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LONGITUDINAL STABILITY OF A RACETRACK MICROTRON 

.1.1,.lklll~/‘. (:.!\.\\‘clws. ,1.1..\1.11 1 0 Iliclll. ff.I,.ff~~~c~~l~*~r,, 
I:irftihol’f II I”rlrrTiYi/y of ‘i’dirlolrg~. (‘yhtr~orr l,(ilior~tiir~r~~/ 

I’. 0. fhr 513, .i/iOO J/f{ f?~~~tlho tm, 7’11r ,l’r~//,f dn~~fi. 

(:..l.l:rll\lt. I~:.lI.ll;lsc~ll~olf. \\~..l.\\‘iltc~lli;lll 

7‘WPllf(‘ 1’7,ir~c r.sfty 171r .\‘rllll~rltr r1,1.5 

fbth it I~IIPRI. 111at1.i~ tticwry ;rlld ii Ildr~~ilto~iiar~ clew-ril)tiorl aw 

gi\cscI to (t~*s( ~-ilx~ ..I!<’ lufrgitutlirl;il osc~iliat ioni of (~lt~tr-oll.~ ii, ii 

1~,~cc~t1-ack \lii.ldt I~II (ll’lhl). ‘1‘11~ stal~lf, phasc~ dolrlaili is tlr- 

1,~1.111:11~~~1 illl<l ill, q~tillllllll ‘> 11(~111.011011’ phw ~lc’dU(.~‘(l I’lLi 

tliwi~ I\ lIh(.ll <ii a l1acis 1’ 01 11101<’ accilratL~ c-unI[mt,~T c alcll- 

ldtialls f’i~r t\ro 11’1 11’s Iwillg 13liilt at tilt, I:iutiltovc~Il l.!iiivc,l 

sity of I‘cYll:rol~.,g!. ‘I’ll? rib> Ill[‘tut i(.rLil\ spc~l:I-uIIolls pl1aw IlilS 

l,cvrl c,iIc~ilatt~il i~llcl III~~ ital)lcs ]~haw/~~11~~r~y iIijcc,t i011 wg;cb~k 

dctc~lnlljll(.(l ‘1~11~ vfftv-t of S!O\Y tlc\,iat i011s ill tllc c.a!.it> voltage 

;irl:l~litlldc~ 1111 lilt> ;11~‘d clf tliiw~ st,lhility rc ,:giorli has IHV~II ill 

~~wtig;il.~~l. \f;~ I.O:IC!II~P tlldt tlvvt;,tionh of 111) lo 7’X halt’ I’CTF 

Iit t I<’ Vli’<Y t , 0 / I 1,’ ;ic~x~icT<1t I<),, ,““‘<‘bS. I 

INTRODUCTION 

\I’(~ hvt up and c’o~~l[ii~rc t IIW(~ 11w1 ILwI~ 1;);. cxnrnilling I011~it II~I 

nal ~~IOIIII’II~ t!n~ 411c! p11ds1~ ob~~illii: ioIls ill a 1~‘f’Il. I.‘~lht, a lil.v;ri 

niat,ris t hrwry is givtan [l] AltlLou~tl tllis t 1lW) dors $&I a 
stal~iiiiy ttc~lllairl hr t 11ci ~~~n(~I~ruI~~~us pilasc~ 9.. no ~~.\:prm.iari 

fo: :Ilc ~llm(~~l o~~~iilatic~i~ ~ll~[ilii il~les C;II~ 1~. folinil. ‘l~l~~~~rf~~~r, 
S~Y.~:~III?. 3 clcw~rit~‘i~~ll 115ilig ttlc II;riliiltoll forlllillilll is ,gi\-f211 

‘I Ihi li<Y+.I il>t ion c“ll1 /,<I r(‘fl~ic*(l sui-If t iial it5 ws~~ltz i-lr,wl! 

Illiit(.tl t t.ow fl.0lIl 1 ll(’ llliil, i\; t Ihory .Aci~lit io!dl:i. n Il!ilAi- 

*nll*ll [)h;lw o’;< ill;,1 ion ;tlrlplill~clr~ can I,(’ rle-Ii\-id ‘I’!IP ;~l)o~c<~ 

t Il~~ori~i ,LO~~I:I~* 1 !lt’ re,lill i?.i-l I( v<.locily ,i 10 Ii<> I i c’. tllc- (~1,~ 

11011~ tr;i\vl II ill,, 5pcc’~l IJ liqfll. ?I,. Iliircll~-. i;,r c~xalliiiiilrg 

tllc, rflt~c* ctl .i # 1. ~~~~III~~I~~~~~ slinlilations lli(i.la IHWI c~rricc! 

t III UI:~~I. 1‘11tw* tt;ivc> wlw IVYII IIWYI for csalllilrjilg tllr, ~ii‘fv.1 of 

vto\: allil hn:illl dvvidi ic~n5 ill t liv ca\.it?- \-~3ltn$c alnI)litllilc~ 

MA’I-RIX THEORY 

‘I‘ll<> lir~tla\~I~IIlr <if ri prt:dv rvit II ~111Rl3 ll(~\.I;!t iollsof I1~0111~‘111 tiri: 

(o/Ii il11(1 1’11;1v (?;I wit11 ~mpm-t to a rcf(wliv partidr~ cjf 

111~~111(~11t11111 !h illl(l 5y1(.111.011011s plI<Iw .ps 19 ilIy”“.id. ‘I 111, 

lili)l~~-nti!~~l tli,vl.it ion c411w5 rl htlrgc~ <If [‘ll;tw ctr~\~iat i<lii alllr, 

10 tllc, difFtv7ii Iar!ills of ciir-:i~i j**v in 1 tlv 1~c~r1dir.g III;I~II~~< 

(Inagwt1~ firlcl I&). SlrLrY IV<’ ,,iP ,I = I. TV<’ Cilil IK’fl’d t II<‘ 

(Irift. wgiorl of 111~ Wh!. For I IIP CIIRIISV of [)II;~x~ tlrviat ion 1~t.1 

rcx\-c~l~itiun. \~t% ol)tiiill 

t~pFf,,,,l = (hc),,,,,at t $- l~l'),m (1) 0' RF 
‘11’11 ii XF(~ t tic* IIl~-~avily ivn\,<-lmgtli. I,ikrwiw, a ph;rsc- rlvvi;l- 

tion 6; rdlliu a cl~al~gc of rr~o~~~~~turil dvviai ioll as thr par! iclv 

is arc et~~rdtt’cl I)! a rlilf~~r~mt cavity voltiigc~. f:oI- is Gng!c> acrc~l- 

erat ion (iI1 firs! orticr ;11)])r”“irl~ati,)ll): 

ii’l’l flna, = (hl’),,,,,, - (‘;‘vl;l”(‘~,)(,~!~“,:,~, (?;I 

1vil II r;,, t lw ravity voltiqy illllplitlldi~. fkts. (I) RIIcl (2) (‘<ill II<, 

jr,illcd ix H yinglc lnatris A, rlcwrit)irls t11v tinrlsfcr iu (fi;>bP)- 

span’ (.i\liSI’cI ljy it hinglv ilcn*lwat ion and a sul~st~~urnt rwoill- 

tion ovw 2n: 

A :- (5 

11cr<,. IIC<~ iq uliiclc~ of tli<, ISO~~~IIOII~SIII ~~,~~rlition. wI.ic.l~ c d11 1~. 

written BS L’r;\;,, “‘“(*^J -- hcljoAnr. wit11 tI tl~v i);st II l~~il,qtl~ 

tliffercrlcc Id bvwn sIiccfwi\ r 01 I)its. ~~~~)re~;c~~~i irl rlliit 5 (if XRF 

Stal)llity iE found for l’I’l(A)l “ 2. yicxbiill$ 

0 i tall(;,) c 2 
/I K (11 

l*‘or h = 1 1 \I-(- find r^rmar -=: :I”.,?“: IL1 h :. ‘2. i-s “,d’ -: 17.7”. 
‘I’llrs osc-illdt iol: frcaclIlc,llcyc it, fi)llo\s.\ frorrl I Ii<. III,I~ ri\ !r;lc.<* dc 

ivt.11 

‘2~~IX(3rl’,) = ‘2 -- “r/c l,,H(&) .j ,;, z J” t;de) 
L)K 

(5) 

I! Ildh Ixv~~r ~IIOM.II 1)) I\;tl,ili;b [l] Ilidt 11 i~~,li~~iil;Itii,ll ;Ilrl!~l;t utlw 
nl’cs sirnatlc~~t for it 111dl1.i~ trdixx q~iill 7<‘10. I-cY;u~:~:~~ III js,opi = 

17.7” at IL- I ;111<1 - rsopt ~- ‘I IF ,I1 II-“. III <,lPil~I t<, !I(’ i\l,l<. Ii) 

linrl prwis(~ vupi-vshioils fur ill<% 05:( ill,ition i:tll~~lil~~il~~i. iv<’ 110i\ 

tltrtl to a ll~~i~~ilt~~riidr~ sIr~.c-~i~~ti~~~b 

!~.~iihlIL_TOYIAZN I)ESC.KII’TION 

\\.c, 11(9v ;i\7~ iill c)llllillc~ of 1 he, ~lcil~iilto~iti~~~ 1 III,OI :. \ 1/1010 

rlc~i.iit~~~t ,II~( Iriiblicill itill l~i, ~~l~l~li~ll~~~l iIt Ill0 f1IIi1Ic’. 

‘1‘11~~ ,qcrlc~l;il ~~\;1)r(wioil 1;,1 1 III- f I131711’li~i~iitl~ W i1,+1-1 illilig 1 II/. 

111oticb11 of 2 n~lat i\.ist I( j~drl ic 1~. ill d c ii1i.1 :il:i.iir r~oor~li:~i~t~~ 

fralrw, Il~‘glfv.tille, IlIf. v(Trl 1~21 v<B~II~~)I~(.II~. ii p,i\clll II> 

31 = 1 r<,Z + ?(px - t,tx:)2 + (.2 c ~~~~~ 1: 2 IS.l/,’ ( .I ‘I 1. ( 6 ) 
fIcrv. I:b is ills vlwtrc~r~ 1r5t III;IS~. px dr,~l I: arc’ i II<’ c~lm~t roll 

nlonw~ltli~ti ill tllc~ .r-tlir<~ctiurl ( I~-ctsiiig~darl~ tin 1 tlv oll)it) a11i1 

:]I tllc~ .s-dircdioil (;rl,~rlg llii, 01 Ilit) ‘I‘lif, II,< ‘11 1‘1’11’1\ or < IllVi\ 

‘iirc is p an11 .\, a111! ,I, ri’,>~cw’nt tllfs t !III(‘-~I~‘~)(,II(I~~II~ iv< 101 

pt~tc~lll iid ill t llf. t riillb\(‘[-i(’ a114 I or:gitll4lir~al clircctIc,I1\ rc’ipcc 

t i wly. \V(L war11 t.0 rrlah it wcorl~l urtlc7 vxI~ans~on of tllis 

fl~lIilillorliali. ‘;incc- px is ;ilrc~;~cly of filil orrl~~r. ;i~ltl siil(.c’ .A, 

is of scxolitf order in tile stmtidl cx~ordillntc5 (as far t.lw rnng~ 

nc*t1i- fklil is (.olwI.Ilvd), I\‘<’ sc,t ;I, 7 Il. also nvglwt irIg c,lcct,rit 

friirgcz ficltls. LI’c split 11 1~’ rmlililllng Iotlgitnrlin;tl vector pu- 

lvlltiill tc~r’n~ in a fast allcl alc~~vi:; va~,yilig part. cr)rwspondi~~~ 

10 tlw clot ric allcl rnagI~c~t jt. fic~lds r-c-spcctiwly. ‘I‘IIPII, \vr call 

rlqqlri-t tile ctlallgr~ of the slow part \vitIk time fol, calclllatilrg 

!!rv c~1rc.i ric fii~ltl ilk 11~~ cdvily. i.c 

f$ =- + z: --.;;;(~~ts,as’ i .4,,,l,,) = -;.4,,as, 17) 

l\‘i%xt. iv<’ trafl5l”orllk tl~v Ilar~~ili~~r~iai~ !IJ cll~all \‘;t~i,il~l~~h ~IIGI c’s 

lm:~cl il Ii11 to srw~nd dqlw ill the v~1idi1l(~ \\‘v aI\0 illtroitil(~+~ 

a IIvtv tiftlv 7. ac.r.ortlilIg to T -. I?(I)i/( \vitll !I(() 111~‘ ~III~III,II 

w~~~olut,ioti frr*cl~l~vicy 1 Ilrollgll t IIP 11’1‘51. lvtiicll (Iwr6~aws at in 

creasing csrlcargy It hi 0. \\‘c~ dlw wnlcivc first orc!(q ic1.1:1\ fnlrrl 
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(11: 0 ll’(J “‘RF 
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! 

Tt /’ r,;(cn,,krr’ 

(!T ll& I! 
l’,(.5’M5’ 

lir~rt*. , ik 1111~ Il’llill r4~l;lti~;i~l ,,’ “I,““;;\ ,1r1,1 LL,<, tire, ““~lll;lr I? I> 

r~~Yp<‘Il’y. l‘llt~ qmutity (Jx 1s tIlla I;lr:iiil IN.1 <iI 1’011 111111:lw. I:o 

is thrs rc~ft~rc~llr~v 111o[:w:lt11111. illl~l I;I(~ \ari;ll)l~ r, T. /lx ,II,CI Fs 

arc‘ s~nnll. ar~s~.nlt-l rlrviat i011h of Ixbil iob. d1111 111, :111wt1111’11. 

Iiotv how wc- II~IVC split t hc, tirnc~ ant! llc><i(i,7[1 ri~~l)c~~~lc~ril l)i111 

of ltlc~ RI,‘ t~l~~ctri{~ livid. ‘I’tic iiltr~$rdl o\‘I’~ thi* lm-it iotl (1~~1w11- 

drrlt. part c-an ;ilw 1)~ illlit 1ij1 il: ~w(~ l~~n~s: (I I.C~~(~ILVIC~~ t)cl!‘t. 

dt~pmding OII IIIIW onl!~. 111ris 2 iil~liil: t<,rrii r!t,icril)iilg t111, Itif 

fmwcc- irl ar-wlmatillg voltdgc~ fcstt 1)) Cl clc~\.idl iug par1 ic I(,. \\(x 

rlr~l~cl 1 I](% forlllt>r trrln as it ricim 1101 c-orltril~kltc~ to t iii, ,y~~a 

tiol:s of rrloti~)ri. alid IlliLli~‘d Icourivl c’sj)an5ic~ri of tliv Ir~lrl;riliiir,y 

small p2rt (whirh is lwriodic ln tllcs willful tills 7’1. SvkC. \vx’ 

avc~ilg~~ tht, ol)taincd IIamilto:~i;lri ovcr one’ r.r~\-i~l~~tioii a11(1 \VI’ 

find that. of th? entirr fJollricr c~xpansioll, 011ly uric tc‘rlli kiosks 

no! tlisaplx~ar, vi7.. ttri, frcclllt-llcy ~I~I~~OII~~II~ c or1~5~~~1 III~I; to 

tllr RF-frrclutw->. 

Aft*br all tllc~t~ ~i~;i~lil)~~l”ti‘,i~i. ,I ~~II~NI~II~~~I Il~~t~lllloliillli 1~51111~. 

whit-11 has. howrwr. still goi a coul,t~,, 1’ tr~rlli I,( f?\-,‘<,!I *II,’ I’ ail,1 

.i: direction. \\‘v rau rclxio~c this coilplilll: 1)~ ciptbl!-iirg A cv11vr- 

sting flmct ion. Atlditio~ialt~~. IV<’ bcdl(s I Iii% ‘i’rii I~IIIIGV ilr~cl fi~i,:ll>, 

ol,raill H flalniltoliiilll ivtli(.lb is 11151 ltli, ivilrl or ll\i~ :I~~IIIII>II~~. 

osc.illat.ors, give h\, 

,jg =: f,$ I N” ... 12, - $ig!+;P (0 / 
cx 2 c), -‘, I 

Frorri ttii, II;I:lliltolliit:l xv,’ 14, i-oldlc~ tt11, -/m!ql Il~:iil;il” pii1r 

[al90 wttirlg Qx 1). ‘1 llcl nlilltlc \iEll< il:r’ 11~lc~l1~xx111. 11wlc11\ 

tlr~r:rlt IT’& d r(~v(,r.~(~l 1liiwti01l ()I 1 ,111t’. d~lfi c si~l i)(, l’c)rg~,lt~~i~ 

\2‘V nlw scald ot:r vaI.ii:l)It,. \ .lIS~lI tll:ll llif~ -/-lr~l-:ll$ di~;Ip[“w’ 

mtl ulbtdill (irmitti~ig 1~15 f,rr (.oII\(‘liil’lil.(‘) 

/I t~lrl(~l) 
FL5 = fpi $ $----A2 

“r; (101 

\vilt~ rlil osr-ilidl iou fr<bcl11,71cJ 

,,, = /~~~.e~ (11) 
\vhic h clearly agrcri with tllr* wslllt fl-olii llillt Iis tt~wry. 1:) 

orrlw lo 1~ ab!c to get *non- i~~forrllatiolr T!-oirl obtr Il;riiiilt~~- 

t~iiin. ivv call ~rlalic t.\vu iiiljiisi rilrilt~ if1 (II<> t)rowdIirc’ (IIY(.I ibc,,t 

abovc~ [Z]. First, we have wj)li*n.<l t II<, t)~~~iti~)!l-tl~~l)~~Il~l~~l~~ a(‘~ 

rc.lc~ra! iOIl 1,:; R srlKKlttl ,I,!<’ (i.r at al! ])cl~itiou~ 111 11112 orl)it 1 

This ci:ri 1~ corr(~(.tc ti I,?- i~ict~~d!r~g I lit h ht~.ilwil (I( c f’l(~rat ioll ill 

th? I>olwitial lrrni of ttlc, flariiiltoiii;iri. S(>sl, Iv<’ t~avc, rliilcl~~ a 

wcontl-ortitai- cxpazlz-iorl OF t Ill’ dilf~wi~(~c~ in ifcwt(\:.at ing x-011 qrl 

W<‘I! l,!f i, ticairiat iry c~lwtrrir. \Vil I1 11”lMY I lo Ill*. l<~f<‘l-(.li( (’ IB1.Y. 

trorl. If WC’ incllldc the r,rti~~)])~~~Yiill;,ii.ll r~uprvwiorl fa11, lliv dc’ 

wlr~rikting \roltagc. \FC p-1 n 110~1 s;ii~lnwt rii. ,ilid lio,l~ll;lr!iioilif. 

potrni ial wc~ll. frown which a ~nas~m~ln~ owillatio~~ arllt)litrlclv 

ciir~ lw ~lt~rivf~t. \\‘v clisc.usil Imlli ddjils; [ntvlli l)(*low. 

f’irsl. wcl ex;111i:xlc Ilw ~lfcc-I of ;I ~-sli~~lw~l d(~c*lc~dl ion \\‘P iti, 

this I)>, ltlultil~lyi~ifi ttlr l~oi~~!~ti;rl i<*cm~ iI! t 11~’ flarniltolli;ill I)\, 

b(T): 

?is = $1: i- 5 
II lilIl(,&) 
-----b( T).\2 

‘2T 

\Vr trarisforn1 Ihi!: IIalrliitonia~i to acliolr allrl allglc vi~riil~l~~s 

(J. 0) I,? wa) uf d gc~llc~rdlirlji fllllc.(iill. wrlcl e~:ciimill<~ t111, al~l~ru 

priatc, r(wnalt( c. \\‘I, ci‘w ilii’r’a~i I IIt, IIiiiilillc811irlll o\‘i-‘ IIIIC~ 

~t>vot It iclr: ;III(I 81-1 

H* = .I 
ir tarl(Q,j I 

1 i --.-- .------- 1 
h ldll(~s) 

:! ?; 1 
1 ~~ i.<,Sjl’,.3) 

‘2 h 1 
(I.11 

:\q ttic *csi)nilllu~ i’i vuc.itsYl v,l1cr1 ll~~~.~i~~~~li~~~~~~~~t oflibcx Ilarlril- 

t(lrliirll l)(‘c.Oilici :<c’Ic) !i.c~. \vll~-Il I II,* ,I<-I 1011 lIarI ci’~’ ‘I) illfill 

ity). wc ciilt lilicl tl1v IIhlYiiillilcil \.~IIII’ (II’ c5 1)~ ~l~~r~i,i~~iliirg 111~ 

occ-t1rutw of IIIc~ ~-vxt!~i~~~~~~~. J j~*l,llll,q 

1, ‘) t;~llj;,,r,,,,) 1 77 
; 1, 1 cj 11: 7” rnax 1 L’r 

1 
h (I :i 

I*‘or lr = 1 \vc lirld > i I mdX = :I,*. I”. wtlil-Ii 11a’r (0 tux co,, /),I: IYI to 

tllc value of :it’.i’ il.ilt r<~s1iIl~vl CIWIII 1111’ m;~tl.i., ~II(Y,IJ ‘1‘111, 

cli!Tc’rc~rlcf~ is cni~sctl 1,~ tf:<, ,I\~~~t~wgiti~ l)ro<7~cllltc ~l10x.1’. i\v tiavv 

~I~~IcY~II~~I oqc illatiilg t*‘rnl\. II is Ixesit8lv to ;~l~i)l!. ,L (.ii~~ci~ii( (11 

trarl5forlllal jolt ,)11 1 tic’ fliilllilla)lliilll t tldl 11d1i~fo llli 1 I cv OS- 

cill;itlng tvrlll- lo Itigllcv orcl~~. If tills ii cl~ln(‘. Ill<, ic’wi,tilcc‘ 

tur3i3 out to occli~- at :(:1.2”. \s;tiil-11 13 c~virl17~lly 1111ic1r CI~JVY 

to t Iw valuf~ ol)!i\iuml Iby nli,t rix 1 hwfn t\ >Wl~ll<l ,~illl~)lli~~;ll 

tran~f~>l-niat ion will lwt 1c.r 111~ ~1~51:tt~ (‘7’c’f~ 1110111. 

.A srcocd in~j~rowm~~~~t 018 tilts li,i\i(. llalllitti~liii~ll (I 11) c all 1~. 

c~t~l;~i~!~~r.l !I\. c~xt~~liilirlg 111c* p~~t~~r~tiat fllll~.lioll. I’CBI- 0t)t ;lil:ill,:, 

111v si~nplv t1a1 Iliorlir tr~cillato~. wc ll;r\c- nl,ldv R %CTOI~CI 01 c1c.1 

cil).kll,ic811 cut tlii‘ cd\ it\ vol!;t,~ 0 I .iilC’ ‘iIrl\‘i~ !!(‘,I, 111,~ ~\‘,I( lllilll~ri:, 

ptlasc’. ~ZssIIrllill~ slllall radial cl<,\-iat ic~ili. \v<’ i’.i~i .I\ ycl <till r(‘- 

plaw l!lv rwcilhtc,r I)!, 1111’ 11 II<’ p~l1’1i11.~1 :cT~J~. III t!lv tx~l~~~li~~! 

ol)tairrcd tllis \vir. 2% slnidl 7~1~11 is ~I~CW~II& ;inJ !IIII< HII <-xt::o 

5iOll for t11v 111<1\:.liiil:ii 1:1(11111’111 1,111 ipl”‘,‘l ,lll<,li.<~ll I’<.:/ 11,. f,I1111~1 

Ilevcrsiilg I II<’ dpl>licvl walings. \v(z li~lkl 

l’s 

i-i 

!! id 

IiLl ma% 
- -:,;; \;‘--15au/;,! ~~ gs). ( I .Y ) 

r 

It tin.< /)WII hllo~li I iiiil I II<. tl~l~~~ill~~i~~~~~~ Illt~)i> i, ‘1 ll~,xil~lc~ 

1110cl~~l. viy dl>t~l to II<-..L.II)~~ vdt IOII‘: ~:~~vci 5 r~f Ioiyil il<li~,.il 

foi-11.ilig. :‘II~, ii~c,,l~,I r,lltliilr~ii ;.IHJ\c’ :Y ( 1111 0 ht~t A~I~~~o~I~I~. 

1.~1 qi\,r=. ral!~c~ pooci it~~:lti OIIC ~11~~11111 c-~~i.il2inv 3 1.~ 1c51111~ 

of Iliil I1 ,‘Ol“~<Y’l io,,, lli,~~il~Wi !,, <,lil*~i :o !:I’: <,I1 111~~,\ 111’ llli~ 

nliijor t)w1wrt if”< of l(f‘ fo<,II5ill2 ill if l?‘l‘Lt 

(‘o~nputc~r sirliiilatir,t~: II.-IV(~ IWPII carriccl 0111 [3]. ivtrir.!1 il~rl~~ilr. 

lllc dfwl of .j -f I ‘IKtrc~ l~~n~iliiilit~nl nlotion i5 clcwritwrl I)> 

t 5~0 c 011j~l~~~l tliffvlc>liu, ~~jlliil ioi15: 

I -I; L ‘I‘ 
\ -;: 

1 -I- c 1’ C.3” rd;, I 1 
‘$1, 1 -t *(sr,i, t .!I1 

, i; , -.. \‘. i ((1) 

11~~~. 7;. +-, i111cl p: rq~rvwt~( t!~c l;il~e(ic (‘licrgv. p;IiAic-tr~ l)h.i:i> 

arid IM~II~I~IIC ii\~iitis iI/ ttic, [~\~SIIII~W) l~i~itlr~g(,r~~,o~.s ~lipo11~ II!.\;, 

1ic4~ rts51jfv ii~-~~ly. ,ill ill il:c ?‘(II<~ orliil. I I:<’ (jl~;iiltit:. I ii i:ir% 

lc~rlgll~ of 111~ dr~fi rcyz,ir>ll iu l~~lnnvi tI10 rrl;~gr~r~l.~: ful, a illi 

c-rot 1‘011. ‘“V,% wt I 0 I.‘illally. .\’ dc,llotvi t11(, IIIII~I~WI- of 11iwi 

frolli iIlj(v 1 loil to {*Y:jrac t ioll 

:1 itdill<* [alldsc~jcw1~r~y ~I~IcII~~~II. 111~ “dcx V~I~;IIICT” 211il ‘.(~ltif 

tallcc~,” (‘ill, I),, ~~i~l~:lt<~tcYl. Idliiill: Illto d4.C I111111 1 II? ~lI~l.all,‘<l 

Ctiylll])t 111 ically S,Vllc 1~1~~111011~ [)llilhl’ 4ASl’. I)VIII~ III<, 5!.I1~.tbrl,tlo\ic: 

1~11~1~~ fol, d + 1. ‘1’11~~~~ c atrilldtiorls wmv tloric~ fol, dur 5 to ‘2!, 

\lc\ / I .:3 c:t1z l(‘l’11 II\ l”‘1-~lm”1vI-.~ 31-c J$Wli <‘l~C’\Y11~‘1.1’ ill 

I tir+(~ procwsiillgs [4]. I”iqlirr 1 sl10ws an ~san~pl~~ of ~.(w~lti 

fO1~ ;asp :- Ii”. ‘l’hc cw11 I dl ~wgiorl of I iI<* ac~‘c’l~l ,irlc’c- ( I~~ft lip, 

urc) tli~h all crictgy sl)rc‘ilc I (If AlwIlt i’X# (X(1 lw\‘) illIll il lhil( 

spw;itl of ‘25” (.5X 1”). ‘lYi<~ ~.ipl~tl~i~~~il figllw ht~~~~w 111~~ Inritcll 

ing vfilit tmw with ii lil~ca! strrlcdrlw in tllcx wutrnl wgion. ‘1’11~ 

<‘lwrg?‘ s[,rc~i~d of 111<, c,st: ;li.i(Yl l)(‘Rlil 15 ntl~lllt r~.!Jy (‘L:w I,(~\‘). 
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I.ijillrl* I 7’11~~ i~f~wpt,~f.~~~~ ,~iici isfir; tilfic c’ 1rf ,i ~11’. c 0:‘ !.i’ ; /1 5 

ill<. pl1;w hpl.wl 1.7” [32 I,\). Fig”‘<‘ II hllO\\.> lilt, ‘IL<‘il illilCl~’ 

tlltl iqm~-atriu at ~~ijccIii)r~ dh a f‘iliic tioll of ;~jp. 1‘1) tc~ ?I)” 

tll’l ,~~cya rapicll:. illcw,lvi. Ijct\vc’<v1 ‘20 .IIII~ ‘Lms” Ilit* pJ.~‘[‘l’ lI,l_l 

sonkc jxvuliilr jwdkh, pro!>at,l!~ ari~itlg 1‘1.0111 tilts c~ri?ic~ll~~c~ ol‘ r, 

1’11 of “\pag’lc’!ti” ;rroaritl t I:<’ c (711 I-AI sl;~ttlv rc.,qiidll. i.t- ill.l.L 

Cl<.! l,dly still,l<~ pollIt.. lb101!1 2;” iJll\\.iiT.‘lY tl:c i,,ri, ~l(‘(‘l<~,,ii’~ 

akairl. c\.(YII 1811~. iced< Ilirlg tl.<B JC*I.CJ /ill<’ al 33” (1101 ~IICS~II). 

;I11 iinj~c~r-I ant iiw11r11~~Ii~3ii ro~~tairi~~l in t 111’ *em c~vli~l;; 1n1111* 

1s it 5tat8lv cii\.it>, vull;l:2,c’ arllplit UI~(,. 111 1jrac’t ic.c’. ttl<, rd\ it\ 

\ultagc~ Will SllO\V SIIlilIi ;I:lcl .ilow tii&wyi. ‘I iI? ti~i,,, -hII)\\ 
:. 

:Itclit.,i:c~s tlt,~t tiv~ c-.~v~l;- v<~Ila;c> illnj)!itllhlc. 51.0111(1 noi hi~.rlil 

ii ar1t IT TIl.IIISt’ \~;11!t~l i:tlf’ s:x~cif:c l~‘luc.l1 (a!’ t.1~~ 1ro115 i\ III%~II~, 

~ii~~~t~l~~l-.ltl~~l. Ill Oli, fi’l’ll. il ‘rrll~~~li oi‘ c IV< t 10111 ?‘A>‘5 atx,r1t ,?-I 

Iii iii t II<, II1;1(.llill~ ‘I iil~!<‘l’Ol~4~. tile, r;l\it> \1,1t<LgP illlIplitd(’ i’ 

Y-f1 -->-- -~ 
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s ,’ si r 
L 251 L E “4 1 
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I~‘iSlllr’ 2. ,s“‘/“t’:ltIiY 2l’f’ii iI’; il fllili.tioil of ,s.r,r>c /Il.OiliJli.~ plmw 

;~lloi\-~vl tc) iwirlq nil11 d fl<yt:<‘Ilc\ 11111(.11 ~lllilll~‘r 111,111 Ill \IlIY. 

111 t l\at c a~~. ,>I,<’ ( :I,, test t11(> dl’v<-t of ~111.11 chimgc,s I, i,ss~,,‘i 

iill, a sl;lt,li~ < a\,it7 vc,ltdgc% ;Implit~~tlr~ lc,i- cl;ic 11 1~1111cl1. clilfi-firll: 

i, fv\\ ~“~rl“‘“t fKIlll lll<B w!lll~nl \iilllli~ 

.I> all c~\rarriplr. iigr:rci. ‘i ‘iliow thix sr>lIardt ri\; dw;i df r^bSf 
_I .- 1 ‘,” 

;t’i ;i fllrlc tioll of thr, ~l~~viiil,ioll ii1 cavity vollqgc ifltllblitll(l,.. ‘t II<, 

-r;i;~ll C.IC~AI Iv ~il10ns lh;!i it rat IICI. CII~I~;IIY tm~~nd~~l rc~ioil czi,l i ” 

ill \:.1i:< I, tlit, w[l;ll~iitI.ix AI’C’it !~‘,,,rl,,,’ larg<~. ‘TII-ilrl~<~ pr’ali~ Oil’0 

rrwrc’ t-c~i~ig .iiui(-~i t)y slia~lic~t ti. b’o: t Iii5 i-chgi<rrl. tllr, (l<s\.i.il i011 

of v\i : ar’ ioll er:r7r,p,:: iis ii furlc.tjolI ofcaiity ~olt;lgc~~rrul)iitI~(ir~ is 

5liobv11 in figlll,v .I II can hc c~nrl~id~d lli;tt largrz 4lrvi;fl ion5 t!i 

;I<-wlcr;tli~r:g ~anlplil~td~~ RIG’ dll~~n-fhl (T’;:.‘I. nitt101it m~lhi~t~~idl~l~ 

i.ilill:g<’ of <‘Xl rit(‘t itill <‘l!r~rgy (t1.x). App’” T11 ly, t Iv iI<‘< l,ll,i 

al ii,11 pr<xms is very ;tt>lv to wlf 1.0rwct (l(~vlill io:1$ iI1 ca\.i”, 

vulta(;(~ ,11111:111 ucl(, ai to ilatbiliv~ I /I<’ c~st:,3~.ti4rii mli>i’g;!‘. 
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I‘ I,~“IC 1. P’~IXC rl.!:i i~,~~‘i,~(,\ ,I. I, /lii:l lif’i! 01 If-1 r‘!r;il!l\ 111 i,,, 
il,l icdl;i:s, :Irrl~~iitllrl<~. 
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ode illi~l.iotl:. ill ;I t(di-c,tmc-1, \lil-tc,tlorl li;:vi, IIWII aqi\(,rr ;\il<li 

tiorlall\-. co~llj)~:l~~r c i~lm~l,~l tori5 lid\.c, IICY,II I)~~I~O~IIICYI 
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