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Figure 1. View of the termlnali·ons described 

in tl't is article. 

Calibration Standards for Precision 

Coax.al Lines 

TYPE 900-WR STANDARD MISMATCHES 

In a coaxia l line, a s  in a ny 
un iform, d ist ributed-parameter sys
tem, it is the termin a ting im ped a nce 
that d ete rmines the refl ectiori 'th a t  
occurs when a n  e l ectrom a g n etic 
wave traveling down the line reaches 
the fa r end. From the ma g nitu,de and 
phase of the ref l ection, the n.ature 
of the t e r m i n a ting im p e d a nce c a n  
b,e d e d uced, a n d  coaxial-l ine m e a s
u rement d evices a re based on this 
p rinci p l e. 

As with a ny m e a su ring syst em, 
sta n d a rds of ca l ibration a re neces
sa ry to ensu re accuracy of m e a s
u rement. Th e sta n d ard te rmina tions 
d escr ibed h e re f i l l  th i s  n e e d  a n d  
a re recommen d e d  for the c a l ibra
t ion of slotted l ines, bri d g e s, im
p e d a nce p l otte rs, fixe d - and swe pt
frequ.ency refl ec.tometers, and t1im e
domain reflectom ete rs. 

Th ::-; mi.mu ('h 
anda1·d.· 

• 
. . \\"l{' for u.e ill 

J-li . y em.· . 

ar 

th 
r -

::i.:r cl oth I' ·:-, \\'H a11d 

r ti ·ti n-<· ffi ·i<·1 m a:-;uria"' <l \'1<.: � 
Th' '1 YP 1..:� U - \ ,TR 1 H), - \ ,. 12 ) � nd 
- \\'..I I.)( Stan iar I i\ Ii;-,n • tc· h :.; m r -
l H' y:.; \\·H's of I . I , I . :2, ·rn I .. ) , 

t iv(•ly, und ('ac·h of lh .·0 uni · 

m'arly unif n·m ':-.\\'H ·h:.uae n.· 1<·.· 

fr m k lo . .  r') : Hz. ( .' .Fi rttr(' :2. J 
� u · h 111i h m U l JO ) 

J>rcei:.;ic n 1 1 l dor. n low-
1'(' H 'c·tinu '( u in t Ht.· tn.1.11.·i tion, and 
a prel'i.·iou ··yhn lri<'nl rc�i�tor. r he 
po:.;ition at whiC'h ti h l� 
i11tr dtt<· d i1 t th 
appn ximat l.v · lH' re fc r-

tH' 1 la11 of th<' Ul � o l ·t r. 
Th' t ·rmi1 u ting 'lem 1ut,· ar hi h]y 

::-;h blP, dPpo. ·i d-m ul-film r si. ·tc r� 
w]th l · r :-;i»turn· . ·  of .),-i:;), -J J . ( )7 
ni l :�:Ln uhm.·, n .·pc div •I , ±O.:-><;'. 

:alibn1ti 11 chart.· .·uppli cl \vi h ach 
um g1 \' l men� tr r . ·i:stai · at 

d · a1 at fi · p >int· in the fr -
qu"ac . .v band. � �B.' C'alibrnti n � rY1ee� 
ax al.·o a\·ailal l' tc l ., Hz wi un r
t· inti::-; of V."\\'R m • .  : tr m nt fr m 
±0.00.:'5 at 1 Hh l ±0.010 a 4 GIIz. 
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Fi1;p.1re· 2. Average mismatch VSWR of sample Jots. Spreads in ·the measured data are shown art 1, 3, 5, 
and ,9 GHz:. Measuremertt accvracy is better than ±0.003. for the Ty,pe '900-W 11110, ±0.005 Fo.- the 

Type 900-WR120, and ±0.010 for the Type 900-WRlSO. 

APPLICATIONS 

Direct RF Ca l ibra tion of Slotted-Line Systems 

.:.\Iany aC'tor. · ntribut 11 ac-

·ur· 'Y in th a� ur m n f ,. :-.:; \\'R 
with · sl tt -lin �y.·tem. Cn rtaint:v 
inth ckt law,c lilration 

a ura·y 

Yar.Y1ng 
th rn· 

in:-' rum ut, 
r fl c i n.., in 

h ;,! i ntr d lf'P 
tha ar d p •ndent on 

Rim pl 

at th 

Yer-all 

Figur 
pat rn of de"'io-n-c 
Ys \nt I · l:-; of 1 . I 
at 7 THz with h 

fr q l 

Lin 1 m.1 

th' 
Tl PE 

ff r 
directly, 

n . . , h 

d 
d 

1 .\. • .. �t�n<le on, " . .\ • lotted Line Recorder y em," 
'"Reference Air Lin s for the rR900 crie ," and " .  ·ew 
Coa ial Tun r with utral ..,(' mg."' <len ral Radio EJ:
perimenler, .T�nuo. - Hit;.;_ 

Ca l ibro,tion of Frequency-Domain Reflec

tometers 

rl YPE 
m r 
C" li l ration 

tom 
01 
ma 

hr 

figure 3. Standing-wave patterns of Types 
900-WR 1 10 and -WRl 20 Standa.-d Mismatches 
as measured at 7GHx with o Type 1640-A 

Slotted Line Recording System. 
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TYPE 900-0( ) ADAPTOR 
IF ECESSARY 

RF SOURCE 

MATCHED 
TERMINATI ON 

/ TYPE 900-W50 

/ 

May1966 

TYPE 900-W50 
TERMI ATION // 

figure 4. Fixed-frequency 
refl ect.om eler for mea,s<uri n g  

V S W R's b e low 1.1. / 
/ TYPE 900-WRI 10 E------i STA DARO 

HETERODYNE 
DETECTOR 

(TYPE D T) 

' ' ' 

qui p<'d w1 h man. o h r yp· :: of 
<-onne(' .( r.:. 

Th 'fypg -\\'PI I 0 • lisma c·h 1:-; 
parti<' Lilarly u , f ul · r th c:..dibrution of 
fixed-frequency rc'H< ·tome C'r._ ''"h r 
th r si<l 1 ial re ft n r.� ,f · lw 
m a· uri1 g in ·trum nt!':! are une :l ou . 

. :-- a cxampl , Fi ur ...f. i,· th l I 
t iagr m of :.. fixc -fr q uenc:v r fiec
t m t r .·y.·lem b iil ar und a b. briJ 

jun ·tion in ,,-hi ·h th error ·i(J'n I i. pro-
por i nal t the r -..fl c·ti ffi ·i u 

f h unk i \\-n bPir 
m provide.· full- ·ca]p 

1 
for 

ard Ter-
minuti n i c nn , P. unk:n ·n 

rt of th hy rid j m ·liou and l P 

imp d· nc· -m t hing tun r ( fyp �: � 0-
T lT A 1) i.- c dju ·t d f r a 1 ull in th 

d t ·t d si nal. Thi,· mal � th in-<t.ru
m nt r �idu 1 ·efl ·tion equul in a u1-

\''\\Hin pr nt i gi,- n by (V,'\YH - l) X 100. 
•Ibid. 
�.and 1· on, A. E., " a(ibratio11 Tulmique., for One- and 
T1t•o-i'ort D r•irrs c,-&tJl(I Coaxial lle} r n c rr Lines a 
Ab olu( l mpcda1u·c 't 11d�rds," pres nted at the k. 
1. h Annual Confer nee nrl Exhibl , 19fll; availn le 
rr Ill CcnC"r(l.1 Rn.<.li<.1 OUljlany !'IT' cl nical Publica. ion 
TI-:n. 

MISMATCH 

' ' ' .------, � l.INKNOWN 

! �oo -.Jst 

tudP to the r ·i<luul r ti tio1 < f tl <' 
t rmination. Thu:-;, th :.L ·<·uracy c f ti P 
m . .  ·ur m t t i:-; dir ·U.v l p<'nden on 

th " ·cuuicy of thf' tC'rmi1 ti 1 . Tlicrh
ly a ·c·ura calibrati n ehniq u :-:. fur 
det rminina th t rm:iinution ; (•c·ura<·y 

are ::crib d by' ,-'andt>r� n.2) 

TYPE� 0-\Yllll .'tan la.rd 
:\Li·mateh (v.'\n{ = 1 i· c 1111 d 

in place of tl rna ·hed 

a1 d th �igrrn.l I v0l i:-; ttdj u. c d f 1· f u 11-
. cal incli .. tion n th m t r f th 

TY E 121 G-.\ 1-nit I-I· Amplifi r in the' 

TYPJ•: D::\"T et d r. 

rl h unkn wn to b m a�ur <l i · 1 ow 
connP ·t<'d in pbce of th :--tandar<l mis

mat · h . and it· y;-;wR i.· r a<l dir ·ti.'· 

fr m t h  lin ar s«ulc f th i-f ' mpli i r 

m t i-. I· tlw se ting of thP amplifier 
alleauator 'Wit('h i::; r uc d by :.. d 

th full-sea] v,.,,- be<'ome · l , au 
for -!0-dB reduction, thP fL1ll-::"c"J.le 

v�\\'U h e m s 0. ! < ' .. Th as:-um1 ti n 
ihat the linear ._··al .· a pply is lH 
ri ur u.·h· true, sinC'e th<' rPbti n:hi 

be '"e u v.s \\'R and re fipc· ion c· P ffi ·1 1 t 
Is 11ot. a linc·:u on Howt''' r. f r 
v;-; wn \; up t. I 0( � . . th rror is l �:-; hnn 
I/:... t1• of th indiC'at d v ·,n� in p r

e 'n . 
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t ri r 

SPECIFICATIO S 
TYPE 900-WRl 10 STANDARD MISMATCH 

Frequency Range: f) 'lo . - C:Hz. 
Mis match VSWR 

c·µ lo 1 OH::: J.JU ( ± (0.1 J-;) .- l.Ol l llfcH,). 
I to J; GH::: 1. IC 0 ± (( .011.- - 0.00.)t f i). 
DC Resistanc : J5. J,5 U o.:J'lc. 
leakage: R»t r han l :30 d bel ,,. i nal. 
Maximum Power: 1 \\' wi h n gligibl ·hang 
.3 \\' without damag . 
Te"'perature Coefficient: Le· than 1.50 pp1n/c 
Dimensions: Length, 2 in (51 mm): n � ximum 
diamet r, 11 ( in (2/ mm). 

Net We i ght � :3 l � oz ( 100 ). 
('ataloy PricP 
.\:1u1if,er J) .w·ription in ( ·, . l 

0900-9961 Type 90<1-WR 110 
Standard Mismatch 

$60.00 

TYP'E 900-WR120 STANDARD· MISMATCH 

, 'ame a Tn c 0-Y'i'R lllO ,·c pt: 
Misma ch VSWR 

C.:p lo 1 GHz: 1.20 ± (0.00 ( 0.0120/crr.). 
1 to .. j GHz: l.'.ll ){) ± (0.0 1 25 + (l.005.5 fen..). 
DC Resis tance: l .ti/ !! ±0.:3" t .  

('«tu.log 
. ·umb r D scriplion 

0900-9963 Type 900-WR 120 
Standcud Milmat·ch 

Pric 
in U • .  1 

$60.00 

TYIPE 900-WR150 STANDARD MISMATCH 

, 'amc Typ . -\YRllO except: 
Mismatch VSWR 

c·µ to I GHz: i..-u 0 ± (0.( 15 + . Jl.'>C f m). 
1 to .. 5 GHz: i..- > ± (0.015- + O.oo- fan..). 
DC Resistanc e : :3:3.3:3 fl ± _:3c < .  

'ataloy 
.Vumb r /) <"riplion 

0900-9965 Type 900-WR150 
Standard M'smatch 

Price 
in [.", A. 

$60.00 

TYPE 900-W STA DARO TERMINATl10 S 
Th<''-<' broad ! an i n .·is6\· rmm· -

tio11.· are' stand�ud. of i1npedan ·p_ whieh 
<-all ht> usPtl to <'<. lihr· .·wept-

frC'qtt<·rn·.\· in1 c•a-.. u ru1 y---
tc m. . impcda1w J Iott r. ·, !'I t ted-linc 
sy.·tpn .-. bri g · and ime-domain 1· -
11 <' t nn ·t rM. 

111 c-ontra::--t to the T\PE HO -\\'1 

� .t11 clar·<l _ Ii�mcltC'hr�. tl1 .. 'tar1cJrir<1 

TPrminatic n. ar calihn.tt in pha.-; 

a� W<'ll as m· <Tllitud '; that i::-.. th<' po::-.1-

tion f the' . andar l r !'ist[ 1w with 

r<'. ·p <'t to a rpfer nc pc it t in 

11 c· or i:-. at·<· tra l�- known. 

('01 -
' he;-; 

2 3 4 5 FREQUENC Y- GHz 

t ·rr in ion.·, tl .r 

c.-;t u:-; in the ealibrat"on o 

1 m-, al h u 

h ir gre" -
imp clanc ·

h thPy are 

The -\YlOO aid -\·� 

. 't·1ndard T rmina i n.' are 1 00- and 
20 -chm t r r .'istunc·P:-> f >r 
a .-> .0-ohm ::;_ ·tern. Th r �L t n · � 
intro uc d r main ,·c>rv nearly qua] 

to h ir de r . i . .  · nc·r-; thC' fr -
qu ·ncy band fir dC' .. ) : Hz. ui-; 
illu.�trate in l· iuur .->. u nits ar 

. imih r rn c r1 ·trw·tion to t h  T'ypi.; 
UO - \\' ' andard �Ii.·m· tchc.·. 

6 7 

C1:>205,-
---.-�-,-���r---.-�-.--�...-�r---.-�-.--�...-�.....---.-�-.-�-.-�r-��� 

Figure 5. Avera1ge re
sistance o·f' 25 unil1l 

each of Type 900-
Wl 00 and Type 900-
W200. Spread s, in the 
measured d <>ta ar � :r � zoot----::::::::::::;t:::=:==::::t:::::::;�-r--..:::;:::;::t=::::;�1:�-..::::::::::�=::;::::;::"t��---t-��-i 

u �195 t-::��-±c;:-;;:--=;:;:-;:�=o;:--=--;;;ic-::-=T-�t--��-t-���t--��-r���t--��-t (I) 
�190'---L�_.__�_._�..____._�_.__�_._�.....__..�_._�........_�.....___._���_._�..____._�_, 
� 0 2 3 4 5 

FREQUENCY- GHz 
6 7 e 9 

shawn Qt 1, 3, 5, and 8 
GH:z:. M ea sure me n t ac
racy is better than 1 %-
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I I --
_ ....... --

I I 
3.80

0 2 3 4 !5 6 7 e g 

F REQUENCY-G :z. � 

GR900 REFERE CE P!..A E 
EFFECTIVE POSITION 
OF TER INATIO 

l:,ee=w-•ol 

Th r f re1H· plan al whic-h the 

(( n irn1 ion is int r <l in th<' .,0.0-

ohm H · t m i� t ·m b bin l h r 'f r r c· 
plarn' of h :RlO · t r . a::-; 

shown in Fi ure ·libr i 11 c·h·1·t 
. ·up1 Ji• l with :u·h unit i1 •Juel mc·as
Ltrc•d ht.a on th 1 n.·i6on :.1 wh· ·h he 
I'<. ·us .:.uw1' ti Pc ti\' ·'ly �l pf'ar. · in : dcli-

i n to tl m·u!-1ll' d r•s1.· an · at k 
and �t :; ioints in tl P fr 1u·nc-y nd. 

APPLICATIONS 

Calibration of Slotted-Line and Reflec

tometer Systems 

r 'h. TYPI� ,I ( - \'\' •1tan<larc1 .. 
ti 11. ·, lik{ hl Tn'E . -\ r I 
.:\'lismatch s, ar u'°'ed t p rl rm lir C't 
rf <·uli} ra ti n of . · l tted-LinP "· 
. t t.h 1 -ohm and :2 - hm 
(mi:-:ma eh H r :.. o.nd -4. r 'P cti\· ly). 

h• rr r:-i introduced by ,. ri tion·· in 

h <l tE ct r-r spon. ·e law, m rt inti :--; 
in thP indi a , r ·alibratiou uo .I m · · 

TYPE 
rapid y 

p rf 1mane 

pr bC' r fi th 

· un I l . 'l h 

time-c n urning C'h k-ou pr 

f 

Fi gure 6a. Avera g e  p o siti o n  behind GR900 
Conn ector ref rence plane al which res isra11ce 

js appl.i e d  for lhe u n i ts of F i g ure 5. 

Fi gur e 6b. Sketch showi n g  r e l a ti o n  oE t er m ina
tion position a11•d ref r e nce· p l a n e. 

, imil· rly, \\·ith reH • m t r �� s 
th standar terminati ns pr 

·ali rati n p int . 
are <'alil ra·,,0d in ho h 

an l pha h 
th<' c·u.librati 

ffi ·i 11 
m 11 t.· .·ueh a.· 

plc Lt l". B ·au.· 

io1 < f th 

l in tl 
ean b 

s tion� of 

ir line t I rod uc 
pl . impec.laile ,,, F r 
f ( 0-\' 10 T rmin ti n in c m bi nati n 

with •t '-cm air lirw produce· a th 
air-lin input · nn c· r mating plan. ) 

n imp ancc of -10. j: 0. hm t 

fr q ncneie ivPn by 

�Hz an -W. + j3 .0 hm� 

( :) + n) at fr Ill n ·1 �· i\'Cll l y ;3 -- - 1'llz, 

w h r n IR z l n · r. 

ThP rn•E H \ir Lin 

and thP TYPI•: . f r n ·e Air 

a1· i·ceomm nded for !-lueh ap-

l[bid. 
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I/ " I � -�l J -
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- LJ TY;c-·900·WIOO J I I 11oon1 

v I . 
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F +t 'i / v I -

I 
IO 100 f'"REOU£ CY .. MHt. 

I 
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I " I 

� 

I I I 
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>000 

figur 7. Correction term, K, for the 4-cm 
difference between the GR900 Connector refer
ence plane and the effective position of the 

resistance. 

Col ibrotion o f  Bridges 
Th TYPE g 0-\ r d rd T 

tion nr 
mu h h 
'lot i 
om 

plan ,1 

am 
line 

C'ffi 

mann r a 
and r fl C' 
the lcrmiir tion 
'l. wa \' fr rn th 

r m ting pl n my no b 
r n e plane to 
LHz h r v r 

h 
u 
th 

r 
fr m 

nv n1 n 
u 

nn 
a a fun ion 

prox1ma ly, b : 

f 

nt of 1h 1m
he onn ctor 
only ligh I 

b 4-cm r f r
e (at_ th 
plan ) i 

u n ·y, a -

R' R [I - (tan2��£) ([:0]2 _ 1) J 
- R(l - K) 

wh r 
of h 

is th 

R he alibrat d de 1· . i tance 
rnnna ion m u f 

Th 
fr �H2. 

C IT 
_ ( ,, 47rf) ([ R ]2 ) I = an- � ; 1 

a 
1 an 
b n wo r 
ts pl tcd in Figur 
1 and:_ hm · .  

f 
p- -
lin 
and 

of 

SPECIFICATIO S 
TYPE 900-WlOO 100-0HM STANDARD 

TERMINATION 

Frequency Range: J) o .5 ;I z. 
DC Resistance: 10 !l ±0.:�c �. 
RF Resistance 

'p to 1 GHz: 100.C = (0.;) LOO /uHa) 
J to Ji GH=: lUJ.lO ± ( 1 .0:3 o . .+.lfott.) 
Position af Which Resistan,ce Spec'ification Applies 
l 'p fo 2 G!I::.: (-U l ± 0.0.)) cm b(.'youd lw 
CI 900 'onrtP<'tor r •f(•1·pnc plan >. 
2 to Ji (}Jlz: ( .02 - o.r 1 f, ' lLs  ± 0. :) ) cm 
bC'yon<l thc· �HU 0 onn •('t 1r r ·f •rc·nc- • plane. 
Leakage: Better th: n 1:)0 <lB bcl< w ignal. 
Maximum Power: l \Y with n gli rib! chan c; 

5 \\' "it.hout d mage. 
Temperature Coefficient: L '' thar 1.5 ppm 0 • 

Dimensions: Leng h. 2 in (- 1 111111); maximum 
dit1meter, l' 1 in (�I mm). 
Net Weight: :31.! oz (10 g). 

'alnlo(J 
,\'If Ill fu> r 

0900-9957 
Prir 

l>f'. rript inn in l ·• ' . i ----+-
Type 900-WlOO $60.00 
100-0hm Standard 
Termination 

TYPE 900-W200 200-0HM STANDARD 
TEIR MINA TION 

-·um a Typ -\Vl' , xcep 
DC Resistance: ... 0 !1±0.31(;. 
RF Resistance 

C'p to 1 Hz: 200.00 ± (1.00 + 2.0 forrz) 
1 lo 7 GHz: 2 .00 ± (2.1 ' + O.UO foH:i.) 

+ .4 
7 lo .5 H=: 2 . 0 i-

- (, AO+ 7.20 [Jen .. --]) 
Position at Which Resistance Specification Applies 
[·p lo 2 GIIz: {-L { ± 0.1 :>) cm b ym tl the 

'IU ( nnc• ·tor rd r n · phne-

2 to ._;;GHz: .02 f, .H.1 ± . 1.5) m bC'-
yond he i onn •<:tor ref •r •n • plan >. 

oioloa 
..Yu mber lJ .'{('ripliort 

Pr,i<·e 
in r r '.'1 

-------1--0900 -9959 Type 900-W200 
200-0hm 'Standard 
Term i '1C1tion 

$6CLOO 
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TYPE 900-WN4 PRECISION SHORT-CIRCUIT TERMINATION 

1 h T'I PE � 00-' · .  - � 'hort- 'ircuit 

T ·rminn. tion pr :-::C'n . a low-lo�· sh rt 

C'ireui t .J-.0 <'m b y rnd thP ref renc·c• 

plant' of it.· CR� ' nnPC't r r fpr '11<'<' 

plane. Th rc•Hpc·tion eo ffi<-iC'1 t intrc -
dtw •d at the aC'tual .-h rt-eirC'uit l lanP 
i� great r than .< < H. and that i1 ro

dtH'C'<l at the conn C'tor re t'eren<'P i larw 

i:-; gr<'at r thau O.� J >. 
APPL CATIONS 

This .·hart <·irC'uit i. ti. d with th 

T't Pl•, .) -\ • >-+ Pr<'ci�i.011 ( t ·n- ir<' ui t 
Tc>nniuati m ( fp: ·ri l d h<'lowl to l'�tah
li�h . ·ho rt- and c pPn-<'irc·uit rdPl'Pll(' • 

ph n "' c Jinc·idPnt within ( .0:.. C'fll o\' 'r 

th fr '<t H'nc·y ran P from <le· to . . > ; Hz. 

Th rf'f r ne µlanP.· so stablishPd are 

us ful rn dir C't impetlurwc m a.·ur -
1n •n t. ·. in J . . m a.-ur<'m n ts h: sPd on 

n He C'tion m ll::-illtem n t. . in tll<' cal ibra
tion of refiee ion-f'o ffi<·i n t m a,.; uriu 
uHtrumt'n : . • nd, ('< n rally. in thP 

m< a ·un m n t of the "<'at ri11g c·oc> fti
<'l<'Jl :-.; of mult i port coaxial le vie· . · .  

, 'i H·e it.· t. -cm r fc n nc· ph111c· c·o

in<'i c. wi h tho.:e of th TYPE � 00-
\VlOO and - \V:Z 0 , · arnlard T' rmi

na tion�. th rl yp E • 0- "' - T -l- ('Ull b 
1sPd i1 <' Jllj u11dion with th<'"<' tPrminu

tion for th<' C'alihra ion of hri la<'::-:. 
:lot C'd-lin ._.\". m·, fr. 

Figure illu:trat I ('alibra ion 

1 ,. L >t ainabJ wi h the 'TYPE:-; � (0-

� 
I 6690 ... u 

z .. ,__ ��QO 
0 
:!O 

Figure 9. Inductance presented at the GR900 
Connector reference plane of the Type 900-WN4 

Precision Short-Circuit Termination. 

-900-W04 tr=+l.00) 

-900-WIOO er.- +0.33) 

-900-wso tr= 01 
-900- WfWO <r=-0.48) 
-.....900-wR120cr=-o.911 
......._900-WRl50 ff•-0.20) 

-900-WN4 Ir= -1.00I 

[900 W-HI 

Figure 8. Multiple exposure of time-domain
reflectometer traces for the various GR900 
terminations at the end of a length of 50-ohm 

air line. 

\YH. HO -\\'. 900-\\'_ T-t. · ntl tO - ,1\TQ--t. 
, 't· ndard �. All th -p unit:-; ar' r •con1-

m ndPd for the ralihration of tim -
domain-r tiC'e·tome ry �yst m:-:. 

• 'inC' th 'l Yl'E � 00-\YX-1 (' >mpri�PS a 
. ingl<> :-;edion of uniform t r:.u1smis .... i )11 
Jin \\'ith 110 <listurb:lll('C':--. r i 1 ctri<' 

.-upport: I et\\' n th hort <'ircui! aad 
t hP c·01mPdor r frrcnC' plan<', it i:-; a 

e·alculahk in ludtuu· .-tandard of hi h 

a<Ttir aC'y. Thi;-; i: p1 r inilarly true· ·tt 
fr qu<'n<'i •: ahoYe a bout .)():\I Hz. wh r · 

the c·1 1 1T nt flow: prim< ri ly in the sih' r 
oYC'r]ay.- 011 th<' e· nduc tin• .-urfac·C'.-. 
1-'igun• ! i...; a I lot of t lH' <'al<'u lat d 

i11d11datH' at the c·onnPd< r rpfC'r 11<'<' 

phnC' for frpq1u·nC'i(•: abo \'C"  .)() :\I lfa 

ba.-c•cl on a e·o1 dudor rC'si.-tivity f I .  7 

mi<'r< h m-<·m. whiC'h i;:-. .v1 ic·al for th 

c·ondndors of th<' TYL'J-1; !lOO- \\T _ � -l. 
SPECIFICATIO N S  

TYPE 900-WN4 PRECISION SHORT-CIRCUIT 
TER MINATtON 

Frequency Range:])(' l1> ..... ) C;Jlz. 
Reflection Coefficient: ( :r('at •r thun .!>!Iii :tt 
Uw ( ;  l{\lOO C'onrw<·tor rl'f<'rl'nc·<• pl:uH'. 
location of Short Circuit: ·L 0 ± 0.0 I ('Ill 11 '\ 0111[ 
(.hi' ( :H11 C'omwdur n·f{'r<'tH't' pl:ul<'. 

· 

9 
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10 

rim enter 

Che1raGter i s.f i c  Impedance ·of Internal Coaxial 
L in e :  0.0 l± .06sr·� a. fr qu n i kin 
off ct i n ligible. 
Leakcige: t er tluin 130 dB below ignc11. 

Dimensions: Leng h, 2 in (51 mm); maximum 
i ni er, l!.{6 in (27 mu ). 

Net Weight: ·1 oz (12 g). 
Catalog 
Number De ·criplion Pri·e 

1:n U A 
������4-���� 

0900-9975 Type 900-WN4 P'rec:l 
si1on Short-C i r c u ir 
Terminalion 

$40.00 

TYPE 900-W04 PRECISION OPEN-CIRCUIT TERMINA ION 
p n i a r s lt of the di tribut d natur of 

ir 1it .0 m on
v r th full 

- . fi- _,Hz fr qu n y range . illu -

trated i Figur 1 . mp 11� 1 i n for 

h fr qu ncy-d p ncl nt fri1 ging capac
it· nc of h op n- I d d inn r ·on-

u tor i ac ompli h d by m an f n. 
.·mall (li�.k on th inn r ndu t r ip. 

APPLICATIONS 

capi c1 an 
4 pre 'en t 

conn t r r f r n · 

ppr . ima t ly b r 

andard, ·h '] TP ·, 
:: e} pn ·1 • n a i 

plan hat is giv .n 

C- • [ 1 + c��r - 1) l 
yo ( 1  + r) 

wh re the capaC'i.tnn . o i a r . ult of 

h � m l ng h f lin b w eu th 

JT ctiv. - ·n m nee plane 
and th <·onn < . r r f r n plan n<l 

f is the fr qu n · in GHz. h-

anc 0 ha ' a n ini al val u 
picofarad,. ,.1 he corr lion term 

7rf tun -i .-r- - 1 
47r{ 

15 

the cap citance, ·whieh ha an i.ppre

ov 70 ci· bl ff a fr qu 

!Hz. Th corr c ion , 

in Figur 11. 
A an op n- ·ir ·uit t rmina ii n for 

th TYPE � 00-LZ 1 ef ir Lin 

h ,.l PE 0 -W 

h inner ·ondu air Hne . 
pl.. n .f 
ir uit i 

, 'ince the 

th r 

( 

Vl' 
h 

ho� of 

-\\ 2 0 r 
2 

th, 'I' "PB 

with th T 'Pb; 
ir I ine. f rm a 

c ljuga.t -r ac an· 

nn b d in th 

-l i.., e in id n w1 h 

the TYPE. 900-\VJOO and 

<'m to 

TrPE 
'Ty PE . 00- Z Air 

ura r1 o 

l... ::wdi urn] a 

·tand• rd · for 

h ] '\ r ra 
fr qu n ie . Jt rir gin r capaeitan· at 

Figure 10. Average pos·
liot11 be hind GR900 Con

nec:1·or reference plane ot 
which open circuit is ap
plied. Data are based o n  25 
unih. Spreads 1:1re s ho wn at 

�401 ..---,...---.�-.--,..�.----,.------.�..,----,.-�..,---.---,r----.--r�.--,-�---, 
I 

2.5, S.S, and 8.5 GHz. 

z 

Q4 00 1·1 ��-r-��t'"'-�:::::::f:::=::::::::!::====:::;::��==t.........,===:--....:::::::::::::==�"""j i399 o�I ---'L-+-__1..�*2 �.L_�3l--_J_---J,4�. --L---,5'1---L----is!:---'-�7�-'---os�L....-.;!9 
FREQUENCY- GHz � 
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the m<'n �uring-i n  irum ni  t rmina.l 1.  
limina d whPn th T Y P I<.: <. 0 -\ -1 

is u�<'d to e t bli  h th i n i l iul conc.J i

ti n . Th ._. gr cm n L  be W<' n calcu
lat�d n.paC'i tan <' and rnea ur d capa

cita11 ·p at l k H z  for a 1 -pi ·ofarad 
c 1 .- m) TYPE . 0 - LZ l .)  I f r 11 e ... i r  
Lin e i bett r than _ 5 _ The R900 

onn et r re1 a t a l  i lit at 1 k H z  i. 
tt r han .00 1 picofarad . 

- T . E .  ?\I c KEXZIE 

SPECIFICATIO NS 
TY P E  900 - W 0 4  P R E C ISION O PE N - C I R C U I T  

TE R M I N AT I O N  

F requency Rang e :  DC tu .5 ' H z .  
R ef l ect ion C o e fficien t :  U rea r thnn 0.90G at 
the C IH 00 nn ct r R �f renc Plan . 
L o c a t i o n  o f  O p e n  C ircu i t :  1 . 00 ± 0. 1 m yond 
the n RI JOO nnect r ref rence plan . 
C a p a c i t a n ce a t  G R 900 C o n n ecto r R efetence P lane : 
2 .67:3 pF ± O .:)<' de to 70 J\1 H ;r, .  
C h ,a ra c te r istic I m peda nce o f  l'n terno l  C o a x ia l 
li n e : 50.0 H ± 0 . 1 <,' at fr qu neic \\ he r  ·ki n 

ffe t i n gligible. 
Leaka g e :  Rot r than 1 30 dB b low ig al . 
D im e nsion s :  L ngth, 2-�(6 in (5!.l rn m ) ;  m a..ximum 
diam ter, 1 }{6 in (27 m m ) .  
N et We ight: -± z ( 1 20 g ). 

atalog 
i wnl1er D . rriplion 

0900-9985 T y p e  9 00 - W 04 Preci 
s i o n  O p en-C ir t u i t  
Term i n a ti o n  

Price 
in C A 

$40 .00 

0_1 

"' ¢ 
... 2 0.01 
0 
;:: 
� "' "' 
� 

0.001 

r---

-

-

--

-,_ 
. ' I 

-

-

-
0 20 

+ :I± 

I 
.. 

I /--r I 
I I v IJ 

I v i ' 

0 100 200 
FREOUEt.CY - MH� 

� 
,, r I ... 

f I 
I v 

, __ ,_ 

' --I 
l 

·-·-

500 1000 

f i g u r e  11. C or r ection t e r m ,  K, for T y p e  9 00 -W 0 4  
O pe n - C ircuit T e r m ination. 

Publications 
P L E._ - ln t rum n �o t , I �- 1 0  , 

n ration and D t ·ti n f lodu
lat d Pu}�e by D r .  Gordon R .  

Par t ricl re f G H.. ' .  D ! lo pment En
gm crmg D partment.  i �< ·u c th 

·hara. ·t  risti · of p u l , -p , i io n ,  p u l .  -

,Yuniber 

ampli  ud , p u l  · -d u ratio n ,  and p u l - -

c de mo<l u lation and d SC'rib 

c i u i1 mcnt a n d  m h d · fo r h ir gen
era ion an<l dct<'(' ti n .  

Pprint  ar al.·o a,yn.ilabl f re<' nt 

t chn ical ar icl ,· by G R  engine r:- : 

Al2:3 
.\ 1 2·1 
A 1 2  

A ulhor 
\Y. ' . T Towar<l " :-'i m p l t'  ..\1 'tl 1m l s of \-ol ta •c·- lo

Fr q uPnc_y Conver ion ' '  
Frrq11cn<·y, '0p lcmbC'1-/ C'
tober, L!)() 1 

I L  T. fr "\ lec>r 
. . E. ':mdc1 un 

" l.'"nique Fr quN1cy ::\ 1 u lt i 1  l ic>r , .  
' I T  c \Y to l\lca u rc , ou rce , 1 1 1  p ·<l:ince 
with n, lot eel Linc ' 

Frl'q1ter1 cy , � lay/J u nC', l '  G-1: 
EBE, Novemb r, 1 965 
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1 2 

t h  [;] p r i m n t e r  

M easure m ents of D i electric Materia l s  with the 

Pre cision S lotted 

The slotted l ine h o s  long been 
reco g n i z e d  a s  o fund a m ent a l  too 
for m e a suring the d ie l ectric p ro p 
e rties of m a teria ls  a t  h i g h  fre q uen
cies. In  p rinci p le,  the m e a sur ing 
tech n i q u e  is  sim p l e :  f i l l a section of 
coa xia l  l in e  with d i electr ic m a te ri a l , 
d eterm i ne the p ro p o g,a tion consta nt  
of the f i l l ed section of l in e  from the 
p h a se and m a g nitud e  of the ref lec
tion introduced, as d eterm i n ed by 
m e a surement o f  sta n d i n g - wove ra 
tio on the slott e d  l in e, a n d  c a l cu l ate 
the d i e l ectric const a nt and loss 
t a n g ent from the p ro p a g a tion con
stant. 

For v a l i d  mea surements,  there a re 
needed ( l )  a n  a ccu rate s lotted l i ne, 
(2 )  sections of a i r  l i n e  usa b l e  a s  
s a m p l e  hol d e rs, a n d  ( 3 }  low-ref lec 
tion, low- loss, coa xia l conn ectors. 
These o re a l l  now a v a i l a b l e  in the 
G R900 series, a n d  the ai ccom p o ny
ing a rtic le t e l l s  how to use them. 

\\' 

pl h Id r 

sa mpl 
F ignr 
ma r I ' inad 

1na b 

1 1 1 11 r 

d .ira bJ ' 

a. mag h 

Lin . F r a 

,'it 1 c l 
u · · of eq t 1 1p m  n ae · u-

clc t  rminati n f on-
, nd los tL ng n t .  X o , p eit l i zc-

mc· f'nnn n.ppn.ru. u 

i '  th '1 " P E  
d Liu . l  'Ih 

T Y P E  - LZ Ref r-

Air Line2 and a 'I Y P E  • -\ 
irc u i  ma ke.·  a. ·on vcn iPn a ,n-

1 .T . Zorzy, " Preci i on o xi al Equiprn<'nt - Th 00 
.'eri " · " Or 1 ml Rad·o E..rp nm 11t r, O\·em r H .hi3 .  U r  
2 :i.. E .  u.nder on, " H f ren e A i r  Li n for t h  C : Tl1J'OO 

T h  

• ri ," G ·nerul Radio E.cp imoil r, January 1 ,;;. 
1 For xa.mpl , A .  von H i ppe!. Drt'ler-tr <" lfutcrwls a n d  1 )l pplica tio11s, Technolol!Y Pre of :.I J T ,  t ;>.! .  • amp ' l '  

• 

1ne 

The 

ion of 
n th 

f m a. u rc m  

ffi(' ' L  ·-

w n<l r 

f 'I Y P iil  9 - LZ 

m 

me 

an<l 

T H E O R Y  

hut w i l l  b n-
ti  
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F-- ---- - - - - --}-
[-- -- - - ---- --]-"_, ............... , a. SAM PLE DI M E  SI ONS 

NOTE: 

DI  ME SIONS I I N C  HES. 
TI R "  OTAL I N OICATEO RUNOUT. 

0. 5625 +-. ooo 

0.24425 --·""-'00;_.:.0---t 
0.005 T I R  M AX 

DI E LEC T R IC / 
S A M PLE -.._ 

O R  

b. S A  P L E  I HOLDER 

OI E LECTR I S.
S A M P L E  ......_ 

nd, h r 
p ropa ati n 
t ri -filled lin 

r tio 
tt h 

n t h  
di 1 -

·anh -yd 

..., 7f 0 --j tan � ( .) "'-
� -J Ao 

--���-��-

. 1 1 -J -

wh r Xo = h 
of h .  
Yol age fillmmum rn 

d - th 1 n 

f..o 
fill  d l in 

t h  wn.vel n 

0 2rid 
( 1 ) 4 

f 
fi r. 
l in , 

a mple, 
he i r-

,. '  = th ndin -waYe ra 10 
in  h air-fi l l  lin . 

ua.tion a n  b 
i real an 
ta n o ( h l 

imp]ifi d wi 

para t d in 
part and if 
1 t han 0. 1 

wi h i n  

• T . \\7. Da.kin nrl C. - .  ork.s , " �[ icrowav Di lectric  
leasu r  1 n  ot:;i," Journal of .Applied Phy&ic:<, eptem r 

11H 7 ,  p 7 9. 

Figure 1' .  D i m e n s i o n s  a n d  inst·a l l a 
t i o n  o f  d i e l ectric s a 1T1 p  e. 

± 1 o/c . The implifi d qua l n a r  

n {3d (2)4  - -------
{:3d 27Td 

w h  re f3 = pha � con ant,  an 
') .-.. 11'"-Yo I +  a n· --/32rl2>..o I >..o d = - -----------

2 7rd ' f3d ( I  + tan2  {3d) - an {3d 

where a = a t tenua ion 
If h frcqu n c  an 

ar cho en ha X o -
[3d = and pd = _ -. 11 wh r 
numb r of half  wa v 1 n<Tth 

mple. '1 h 1 u  ion f r 
b com 

in the 
a t h  n 

(-t) 

' rom a k now! g 
di 1 c ric-fi l l  l in  . 

of a an [3 in  h 
hP. r lativ d i  I 

rl con an t ,  er a n  
tan o can b cal ula 
mo in a coaxi 1 l in 

h lo tang n t  
F r h '1 E � I  
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1 4  

the[;]E p ri  

}.._20 (fl? ?) - - . - a- ' r - 4 ., 7r-

20!{3 
and tan o = . (32 - a2 

(5 

(6) 
I f  o:2 i mal l  c mpared with /32, u i 

the ca e '"hen an o i 1 . s than . 1  
equa ion.· (.-) a n d  (G) implify , for 
· mpl h t ar an integral numb r f 
half-w ve length 1 , o 

E 
= )...2 o (32 

= 
()J" Ao)2 

r 71"2 2d ' (7) 
2a A0 1 

and t n 8 = - = - -

(3 Trd ..., . ( ) 
• or m 11 alu of � (hiD"h tanding-

\Yav r i ) i i mor accurate t 

det rmin 
1 

by a \Vidth-of-minimu m 

m thod ra.th r han 

[ 
m n r lat 1 

y 

to 

ir m 

he voltag 

ur -

a 

poin �Y, a dist.an b.X fr m h m1n1-

mum by : 

1 ·in e [ (  }? )2 

. E:,zi o  
where fJ 1r. .. L 

TYPE 1267- A 
POWER SU PPLY 

C0 ''8 J ' (9) 

I f  X i h b w n point 
wher t pow r is th t the 
minim m (3. 1 -d . poi t ) th n :  

1 
( 10) 

For mal l  (} ( < 0.075 
radiun) ,  in  0 = f)' and co 0 = 1 a re 
clo · a.ppr ximation . h n :  

1 7r6 - - e - -- ( 1 1 ) - - Ao ' 
D. 

and ta.n o = d .  ( 1 2) 
I f  th rrnrumum i rrow i may 

b c j abl to u po.int more wid l 

and 

uch a th p in t . I n  
for mal l () 

1 1r.6. - = --

� - -
d 

n o 

M EAS U R I N G  P ROCED U RE 

( 1 3) 

( 1  ) 

( 1 ) In r the ample in ; o h refer-
nc ir line fl u h with one n an d 

with no pac b ween i n  h 
ampl . 

(2) TYPE 0-'' )J" ho rt 
i l m on a t wi h the 

ampl , h wn in Figur 1 b. 

(3) t he a mp! holder  to 
h m a urin etup ( I· igur e  2) , on-

F i g u1re 2. S e t u p  for d i 
elect r i c  m e a s, ure m e n l s  .. 

T Y PE 874 • GIO L 
ATTENUATOR 

TYPE 9 00 - l.B SLOTTED LINE 
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i ting of , h 

m a TYr 
d th. h 

dyn · t  

a n  

th 
\. n  

a 
if 

mad ai a 
11 c· . ·•· · r ' 

. a mpl r 

and (:3) w ith }{,, n 
( , ) I h fr 

u r  h 

d 

r .  

r r 

w n 
line . 

u r  

c ·  u d 

n f h 

or mor . 

mini mu m  with 

mi r met r arn , dri  o u n 1  

anh .2( bl f tnn .z • . von H i pp 1 giv s cha.rt of -- a.nd ta eB o -X 
and s ugg sts furt her referenc s .  

b 

r 

1in , an d r 
f a min i m u m  n f h 
l lin • .  

INTER P R ETATI ON O F  DATA 

i t h  t h  la th 

wid h f minimum 

h am 1 in pl  · 

ition 

rn p t  
d u  t 

minimum 

g·v n by : 

6 d 

Thi wid h f m i n i mu m  an 

m q ua ion ( 1 2 ) or ( 1 4) to d 

h I tan gent.  Th di  1 
( 'an f und fr m <'q u tion 
t h  . app 'Oximat • diC'le 'tri  on 

u ed 

rmine 

n tan t  
(7 ) . If  

n t  i 

unknown h n m  a ur m n t  a wo fr, -

q n i w i l l  b nee ar r in e � $ 

vi l l  no b known.  

1 5  
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1 6  

n t  r 

c 
T fl n *  amp 

lon i m a�u ed. 
5 .  

I i 
f vo a g  nnn1mum o 

fa wh n th fr q n y 
lS tha }-.0 = 2 1 .  4 .  

T h  n fr m u l n (7 Er = ( :..�o) 2 -

he 

kn w ppr 

for , - 2 an 

2. 24 . ll1 C  
h 

1 

f minimum a t  Z2. 
\ ith th ampl 
' idth of ffiln 1mum a 

. 7 m .  T hen 

n on a n  I 

r -

r
m 

in th ampl i 
( 1 5) 

.6. .. a = 0. 1 0  

rom 

ur 
a ria l i m a -

n � (2)  and (:3) 
ua i n ( ) 

FREQUENCY RANGE O F  M EASU R EMENT 

h 
b ing mca ur 

th ' at l a 
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3 
L2 - Log - , 

D4 La = J .og - , 
1 

l - . 24 2.) .  
D2 = i n id diam t r of 'a mpl 

3 = o u  . · id di a me r of a m  l , 
an d 

D4 . .  56:..t .  
Meter Errors 

I f a ; -d B 'id h f min i m u m  i"  u 'cd , 

me c r i n d i ca tio 1 s on h :t T Y P E  

1 2 1  '-A l" ni 1 - F  mp l i fier w il l ,  i n  gen

Pr� l .  " us necrl igi bl  rr r w h  n t he 

u p p  r part f th � 1 i · u · d an d when 

k n t o t uu th I <" 1-o c i l la t o r  

.·a r t l .v for mu . i m u m  u pu . 
Y i  t h- f- minim u m  m a� ur -

mcn t ma} r 1mr h t th . i-f a mplifiC'r 

C'a U ra ti n b ·h ck d wit h a pr ci ·io 
a t t  n ua tor for rrr at. �t a · c ura c:v.  . nn 

<'xa mp l  f h 
me ur m n t  ·au: 
plifier c a l i b ra t ion . 

1 n  t iC'a l :1-d B 

;�. -La ngen t 

or i-f am
f 0 . 1 d B  

m.ea u r  me t wil l  ·au · a n C' rr  r 

] . n / in  ta 11 0 .  �· n (' rr r f . ;3 d i n  .'.1 
. p ical l -d B wi 1 t h-of-mini m u m  m a ·

u remen t wi l l  rc� u l t  in a :1 . c  ' 
rro r  lll 

a n o .  

Effect of Contact Resistance 

A lth  ugh th eonne or ·on t rC'-
. i taucP i ty i C 'a l ly I .· han ha lf a 
millioh m a . · ma l l  part of t h  mea u red 
lo · i d ue to thi::; r i tan ·(• . Th lilD., -
n i t udP of th error cau d by thi lo  � 

d p n d  upon the r l a  i v  c ·  rr n t  

th r ugh h con tac for each mea. u r  -

men t and i ignifican on l ' hen v r · 
low-I d i  I C' tri<'. are m a u r  d .  If the 

May 1 966 

u rr n t  i t h  am wh "n t he mpl 

1 • m a u r  d a when th mp y ·am p l 

hold r i mea u r  d h c·o taf' l . .  
' i l l  h a v ff e n t he a <' ura y of 

h ta n o m a ur .m n . I f  t h  u rr n 

di ff r h may b a n  err r in tan o 
a larg a '  . 00 1 .  The amo unt of lo  · 
d u  t h e  fin i t  contaC'  r �ist n rn 
a given m a · u r  men 1 '  

'O" 2(/J + 1 Lo · = X ma,' i mu m lo · ·  
2 

( l  ) 

"·h r r/J = l �j60° an d l i ,· t he d i  tan c  , >. 
fro m  a volta min i m u m  t o  t h  c·o n
t ac t .  � f ax i mu m lo · u r  wh n a 
Yo l ta m i n i m u m  c ur at he con t C' t .  

I t  i:· d i ffi c u l t  o 'ral u a t  h m x i m u m  

l · · ex t l  f i · ma l l  v a l u  . 

T h  condition that t he UIT 1 t b<' h 
-. m for bot h m u r  m �n ts ( \Yi t h  a n d  

"·i t h u t . a mpl ) ma b m � t  b y  a. p

p ·op ia t ch i c  of l ength a n d  frc'
q u  n c·y r a . ·· m p l w i  h a Tiven i lec

trie con:-tan t .  lf t he d ie lPctri · <"On. a n 
i u n k n  \V1 i t ma�' be ne<·c · ar.r fi r.· 
t o  nwa. u r  d iC'lec t r i  ·on · i t a u d  th en 

t o  ri m t hc . a mp I • t o  t he p r  per lengt h 

for a c  · u ra tP d termiua ion of lo  · · .  

T h i · i"' n ces ary only for v ry a <· « u r  e 
m a. u r  m n t._ of t h  lo::;,· t ang n t  of 

1 w- lo · �  d iel e t riC':-:.  For I w- l o� m t -
ria l s ,  the c u I T  n t  t h ro u  h th c n t. · t. 
·wi l l  of appro x i ma ly t h  
m a  n i  u de ' 'i t h  a n d  ' ·i h o u t t a m

p l  i n  the h Id r wh n t h  fr < 1 uenc 

a nd len th a r  Ao cho n tha Aam p l 

2 Xsb 
1 n h d -

_ / ( l H) 
( �  + 1 ) V £ + 

2 -v; 
a n d  >. = - d o T ' 

- B 
20) 

w here _ � ,,  and _ - are int r· and b i '  
h I ngth o f  th r:; m p lC' hol der . L ng h 

1 7  
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1 8  

t h  l�IExperim n ter 

John F. 

ha at.i. .. f� th r lation hjp and 
corr pondin va lu of ..... can 
t rmin d fro m 1 '  i u r  ;3 for a 1 .--cm 

amp] ho] r and from I• ig urP 1 for a 
· 0-c m  ampl holder. Fig r h w 
onl the m o  t u f u l curv f 
larg family f u rv . A a n  
o f  the u o f  the 
th lo · ang n 
with a di I c· ri ons an 
m a u r  d .  I f  a a mp I i 
u In a 1. 5-cm mple an � 

an be m u · ur d wi h m ximum a -
ura y X o  = 1 7 .60 m 1 1 .73 m, 
. 0 7. 5 m ,  5. 7 cm, an 5. :3 

cm, c rre p nding to Ta = 2, 3 5,  

E N 1 • 7 "' 1 3 �:-J�-1-�� ...... ""1 ... � ..... +.::o...�.;=-�=--1 -ll, 10 
� -8 

� 12 l-¥.--""<'T--+�c+--�-..?-ic-=--<i.::-=-..=--+-=--=-���·8�·-9-+---1 
I>. :t; � l l ll.Y����-+-__;;:.tc-�+-...;::,,�......a=--1 
O IO l-J���,eo...����-t--..:::..1---:::-t--+--l---+----1 
r I-� 9 J--���"'-c-'""'l.,-�21"--.,,.=o--.?�l-=,--4--+--'---+-� 
� :-F=::::t:::=�=- � B l----li------=:>,.J.-=-::�...i....:::>.._.L.::.,_;i:,:::...._.�...Jl----�4:__---+�--1 

2 3 4 
�ELECTR� CON STA T 

!5 

f i g ure 3. L e n g t h s  of sa m pl e s  for o T y p e  900- l Z l S  
R efer e n c e  A i r L i n e  f o r  m i n i m u m  t a1 n  {j error I n  l o w 
l a ss d i e l ectric m e a s u r e m e n t s .  tSee eq u ati o .n s  1 a. 

a n d  1 9.l 

7 .  I f ,  in ad a amp] l 3 . 54 (' ffi  
long ' ·  re ch n, tun o cou l d  b mea -
u r  d h mu.�i m u m  ac u ra onl  at  

c m  ., = 7.  
Existence of H i g h er-Or d e r  Mod es 

f r  q n i 
9 . 5  

high r than v� z, 

h igh r-ord mode particularly the 

T E 1 1 mod can be x it d a, ial i -
•mmet ri in th di 1 t ri ma ria l .  

� hile th air-fi H  d e t ion of lin b -

tw en he m p l  n d  th p In of 
mea ur m n ,t a fil t  r for th e 
higher-order m in ance 
cou pling e E i\  d TE 
m d ,  m y n ough t pro-
d u  · an rror in mea urem n t .  1\ a -
u r  m n t  ab ve t hi fr qu n th r -
f r , sh u ld b mad a t  ma l l  (�ay 1 ) 
fr qu n y in r m n t  an ompar d 

9 .  -
w1 h me u r  m n t  b lo'v I I z ,  

E 

r ha anoma! u r ult can be 
d .  

- J . F .  J L :\:I H E  

e u 26 1--� �-+-���l---�-+-----I�--� z 
� d. � 24 1--�����--l���+-��-+-----I 
"' 
... 
0 
::i::: 
::; 22 z w _, 

2 3 4 O I ELECTR IC CO STANT 5 I �g u=o--w�-.,�61 

F i, g, u,.e 4. L e n g t h s  o f  s a m pl e s  fo r a T y p e  900- L Z 3 0  
R efer e n c e  Air L ine f o r  m in i mu im  t a n {j enror i n  llo w 

l o ss d i e lectric m ea s u r e m e n t s .  
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.,-
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F R E Q U E N C Y  G H z  

F i g u re 5 .  D i e l ectric c o n st a n ,t  a n d l o s s  t a n g e n t  of t y p i c a l  m ateria l s  a s  m e a s ured o n  t h e  T y p e  9 00 - L B  
Pre c i s i o  S l ot t e d  L i n e .  
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C O M P A N Y  
W E S T  CO N CORD , M A S S A C H U S E T T S  0 1 7 8 1  

hr 

DO WE HAVE Y O U R  C O R R ECT NAM E  A N D  A D D RESS - na me, com p a n y  

or o rg a niza tion, d e p a rtment, street o r  P.O . box, city, sta te, a n d z i p  cod e ?  

I f  not, p l e a se c l i p  t h e  a d d ress l a b e l  o n  this i ssue a nd return i t  t o  us with 

corrections, or if  you p refer, write us; o postca rd will  do. 
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