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Abstract 

:\I) +\tlv;u~cf~l I l;~~lu~~~ I”acilitJ (;ZlIF) wcllliws 3 lwaln jlil)c 
v;ilit I<)\\ t~l~l,~-c~~trtw~t 10~~~5 RII~ R IIW l~eAI~~-(.i~ltj)litI~ 
illll)<.~lilt~w. ‘1’11~ I.‘.(~II~I.(.I~I(.I~~s ca~ltlrbt 1)~. tllt,t wit11 a soli~l, cm- 
(111c.i iii,< 0vil1~1 l)ilw 1,111 ~rbay 1)~. nrrl 1)~ a cwalnic l)i]w rvitll rm1 
tillc-tit,K I:IWW. lvllirll 11li~y Ililvv ii Ili,qll(.l. c,olll)lillg illlI)wlilllrt~. 
\\‘e, l1di.f. Illr~;\.lIt.t~(l ;,1d (.~mIpRI.C~I t11t iransti~ichioll Iillt’ 
i111~~~liil~r~5 for w~vral canrlirlatc~ pitw stg:llr~.l~ts. Tile whlllti 
it DL r~,~1~rf~Iat~~<I irii it t 11,. I~~~w~~~-~.oilItlillj: illltN.(lali(.e atId art (‘0111 
Imwrl will1 mlt ~~l;~trvl ~~IIIC~S ar~(l \vitll AlIF‘ Icql~irrlll~.ltt 5. 

( )IIV oI’i11~~ n111s1 rlillirlllt p~.ol~lr~~t~s ill thv tlcsigr 01’ a IliqII- 
itllrIIsity r;rpi~l-cyclitr~ ~yllcllu~tro~l is tllr lwa~~~-t)ipc- (lf,siRII. 
‘1’11~ IK~~LIII I)il)c 11bt11;t satisfy sc.n,rill mliflictillg rrcl~~ir-~~ll~ellts: 

( I ) it lllllit Irlailltaill ii vac’lllilll of ? It1 ’ torr, (2) it n1I1st ,Ilirltl 
1 II<, /)I.HIII l’r011~ l~i~ll~t‘l.~~~lll~.ll(.~- i11llwli111rf5 trr avrritl rollecti~r~ ill- 
stnllilit ivi, all(l (3) it nulst Ilaw a lligh irllp~da~~cv at 1 IIts cyclitlg 
flw)ll’~lL“\-( ^ N-l IIZ) t 0 aloi<l utlacwlbt iihlc h&y’ tvldv-mT.-Ill 
~~l~fT1 s. 

III OIIC’ 1~rf~1~nsw1 sr<,llarir) (I.:1\IF’F II).’ it was Ilwcssary fol 
111~ tililgllit litIf> 1~1 tilt, Ioilfiitll<lillid c~ult>lil~# itnlw(lallce, %ll,‘ll, 10 

1)~ lr~s than -. II) I? at fwqll~9cies firmtc’r tlrall c,‘iig, wlltw~ /yr 
ii t ILP I,l:llr.ll hl,qi II. ‘;illlilar c~~l~hlri~ilits h3’w Ir~lllltl for t II? 

tr;rIlsr-e-rse illllwdai~w: tllc ecalrrl ctnlanfity, % ! K,‘21,“, IlllIst also 
IX IVRh 1 Ilall IO 12. \VlNTf~ % ; is t II<‘ tI’;lliS;vt~!‘SV illl~~~~lirll~~. t< iS tllf’ 
~~lr‘ittl sy~rc-l~r~>ir~~~i ridills. ;illrl I, is t Irlb lwalwI~iI)c- raclitw. ‘T‘llf, 
c-c~lllrit~lltioll of tlw l1f~at11 Ipilw 141 tilt> total in~twthw Slltlltl(l lw 
lillliiqvl to i\ 5rllitll frilcti*lli (II‘ tllis. 

.-\ tlliir. s<,lirl I~2\lll pilw rbf stainl(55 slwl as llvtl for I fK?\r 
II (0.3 *1~i1j iilic.lille~ci h;r~ il ~nargi~lall~ ;tc~rj)taI)lt* iulpulaltw 
l,lll, at r.zzn1 I’]? 11 ]x~l~illll~~t(.l~h. llah I)it)c. I!rat illg irlltl ilitlllc.c~(l 
firlrlr; t~uil rddy curr~rnts that arc ai 0~1~~ of nlaglit~lrlt~ tar) 
Ii?r,gq,. ‘I’hitltlcr lwa111 pilws arc stnlctllrallv ~llt\tal)lr; IlfnWver, 
silllililr (al~~.tri,.ill prop~dics ulay 1,~ <~l)liliilill~lc. l)y tlr~t)o<it illg a 
tliili, 111<dill Inyrr 011 a glass 01‘ crranlic, l)iIw It is tlillic~~ll to 
filltl R v)lid layer that nwrtx the crulflictitlg wq~~iwrucl~ts. f:uI 
milllll~l~‘. a I -j/113-1 Ilick c,>plwr l;iy~~r 11:1x iill unaccrptal,ly Iargca 
Il,i,;~f~,rrtr~t~~l(.~ ili~lw(lanw :~nd 12~~~ r(l(l~-cllmtlt drtds. ,\Iso, 
I III> tlir,l,d ric cat1 sig:ililicallt Ip illcwaiv thv itlll)~~(lallct~. 

‘I’lrickvr Ilrct al sl riIws tletwsit<~tl ,111 s,~lid wraluic nray pm- 
vi& a Iw illltwdancc wit11 mall ctldy-cllwent drd5.1 ‘T’lw WI- 
\,illkt ;tgr’ nf’tlli~ qr0111rti~y is iltnt rdrly-cltrl.<~tlt lleatiilg is rc-cltl~YYl 
by a f.artm 01 (;I,/2l,)2 frollI tl#* cc-nltinllolls caw. wll~rt- d is the 
5triIw \vi(ltll a11(1 II is tllv ilrller ra<lills. a11d c-tl(ly-mtrrf2lt ficltl? 
il,‘r’ I.tTlllwd l1y R factor of (cl /~IJ). It is; Iwwvver. rlilfic\llt to 
l)wdict tllr illltwdilllw of t llis colllplic-atrtl gcolllt~tr,y. ‘l’lltw- 
1; BIY‘. II lm)gr’anr was itjitiatcvl at I.m !\litlllOS to lll~~ilS1,W (I1r: 

illllwdanw of sa.nlpl~~ Iwalll-pip srgtrlt~lrts. ‘I‘lw lirst wsdts uf 
Illat IIIPWSU~~~II~I~~ prq13111 arr rrp~~rlrtl ill this ~wtlwr. 

Ilnpedance Calculations in Sitnplifiecl Models 

Imptdal~ccs for c~li~~tlricall~ synlnwl ric lwitm pipes can Iw 
ra.lrnhtrvl aualyli~~nlly2 Itsing 1llf.t Ilods descrilw~l by %I ttT,” 

I’iwiIlski: and (‘hao. 5 ‘I‘ll?S? CillCllliltr~~l YWI1lt.S (‘it,, IF rorllpre’l 
wit II nl~~as1IrwI IIlI]mlall(.t’S. ‘IO first ordt’r, R’v 11,a,v cxpf‘d tile 
iillprtlancc vf a str,ipvcI ~c‘~~ttletrj to Iv.’ silniliw to 1 Imt of a cylil)- 
(Iricdly symluc,t I-i< cas& wit II R coildllc.tilig layer of the sanle 
t Ilickllvss as t 11r ht ripes. \I~~asure(I i~ltprdar~ces can Iv cmnpwwl 
to III<, 111051 silllilar svm~rlrlric cilw ;rlld lhr co~lllmlihnlw usrtl lo 
itlcailtiti clfects speciiically ca~tsrcl I)y tl iv stripes. ‘I’llrc-r particrl- 
lili. raw5 ww ilrscrilwtl irl Ref. ‘2. 011ly lonpitrltlinal ilnl~etlancre 
iin- t~xplicitly r~wlc~1111~1~d Ilew; it first t~htifuiltr of tlw transvcrsr 
illlt>e~liLllct. *I,ay l)r follllcl llsiug Z _ I{( Z,,/ll)j‘?l>‘. 

- ‘1 llih Wlli I< W&C 9,tpp”’ 4 WI II) t lx- 11 q, r~~.l~~l’.tnr..I1t <!f I:~,~-,.~~ 

Case I. Tltin Metallic Pipe 

ITe cnnsitlt-r a twain pipe oft Ilirkllcw A \vitll coilrllictivitv f7 
al14 inner ratlirts I). ‘rile I~cR~III~~~~I~xI)Tc.ss~o~~ &II. lllr, Iollgitlldi;lill 
inllw(l;tliw lwr Ituit lt-ll,qtI~ is 

Zl,(k,) %“k I, I I ‘12’A) 

I. 2 n/J*\ I I <,L\A, . (1) 

Wh 
I,1 Ii) 

x /“p I ii ,~ (2i 

~\IICI 6 is tllr skill tlty)111. Ii U’ (‘, %(, ,,,jc is I /I(. illll)c(liLnct~ IIf 
l’rrc~ slmcr, ~IICI p is tllr niagi~d ic Ix7tIlit t ivity 41f thr mlltlllctor. 
b’~br lligll fw(jlwilrirs wlicwa rS ” A, I tlr ilill)fda]>cv t b~v-oInc3 1 llat 
of ii t1ric.k c,c,iltluctr,l 

zii (CL‘) z,pc ,ro I/ u? 
1, ‘7&X %Tb \! “pn 

(1 II. 

rvlllc~lr 1.’ acwpt;ll,ly SIllall Iir R gcKx1 cr~lltllic-trll~. 
At low freq~wncirs, wl1(w* 6 h A, WC ot,iaiu the imp3lanc.c 

vf a tlrill crbll(lllrtor - 
%I1 ‘- 
I> L’;rhrrA t.11 

III !llV 1llCas1II.Clllt’lltS cclllr]dl~ttd to ti;1tv. ,JIIIJ. frvfllIwIcics a11d 
l)iIw il~ick~~c~sses corwsl)olltlillg to tljirk ccul,‘l,lctor casm I~avr 
t,cw, c.xploI~td 

Case II. Metallic-Dielectric Pipe (Metal Outside) 

\Ve now consifler 2, diclct-tric I;~prr bsr 1) 1‘ 1) t A with 
a thick conductor on the nlltsi(lv (r IJ $ A). IIntlrr tile long- 
wavrlmgtll appmxiul;ttimrs (kA ” 1 ant1 ki, <* II, we ubtnin 
an imp&~~~w 1 hat is tllr 511111 of tliv crmtlr~ct~~r wsistivc wall 
ililpcd;tl~c.r~ ~)IIIS w wactivca tt.mi rrs~~ltir~g froltl 11~. tlirlvct~ic2 

“il %“!I Z,,k (E 1) A I ~~~~~ ‘. _ ___ ~~~ 
I‘ I)ThA ‘LTT E 1) ,s ’ 

WIKYY s -- I li’2t,2b( E t )!‘A- is near Illlity irl~tl wllcrv E is 
tlle (lirlrctric mnstalat. ‘I’llis estinlatr rl<vs 110t il~rlrltlr slmr- 
wavelelqgtl~ I’CS~IICLI~~C’S witllicl tllr tliclrrtric layer (kA :L 1). 

Case III. Metallic-Dielectric Pipe (iblet,al Inside) 

‘J’llr lirxt cmc WV cmlsitlrr leas R Illin coirrltlcting layer for 
t, ,’ r I, +- A with dielectric for r _- h -f- A. For k”l,,‘,\ ks. 1, 
wc oht ain t Ilf‘ fnll,lwing exprt-scion: 

211 ^_ :- ;yok [- sir,( AA) t cm( AA t ‘< mi ;fg$; 
L ~ ‘)7&A 

[ 

I . 
,-<Js(xA, ,&,(,~A) e--1 ;;;:“r;; 

I 

(6) 

wl~err sin iu1~1 ~0s ~T‘C c0~~1plc.x fllllctioirs. flu alltl 111 are 

Ilwllktl I‘unctiolls a1111 11 \,%- ip-i k(l) + A). ‘l‘llis expr~ssiun 
11X I‘CSoIlRl,reS at fl,(II) 2 0. At Slid \vavdtwgtlls, (,\A .>‘ 

l ). t11e itlllwlulw twl~~crs to that of R tltick rmltlllrtnr; at lolls 
wavelengths, the inipe(lancr is tlomill;ltctl t,y tllr tllin routlrlc- 
tcw impedance. prr~virlrtl ,\‘/( At,) ‘. 1. ‘The dirlrctrir reactive 
ilnpedance and resonant ilnperlanres ran be stthstantially rc- 
t111ct~-d frorlI III? l)reviorls rilishirltitd ra.sr. 
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Impedance Measurements 

Longitutlilral 

l’lw 1011~:il~~~lii~i~l ~l~lll)li~~,~~i~~~t~(.‘I”“‘.‘. lll~~i19111.(.111~~1115 ill‘l‘ 

pcl~fol.,llfYl ill 1 II<. llSIE,l wq.:” 7’1 1,‘ cl lil,clric;rl ~~ilw mw COI,V~TI~YI 
itllil ;I r~v,ui;~l lr;l~,~~nicsiru, lillt’ lb?, j,,,cc,riil,g a cr,~t~q c-o~rrl~,~t~~~: 
1 llr 1 f3ll~lilisviorr iIlrr>llqll a n~f~*r~tlcr- tllirk-\v;rll~~cl I~ritss l>it)c way 
l,Ic~asrl1wl <Ill<1 Ilh~~~l I <I Ilornlitlizv all I,(II<.I trallslllissil,ll ~~~vas~m-- 
lllcltts ()I tlrr “tt3t’1 pitws, 

An II rv3.5 IO 11~1 tvf~rli i~,,;il,~zc-r wil I, 1 i,,,cclot,,i,il, 0j)t io,, was 
,,~~‘(I h tilt, ,,,c~;til,,~r,rlr~,,ls, hlaic-l,in,q rl.l)lll tilt- Ilt’t\‘1.01.Ii il~~i,- 
I,i,scr c;rl,lt~~ Jvils l)<‘l.forllirll f‘af, rnf,llgll frc1111 111~ 11,sl l)il,t‘ lo 
allow for vIlm4ivr gali114. tluls r~liluirlatilrfi (llr c~llvci ofi~i~~ltit~l~~ 
wllt~cl i<)lti. I3l;lilk . ’ ” ctkt(( Ih, itlf~lltiral try 1 IIf’ r~~f~~wllcr~ t)itw, VIVI’~ 
arl<lrYl Ix~t\v~v~l~ ilie ti~alc Ilillx stdioll (a cllort I;,J,~,Y) allrl tlw I(Y! 
pits’. II 7 t.r~l~r~w~l~ls tlir Inininltlnr gate n-itllli. tlwli 1hr tvl~gtlr 
of tllr spans Ili~lst Iw ill l(,ilsI rr/l! TV, vlinlin;rtr ov~~~~ti~p of i 11~ 
1 inlc~-tlc,ltbaiil ~.a~101 111s I sw I,‘ig. I ), 7’1 I<‘ illif ior c.c,l~si[le~wlil,~~s 
111 ddrnllillillg 111~ gait> \virltll arc’ 111~ I~~wc71 fnytblrlicy 01 il, 
li’t.f~4 illlCl tlli, IIYY~II’V,“!’ r;,,rgv 4Tf t IIf. Illl’~,Elll~r~,,lf~,,t. l’;,r !),<,r(’ 
ilifnnlliitim1 iyfiarilin,q galillg cllllsi(lt.r.;i(ii)ll 011 tiw IIf’X5lll. 6w 
l<I,f. 7. 

MATWING TEST OR 
SECTION REFERENCE PIPE 

LlATCHHG 

I 
SECTION 

i 

I 
SPACER SPACER 

I’ig:. I. I1xlwrilil(~lltal sr,t “1’ f4lr 11111git ~~(lii~i~l colll~lilig i1lll>d811c~~ 
Illr~;~slr~r~1lll~llts. 

‘1‘11~ tI aliil3liiiio11 (,\L,) 11i SIICI 1 ii cfnnfigllral iol, rat, I I<’ (‘ill- 
r111atrrl 1,~ S-IGII;IIII(,I~~~ i\,,i-tlyhih. as III tt,d’. 7. fro,,, 111~ lollrs\vi,,g 

,\?‘I1 
2, 

.s, ,s;< 8,01 1 ““),s” 
21 

i! , 1’?% I“[‘,,,)( I , ‘Z!“i ‘~‘).Y~,.Y;?I’~Il’,).)( I 

‘llllc’ t~spn5~ic~lii ill 111~. rll.noniiilntnr of Fri. (7) ~q)wstq~t tllt. 
tr~rill? willttiny fn111i 1111111 it>l(. rcllwtiml. l<y gal ilig aro1711d tl-1~ .’ 
Iliil ial l)lllv alltl lvit~lsf~rlilit~~ lwck IO 111~ IIXY~II~*II(~~ dom2~i~~. 
ill<, (If.ti(~:llillalor 01’ f<rt (71 is (~lililitliliwl, rr3r,lling ill 

.s 7 l,l,c: 17 ,.,,~I 
2, s, .S?f 

/lOI , 021 i“ 
21 (8) 

I’l~,lk. ifs.‘,” Ir-j~r.rht~lll’: I Ilr t viillslllihsioll of I tlv I.(~;T(~,c~~ I>ij)rz. 
Ill*:11 i Ii< Ilowll~iAiz~~~l. gnt<ml Ili1,;l~lr1.r,1llt,111 .vic,lcls sil~it>I,j 

,$?,A I /<I 
q,,y7, I!“, t O*),yI 

2, .S’ 

.$, ,qzr i(lJ, / 11, I qill‘“’ ,L;.R li b (!)) 
31 21 

‘1’4) t*.itI.R(.! tllr- ccblll)lillu, illltmliltlw of 111~. pit”. frmn I Iris cnn:<i;il 
!rilllstilisii~)t I~~~R~~~~‘c,~III’II~ ~ :vc tltr11 10 1111, ilrtirrilrsiillal rlt.lllt.t,t 
<~f’tllc~ tli~lril~~~tr~rl ~ncvlr~l for fllr li~a1tstllissiilll lillv will1 all t,ull;r 
ti77ll. %. arlitr~l t tliil rcy)wwnis tllr, illltx.(l;lll(.f, ill vxn~bs of’ I hat 

of tlw wlr~wl~w pip: (I’ig. 2). I‘llr prnpapsti~ui n1l1st;li0 2’ l;)r 
sl1cl1 a tlistl~it)rrlrvl line iq 

-t’ ,::iT, i 7 t ;wL,,)(hL~~;,) 

II 
tir)( 1 I fir, 1 

I id(, ,‘I, 
.Y i 10) 

1 dIA,, ’ 

T’ia. 2. I~isl,~il~~~ir~tl itl,~~r~l;,~,c~~ ,,lcvlr-I. i,llil,itt.ci,,,ill ,.lc.,,,p,lt 1 :,lI 
ilt~pch~rr wli~rs a*‘c prr Illkit IcnF;tll. 

vclrcm z,. &LJF”: the rl~;~ra~~lrristir ilntw~lancr of tllr, crt;ixi;ll 

lirlr. autl /go : dJL~7-’ 0 0, Ihe pllasr roustarlt 1 tic t rallslllissicnl 
tl~ro~~glt a lisle with prqagatiolk collstallt X is S;, t’s,) (>i I. 
‘I’lltwforc. 

,hcl..+ [ $!,;] [y; (\i-l I;;, ,),I I. [;;.I 

:w1[&q -c,r,j[ q;,,!j +] -- 1 ;;,, (II) 

i 
,,fw 

I,.\ ti 

dZ, ‘ I’ Ki) I ) 

I\.lWc. I{” awl %, arr calr,,lntr~l firm, t IIC’ cyo,ild r,v ;,,~tl gnat r-r- 
aIs. 0111. IIlC’aSll~~~lllt~~ltS Wcw ~~t~rl~wltwcl 011 G!).Xf,-,n,wllf pip.5 
with :~.1;9-lnlIl-tliilnl(.C11t(,1. cclllttllc~trws~ rcsnltilig iri Y. 18.5 II. 

illld 110 2.“; * IO Ii ,‘,[~~.:III. I\‘il ti ii III~,;,SIII,~,I~I~,II~ rf~tx~ali~- 
I)ility ot’ abort! !).O:! dU 3i1(l I ai ‘2.110; (; tlz. tllr whlltt illa hrtl>i 
t ivily (4 I II<’ rncaslll~~~lll~~illi wi3~ H,,.,,, -- 0.7.1 0 (t tIv l)it)t’q wv’ 
O.li I 111 Il>lle;l Hlld s,,,,,, 6, ,5 1 !, 

Tkansverse 

TIlta t t’itnsv~m~~ il3~l~cvlill~c~~ III~~;ISIII.I~I~,~~~~~ 3 iwv 1x3~ fiml~ctl I)! 
illx:rtilig (wo rolls illsi(lc t tlr t)it)f, to 1;1rn1 ii allic~l(ltvt, t)atakln.tl 
lilie. Ulr cclltc~ colitluctnrs arc’ tlrivm t,,y A.Y%A(’ 183.4 1x0” 
tryhicls (see Fig. .3). I’llv sanlv (~~~rlhitlrriri irIlls rc,qiu.clill,g 1~01‘. 
nializatmti aliti gal III:_: wwc~ aptlli<,ct trb t IIP t ~~I~LSVC~~C- ,l,~~ilSl,f‘l’- 
ilwllih as for thr Ionfiit Iltlinal ~llr~;lslr~r~~ll~~~~ts. -1’11~ t R’O ccnirr 
colr~lllctors ww~ 3.17.5 llllti ill rlinltlcd~q \vil Ii a xt~lx,r~;,iio~, rrl’,l.:12 
111111. (‘oiI,l)iil(d witI, a,, CI~III~L 17)11(111(.101~ (lii\lu<.lc,l r)f h!h.X 111~11, 
illis resllltrtl ill a Z, Ill0 II. wllic~ll l~~iltcllf~ tllr twvo X-ll 
lillw rtl,t elf lI,c hyt,ricl. 7’11,~. ii rr~],~:ilt;,l,ilit~~ r’,‘l’or 01’ 0.00 1 i,, 
illa~llit ,,(I? a,1tl I ill t~l~asi- ilbll>lit3 it iulsiti\‘ity of 

-1 or (~,,~,‘. i-,~) (O..IO (1) IRS f,j (rf:hictirt. ~jarl ‘II’ ilnpcdiillc~-) 

iill<l &l-j. ,,,,‘,r,,,c) (3.5 rri 1 IiOtl i,i jrt,wct i\cl t~a1.1 uf il~ltxxlanr~~). 

180’ 
HYBRID 

tea’ 
HYl3Rl0 

ZAX 

I<‘i,q. 3 ‘l’i~al~sw~~c ~mlll)li2i $ llll]wltilllcr lili’;tslli.~~llrr~lll d,,,’ 

Etes11it.s 

\\‘c havr tlirasurc.(l tlw fvltc~willg siilnj~t~. t1W t~ilws (0lrl1~1 
rli;r,il~t~~r 13f lrwtallic la!v fi9.9 111111) (PVC tc’i,q, 1): 

1. Sil~~~~~-slI~i~~r~-cc~;r~~~rl ceralllic- (stritws 011 i-rllt(Y sl,rface: 
1 tliclilwss of coat illg. O.l1I 11it11: sirilws. I ml mid<,; gals 
lwtwtwl slripc’s, I 1~1111; ll~ickllrss (6 cmalllic., Ii IIUII). 
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- 

w W 
.sLOlS / 

Fiq. ,1. Sa1111)lc tcsl I)ilxs. Top: 
slut tett IHXSh. 

strip-5 0vr1. reralnir; Imt tom: 

2. SIriitl-c-l,l)l,rr-c.~at~[l crralllir (c0ppt-r fcoil 0~1 011l.f~ s~~rface: 
ll~if.km~ nf foil, 0.05 111111, tllickrlt*ss of CHWII~V, 6 II~I). 

3. (‘nlywr-st ril)r-c<mtvl ceri~lltir (stript-s ml olllc~ surface: 

thicknc,ss, 0.05 1111lI; wirllll, I cni; gal) l~tdwc-~11 stripes: 
(6 111111; tltickl~es~ of wranlic, 6 IIIIII). 

4. Slc>ttcd l!rass pip (wall tllicklrcss, 0.X ~111: wiclt 11 nf slots, 
I 111111; llistallcc Id\V?.ell slots, 1.1 ml). 

‘IThe results I,f tlw nieasurenwl~ts a.rr shown ii1 Fig. 5 and 
ill l’nl,lr~ 1. 

1 I I ~ 1 
uw:, ilWll,ll 
ml I lYIll”‘l, 

.I “.I 
,I. ,,,e,, 
. . ‘:‘I* npla?aJ 

: ” ~ i ~ / 

; u”‘LNIe 

:, i. 4 _ : / ;. .: ‘- 
i ! ,.,a 

111111111m i ~ 

l,,,,, / &A, “11 I t-4.z 
6,,” ‘ 
se* 0”. 
,, =F’- 

‘/ 
m-y-e 
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TABLE I 

RESUI.TS OF IMPEDANCE MEASUREMENTS 
(at 2.295 GHz) 

Longitudinal Impedance 

Reactive [a) 
TPWlSWCX 
Impedance 

Pipe’ 
Resistive 

Calculated 
Estimate Resistive Reactive 

(RJ Measured [using Eq. (511 (Rhn) (Rim) 

Ceramic with < 1 176 <290 C4800 
silver sVipes 

Ceramic with < 1 193 185b *t c290 <4800 
solid copper 2.295 GHz 
coatmg 

Ceramic with 15 f 0.6 215 <zso <4800 
capper stripes 
(widely spaced) 

Brass slots <I <7 <290 <4800 

Conclusions 

We are dt~=Ggniug mlr next gewraticm of tests for greater 
srusitivity (lower Z0 101, lolLgil uclillal bests, grealr*r slmriug IW 
twcell Imlanced lines). We expect to see an illcrease in srnsitiv- 
ity of up to a factor of 4 011 tlw longit 11tlin;rl 11leasIIrellI~1If~s and 
a factor of 6 011 1 he t.rRllSVCI.SC Ill~a~1lr~‘lll~llt.S. 

Some imporl ant conclusiolts oi t lie nwas?mmetlt program 
to date are as follows: 

. 

. 

. 

1. 

2. 

3. 

4. 

5 

6. 

7. 

8. 

f\ll I~usliieltlecl ceramic pipe wit11 a11 exterior conrlllrt,or in- 
trorllices a large reactivr iIllprd:ul~e. ‘J’he iueitsuremwlts 
of tltis reaclive iIllpctla.~lce arts ill goorl a,greeIIIrllt wit I1 tile 
mlues calculated usiug Eq. (5). Thervfr;re, it is desiral)le 
to Ilave a collductiug .layer or couductiug stripes 011 t.lle 
interior of the Ibipe. 

The IlleasureIileIIts have not get tlisroverrtl any large t,ratls- 
verse or lougit~udinal i~upetlnucc differetlces Ixtwe& a lore- 
git.ucliua.lly striped co~id~rctor autl a solid coudr1cting layer 
over t.he frequency range explored t.o (late (0.05-2.3 GIlz). 
The measurement sensitivity (see Table I) set.s limits 011 tile 
extra impedance that may be introduced 1,~ the st riper1 ge- 
Ollletr~. 

The measurcmellt lirllits (Tal)le I) may l)e compared with 
AEIF impedance t~olrraucrs. For an AHF with a circulm 
ference of 1200 111, tot.al iulpetlanre limits of the following 
magnitudes a.rr ol)tainetl: 

“ll 
. : 71 

: IO 0; % 2.5 Mb2,;rn ) 

wlrrrr 11 is the han~lnnir nun~l~r. A sensitivitv of I R (1011. 
gil~l~tliiial) for cur O.&III samples extral)~~lates ‘1~) 2000 (1 fur 
au AIJF or a Z/~/II of 10 12 at 50 ZIJIz (11 = 200). A t,Ixns- 

ve~‘sc imps-(lance saiwitiyity of 10~10 II/n: corrrspords tn 
2 iLlll/in in the AUF. ‘1’1~ cIirwnt Iileaslit.(~ul~.ut selisitiv- 
il ies are of the 58me magnit ucle as 1 Ile nbaxiltlum allowctl 
total AIlF iulpdauce; g&ater srnsit ivity is cl~siral~lr. 
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