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§ 1

In the classical study of one-dimnesional motion of ferro-magnetio chain, the
so—called Landau-Lifschitz equation for the mtropw Hewenberg chain ig of tha fnrm

8;=8X8,+8%XHhA, . (1)

where 8= (s;, ss, 83) ig & 3—dimensional vector valued unknown function, k= (0, 0,
h(t)) and A(t) is a constarit or a funotion of ¢, “ X"’ denotes the oross—product operator
of two 3-dimensional vectors. |

Recently, a lot of works coniributed to the study on the soliton solutions for
Landau-Lifschitz equation, on the inferactions of the soliton waves, on the properties
of the infinie conservative laws and others™-*, The equation with the diffusion term

8;=8X8,,+78;, (2)

i8 called the spin equation. These systems also appear in the investigation of the
problems of physios of the condensation state of modium. In [5] the periodic boundary
problem and the initial problem for somewhas more general systems of forro-magnetio
chain

' %=2%X2,+f(z, £, 2) (3)

are discussed, where 2= (u, v, w) and f are 8-dimensional vector valued functions. In
[6], the boundary problems in rectangular domain Qr= {0<<z<l; 0<t<<T} for the
gystem (3) are considered with one of the following bounda.ry conditiong (#). the first
boundary condition

2(0, t) -——z({, £) =0, | - 4)
the second boundary condition o |
‘ %(0, ) =2, £)=0, ()
and the mixed boundary condition |
2(0, tY=2,1, {)=0 (6)
or
2:(0, t) =2(1, t) =0 (7)
and the initial condition
| 2(z, 0) =p(a), (8)
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where p(2)is a 8-dimensional veotor valued initial funolion. The existence of the
weak solutions of the appropriate problems for the system (8) of ferro—magnetio chain
are established in [B, 6] by means of the method of vanishing of diffusion term in the
corresponding spin system | |
| | 2= 825+ 2 X 20+ (2, 1, 2), (9)

I+ can be seen that the coefficient matrix of the terms of second order derivatives
of the system (3) is zero—definite and is singular ai uvw=0. So the sysiem (8) oan be
regarded as a sirongly degenerate parabolio system. The system (9) is a non-—degenerate
quasilinear parabolic system.

The purpose of this paper is to prove the solvability of the boundary problems
(#), (8) for the system (8) of ferro-magnetic ohain by the finite difference method.
The symbol | «*)denotes any given one of the boundary conditions (4), (B), (6) and (7).

Let us divide the rectangular domain @r into small grids by the parallel lines
w=2,(j=0, 1, «--, J) and t=%,(n=0, 1, -, N), where z,=jh, ty=nk and Jh=l,
Nk =T. We take the finite difference system |

23— ., 4.427%
el == 2
& J < hﬂ

where A.u;=1,2—u; and A_1y=u;—u,;_3. The finite difference boundary conditions are
as follows

}f(mf: tﬂr+11 Z;H'l), (3)1'

20 =2;=0j; (4)v
21— 2 =23 —251=0 (B)x
=2} — 231 =0 ' (6)n
R—23=25=0, (D
where n=1, 2, »--, N. The finite difference initial condition is
| =@ (j=0, 1,., J), | (8)n

where 3, = p(z;) (j=0, 1, -, J) and 1 = @(0) (or pr1=p(¥)) in the case of tho
boundary condition #— =0 (or z}—2j_;=0). |

Now we make the following assumptions for the system (3) of ferro-magnetio
chain and the initial 3-dimensional veotor valued functfion ¢().

(I) f(=, ¢, 2) is a 8—dimensional vector valued continuous funotion for (z, ¢, 2)
€ Qr x R® and satisfies the condition of semiboundedness

(u—2)+(f(®, ¢, w) —f(o, ¢, V))<blu—2]", - (10)

where (2, t) €Qr, u, vER? and b 19 2 constant.
(IT1) For (w, t, 2) €QrxR?, there is -

7o, 4, D—Fy, £, 2| <(4]2[>+B) o~y (11)

for z, y€ [0, 7], 2ER?, 0<¢<T, where A>>0 and B>0 are constants.

(II1) @{(@) is a 3—dimensional vector valued continuously differentiable function
in [0, 1] and satisfies the appropriate boundary condition (). 3

The scalar product of two 8-dimensional vectors ¥ and v is denoted by u-v and
" |u|® =w-u. For the disorete vector valued functions {w,;} and {v;}, we take the

notations, (u-0)s =3 40k and Juli= (-
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§ 2

Now we are gomg to prove the existence of the soluincm z}‘”( _9 =0, 1, s, J) fof
the nonlinear system (3), and(«),, where 25(4j=0, 1, ---, J) are known veators.
Lemma 1, For the discrete fw#m {u_.,} mu:i {'v;} thm 18 the identity
J—1 J—1
2”§d+ﬂ- g 2 (d.,.!u;,) (4;y) ‘"%(‘1’1‘“1’-‘0) +¢5.r(1’.r"“‘ﬂ.r-1) - (12)

This lemma can be eamljr Vﬁl‘lﬁed by direct ﬁalcula.hﬂn |
- Lemma 2, Under the condition (I) and 1— 2bk:>0 the finite difference system(?.)h
and (»)y fas at i}'eastmao?futm z1*1(j=0, 1, f), wherez"m known.

Proof.. For any 3—{1111151151011&1 veotors w (j=0, 1, -, J), we deﬁne the 3—-

dimensional veotors 2 ( 4=, 1, o, J) by
2y=25+A 7?5'(“} X A, A_wy) +0kf (24, tnsa, “’J): j=1, »y _J '_:_L (13>

and 2, and z; are given by the boundary condition (*),, where 0<<A<1 is & parameler.
This gives a mapping z=T,u of 8(J+1)-dimengional Euolidean space into itiself,
where 2= {2} and u= {x,;}. For the existence, we need o obtam the umform buund
for all possible solutions of system R B '

2y =25+ A\ %zix‘d+d—z!+mf(mh Un+1, z!): j'__‘l: e, J—1 (14)

and the boundary condition (»), with respect to 0<CA<1.
Honoe taking the soalar product of 2, and (14) and summing up for j=1, -~ J —1,
we have

FL. J—1
2 |25 [ = Z '21+?‘67‘7Ez1‘f(9?f: tatt, 23), | | (15)

where 2+ (2; X 4,4_2,) =0 and j=1, 2, «, J—1, Here
2o f (@), tasy, %) =2 [F(2, tars, 2) —F (@5, tars, O)] +252f (2, tais, 0)

< (b+8) |5 |*+ 5| F (@, tass, 0) 2
follows from the property (I). where §>>0, Then the relation (15) becomes
(1-2.0+8)8) 3 |51*< 3 |%1*+55 ; @y tars O 1

When % is small such that 1 —2b%>>0, then z( j—-O 1, «-+, J) are uniformly bounded
with regpect to the parameter 0<<CA<C1, This proves tha amtenﬁe of the solution of the

ﬁmte difference system (8)n and (»),.

Yy 3

In order to establish the weak solution of the boundary problem (+), (8) for the
gystem (8) of ferro-magnetio chain, we want to estimate the solution z;(j=0, 1, -,
Jyn=0, 1, .-, N) of the finite difference system (8),, (#), and (8), and its difference

guotients.
Taking the scalar product of the ‘8-dimonsional vector zi*'%h and the finite
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difference system . . .. S B e
e om m o R see ERR Rowh ) phapd Lo B ™

z’;”—z"! L ul 4 i z“+ zﬂ+i T @
k- hﬂ z.f X +f(wf.- _tn+1; o ) | | ( )Il

and summing up the resul’ﬁmg relatmns for j 1 2 J' 1 we get
"zn+1” s (.zn+1.zﬂ) + k(2L fﬂ+1) ' |

{ﬁilere fiil=f (m; , 1't,.;1, 1) This equahty can be writien in the followmg iterative
form - - _—

‘I.n'
%

ey 271X Hf( ta+1, .0) Hn _
I ”"% l—2(b+6)k_

{Hence we have

jli< (1=2G+ OB 1213+ gy max | 17C, taus, O],

| Lemma 3. Under the condition (1) and @(2) € O([0, Z]), 12 48 uniformly
bounded with respect to h and k for nk<T and 1—2bk>>0, 1. e.,

nzﬂllréfai, n=0,1, -, N, . (16)
where ky is independent of b and k.

Making the scalar product of 4,4 23+

£

> Wlth the system (3} i and then summing

up for j=1, ---, J—1, we obtain

J—I :

;(AM _ZHl. (zﬂ+1-z"))__-2(.a+a ALY n=0, 1, o, N—1, (17

where 4,4_27%+ (23" x 4,4_27**) =0. For the left hand part of this equality

2 A4 G ) = — W (), (18)

where W ;= Ay (§=0, 1, -, J—1),

Now we turn fo estimate the right hand part of the equality (17). This part can
be written ag follows

=1

k J—1
= E (A+d—z?+1ff?+1) 3 jgu (4,274, 1)

=B A O, tars, B (A, barn, ), (19)

In the case of the ‘SEGﬂlld finite difference boundary condition (6),, 44vi*t=4.93*1 =0,
-the relation (19) becomes

2 (dua g i =—E5 g, ag. (20)

In the case of the first finite difference boundary ocondition (4), or the mixed finite
difference boundary condition (6), or (7),, the last two terms of (19) take the form
A28 £ (0, e, 0) or A3 f (I, tnes, 0). If the system (3) is homogeneouﬂ i. a.,
simply f(z, ¢, 0)=0, then (20) is also valid. -

The right part of (20) can be written in the form
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J—1 J=1
_k... ; (A+Z?+1‘A+f?+1) m—-‘k— 2 A+ﬁ;+l' [f(mj.l.i, tn-p:h Z:I}) “f (m_f-l-i,l tl'i'lj z’;-l-l)]

S A [f @rra, favs, 5 =1 (@1, fars, F)]. (21)
From the prcuperty (I), we have
k gdﬁ" e [f (@1a1, tare, 2331) —F (@41, tasa, 21+1)]'§b“ W3, (22)
Acenrdmg to the assumption (IT), thers is
;zw LS @0, tass, 57) —f(m,, tovs, 5]

.2 BI) IWn+1"2 1 ..:El’ lzu+1|% + B, (28)

For the second term of the right hand mde of the above inequality, there is the
eytimation

J—1
2 |G A<O R(IW 5+ [+ 3). (24)
In fact, for any discrete function ) ( j=0; 1, «e«, J), there ig relation |
1
YA ViR o \F |
3§ d+
Jox 1wl < Ol (52, + o) (25)

(see Lemma 8 in {7]). Then

d+u: |’ + |u Hh) ;
=0,1,-

Finally, the relation ( 20) can be replaced by the followmg

3 lwlohs max (lul)fuli<offuls

W3 = (W W)+ Ok | W+ |3+ 04k, | (26)
where the constants
Os=(b+2 )+ A0, [**[3 and  O,=BY-+4°0, ]| (27)

are mdependent of 4 and k. From (26) we have
(1—20:%) | W E< | W[5 +2044.

When k is sufficient small, such that 1 —20:%k>>0, |W*|, is unlformly bounded with
respect to 4 and k. Hence we have the following lemmas.

Lemma 4. Under the conditions (1), (II) and (III), the snlutm 2;(§=0, 1,
Jin=0, 1, -, N} of the finite difference system (3),, (B), and (8),, correspondmg ta
the second bﬂmdwy problem (B), (8) for the system (3) of ferro—magnetic chain has the
esttmation relation ° |

|- (28)

where nk<<T, K 13 sufficient small and K, is mdspmdﬂm of h and k.

Lemma 6. Suppose that the conditions (1), (II) and (II1) are satisfied and suppose
that the system (3) is homogencous, i. e., f(z, t, 0)=0. The solutions of the finite
difference system (3)n, (D, (8)us (B)n, (B)n, (8)n and (8),, {(7)n, (8)n, corresponding
to-the furst boundary prolem (4), (8) and the mized boundary problem (6), (8) and (7),
(8) for the system (8) of ferro—magnetic chain respeciively have the estimation relation
(28) for nk<<T and sufficient small &.
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Now we turn to estimate certam differénce quotlent in the direction k. Let s}*! =
ﬁ 281k, From the finite dlﬁ'a:ranﬁe system (8)n, WO have

=0
_§1"__k:_8?_ 17 (3?+Ixﬁ+d 2"“) +ﬁhf (@i, tnsz, %70)e
=
By direct ﬁa.leulatmn w6 500
z"“xthd atl=A_( % 4,417,
s A+zn+1 . +1 d+23+1
- =hnr ( h % h
Since the last term equals to zero due to the finife d1ﬂ‘erenﬁe boundary oondition at
x =10, there is

z:l-!-'.l. X A+d zs-|.+1) zu+1

+1_ n+1
E?L I A ___zn+1 A+E é k'f(a;i.r but1, Z’H-l)

Directly from (2b) and the estimations (16) and (28) of Lemmas 3, 4 and B, we know
that 23(§=0, 1, +--, J;n=0, 1, ---, N) is uniformly bounded for % and %, then f(z,

tne1, 2771) is also uniformly bounded for & and %.
Lemma 6. Under the conditions of Lemmas 4 and b, there is the estimaiion

3ﬂ+1_ n
ﬁ & : Q_E_'B’ (29)
where s;——ﬁ]::,h (§=0, 1, +-, J) and K3 15 mdapmdeni of h and k.
From tha definition of &} (§=0, 1, ---, J;n=0, 1, ---, N}, it is obvious thal
4.87 A,,zl_ A4,.4_s;
Z’; h 2 h hﬂ ’
Now we have the uniform estimations
” 4._s" 4.4_g u gntl—
]‘3 “ Ny H 3 i: hﬂ hj J2 (30)

for n=0, 1, +--, N, where K4 is independent of % and %.
Using the resulis of Lemma 8 in [7], we have

3
max |4,4.s7|< Kgh*, n=0,1, -, N;

j=1l2p""'llr-"1
1
max | 4,8 — A, 83| < Kghkt, j=0,1, -, J—1,
=01, N

Lemma 7. Under the conditions of Lemmas 4 and B, the solution 2;(j=0, 1, -,
Jin=0, 1, <, N) of the finite difference system (3)u, (*)n and (8)u has the estimaitons

1
: max |4, <K, n=0,1, -, N (81)
j=1F2!'"1J—1
1
and _max |- <K&, j=0,1,, J-L (32)
§ 4

In this section we want to prove that the boundary problems (»), (8) for the
gystems (3) of forro-magnetio chain has at least one solution. At firsi we define the
weak solution of the boundary problems (=), (8) for the systems (3) as follows.

Definition. The 3-dimensional vector wvalued function 2(wm, )€ Ly((0, T );
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S, ok .-

W (0, 1)) N0(Qy) is called the weak solution of the boundary problem (*) (8) for the
system (3) of ferro—magnetic chain, if for any test function . ;

9(=, ) €EG=1{g|g€T® (Qr), g(w T)—O},
the following integral velation holds:

jj[g,z ~9(Ex2)+9f (o, 1, DIdedik | 9@, Opla)o=0. (39

Lot 2), (=, t) =z;** for (@, ¢) €Q}= {fh<a<< (J+DAnb<t<(n+1)k} (§=0,1
J—1; n=0, 1, -+-, N—1). Then 2, (z, t) is a 3-dimensional vector valued plenawwe
constant funnhon in the rectangular domain @r={0<<e<l; 0<i<<T}. Similarly we

- +1 L
define z;,(z, ) =i*-§;— in@j (=0, 1, -, J~1;n=0, 1, ---, N—1), then z,(z, ¢)

is also a 8—dimensional veotor valued piecewise constant funotion in Qr. From
lemmas 8, 4 and b, we have dlraﬂtly that thus oonstructed 3—d1mansmna.1 vector
valued functions 2y, (, t) and zy,(», t) have the estimation

R LGOI IR Y ENCRDTERES <! S e

Osi<
where K 7 18 1ndependent of & and &.

- ‘Now we take a sequence {h;, %}, such that when i—>oo, Ai+EF—0 and also
2 (2, 1) and 2, (@, ) converge weakly to z(z, t) and z(w, t) in L,((0, T'); Ls(0,))
respectively, where 1<p<co. The norms of #(z, ) and z(w, t) are umfurmly bounded
for 1<p<oo, Hence we have . - S

p 12, f)ﬂmmn"‘ sup "z(' t)"mu,nﬁﬁ’? . o (3B)

this means that z(z, ¢) and z(m {) are two 3—d1mansmna1 vector va.lued funﬂtmns
belonging to L.((0, T), Ls(0, 1)).

In order to prove that z(w, t) =2,(z, ¢}, we take a smooth test function g(=z, ¢)
with finite gupport in the npen reﬁtangula.r doma:m {0 <zl 0€t<T} By dlrect
caloulation we have

] 1 )

22(gn+1__f_+1h L2311 .9'1+1 hl — 2(gn+lzu+1 g"“zg"'l)h 0.

n=05=0

We define similarly the piecewise constant funatmn (2, t) and g (, ), correspond-

; el _ntl
ing to the disorete function ¢7** and gix - g1 regpectively as before. Then we have

the integral relation |
| JJ [gm(m ﬁ) Zhh(ﬂ? f) —I-gm,,(m t)zhk(ﬂ} ﬁ)]dmdﬁ-—ﬂ

Or *
Since ga(x, ) and g4 (, ¢) are umformly convergent o g(z, ) and g.(z, t) ].‘E&Spﬁﬁ-
tively as A*-+ k”—)O we obtain -

|| 9@, D3, ©+gu(@, )2(e, $)1dwds =0, (36)
L4 .

Hence z(, t) have the generalized derivative z,(=, ¢) =z(s, t).
. From the estimations in Lemma 7, we soe that 2,;,(, {)not only weakly converges
to z(#, £), but also uniformly converges to z(z, #) in the rectangular domain Q.

.. 1,1
Furthermore the limiting 3—dimensional vector valued function 2(z,.¢) €O (2'%) (Qr)-




No. 3 FOR THE SYSTEMS OF FERRO-MAGNHTIC CHAIN 301

=

Therefora z(w, ) satisfies the initial condition (8). -
- Now we turn to prove that z(a, #) is & weak solution of the boundary problem
(), (8) for the system (3) of ferrﬁ—ma.gnetlﬁ chain, From the finite dfference system

(3) by Wﬂ oan ge'b'
T J=1XN-1 hk C J-1N-=1 . zn+1 hk_.l_..r-m 3»5‘:,1 ”kk (37 )
EE g3 J-rt % § 9" ( _ 917 |

whare f"+1 s f (m,, tesr, 231). From the 1dan1:1t1as |
g g 8=, (@ +123“—m

k k
. 3 gn(z"“x A+£l 5’?“)* 4 _gn (zﬂ_%x A.ﬁ;ti)
L[ onflumii e A2t sy, A+8553
+alolEx2E) - (z"'i" h )]
we have | . | .
J—1 N-1 ﬁ"+1 zﬂ J—IN-—I gn 5 .
ot i m+l
PR 2 g0k - 33 i Sk (88)
g .. 1N-1 T N~1 : .
J—1N— J—1N~
+1 d+d—ﬂ"+ . +1 A 1’" %
EEQ" X T )h_’“ A& h '(”"-"" 3 )
Nt N=1 1 _,
n+1 A+zu—1 +1 A+zg+ '
T S R AT ST i (89)
Since g(w, T ) =0, the lagh term of (38) vanishes, On &neﬂunt of the houndary
condition (+) at =0, i. e., *'=0 or 4,25 =0 (=0, 1, —1), the last term of

(89) is also equal to zero. If the finite d1ﬁ’arence boundary eondﬂnon is 4,22 1=0 at

the and pomt @ =1, then
; N-1

A.,.Z}ﬂ _
If the finite difference boundary condition -13_2}*1 =0, then |
N—=1 +1 1 n+1
ZA 9.:-1( S g 4 zn )k'— N 2;93?—1( A_ZFt X A‘Z" )k=0- L (40)
n=0 _ '
Henoe (87) can be replaced by |

- J-1N-1 +1__ . J=1 N-1 ' . et B | J=1 N1
. 9" i zvipk — 49 (geix L0+ 3) 33 0370
ju=i n=0 k j=1 n=0 h Jml n=0
N—-1 i zn+1 ' '
+E 912’1‘!‘4‘2 gJ—- (ﬂ?%x +f:“1)k=0. ' ' T ¥ e

It can also be expressed as |
([Gut@, Donls, Daodi- || Gula—h, t=B) [nle—h, & xIula—h, Hldadi

.Qr : ¢r

jjgm(m t— k)Fn(ﬂ? t)d‘”dt“‘[ ghi’t([} O)gu,,(m)dw+0(hf)=0 (41)

Or

where gu(w, t) is the a,pprnpriﬂ,ta piecewise constant function, corresponding to the

- . . 1_ . :
discrete functlion 9i +-Ic 93 . defined as before; Fuy (&, 1) = fit'=Ff (21, tass, ') In

Q;(j=0, 1, +-, J—1;n=0, 1, -, N—1) and ga(a) =@, in (j&, (j+1)2](j=0,1, -,
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J —1) are two 3-dimensional vector valued piecewise constant functions. Since g(z, t)
18 & smooth funclion, gy(e, 1), gu(e, ) and gu (s, t) are uniformly convergent to
g(x, t), g:(®,¢) and ¢,(z, t) respectively in Qr as A*+%*—>0 and gz, 0) i8 uniformly
convergent to g(#, 0) in [0, IJas A—0. On the other hand #,,(=, £) and Fyl(x, t) are
uniformly convergent to z(=, ¢) and f (=, ¢, z(2, t)) regpectively in @ and z,,(z, ¢)
converges weakly to z,(z, {) ag A2+%2—->0. And obviously gs(#) converges uniformly
to p(2) in [0, 7] as A~—>0. Hence ag h?+-%2~>0, (41) tonds to the integral identity (33).
Therefore the 3-dimensional vector valued limiting function 2z(z, ¢) is the weak
solution of the boundary problem (»), (8) for the system (8) of ferro-magnetic chain.

Theorem 1. Under the conditions (1), (II) and (II1), the second dboundary problem
(8), (8) for the system (8) of ferro—magnetic chain has at least one weak solution 2(x, )

€L.((0, T); W0, D) noFD (g, .

Theorem 2. Under the conditions (1), (IT), (III) and f(w, ¢, 0)=0, the first
boundary problem (4), (8) and the mized boundary problems (6), (8) and (T), (8) for
the homogencous sysiem (3) of ferro—magnetic chain have at least one weak solution

2(z, 1) €EL.((0, T); W (0, D) noE ) (@)

Remark. The conditions for the existence of weak solution of boundary problems
(=), (8) for the system (3) can be weakened. For example, the condition @(z) €
O™ ([0, 1) oan be replaced by @(a) €W (0, 1).

Let {g(@)} (=1, 2, --+) be a sequence of 3-dimensiona) vector valued functions,
such that for each 4, ¢(z) €cOV([0, 1]) and @ (z) oonverges to p(x) in W(0, {) as
¢—>co. For each 4, we consider the problem for the gystem (3) with the boundary
condition (#) and the initial condition o

2w, 0) =g(a). | (&)1
Denote the weak solution of the boundary problem (3),(»), (8), by z(«, t). It can be
proved that | -

sup [%(-, 2)|weon+ sap lse(e, £ lnon<K 8, (42)
O<icT Ot T

where (2, ¢) ==J':z¢(§, £)d¢ and K, is independent of 4=1, 2, ... There is a subse-

1"-_
quence {%(=», {)} convergent to z(w, ¢) € L.((0, T); WL(0, 1)) [']til"(1‘-r ) (@r). Hence
2(, ¢) is the weak solution of the boundary problem (), (8) for the system (8).

References

{1] L. A. Takhtajan, Integration the Continuous Heisenberg Bpin Chain Through the Inverse Scattering
Method, Phys. Lett., 84A (1977), 235

[2] J. Tjon, J. Wright, Sblitons in the Continuous Heisenberg Spin Chain, Phys. Eev., B18 (1977}, 3470—
3476.

{3] M. Lakshmanan, Continum Spin System as an Exactly Solvable Dynamical System, Phys. Lett., §lA
(1977}, 63.

[4] H. C. Fogedby, Lectare Notes in Physics, 181, 1930, Springer-Verlag, Berlin Heidelberg, Now York.

[3] Zhou Yu-lin, Guo Bo-ling, The Solvability of the Initial Value Problem for the Quasilinear Degenerate
Parabolic Bystem (to appear in the Proceedings of DD-3 Symposium, 1933).

(6] Zhou Yu-lin, Guo Bo-ling, On the Boundary Problems for the Hystems of Ferro—magnetic Chain (to
appear in the Proceedings of DD-3 Symposium, 1982).

(7] Zbou Yu-lin, Finite Difference Method of the Boundary Problems for the Bystems of Generalized
Schrodinger Type (to appear).



	File0001.jpg
	File0002.jpg
	File0003.jpg
	File0004.jpg
	File0005.jpg
	File0006.jpg
	File0007.jpg
	File0008.jpg
	File0009.jpg

