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COMPUTATION OF NONLINEAR BACKSC • ATTERING USING A 111Gll-ORILER
NUMERICAL METHOW

(:. r1wr il	 !t.	 +..oti ..	 •

AI.,!rwct. Iiu• wntIis v a Sri, rGImy. 1-r frlua•uv \L 13) Is the %tho Laid Irnrle. Ell prvpagatiou of .w,-uw
;a..•1 ,,.ra i l ul K-11 11 10A:a. The \1.S Is df •ritell fl„u, • iu• jimiLieal Hf lulin,lrc •rplAtiun I \LII1 h .% eu • p.fn u,g
'hf• JfasAxiAl ai,i,l+f.`.iulA • i+,n .+lit	 .11K III,- I,::t'l.watteltrl p are”. In tills ,tl l d k \c r• u,e .+ ;i -it ltII- +JtIler

:Lllt f^dl2fl,;e1lce lileti ,ud ,Upplelllfll ' • d I,t upevia. p'trtl':+ t artihr: :t. If+,UL,lall Iuflditl+ gh (AIJC:•) to	 dip

NLII r., a IP widary twtv.- pohlela. Alit IVdLleti f:d, ulrn.lpr.i df: t' a1l ,yxt, f!fr %1	 the NLII
wA Nl,S n:udrh slid fm A:1 ht!a;ate yuau'_tat.ve lv%wbbtut q&t of -he bacxwa-,-tired >ily.al.

Key Words. Fier: Lledlula v a'.h prliagativ". Ali kwLi .tlg. PArtlt-arJ!r we-ilfxl.:wli- 'ay ADD,

Subject claseilicativn. AI+' % i and \utio-itcal 1latlle/natia,

1. Intrufluetiuu. Tim- ,Jf :utfrltslr la-!•I Irrann (till ••-hanlultl.c tier' rvtuagl,e n vans) ICI a

!full. Kl,lr I.wd:uLl i, tlawli. uluriehvl be • hr• rti-xid Ilo,ldil,em Srhrud :ttt;f•r (rla %1 :tw \LS) tilt rile eltr •ttc

'ie1r.:,ta [.i I-le. Silly l:t;ir I>res bel,rl'++*:A:d m-&- lath lt.y;hl,r .I,dex +:f r f•:ral -Goll. the Lvu.ine:tr deJK•:u1r Lrr

.of rile iII+-x +d ,n !m-au, in rYl,i+\ La, .t .t!J-!u, arcrq e}fert. wiiPrelr. a ,uf .1-tith- .,.tense li,wr

1,!Aw ''Etr'fftlr, "At: f,+.f t Ar i? pt•fJfaty,te.. Ll palt:cular. till, \LS t"e K l f•1 p; f rJirt, h.tt r.11 f•o till , input IK•.U.1

i"r "r 1 V :uln•l I -xe!!-d, a g t'el. Critif:a. tl.rt-uflld N.. tilt-1, til'r beaus call r•ll.apw ?fl a pwit at a hilve

prfJJ•a;itcivlt di,tallm. For uvire iwl.-iwatox, vf ,!•J f m.-w ug. see e.y.. [6.9].

A, are 'r au. p;•/Jra.Kate, It ;t4dw-es r: u:1,ISf, :u I ll ,- •Jjr.i<al proinvie, if - hp :wAiuu,- A, a result. par of

ale !"t"V:1111IK ua \', • 1^- teJJe!Y, r.!1 i1w .1c. it Jfil(.mit.lell•lh : •+-rrk.d to Ab tfr1C ^YCOf ' t n ff f, V el .3:-!' 1, a,.Iua.l l' k1wv'11

L ba! y,•.a. !7i: ► sS ill wiadw-ar f)i the genera. belie: that it a ",awls. - Sing . !rr\f•l;rr.

>".a l-L'ld>SIa 1d" I:It-!•La".,LL Cm. ha — a larKe !teoI:t ill +[ f-:!N'Ualny h]. rLerk- i5 a Il'—d l i £tC!'ll[a:!'!j''Jumi- v

-10 • lidKJ.lt'JrJe V: ba!•r v a::Krl"g luld stud:' ilitA: till, pixivlulf't[rlll that aflet•t -he bealll ptvphl;h?I flli. AivitIU'r

:, l,phr.ert rn. t iLd. ! oxwl greati'l Jletlehr :r-Al, bt'tter 11114e1at uldlu.; v: ba!'ksf:at:elillY; 5 1el• 1 •Jte spu}sty if the

a t l.l+l,J+llf:e !l . v. hf7t' tlw u,ifa,e:r"J ,iyLL is ex:r .t' .lie f faolsca t tet fgl R'at'e.

111•• I.nt'k,!•ht	 iu ( ho lLS avid 1 R'll-di 1 lilt	 ILf• :fnv"unl-pripakat.11Y,

a Ire " C ' 1_+ u,a..vu •Jf haci.,CattetLilg reryu"es flu•r!6x!• . vi"g IfiVA TO the 11 . 11.lIWar Helltth •li t 6 trsua :vu

NLHI. l.vla wl. it Ill BLS i- rlcrl • rid. 11u.' BLS it. iii. !•t vlu .vu c f lJiJIOA, :till, .hc y ►ati:tl f:•rJrf:iuuu 1:1 dic

d[rfy t.vu if jifl,axatiao Ir.a,,"r; 'he rv.e v: '..u ►! .` T lloleff.M7. Jw C-111 0-'!• l 111i1( llel"a+.:Cai Ivrluula .utl f I elIC-

NLS i, • iw C'auck 'a1i-_a. lalJe) pnJbl f ul a" ,l a, sums. sf11 •.iu ►.It Luuwr.cal.} ., a re.a • I: f•Ic sUaij;J,rfvl'•t ill d

!v:uin/ta ;vn^i j•lf.!rLie. I1, c•JtltlafJi, .r,cr ;n[ r•1 Ike. tIIC• \LII ., tlliprif:.0 .Is nature. wid a sloo.-i.11

:1PL t I f I :Lwn•If Mla: Ix,USI . 1.J; t,a vf• pll.;4.eUl Ilfr'f 1 > fff he f+ •l I[,Illar, r l atld +v,llet: f1Er tlo^ rrlUir t :ufl. ehn •h 1, a

:wv 11 ha:•I f•I r ,+ -k f:•aa f I. f• , w IIK+iI It +,f ,•••flip+%t la,^.	 Il.f' JIf! t 11711 J'1 : r'al ,.LI I IlA f ,Ull !• hA.w,l ufl -'/l f nitS A

i,rrsru:h as xp{ • ,rte •, I, rnf • ti,r mcl.'ti • vrrltl::, 'aw 5;,ure Admit- >tea'.lvnunds.: N.VA #Amtre:. \u..'-A I 97,11,

. l•. tbbr t%.,rd at.ILJr	 : ,:. rray.: uf l -t IC'.1,L. ^.ls.l Leug, •: . Itcs:<.ra #.'•:utvr- J,_U-pvJtl. t	 3179. '. ->A
,.I• .,I of 11 '1. ••na f • J ,.,,..,rr•.. .'r .. i	 t I.r, • rmli	 . li.w..,r .5..	 :,• I %*., 1017 ,%. lw.a•I
L-...•.1. Lli., tteath•to+r.a:.sl. I. hL•r.i.uth.:w.a:.",	 '%wkttppirlvdll V-U.'.W•VJIl a ill. t.,c r: trees

.,t. . ,CVl.d f'•,uuJet.lu 'l't51 I h•lu••a -:':u-l:•^•...
L•.,f^ I. bazooiafa- . tc.ac.i. ' JtL •riv.sAta r .u.a:.1.1/ -t: azocs&

f IN•J . ,rf :+rt' •• • !e l	 !O.I.:... \.+rt 1, f tr .I:.:+ ^+, +, r n , , ,• I^ f, . is ,x • S`Il. I'al• ..J+. \/ - -//l1,	 ,A 1'h•,:,t•: ^ 1	 -A-, 7-
:"^•,	 1.91'l.i.i•J-'1, L• w:.11 :1)•Dkc °futh.aa y . ^lu	 ItL : •rtri .tath. .csu.aic/ •t;!°ns%':



9-

tpoao; Ao I J I le I ot . A-10'u, :,•r	 NLI I	 re o t•io I-. ;•rf ). wev i J. .7]	 on m I,	 rm ITT	 ;lie -J ism I.

1 1, f ha- %V I it I_ - lie	 `1 Pit I L Pir, I#-., f "10- "FK" Ili V reef• - If f
ill

- I: i f '- It , x I •'" c& n r, rIpwmtal F-Xjwi Li. •iv Ally ' Ill a

prOxIll.	 8 "ri l-s oif 1b , Vid o.,.r. 1-rj5eIjce *k'Vb Wert , 	 :jI tL(• Ilvllalwa:

-.iie (%um't I 'ai i ('T 1%'V i5V UWA-011(i KFid-('AIN ?rKVIM 1 -iu g, ,uiueut,aud sLow Tim-. the it_%t LIjPTvtic Ll.lit .If

-
II
I, \ LH si.plu fiwo vbtdawo 

it 
.lie	 i^ t he	 M'S -,O.takni. Ill.!. cullipallN.-II pruvidc,

' 71-m1K NuippuLl f lar T h • cali.-kilit led NLI1 m-lutioll i,	 the pli .lNical 40l iv. Ill S' et.-tit'll 2.3 wf- t • btaAl kill

d.%* LA;,1 1 1.ptlu t.1% tili'atte of	 (J- S(Wt,QIL I Thiki I. 4glPt•

WHI - lit' -:dXLIjLl 70._d %11.Uf.9

W.v-u ? I,(- ali%ll. doula is	 Lim! I
II(

, NLS r.Plu l ivu deve.vp- .3iaphl ri-." a- a fiute prupaKa-1c-11

,Ii .oallve -K-(. st-ctim 2.1r. Since. III-FIA -CI-Cr. ill,' ')i(7&1 1JUMItitlets d-) ivo k•ct-vaic j.hjxt. a uatura- sjues-^ivzi

I-.. a, 11 -leer -tie c.AIk•)puIIl1.1,4 ,Auti•.Pu of -.Iio- NLI1 #.-Yjtct. jog.Plo"%. 111.a ftIJI(!iiIIA-lITVI (ItIeViIAL !Idos IR•I L

,.j••a b.or La.IV I-Viih. 111ery ili •.-e 1 )41ell	 -,Iidt XJ.utU.fln -. ,.s '.lie \ Lli exis-. (n -eu --ilea

- 111, c- out	 NLS	 salv"i.al.	 QJ 1.0117 1 1 UUMI.T.1,111 t.).UrI.jIj It	 NLH

1,2 41 JO 111. asVIljIV-A.IV JILidl.-O, .-JJ. but 11, •S • 	'Ll Ii•." I a " I. L Ili 11	 1AP.•k-Walli-iihs?,

effei,-t. .	 u,ji wi.se._ eml gual is -41 ,A,v -lit? \[,if Or -11-isp	 tLa. eJoj it -, blo%tup

ill 0,6, M's cloxio-.. Ill -
Ili

. calrefir	 lonkvv• l. V%f• ri•rell - Idtf• rill 'Ile	 ;!ttAiIjtfpI( • W toal of ljrrrt.j

:.Ij f•jills 4 I.,fIj analt.a mid likilm-lifJI sillitilatit"i't file tfvjlllf• -xiien th' . t'nre'I'l,11,1111K

	

4 Th . NLS 4,*-, loor L.tnc lip. 0111 114,I) • is that thin. ilidei o vidiii,; wJ.	 thf•

-ew% av •oia-ug

2. Matheumiticid Modelij.

2.1. The Nonlinear kiebuhultz Lquatiou. A -y ipiva. cy. jo.-rijumm. setup il'•A jd.,44i and

auuerwa.; Lor f ►e 1,1791•a ell,M. of	 Ili heft uo-la is Plji-zvu ill Fivrt 2.1. An ill'. -o'killir, lw r

IIIAljL;IJl% • IM fill.- 1) .illbAr	 0 Ijw:-%vox% fill.- Uv-ix 1L11(1 Tili,'

	

Lac-d.a. '11c k-k-ori .• fil•d E — Dr i ..	 xi,-,. 
:I 
aj " 4,	 by div aviiliw.-w- KAIIJA(Alz

2.11	 10	 - -1 r E - k-E — W	 ....... rl,	 I f:

A-, 
is 

the	 Irl ..% tile Ken owtti,.Va t . and A — — J.	 'I ,	 . er, : is

Alt.	 Lip-acidj, ft i.(- tlitf.aoim terra).	 e.g..	 F)i- s.L, i pIXJ'L ivtr.	frula	 va rill.
r-,

	cube -xb-lc- L: = Dr. :1 and I .	 X-

111-1.11CL In. I+I III ,• v •u ii_- i ?ov•	 (I lov R;uro , 2.11• C,n.%et juvaI o. III ,- NLII 12.11

A:_% tv	 .Ui)pxlw.-I.lfrl I-,% - Ip'"a,cao	 "d -. ---p — x_ \\ ,I.- i p c 'u.n. f ili.? al. : --, - x. E

	

•v ol.timAxatt, all-] 11 'a -. f it(-	 Wi-11 tit( • fiVId W-3l)-it1de

: U 4 t .j Let .j. ..e 1,1. 1:14X ;Ef r	 0. which ids 1 u.eia.. .ill. A'	 A."adt. o f lijq-

be 
it 

1111pal	 %va-ves. Since the actual ijuiaorwa. lmvi-a-it,ki

1 ,5 VAMP9.1 (Put tJll it f l il ly .w.,tj 4.,liliall 1)	 11,yure 2.11. fly.- dosueol	 of flie ! 411W-,m it,

	

lital f l., %• •ilpri ' l.-Ij 111 If fa;-fi •.fJ tIj--..tCjk1.	 0.441.101911 i ADC) at IIA' al Lfi(ul t)"Ptijitli,IA

	

1-. 111( i 1 J.011	 Y'llial J111 I.V: it	 .)f All 1114' XiAV(l

	

-,X.Fljt. :1,	 .1 4 1 .11.1jIff Itt: IaIIjukIvIp^ 4 .4 Ilse	 1'.1
P , 4.11 1	 X.	 r	 '	 I 111,^"1

lit-	 )NjawbAly

Tip - t- .Itu'joju 1 , Moll	 9).

of it v,.' ' •1. 4:1m.lay, ;.vi	 ir UI :clod wi

J



Kt-ff4yVc, medium

impinging - - '
	

-forwwd

	

,A,a% c	 piing

wave

I' jo., •, 1 scf► -Ws , 'A , p" 'Psoft••s "', e 1 o &I K", l"'JUA

I	 I	 .	 E, 3 I r.

DrAo. = El. 'r.41 1 - E. I (r. I) i
v

	

rxAUA!Mo t-,Aj .j i,ju at	 f1 Lo) -.o Jj'A-xau-• - lip	of Uhl left-

"hol at 0.1• >aljlf • tijae ix- it!k• ^,.o "Arect., % , I ►re-^Mbf• tile.h(MaJug Agjai..

La il) al' -fit iVLou of ^U ,Ai fru-ttwI; AVC-xa> d4iii ta 17 * .

F.IWIV. li -i- jj,rUuj . ,	at r	 ilLi..l 1*1111.11,111),.). Ill • 	 X_ III j ,j dvtiCj .-. IV#.-

.1 Ij 11O.'a e	 le - 1!11-jdi a a l 	il I Vk- 1J V- lulli I v r,	 Edit] I k-, I j li I e Il ia. E'r,►,,,	 The 	 fol t1le

I!- Pf - ! I., a i Di ►"ai l ri, it) fle'll the Iatelid - Il4ijach -j • . call ! W'1'11114 ^14 IU fill! tI . f . 1,P)III 'L	 -ht-Iv.

	

If!	 111.0 Nik • 11INP d(A-4.411C -lw effect -if rJi • (:-jntiija : t% 41 th, iiidex

#if 1,414, 1 iif. a. ri., I lip i:1 . #-Ifi, P : — 11. 'njl;s. we ay.,jillf. thar E., --,01 1% 11 Ie II Ac, pg. I, IjK wa%* tftF-r it J,eis

.,!wadi J)"S•-d 7 1.14 ,4.L,11 Ill-- lit- .Ifas P	 ill . - P- ".	 fill,- - il'I t •ft-fld-oJ;Ig i.e., bai-L-rotri-ji•,I)

Wij %*", "fl frif fe&-cf 1. , to%- -Jit jj tTfk-e - U W- ti 111to - lit- R)ludin > U. Olie I. all I•xiwo tht- Litter effec-,

-Ay	 J will io-

;i.Z. Paraiiial Appruxiatatiou wAl the Nouliuc • Schr6diuger Equatiou. D--1 rq f .P.- fic- iluitia

wFku of	 Wc fil!.-. jltI-,PJ'jcv tll(- (illuc•11NI.-air•» livallfvlf.•> 1'. 	 illsd - a.-,

,	 r ..	
"i 'j-' " .

_

_ . E ^ c " - (e r- -,,	 -fr.:

-do-rr L 1 .1 - hqr, i!, %&e dlffm •f,ou 1c-rvjNk lilvii. b) dfulopulg

2..;	 .,2,	 if

I ^	 <j• I 1, IL-•	 panif leirr

Ill' V011 1 14141 url. till Al 1A Uo, NLS	 Im"I .,
.I 

- lio., ab-ijul r o.-Il that tits!

Ill t he" I d%6" •.,Ak' C,111 Ill-jr.le"t *I)#- -ell,l I.-Il illv Filds . -Land ide,if 2.Jj	 -io.- imAtai-vil y1voriwonti,ot

'J.4. 0:0.1ja fl.f .	P'l

I If

FL,	 Li 12. 1
1 
is	  1 Ir the jjLtjd t xjjii-_i 41 T

1



tiUt.W . I Jo - La- .. it bev,I% to   w in 't'{. .t+r, I I,t d • '. I:v • t.'Init 11.1.2 nat • n.t4LJI. o I1P FP the , L rat tart, 4 4 1 01 ti)eX . e-,1 ,l

lrl.t.^ - lot• t otIse ' - of r.IL t . 11r fr^ . ; l , J rl. >3[J tlatt IP	 q,uk+, utf, •tt1, , ff#11. 41;v. CLIP, t ru ^n :1, • (p amoovi t hp tAr NLS 11.{!.

lfldeed. vu , '+• 1 2.1; .+ -j. , --id. the vve,411	 accordiu>i tv 12.2 t. is -1w	 varviug awpl.tude r' times

Ap..• atr vt drd Irrvj )dga'.l.K vxillatvr; cvu.Jtt^utl,t :'/' '.

2.3. Prellutivary Aualysie of Backticatteriug. lit the beet of vur 	 Ilv accuwtt•
tlui,ut.tau •. r awti%sle tr1	 ter uu,.11 uvt,lur •ar s• .l• :Qcusiu.{ lids ever tx'eii perf!trlut'tl. alt Lvuga there is a

Krur:a. lte • .lt'I'LIt' tIX ll.akla . u•lret( the txlckst ar t (,1ed,IVI 'd is e,Uadl. 111 -L.e.#.-cti-)n wt- prr •+e'ut it prelua.luln

,.s. Lli ►I tlt W ,t Utlt !tf' Rj ..)L t:a tt e. uly, lU d, I !La I . .,e 0111.S:d!9 it M IA-! SM tl it  VWd L fOr E. I Lail 2.21 •.;'Ll!'ll

.+'"vu.Jtt .M V l of Ln^'V 1vr^ar!l •J rf VpaY^a " U1Y, awl ^)ac'l+t'^ard•J)rtll rilf^;ltlllY^ N'ue't'e. LP..

2.1 1 	L - 
	 1, I

ll 

is r. ;p. i,,. . V,r•^tr,-i^.,.l .

:t-Ir•rt- .1 i,f.t: if arare ^. r.tt ,t. t,Dr t :LK rA : t1vI)e+. Su t»t ituti',n in t1w Ni I , 2.11 yxIde

i.t.	 i.1	 21k.,.I-	 .1 . .1	 .l • t•-=r., 
VjI" 1

J 

• c -M, IV	 21kr,1l.	 .1 . Ll ' .l	 t'
-art., QI:-^I =U.

0101 e.t.

1
( 

ry 'lit • u•/Itdiu+l tn. 'nut1 -di .a1	 1 2.21 !4"•t'+ (af

1r

ter dlvppwg -h ea 'iI -I"j	

1
r o - •. ^- } -.^:.	 ,. 1 .	 ,_.l	 .^	 ,	

rot• B!
k . I^ 	1 'B..	 B. . ,- 8 - JA - 1 -r• 1. f•,. jr:1 V 1 _ (( .

L^ Ue a.tTxSr ;w -a if t•r111a'.Va 9%Pr Ale fa". ur •_l.a v.•u. fur	 lay.4)1 expaivwa.. -we dkta.0

P ^-	
lB . rof1 _ 

2 I _	
tjB::l	 fit. - :1/l :t-. 'd.,	 I(:1;1	 //if

51w1 w, I l'• .

i- ^_^i . t 	 I 
^^•- •lt(!d. -	

f - / 1 
t , f'/-..^i 

:I - 1 . - :t.1.1: ) +...Jd^
:7f

L I.

('•,u,:-yucutlt, We ub' di" t tu• fvj . .rwiag Crlua'.!'u :vi avr tmci,watfk-I er l N•dt

JAI	 !'ll_. ;B . -_11 - .l - r-' t I` I ff'11 - PT —	 111:J1 - =u,
x

A I se. r

lrt r l. r 4t 6-111i I., A tIt- -	 1, met. a+ti'milr•.tAr that "mclw.e.1trl11.g ie %1: id it. i e.. B K..{. Sine-+ • f •l I . t+ l ua um

2. tPt f rt If r„u Lt• npiu . rci:u.r 4- , 1 ;t;rh 'llt..i ea; Sttllliliill ►;e: etl,l,;ti•.lt

I 

L	 Al

i



2;1 v". I ^ Uf f -, I

Soso, e f I 's - v 4 1 .., rj (4

, V _ 1), 1 L1• d IN #.[ . 
a 'J 'Al, -."0 , w*t1l.-!- Is"I

if ? I.v qlmd,ff- • -wawx Lv '27 1 "Is 'Jr: ("JIMP•4 JA•I-f-U(IM'.1%. 1.1•.J J %'Ll	 k, v,AvUwU4

f41 floor:	 'lle bowt-watteriJI6 it-	 Iteficv. III our s.l .luldt"nit i weexim.,vt fu

`1E  - Al 
of f

.41

not. :lUl.all-likal Ix.-wh• tAx4jivL, I dt., w•r•Axpritte

1L.• 	 h"pji-) dl .") silvw^

116-AlAc. 1w iiulpl.ttillp .4 if, " NLH vA..; u;j u.ii% Ija•.;- Ofj-'i	 %%i,h dw -Aa%c.Pij j;ih qk.

U.J!. •Pft t..Pl	 III	 I ! t ill t JW, .11llljx J• • 	I III- '
I
'll %• w .1-1.1 4 ., Ijavl t ajig %% 

if 
(-. NLH

(WI •11 lelaw.01 t vil it. X
7
1 1•0• a.v -- Vi k• 1114 , 1.2 ill S".-ticof, 11. 1-

%'Ilw I•X- filit -h- , jilyles	
ill 

17• ;11& it	 41111• -to	 fill-

.m-'w1d airihiA 1-mvimt.- timi 11(fte T.0 tLe lJoll.illed, ,ell-fist,. Ak G,t1N. NI1I;jvlIcd ST11 , 13 c'nifillf -e(I all 171

• 1i'l. is fitrt.•-It#.	 If L•ry I II•• 11m--it1oL1 of -if#- bar•fi ,+l ,rifi,-W t" M;1" Ietr) affew  i, 111 0• yo.oltilic:

j J`Id0;IK t i-i• 	Ll•il(-1 Alid ^LvLei 'J'AdY (a l i-SI •  tile 14 •11•IlA1 ill 111. lillill"' U1aYjIiIUd 1' I)tif JlVVk',:

.J.1j1AP1J t4.•k• lj;jj;jjf • fl,f•L" cuu.pif flc. Flo;-) may vi.1	 fij.,vJ8j.. rLat tilt kovul,daiy V.&% 1.1 'r	 v

'm'	 f 'too: (J1 J''1 ii1 ppiv, In -.1w : , LI1 vA ,.r.umi;rj	 p;

( .d.1 Im • j udde il f this till., ifw] - IL ,)	 ci	 thvir-i'l6j. ,fudv.

	2.•. NouWaxiality and baArwatterialog. ILI!	 ww A iwi-Alic." *iIj_• pal"'d

qq,vs""Jowrm i 11 rf •p-X ISA Lao	 'Is'• x1g ilf-hitu'l o1111. Q!	 2.31 ., 4.11jored ilsid dic

SLi) ., 1, i. •  I . Ilv. ll,•A l • d.,AJI •.'UI	 S-v::I"pL 2 :S	 lIwl ` ' •q	 ark. ill

Liwf. Ix.LY, sai0s.-	 r1w NLII ., il,l,x,.mxuiicA v ill. 
I
II , .• NL 15;	 A , Ob , pai,wj

lu 1w	 .P (Le f.01	 jud	 U (baci.-ij - ,rm i.

I'll-S I ..-I]	 Timt	 fiv.

AW	 rl'if. 23 1 41.-,t% - 1flecoilk' p-to- of t he NLS -A-lim-nis. iont T lji-A • tuf i io • , (h , I jj• fiik^ mr•I

	thw. Vv•	 tilt-	 air"	 Will

Orect. V -IIA -11 lb ba!c -.0.1 tLe awi lL 2.5 1. it.	 Ld-r artiba:A. !wwe ]I, • pr1.,61tm as.	 I li-refiAe.

tt •	 Wjj^(71,	 tthe ft-All10-.1 ^- CuLlpar" f h , - N Lit alv] N LS -AA wi - .uns. :f i ^. -ijv	 A

e&.0 's fvfr f I.f . 114.1 -11 iJVejjjIk( 'A	 djI•.l 1`11.4 -Ij •),I,• fi-m. imckv.-a-s-ting. A runabIt cicqfiOft :9.

r.... 	 0. U -1.4 ' T fh, 4,P	 •tw(•f, ALB fj rid AIS pohdim , , ir who'y duv to

2.5. Critical BLS. V , v 11 z-jop "n f lut,	 k r1w BLS 12.4 , (•i,Li l o •f -i-pmo•	 w itva vith".1

q V	 1w jjpv vif.tw.' \ LI). or -.% b-1, ey P	 11 - 2, ' 110'	 NLS i ll ., r ote bpau - tJawj,,i,,Pw.

	

W '1+1 14:41 1 will !- .hhq p -w	 to-c-I ' Whiac ".)it wiu	
Ili

he	 f-f-Ol.a'j• 	 ax-1 •. i1jac ion ar iih is-is	 sie" lb- ->i;tY LLj-j.1.	 ;Ill%. (4c



`.l.{1.A:1•'. I , n1.In f 1'rl 1, h.Xhl'• w:t• .tl -,F fn ,t.l.11l 1 w r'.'Jr 1 mli 3 O L• lL 1 11•• (:.tlf ill ('d,f • . W', .1.W'I. lf'„ MI is rll(•
• 'llffl(7. f N M ' a,f•.

	

I'll" p11Y%Cill (.,( flWt ( •14rt•, I wn .d%r., Il ie , lit, Ira;,oIi-n. If it,fT	 ill b , llL h''rr u,wlia i, -Ilk ('r.-.f',11
'Kll• . d, V - 3 alld 7 _. 1. Il,rlt,.,,.r. la "alf•r rn. •dt:r(' Il.f nKl,J( • x.tl ti lb '. 	 116•160++' Wf• rfill^ldur
he 'ri-.c.'.l (,I ,e U - 2 and o - 2• Ihus. rhf ^Lli fvr E' - CIt.:1 and '.ill. BLS for I • _ t' • r.:). which a v

IUllae•lle•elll UL f ill-. -,tgr1; itlf•

2.11	 ^.	 - J=rr	 k Ĵ l l - f^^j l lJ	 (f

awl

2 ill	 r, •; - I., - ` I t • 1 4 l' - 9 .

: f . ,) r(y.• 1: Nit	 Ir

3. 
'"
Numerical Methods. Lie- \Ll1 Z 91 .,,tfl•rll .t•a.X t•K :rtl.•1frJf•r tui-.« di:forva -,s. Tlx I•b,,.r•I'

11.K11,•r-'ll'1•T :I.f-, amc is	 1 10 fill	 II fY ,•ti,Jf \' fl' 1f•,I'.1''• :1 slll.tl l'V'r.I„ Jlllf'll'/ll1„illl(1

becL,ratttA:uix; at the bacltly'vuud '.if the . I'vi r•(ud luvpiusviug a'o f-e-. Tot• \L5 12.191 a alav Nolv--d bl.
f iur+I►-t.Kder arue•wv: i• 1. luo t:ra. tv expe,:t the :Lis nill kve xt+^ I xim	 pv:eutLJ purely liuuler.r.d

'Jis(regratKie> bt•tarl.l. till. 1%,• .1 techu.ques and a, such. 11'.11 4111JV' Iut a lavrc act:ura'F	 Decides.
lr L, r '-w-IaJ.` I:U,flf- 11 tha n A.Kp, T •vidl.f n.l' • ItAx is pf1J1 .1d ,• fill a IN• ' t(T r l• Vltl • . (J►1 of •xal•t•>.

3.1. Numerical lutfrt¢ati (fn of the NL1J. I/nr nwaf lira. luf rh,l•I ('fr sf,lliu t ruf "1_II s df liuNat^rl iu
L ei. L+Te	 'r'll •JJr.UIf' 1' 1v';• (r.0•:U"L f ^. ^^w '1.!r i1 r • JIC•l.11t lrll.al :UUI ih-fJrl el' (elltrdl- f1:IfFrt:IP: t' d:St'ietlla' WU

of +h'• Lnplae.au: .1. M.' (Jv.1.K tho alkn64 1! five-Ivxlf' a • ldf' 111 InJ:h r alit! CIrFCtivt.,. .Ls '.lie e(lUatMifl Is

ut!Li:U ,•al. r• •• lUlpl ,•L'leU" a 1W1 • l.d i r l.ra t 1V11 ,,.'h?l.11.. UU file , ou *,el I , ),JIr. wk flFl.r: f it#' IuJU.ltl!•at.fl. 1,F..

'vwid,T •.4l., C'Jetic.#,ut 1• ' Vf 1 2.11 oD a &i VC-a t^llt#: .'.nl Vf r Uld :. sl'hl! 'n U al'f Ua.lt' 'Ataville (I b,” taf:,Llg

t;J it J:u f l.l. J)fr.'JUS 1 • efa1.., !U. 1 111-, v:al' '.1•r• arrl v- - at a .IUFar l.'1Ui1'. . • JU 11' .fll 'ar7ab.F e'v'.'Ifl!' .Ftlr,. flu'

la •• K u kl"1 •,11 ••(+1 bl" .Teli: r l'Jll, vu -,lie Jilin I•J ,Jp 'if r ill.' ue- f-d sC' xllw. lief!• . -wk- leat'e• 'It#.- l.U r m. %Wvait^

jua t eif U, "tUa.m.c. a'Lle1l	 1'I Vl •'.'1 1 Yll.a. I V !. 'Al A LP .vu f,•1 .e", 1'i. WA! VU Ili: (i111M •1 , ' ,P('l w-vel .fJ :,lvFl.

VLJ, ' Ll' Gill , &All-!''!('Ih':t#.'1.' .1L , a: 1iCIJ4l11'JIl1. 14pl./'it".4 -1 k,•j1. lV► fuilll:. '.'Ul w la(vill , fal''111C r'1(.'luble'^

Ifs' l.A„ I-p1J.11f :l'I'v idd1 !Ie"""l.► . I.J filyVJ IJ'J` cmwllf•Ijve Lllf,!1' 1, it ' a.labll. lei. il'd fill , f•,JI:`•l.l'I<PIxe

:18, ht b•.• 9 , —" .. f eAJff•II:L' • ( Iri(ll'. "Ila• adliu.fare of 'l, , t.g, • ile,f/ af., •r,l Jkl tflv( 1, 1, that ill,-. fit,- lafell-id
r-v •u" Lilk l, •+l,uf•o f„ it# • ; , •pr•: rf• ' I ,. fLl•.: ' nl , r( , nlf .ult! Ow -:dill • liuf • .lt r , nlstaut (ti,f•Ifi'-(''n• f •tltJat ifUl dritf'n

u. d.Jr( • : ,v •"lu( k 	n.l•. A% r•1.ld.liu„ l bk1w ... t l.i• r„l, b'• d ' ); • f•(fi(•.f•nth' (nl • 110' d.,cl''t' • lr • ct•.. Stt-' n.f;. 11:1.
radiA l l to Imul►d:1r; ''und.li,nls ,,nd f 14 • ta',rua} Al1Cs al ,• n., Mt r'ell-maif •Ilt -,it v, fill rlM u1rllFr t.Ut# lf'.'t 1 ('(

J„• , r f•tn+i"u v hf u.f a.rl.ld'. f,K' f h• lilt-al, 	 rill-l"Irdor.

J', ' .. rf;r t l.'• a:p•.r:-f :tns • .fJ.t l,rf • f1:, .' • Il l 11( •Lah(tl'c .•y L1ri• tn ''l:,r ; f•tf•' uuu f f l per' 1ri ^^ • k(,'E - q, „• llr•rf•

f L, 'Le 11jit-hdJ1d side' A;k:l0-rd -ft I VI. by ple•••ivu,.tera f ioil l +•.'•! first ,e'lldrd f l. 1 110 • Vdl'.a bd.•b bV I Lill'l fule•n'. if, 9,

Ili , 1:+(Tkre• Iv'JL ,•r 1 6171^ f! ,fl.: 1.1 r l lf, I ri.l1-,''e4w r hl'e•!Tlvtl +' 1 11' bvua!lar) ,: Jadl? p!Ih ale. 	 o•. r - I)

a,u 4.T!, fhixf+l •+ at	 - /'^•„.,. 1u., cl ,•ld- A r'V11Ff.'".VU V: iVUlth-Vf , 1('1' Vlt#r- ,l.l:lf•w...illd. bli-It-Liferelice

!'rlJi: f l •Jll, poia.ji - crip.<: bl '1M.' dUdl [̀V'JL' •: '. ai.ab.F : (TVIl .if 1 10• .att „r Il('r(1, tv rPf x'1 •:(,1 It Vle•pelldelltl+•.

Jhf 	J--.•i" i • l.' l .a fJld' i • Ja ABC, a- . - it aad . -	 fl."JMY:	 „1,. i4' • V••. 1U t11e' 1'J'Jr. f'r ,Jtixo- as Rel..

.J	 -• •palicki •• (u: Facll -if - ho ill ,JrN :Wlel"I. •, l vIJ •-(JI:L ,•1L,1•JtIF+1 e' , IUi( t l'JIr•,. fill-, I!- dow. Ir% fir,' 1'Jf•U".ba.1,

iY. l.ld •.JIY • 1tYJ , '1'^•It#:f'111 ,•l1yI:U-11YJ+Jf .> f • 11 '1J • a •NUVy1r'tt#.vU, \'ill • 1'111 of vat'fl 0141,4 1 111J •n,iilUd (4111W mill. I

Li JMJ1 I . J.1 	 a U'JI e	 1''' I ( t '.•u I'lo V 11 -11, "l l;ya:a (:life l f •11 1-1, J v,l IJU l l! nl ., Ul '.hl. >'!t'ULff 'JU.lfa . V , - )J'(•

I.



J-.u.; 1' • f tJ,'f4• gflf•r aili).-r(l:U•r'. r 13 alll l A, - J r ll. 1•0(il iY)tn nkf• :Y")N dLMlet /• t ru ,•. d11:1 1• ► .,lrA.A/ IKfuA•.II)H

",A fFwlr IIIx•A!IV 11Id f i) ,•Lr0111 ,U1,uf1,n.,. r ►nl- I1A.r of t it#' I., tt f i iTI,I ,:cin.w f r•t. •Ile KI • ntunl • HPOI •, r,f flu•

,llff,7f • 3".a. •r llla".Ull. tfiv"e luau IN 1'1'U ,T a co-huK fir e l"di :eSV1 'll t 	1jeI)t•ILd I1IK Ull t llf• t'id JU !If III0

dur.l I Iil ;rier tarlAl )It. 111! V'hel pair 1, .( 1rl:re Iluulerlta. dltifdtl. s lave!• pr(( alt, 'a .%• e1WRIM. - Vil t . Iw-,

heir prem.• twu lU.lflieft t hat (-t't• I ,̀  r. owlol• ('Huai !ll it-11tivve ',11 •(1 lllurf• buululart . cvudiuvus c•Iiull1mvd w fIt(-

1Iri,itial ll:fl(Y'r'11'll • 1 e,I 'Jir t ioll. Ill( . 1'ad :a :Vu flot111181 ° tVUdl r IVll , we lt nl,t riw - o l ht' retluaingj dint 11t1 fit,-

left I - lGh (larl" : = II r:!AN' tiW If-ft-t{a ':elU1Y^ Jull;vr left-&c1tv :UK It• ':allk. ,vent 1 WaCes to" I,Ce^('ISI iu t h f•	 1-ill.

awl 411. "he r.vh' b -1 111ddrl • - =	 filar Ih1 • Iode- cat-ilug ilud i ,ir IlKh t -!' vuu(-+t' r•n f :tares Ire• pre'seut ul the
!-oki . siu- 11l' SIfalrJr'1'I'll bl' lip. 7, 1- 1 :it,L: IJ V11l- lt'tlt• Ch„"1!' ^ I ' HCl:uh•i11 . L e 1 hld l- 1!411 t:'lut'h alt: 111!'.11U:a1'

lun:u.)r 1a.I+,u, l l ldlwiv. 11-w -.I(•hu1• ,Le s1,au of all Alyrrr piLit'' . I.vitirro 1 •il each l .r,nn1!lar ,̂ . Till' Tltr y wat .1130

11.11 ;f.,,0 1 11 -4-1 Ilf'%  r)tr lur •t - luau, si,lu,l at . = V i• (1iu,'.lu!-t(d -in the I w'i , -A • .'u: r:ulr(-,prlwlill y iAw—.wn
tail .Lf!a:, f f.NNllflia by ,ub,fr ltiu< •II. 11>JI - ra:eluar,inc .J:nilli ' a.einrt .  fi l l- unwltA.- ,rrLt-Lf Hlrl:ta,l^lti

f+I lrri-Nl atl • I .L, ,II('h CI-WAIK • h, .n1.uu,uKru ,-i y lea p 'llti(-1141 fu111_ y»• I7). i.millf-rfn„iflrtat.lth i)iwd

.N, Ill.- l.tlear +u1n tl,Ini •t,n irt.116p.r and un.yu l l.f„ KItalAUtr •e 'hat dif. r(•.u.tiu,; uunh 1 n.1 1 n{ 1 1, 1, n,s mla um

a'lu r'u::fr••.• ,pr1('.fy 'hI al l -N:l.l.rl sUW41 A'	 — II fil e   ,till 1• L,W'r- the I'evectl( ft.l 1 '„ I)I;,jr•rurl' ,crn of All tllf.

tiu r s •iiuK fi.e.. 1pf'-trLLt^Ll:tll "Alft -f•1! '1ltVr11{l1	 - 11 'rll'.ar•J	 - -Z.

A') c•incf 1tL, '11e C.11.1p'J'afi liu: l'wluplrxr• of foe lewl.. r.g a.'{ liritllul. if 1cr iulrfxiucti tLe ly.d tii11:1 usi In!

\ • and N . . thel. 11.( • CVO- if b.1.h air f,lirct iu.d in •• (-rlr: FFT "•ci.l br UI \ N,. ;u .\•, I. I'll ,. C(rat 'A ,1111"ulg

eddl it r1. 1• A, Il4e-d1111f•I:,i-Alai ! ! mf•W, wi.1 IM I.w . r Nall rr', IM'r'f •.1l A Iluur!•d. ill fit'.. CVurle V: lfelciuws

ractl V[ f l.rw ors euls 111"+r 14i foe yilt"ed mall} '.13r^ fart JXvr i:w nislit -I.Itud ,fide,. C,nl.,l,lueu'.). 'he ,plr.rse

L t. df 1'vu,I,(,!1'1Vr! ('are Ile peb.)I f•,J rlul •, • xv. , djo ,,AtJ if tulle. and '.il!' CUC' if ( • <lrll bat•L. %%ard lu t)-t.tufl-ill Ilr

1111(.'LL: .11'•. r •t 1Y:i. til l ' rV1.ljllrA►'Y Vf !'L<(i/ ilcu':lu 1> >'.1. (Jl \ ,\ r In .\. 1•

3.2. Numerical lest.(.-Kratiuu (if the NLS. TLt- NLS r ^:J l )1 it dt, r 1 1•tiiwl :u r ile r dlrrr li-n1 usiuK

- f .flY:al -1 f• ,'11 / 11-t NA ll f 1•I.f la. difff-1 e11 , Ps I t 1, 1:1'eKl Arrd I:1 	 'A.1 It :1 f-, ' lI-,r:, Kt' Hn11Kf--Kll l to 111F .- ]v w1 t141•II,K

wit it til l Al. t 1n1 dA'A Lu,.l r.11t, I I.r• IN rG Lde: l 	 )tYhtlut. At 111 1• rra.ute latf •Ia, bu la-L>r:. 1 — r,,,,., ;, Zerr)

Mri!hx-. a ,^ ill tilt• tab!• -l( thfr	 LII.

4. Computational Itesults. L. J!''11idaJ1!•(• will, -ise 1J.,cu.y,. -in of S -c t,,it1 1 ttr hove de,t ►ytefl it sl•' .of

111u.u•rI(4. f•x 1 e1_llu 1 1j t I A1u41•11 it a• •f.le1'.115 Tv. •l1ilil(rnrfs: 111 \andalfr rIw funyti f atm,itl <d,,vri'hn. of [7• fir

^ulr:l.g t1y NLlf 11: 1nlvll a (mailitrit-M V. 111 1,L1l1rl.Cal ,.ululate ill• ul T al . N1.5 uryj :l. dud (11" curniburate

.hij ir..u:", at( l•l.Jlv,,'Ik•rt, - :ap. ulcd LA t lit • \LH In,i11r'l ,,: iL.(f q uillinif.! • LLl.} '%-1 ► th- ' ulit.pal amad.t} I la: alll"U.•1•

a„utrge, llrJ I,. cl,l • 1F11;, ltsls •l: !:i 2.4 1{eg:t1 1 1.11►. Iiu • lust -rlq(tinne.le. ue write .b:,( pre,l-iuslt

t• 6A:f• "f•,rf.I 'In • IIIJAVIl(a. a1KhA lil.l of L'71 in tln a 1 n.l. ► .(.+1 rf';.ime 61,111K Will runit •rtf Are. Inlf 11e1Y1.

.I: 11pA: F-II .t ,titth au} IAllet aig•.,:.rhLl 64 , - Nllpn'JlK'lle pl ul ul ►(A • iun of g ate• w K 1•rr taf•r l',a. A, rnur•enls

• lu• r•( •FN . d -rlfjf•F •'i:e• . . 1 ate:-tint. rtr • file AI r^^a 'e uuu,f •,iral rnlnirW.rriln, .If bA,1;.ra • r1 •rinK in 1,1,n.illrai ,f•If-

fix •u ilJ6...r,d 'A.'  ,frr 1 ;u 1 , 1,+1; uuastalr• •if au:. In 1••. i,it l r tec urliy if a" if h ,u.jJ,Lr ri,pab.lirir,.

Iii lip able tV !'iucuc ou a 1:CU1/1_e tiro + Ilal. VU Of t he tU11 .IrrltAl p1ed1C'..tir1., Vb r allt l• 'J Witll t il l ' \ LII AIY1

^L^ :u1iJtl t(+p:a f t.lu± 1.71 ru • I 12.111). t. we hav” ('L! 1 ru a m6irurr nifll 1 1:1- ilip li f p iln•; fiL•,tlt(

,.71 :Ial. flit ttl.k'il f it . - v, l.utiuu. of f l.r NLS d1xO 1W 1 910"c.4.111 ,ill vtllnr: t lt•, . \\ •e T ale k1, - K alul ( - (PA a'hith

t•Vrl '"io,udl • U 74A F.of 1 11 Y• cil f ; r ate If, . 1 R , .\ . !r•!'	 . 111. I Jl 1: ln!'VIl:1nK h eaul 1n-A. e I% Ell , Ir. IJI a (•_r r

fl..I' f : Y• brala • 'Ul f a ru 1> 1.1J!•1l k , , '.11w. f'n1..a•	 l'1 del/rN' (-X tll 1 ' t- i 1 m- t 1V1: if f it# ' 1141111UIiLXltt l. l t'

j,aralilr •.7 I	 .,F.r/',i. 1Ce tat,. '.1t#• 111.•a:u tt•ldfh r l t-u.le 90 •,•InnY '.IY' N'1- , "t'11Jll . IJ •r kr, Will f ill, I IVLL11 1 1 •l kFiy(

11, 1 f•, il. t 1. , 6' L: r • .ww; uili!'al plit(•r:/ illclianif,'11.

lu Fl/,'Jrl • 4,1 '- r '  `hlov .4f. 1i:1-a:..> a:l.14. 1 ud.• InolLf' s f x in • \ LI1 oad BLS at a 1. ri!'a. -,v-utruus:
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Figure 11 V •: 11 tulrl•Sl ►tJlltis '.v f = 111. Will Flgurt, 1.11 ri)j I c',rrrr,p.ald, tv j _ li lti. 1l ! l l..,! the

1J.U1•, t.7 111-' ! t.Nalltl • t' 1 1 !.0iu!.t,ll Al Ih., i1Sl> •Jf > t 'JLII!!'tl t' r' I) LN'!'a U >C ?1u> l` 111( • Ill'^ •. 1!1'!'IL•yt,u1•, kwij - wil

:U IL1- 111:Ua.1:.., 1: 1 • l e' 1 1:1 • ge U'J.1. ••1^ UJal111val 11!11-!1 nu ••Ik1 I aLe 111 i• t't • , A ••Weil: ll1i1 111l1•^larleHl V! L4:1.Illeil l'

,tI(•Gx. r.ult l- dW "Irmup. - ul 1r1-e1, t.H, "Ltr sa,l,l • .tell cut tee lu Flglrn• 1.1	 v(

Itr .Un q .ulllJ mace L", 1,11.(11.

1	 eA+•. 'u ." the f '1-n t;,Arl f — I; K 4!111 f — 1; 1(1- -hr \I 11 :m1-'. \1. 4 1 111%1-. : 11 Figim 1.1 ,lre a It t,t• 1,1

•a.1- • na•rrhrl. ,1, rLe \L.S t, 4 111-.11-e•..'aLl.+l•e•.1 raimlel t1Ua Ila* regid-ir •«x111111-4+ Gtr •Ubr-ri • ir.11 iu.tj,tl l"Overs.
At- trrl.r.ude • tint t • ul 11111 .wrlr 'al 41,porrillL f1N ti 1 /1%illq chi- tiLll 17] it114t var f , t llt• .termuU	 the

Ill t la. 7a-s L — t) U .t:e,••J (;. Ig'. t•r^f^ 1 4. ,.	 CVl(ty--"' IMII Jr..,a

WO a,sv Lv::t't: Mat rjr• dir!relrW:11! jmoovk-L !iv.- \LH and \LS tu[t'es tel: l.guio 1.1 left t is Warr;!•:
• hau. this" •H. F.g'Jre i.l r.IrW1. Ill., heil;n:vr a 1-x11t44r11 a(rvrdlu6 4, tiw allalYt.s v: sev% .,ll 2J. brl4tu,t

'.JL. JUt:1 1 1raur" I•M CN,u the litu !'urtev is du, !V wAuiraruxwI1i, % alit: IHIC1L,l'rittel•1.K lJl lial icul4r. tlltsF-

rJUaj a t l .lua suggest ILa-. -.U! BLS 1, 1ads 4ml the ao u.1r r ,t1!' . j lul t rd tut \LH a.+ f — r U. Pt •lhalr+ do- ul•>`'

ttlrpa. • 'L f 111%tlllfe +t W' I t•H. • ( '11., 1ri • v : Ite' 1 4 1,8t'1Cwttr!•:.1•It I. 1b, ,•!1'J'.Vll ! If the aLH 1, that "11 • CtHairLlft'J

1.a 1.^ tt( h• 1 .y al c !t:'.:lt tl• •IJ a1 — 1) drff( r •e fi-A.1 ila l •,J 141- 1W. •tJll.i1q, as e• a- •,u! !•aL t1• x111 .'1- ,1-.v 111

F Lr • 1.2 :t"1.1'rt.' a'e Z,xr141 Ill ':n tlo' t,• •, rurtr> v+rauucel 1111- ; = 1 j5 TL1' ,w J. 11P111e'> .l: -l1-: NLH ,t,l a" wu

:!!a, a.w ipt r.. it !1-;1!'r• if	 '.•91:1, I,rti- tSO-dull 2.:11.

\t•At. e1- t i tan	 rIW 'rWtt •i. IWOfttrr.l.g eli••1" • li} rr,u11-1,rIIl, it -*-I is!, of rJlwlt,l. pail> \LS x:111 \LHI 611

Mlta l . • t:1.11	 4 f. !1. J•!lt•Ult• 1.3 1 14' I NI • S111ty I1-. 41- • 1-1 Ir•r.1r tell "111- 10/,-I•tK ! 1 'x.1 • th . (lliaul.it

i 11-	 Ilt^^,^/ll . E 0 1 11	 t • ll) . 1)l^ _ `1t^ jr;l t l L 9. 1 ),	 T o) ill

r[. fvr[uu:t f2 y,,. ltlo•:M E ., t he _•1Hl.pl.ted rlfr.t,ll v: tiw NLJI awl 1 - ., do- r,.u f i1H1 1-v r1:1- \L$ this-

,cue w f ia. !',ud:1ZtH. 1 . 14). U; — . :t,l f = i; 14. 1/12. 1 j 1(1. m14' 1./! 1 Lr• ,v.id Il111 • vu 1`161P: 1.3114* 1

has 6 1-.1-... .11 tle • rt H111n,rrd rIWI"a ., lei /t,,: 11.1, 1-,.. 1,• 1111 1 ' rl,rl t,ltvla' 1-, tlutt 'b!' Iuilip;i 7de of

'lft •fhr'utfP: U.Y., .UJ • +'d ,1.'x1 1'+ 1 1UadId t ll4l.11" !•. 1"tl 1 J3 ' :4H.pal ilalal. f t lra'.r:tUU''•.1' f. i1> pY'tll!^ e•e1 IIl 5t '!'tYH. 1 3

a:/o::w1lr•. J.,1 •u,rr.d 111 51 :1'1 1-',11 Y.i

!r' J, 1111, at^fr 1 11x 1 .v 1 . 1-.1.a , :r: y[.Iv; l f . t	 11, 11! 1 '.:! a.l, mcd l!t w1,1-. Ill' \17 Irr;luv. ,11,.



f=1;8

IM
^.\Il\^

(=1116	 ''^

2e-

001

t rs

.'f

•

j!

C9
0	 G.t	 Oi	 )3

'r ^•+Mb+rl pr-rrrpnr.-n r Wr'n

1 r	 i 1 L...••,. u. ..a l'ry,r. j: ^ It fr4 rr. rr^. •v... ^r^fir, in. h:.r^r t • :/•j•.: •.•ln/ l,rul.

	 il
jjllf/A. p: . ow' . A r 	— 0 1. Ki mw 1, rY.w j Po p. fl.,, d'-wal	 nl I l. ,• NLII A:PI sLS. my I r l' A 'w

r&Kur+" 1.3 ri„ I/f ; for I^ la/.ri }

x.11	 +IcA„r,-;11 1 ^^'U.:) - i l ' U.: ► II

1 1"4 almJ j = 1 i Ili lulu, ►• %411 ,! b as 1.114 l —K Il1r 4 . 11 a% a fullc. . uu of .L!• lt! •Il.frl.lJ •• I Ilrupay,a .4.a1

rli.+atrl • f. .1	 _ l f .	 .11 Lul,ga ILI• rnr.r •. • I11 Fi',all- I.30iy,Ltf: 	 I c lnci.1afl•1	 :u	 fill "r' Ilia- ll.at IJu'

JI ^f '1•':1''1' IN-%ifV ' ll - 111' .. 111114 1 11 , . 4)	 iJ., NI.11 Jlld LS 11. •4, .'a ` . A 6.01 :111 . \1:111 f ll l -	 of f.

2e-3'
006	 013	 0	 1

f	 Z12L.Uc

fit !	 L • ff ill[ •jlw •4/U; y.•- n by jiru , :r r, 11 .w .. f.u• nia ^^ I uar rn.r"d ur. 3u :,/•isy awG c y l. du opywt.•rr•.r.vrl

r ” rj '' #I. r t.r3 1 10 ,0. 	 (' 4 ./t^!n •ur ( it rr lrr •• .4 7/3 'mu ..:.d 4.. cr u• n^•.p.',.,rl ../	 sl, ^. ! firr f —	 . n•ul J	 I h

v. (UUCILLDIll//b . WI! Li11v' I:J1U1rJi "i LJJ11P •ll'TlJ l iP. v,. l •^IVU^ I V 16 , 149II .J111 -w ^aU^JlllUyl : l • ',Iuu 14!11

..4. 4 : Isnl.uu .0 ll l .uALAIL I .4IJall . m. (nJ.11 r.d ., 11U'll u.!r l r J iu. ;,:.gr:lv^+lr/u' -rf ul.A-Lu.uul/; lalv:lr4/u.ur}if 111

9



r
AA%H .L K I -11 21 1 -1 1.19 11w NUI A%w% c,,(,4l 1 1 • .1.4 ,I u f"'• 6„.41 ' 1.- r, I li 11.04 11.,1 ; ,upi,.,;w-31 1 1 •11 Ir 'la • 'I-xi-wnl'
al sti-tel !M,,.1 N; Alt • . r1tot I - . • -it, I ll., • Kuhl Alrt t+• • ll,• I'rt 11,,•i Irt•lu i , it or -r! I Iat- t\ A )9 •} it Pb 1111 • : P10 -1 .life  I1 • A l9 . 111P

(wu{ruftl'.ivUrJ tivr„nul. A, -la• \LS 1% •:vu1+.t1(rPJ vs. r , f ub.ittly d w%vR-I. • lit• it14(4•I ow -A f i ►1 ' NLH iwd NLS
,J.14ldt IJiP j ►rt•.'l(1l•^ a ,clr ,l ,1 fl. 0 Ili'WAIII tha t IIte NLII if.Y,Vli f L IJI 11111('(41 (:,All-'rK(N Wtllt • OARCt plll'^.Call

r•Vl'J'. ,Ill. 'J!, - lll' If 114141 Iliwll. 'Ir • ^Llt h 4 IUVIJ' f!1111II1-,• Ilt'l1Ut 't• 1:1!ltil'. lllbl, 114.11it• IIIe tLS. -ill(I•!..I1tV

u!, ,l';.l f tiv . 1 r lwo .1t,t • Il Ill ')l Wthluivar 1 1 iwL,ca" 41 17116. .1, • 11 1 '1), nP nt • r,l.11re flit' ,1.1.11. '11 %ur f-jobacIe! 'lin t d+!
(x.a lKti\ -ii f h, NLII .uPl \L5 ,..J.r.Vll t!., w.n.lNll'Amal uld I,N!'t(el'i11 1H;,i.y 1:1w• 1St Ulldltang'evei'd

0V19il tutq'_ 1 1!" . ' 04.1tlr> ' 11.1t ('VI I , '^j,Vll(l tV f.11tlf•r( • 11' •. - ti.11eb 4 .4 
f
lat' l/4191,fIlaXlul.t! INtrajue - er f N'!' l we filwa

„6L I#J .. It U: "ni If• Ila( f !II!' Il.il,^lll' 11,141 , !I 11 14' Ir iu, L-, i,t L, 1 ,'f1 ^'d'• Ild, ^:fl -,1. ill,.'-, 1 111i ' 1 1111 .t'ill . t WI 11 fill-,

lowas/u • !'1. gr•t'tH (1111►,; V 111 1• IIN.•iJl t•1 lti:, I lIN" IY; Y!Il +. R. 110 • IM^'. !11 ,!Ul 1.L^!a 1 . 41Vtr. ( ILI' lt. 1 1w 111 ,1 -,1 141 • 0t.r'1•

'11. +1 A.hJtt! ^i!1 A11 d 1 't "11.+f/'t1UNl1 _ ILN'.tr' •111h1i1 ' I,JI. •lt I hN.lar.31" 1 '1lllls . L 11V111111P1 f 1 M•.^^Vt 'U-,Ilq•.

AcknuwlOdK/uPUt. G. V111171 1- 1 111d Ake , tAA df i.114N IPflyP f:,Id41 t1i!6 c l I%%) IA% " . 1f 11 G. I'A l ,.u , ir I#,a rl.

HULHk.:^C'L5

II \ A.C.;LL,1L • . A. A'4h1LK14 L i\.r J, St^a^4L-,1':, (h,.•e the tUold-,,. ► 41 .h1wi.lWr, erpuafowl

rr,rrrv'fq rfe„v',hr' tr.•„nf fulrfuy..l frr,.° Opf, jf•If.. Ib "1'013 ► . Iq1. 11: I::3.

aj 	 )I w. 	 .-,I, .1	 ;"11 f r-UIIIi1'tI (:I It1IUt :dl rt'a f n f1,t. f. o f 111,,-41- all I,,•1u.ug111 lrfrhf'd .rr;r;rrta, Ala

,•1 1 •f•.r •iAiwj •u•d v ,mr, 1'h, , . It- . A. 17 ll l' I. 11 1 . pp. Wilk 1:1111.

(•11 It B, I Lt. %Oldlncul Ophtto, Alw1••1:21 1':t•w%. 13,.,t,1u. 1:02.
Ill \1 FLA AND J. I LLt A. ffrun, 4141 nynuw luhty.,4llrn!r,l /vrrnuhurr, urld 6.un, Illtul ip it, .hr ^ti/-/Srlueu,y

n!uphrn t fou'u ,n..1. Op'. 1. 1, .Am. 11. 3 (11 1 %', Iq:.I 'S; GIV.
dj G. 611!!'.1. `',r.u`i o!%un nnlAfNllUlfai fy 'Atit fall f	 <rpltfal twuvi9. 1 hv!,. K!",- Ll:t.. 76 I'J)ti1.

pj 1. I3•iii 13 i`J.

^3j G• F.IfU I1 ...•_, (^	 1'AI'.+,:•1 '!L.)V' " . s^!•!f•Li("df,rr^ 3 .41 au p(,fur+n •il oral u•,)rc•r•Itirf,!•,/ nunrm!•ur

^thnid r1y!r a/4u:r ,̂ tr 14141 •'t dual 4.Ir44trsutl,. '51.01 T AirpLf+J J13+ L.. Ii11 ' 19'J'll. lyt. 1^•3 411!.

, 71 G. Flli.cif 	 S. I	 k!lt /ffyh-wilvi fT1,.nuq urltptui hvnndurvt lnadtla,ny Itrr Uorthatou n•urc

p , r^jr liy li;.itr si ll. I,n1 •^'^!tl!ltrr!ry J.	 Va..... i71 '21+ 1111	 111 1 W.

A	 J. ^11r:A111.1. 1ord"'erl r rrpu , '+. ,111d„fr,-b1.,I... Itr •fl. • .xrrl CA% Col.f.. I!1'r2.

f,j C 5' LLA A\L , 1'. 51 LL:1 Ili - hu4!I • ,f	 54'0r44"I'l" rg'I'd • it	 VOW

;I1Ij s 'r=•, ^ Af rt ,^ nn.t y t. ..1 eufn:.un n` /rrnq!1 n3 uu nr.hv,i •„i, rl r/,tpr,uU,, .•I 41411 v q •. .^11111 \IIIUPI . ^ 1.1' Il ,

llj .`•1 U L17- C IL11% . 4 1114:101Al ^cLlri4uty±'I !afauhun^ 0,14 11" Ifp u,+rtpnhlNvn re f:rrrul!^, ('v4.21 1L fl..

Vk. ,.. 57 11:11!.31. pp. 167 175.

12J L. 1\.r,L. C 1% JLhI:•lJ. li . %%ILLL. 1'. 101 1 0J 1 :. U. SILi?• S. C. WLII:.Lit.

^. :^.Ll/LIt:.LILC. I. Ftfl:.:•!.:'IfL17,L;I. Ji. 5 f 'llllLl^ f blf. A.', V H. SA I.LIIdULI- E!•r•i`uft,urvl

r t nr •r,pa ,-r •< :u rl.f, La,,'r uhd Ul, .r M wt t fMJti. 2'J 1'J7i ,. pp. ^l t3.

.4



kEPRODUCTION QUALITY NOTICE

We use state-01 -the-art high speed document scanning and
reproduction equipment. In addition, we employ stringent quality
control techniques at each stage of the scanning and reproduction
process to onr:uru that our document reproduction Is as tru9 to
the original as current scanning and reproduction technology
allows. However, the following original document conditions may
adversely affect Computer Output Microfiche (COM) and/or print
reproduction:

• Pages unager or larger than 8.5 Inches x 11 inches.

• Peg" with background color or light colored printing.

• Pages with sma:;ty than 8 point type or poor printing.

• Pages with cont.nuous tone msterisl or color
photographs.

• Very old material printed on poor quality or deteriorating
paper•

If you we dissatisfied with the repmductlon quality of any
document that we provide, particularly those not exhib' .'.ng
any of the above conditions, please feel No to contact our
Directorate of User Sorvices at (703) 767-906619068 or
DSN 427-9066/9068 for refund or replacement.

END SCANNED DOCUMENT


	2001160698.pdf
	0012A01.TIF
	0012A02.TIF
	0012A03.TIF
	0012A04.JPG
	0012A04.TIF
	0012A05.JPG
	0012A06.JPG
	0012A07.JPG
	0012A08.JPG
	0012A09.JPG
	0012A10.JPG
	0012A11.JPG
	0012A12.JPG
	0012A13.JPG
	0012A14.TIF




