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l.INTRODUCTION

I1 this study we are concerned with the problem of approxirnating a locally

unique solution -r* of the equation

(1) F(x) + G(;):0

wlrere F, G arenonlinear opefators defined ol1 sonre convex subset D of a Banach

sïrace E,'with values in a Banach space 82. The operatorFis assutned to be Fréchet-

¿'lff.t.ritiuUle on D, whereas the differeñtiability of G is not assumed.

We will study the cotlvergence of the Steffensen n'Lethod

(2) xn+t = x,, -lx,,,s(',,);r]-t(r(t,,)+ G(x,,)) (' > o) 
'2 

x0 e D

to a locally unique solution x* of equation (1). Hear g:D c. E1 --> 82,

lr, y; F) € L(81, Er) andsatisfy the condition

(3) lr,y;Fl(y - t) = F(y) - r(') for all x'v e D'

Let xo €. D, weassullle that l-r:0, s(.t-o); F]-' exists and

(4)
l[",,s(',);r]-'([",+4,y+ 

h,;F)-lx,v;r])ll<,a'(r'*ll¿'ll,t')+A,(tr+llr,ll,r,),

ll[',,r("'.,),r]-'(c(v+4,)-o("i)ll=',(r,+llr,ll,r,)= 'a(t,+lln,ll)_'e(t')'

llg(' * n^) - s!)ll< Ao(to + llr,ll' r.)

(5)

and

(6)



forall xeU(xr,t,)={t.E'lll"-toll<l'},yeU(xo¡r),ve(J(t,,.t.),zeU(xr,r),

ll4ll =n-r,, ll¿rll =n-,r, llt'rll<R-U, lltull<R-rofor some A>0.rhe
ntinuous in both variables, and such that i f one of

Í,eäi,'a?i:;",':')::)::;i,'iiJå11,i;*iiì:
I [0, À], with l, (0, 0) :A 

r(0,0)--A r(0, 0):l 4( 0, 0):0.
The function I is nondecreasiug on [0, ,R].

rhe case whe' G - 0, A,(t,+ll¿ll,t,)= 
",ll4ll 

, Ar(,, + lli,rll, 4) = ,rllnrll,

Ao(to +lln^ll,r^) = rollholl for some positive constants ct, C2, and co has alreacly

been studied in [5], 16] and the references there. Here, we provide all error trnalysis

as well as errorbounds on the distances ll",*, --x,,ll and ll",,- ",-ll for all rr>0'

We also show how to choose the functions Ar, A2, A, and Ao.

2. CONVERGBNCE ANALYSIS

We will need to introduce the constants

(7) th=0,4=llx,-.roll, n=ll*r,-g("0)ll,

(8) a = t- l,a,(n,,0) + zr(n,o) + ,ar(a,o)], Rr < R,

(9) aö = Rt -1, * zo(nr,o)),

the sequences

(10)
o,, = FlAtQ,,o) + lr(d +,lo (,,, . o ). o 

) 
+ z, (d,Ð),

(1 1) t,,=vl,tr(llx,,- xoll,o)+.t (a +.to(llr,,-"oll,o),0)+,er(a,o)1t,

(12)r,,*r=,;,*L{lrzrQi,-r,0)+Ar(r,,,0)+,.1r(d+Ao(r,,-1,0),0)](4,-r;-,)+,l(r,,)-,1(r,,-r)},

and the functions

r(r) =,i * 
+{lzA,(r,0) 

+ Ar(r,0) +,er(a + Aoþ,0),0)1, * n?)}

b = b(r) = t -lu,(r,o)+ ,lr(a,o) + 'lr(a + ,lo(r,o),0)l
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We will now state attd prove the main result:

THEOREM l. Let F, G; g:D c E r-+8, be nonlittear operal.ors saÍisfitittg cott-

dítions (4), (5) and (6). Assume:

(i) for xoe D t lte i twerse of ilte l i neat' operator ['xo, 
y('"0 ); F] elrsls;

(ä) there exísls a minimum posilive number Rt, such thal

(15) r(At) < nt;

(iii)then'untbersR,R,aresuchthalR,..Randl'hecollsl'clltl.srlandaigi.velt

b1t (8) and (9) respectively are a> 0, attd a-, > 0;

and
(iv) t.he bull

(16) U(r:o,R)c D

Tltett
generated by (12) ís tnonolottical.ly
v,hi.clt is ttuntber Rr;

ett ntetltod (2) is v,ell

, R) (if G: o 
":tól.utiott 

x* ofequa-

truefor all n20;,

(ri) ll-t,, - '"'-'ll 
1 r" - t'"-1'

(18) ll',, -'-ll 3 R,- t;,-,

(1e) 
lll.,,r(,-.,1,¡]-'(.(.",,) 

* o(",,))ll 1 ú,, 1 þ,, , ,'íttt

o,, =lz,tr(llrn-t -.roll,o)+ '¿rlir,- "oll,0) 
* ,4t(d + ,eo(llx,-r- 

".ll,o),0)]ll'r',, 
- r',,-/l+

(zo) +{(ll.r,-1-"'oll+ll',,-',-,ll,lb,-t-"',,11),

(21) þ,, =l2Ar(r,,-r,0) + Ar(r,,,0) + ,er(d + Ao(r,,-r,0),0)](,;, - ru-t) + Ar(r,,,r,,-1),

ll.r, - "-ll t 
yo-, t't'itlt a,, =lzt (llx,,-, - 

"t,ll,0) 
+ 'er(lltc, - r',,ll,o) +

(22) +4(a +,eo(llx,,-y- 
'oll,o),0)]ll',, 

-",-,ll (c = o on D)

(23) cn = t- [r,fl'- - ".ll,o) 
+ Ar(llx,,- 

"oll,o) 
+ 4@'Q)'

(24) llt,*r -'",,il = ll',, - ;ll.l'
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(13)

where

(14)
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and

r,, =lz4(11,,, -.^'oll,o)+ lr(11,,- -.^oll,o) + 4(a + Ao(l\x,,-'rli,o)'o)lll'''- - 
'',,11*

(zs) +,a,(lþ,:,, - 
"oll 

* 
ll',, - "-ll, 11",, - 'oll).

Proof. By (7), (12), (15) and themonotonicity of the functiottsl l'A2'Aj
andAo, *" d",lr". that the scquence {r,\ (tt>0) is ruonotoltically increasirrg and

rronnelative. Using ('7). (12), (15) u,e càn easily get tlrat r',,,r', attd ,'r..Rt Let us

assume tl'tat ro<R, for k:0,I,2, ,.., t't. Then by (12)

ti,+t ! t',, * !{lzzrçr,,-,,0) * A2(r,,0) + 'lr(d + Ao(r,,-r.0),0)](t -/i,-r) +

+A(r,,) - A(r,,-1)\ <

1 ti,-t * ){lrn l^r,o) + '4(n ,o) + 4(a + Ao(R ,0),0)](,;,-, - t',,-z) +

+A(r,,-1) - A(r,,-)j +

*:{UzAr(R ,o) + Ar(Rr,o) + 'tr(d + .eo(R ,o),0)](,;, - ti,-t) +

+A(r,,) - A(r,,.,r)j =

= ti,-t * 
){lrurl*r,o) 

+ 'er(4,0) * ¿r(d + Ao(R ,o),0)](,;, - ti,-z) +

+A(r,,) - A(r,,-r)j <

..... ri * !{lz,arln ,o) + Ar(R ,o) + zr(cl + Ao(R ,o),0)]nr + ,e1n,;} =
' alL

= r(&)s & by (ls).

Hence, the scalar sequence {r,,} (n > 0) is boundcd ibove by Rl. By (ii), Rr is

therninimumzeroofequationZ(r) -r:0 in(0,R¡J,andfrotntheabove n' = j111,i,.

Using (7), we get-r:, e U(xÚ R), and (17) is true for n:0. Letus assume that

xoeO(x6,.,R,), and (17) is true for l=0,1,2, ..., tl. We first show that Þrr, g('r*); Fl is
invertible. Iu fact, by the inductiou hypothesis,

Ã'r
(26) ll"* -'oll = Zll", -'r-,ll =Zþ', -,',-')- Ik -t,= ro 1R,.

Also, we hat e

ll'o - s('*)ll . ll", - s(',[* lls(",)- g('*)l <

< d +,ao(llxo - -toll,o) < d + AoQo,o) <

<d+l4(Rr,o) <.Rr,

since a,,> 0. That is g(-r,o)e U(;r,,, Ã1). Hence by (4), (5) and (6)

ll 
l.,',, s( ", ); 

rl-' ([", s(x,,);F] - I'ro, 
g(r', ); 11¡ 

¡¡'
ll.

< 
llL''uo 

, s(xo ); r]-'(1"* 
'g("0 ); r] - [-r:¡ , ;o I t])ll .

*ll [',, s(", ); r]-' (['0,'o ; F] - I'0, s( r, ); r]¡ll =

= 
l,(ll."o - 

",11,0)+,n'(11", 
- s(xt)ll,o)* n,(11,,- t(',)ll,o) '

< A,þ r,0)+,r, (llx, - g(", )ll * llr(', ) - r(', )ll,o) + A2kt,o) <

< A,(rr,0) + 'lr(d + Ao(rr,0),0) + 'l'r(a,o) <

(27) < Ar(&,0)+ ,tr(a + A.(&,0),0)+ A2(d,0) <r

since ¿>0 by (iii) and (8).

It lrow follows by the Banach lemma on invertible operators that

(28)
ll["*, 

r(,'* ), .]-' l"o, "t',)' "]ll
111
lkak0

rvhere a, ao, lrate given by (8), (10) and (1 1) respectively for all k20
Using the'àstirnates (2), (3), (4), (5), (6) and (28) we obtain in turn for all /c> 1

ll"**, - '-il = ll [",0, s("¡);r]-rl."o, s(.x.);.1 lll[",g(¡o);r]-1('e("0) 
. o('*))ll t 

-

= i llt", s(.ro ); r]-1{[r(", ) - F(r:¡-, ) - [",0-,, s('r-r ); r] ("r -'o-, )] *

+(c(;*) - c( 
"o-,))]ll 

-.

= * llt"., 
9(r'6 ); of ' 

ll{[t'--','r'¡ 
; F] - ["0''o; F] +['rs' .r'¡; F] -

(zs) -[.^'*-,, s6k-t);r]]('r -,rr-r) + (c(',r*) - c("0-,))] 
= 

9]-,

where cr* is given bY (20). But
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(30) oo <lz,t(r,,-,,0) * A2þ¡,0)* h(d + .,4a(r,,-r,o),0)](,;, - r,,-t)+ 4(r,,,r,,-1) = Þt

Hence by (29), (30), and (12)

ll"*., -,r*ll<,**, -4,
which shorvs (17) for all n > 0.

It nou,follows from (26), (28) and (17) that tlie Steffensen iteratiou {.r:,,}
0r>0) is Caucliy, u'ell defined and remains in U(,r:,,, À,) for all ¡r>0. Hence, it
converges to some -¡* in such a w¿y that (18) is satisfied. For n:0, (18) gives

x* e(J(t,0, À,), BV tal<ing the limit as n-) oo in (2) rve obtain F(x-) +G(-,u-) : 0, which
shows that ¡* is a solution of equation ( 1).

To show uniqueness, when G: 0 on D, we assulïìe that there exists another

solution )r* of equation (1) in U(;ro, R). Then as before we obtain

ll 
[",,r(',), o]-'(l-"-, v. ; F)- [,*o,s:(-ro);.])ll =

= ll 
[,,.,, r{", ); F]-'(1".,r. ; Fl - fxo,.r'o; .])ll .

*ll [.,,,,s("0); r]-'([-',0, g(-ro); r] - ['xo,-r'o;.])ll =

= 
l,(11.", -."-11,0) + ,e,(llx, - r-ll,o) + ,t,(ct,o)s

(31) < A,(R,.0) + ,lr(n,o) + zr(a,o) <t since oi, > 0

bv (ii) and (9).
It now follorvs from (31) that the linear operatol lx*, y*; Fl is invertible.

Using the approxin-ratiorr

r(yr)- F("-) =l*. ,y*;Fl(t. - r')
provided that G:0 on D, rve get.l*:y*, which shows that ¡* is the unique solution
of equation (l) in U(.r', R),

Using the approxirnation

ïntt -r, =.r' - r, *(lr,,,rir,,);r]-'lr,,,s(.,.',,);r]).[.,.,,,,g(ro);F]-' .

'{[[',,,"-,^r]-f-ro,.ro;F]+[.r'0,-,ro;F]-lr; ,s(r,,);r]](t'- -.*,,,)*(c(t-)-c(r,))],

(3), (4), (5), (6), (26), (28) and the triangle inequality as above we get

11.",,*, -',,11 = ll'. - ,,,11* ?,
t1

wlrerep, is given by (25), which shows (24) for all n>0.

Moreover, using (4)-(6), we obtain

ll 
l-^r, r{ * ), r]-' (1"-,'o ; F] - ['0, g(', ); r]) 

ll 
<

. 
ll 1"., , ,{.r. ); r]-'(1"- , -xo i F] - [.", , ', ; r]) 

ll 
*

*ll [",, s{,"., ); 
p]-'([."0,g("0 );r] - [;ro, xe i 

"f) ll =

=,¿, 
(lr- - ", ll,0) +,<r(llx,,- 

"o ll,0) + .tr(a,o) <

< At(Rt,o)+ A,(Rr,o)+ zr(a,o)<t since a>0

Therefore, rve get

(32) 
lllr,-,r,,,,.r]-'fxo,g(rrl,.]ll= *,

where c,, is given by (23) for all n > 0.

Furthennore, using the approxirnatiori (if ra:O in D)

F(r,,) - ,tr("- ) - l.r*,.r,,,; F](,x,, - ,u- ),
(20) and (32), rve obtain

11,,, - "'- ll = lll"- 
,.,,,, , F]-' 

[ 
,,0 , g(.r, ); r]l ll[",, ,(", ), r']-' 11',, ¡ll <

where

g5 ¡s¡ all n>0,
C,

a,, =12.t,(ll';,-, - *oll,o)+ ¿r(llr,- 
",ll,o) 

+ .tr(a + .eo(llx,,-,- 
"r¡l,o),0)]11",, 

- i,-,11,

which shou,s (21for all n>0.
That completes the proof of the theorem,

Renmt'ks (a) Letus denote the right lund side of (a) by +(,.,*lltqll,r,,tr+llnrlllr).
Then we can choose

.tr(rr+llnrll,t,,tr+llr4ll4)= .yp _,. ,ll¡r,o,r1"o;,o )-1(lr+nr,y+t r,e)-l.,r,Fl)ll,(33) il'flnî,íil;;Ë11;;"'"'

(34)'tr(t, llnrll,r,)=,*j¡1,f',,111.t,,r('o);r]-'(c(v+rr,)-"(ù{

llrr.lþn-r.
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au.d

(3 s)

Esti¡-rates (4), (5) and (6) u,ill norv follou'lì'orn the abovc choices ol'fl-rnc-

tions I 1, A 2, A3, A o and A, .

One ãa¡i.fer to [3] for sorne applications of thesc ideas to the solurion of

integral operators.

þ) Let us assurlle that inste¿d of (4), (5) and (6), the follou'ing conditious are tnìe:

(3 6) 
ll i"o, s('o ), o] '([.", ),; F) - lz, z; F)) 

ll 
. n'(')ll' - 4l * q,(')llt' - 'll.

ll.(3i) 
ljl',, s("0);F]-'(c(r) - 

"(r)|l 
< q,(,)ll' - ,ll

ancl

(3 B)

þr att x e(J(xo,t,),y e(J(xo,rr), ll¡,,11< 
R - /r , ll¿rll= R- t. v'itlt v'(r) = J' 4(l)e I

on,t v,Q')-- | 4Q)at

Proo.[. Let .r: eu(x.,t1),! eu(xoJ2),ll4ll< n - I' ana llnrll< R- tr' Using

(42) for rze N, we obtatu

llr(' * t4, v + hr) - f(x,rlil = Ë llr(". "'-'.¡t',' v *''-' ¡r")-
J=1

f(, * ,r't(i - r)hr,1, + nr-l(i - t)rt)ll =

=inr(,, + ,',-1¡llnll)n-'ll¿,I|* ior(,r+ r"-I7llr',|l) 
'n-'lln ll<

i=\ i=t

. 
'r(r, 

. ll¿'lD - ur(¿,) + vr(t2. ll/,rll) - uzþ) as /?' -+ oo 
'

ition of the Rietnanu integral.

ï:tll;å deduce that auother choice for

Ar(t, +ll¡,, ll,,' ) = 
l,',,' 

*ll"'ll 
er{r)dr,

Ar(t , +ll¿, ll, 
,r ) = l"'ll"'li Q.{,)d, .

Ar(t, +ll¿,11,,, ) = Jt.lln'llø, {,),1,,

and

'to(to 
+ll¿rll,,.) = l'^,*ll"'li Qo{,)d,'

Rentarlcs c) Let G:0, qr(t") = 4r?): e, ancl qo(t"): e, e,, er)O' Theu our

results can be reduced to the ones obtained in ta]-[7]. Moreover, the choices of

At, A2, A, ar'Å Ao gívenin (a) and (b) above show that Ar(t, + ll¡' ll,tt) < 
"lll/'rll'

A-r(tr+ll¿rll,tr) < 
"rllnrll 

andAo(ro+llnoll,to)<"ollúoll , wtrictr rllearls that our esti-

mates on the distances 11",.,-t,,ll unOllt,,-"-ll cau be sharper than the ones iu

l4)-l7l (an<1 tlie references there) for all n > 0'

stu)
x:!,txo,l¿)

lir4 li< Â-14

ll, 
_ /ll

|,,r
llo\

ll" - vll

h4+ 8(z),to(to + ll¿,ll,to) =

lll',.r{',)'o1-

sup
x,y ,z=L)(xn,r)

'(r(.") - s(v)) < qo?), - v

for all Í, !, Z e u(xÚ r) antl 41, Q2, fu and øo nondecreasing ñlnctiors on [0,R]. For

exatnple, we calt choose

xo, g(l:o); r]'([r, y; F) - lz. z; n])
(39) q,(,') = qr(,') = -4t

"u, 
g(rro);r']-'(c1r; - c(y)

(40) qr(,') = sup

+

-r .¡ eU(xo r )

and

ll[.,. 
r{*,' F)]-1(s( r) -'{r))ll

qq(,') : s.p
r.r eU(.to,r)

PnoposttloN. Let f :{P(x6, R)-+8, be a nonlinear oPeraÍor saÍisfti¡1g

(42) llf|,ù - .f(,,')ll< r',ç,¡ll'- ,ll + k,(r)lly -'ll,
for all x, )), z e ()(xs,r)r<R, andfor sonte nondecreasi.ngfuttclir¡tts k, and
lc, on l0,Rl.

Thett

W) llf(x + tt,.¡t +h,)- ¡(r'ùll'u'(r, -ll¿l|)- v'(¡')+vr(t, *ll/"ll) - v'(1.),
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(d) Estimates (22) ancl (24¡canbe solved explicitìy tbr llr,,-.r'-ll, rvhcn fbr

exanrple qr(r)': ct, q2(r): c2, %(r): c, and øa?): co on i0'1ll fbr some c1' c2' c3'

co>0. Esti'r ate (Z2)will provitle an upper bounc'l on 11",,, 
t-ll . rvl'ttreas (24) rvill

provi<le a lower bountl on ll't,, -'"'- ll rot all n > 0'

(e)Theutriquenessoftlresolutiot-r.-r-*ofequatiolr(1)i1r'Uj.l.'.4)u,asesta-
blislrecl oniy u,hen C i O on D. We assutne that G+0 o¡ D. attcl clef,rne the ite rations

))n+t=/, -i..-,,,g(.ro);o]-t(o(r,,)+F(y,,)), for any y¡, e u('r,,'4,) (n > 0)

zn+t= r,,-l*r'',g('xo); n)-t(nçt,,)+ F(2"))' zQ = x0 (r > 0)

s,,+1 = s,, +il,(4,0)+,ar(n,,0) + 'lr(d,o))(s,, -r,,-r)+l(s") - A(t'-') ('> 1)

so = o, 
"r 

= llyt - Yoll

tn+t = t,,+l.t(Rr,o)+zr(n,,0) + 4@,0))(', _ 
',-r)+ 

AQ,)- A(t,,-') (n > 1)

/o = ft, s, < l, < -R'

ô,, = (/,, - s,,)+l,ar(n,,0) +A2(R1,0)+ A2kl,0))(r,,-t - 1,-t)+ A(t,,-,)-

-A(tr-r)+t,- s, (, > 1),

and the function

Tr(') = st + ll,(r'o) + A'(r'0) + 'e'(a 'o))r 
+ A(r) '

Moreover, we assullle tliat in adrlition to the hypotheses of the above theo-

rem, there exists a minimum positive number Ri sL 'rr that

4(Ài) < 1ri,

and

ô,>0 (">l) .

Then as in the theoreur above, we call show:

(i) The r"q.,"* ir,¡ 
'1,,>0) 

is,'ronotonically increasing' *'liereas t¡e

,.qr"ió" {1,} (ni0) is rnoiiotonically clecreasiug and

J11,"" = ,lTll" = /?r* < ,rRr aud |(nr) r 'Rr '

(ii) The sequerlce {2,} (,>0) is well defined, rentains in U(-r;o,Ri) for all

n)0, ancl couverges to a solution z* of equation (1), which is unique in U('r:., 'R)'

with z*-,r:*.
Moreover, the following estitnates are true:

llt,, - t,,-rll I r',, - ,s,,-, (, > t)

llr, - t-ll ' Ri - ",, (' > o)

11",, - y,,ll1 t, - s, (n > o)'

The conclition on the sequence {s,,} can be dropped if we defi'ne the sequences

F,,*r = lr,(o, 0)+ l2(R1,0) + 'l,r(a,o))-r',, + l(s,), 'to = 0

1,,*, =lAr(Rr,o) + ,l,r(Rr,o) + Ar(d,o)][, + A(1,,), lo = R

i¡stead of the sequellces {s,} and {f,} respectively. The conclusious (i) and (ii)

will then also hold for the new sequences {4, } anO {t,} '

Moreover, the follorving estimates are true:

arrd 
s, - s,-l Ls" - 's"-t

f,, -s, ll,,-s,, for all n20'

(f)Irithederivationofestinrate(29),corrditiorr(3)wasusedtoteplace

F(r* ) - F(,r'*-' ) by l"u-, ,xo; F)' (to - 'ro-, ) ' hrsteat! we can use the approxinmtiol

jra'("0,r +/(.:r:o -t* 
'))("0 

-ru-,)= l"u-, +t(xr_-x¡-1)''rr-r +/(x* -:':* ');Fl'

i' which case a sirnilar theorern can be provecl if we just replace the seqnerlce {r",,}

antl the function I by the l1ew ones given by

t,,*t=tt,.f,{!,,:: 
,(n(,;-,,0)t'Ar(r,,,0))ar+(1,(4,-',0)+1,(4,'0))(r,'-r" ')+

+A(ti)- 'q(,;,,r)\ (,,>t)fu = o, 4 = ll'' - 'roll

and

r(r)=ri.i{[tr,,,',0)+A2(r,0))dr+('a,(r'o)+'tr(a+'to(''o)'o))''+z(')]



Ioanuis K. ArgYros 12
RE\/UB D';\NALYSE h*UNlÉllIQUE ET DE TIIÉOR.IE DE L'APPROXII\IATION

1'onrc 25, N"' 1-2, 1996, PP.23-3122

IìEFERIINCES

1.Argyros,LK.,O,? tites,lutiottolequotionsv'ithnon¿ifi?r'cnliableoPerolot-sontlthePlaken1)t's
es'titnates, BIT, 30, (199Ú)' '752-'754'

2, points' rr' lr41r' lr4atl /tó (1981ì)' 85-94'

3. þ' fh" irtttt o'f itcrolion n¡ethod't' CR'C

da, U.S

4. Fttnclì tetl Space'r' Oxlir: rl Pirbl Pct'gatncttr

Press, New York' (1964).

5. Pár,åloiu, t'la résolulion des équalions o¡seralictrtrtelles ttr'ttt

Iíréa 4q'-158'

6. 
-. 

Obs on rtl oPu'alor eqrra-

tiotts' '2 (1994)' 185-195'

7. Ul,ul, S, ih tttnatuenii' Juntal'

vicisl., rnat. i niat -flz. 4 (1964)' 6

THE APPI-ICATION OF KANTOROVICH-RITZ METHOD

TO THE FLOW OF AN INCOMPRESSIBLE POTENTIAL

F'LUID BETWEEN TWO SOLID WALLS

DOINA BRÃDEANU

(Clu.j-Napoca)

Received 5 01.1996 D ep artn rcn t o.[ l\tÍ ath et t t a I i c t,

C a nt erott Un iYers i D', Lrt tYl ¡¡ tt,

oK 73505, u.s..A.
l.THE FORI\{ULATION OF THE PROBLEI\I

a) Differentíal problem. Consider the plarie Oxy and the bourrded douraiu

9 = {(x,¡,) e R2l-.xo (.x < Jr:1¡,0 < y< y*(ù}, where !: )',,,(x) is the given

equation of the CB boundary.fig l ' It is assuured tltal DA àr1'J cB bouudaries are

solid walls and that the ideal incornpressible fluid between them irrotationally

flows in tlre positive.r: direction witlt the velocity V(',y)-(V,,Vr) ' On

-DC and Ats bo¡nJaries the velocity vector is constant and parallel to Ox axis,

C v

(x) 
B

V(x0.0)

X

D(-xo,o) o A(x6.0)

Fig 1

With these assumptions, the sheam fuuction y satisfies Laplace's equation on f), 4150.

The boundary conditions on the solid walls are ìvo;, 0) : ,l/o : 0 and 1r(.r;y,,(.r)):
: ry,,,(-x) : q, wheÍe 4 is a positive constant. It is known from the defillition of the

streám functiou tltat L ^i-tu,l) = (Ôyt I ôy),=,,o = coust,= /co and using the

(r2)
V =0

llj=n¡Y

V(-xo o)


