ool

Accaderd Naesle delle Scienam deita el X1
Memeris 45 lstimeticn

100 (1, Vol XIV, foc. 10, pagy, 183182

AN TON BUI (%}

On the Classical Solution of a Single Phase Stefan Type Problem
for Parabolic Equations in Planar Domains
with Intersecting Fixed and Free Boundaries (**)
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‘Sulla soluzione classica di un problema parabolico del tipo di Stefan
‘@ una fase in domini piani con frontiere in pate fisse ¢ in parte lbore
i
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[
luj(x.nhm:lwudj(xl)hmmhumm we

consider the free boundary prol

R b

Mxr)=0 on 707, Vaw=0 on 0.
with

l gfv,.-r,go ot (3, ) = 30y o ) = 0
0% 0) = yal .

(¥} Tosisirms el Awscre: Drparsce of Matbensutics, Universiey of Beiich Colemsbis, Varr-
eouver, ML Conmia VOT 1Y3,
(%) Methola. presetats (1 23 maggin 1990 da Lulgh Asnerto, uno el XL
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The domain 9, is given by

| o= G =1 <], << g )

| with 807 = {v: —1 <3, 1, % =gix, ). Throughout the paper, the in-
terior contact angles made by 24 with 842,/22%; are assumed to be less than x4,
The unknowns of the problem. (0.1)-(0.2) are (s, p). Scefan-type problems
for parabolic equations arise in many applications and have died esten-
sively (ef. A, Fasano and M. Primicerio [4], L. Rubinstein [13]).
One phase Stefan problems have been studied by L. Cafarelli [3]; A, Fricd-
man [6], A. Feiedman and D, Kindeclehces [7) and by A. Meirmanov [11], [12].
In all of the above cited warks, the initial domain is sssumed ta be smooth
I and the fixed with the free boundary have empty intenection.

The result obuained in this paper scems new and since we are dealing with
classical solutions, the cxisteace for small time anly is experted as for large
time the free boundary may intersect fiself. A derailed outline of the paper is
givea i Section 1.

1. - FORMULATION O TE PROMLIM

Let 2 bo che set [F: (8, &) —1<é<1, 0= B<gyfé)} where gy is
# Clfunction. Denote by 20° = (£2.£, w y(8),— 1< &< 1} and by 30" w
=@0[E0° The wgles made by A0° st Pa e (41, gy(= 1)) ase denoted
| by ().
WD) s the usual Sobokv space and || i the LA{(@)norm. Let
1" = (P4, 04) where Q%= (21, 0) and let g(£) be the distance from a point
£in 2 1o I'. The weighted Sobolev space HH(; 1), 0<s< 1 which we shall
write a3 F3(82) is 3 Hilbert space with the norm

Bl = | %, fere

Let (0, 7) be 2 finite time-interval and ler L3(0, T3 H53)) be the Hilbert
space with the norm

Ielinimoi= _fi-r.m;mr}'-

—§{x,, /) be a simple moving curve with §x, 0)
¥y} = 0 and intersceting the lines x, = L1 st P4 Denote by
fei—E2x < 1 0=y (3. 4} In this paper we consider the free

—5__—‘




 boundazy problem:
%n—v;v,u-,'(yy..n_.q in @, 0<raT,
o 8=0 on?2l, VAw=0 o 3ARANL
i, 0) = ) a2,
12 Ei-VaTE=0, 00 =)
The unknowns of the problem aze (6, §).
Let #x, #) be the vector fanction — V,&. The equation (1.3) suggests
ks e ool § 0 the welocky e of 4 ettt fid punicle. With
that interpresstion in mind the muerial derivative of § I8 given by (12
Thut we are led 10 the Introduction of Lagrangian coordinates as donc in [14]
by Solonnikov for fluid mechanics.

Lev #(z, £) be the velocity vector of a fictious particle which at /= 0
iwat the point £ in 2. The Ealerian and Lagrangian coordinates ae related by:

) x-x:c.njzr+_|' & ).
Lesasea 143 Lat o be a voctor-action fv L2(0, T3 HH(@)) and suppose. that

W D D] ce<d
widh

n "LMlM‘\a-:}; st
@ =0 mo0m=agpat,
1) 0.2 eades UG <G with U= {{a..+j -,ceu)&))
2} AG) = (U is defved and
e Al MO P i

(i rf,{l _Nm‘-mﬂlm.uﬂm “

@ o
| <A
o IN' :lw.«m {Hrw.-m"
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AL iy ndgpemdend o 0, v and of 13 0 SIS T
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Paoor: The estimates ase obisined by applying the Sobolev imbedding
sheorem. The computstions are very tedious although simple. We shall nat
reproduce them.
Let ¥, 1) = =) wih » w0 i Lemnn 11, o g # = — T
Then the equation (1.2) becor !

(14 Svln=0,  vit0)=vde).

Heace: p(§, 1) = w(8) = vo(X 10, ).
A simple calculation as in [14] shows that (1.1) may be rewritren a5
el e AV AT AV fie ) 0 020,
O3 Lin=0 o #Px(0, 1), AVuwr=0 6 GIROIX(,T),;
MED =@ in .
W shall row give 3 deniled ourline of the papes.
Ster 1: In Section 2, a mixed clliptic boundary-value problem is con-
sldered when 0<en(P) < 4.
Srer 20 Let v be 33 in Lemma 1), we use a discretisation of the time-
ariable 10 study the Initial boundary problem.
am_v AWK in Q%0 T), #EO=# in2,
w0 on 860 T),  AVew=: on (MUREIXO,T).

Stir 3 The method of successive spprosimations is used 1o suudy the
problem:

(1.6

G P AR AV AVw e f | in OX(0,T), #E0) =w,,

a4
l =0 on?2'x(0,7), AFe on (@ORG)x (0, T,

Srep 4: Let # be the unique solution of (7)., We define the nonlinear
Be) = — AV It is shown thar cxists a aon-emply interval
(073 B which A Vet Bypioies of Letomd .1 o o o o
point, fe. B(e) = s o — AVs. Now lets
B0 1) = (82 1) = 0 (X, 1), 1)
Fs ) ald) = v (X 0)

then (4, ) is the solution of (1.1)-(12).
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N 2.+ A SISED BLLIPTIC BOUNDARY-VALUE FROBLYSE

Be b ke s et R Lol g i v
 mined cllipeic boundsey problem

@) —ViAV=fin®, a=000d0°, AVen=gonil.
o Suppase thal 0 < w(Ps) < xid amd fet Dol with 14 k=
2 where a = (20 + Daf2ea(B%), (o -+ Vaj2ea(Pr). Thew there

Poimasny <CUT-Folrsonn [l stonn anyt Wl manss)

R 0 R o 2000 B gl B e B e
B, supp.
exntered at P or P mith radias .

Proor: Coasider the mixed problem:

|

—aveF i NamBnD,  sppecEs,
p=0 onenb.  Vemmg ondl Ol

‘where B, is the disc centered at P, radius &, It is known that there exiss
a conforal mupping uking Ny oato Su with

Sy [(n8): 0<r< R 0O<B<aulPY .
“The problem (2.2) besomes :
—AG=F in Sy, swppRaSy, W0 for dum0,
PSSR Y B 08

Making the change of vasisble o = log ¢ as in (0] and we get:

— o<, 0<0<m(P),

We abtain by taking the Fourier transform with respect o a;

(24) ppg,.;:r; s =0. %.‘q.__.,.,:p.
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The cigeavalues of (24) are & = {2+ /2P, It is now sandard
w0 show as in [9] that for 1+ k—ré (20 + Unf2m(P*) we bave the stated
estimate.
Lo 22 Lt 0<r< | wmd bt 1+ k—rt2p. Tt

Il mttcan s < CUT Falutmny+ 1001t big-nms + 1o man sl

Sor all w in Fy'W2 O BL), wpp wc By aud where By is the dise cantered at 3%,
“radia .

Pacar: We proceed as in Lemma 2.1 and are led to the swudy of the eigen-
values of the problem:
@s) Alpg,inrs

“The cigenvalues re 4 = 2ip and the estimate is obrained in the same way
a5 before.

Linoca 2.3: Suppose har 0< PR} < afd and et << 1. Suppese shat
1+A-mz an+|)n1z-(P). o A Daf2olP) for £ 2 Let {fg}
bl Q)< I VG, o e el e soluion ¢ of

—de=f i, =0 mE0", | Vewemg oo B
Mormer:
Rl utonin < €11 flagin+ Eelartions)

Paoor: The proof using Lemmas 2.1-22 is standsrd.

Thonese 203 Led v be ar dn Leovwa 1.1 and le} 0. wlPE) < a4, Sup-
Pase that | 4 k—s a2, (204 )xumP? (2 - Vja[2e(F) mith k= 0,1 amd
szl mug}u in FO) % HYGO) d...abu.um.-,r-.
fion of (21). Moresrr

Il < O M+ Esf b -
Proor: We contider the boundary-value problesss:
— ¥ Tn = [ VI—A) Wy in Q. w0 omiEf,
Vi gt ((—A)Vra om0 =1,
‘With » as in Lemma 1.1 and with & restricred to either 0 or 1, we have:

19-00= A VoL < Copon By




B — ) Oyl < CLU — A Vot non < Gy Lmoian «
Set U, = #—#,., nd applying Lemma 2.3 we obuin:
6 D < -
Therefore these exists « in H} () wuch thar:
(1 — GOl ioney < MU S fimian+ | B apehae -

Clearly u is the unique solution of (21).

3.« A PARABOLIC EQUATION IN NON-SMOOTH DOMAINS

In this section we shall use a fiscretisation of the time-vatisble to stdy
the prablem (1.6). Set: b — TIN where Vs 2 large positive integes and let

2= .er'uj.'”;(c. Adty  D<kaN—1.
a

Gonsider the ellipric boundary problems:

N A S I ST
OOl ovmowmet o0dee, b LcheN=1i

Tasesi 303 Lat o ond w(PS) be ax i Thvorno 2.1 and et (F, g, 290} be i
L0, T LX) % 22(0, T HAGL ) < L0, T3 LIGAF)) -

r.wa,..a‘(mm-(m..».,_n..am Tien e ot for vach &,
o s sletion ¥, of (31}, M

!l\il-‘m%-.bé|v-A‘t'|r,l’<CE[F.v.?.u‘],
C i independat of 1, v, b, & ad . The expression EUF, g, 29/21, 88) ir defined by

([T ERT, e |
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Proar; The existence of 2 unique sohution w, of (31) in HHR) follows
from Theorem 2.1
1) Multiplying (3.1) by », and integrating over 0, we ubeain:
1%+ 2 A" Sy, Vo) < o [ 2K ) uif-;.
“Thus
B I8 5 o lbom <t + OO Flbwrma+ el s

2) Multiplying (3.1) by — V4" ¥, 20d imegrating aver 0, we get:

T T+ 5Tl L8+ (AT Vi 4 [
£

An inequality in Hardy and Linlewood, gives:
Vo, W )] < A W W Wiy, ¥
Hence:
(A Vg, Vo) o BV Vo P <] PP o B A — A%) T, 3 Vo) +
+ J_m—r-w.. + ﬂ L
We have by rakiog lnto dcconne (32)¢
ATHIE € S (bt 17 S} < NP+
+ LTy + Iy cns + To* s ovf s 19w
+5 (G =9y (A — A i 9
Heace:
B3 TGS {1 Tl 17 V) <
(M.{Ilnlh-'!wi» [V T—— "“’""""‘"”I%Tm-.mw--: +

AT e L
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) Clearly (3.3) s the disceete analog of the dificrential incquality:

o

j
sn<MB(Fu ) + af o],
Applyiag the Groowall lemma and taking into account Lemma 1.1 we nbsain
the sated etimare, ;
Lascain 325 Suppore ol sy bpotiser of Lemma 31 are soigind, Thes:
o L s
‘gngf—,—v,..)jﬂ'm‘fé‘{?. o, w) 3
Prour: 1t Is an loenediend ensequénce of the soinate of Lemma 3.

Tomonsst 3,42 Sappace all the bypotbeses of Lisma 31 are srisiod, rbew there
wxists. snlgne saletion 0 of

l%v—'F‘AVr—F in Qx0T aE0)=m inf,

=0 onPR@O,T),  AVew=g on 200, T).
Moreseer:
N LIE o, iy
o o+ [ sy <N (7
A it dudependent of B, v.
Pacor: Tn view of Lemmas 3.1:3.2 and of Theorem 2.1 we have:
: : 3
£ Il <CE (P o)
By a stundand procedure we obtain W fzom ¥, und the stared estimte fol-
lows from those of Lemnwus 3.1-3.2.
We shall now proceed to. get further regularity properties. Consider the
em:
B _vaw-Fivin noxen,
64 [ gm0 onsorie, 1), AVer=E U
0= FEO4T  inl.




Phyllophoraceas
Chandrus Heredia Grev.
Speciveen 37; Dufour 124 = Péyllophors Heredia Clems Ardiss. e Straff.
472 = P Heredis ). Ag: Ardiss. | p. 183 = [Phallopbors beredic (Clemente)

J- Agardh

Gigariing Griffithsise Lamour.
Spocimen 29, Dufour 121 = Gywewogamgran Grifftbsioe Ment: Ardiss. ¢
Strlf, 468 = G Grffibsise Mare: Ardis. 1 p. 176 = [Grmsogongrus g
frtbsiae (Turer) Mastius]

Haliweints nesoiong Dy
Caprais. 149, Specimen 36 = Phyllopbors mervoss Grevil [Phyllopibors

werviia (De Candolle) Greville]

Pb,uqa_. memosa Grew
Specmen 36, Dufour 12%; Ardiss. e Seraff. 471; [Phyliapbora wervvia (De
Candolle) Greville]

Gigantinacese

Gigartina acicalaris Lamour.
Specimen 27, Dufout 118; Acdiss, e Suull, 463; Ardiss. 1 p. 167 = [Gigar
tima aciewlaris (Wulfen) Lamourouz]

Gigertma Teedié Lamour
Capraia 135, Specimen 26; Dhafour 11%; Ardiss ¢ Siralf. 464 Ardies. | p
163 = [Grgoreing seedsi (Roth) Lamousoux]

RHODYMENIALES
Rhodymeniaceae
Chomdrun repens Grev.
Specimen 39; (De Toni IV p. 493} = [Feischos ripens 1C. Agardh) Moa.
tagne|
Chrysyomenis pwaisea Ag.
w0 73 Dufour 110, (Ardiss. | p. 209) = [Chryrymenia sentricota
\L.mw(mxlj Agandh]
Halymenis niceconiis Lamour.
Capraia 148; Specimen 53 = Rbodymewia mediterrmes De Not, Dufour
132 = Rbodymenia Pabmeits Grev: De ‘Tori IV p.514 = R Pelwietta
(Esp) Grew; 171 (3: 381
Lomenasris wwaria Duby
Spectuwen 41; Dufous 112 = Chryspwenia wewria Wlk; (Ardiss, 1p. 210} =
C wraria (L) ). Ag; Botryocladia boteyoides (Wulfen) J. Fddmnm] as)
mediterrenea De Not

Spocmien 5% Dufour 132 ¢ Ardiss c Seraff. 453 = R Paweers Grew. =
13 38

Rbodyureria Paimyetta Grey.
Specamen 56; Dufour 132 Ardiss € Serff 48 17 (3; 38)
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Since g = dw/év, we obtain by Gronwall's lemma;:
i
[l (5 35988, 7)-

Henee (3.5) gives:

= < Lo it

7] [ L} T ).

2) ‘Since fwfer is in LA, T3 WO3(9)) it also hlngl w .!.!(mr‘ Jr(u))

for 2jr < < k where r is any positive large integer. g Thearem 2.
and we have:

R

3) We now show that 2t is in L0, T HY(D)). In ccder 1o apply
Thieorem 3.1 1 the problem (34) we shall now estimate (IEr)(EARE)Vo-x).
We have:

B v A <limimmnmenlii oot

<] 16 i ooy otisraon

0.7 st

Since 0.< 1<k, we get:
- T

e

Nodng thar rlemi.z: . ﬂia-;wimm-md and taking into account
the sesult of the fiest pat

k—v" <car +
Tl Tkl M, nigon
By
+K(F.~a-4 ” g;}-)
Applying Theorem 3.4 o (34) with & = fwfir and we haves

3 e
R R - W
The theorem Is proved by taking B with 0 < d< TH2C.
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Calltharmnion cabellee De Not.
Fmpﬂmﬂ‘wmﬂmew4weﬂrmlp.ﬂ  sab
tilsinsuay De Not: De Toni IV p. 1947 = Seimspora interrupts. (Sm.)
Schmits var. ? ulriscina (Do Nov) De Toni: Pooda p. 1L = § miee
rupta (Sen.) Schmitz [ subeilseims (De Not) D Toni; [Scimorpona e
ot (Smich) Schmice]

Harvey. De Toni
IV . 1908 Prodn . 143 = [Pleacrpore bt Smith) N.,gm
Calliphasmmion eracistars
dpecimen 113; Dufour 77 = € crocutw ). Ag:; Ardis. ¢ Sufl. 418 ¢ Ar
Ag; [Ansithammion crucistum (C. Agardh) N3

repens (Dilluyn) Roservinge @ var flagelbfernss {De. Notaris) G, Feld-
mann- Mazoyer] (22)
iow gramalstuy
Capraia 189; Speciwren 110 Duufour 85 = C gramwlerwm Ducl; Ardiss. ¢
St 415 C. gramulium A Auliss Lp. 73 = [ Callubammion gramloturs
1

Prospetio 29 Dufour 73 = C swrichile Ag; Ardiss. ¢ Sirai, 316 = Sper
mathamnion Turneri Areschi; Ardiss. I p. 300 ¢ De Toni IV p. 1260 = 5
Turterd (Mert,) Aresch. b. variabile (Ag) Ardiss; [Spermothamnion repens
(Dilluys) Rosenvinge var. surisiete (€. Agardh) G, Feldmann Mazoyer)
22)

Callisharmion mumistom
spm.ﬂmbmuu\mrsmmnnmm : Ar
dio. 1. 60 = C Bosres (5en) Hare; Do Tou V. . 1304  (Plmirpo.
i e (Srwith) Nigehl

Callitharanian plarenla
Specmes 112; Dufour 78 Audiss, ¢ Sealf. 419 Andise. 1 .78 = c,m
made (Elis) Ag: (D Tonl IV p. 1400} = Awtitbamion Plamsia
Thuret; [Pierothasmion piamula (Elis) Nageli] (35; 14)

Collitbarmmion scopulorim Ag.

e tmww 63); [Aghoothemsion scopulorns (C. Agardh) G.

s ke Ap.
Caprais 190; (Dubour 841 = C Barreri Harvey; (De Toni IV p. 1304) =
(Plewosporium borrers (Smith) Nigeli)

Callthassion vubsilssmim D Not.

Prosperso 26; Dufour 79; Ardiss. ¢ Steaff. 309 Ardiss. 1 p. 67; De Tomi TV
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- Thzomeyt 41 :wnﬂmw-/mumnm Tin
dders axisir o smigue v, sinisx of (3.1). Moreorer

2.

a0 2w
w P

e the unique solution of (42) given by Theorem 32
Sen: U'.--P_f' and it follows from Theorem 3.2 and Lemma 4.1 that:

Bl s

Now a standard argument gives the cxistence of a solution  of (42) and
the estimate follows from that of Theorem 32 This ia clesr from the eri-
mates that the solution is unique.

w:unl?mndmgaﬁnd-mlmqmmu Consider the
initial boundary problem

§ﬁ4v-4v(‘..-aw=.= W OkE T, =0

on 0% (0, T),
wj Av;.-y-——-v” on 20 % (0, T)

& 0)=f50) 4 *  in Q.

F {-rwv Ava-a-,dv v.+3; Av-+'$v.

Lesn 42: Lt Foand  be e in (43). Theas

1 m‘"‘“m*l'aﬂm..u..,“ﬂ(l'lmr--m+

2 luenshion [59],,

<
o, ce

-=6‘flhim-m+ rﬂl’lm‘.v-mn)

Cir ndepradent of v and of .
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Griffishsta pumile De Not.
Prospesta 33; Dufour 92; Ardiss. e Suraf. 425 Ardiss [ p, 85, De Toni
IV p. 1275 ¢ Preda p. 157 = G. iregularis Ag; [Griffichsie flosculiaa (EL.
li) Barters var. ey (C. Agardh) G. Feldmann Mazoper] (221
Grifithsi secundifiore Ag. Jun
Specimen 105; Dufour 179 ¢ Ardiss e Seraff, 315 = Bomenia secundifiors
Thurct; [Barmetsa secundfors (], Agardh) Thures]
Grffths spherics
Capraia 184; Ardiw | p. 87 = Grfrtbs setaces (luds ) Ag. var
De Ton 1V p. 1274 ¢ Preda p. 136 = S etcee (5 g, (G
fitbria oscuiosa (Ellis) Buners var. sphoerca (Schousboe ex €. Agardh) G.
Feldmann. wm1 22

Spyredia clacviata ). Ag.
Prospetio 37; Dufour 103 o Andiss. ¢ Suaff. 443 = Controcenss clorulatum
Mont; [Centrocenis davulétiom (C. Agardh) Montagne]

Wrangelia peniciliata Ag.

Capraia 185, Specimen 102; Dufour 177, Ardiss, ¢ Seraff. 511 ¢ Ardiss.T
312 = W pemicillais ). Ag; (Whangelia pemicilata C. Agandh]
Delesseriacese
Aglaophyllum oceliatum Mant,
Specimen 38; Dufour 174 = Ntopbyilams punctasars Ware: Ardiw. ¢ Strsff
499 = N punctatums . ocellatum . Ag.; Ardiss 1p. 255 = prnqum
(Stack.) Harv, var. acellaturn 1. Ag; Preda p. 274 = N, pumctatum
Grev. o ocellanim ], Ag.: [Natcpbyilum prmctatum  (Stackhouse) Glnnﬂt]
Agloapbyllum el
Spocimen 39, Dufeur 173 ¢ Ardiss. ¢ Seraff, 500 = Nysophyllum uncinarim
J Ags Aciss. 1p.255 = N srcimatnne (Momg.) ). Ags (De Toni TV p.
6500 = N wncinature (Tumn ) J. Ag; [Acrosorium wncinatum (Tumner) Ky-
] (13}
Delexseria Iypoglarsun Lamaus
Caprain 145, Speciven &0 Dufonr 175; Ardiss. ¢ Saff, 502; (D Tonl IV
P &4) = Hypaglossumy woduandii Kinz; (Hypoglssam bypoglosiaides
(Stackhouse! Collins <t Harvey] (46)
Haiyarenia Jecerata Disby
Capraia 150; (Dufour 173) = Nitophylluns wncination J. Ag: (De Tooi TV
. 663) = N lscoratum (Gmel) Grev: «Specimioa ¢ mari Mediterraneo
provenientis potiss ad Nit, uacinatum pertinere videnturs; [Cryptoplenra
raskse (Hudson) Kylin 71 7 (7)

Desyscese
Dty arbuscale Ag.

Specimer 101; Dofour 226 = DD, arbuscula ). Ag: Ardiss, ¢ Strafl. 564, D.
anbusculs J. Ay & pro parte 579 D. Wandemarni Bail; [Dasye butchissise




L0 T H@). T
|A(v)9~('.-’}|ﬁm<cllf('-ﬂ'lwm+ ;,"f‘-')lm"'
+ 1 Dol D) -
et of 5 0 o 1.
| Pabor: We retuen o the Falerian coundinates via the ransformation

= X0 = § [l

Set: @fx, ) = (8 ) = #(X; ", 1), 1) Then @ s 2 solution of the Intal
 boundaryvalue. problesn: -

;a_v W] 00 9, KD, W, 0) = )
@m0 o0l Waw=0 onili,
1) We have:

)

f

62 B, - AV.(%,')-AV.!-AV.»
From (5:2) ind Temima 1.1, we get:
[FLe I <]t e Al i

mnumwuwhmnnnrymdbur.bemam:ﬂ+m
¥lie, g 9. With », instead of r, the curve 36, is fou times differcn
dable. From (5.1} and from Theotem 2.1, we obuin:

st nimo<cffpual,, + 1)<
<cfiscontaart [ 0 o ]

€ is independent of ¢ snd of 0<r<Ti
2) Sat ¥ e
B =nlor+ Ty, n=itfnad.
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An easy calculation shows thar there exists T = 0 with
T+ T sy <B.

As above, we have

186 04 i,y <0 14 ol [ 4+
et Tl £+ Pl

for D22 T Combining with the first siep we ger
L e o IR G T T
for D<r<Tik T3 Aftcs a it rumber of steps e obuain'the above est-

mate for 0<i<T.
Since ¥ w AVu, we have:

1A%k i< [[n] 10 o[ B+ L1 Al

Let ¢ =0 and the estimate of the Lemma follows from that of Theorem 4.1,
Rustake: The above inequaliny docs not imply that  is in H(2).
Tesat 8.2: Sippace all the bypetbeses of Thorew 4.2 are sarifod. Thrus

o
[fmac.a],<clit].., +1x o Alrsa)

C is indigedest of v, 3 end of 1.
Paooy: We have

i @ 0d
5T = ALt Lo,

Applying Lemma 1.1 20d we pet the state estimate,

Lsesas 5.3z Suppose all the bypothures f Thorew 42 are soitsfid. Thes:

EM“}L;CE;L-' + ,%‘,'Lm BCs Ol +
+ """“Hm.* ety

C i indepeudent of v, 3, 1.




Paooe: We have:
A8 w4
p:u;.-ﬂﬁwwz R AR
 Noting that wv.|...,..,<€‘lllqn,. we abtain the stated result by applying
t;.-:. 1.1 and the imbedding thenzem.

i S.4: Supposs alf the bypatbess of Tovseem 4.2 are satsfed mnd that f
in Lo(0, T FIYQ)). ‘Thon there txisis a soa-empiy interval (0, T.), indepesdt
of #, b that:

@ (T4 Tl ramon (T1+ T"l%'L. R

o SV
(i) ﬂl‘.ﬁylm'-r-‘ﬂm)hﬂ‘:i. e AV,

© Phoor: Let N(f,#) be the expression:

6/
[CORRTT P | |

From the estimates of Theosem 4.1-42 and from Lemma 5.1 we obtain
with » = AVw.

ENf (1 o+ # ol mio ey} +
GNUI S

&3 l-lue.mxma'{

From Lemma 5.2, we have:

B <N, M1+ Dol
] -

in
T AN 8.
e B <EE RN )
Also from Lemma 5.3 and Theorems 4.1-4.2 we get:
L %
d SEN(S, )+
G5 1 I’?»L”Im‘. N #) !

+ GV, w0 + P CNC RN+ 22
Ir follows from (5355 that for N(/, %) sufficiently small there exists
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Ty >0 with 7% being the positive root oft
(58) CNU, b7 + FCNCE, )+ 8RCN, m)— 1) <0 .
Then:
N, ) Tho+ Th+ 2 <8
It is also clear that for N(f, &) small, 7'4<12C and T, is independent
u
The main result of the paper is the following theorem.
Temorest 5,00 Let 0<w(Pe) < ad and bt

Il t Ulewrmn + %];tnnram)+ Eﬂw iam)

b small 3ib 1 a5 in Theorem 21, Suppare thot my == 0 = f(-, 0} + Aty =0 on
207, Fugn =0 om 30" Thew thers cxisis a now emply interved (0, T, o seolar
Snction n in £=(0, Tu HYQ)) and a vectorfroncton » in L(0, Tos HY(E) sach
that

() e A Vo, w0 o 2 (0, ),

oy AVe— AV AVe=[ o Ox(0, T,
) | w0 ow 30 (0, To)s, AVa on 0210, T},

WO =y .

Mareover (wet, Pafit’) v dn L0, Ty; HOCDY % (0, Tuy HI()) with {7efe,

Y fn L0, T, L H) (e L2(0, T3 L)),

Farthormer: ((x, 1), 90, £)) ir @ solorion of (L1)-12) it
A, o) =l ) = (X0 0) = vl )
whre X 0)= £ 4 ot e

Pacor: 1) Let

81z fon50. rir =0 0 807 (714 T imsons

o
Wi mlﬂ_'lm-r-wm"" nlglmmmmd}'

7% as In Lemima 54,
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It b clear that B is 4 closed convext subset of LE(0, :r_,ugp;) For s
vectot # 1o we have a unique solution w of (4.1) and morover
Vi is in B, Let T be the mapping of 3 into L} (0, Ty; LX(3)) defined
+ s = — Alr) Y where uis the uaiqué solution of (4.1}, It follows, from
mma 5.4 that T maps B into 3.
2} We show that T is compact. Suppose that {r,} i in 3. From Aubin's
‘heorem we get a subscqueace, denoted again by fa.}, wuch that:
poerin LH0, Tai HEQ))  and weakly in 22(0, Tui HIED) o
LB ey in 20, ol HAOD).
?F'-‘;-' weakly in L3(0, T HHO)) -

From the estimates of Theorems 4.1-4.2 and from Aubin's theorem we have::
fd o) o 20 e iz, T )

and weakdy in LMD, Tui HI(Q)(< L2(0, Ty M) with

7 >
il 4},',. weakly 1 L2(0, Toi HHD) .

It is easy to check that:
() 3 = AW Vn = = AWV i L0, Ti L)),
() B n AV AG)T A T f i 250, T2),

with AQ)Vion =0 on 3050, Tu), w0 on 297 (0, T,) and a8, 0) = n.
Thas, B, = Blr, in L0, Tuz LH@).
3) A proof as above shows that G i continuous, By the Schaudes fixed.
poin thearem there csisis » in such that GiF) = ¥ = — () V.
With (v, #) = ilf, l)zx(X"(r 29 and §x, £) = vald) = V(A7 (5 0)
it is easy  ses as mentioned 1 that {5, 7} it 4 solation of (L1-(1.2).
The theatem i proved.

oo 1) Wit she oo (/) in 20, T4 HEGIGARLA) he e
seciion palnts P+ of the free and fied bosndarles ace fixed. Indeed x and thus
2 are in the weighted Sabalev maup.rm)mwnr.mm)
respectively with 0.+ < 1, To contider of moving tntersection
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w:nlu:i:dnuinu(q,?’ T3 HHEN) XEE) F lge posive 1 and oy 10
tave u, £ in HHQ). The estimates age then mush more iovolved.

2) The metiod presemed in the paper s spplicable t0 the rwo-phase
Stefan-type problen when there is no latent heat.

REFERENCES

m.nu...,u..nan. s vompall, C; naa.-scmh.hﬁnw}.
e Monet O e e e
i

190 R e - 1 Panwiceio, Free homdary probivms
Noses In Mask., 79, Pieman Adv, mu.u..

81 &, P, o For 2

o J.

el paria, s, Arver, Maih. S, 133 (1968), 5187,
A Puimass - . Kocowsimrs, A sar phese St peobl, 1adians Usir, Math. y., 4 (1975),

1815, Knsmmonaorsuxrs, O s St problom, Mar. Sooreik, 53 (1961, 49514

I V. A, Koromarger -0, A. Oumna, el prbms or parsid fieatia spution i
i Vors Survess, 38 (1965), 156

18] 3. &. Knaanetc, P

181 & B Memuss, G e el by o i kiimmiot S psn, Dl s
mum,tmum
113 2750 S, oo i siiimmione Sifen robi fr plmes
parahelie Apestyons, Mus. mlll emnx. 0492,
113) L. Rewvsarers, T Sofon probom, AMS Tanal of meeagraphe, Vol. 7, ravidence, L1,
).
1143V, A Scmuti, Subbin 4 o e mlon f i il i it by
fegfos, Math. USSR IZV, 11 {1977, (3201357,
151 B & T, i i yo
inkdal e, 42

Dirtors vepomsebiles Brod. A Bassz  Muinizs, Tod i Roma n. 7269 JellB-L1959.
«Monogaf's . Via Colanuriol, 3 - ologaa




