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We consider the following free boundary problems related to evolution of
isolated mass of a viscous capillary fluid:

1. Incompressible fluid

(v + (v-V)v — V20 + Vp = 0,
V-v(z,t) =0, Vpy=v-n, x€% t>0,
S(vyn—pn=ocHn, Vy=v-n, xcly,

| v(z,0) =vo(z), =z € Qo,

7\

(1)

where €, is a bounded variable domain in R3 filled with the fluid, I = 024,
Vi is the velocity of evolution of 'y in the direction of the exterior normal
n, H is the doubled mean curvature of I, o is a positive coefficient of the
surface tension, S(v) = (g;); -+ gr;“z:)i7j:]_72,3 is the doubled rate-of-strain
tensor;




2. Compressible fluid

(p(vy+ (v-V)v) =V -T(v)+p(p) =0,
,0t+V(p’U):O, QZ'EQt,
T(v)n—p(p) =cHn, Voa=v-n, z¢€I[y,
| v(z,0) =vo(z), p(z,0)=po(z), =€,

(.2)

where p(xz,t) is the positive density of the fluid, p(p) is the positive strictly
increasing pressure function, T'(v) = uS(v) + pu1IVvo, p, pqp are positive
viscosity coefficients;



3. MHD problem for the incompressible fluid.

Navier-Stokes equations:
vi+ (v - V)o—vV-Sv)+Vp-V . -Ty(H) =0,
V-v(z,t) =0, x€&Qq t>0,

(-:3)

Maxwell equations:.

(uWHy = —rotE, V-H =0, x€Q;USQ0,

{rotH = a(E 4+ u(v x H), z € Qqy, (.4)
\rotH =0, V-H=0, V-E=0, =zé€Qy,

boundary, jump and initial conditions:

([uH -n] =0, [H:] =0,
S(v)n—pn+ [Ty (H)n] =cHn, x¢cly,

{H - n=0, =x€S85, (.5)
v(z,0) =vo(z), =€,

| H(2,0) = Hg(z), x¢€ Q109U 0.




where H(x,t) and E(x,t) are magnetic and electric fields, H = H —
n(H - n) is the tangential component of H, 25; is a variable bounded
vacuum region surrounding €21, 2 = Q21, Ul U oy, § = 02, pn is a
positive piecewise constant function equal to u; in €2;;, a = const > O,
Ty = w(H @ H + 21/H|?) is the magnetic stress tensor, [u] = u(1) — (),
is the jump of the function u(x,t) given in  on [¢; u(?) = u(x,t), x € ;.

We work in anisotropic Sobolev spaces

Wi2(Dr) = Lp(0, T; WA(D)) N Ly(D; W}/ 2(0,T)),

p>3,1>0, Dpr =D x (0,T), D CR", with the norm given by

T
Il 112y = o 1gemn e+ fo 1l 2 12
2(@r) Wi (D) "2(0,1)

= lul?, 10ppy T 1017 01

By WIQ(D) we mean (isotropic) space with the norm defined by

(0,1)

if [ is an integer, and



by = 1
Diu(z) — Diu(p)lP
M

if [ =[] + A, O<>\<1.
Transformation of free boundary problems to problems in fixed domains.

Equations of the free boundary:

Mi:x=y+ N@)ry,t), yeg, (.6)

where G is a smooth surface close to [ g;

Hanzawa coordinate transformation:

r=y+ N"(y)r (y,t), ye, (.7)

N*, r*: extensions of N,r from G into Q.



1. Incompressible fluid; linearized problem (0.1) written in the coordinates
y:

Making the coordinate transformation (0.7) and omitting the nonlinear
terms we arrive at the linear problem

(v — vV20 + Vp = f(z, ),

V-v=f(y,t), yeF, t>0,

S(v)N(z) — pN 4+ oN (y)£r = d(y, t), (.8)
ri(y,t) —v(y,t) - N(y) = g(y,t), ye€Gg,

v(y,0) =vo(y), wye€F1, r(y,0)=ro(y)),
(Y €0,

£r = —(Ag + b(z))r, Ag is the Laplace-Beltrami operator on G, F is the
domain bounded by G. We set Q= F x (0,T), Gp =G x (0,T).

Theorem 1. Assume that f € Ly(Qr), f € Wpl’o(QT), f = VF + f,
F,f' € wOYQp), dr € wp VPV gy d. N e w0 Gy,



g € w2MPITLRr Gy vy € WETAP(F), v € Wi 2/P(G), and let the
compatibility conditions

V- -volx) = f(x,0), z=e€&F,

v(S(vg)N)r =d(x,0), xze€gG, if p>3
be satisfied. Then the problem (.8) has a unique solution v,p,p such
that v € W2 (Q1), Vb € Lp(Qr), p € Wa P0Gy, r e w2 P0Gy,
e € W2 VP 1=1/2Pc ) r( 1) € W];O’_Q/p(g), vt € (0,T), and the solution
satisfies the inequality

ol 20y + 19PNy r)
+ || HW3—1/p, () + ||"“t||W2—1/p,1—1/2p(GT)

< c(Iflzy@n + 1 ly1000, + IFlyor o,y

(.9)
f || Ol(@ ) HdT||Wpl—1/p,l/2—1/(2p)(GT)

+ +

d- N _ + _ _
||WI;|- 1/p,O(GT) ||g||WpQ 1/p,1 1/2p(GT)

_|_

v0lly 2270y FlIr0ll 320 g )



Theorem 1 implies the solvability of the problem (.1) and "maximal reg-
ularity” estimates of the solution.

The proof of (.9) is based on the analysis of the model problem in the

half-space R?I_ = {x3 > 0} (we restrict ourselves to the case f =0, f =0,
Vo = 0, T — O)Z

(vi(z) — vV20(a,t) + Vp(z,t) =0,
V-v(x,t) =0, xz3>0, >0,

v
u(% + aﬁ) =b;(«',1), j=1,2
Y 8"’53 (.10)
—p 4+ 2,258 _ 52y = ba(z', 1),
0x3

re +v3(z,t) = g(x,t), x3=0, 2 = (z1,20),
| v(x,0) =0, p(z,0)=0.

We solve this problem in anisotropic Sobolev space with exponential
weight e™ 7%, v > 0.



Theorem 2. Let Ry = R} xRy (z € RS = {z3 > 0},¢t > 0), Rl =
R? x Ry. Assume that e, € W1 1/p.1/2- 1/(2p)(R ), j =1,2, e Vg
Wy YPORL), e e Wi Up1- 1/2p(7z ) with v > 0 and that

b1(2',0) = ba(a’,0) =0, if p>3.

Then the problem (.10) has a unique solution (v,p,r) such that e Vv €
2’1(R_|_) eMVp € Ly(Ry), e Vipe Wy MPORL),

e Wy MPORL), ety e Wiy MPO(RL), and

le™"vll,,, w2l(R, )+||€_7tVP||Lp(R+)

-|-||€_7 | 3 1/p,0 + ||e —t || 12— 1/p1- 1/2p(R )

(RI) W5

< C(Z ||e_7tb( )|| 1 1/p,l/2— 1/(2p)(R3)
1=1

(.11)

+||e_7 b3|| 1 1/p,0 (R, )—|-|| e M el 2 1/p,1— 1/2p(R ))

where b (a/,t) = b;(2',t) for t > 0, b9 (2',£) = 0 for t < 0.



Using the Fourier transform in xq1,x> and the Laplace transform with
respect to t,

A€, s) = Fu(a ) = / >~

0
where s = ~v 4+ &g, v > 0, & € R, we reduce (.10) to the boundary value
problem on the half-axis R} = {x3 > 0}:

e Stdt /RQ e_ig'a:,u(g,t)da:’/, (.12)

> d?
viry ——= |v; +1&;p = =1, 2,
(]_ da: ) ]+ gjp .]

o - dv
1§101 + €200 + d—3 =0, z3>0,
. 3 (.13)
Uj e~ \ _ 7T .
V(%+Z€jv3) _bj7 J=12,
dv

— P4 2v—— + ol¢]?F = bs,
dr3

sr+v3=g9, x3=0,

~

| v—>0, p—0, (a3 00),




where ¢ = (£1,62), r1 = r1(5,6) = \Jsv L+ [¢2, = < argry < 7, Res =

~ > 0. Eliminating r we obtain

x3 > 0,

14 7“1——2>6j—|—2€]ﬁ:0 ]
da:‘23
d dp
2 ~ P
v|r] ——)v'—l-— =
( dac% J da:3
< ’651’01-I-Z€2vz+— 0,
dr3
<dv] +i ) b
€503 | =
dr3 Je3
dvs o -
—pt2v 2 = ey = by — e’
x3 8 S
v—=0, p—0, (a3 00).

r3 = 0,

(.14)



The solution of (.14) is given by the formula
1—9;3

V; = — eo(x3)b;
1/7"1
eo(x3) 3
+ i
v2ry(ry + |€])P ; i

e1(x3) 3
di i=1,2,3,
T2+l 2 Y

. T1S8 062 L~ o
5= VP[(z +E)<zglb1+zggbz>

2
5_) dgelEl73.
r1

where do = ba, a = 1,2, d3 = bz — Z|¢|?g,

— V(Tl +

e~ T1T3 _ o—l¢[z3

—r1x3
)

eg(z3) = e e1(z3) =

r1 — [¢]
_s(s > 71 ol¢|3
P_V<I/+4|§| r1—|—|§]+ Vs )

(.15)



If Res >~ > 0, then

2
Z_2+ s|1€]% 4 [s]2 + o€ < e(7)|P]. (.16)

The elements U;;, V;; are given by

Uag = €a&s((3r1 — [€D)s + 1€,

Uaz = i€ar18(r1 — [€]),

Uzg = —i&gris(r1 —£]), o, 8=1,2,
Uszz = —[€|r1s(r1 + [€]),

Vog = —€ap(2r1s + —£[2),

V|
Vag = —i€gs(re + |€]2),
Vs = —ifal€|(rF + [€]),
Vaz = |€|s(r% + [€]2),



Our aim is to estimate the derivatives DfD%fu, 2k +|7] < 2 and Vp. They
can be written as linear combinations of DFDjF~1%03)g, o = 1,2, and

F1Qo(e, 8)60(333){0(5, s),
F71Q1(¢, s)er(x3)d1 (¢, 9), (.17)
F1Qa(€, s)e E173dy (¢, 5).

We use the Marcinkiewicz-Mihlin-Lizorkin (MML) theorem and the results
of I.Mogilevskii and L.Volevich.

The MML theorem: Let

v(a!,t) = F~1tm(g, s) (€, s),



where Res =~ >0 and f = Ff. If

Mp(m) —Sguplm(f,sﬂ + Z sup|§a o

a=1 £,s 8504
82 2
+ sup [£162 + sup s— + sup |s§
£,s | 8fla§2| ,S| | azl f,s| “ 8§a|
83
-+ sup |s < o0,
£,s | f1€238351<3’€2|

then

||€_7t’v||Lp(R3) < CMp(m)||€_7tf||Lp(R3)-

The set of m satisfying (.18) is denoted by M.

(.18)



Proposition 1. If Qg(¢&,s)|¢|~1 € M, then

le™ " woll p(Ry) S cMp(Qol| ! )||d0|| 1- l/pO(R+)' (.19)
If Q1(¢,8)|¢)~1ryt € M, then
le™ " wallp,r ) < eMp(Qalry ¥{e Idall,, WOy (.20)
If Qa(&,5)|€|~t e M, then
le™ " wallp (r ) < CMp(Q2|€|_1)||d2||Wp1—1/p OR!,) (.21)

We consider wg. Following L.Volevich, we extend dg into the half-space
R3 = {x3 > 0} so that

”VdO“Lp(Ri) < C||d0||Wpl—1/p,0(R2)

and write wg as

wo(z,t) = —/OOOE(F YQoeo(z3) Fdo (¢, 5,y3))dy3



~

oo . dd
- / eo(z3 + ¥3)QoF ~H(rdo (€, 5,y3) — —>)dys.
0 dy3

As shown by I.MogilevskKii,

Mp(rieg(z3 +y3)) + Mp(riléler(x3 4+ y3))

+ Mp(|¢le1E1matya)y < e
T x3 1T Y3

hence, by the MML theorem,
—~t
le™7 w0||Lp(7z/+)

=t p—14 5
< C/O He m"E Q0d0(£787y3)||Lp(R

/ dys
+)ZC3 + y3

Using the Lp-continuity of the Hilbert transform, we obtain

00 1/p
—t p
([ le woll} s )

o0 ~ 1/p
<ol [ 17" Qodo €. 5.5 I} s yds)



Since
3

W . FV'do(t,y3)

F1Qodo(¢,5,93) = —F Qo

and % are Lp-multipliers, we have

||€_7tF_1QOJO(€7 S, y3) ||Lp(R_|_)

—~t —~t
< clle”""V'doll g,y < clle™” ol 1-1/p.0 01
p +

The functions w1 and wo, are estimated in a similar way.

The estimates of Q; in (.19), (.20), (.21) follow from the formula (.15)
and inequality (.16). We estimate the derivatives of

~

4 U,.:d;
ri(r1 + |EDP

Proposition 2. If Res =~ > 0, then

Mp(P™1) < c|P7. (.22)



It follows that

k(zg)] T]3 Uzy

Mol TP
k i i/ J3
GOy p

= CMp(?“l(?“l + |€|)

|€|) Mp( 1) <o,

which implies

~

U;;d; ||
ri(ry + [ghP i)

ki -
|DfDLF

—t
< clle " djly 110

The estimate of

1 ei1(z3) Vood

(ry + l€))P 7™




is obtained by similar arguments, and the term w(x,t) = F_le_;i%ga

represents the solution of the Neumann problem for the heat equation in
the half-space with the boundary condition wxs|z,=0 = ba(a’,1).

This proves the inequality (.11).



2. Compressible fluid.

We describe the linearization procedure of the problem (.2). We set

p(z,t) = p(t) 4 0(z, 1),

where p(t) = M/|€2%| and M = [q, p(x,t)dx is the mass of the fluid. Hence
Jo, 0(x,t)dx = 0 Since

d
40 :/‘v- #)da,
dt| ¢ - v(z,t)dz

the continuity equation takes the form

0 +p(V v—Ea/‘v'mxwmgz



Omitting the nonlinear terms, we easily arrive at the linearized problem
(v —V -T'(v) + 7 VO = f,
1
0 V-fv——/V-fvd — h(z,t), z€F
t + pum( 7 Jr Y) (z,t), =
’I“t—’U°N=g(CU,t), (23)
T'(vV)N — (mp0 + c&r)N = d(z,t), x€G,
v(z,0) =vo(z), 0(=x,0)=0p(x), =€F,
| 7(z,0) =ro(x), =z€G,

where pyr = M/|F|, mpr = /o v = 0/ (o), T'(v) = vS(v) + V1V - v,
v=yp/om V' =u/pum-

7\

Theorem 3. Letp >3, f € Lp(Qr), h € Wpl’O(QT), g€ Wpl_l/p’l/Q_l/Qp(GT),
de W, VPHRTVR(GL), vo e Wy TR,
00 € WA(F), ro € Wy 2/P(G), and

d(z,0) = T'(vg)N — mpj00IN + o€rgN.



Then the problem (.23) is uniquely solvable in an arbitrary finite time
interval (0,T), and

+ 191, + 1191,

Iz ) °1(Qp) °@r)
s a0 g, ) + ||rt||W5_1/p,1_1/2p(GT)

< oM)W Iycap + IMly1000, (:24)
ol -ama-1zn gy T 9l 2-1m1-2/20

+ lvoll w222y ||90||Wpl(;)+IITollwg_z/p(g).)

Remark. In the proof of local solvability of the problem (.23), it is
convenient to eliminate 6 with the help of

t
6(z,t) = 0o(z) + /O 6-dr = 6,

t (.25)
+ou [ (Vo= IFI [ V-v(y,m)dy + h(a,7))dr



and to reduce (.23) to a similar problem for the Lame equations

(v —V - -T'(v) = f', zeF,
re —v-N = g(x,t),
T'"(WN(z) +oc&rN=d, ze€g, (.26)
v(x,0) =vo(z), =€ F,

| 7(x,0) =ro(z), =x€g.

N\

The estimate (.24) for this problem is simpler:

||’U||Wp2,1(QT) + ||7“||W5>—1/p,0(GT) + ||Tt||W§—1/p,1—1/2p(GT)
< / /

< clflr Q) t+id ||Wpl—1/p.1—1/2p(GT)

+ ||g||WpQ—1/p.1—2/2p(GT) _I_ ||v0||WpQ—2/p(]:)

+ ||TO||W§>—2/p(g))

It implies (.24) for the problem (.23), because (.25) contains the Volterra
operators with respect to the derivatives of wv.



Model problem in R3. for (.26).

wi — ((V +HV(V - w) + VVQ’UJ) = 0,
z3 >0, t>0,

a’UJa 3w3 . / .
<V(a—$3+8—xa>—ba($at>a r3 = 0,
t
V'V w + 21/% — UVIQ/ wsdr = ba(a', 1),
0x3 0

w(x,0) =0, x3>0,



The Fourier-Laplace transform (.15) converts this problem in

N\

p

2
swqo — (v + V’)ifa( Z 1laWy + —

d2
_ V(@

A/ d , 2
swz — (v + V/)@( Z 11 Wa + ——
a=1

dw3
dx3)

a=1

03 — 52{0&) =0,

dws
d$3)

d= _ 5
——V(E;gug-—ﬁ'uko =0, x3>0,
OWwea |, .. - ,
WGy T ia®3) = ba(@,1),
rz3 =0, a=1,2,
. dw dw [
/ 3 3
7 éqWa + — ) + 2u—— — o——w3 = b3,
(géi dx3) dr3 S
r3 =y,
w—0 (x3— 0)

(.27)



The solution of (.27) has the form

_ b
w(¢,s,r3) = —V—Teo(%)
%Zf’:l(Ui(ﬁ, s) + Vi(&,5))b;
+ ’f—fZ?:l(Ui(ﬁ, s) + ‘f@(f, s))b; | eo(x3)
21 Ui(€, 8)b;

21\ 5
r1 .
-+ Zf—f > r1Vibei(z3),

where
eg(x3) = e 173,

e1(xz3) = (e "1*3 —e7"23) /(r1 — 1o),

ry = \/S-I- €%, o= \/Qyj_y,-l- €]

~

b = (by,b9,0).



)
Ua = —pj‘)‘ W((ra — )2 — (12 — €2)) +
. /
__’Lé-OéS( 2T1 V_I_V _1), Oé:].,
P \rqi+r22v 4/
. 572
3 D ’ /
1€ v+ v 1 2
V., = —(2 ;
“ 7“1-|—’I“2(21/—|—I//)V7D( vrs +olel”)
S s vHV P4 g°
3T ri1+m2v4+v P
/ 2
P = pos? + S ) se2 T 4 S0R0 S5+ ol

The function P satisfies the estimates (.16), i.e.,

s|1€]% + |s]? + ol¢]® < [P,

and, as a consequence, (.22).

v+

S V,/OOS]

2,

a=1,2,



We show that
—~t —~t
||e 7’11)” p (R )< C||€ gl b( )H 1 1/p,1/2— 1/2p(R3) (.28)

using the following analog of Proposition 1.

Proposition 3. If
Qo(&, s)ryt € M

Q1(¢,8)r7% € M

then the functions wo(x,t) = F_lQoeo(ajg)Fdo and wy(x,t) = F_1Q1€1(£U3)Fd1
satisfy

_ — 0
le™ M will L,y < elle™dgll.

i=0,1.

1 1/p,1/2— 1/(2p)(R3) (.29)

The proof is the same as that of Proposition 1. we write wg as
w(E, s, r3)
d

= / eo(z3 + y3)Qo(r1d3(€, 5,y3) — —do)dys,
0 dy3



where

do (€, s,y3) = e "¥3dg(€, s)
and apply the MML theorem:

— vt
le M woll,(re, )

o —vtp—1A T
S C/O ||€ v F Q0d0(£737y3)||Lp(R

—~t
le ™" woll 1, (r, )

o0 ~ 1/p
<ol [ e P Qodo 6 5. v} s s )

S C||€_’th—1T1JO(£7 S, y3) ||LP(R+)’

/ dys3
+)CU3 + y3’

Since
2
1~ Ty~ 10 11~
F~lrido(€,s,y3) = F~1-Ldp = (—— — V2>F 1= do,
1 v ot 1

it holds



—ytp—1,_. 7
||€ F T1d0(§787y3)||Lp(R+)

1 ~
<clle P dy (¢, s,

< clle™7""dy ||W];L—l/p,l/2—1/(2p)(R3)7

—~t —~t 4(0)
le ’LUO||Lp(R+)§C||€ dg prl—l/p,l—l/(Qp)(Rg,)'

The function wq is estimated in the same way, and we easily obtain (.28).

3. MHD linearized problem.

It consists of two separate problems: (.8) and another problem for H, E.
After elimination of E the second problem takes the form



(1 Ht + o trotrotH = G(x,t),
V-H(x,t) =0, xz€q, t>0,

) rotH =0, V- -H(x,t)=0, x¢& 2>,
[uH -n] =0, [H;]=0, =z¢cb5,

H,=0, x€b,

| H(z,0) = Hp(x), x € 21U,

where S1 = 0221, S = 092, 2 =21 U S1 US>, We assume that €27 and 2

are simply connected.

(.30)

Theorem 1. Assume that G € Ly(Q%), Hq € Wi 2/P(Q,), i = 1,2,
where QY = Q3 x (0,T), and that the conditions
V-G(z,t) =0, V- -Hgp(x) =0, =z€Qq9USRo,
[Ho,] =0, [puH -n]=0, zecly, (.31)
H-n=0 x€S8

are satisfied. Then the problem (.30) has a unique solution H € Wﬁ’l(Q,})ﬂ



sz’l(Q%), Q%F = Q; x (0,T), and this solution satisfies the inequality
Z ||H|| 2,1:~i
i=1,2 Wp (@r)

<Gl gp + 3 I1Holy -2

The equations rotH = 0, V- H = 0 in Q5 imply H(xz,t) = V - p(x,1t),
V2p =0, z€ 5. Hence (0.30) is equivalent to

w1 Hi + o trotrotH = G(x,t),

V-H(zx,t) =0, xe€q, t>0,
O

vzgp(x,t) — Oa S QQ7 a_ — 07
onlzes
Oy
uza——u1H-n=O,
n

HT:ngO(I,t), $€S]_,
H(CE,O):Ho, x € C21.

and to



V2p(z,t) =0, z € Qo,

O
: Mza——mH-’n=0,
n

V-H(x,t) =0, x€ 57,
H: = VTSO(:C7t)7 S Sl7
\H(aﬁ,O):HO, x € 21,

if V.- Hg(z) = 0.

We consider the model problem:

(i H; — o 'V2H = G(x, 1),

x € 21,

— O,
onlzes

t >0,



N\

V2p(x,t) =0, x3<0,

V-h=d(t), z3=0,

0

h —_—
o aa

O

(uihi—a V2R =0, 23>0, t>0,

t >0,

' = (z1,72),

e + ba(2',t), a=1,2,

p1hs = Mz— + b3, x3 =0,

0x3

| h(z,0) =0

(.32)



The Fourier-Laplace transform converts (.32) into

(5, = d2h
7“3(67 S)h(f, 87333) T d—2 — 07 3 > Oa
L3
_ d%p
|£|290 T P — O: 3 < 07
L3

dhs | N~ e G = d(e,s), w5 =0
/I' — 787 3: 9
. 5221 shs

Ea:iga@—i_ga, o — 1,2,

N dz -
p1hs = pp—— 4+ b3, x3 =0,

dxrs3
h’(€7 S, ZC3) — 07 @(57 S, $3) —_> 07
\ r3——+00 r3—>—00

where r% = pias + |§|2, —m < argrz<m, Res=~y> 0.



This problem is easily solved. We have

h(¢,s,23) = h(£,5,0)e "3,

5(€,5,x3) = G(£, 5,0)eltle3,

ha(€,s,0) = i€a@(£,5,0) +ba, a=1,2,
n1h3(€,s,0) = ual€|@(€, s,0) + b3

2
— 7"3h3(£, S, O) + Z Zgﬁh‘ﬁ — da
=1



which implies

EOé(S)‘S?O) :504
_ %a 1 (d — 22: i€gbs 4+ p7irbs), a=1,2
€| mr3 + |€] 8=1 o ! 7 o

h3(€,5,0) = py tbs
M (TS gt prrbs)
o o 3/
mr+€§]° 5T e
1 2

5(€,5,0) = — d— €abs + uTirbs),
@(&,s,0) mr3+‘§|( 52231@555 py " Tb3)

_ —1
m = oy -

The expressions iy /[£|, a = 1,2,

AT TS(Sas) A7 7’606
My = .M
O mrs(€,s) + |€




are the Fourier Lp-multipliers, hence

1RG0l B2 (—oo.ry) < T (1BC, O L, (B2 (—o0.1))

+1DC,0) 1, (B2 (—o0.1) )
moreover,

||h('> 0) ||W]32—1/p71—1/2p(R2><(—oo,T))

< C(Hb('a 0) ||Wp2—1/pa1—1/2P(R2><(—oo,T))

1Dl 1170072120 g o )

where D(z',t) = (FL)_lr_lc?e_m3|x3:O =
w(x,t)|z3=0, w(z,t) being the solution of the problem

H1Wt — Oé_]'VQ’UJ = O, I3 > 07
ow
8333 33320

lim w(z,t) =0,
:C3—>OO

— _d(xlat)a ’UJ|t:O — O’



hence

which implies

g.e.d.

| D] 2 1P 1=1/2p 2y (_ oo T))

< c||w|| 213 x(0,1))

<c||dH 1 1/p,1/2— 1/2p(R2><( 00,T))’

1Rl > (R3 % (0,1))

<c(||h( 0)] w22 (25 (— 00 T))

<c(||bH 2 1/p,1— 1/Qp(IR{Qx( 00, T))

Nl 11721 20 g oo )



