'l 11011 

l'Olll lt'I.' t!'d in plat'l' of ,1](' :<tulld:t rd mi.,­
Illatl'h. !l lI d it" 1";11 II i .. n'lId elir!,(,tl." 
fro m the lineur :-( '1111 ' of Ihl" i-f :lInpliriN 
mell' l". If til(' ">elling (If thl" umplifirr 
attellllatQr sII' il4 'h j,. n'(\(I('e<1 II,\' :..'0 dB, 
tiw full·srn}(' \',, " I( hel'u m!',; II (, nut!, 
fur -W-d B I't'dll('l ioll , t ill' fll ll-:-('nl(' 
\'101111 hecomr,. () I I ( The li,;stllnption 
that th(· }i lwar ,,>\,:11(',. apply j_~ nOI 
rigorou~I ,I' tl'llf' , ~illep th" f('1!ltion",hip 
I)('twff'n ",.,11 II alld n'lIN'till1l 4'()f'fli4'i('1l1 
j .. not a lim'ar (111('_ lI ow('\'!'r. for 
\,,\\ 11':-; lip to 10' I ' tht, I'I'ror i,. Ie:,.,. thall 

110'" of til(' imli('att' rI 1"" 11 in IX'r­
('('II!. 
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the [;jExpe ri Inenter 

SP EC IF ICATI ONS 

TYPE 900.WRIIO STANOARD MISMATCH 

F,equ . nc y R""II " DC Ijl 8.5 (1 Hz. 

MllmDlcll VSWR 

f'p 10/ (;U;: I 11)111) ± (OJJlJ.'i:J + UflllU/olI.l. 
J lolL; Ollz: 1.11100 ± (fUJlI.'i + 11.1)11.:;41/011.). 

DC Rel llt"nce: 15. 15!! ±O.3'/t. 
l ",kalle, Hl'lwr tlulII 110 dl1 bl.'lo,,· ~ignll.1. 

M ... lmum ,""we" I \\" with ncgliJl:ibll' ("hange: 
5 W "ilhunl dun1ll.l[t. 

Tem " e."lu,e C ... lfic le nl , lA'S!! thlln 150 pprnrc. 

Olm.nl l"n, : l..enl[lh , 2 in (5 1 Inm): m~\\;illlulI1 
diameter, II. in (2, mill). 

Ne t Wel llht ,:I'! (It (1 00 1(1. 

('"J.olog 
Xlrl/fl~r 

0900·9961 Ty" . 91)O. W Rll 0 
Standa, d Mllmalch 

/' r ,"I" 
'" ('8.1 

$60.00 

TnE 900-WR1l0 STANDARD MISMA TCH 

:-iame 8.8 Type 000- \\"R 110 ex('ept: 
MIUn"tch VSWR 
l·plo/O}f.: 1 .~1 ± (II.U06() + 11.11120/011.). 
'/08.0$ Gilz: 1.:!tJ(K) ± {().()12.'i + O.uU,'i·'i/o lI .. ). 
DC Rell.t " nc. , 11.6, II ±O.:\',. 

ralillog 
,\'llIt~r J)tltf:rip'iOIl 

0900-9963 Type 900·WR120 
Standa,d M I,match 

I'riu 
in US.I 

$60.00 

TY PE 900_WR150 STANDARO MISMATCH 

,"",;l.rne M Tyve ooO-W H I iO l'xCt'pt: 
Mllmatch VSWR 
(' P /0 J GIll: 1.50(J() ± (0.00;,:) + O.U I 5() IC II.). 
1108 . .5 Oll z: 1.5OIM) ± (tJ.OI.')5 + O.lllIiD/OtuJ. 
DC Ru llt"nU ' :\:l.:B {J ±O.:J' c. 

CalabJg PflU 
.\'um~r f)rar"pltOll it< CS.I 

0900·9965 T~". 900_WRUO 
Standard M llm"rcll 

$60.00 

TYPE 900-W STANDARD TERMINATIONS 

'l' I1I'''l' brondh:uul 1"I'"i"tin' t('l"In illu­
liun" al"{' "ltmdanb of imppdulwr'. \\'hid} 
(':111 hI' lhed to ('alihmtl' :-\\"('1>1-
fn'qlwrH'.\· imp('d:Ull'{'-m('f1suriug sy'_ 
{('m". imp('(lllI}("(, plotter:'!, .~l{)tted-lill{' 

".\"s lem~. bridg{'" tmd ti nlt'-doIllUill f{'-

1lC'(·lorn('tC'l'l<. 
III {"(Jlltnlsl to tilt' T~I'E !lOO·\\' 1( 

:-ilamlanJ \/i"Ill/lIeh{'". Ihe ~talldard 
Tt'rllliIUuioll" are ("aliiJrutC'd in phaM' 
l iS wC'1I :h mllgniludl': IhM i .... thl' Jlo;: i­
tiUB of tllf' stundard r('si.~tulI'·{' with 
rl'~I}('C"1 lO a rf'f£'relll'e I)oinl ill til(' "011-

Ilel'lor h :It"l'uralely 1\110\\"11. 'I'h('-;(' 

H'rmilllltiOIl;:. l iJC'refore. li nd their great· 
('~l \IS(> in th(' ("ulibr:\l iOIl of impedan('C'­
nwal'illring s.\'slem..;. al t hough t1l1'Y ar(' 

nl~o .~l:lndard~ of \,,~\\'Il. 

TIlt' T\PES !}()O· W100 ami -\\':200 
Standu rd Ter'm inatiolls nrC' 100- ami 
:!{)f)-ohm tC'rmin:lting I"l'" i"tU II('('" for 
a :,O.O-ohm :;y:stem . The l"l'<;is talH'{',; 

illtrodul'ed relllain n'ry !leari.\' {'qtm] 
to t heir d(" reSiShl11l'C''' O\'{'r til{' frf'­
qU('IlI·..,. band from dl" to S.:) <..: Hz. al< 

ill ll!-ilrated in Figur£' .i The,.,l' unit,., arf' 
... imilllr in l'onstrul"tioll to l ll{' T,p~; 

VOO- \\'H :-itn ndllrd \ lismll.{(· Il{'I<. 

figu" S. A'''.age , ,_ 
. llIan" of 25 un Its 
,,,ch "f Typ ' 900_ 
Wl00 ""d Ty", 900· 
W200. S".ead, I" th , 
me" "u,,d data ar e 
.hown al 1, 3 , S, a nd' 
GH • . M, a lu,e ment "c _ 
'''ty 11 b , ,, .. th,,n 1%. 
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- ErfECTI¥( ~osm~ 
g" T[ItIOIUTION 

Tlw ff'ff'r(' rw(' piau!' at whi~'h the 
tt'rmirmtioll i!> introdm'pd in to Ihp ,W,O· 
ohm sy:.l(' m i!l I ('m I)('hind thl' rder<'I)('(' 
pl:\lW of the G H!)OO ('ollll('rtor, as 
"how II ill Figurl' Ii . C'alihm lio ll ~' hl\l·t ~ 

suppl il'd wilh ('Udl unit illeludt, m('II ~-

,... II tl'<l datu (In till' j}o,.. ition :\1 whil'h til(' 
11 ,,.. i ... tUI\I'I' £'fT(,(,tin' ly appt'ur:4 ill addi ­
tiolt II, til(' m(' lIJol w'cd 1·(';;;,.tUIH·(' lit de 
und ilt :, po int s in thl' ff"{'qU{, IH'Y ba nd . 

APPliCATIONS 

Calibrolion of Slotted -l ine and Re flec, 
tomeler Systems 

'I'll(' '1'\ I'.; 000· \\' :-1la ndanl Tf'rmina· 
l iun", likl' th(' TWI-; noo-wu ;";Iund:lrd 
,\] i,.:mll tt'h('s, HI't' u,.,t't! to pe rform dirl' t' l 
rf ea librution of slotted·lill(' s,\'!ltf' m'i, 
\1 Ill(' IOO-ohm find 2OO-ohm Il'\'rls 
(mi"mate hc'p, of :l lind I. respN'lin'ly ). 
the (' rron'! introduc('d by nlria lioTl~ in 
lht' det(,(·tor.rt':>IXH):-;(' law, un(,l'rtaintie,.. 
in th(' indicator cu libratio n, nnd, most 
impo rtllnt, prolX' reflec tio ns in t he 
p,\oltrd lint' cun be npprceiabll'. The 
'1'\"1'.: !)OO. \\" 'I'rrmintttions pc rmit a 
r.lpid. yet tlf'Cllrll.t(', t est of 1I system'!l 
perforrllfl nce, without the 11('('cssity of 
t imt' .. con~lI ming ('hcf'k-ou t pr()('('(iurcs. 

Fig" , . II " , ... ~.'''g . p". lli"" b . hind 0 1.900 
e""" •• I" , ,.f ... " .. pia". 01 .... 101.10 , .. hla n •• 

I. "ppll . d r", Ih . ""ill ,, ' Fig",. S. 

fig",. 6b. S~.t .h .100 .... 1" ... loll o n " f 1 ..... lna-
110" ,UlliD" a"d "f ... n. e ,1" " •. 

Similll l'iy, with r('I\t'Nomctcr ~,\,,, tem8, 

theS(' ~tl1 nd tlrd tcrmin llt io ns pro\'idt' 
imlJOrt:ull rali hrntion point.>; . Sinf'{' the 
lNmillu t ion" a rr (·alibru.tcd ill hoth 
IllLlgnitudt' flud phtl~, thc}, nrr most 
u.<;('ful in t il(' l'1l1ibmtion of f'o lllplex 
f"{'lirct ioIH'()('flicil'nt mClls tiring instru· 
ment:'! slu· h liS :rUlOmuti c- iml>cd :IIH't' 
plottN >!. HC1'llw;e of I he phl\~c ('ulibrll· 
lioll of the lrrminll{io u". tht'y ('1\11 \)(' 
ro mhill('d with M"'ctioll>! of pr<'('i!'iion 
llir Iblt' to pnldm'(' mnny knO\lIn ro m· 
plcx impcdlllll'CS. Fo r ('xfl. mpl(', a T n' .; 
HOO .. \\'IOO Tcrmination in {'o mhill!1tioll 
with a H-("m a ir Jiuc produl'e!l (ut th(' 
uir·l ine inpu l ('QUlI('t'to r milling pll\lIc ) 
ll ll impcdnlU'1' of ,10 .0 - j:m.o o hms !It 
frt'qllc Ilt' i('s gin.'11 hy 

a (' ~ In) (;!Iz a nd ID.O +j30.0 0hm" 

at frequclu·ir,. gi\"t'll b.y;\ ({ ~ ~n)(: II z, 

wlwl"(' n iii z{'ro or :l posit ive in teger. 
'I' ll{' Tnt; \100-1. Pr{'f' i ~ion ,\ir !.inc:! 
and til(' '1' \ I'E !}()()· !'Z Hcferf' II ('(, .\ir 
\.ines l Ill"(' r{'t'OIll Ill{'nd('d for ~u("h ap· 
pliclltion'i, 

'a"l. 
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the !;jExper'i Olen te l' 

4="'R' • 

Con nector mating plnne may not be 
the most conven ien t rcCerence plane to 
use. Below about 200 :\ lll z, however, 
the resisth'e co mponent of the im­
pedance presented nt the connector 
reference plane departs only slightly 
from that presented at the 4-ClD refer­
ence position, This re!l istnllce (at the 
cnooo Con nector reference plane) is 
given as a function of frequency, ap­
proximately, by: 

R' - /I [I - (tan' 41;~ ([~J' I) ] 
... _.- R(l - K) 

f ig .... 7 , Co",cllon I" m , 1( , 10' Ih , . _c m 
dlfl .. , nu " ' Iw"n Ih ' G1I900 Connu lo , "f,,_ 
'nc' pion ' ond Ih' ,",cll". pOlillon of Ih ' 

, .. i.lon<" 

Calibration af Bridges 

The T\ I>~: 000- \\' Standard Termina­
tions al'(' u:«'d to {'al ibrate bridges in 
much thf' ~m(' mauner IlS d('~erihcd for 
"lotted lin('~ [llld rc H('f'to mC'l('I'S, For 
:-;om(' hridgl':l, the lermillatiOIl r('«('I'('IH'(, 
plan(' I {'m uway fro m the GH~ 

where H is the c!llibrnted dc resis tan ce 
of the termination in question and j 
j " the frequency in Gllz , 

The correction term 

is a resu lt of the distributed capac­
iW1H'c of the I-('m i('ngth of line 
lX'twccn the two rf'fcn'llce plaues and 
i;; plotted in Figure 7 for re~i.stallces of 
100 and 200 ohms. 

SPECIFICATIO NS 
TYPE 9OO-W1OO IOO_OHM STANDAIID 

TEIMINAT10N 

Fllq .. ency lonl" 1)(' tu R5 C I h. 
OC 1"lllon .. , 100 !I ±O':l' . 
IIf 1I"lu,n .. 
{'p /0 I (ill:: JI~U)I) ± (O.,j() + I.flllk u. ) 
I/o /:i.:; em:: IIMI.IM) ± O.tlj + 11.-1.)/011 .. ) 
'olilion 01 Which l ui llon" Sp,c ificotion App lies 
('" /0 .I (all; (I,IMI ±tlJ~)l c·m Ill·yulld tIll' 
C IHMM) {'ulII,,'('\nr ... ,fc' ... 'nt'(' 111!1IW. 
.! lu H.fJ {;flz· (ur.! - u.lll lO ll. ± OJ~j) ('In 

)('.\"'111(/ till' (;Wf()() CUIII]O,'('\"T n'(,'n· ' IN' 111Mif'. 
l_~ .. g', BI'{I,'r than uo dB hd,," t;J~na ' 
Muim .. m 'ow, .. I W \lith n':glip:ibh.' fhangl': 

[, \\ "ith'~lt dll.ma!,;c. 
Temp .... t .. , . C .. tlid, nl , Ll"!!!I than 150 Pilm or, 
Dlm'nllon" 1.('l1l:'lh. 2 in (51 nlln): n",~inlilm 
dbml't.·r, 11 .. in (2; mmi. 
N,I W,lghl ' :J 12 u:t: (100 g 

('u/ol"") 
.\" 11",IH'r 

0900.9957 Ty p , 900_W l oo 
100_ Ohm SI" n dD, d 
h .mlnOl;"n 

!'r/U 
III /·S.I 

$60.00 

n'E 900_W200 ".ZOO_O HM STANDAID 
TUMINATION 

:-iame- 9JJ Type 000- \\'100, ext't'Jlt: 

DC b'illonc" 200 U ± 0.:1"" 
IF l ui' Ionu 

l:p fo I GHz: 200.00 ± ( l.flO + 2.00 fou.) 
I to j'" GIl:: :!OIHIO ± (2. HI + U,OO lOll.) 

+s.~U 
j'" 10 8.5 GIl:: 200,00 Qr 

- (1'1. 1/1 + ;.20 [10 11.- i]) 
'olllion "I Wh ich II nIOlon" Sp,clflco/lon App li .. 
f·p 10 ~ GlIz : (-I,n ± OJ~-. ) fin hl,-ynnd the 
(; 1I1NMl COI1I1('('tor n'fl'n·",'I' plan .. , 

lIoS); GIl: : (.IJH - fJ.rrl lem . ± OJ~:;) em be>­
yond the OWN)" COnlll'('"lOr I't'f"I't'II(,(, iJlane 

Col"", 
.\'I'm}~' /)("M',.,plioll 

09O().9959 Typ.900_W".ZOO 
lOO_Ohm Siondo, d 
T .. mlnolion 

P,ict 
In {"S.t 

$60.00 

, 
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TYPE 900-WN4 PRECISION SHORT-CIRCUIT TERMINATION 

Til(' TYI'~; !)O(}- \\' ~ I ShOl't-Cin'lli l 
Tl'rminution prN'nb II 10\\'-10"" ",hort 
('irnlit 1,00 ('m 1)('),011(1 thl' n'f(,rl'IlI'(' 
pin Ill' (If it", (;H!IOO (·OIlIlN·tor rl'fl'rt'll('l' 
plUlIl', Thl' rd\l'l·tioll (,()(,fIi('il'nt inlm­
dUN'd ul till' :H'tUj1 ,..horH·in·uit plallt· 
b I(rl'al£'r than O!I\)\I. :Ind lhllt inlm­
(/11('('d at thl' {'Olllll'(·tur r(·f('r(,Il(·{' plllll(' 
i" gn'atl'r than D.!)!)!;, 

APPLICATIONS 

Thi,.. .. hort ('in'ult j .... u~~d with thf' 
'/'\ I'~: !.I01)-\\"()j I'rl't ' i"ion Opt'n-('il"l'uit 
T('rminutioll ( dt'~{' riht'd 11I'lowl to (, .. tall­
li"h "II!Jrt- arid (JIX'rH'in'(lit I'l'ft·l"!·rll·t' 
pitt III'S l'oint·idl'lll within OO:! ('Ill 1I\"1'r 

t hi' f rl'fjUI'lI('Y nllIKI' from dt· to S,·-, (; II Z, 
'1'111' n'fl'f'{'IH'(' plum'" ,,0 ('"tuhli!-Iwd lin' 
u,q·ful ill dirt,t·t illll)('dluH'(, mt'lI ... urt'­
nwltt~. in 10)0.." mt·Il .... url'm"IIi..," ha~'d 011 
rt'tkl'lioll Int'liSUrt'lnl'nt". in Ill(' ('alihm­
lion of retll'd i(J1I-(·tK'ffi(·jl'lIt mf'll"lIring 
ill,;trunwllt,... and. W'lll'rally, in tht' 
Ilwa"ur·t'Ill('nt oj t ill' "'('uttering (·()(,fli­
('i('ut" of Illultil)ort ('oaxil\l d",'[('(>"_ 

:o'ill('(' it.'" LOO-c'lll r('f('r{'nt,(, pitUl{' ('0-

ilwid('~ with lhtht, of til{' '1"\ n .... !IUIJ~ 

\\' 100 and - W:.'OO :-;titndard Tl.'l'mi­
nuliou~. th(' ']'\ I'~; !lOO~\\'X-l (':111 lit' 
, .... ('c! in ('OujulIC'tioll with tlw,,{' I('rmill n­
lion.'! for Iht' ('alibrati()11 of hritlg"" 
.. lottNI-linl.' ",-"t{'m,.:. ('11' 

Figun.' ~ illu"tr!ltl'" the I'alihmtinll 
Ij'HI.'! obtuillahll' llith tIll.' T\J'~;" !lO/)-

. , .. , ... out. ,. _ •• • 
Flvu •• 9 , ... duc( .... c. p ...... ,.<1 .. , Ih. GR900 
C ....... el ..... , ....... pi .... . .. I (h. Typ. 900 _ WN4 

' •• eI.I .... Sh .. ,, _Clrcult r .. "' ] .... (] ..... 

f ]gu .... Multlpl ••• p ... u .... f (i", •• d""'al .. _ 
•• flula", . (e. ""C •• 10. 'he v ... la ... GR900 
'e.mlnllUa ... "' th e . "d "' a I. "g(h of 50_ .. hm 

al. I i .... 

" 'H, !lOU-\\', t100--W~ I and !KlO-WOI 
:o't:UHi:mj,.. .\11 th(>,,(' 1Illil~ IIrl' f('('om­
tnl'nded for tht' mlihrat iOIl of timl'­
(I'lmu ill-rt'iI(·t·tnm£,lrr "y,;t(,Ill'" 

!'iitH't· till' T\J'~; !IOU- " . X I ('ompt"i"" >1 a 
.. ingl" ";('l'Ii(III of Itlliform lruu"mi",,,i.m 
lilli ' wit h ILIt di .... turh:tllt·(,,, or t1il.'lf'l·tri(· 
.. uppor'" ht,{\It'i,'1I 1111' .. hort (·ire·uit :IlId 
tIl(' f·OIlIl(·t'!Or rl'f('tI'IH'(' pl:lIIl'. ,it i .. a 
f'akulultlt' il1(IIII'I(lII('(' "Iundard of high 
:!t-.·l1r:u·y. '1'111" i", parlil.'uiarly 11'111.' ttl 

f rI'" t1l'llI·il'" ulJt)\'(' ahotlt .-to .\ III Z, whl'rt, 
ti)(' ('urrf'ut Hrlll,.. primarily in till' ~ikN 
()\-ptiay" 011 ,h(' (·(muul.'ti\"(' "urfu('r" 
I'igurt, \) i .... 1I plot tlf lilt' ('ult-ul!ll{'d 
illtlllt·tall(~' lit thl' (-OIlIl(\('l()r n'f('r£'lIf'(' 
plan(' fol' fn·qll('IU"it·" al>o\"l.' .-11:) _\l lI z 
hU"l.'d Oll:t ('otHillI'tOl' l·(',.:i,;!i"it." of 1.i 
mi(·rohm-(·m. whi(-II i" t."pi(·ttl for' tIll' 
1·\)lIdlll·tUl~ IIj' till' T\'!·t; !K)(.I-\\',\ I. 

SPECIFICATIONS 

TY'E 900_WN. ~ItEeISION SHORT_CIItCUIT 
TERMINATION 

F'.queM.,. Re .. ve : J )(' I,. ,",,;) (.117. 
R. flec(;a" ell . Htc'e"" (;n·"t.-r thun tl.~~Ui 1'\ 
IllI' (; 11 '100 (·"IIIH·I·\"r n·f(·rt·II(~· phil"', 
lll<IIlian 01 Sha., Clre,,; I: I.oo±o.nl "111 IH·\"I1.J 
II,,· I .JI'If)O (', '"1U·,·I'.r n·r('r!·'W" pl...n.· 
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Ch,,, .. cI .. ltlic .... p . d .. nc. .., Inl e.n .. t C ..... i .. 1 
lin., 50.0 Il±O.Ou5' ~ at frcquenei{'!l where akin 
cITect is negligible. 

l .DkDg.: Belter than 1:\0 dll below signnl. 

OJ,,, . nIIDn., Length, 2 in (51 /Iun); mltximum 
diameter, l~ in (27 mm). 

Ne t Weight : oj oz ( 120 g ). 
Catalog 
Num~' Dt8Cription 

0900-9975 Typ. 9GO_W N4 Pr. cI_ 
lien Sh .. H-Circull 
T. rmln ... i .. n 

Priu 
ill eSA 

$40.00 

TYPE 900-W04 PRECISION OPEN-CIRCUIT TERMINATION 
Tht' Tn'~~ 900-\\'01 presenls an ope n 

circuit 1.0 em beyond thl! GHOOO Con­
nector refcrence plane o\'er t he full 
de-t0-8.;l-Gllz frequency range, as illus­
trated in Figure 10. Compt'nsntion for 
the frequency-dependent fringing capac­
itance of the open-ended inner COIl ­

ductor is accomplisbed by means of It 
sma ll disk on th(' imlPr conductor tip, 

APPUCA TlONS 

As a ca pacitallce sta ndard , the T HE 

000- WO-1 pr('SC'nt.s a c!l p:l.cilanee at its 
('Ollnector reference plane that is giv('n 
npproxi lllut<'iy by 

(' - C. [I +C':/ -I)] 
- C. ( I + I( ) 

wh<.'rc the e:.l.p!lcitllncc C. is a res~ll t of 
the <I-em length of line between the 
('fTeeti\'(' opt'n-('ireuit referell te pla ne 
::lJld the eonneetor reference plane [ind 
f is the frcqueney in G ll r.. The ea paci­
tnIH'(' C. has Tl. nominal va lue of 2.Gn 
picofarads. The correctioll term 

I.J 
ttlll -

Hi 

4,J 
\,1 

Figure 10. ""v .... g . p ... I_ 
.I .. n behind GR900 C .. n _ 
n . .... ' •• I ... nce pl .. ne ... 
.... hid ... p e n d« ull il .. p _ 

plied. 0 ..... D' . bal.d .. n 25 
unitl . 5p< ... d l .. r •• h ...... n D' 

2.5,5.5, and '.5 GH~ . 

is !l result of Ihe distributed nature of 
the capacitance, whith has an :l.pprc­
eiable effect nt frequencies above 70 
~II [ z. T he correction term K is plotted 
in Figure I L 

As an opell-cirruit termi nation for 
the TYPE 900-LZ n efercncc Air Lin es, 
the T YI'£ 900- \VO I provides support for 

the inner conductors of the nir lines. 

Since the cffective refere!!!:e plane of 
the T \'I'~; 000-\\'0-1 Open Circuit is 
coill('idcnt with that of the TyP E 

900- \\'l\ I Shor t Circuit, the!:le two unils, 
alone or in co njunction with til<' Tn~: 

noD-LZ Hdcrcn ce Ai,' Lines, form !l 

S<'ries of accurate conjugnti'-reIH't:lIlt'(' 
standards, whieh can be used in the 

talibmtion of impedan ce- meas uring de­
viec:;. Further, the rcfercnf'e planc of 

the TYI'~; 000-\\'01 is eoin t' id ent with 

those of the TYI'ES !)()O- \\'IOO and 

-\\'200 T erminations within O.OG em to 
2 Gllz und with in 0.20 em 10 S.:) G II r.. 

Combinations of the '1'\'1'£ OOO-WO I 
Open-Circu it and th(' THE fJOO- LZ Air 

Lines also make all accurate series of 
in cremental cnp:lcit~lIlce sta ndards for 

u~ at audio and at the lower radio 
frequen cies. Fringi ng tll paeital1 (,c at 

RiEOUENCY- GH: 

.... 

I 
J 

I 
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,... the nU':.tF.uring-instrumcIlL tf'rmin:lI:i is 
c limi nlltNl \\'ll('n tht:' T\N; !)()()·WOI 
is II!«'(/ to e"tabli::h the illitial C'ondi­
lions. Til{' agreement lX'tw('('1I ('[Iku­
luted cupllr i tull('(' ::md m{,ll.stll1'<l ('ap:l­
citn lll'l' fit I kllz for a IO-pieofnr!.Ili 
( I.j em ) T\'I'~: 9OO-LZJ.j HrfefclIc(, Air 
Line is better than O.O.j('~. The (:ll~)()() 

C'ollllcetor f('p<'atabilit.y nl I kllz i:'l 
better thun 0.001 picofarad . 

SPECIFICATIONS 

TYrE 9OO.W04 I'UC.MO N OPEN.CIRCUIT .... 
TERMIN A TION 

F •• q .... "~y Rongo: DC to 8.5 Glh. 
R, fI ,c"on COIIII.lo .. " r:reawr thlln O.\)'JG lit 
the (:It!)()O COllrlt'Ctor Itcfen:!nce I'lnn<.'. 
Loca,I ...... 0,0" Ci .. ull : I.OO±O.O I em bryond 
tht! t:ll00Q l'unnft'Wr ~reren('(' plnne. 
Copoell,,. •• 01 G1t900 Connacto. I.' . . . ... . Plan.: 
2.Ui:l IlF ± O.Jr (, de to j'Q :\lIh. 

,... Ch.roc". ,.lIe h .. pedoll.e ., Inte,na l Co .. xl ,, 1 
lin" 50.0 Il± O.I' ( at f"'<luellciC:fJ "'here ~kin 
effC(!t is 1l(1l:ligihl<:,. 
lea kage: IleW'r thll.n 130 dH below ~ignll.l. 
DII .. ,"lIo ... , 1..('llgth, 2 \16 in (511 mm); nuu:illlurn 
dU\nICtcr, life in (27 mm), 
N, . W"gh" I oz (12Q g), 

CaJ(llog 
Number Dtv:riphon 

PriCl 
.. " £'S.'I 

$40.00 

i , 

~ ~L 

'I 
-

~ 

- -

i=-= . 
~ - ~~ 

[ 
• • 

, 

I 
• 

May 1966 

Thwll:18 E. )f:WKt,nziD 
n'tx'm'tl . hi! ll."EI~ nn, l 
)fH in I'hysks in Ill,:;'" 
'1l1I1 1!Jf~1J I\>;ll)('('ll\',{v, 
fn)1Il Xflrlh(,llIIlcn, rni­
v('l"IIily. Fmm 1!);.1 to 
Il){j~, Ir{' WHI! an {'ngin<'f'"r 
M ,\Iford )lauufactllring 
('um])''!.ny .. A~ II d~v('I<)I> 
mt'nt t'njl:lIIC\'r III tIe 
Micn''''lIve (;roup nt 
(;,·uf'ml lll!.diosince 196~, 
hill wnrk hlUl Ix't'n in thl' 
dl'\'dnJJlllt:nt of mien)­
W,I\'(' I1l8trumCIlt8, com­
pOllf'nte, lind starnJards. 

- 1+ 
I . 

"/ 
~ 

- - - .-.-,_oc. - • 
0900,9985 Typ. 900-W04 , .. cI_ 

.10 .. Op . .. - CI •• u" 
T .. ml .. orio .. 

Figu .. II. COttutlO" ' .. m, K, for Typ , 900_W04 
Op ... _CII<ull T .. ml"a!io .. , 

Publications 
Pl' LSES J nstrumellt ?\ote I X-lOS, amplitude, pu l~-durntioll, and pul:-;('­
"Gen('ration find DetcctiOIl of :-' Iodu- ('ode modullltioll and dCf:{'ril)('s 
lak'd Pu bes," by Dr. Gonion It. C'quipment [lnd illethods for their gen­
Partridgr, of c: H's Developrnent En- ('ration and dc,t('l'tion, 
gin{'{'ring Department. d i<;('uo,;,.;ClS the Rrprint>i aT'(' t1hio H\"lI ilahlr of re('rnt 
!'!laractcristics of pul:iC-pot'ition, pulo,;~ tedlllirul arti('I('!-1 hy (.:n {'nginecrs : 

\123 

\]21 
,\ l:ro 

. 1'1140r 

\\ . G. II<)...-:u-J 

II. T , ) 1('.\lt't'r 
\ J.:. Hand(,l'SOn 

Titft 

"~imlll(' ) l l'1h<ld.!l "f \'(\It"ijl:(~t, ... 
I-'l1'(llU'nf'~' ('onvf'r@i",," 
"l'ui1Iul' I'n'tlllf'Uf'.V :\lultillJi<'r " 
"114)"' I', ~ I (·asl\l'i· So;lun'e I,UI)f'\!:.tIll'1' 
...-ilh a 81 •• w-d l.ill(''' 

"""1"'''''1, So:pl<'mlwr l(k­
t"IM'r, Ifill! 
I'rf'iI'I'''f7/, .\Iay, JUIl", HKH 
t:/:.'f:, Xovelllher, l oo.s 
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t h C[;]Expel'i Incn tP I' 

Measurements of Dielectric Materials with the 
Precision Slotted Line 

The slotted line has long been 
recognized as a fundamental tool 
for measuring the dielectric prop­
erties of materials at high frequen­
cies, In principle, the measuring 
technique is simple: fill a section of 
cocllialline with dielectric material, 
determine the propagation constant 
of the filled section of line from the 
phose and magnitude of the reflec­
tion introduced, as determined by 
measurement of standing,wove ra­
tio on the slotted line, and calculate 
the dielectric constant and lou 
tangent from the propagation con­
slant. 

For valid measurements, there are 
needed (I ) on accurate slotted line, 
(2) sections of air line usable as 
sample holders. and (3) low-reftec_ 
tion, low-Iou, coaxial connectors. 
These are all now available in the 
GR900 series, and the accompany­
ing article tell s how to use them. 

Th(' loll' and J'('peut:lbk' \, ... WII I\lld 
the low lo.«.s of the GROOO Pn'{'ision 
C'oo.xinl ('allllN'tor make PDS",ible til(' 
UlM.' of (:HOOQ equipment for the I\I'('U­

mtr dl'terminntion of dil'l("('tri{' ('011-

~t.'lllt und If)~ tuugl'ut. Xo slX'rializ('d 
dirl<.'('trir mr:lsuring appllratU!l is 
Iwc·('!;SJjry. 

TIll' Illclisuring dcvi('e is till' '1'",.; 
OOO-LIJ Prccj"ion Slotted !.int'.L Th(' 
romhililltion of a Tn')'; !)()()..LZ nrfl'r­
rlH'(' .\ir Linr' uut! a '1'1'1'),; !)()()-\\'XC 
~hort ('in'uit lll11k('" a I'OIl\'l'lli('llt. snlll-

pIe holder for solid dielectrics. The 
error in troduced by the inclusion of 
the GHOClO COllllrdor betwC('1l the 
NLlllple and til{' point of mcasurement 
is negl igible for most purpoSt's. 

The dilDen~ions for :t C'ylindricnl 
Sllmple of /SOlid di('Il,C'tric nrc shown in 
Figure I . Thr lollll length of the &'l.lllplc' 
mny bc madc up or a nllmbr r of pk'c(':'; 
tUld may 1)(' equIII to or less than the 
length of nlC &Ul1ptc 11Okl('r. Thcre 
should hc 110 gaps hrL\\'('('n tht' individ­
ual pi('('(,8. Thr Il('t'urlll'Y of tht' m('aii­
Ul'('IllClIlS will drl)(.'1I(1 upon the precision 
with which the diIl1l1ett-'r:s Ill'(' Illachinrd. 
A light press fit of the sample against 
the inner and outer condut'tors is 
de::irablc, hut too tight :t fit may 
dam:lge the Tn~; !X)()-LZ neferellcc Air 
Lint". For accurate loss-tnngcnt meas­
urements of II very low-Io!).'! mnlt'riul, the 
length of the snmplt, should be selected 
by the pr(}('eduN! (/esl'ribcd below undrr 
Hffcct of Contart R('sistlHU'l'. 

SUlndard Irnglhs of Tn.: 000- LZ 
Refcrence Air Lines (,; (" Ill , (j em, 7 .. :' ('m, 
10 ('m. I.') ('m. :~O ('m) will mrct most 
nreds. If other lengths are nrcclt.'d. they 
can be constru(,ted from Tn'~; OOClO­
O.-.os rod , Tn'.; OOOl)...!J.;on tube, unci 
Tnt; 000-_\ P Connector Kits. 

THEORY 

The mcasUl'('nl('uts that will be COIl­

sidered hrrc nJ'(' tho8(' of nonnmgnctil' 
materials in It shorwircuited sample 
holder. Other types of meai<U rClllclits 
/If'(' dc&:rii>ed in vuritlll"l rdcrt'lI{,cs.' 

If It cO!lxiullilH' contain ing a dielectrir 
t<:l tnple is ~hort-cir{'lIited at its far 
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~------------~ 
---- -------- ... SAMPLE Oj~ EHSjOHS 

OI~ENSIOttS IN INCHES 
TIll' TOTAL INDlCaTEO RUI'fOUT 

05625" 000 

o.Z"Z5~ 
0,005 Till 1oI! Al( 

DIELECTRIC 
SAIoIPlE 

OR 

D1ElttTIl Ic;... 
SIIMPlE 

end, the relationship between the 
propagation const:lnt, 7, of the dielec­
tric-fi lled line nnd the standing-wave 
ratio, S, and wtwclcngth , ~, in an 
attached ajr-filled section of the line is: 

tanh "(d -
I . 2 ... X . 
--) Ulll --
oS A. 

I 2 ... X . 
i-j - tan--

S A. 

(-j) '. 
2 ... d 

( I )' 

where X . "'" the dis tnnce from the face 
of th(' dielectric sn mple to the first 
,·olt.agc minimum in the nir-filled line. 

d -- tbe lengtb of the sa mple, 
>". "'" the wavclrngth in the air­

filled linf', 
.'oj - the standing-wave ratio 

in the nir-filled line. 
Th is <'qu:uion can be sepa rated in to 

its ren l nnd imuginnry parts and , if 
tan ~ (the loss tangent) is less tha n 0.1, 
simplified with re.:;uI L~ accu rate within 

FIIU', I. Ol ... . n. lonl and Int lollo_ 
lion 01 d r, rU I,; . .. mp.o. 

± l~. Th(' simplified eq uations a re : 

2..-X. 
->,.l.'Ul --

tan 8t1 )..., 
- ~ -----,,---;---'''-

tvl 2.-cI 

where fJ = phase consta nt, and 
• 

(2)' 

2.-X. (3)4 
1 + tanl--

ad = tp(P'A • ..!. >.. 
'lrd Stki ( l+tl.1u'fJrf)-I1Ullki 

where a .. attenuation constant. 
If the frt'queuey and sn mplc length 

l.1re chosen so that X . = 0, then tan 
{JII = 0 and {3fl = >."i'-, where N. is the 
numher of half wavelengths in the 
sn mplc. The equation for ari then 
becomes: 

:'\. I 
ad - ---. 

2d .'i 
(4) 

From a kllowlt>dgc of a and # in the 
dielectrir-filled line. th .. relatke dielec­
tric i'on,..wllt. t\-. and the loss tangent, 
tan is. can be ('fllcuiatt'd . For the T IDI 
mode ill a c'oaxiullinc : 

13 
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" " - _. "" - a') (,;) ,h.t V' • 

and 
2a~ 

tnnli---, 
f!'-'" 

(6) 

If a! is small compared with {j', liS is 
the case whell tan ti is less than 0.1, 
equations (.i) and (6) simplify, for 
samples thnt an' an integra l number of 
half-wavelengths long, to 

• ~ ".f!' ~ (:0:. >')' (7) 
'llI't 2d' 

and 
2a ),., 1 

tan ti ""' - = --. 
{j trd 8 

(8) 

1 
For small values of ~ (high standing-

wa\'e mtio) it is more accurate to 

determine ~ by a width-of-minimum 

method rather than by direct measu re­

ment. ~ is l1'lnted to tbe voltage at 

, Y d' 'X r h " POlllt. ,a lslancf' "2 rom t c mUll-

mum by: 

1 sin U 

is - "'[ (-;:-7:J'-'--_ -''''-'''8 r 
1I'.l..\" 

wheref) --->.' 

lVl'[ 1217. 
~OW[~, !1I~'LY IINIT 

(9) 

If .l.X is the distance bet.ween points 
where the power is twicc that at the 
minimum (am-dB poin ts), then: 

I sin f) 

S = (2 cos~f) .Ii 
( 10) 

For sma ll values of f), « O.Oi5 
rad ian), sin f) - f) and cos f) = 1 are 
close approximations. Theil: 

1 lI'.lX 
- =f) ---S ),.,' ( 11 ) 

und 
.l.X 

tall ti -d' ( 12) 

If thc minimum is very narrow it may 
be des irable to usc points more widely 
S(>paruted, such liS the lO-dB points. in 
that casc, for small f) 

and 

1 lI'.l.X 
8-3>" (13) 

.lX 
tanti"" 3d' 

MEASURING PROCEDURE 

( ," ) 

( I) Inscrt the ssunple into the refer­
ence air line flush with one end and 
with no spaces between lhe pieces in the 
sample. 

(2) .\tt3ch the Tn'.; OOO-WXC Short 
Circuit so that it. is in cont:l.ct. with the 
s..'1 mple, ns shown in Figure 1 b. 

(3) Connect the sa mple holde r to 
the me.'l.su ring setup ( Figure 2), COIl-

fl, ... . 2. 5 . 1 .... '0' dl· 
. 1 •• ,,1. m . OI .... m."II. 
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sisting or the TYr~; 900-LI3 Slotted 
Lint', Il Tn'~: D :\'1'-3 or D:\,T -l I lplrro­
dy n<" Dt'\{'{'tor, lind till npproprillte 
gt'lwrnl.(Jr, Bueh II:; a GR l-ni to~dll !lto r . 

A T\I'~: 871-G Fixed Attenuuto r or 
an isolator should be used hetween 
till' genenllor find tilt' slotted line. 
1\n amplitude-modulated source and 
a stnnding-w!lve indielltor eli ll be used 
if the frequellcy modulation of the 
HQurre is kept very smnll. 

(I ) Adjust the frequen cy so tha t a 
\'oltag<" minimum ON'Urs at the facr of 
the di <" lr{'tri(" sample, whether or not 
thl' Ila mple co mpletely fi lls tht' length 
of tht' bolder. To do this, l'o mpHre lht' 
positioll!! of lhe min inm first with tht' 
8ll mpie holder (coliUl ining tht' sample) 
on tilt' T\I'~: OOO-LB SlottNi Linl' and 
then with a 1'YI'£ VOO-WX ~hort 

('ir('uit on thr s lotted line. Theil adjust 
tile frequ('llcy until tht' prOJ>t'r r('ll1 t ion 
{'xistR i)NWN'1l the minima . For exum­
pic, if the &im ple complctely fill!! the 
T\'I'K OOO-LZ Befert'uee Air Line , the 
minimum posit ion with a T\'I'~: !)()(). W;:\ 
or -WXC' Short Cin'Hit connect ed to 
tht' slotted line shou ld be the sn me as 
when the sa mple is eOllllectC'd to the 
slotted line. If measurements mUi1't be 
madr tit a ('erwin frequency , then it is 
Ilect'ssary ('it her to ndjust the Il'ngth 
of the su mpll' or to usc l'quntions (2) 
and (3) with.\'. not equa l to z(' ro.· 

( ,j) On('1' the frequ(,ncy is properly 
udjustcd, procet'd as follows: Heeord 
the position and width of the minimum 
at two placcs along the slotted line (one 
of them ncar the load end ), preferably 
separated by 20 ("entimett'rs or morl'. 
:\Iefisurc the width of minimum with 
the micrometer carringt' drive. Cou nt 

,.nh X Ian X 
• A. YOII l l ippel.;'-H ~hat'" at ---x- ami IabLe. 01 -X 
&ad ._'" furtbot. ~.~. 

May 196 6 

the numbrr of half wavelengths be­
twccn the two minim:!. (distance be­
bn~ell ndjact'nt minimll is }"./2). Theil 
remove thl' sam pl(' from thc holder, 
nlla('h the I' mpt y sn mpll' holder to the 
line, und record the position and width 
of a minimum nca r the IOlld end of the 
s lotted line. 

INTERPRETATION OF DATA 

With the AAmple in place, the re­
sul ling width of minimum is determined 
hy loss in the dil'lC'ttrir, loss in the smll­
pic holder. nnt! loil.'i in the slotted li ne up 
to the poilltof m~ilSU rl'lllenL The width 
of millimum at II S('('ond poin t nlong the 
slotted liuc is iu (" rell&'d by the loss ill 
the slotted lint' bt'tWCCIl the two points. 
The width of minimum, with the sn mpJe 
holder empty. is dNermincd by the 
ioS1)CS in the Sl.lIllplt' holder and in the 
slotted line to t lJ(' poill tof lIlt'astlrement. 
In order to detl'rmine the loss tangent 
of the dielct'tril' , it is neeessMy to sepa­
rate the dielec tri c loss from the other 
losses. Cali "LYll the width of minimum 
nt position ll. with thl' AA mplc in plnec, 
.1'yt. the width of miniOlum at position 
Ib, and .1X I • the wid th of minimum at 
I>osition lI t , wit h thl' sa mple holder 
empty. Theil thc width of minimu Ol 
due to loss in thr dielcctric is given by: 

.. _ llo-ll. 
.1 .\ ~ = .1.\10 - .1'\1 . -4. 110 X 

( 15) 

This width of minimum can be used 
ill equation ( I:!) or (14) to determine 
the loss Ulngent. The di{' leetric consta nt 
can be found from equation (7). If 
the approxima te dielel'lric t'onstant. is 
unknown, Ih(,11 melisurelllen t n t two frl'­
quencics will br necessa ry since X. 
will not be knO\\,II. 

IS 
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Example: A Teflon· sa mple 15.00 
C('ntimeters long is measured . It is 
found t lult a volt8ge minimum occurs 
at the sample face when the frequcncy 
is adjustC'd so t.hat ~o - 21.34. 

' ['I r . (-) (~'~') ' len rom equation I f. - -- _ 
2<1 

(
1'.21.31)' 1'1 d' I ' . 2(15.00) . IC Ie eetrlC constant IS 

known to be approximately 2. There-

, (2 (21.341) ' fore, :\. - 2 and (, = ( -
2 1,~.OO) 

2.024. Since the minimum is very nflr­
row, the H)-dB width-of-millilllum 
points are uscd. The width of minimum 
at ll' - 21.3·1 is 0. 100-1 cm. The width 
of mUlimum at It. = -12.68 is 0.1,51 em. 
With the sample holder C'mpty, the 
width of minimum at llo - 1i.0 J is 
0.0788 cm. Then the width due to 
losses in the sample is fou nd fro m 
equation (15) as 

'X - 0. 100 1- 0.0788- (21.34 - 17.0 I) 
d (42.68 21.31)X 

(0. 15 18 - 0.100·1) - O.QI IO. 

I' . ( ) 0 .0 110 
' rom equation 1-1 , tan & - -

3( 15.00) 
0.00021. 

Xote thnt if n lossy ma teria l is meas­
ured (tan 6 > 0.1), equations (2) a nd (3) 
nrc no longer valid a nd equation ( I) 
must be solved .t 

fREQUENCY RANGE OF MEASUREMENT 

T he lowest frequcney at wh ich melts­
urements Clln be made is determined by 
the dielectric constant of the material 
being mC'tlsurcd and by the nccessity 
that at least one minimum occur a long 

- I)uPoC\l Inodecnar •. 
· lhl# . 
• w. B. W"II,h.J, " T«hnlqueo &1 -,leMU"", the I·~r· 
IDmlVll y IIond I·e....-billly of Wquid. and Solid. ,n the 
F,..quen, \ lIanp 3 ~/. 1.0 50 k:\l ~/. :' Torh,,·,d NtP!!$! 
N •. 118, ... bo .... tory '0' ID. U"I,,,,, 1I ... ..."h, ~1.1.1., 
July 1 ~50. (OU I oIl,nnt ) 

the slotted line so that its position and 
wid th ctl n be measured. Tl'PE 900-110, 
-LI5, and -1..:30 Precision Air Lines can 
be used betwcen the sa mple holder and 
the slotted line 1.0 position It minimum 
on the slotted line nt low frequencies. 
If these addi t ionul air lines arc used 
they should be externa lly supported . 
Sa mple holders up to 66 centimeters 
long ca ll be constructed for low-fre­
quency use. The sa mple can be made 
shorter than a half- wavelength a nd 
equatiolls (2) , (3) , (5) , Illld (6) used to 
determinc the d iclectric constant a nd 
loss tungent. With these methods, 
measurements ca n be made down to 50 
M li z or even lowcr. 

The uppe r frequency limit. for the 
TyPl; 9OO-LB Slotted Line is 8.5 G Hz, 
but special precau tions shou ld be taken 

9.5 GHz 
at frequencies higher than . / as 

v <, 
noted in the paragraph E'.\"istence of 
11 i(Jher-Order .\1 odes. 

Sample Fit 
ERRORS 

One of the most co mmon sources of 
error in dielectric mensurcmcnts by 
the conxi1ll method i.s the presence of 
ai r gaps betwccn the sa mple and the 
inner and outer conductors. Correction 
formulas based ul)()n a uniform distribu­
tion of the air gnp can be used, bu t , 
since the actual a ir gnp will usua lly 
not be uniformly dis tributed, the gaps 
should be a voided for maximum accu­
racy. The corf"('t,t iOlls for uniform a ir 
gaps for ta n 6 < 0.1 a re 

(16)' 

(17)' 
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, 

whet"(' J'I =-
D, 

Log ))1 + 
D. 

L" .,. Log 0: . 

0 1 - O.::?! 12.-., 

D. 
Log -

D. ' 

I), ... inside diameter of sa mple, 
Ds - OUbide di nmeterof sample. 

llnd 
D~ ~ 0 .. 362,). 

Meier Errors 

If a :1-<1 B width of minimum is used, 
Illetf'r indieation" 011 the (: n Tnt: 
I~II"'.\ t'nit 1-1' Amplifier will. ill gen­
enll. f'tl.u.!;(' lI{'gligiblf' error whell th(' 
UP I)t'r pnl'l of the -"cllie is used lind when 
eare i~ takell to tunt' tl\{' lonll-o:;;cillator 
frequf'lI(,y ('xn('tly for mnximum outpUI. 

.\ 100dB width-of-minimum m{'aslIre­
m('llt. may r('quire Ihnt t1w i-f amplifier 
culibration Ix> (' h{'cked with a precision 
lltlelluator for greatest :l<'Cllr:l{'Y •• \0$ 3n 

('xllmple of the ('rror~ in Io. .... <;..t!lngellt 
nlt'usurem<'l\t~ ('uu'<ed by poor i-f am­

pJilit'r ('alibnttiOIl. 1m error of 0.1 dB 
in 11 typil'ld :~-dB width-of-minimum 
ml'Ul':uremC'nt will l'IHlse nil error of 
I.!llc in tnn 6. An ('rror of 0.:-1 dB in n 
lypil'lll to-dB width-of-minimum mea;;­
llrrm('llt will rt'"ult ill Il :-1.\)( c t'rror in 
tn.n 6. 

Effect of Contact Resistance 

.\Ithough the ('onnl:'eLQr eOlltllcl rt'­

Si!<lllIH'{' i~ typj('ally Ie .. " thnn h/\If a 
milliohm, a ~mall part of the m('asu rl:'d 
loos i'i due to this resistanc('. The mag­
nitud(' of the Nror causcd by lhis lo,.;.~ 

del~nds upon the relutivc rurrent 
through th(' I'onblct. for each mcasure­
ment tlnd is !lignifieanl only whell very 
low-10M dielertrirs are measured . If the 

Mall 1966 

current. is thl:' ::.a mI:' whell the -",ample 
is mellsured us whcll the cmpt.y f'ample 
holder is measu red, III(' (·ontaN los.'" 
will ha,·c IlO ('iTc{'t on lh(' al'{'uraey of 
the tun Ii measurement. If the curr{'llts 
ditTer, there mil)' be an error in tan Ii 
as largc as 0.0001. The tllllount of loss 
dul:' to the fin it{' conlact N'!listuncc in 
a gi vclI mcailllr('lII('nt i!! 

< :0=,:..:",,0,-+-,-, 
1.,0&5 = 

2 
X maximum loss, 

( 18) 

where 0 - { is the distlllH'(' 

from a \'ollage minimum 10 tIl(' (·011-

tact. :\iuxilllum loss OC{'Urg whcn n 
\·oltug(· minimum oe('urs at. thc {·OllWI't. 

It i~ difll('u lt to I'l'llluutl' the maximum 
lo~ exuI'lly bt'{'lIu~e of its small vallif'. 
The (·ondition tllllt lhe ('tlrrcll l 1)(' the 
same for both mell~lIrcm('nt!! (with and 
without sumpie ) may 1)(' ml't. by IlI>­
propriut(' I:hoi('(' of length and fN'-
1j1l1:'1H'y for a ~l mpie with II gi\"1:'1I die Icc­
!rie c'onsUlut. Ir til(' dicl('eirie con~lunl 
is unknown. it IIllly be 1I('('{'=tlrr first 
to Illt'U.l'UI"(· tli('1('l"irie t"()I1"tUnt anti tll('l! 
to trim ttl{' "amp)!' to t he prop<"r ){'lIgth 
for !l('('umlC d('t('rmin!ltiOIl of ION;. 

Thi~ i" lI{'c('"-,,.ur~ .. ouly for \·NY U('('Untt(' 

IllI:'1lStlrl'IIICnt" of the lo~;; tangcnt of 
low-luSli djel('t'lrit·~. For low-loss Illillc­
rials, th<' current through th(' {'OlltaC~ 
lI"ill be of :lpproxim:ltety thl' S..'lme 
IUltgnitude with and without the StUll­

pll:' in the holder wh('n th(' frequ{'ney 
!lnd length ar(' ~ (·hosen that snmpll' 

_cc __ CCO'C~C-,~h~ __ cc 1(,llgth II ... 
(:\ + "v. + :\,' 

( I!J) 

(20) 

whl:'re X. lind ::\ are integcr>; and b is 
the Icngth or th(' AAmpl{' holdcr. L('I\gths 

17 
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the !;lE X pe ri lTl e n te ,' 

John F Gilrnon.' I'('­

ceivl.'d hiB B!-;j':E 1.11'11;1'('" 
ill l!ltil and his M~EE 
in 1!.!G3. {nlln Xorth­
(,lUllern l"niv(·l1Iity. lit' 
InUl {'rnpioYNj lUI n ('(l­

opl'rn.tiv(" .l!lud('lIt at 
Alford illBDufB("tlLring 
('ompnll\, nnd lUI 11.11 1'11-

f!;inN'rwltlL IllItt(..,ml~lUl.V 
fnllll 1001 to 1!l63. lit' 
joinNI th(" illi('r1)wlI.v{' 
(irollp at (:f'llt'nlt Badio 
lUI II of.'vl'i'Jpnl('nt ('ngi­
Ilf't't ill wm lind i8 cur­
",ntty f'ngag.'d in micro­
wave circuit d{'!Lign. 

- --== 
that salisfy the relationsh ip a nd the 
corresponding values of :\. CllIJ be de­
termined from Figure 3 for a [.')-cm 
sample holder and fro m Figure 4 for a 
30-em sampl£' ho lder. Figure 4 shows 
ollly the most u5('ful curve of a very 
large family of curves. As nn example 
of the use of these cu rves. suppose that 
the 10.."5 tangent of a. low-logs material 
with a. d ielectriC" C"onstant of 2 is to be 
measured. If a sample 12.4:J cm long is 
lIsed in a I.j-cm sa mple holder. tun ~ 
cnn be measured with maximu m ac­
curacy at ).. = 17.60 em, 11.73 cm, 
8.80 cm, 7.05 em, 5.87 em, and 5.03 
em, corresponding to r-.T • = 2, 3, -I , .'>, 

, 
;. , 
'f--~ •. "'l'~.' l 

, 
OI [L[CT~OC couaHT 

-. 
........... '. 
I - -.. 

• 
Fig ... , . 3 . l . n,th , of u mp'" , ..... Typ. 900-LZI 5 

G, 7. If, instead , a su mplc 13.5-1 em 
long were chosen, tan ~ could be mcas­
ured with maxim um accuracy ollly ut 
).. = DAB em, :\. = 7. 

Exisfellce of Higher-Order Modes 

A r . I · h I 9.5 t rcqUCllCiCS llg e r t lUll ~ G ll z, 

higher-order modes, par ticu lar ly the 
TEll modc, ca n be excited by axia l dis· 
symmetries ill the dielect ric material. 
Wbile the a ir-filled section of line be· 
tween the sa mple and the poin t of 
measu rement acts as Il. fi lter for these 
higher-order modes, ill some instances 
coupling betweell t he TE i\ J and T E: 
modes may be great enough to pro­
duce a n error in measurement. :o. lcns­
urcmcntl! above this frequency, there­
fo rc, shou ld be mndc at small (say 10%) 
freque ncy increments and compared 

. I I 0.5 
Wit I mensurements be ow ~ G lI z, 

in order t hat nllomnlous results CUll be 
detected. 

, ,r\ 
. \ 

\ 
• - f---

\ , 

"" , 
~ N,.Z- 12 

, 

" , • • • !)l[LECTRIC eo~UNT 

R"H'"Ce AI, lI .. . 'or ",inlm ...... lon i "'0' In low_ Fill"'" 4 . l , nllth, .. , l ompt .. for .. Typ. 900-LZ30 
10 .. d l,II. I,l e """"II'lm, "". (S •• "I .. otionl 1& R. f .... .... AI. line for milllm ..... Ian ~ ""0' In low_ 

and 19.1 lou dl. I . ",I~ ... . Ol ........ nll . 
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2.ao 
, POLYeARaONATE 

2.70 

f- 2.60 
z 
j'! 

POLYPHE~Y~ENE OXIDE 

~ 2.50 
0 'REXOUTE 1422, POLYMER 0200.5 
u 
~2.40 
0: ... 
U 
~ 2.30 
w 
0 

2.20 

2.10 
. ( jEFLON 

2.00 
2 3 4 5 

FREQUENCY GHz 

0 .006 

~ 
0.005 

... \POLYCARBONATf 

~0.004 

" z 
<! 
f- 0.003 
V> 
V> 
0 
...J0.OO2 

POLYPHENYLENE OXIDE 
( 

0 .001 POLYMER Q2005 

f ~EXOLITE 1422 
TEFLON 

2 3 4 
FREQUENCY GHz 

Fig",. 5. Oi.l.cl,lc oonllo nl ond 10 .. lonll.nl of Iyplool m,,, .. loll 01 mODI"'. " on Ih. typ. 900. ll 
' ,.oillon 510"." lino. 
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.he Expe rilnen ter 

GENERAL RADIO COMPANY 
WI!:.' o,,"cOtt() ..... St; ... C .. USI:TT. 011a' 

DO W E HAVE YOUR CORRECT NAME AND ADDRESS-name, company 
or orgonb:allon. deportment, slreel or P.O. bo)!', city, slote, Clnd :lip code~ 

If not, please clip the address lobel on this iuue Clnd return it 10 us with 
correctioos, or if you prefer, write US; a postcard will do. 

PAPERS 
(;('II('r:\1 Hndio cnginC<'rs will pre"C'lIt 

till'('{' papers at the llJGG ('onfcrcll('C all 
Pr<'d~ion ElcctromagnC'li(' .\ I eusure­
mcnts to be held at the XIltiollUi 
Bur('flU of Standards, Boulder, Colo· 
rado,Jullc2121 : 

Robert .\ . ~dcrman .• , .\ppii('ntion of 
Prt'ci..\;:ion ConllN!tors to II igh. Fr<'<IUC'IlCY 

:'IlcrusUl"('ffil'nt$. ,t 

John Zany, ":-O;k in-EfTcct Corrections 
in I mmitt:uu'c and Scattering-Coeffi· 
cient Standard" Employing i'rcei$ion 
.\ir-lJic]cetri (' ('O[1,ia] ] jn('~." 

Thomu~ E. ~][1d\(,rlzic , "Rom~ T cl'h· 
niques and tlwir Limitation:'! [1:1 Rc]atc'd 
to the ~left. .. ur('m('nt of Smll]] Rcfl('d ion!l 
ill Prcl'ision ('o: .. da] Tmnsmi~ion 

Lin(>>;." 

GENER AL RAD I O COMPANY 
WEST CONCORD, MASSACHUSETTS 01781 

"::"" 

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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