Vel. 2 No. 3 JOURNAL OF COMPUTATIONAL MATHEMATICS July 1984

EC—— A B B S
S T o -2 — T e ===

FINITE DIFFERENCE SOLUTIONS OF

THE NONLINEAR MUTUAL BOUNDARY

PROBLEMS FOR THE SYSTEMS OF
FERRO-MAGNETIC CHAIN®

Zrou Yu-rix (M4 M) — Xu Guo-rona (£ E%)
(Institute of Applied Physics and Computational Mathematics, Beijing, China)

-~ -
et g 5 e
R Y e

The Landau-Lifschitz equation for one-dimensional isotropic Heisenberg ferro-
magnetic chain A |
o 8, =8%X8,,+8%XhA | - (1)
is a strongly degeﬁemte parabolic syébéi:n, where 8= (8;, 85, %) i8 a three—dimensional
unknewn vector funection, = (0, 0, A{2)), ~(f) is a constant or a function of ¢, il
denotes the ﬂrom-;)rnduc'li operator of twu three—dimensional vectors?~*. In [5] the
weak solutions of the periodio boundary problems and the initial problems for more
general systems of ferro—magnetio chain |

% =2%X 2+ ] (z, £, 2) (2)
are constructed, where z= (u, v, w) and f(=, f, 2) are three-dimensional veoctor
fanotions. In [6] some simple boundary problems for the system (2) are considered
and their finite difference solutions are obtained in [7]. For the systems of ferro-
magnetic chain with several variables

. | n=2X&+f(, i, 2), (3)
the homogeneous boundary problem is studied in [8], where &= (%1, %a, ***, Tn).
In the present work for.the system (2) of ferro—magnetio chain the nonlinear
mutual boundary problem |
2,(0, t) =gradeyp(z(0, #), 2((, 1)), .
- — 2T, t) = grads (a0, 1), 2@, £)) (4)
with the initial condition o
- | | 2(z, 0)=p(2) ®)
is considered in the rectangular domain Qr={0<z<!, 0<¢<T}, by means of finite
difference method, where {(z, #;) i8 a scalar function of two three-dimensional vector
variables z,, 22 ER®, ¢(x) is a three~dimensional vector funetion and “grad,” and
“grad,” denote the gradient npéra.'l;ﬁrﬂ with Tespect to 2 and z respectively.

3 A

.. Supposge that the following assumptions for the systems (2) of ferro—mﬁgnétic |

chain, : the nonlinear mutual boundary conditions (4) and the initial veotor function
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(I} f=, ¢, 2) is a three-dimensional continuous vector funetion for (w, ¢, 2) €
QrxR®, fe(z, ¢, z) is also continuous and f(w, ¢, 2) satisfies .the cﬂnchtmn of

ﬁemlboundedneﬁ | | |
@) (S, 8, D) —F(s, 4, y))gblz v}, S ),
where (z, %) EQT, z, y©R%and b is a constant.
(I1) (2o, 21) i8S & nontmuously differentiable. Wl'ﬁh respect 10 ventor variables
to, 21 ER®,
(III) ¢(z) € H'(O, 1), = A
Let us divided the reotangular domain QT into Bma.ll gndﬂ by the parallel lines
c=; (j=0, 1, +«, J) and =%, (n=0, 1, ---, N), where z,=4h, {,=ndt and Jh=1,
Nat=1T, Denote the three—dmmnﬂmnal d.lsoreta vector ;function on the grid point
(2, 1s) by 2} (5—0 1, <o, J;: =0, 1, N)_
Corresponding to the aystem (2) of farro—ma.gnetm chain we construct the finite
difference system
Aot gl g g g Tl e B, )
where fi=f(z,;, t., 2}) a.nd Ai2s=2501—2, Ad_2,=2,—2, ; 'The finite difference
boundary conditions corresmndmg o the nonhne&.r mutual bou.nda.ry cundltmns (4)
aTe as follows:

! 1 "

u{— l;’(ui, V1, Wi; u-f—l: Vi1, 'wJ—l) ll'(ui'-l vy, ‘wi: u.r—h "t‘?r-i, ‘wr—l)
S B S 2 A%
V1i— Vo _ Jr( "-1, VY, Wi; Ui, Vio1, Wi_q1) — ¢(ui"1, v L, wi; ﬂé.r—:l, Vi1, Wi_1)
A vi—vit .
Wi — Wy _ Yl ™, o1, wh; uis, 51, Wiy) — (i, 217 ‘er 'Ug 1, Wr-1)
i | wi—wi T © | o
_ui—ubey (AT, o7, Wit whg, oF g, why) — (e, '01 108 1, uwi=d, o3y, wi_y)
A Uy — Uiy ' - ;
_vi— i Pl o7 Y w0y, ufo) —d (gL o 'v"“ i} u.’#_l, V371, J--I)
koo U Ao S |
__w.j;_w:'-ﬂi s !b( Hl: %:1.! w,li-l; ug:i: 'v?:fjl-.r WJ-—I):‘" -(u;_l _ ‘H}:%_, 'ﬂ}:%, u?“-—l)
h Wi_y— Wiy Sy ®
e (8)1
where n=1, 2, «.. N, Denote (8) for brehty by 5
| -4
+ =3"?ﬂdﬂ '1!’(5’1' 3"-—1): P
; e 8)9
A__z" i~ (
- y fg??di___'r".(?i'a.”?-l) I
'I‘he ﬁm‘se dlﬂ-‘erenoe mltm.l condition s Bl atbew es . .
v B ek v £°='Pﬁ* ?=0 "'14=--.. rd'. & &t !f_'*ﬁ:"_';-e;r N (9
Where wj g’(wj) F ‘1 L&Eh'ﬂ' e O Ef'l.sﬁi* % jl RO “1"**’}1 ' e w5 3

‘Symbol ¥ dého %ﬁ%*&hlar pr‘éduﬁt '0f“ $w 6 thres— 'enﬂinnal vactora FOI.'
thedisorete funchoﬁﬂ ‘{u;}ﬂﬁﬂd {-u,} W6 take’ the notations: "= H> 7+ T '

(Uev)p= )2 (peo)h and  Juf?= (u- u;),‘: : :.l.;.:._...' L
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Now we are going 0 prove the emtenﬂe of solution n (§=0, 1, s, J ) for the
nonlinear finite difference system (7 ) (8) a,nd (9), Where 211 (j=0, 1 , J) are
regarded as known vectors, n=1, 2, .., N '

Lemma 1. Under the conda.ﬂmw (I) and (II) for w_ﬂicwntly sqmﬂ At the nondinear

finite d@ﬁerﬂm system. (T), (8) a-nd. (9) has at leasi one solwm 2} (§=0, 1, =, J;
n=01, ---, N),

Pq'oof Let us oonstruet a continuous mappmg T, of 3(J +1)-dimensional
Euoclidean spaﬂe R8WHD into itself with-the par&mete-r O0<<A<<1 as follows: For any

1 ER® (§=0, 1, -, J), WBdBﬁII,E z,ER“ (§=0,1, -, J) by =
gy=2F A *Ea'(% x,f-"_t‘:d-‘.ih):_l‘_'lﬁtf (g, o, Y1),  §=1, 2, *, _J —1 (10)
and . o " | |
to=y1—Ms grado Y(9s, Ys-1),

: . 2;“?:—1—3-]3%:3&11# (‘.!}1; .F-:l) .
where 0<< ?us;l For the existence of the solutions of the ﬁmte difference system (7),
(8) and (9), let, us consider the bound for all possible solutions of.the nonlinear

systems :

?J_=5?-1+?~ —%(5;Xﬁ+ﬁ-ﬁfj_+lﬂﬁf (24, 1o, 21), j=1, 2, *, J-1 (12)

(11)

and ' ..
o
20— 21— AR grade Y (2, %in):

P (13)
R %ﬁ.r—i—m grad; (21, 27-1)

with the pa.r.ameter 0%1@1 -
For any fixed j=1, 2, -, J —1, we have from (12)

e (2;}<A+ﬂ_2§) +?‘qu£; f(ib'h fvﬂ, E;) -_?.=1, 2, e J-—l‘
It follows that

(1-—2?.(6-[—8)‘4#)Iz,l’ﬁlz}'“’ll_ﬂ I hdt |f(mh tny 0) lﬂ j=1: Z; e _J"‘l*

As 4t is suf:lmenﬂy small that 1—2b4i>0 and §>>0 is-s0 ama.ll*hha.t 1-2(b+6)4¢>0,

2] (j 1,2, —1) is umformly bounded wﬁh res];mt to the parameter 0<<A<,
_ A
max |z} J—l— 26max|f(m # 0)[
|ZJ|“*§=01 J OISRl '
| Vl-—-ﬂ(b—!—ﬁ)dt |

'whal;e Ciis a , constant mﬂepen&ent of 0<A<1 and 5—-1 9 v T —~1. :From (18) it
is olear that 27| and |2z,| aTe also uniformly bounded with respect to 0<<A<L.
# Then* 'Ehﬂ lemma. fO]lOWB immGdiately from $he fixed—point theorem.

E.,Li-.'-c:.ﬂ: ﬁk‘- e
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We turn to estimate the solutions #} (§=0, 1 ., J; n=0,1, --.. N) of the
finite diffexrence system (7), (8) and (9).

Taking the scalar product of the three—dimensional vaotor z}dt ‘and the three-
d:mensmna.l finite difference vector equation (7), for j 1, 2, -, J—1, we get

AL |2} |2 =i e} A} f7, §=1,2 o J-=1,
Smoe from the condltzon () and

Gyl W, f” zﬂ (f(mh In; 5’}) _f(wh ") 0))“[‘2’ f(wh zﬂ 0):
the above equatlon can be replaeed by the following iterative forms

lz""‘lﬂ-l- = F 2y, tey O

1— 2(b+3)x.1t :
where Af is Euﬁ'mmnﬂy small that 1—2bdt:>ﬁ a.nd 3}0 is chosen S0 small that
1-—-2b4t>>284f. Hence we have

1< c1——z<b.+a>4t>-*-{|zﬂ=+ 43(§+ 55 ex [5G, 1, 0)|%),

where j=1,2 «. J —1 and n=1, 2, -« N. Then there is a constant O, independent
of 4f and A, suﬂh that

77| <0s, §=1,2, -, J—1;n=1,2, N, -

It ig evident that |23| and |2?] are also umformly bounded wxﬂ:t respeot to 4t and A
from the nonlinear finite difference bounda.ry conditions (8). Hence the following
lemma is valid.

Lemma 2. Under the conditions (1), (IT) cmd (III) Sfor mﬁmmtly small At that
1—2b4t>>0, the finite difference solutions 2} (j=0,1, «--, J;n=0, 1, .-, N) of the
nondinear finite difference system (7), (8) and (9) are mformlg Msd mth respect
to 4t and &, ¢.6.,

[EARS bl o it

17| <Ky j=0,1, -, J; ﬂ-"—-O,_ L, N, (14)
where K1 s a constant independent of At and h. '

For the estimation of - - z}‘ (j=0,1, -, J—1; n=0, 1, -, N), we make the
malar- product of 4,4 2 ‘;:’ with the system (7) and then sum up the resulting
ralahonﬂ for j=1, 2, «--, J—1, Then we have |

: _ J—l A iy A3
- ;A 4. 5“ (z" ﬁ“—l)——;d+d_z"f" n=1,2, . N, (15).

where 4 d_z} (z“x.d+d z;) =0, -
Fo:l: ‘kzha.ﬁlgfﬁ hand part of thiﬂ equahty (15)jl )

-ﬁ :a‘i At N i - g - o0 SO |
'i‘:!}t_}_,:_- - i Iﬁ—gﬂ (5"'_?“ )= '_'E" A+zu"d+(zﬂ zu-) R N =
T;‘M?Gfﬂ‘ Poaege Lé' o 20

AT tiﬁm&&ka’t&bﬁ*hh L ‘h +23 (ﬂg 2{“1) +'_d 5. (6—1_5“:1)
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Substituting the nonlinear finite difference boundary expresmons (8) into the r:.ght
part of the above equality and regarding that

+zu e (2 73_1) AhZﬂ (2" = g -1

— grado W(z, 1) - (F—2") +£ﬁi_¢(ﬂ, 5a) + (s~}
=ys(at, 23-1) — (A7, &570),

we have
1 J=1 et J=2 £| ot A
_—III(Z" ﬂ.r-i) +'1b(53*1: 2371). (16)

Now we turn to consider the nght hand part of the equalify (15). This part can
be written in the form

g =k
E 4.4 zj f"-——— §A+z" A+f"
A s A-z tll-: J)
From (8), we have
4.5 ; Ty A}f} of @, ta, 23)

F o
e lgr ado ',b(ﬁi,, s1'-;'--1‘) 'f (0: tl: 53) +grad1'1b(z?ll: z}—l)_ 'f (E: t!‘-; Z}) 'QO&@
where Oy is a constant independent of 4¢ and 4. On the other hand, we have

-1
=0 A}If? bns 3?.;.1) _f (mﬁ'i: ta) 2‘;)]

+
h
- J=1 A ot ;

+IZU 2! '[f(mf+1: #ﬂ: ‘”“?) _f(mh tn, Z}')]_

Since the Jacobi derivative matrix f,(z, ¢, z) of the veotor function f(w, ¢, 2) has the
property of semiboundedness (6),

. "“

h lia®

=R
,gu —}’;L‘ Lf (@441, ta, 2F41) —J (2,
From the continuily-of the vector function f,(z, t, 2), we oblain

‘ géﬂ [f(m.f'l‘i: tﬂ: 5") _f(,mh f"il: A 2 H +Uﬁ:
where O, and Cj; are constants mdepandent of At and . At last for the right hand
part of (15) , We have

| Y
gy

1-1

Lt

J

_éﬁ'.r h4+Cp (17)
wheze Ogmmb--0, and S

. OO0yt 0t (b+04)h{ | g’fﬂdo e 5o1) I’t + Igrﬂ-dm(z" zh) | }
anllly Wo. ob'h.in the iterative inequality

Sy Q- 200At)W(n)'€W(n—1)'+2dt0n ¥ L A
from' the reln‘liions (15) .(18) and (17), where | e e iy
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T A_sz

W= 3| o, 4. a9
Hence the iterative relation (18) implies the uniform boundednem of W(ﬂ) ag At is

sufficiently small. Consequenily H dh ,L (n=0, 1, .-, N) is un;formly bﬂunded

with respect 10 4t and k. Then the following lemma is valid. .

Lemma 8. Under the conditions (1), (I} and (III), the solution zj (7=0,
1 ee, J; m=0, 1, «--, N)of the finite difference system (7), (8) and (9), corresponding
to the nonlinear wmt'ml ‘boundary problem (4) and. (5) far tfw 3nystem (2) of ferro—
magnetic chain has the estimate .

B | , | M 4,2 |
w?wa-e Vit @swﬁcwntlg srmal! and I{gmmcamnt mdependent of 4t cmdk -
Let us now consider the discrete funnhon a“=éz}‘h (g 1 2 "-,--J; n=20,

i=ﬂ
. N, From (7), we have
e v oW 24 . g
gRL n . Ha 2 L (% 4, A_xr)+}3 A (5, 1, B, (21)

-gm, 0=0,1, -, N, (20)

4t i=0
where by direot caloulation,

] - :
3 @ x40 =g x L % "-’fﬂ’*

Then (21) becomes

=l A T g
A= xS — 4 Xigrade ¥, o) +Ehf(mi,. tn ).

From this relation it is easy to 'Vﬁl'lfjf the followmg lemma,
Lemma 4. Under the conditions (1), (II) and (IH) there 3 the estemaiion

—1
' Sﬂ ﬁf‘: «H]-,%Kﬂr- -ﬂ=1 2 -"" N" L E (22)

, :
where s;=2.ﬂ:¢h(j-—1 2, ce, J) mdﬁ'gmwcomtmtwtdemtdmt ofdtmdh
From tha definition of s} (5—1 2 J n= 0 1, ---, N) and the estimations

obtained in Lemme 2 and Lemma 3, we knuw that |8, ﬂ’d"}f- ﬂ ¥ "‘d*fﬂ‘sn Hn and
" s ;‘:ﬂ— |h (n=1, 2, ---, N) are w::u:ufﬂJ:n:n.'t;r,ur bounded with: respect t0 dt a.nd h. Using

the 1nterpolatmn formulas of dlﬂ'erance quohenm for tha d.lsorate funetwns in{9,10],
we have | | -

|4,4. s~|~aK4h’f' §=2, 8, <o, J— 1; n=0, 1 ‘ess N,
(23)
| 4,05 4,87 | <Kodi€h, j=1, 2, J 1, al, B o M
- where K, and E’ 5 BT constants indapendant of At and A. W
Lemma 6.~ Under the conditions (T), (II) and (ILIY} hs solution 27 (j=0,1, -
J:n=0 1 N) of the finite difference system (7); H®)sand: (9) Jids:the ett@mbmw

I 4,5 <EME, g0, 1, -4, TEEREC T, o, N (24)
and : SN R L
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| 25— z?‘ll'QKudtI G=0, 1, +o», J; =1, 2,.00s, N,_ G (25)
where K, and K5 are constanis independent of 4t and h. |

§4

At begin of this seotion let us deﬁne the weak solution of the nonhnea.r ——1
boundary problem (4) and (5) for the gystem (@) of ferro—ma.gnatm ohain. The
purpose of this section is to establish the existence theorem of the weak solation by
the Wa.jf of passing limit-for the finite dlﬁ'erenne solution #j (3-—0 1, ees, J; n=0,
1, «++, N) of the system (7), (8) and (9) as At and & tend to zero. |

Deﬂmt:ton The three-dimensional vector fumction z(a, ) € La(0, T; H*(0, 1))
NC(Qyr) s called the weak sohution of the. nonlinear muitual boundary problem (4) and
(B) for the system (2) of ferro—magnelic chain, if the following integral relation

j J [g: (e, )2(a, ) —gelo, t)(ﬁ(m t) xs,(a: t))—l—g(a: t)f(m t, z(m £))1dz di
| jsr(m 0)9)(4»)@@:—]' g(l t)(z(l i):x:gmdilf'(z(ﬁ t) 2(1. t)))dt

—j 9(0,7) (2(0, &)  gradop(a(0, 1), 23, 1)))dt=0 (26)

holds fﬂrr anviyj test functem g(m t) = O’“’(QT) mt}a the prupea*ﬁy g(m T) hO

Liet zm(sn, t) = 23 and zhdt (53, t) - “éi'ﬂ for (55, t) = QJ i {.?h <TK (.’? T 1).;7";

(n—1) M <i<ndt} (=0, 1, -, J—1; n=1, 2, -+, N). Then zu(z, £) and zax(s, 1)
are three—dimensional plaﬁewme constant vector funotlons in QT By the resulis of
Lernma 2 and Lemma 8, it is easy to verify the estimation

max |zg(z, ¥) [+ BUP ﬂﬂm( t) "L.{ﬁfs;‘gaa:_

(. IEQy

where Us i8 a constant independent of 4¢ and A.

We ocan select a sequence {h,, 4}, such that when 400, h2+dti—‘r0 and also
o (@, 1) and 254, (@, §) converge weakly $0 2(z, t) and z(z, 1) in L,(0, T; Ls(0, 1))
respectively for 2<p<<oc. The norms of z(z, ¢) and z(z, £) 111 L (0, T; Ly(0, 1))
are uniformly bounded for 2<<p<<oo. Henoce we have

- sup [2(e, £) [0t 3'113' |z (-, f)EL.m,nﬁom

D<tc?T

. where Uy i8 a constant independent of 4 and A. . .- s,

This means that z(z, ¢) and :z(a: {) are the th:ee—d.lmanslonal vector functions
belonging t0 L.(0, P; Ls(0, 1)). It can be vemﬁed by the usual wWay tha.t 2(z, t) has
the generalized derivative z,(z,. t) =z(z, 1), .

Let us construot zm'(m £) ‘as follows: in every amall recrl;angula.r grid Q7 (§=0,
A, e, J=1n=1 2, o N), zm(m t) is obtained by the linear expansion in both
dueﬁhbnﬂ from the' valﬁes of -the discrete function .25 at:four corners of @;. From
(25) a.nd 24), {83u(z, 0)} I8 uniformly bounded and equicontinuous set of three-
dlmenﬂienal veotor fanctions. . As h?+ Ati—0, the sequence {z ., (2, )} converges

T umftm::ﬂy ‘40" @& -three-dimensional veotor function 2z*(z, $) in Q. Evidently

L |
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2" (@, t) EU(?’ ), (Qr). From the coristruotion of the vector functions Znas (%, t) and
#as: (T, 1), we have

: : 1 '
|20 (2, ©) — 204 (o, t)l<01o(hf+dt’f)

where (Jy, is a constant independent of 4f and k. So » "(w, t) =2(=, t) in Qp,

Now we turn to prove that z(=, ¢) is a weak solution of the nonlinear mutual
boundary problem (4) and (5) for the system (2) of ferro—-ma.gnetm chain.
~ Let g(a, t) be a test function and g}=g(=, t.) for j=0, 1, -, J; n=0, 1 .-
N. From th& ﬁnite d.IEEI'EnGB system (7), we have .

'.r—1N

-1 ¥ - J—1 XN
=29 L Af A= 2 B9 (x4 “f'-"' )Mt—l— P

From the :i,denhhea

gn-x fc.f'zi; e .95._9“_.{_ .cma _riz"'i '

At
and
wl g
gn—l( znx A d z”)_ _ }g;l' (ﬂj_l % +5?.._1)
e e Ad.2%
+.;‘l_{ g‘; 1( z;'x ——.-z...L)_y?__il (5?—1 W -I-z.f 1)}1
we have
A1 Z=1 H
2 R A - 5L g ;:g"a;'h-i- > giefh
.and - |
Jg—1 N .d
3> ,-1( 2 f;"’" hAE

S 4 4 g"‘1 H 231
;-21 nz_}l (z"_ 4, ’ = hdt+§ ,,_l(z}_lx = )ﬁt
- -1 Zn |
21*93 (2’5 X }; )dt, ‘
Since g(z, 7') =0, then gf=0 (§=0, 1, ««, J). On aaﬁount of the finite difference
nonlinear bounda.ry ﬁondmonﬂ (8), (27) beoomes |

.r—1 N 5 ' 5 G |

I-l 'll-l ll=1

ne]

" ;: 29“_ Jirdy—~ 29“ (ﬁ-:xgmdlgb(q 9?—1))41‘;
e Zgn-l(zgxgrad“'rb(ﬁ'; ﬁ-l))ﬁt 0 ‘-.F:-f.-'% ' (23)

._LH-

__'I‘]:us eanwba exp:;_aﬁedin the in‘begra.l form as Ay
,’M‘ingm(ﬂ’ ff)#u;(ﬂ: t)dd:dt+J‘ gm(m:

oy I FLey

]'.-J;- i

Ht'l?,“‘!@-z _

RN
52 umsﬂii‘iw“‘ ' . L

: “% <446 -*ﬂ;ﬂﬂm(ﬁ-ﬁ t-—-At) (zm(m—eh *#)xm(m-—h ) Jdods
T irﬁmi‘ir'f{,u Bey b 0 F e on o it o 8 i e

3 ﬂ/}ﬁf# +ﬂ9m(-’l= t—dt)Fw(a: t)dmii

-?;_--:" i ’1 B Fﬂ'
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aS il =i ST = e b S i e

J‘. Gras(&—h, t— ﬁt)(%dt(z h £) X Gy (L)) dt

j g0, £—40) (n (0, §) X Ru(@®)dt=0, . - (29)

where gis (2, ), sz, t) a.nd g,.dt (z, ¢) are the appropriate pmcewme constant

functions, ﬂorrespondmg to the disorete functions g}, }.&g‘}' and i df Shaf (=0, 1,

, J—1; n=1, 2, -, N) defined 'aa,hefore regpectively, Frsu(z, t) =f1=Ff (2, ts, 2})
in Q, (§=0, 1, =+, J—1; a=1, 2, o, N) and ga(®) =@; in (jh, (j+DA](j=0, 1,
o, if = l)are two three—d_lmenﬂmnal p1eeemae constant vector funoctions; furthermore

hat (t) gradp Py, £5-1) and Ghsu(d) ==grad1 g (2, 23-1) in ((n—1)4¢, ndi] (n=

2 -, N) are also two three—damenmom,l pleoewme constant vector funotions. SlllﬁE
9(a, t) is a smooth function, gri(2.'t), grals, £) and gau(z, £) are uniformly
convergent to g(z, 1), g.(®, &) and g;(z, t) in Qp respectively as A*+4*—>0 and
ors:(z, 0) is uniformly convergent to g(z, 0) in [0, I] as A—>0. When A—0, pu(z)
converges uniformly o @(e) in [0;7]:*On the other hand #4(z, ¢) and Fus (ﬂ: ¢)
are uniformly convergent o z{z, t) and f(z, ,z(z, 1)) respectively in Q and zy« (2,
t) is weakly convergent $0 z.(w, £) in Qp as h?-l-dt,-—ﬂ} When A+ Aii—0, Ghs(?)
and G}4(¢) are uniformly convergent to gmdo $ (200, 8), z(, t)) and grady ¢ (2(0, 1),
z(l, $)) in [0, 1] respectively. Henoce passing limit ag 4]+ 470, (29) tends o the
integral relatioh (26) for any test function g¢(=, ?) &0V (Qr) with g(w, T)=0.
Therefore the three-dimengional vector function (s, ) is a weak solution of the
nonlinear mutual bounda.ry problem (4) and () for the system (2) of ferro-magnetioc
chain. Thus the fo]lowing existence theorem is prﬁved

Theorem. Suppose that the conditions (I), (IL) and (I11) are satisfied, 1
nonlinear mutual boundary problem (4) and (B) for the system (2) of ferro-magnetic
chain has at least one thres—dimensional vector weak solution z(w, t) €L(0, T

70, D) N D (@),
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