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- THE CONVERGENCE OF GALERKIN-—FOURIER
a METHOD FOR A SYSTEM OF EQUATIONS
OF SCHRODINGER-BOUSSINESQ FIELD"

j Guo Bo-LING (3544 R) OHEH GuaNe-NaN(H % &)
(Imiihde n_f ﬁpplwd Phym and compmtmt Mutheﬂmtws, Betjing, Ghm)

© e .1.. g W 1”{ o : _ o .},‘,- 1.“- :
g ¥ i .f. . ' : gt pralelg gk 0
E"ml ﬂ - L. Introductloﬁ

[1 2] : 'Guo Bo-ling has invesiigated. the globa.l solutions for gome systems of
nonlinéas Schrodinger equations and the problems of numerical computations. In
[2], a continuous Gelerkin definite element mathod hag been presented, and the
egtimation of Ly optimum error and the proof {'rf convergenoe have been given. In
[8], Makhankov has prowed the problam of $hs solutions for a systemn of equations
of Schrodinger—Boussinesq - fic]ld and hag fourid ‘the approximate solutions for the

gystem . »

L

@3,+£,,—n¢.-—

In [4, 5] , & class of important equations of Boqsslnesq field

e T My — Nze— 000’ ).,+n,.,, =0,

:ﬁﬁ& B nﬂ=n,,+a(ﬂ. Yo+ Oieass (@, B bem.g cﬂnstanta)

"have been pmposed In [6] the global solutlons for some systems of equations of the

_complex:.Schrddinger field interacting with tha raa.l Boussmesq ﬁeld are investigated,
wh.lch satwfy 'bhe equations B R .

g 3 @.s,+s,.—ns-=0

i T i bl T Ny — nﬂ—-f(ﬂ)“-}-mmm I al . _ _
If a>0 a.nd certam conditions for the functwn F(n) ﬂre satisfied, the existence and
“aniqueness ‘of the global solution have been. proved.

.In thig paper, by introducing the equation of the pﬂtentml function :p(m ), We
conmdar S0ImMo systemﬂ of equations of complex Schrodmgar field, interacting with
1:]19 ?ea.bf’B%cummesq field, as follows: .. ;.viozime o % @«

1

{71 %B;+Bﬂ—ns=ﬂ - ' (1'1)

Pe —n-—f(N)+amn== IﬁlE (1.8)
with tha periodic bOIHld&ro conditions -
_&%‘!‘@, £), n(e, t)=n(o+D, z), o, ) =p(z+D, §)
i :fmﬁ*g ““{w L — 0L P09, t}O
alld 1mhalcondiﬁbna g BB e Eom R w
Sivad Febroary 18, 1934.Thachmaaammonmmvednecember, 7, 1983,

(1.4)
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o 3]:=u=50(ﬂ’): “|t=o_=ﬂu(ﬂ=)5,"@|f=u=¥’u(ﬁ?): "m{”}{éﬂ:, | : | (1'5)
Whera D is a positive constant. | : | S = g

.. .- By using the Galerkin-Fourier me’shod we construct the a.ppromm&te- solutions
of the problem (1.1)—(1.5) and obtain the estimabion of L, optimum error.

Flnally, we prove that the approxlmate soluhons converge to the exact gsolutions of the
-problem (1. 1)—(1 5).

IL Galerkm—Fagri_'e_.r__Mei;hgg.ﬁ.laqd_ the Estimation of
the Approximate Solution

First we introduce some spaces and notations: Let Z be a complex function and
- 7 a complex conjugate function of Z. Let-04Q)=0%([0, D1) denote the space of
complex functions, ! times continuous dlfferen‘];mble over the interval [0, D].

Let L(Q)=L,[0, D]) denote the Lehesque space of complex measurable functions
. u{®) with the p-th power of absoluie value j j mtegrﬂ.ble over the interval [0, D].

If we define the inner product -~ -, -y it s

(u, mynj u(m)w(m)dw ﬂu[l (e;.-,, u),

then Ly( [0, D1) is a Hilbert space, e s
Lot Lo 2Y¥=L.([0, D]) denote the I..ehesqua gpace of meesurable functions
u(@) over the interval [0, D], Whmh are essentially bounded, with the norm

Jul . =ess, sup|u(a)|.

Let H(Q)=H'([0, D]) denote the space of complex functions with genecralized
derivatives

D"u(lkl%ﬂ)eLa([o D),

V= {u€ H(@) |w/(0) = (D), Osj<i=1), w-2%,
fuld=ul+ | ME Ym0,
Let 7, denote the projection from H to H -,-,=3pa.n(1!_.;, e, WUg),
- Hag= ,;E_k (.t?: '*1’1)_%‘.#._-_
where L \/%exp(éw;w) 5 Wi=f'"%‘: 5 (@) = —wjvs(a),

et Rug=g—1F:g, g EH When b—>o0, R;.,g—ﬂ} From the Ba.sswell inequality,
we ha.va =
N T L .

Here wo construct the apprcmmn.te snlutlnns of the problem (1 1)—(1.5) by

B (I‘!
: the Gnlarhn—Fourier méthod

R Pl

%m.t)==m(i)“ E ﬁj(t)u,(m) tw (21)

1-'ﬂ
i-
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where &;(%) denotes a complex functmn n,,(t) and @(t) danote real functions. ’I‘hey
should sa.tlsfy the equa.tmns |

R Eum-ﬂnsa, m,(m)) ==0 . . (2.2a)
(T — Puas, m,(m)) &0, | (2.2b)
(@ — nk—f(ﬂk)'l‘mm— |En| , fv,fas))ﬂo j’= —Fk, o, K, (2.2¢)
where ?
8| 120= son (@) -Fw?@),
| o= non{ @) “Fﬁ&(m) (2.8)
- P f=o.=ﬁ?qk(?)f; ; q,){

' The problem (2.2a), (2 2b) (2.2¢) can ba BoRele
the system of nonlinear ordinary ¢ dlﬁ'aren,tml pg A
functions &;(2), Bi(®), 1B, & **i*‘” e

For the solutions of the problem (2 2} ¥ (2 3}1;]161-3 exlst. -l;he following estimatod:
Lemma 1. Suppose go(®) & La, then we kagém; e —E

fou() "= ﬂaon(w)ﬂ’ﬁlﬂu(ﬂ!)ﬂ’ . (2.4)
Proof. Multlp],ymg (2. 23.) by a;(t) and summmg fur 4, we obtain

(2815t Bxzs — M8k, ax)-=0

Taking the imaginary part of the last eqmtmn we obtain

. &
Sla=0

= : ALy

and derive

H Bn(t)[\ = &) 2= 2ol <[ 80]”.
Lemma 2 (The Sobolev inequality).. If §>70.and 1==0 are given, fnr the function
w(a) € H*, there exists a constant C depMng on & and | such that

Hg;ﬂ “éﬁﬂ E-I-Uﬂu Z<k (2.5a)
E-——rﬂ‘éaﬂ 2:; H+O’Euﬂ Iék ' (2.5b)

Lemma 8. Supposs the following Wm
(1) go(®), no(2), ‘Fo(iﬁ) E H‘

(ii) «>0, j f(ﬁ)dg}o o o
:cm samﬁed then we hm | o B B
5 lﬁhﬂﬂ"[" Imu"{-ﬂ?h'lf"l']ﬂkﬂﬂ‘QEg, .- _, | (23)
where E is a definite constant wzgm ofﬁ . T Wl

Proof. Multlplying aqua.tmn (2 2a) E(tjr) 'a.mi sl:u:nming up for j, we ‘can
, _oblain |

S ..‘H -If

a,.a g W “%# i.:&.% ,
(@ﬂu-i" Sm-'nnﬂh 51::)"

b .l_|
AT "‘f‘-.' - i [ + :
R '. -:' -_."n_':- :. A r ¥

Ta,kmg the real part in tha a'.bwa‘*fegmlﬂ-y ¥
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d o .

= Suz | +I n| 8| fde=0

j nklﬁglﬂdﬂl—- ij ﬂklﬁhlﬂd@"—f ﬂmlﬂylndﬂ}

'-%naunwj;-juf ls:;l"";dw—anlsk‘I”dw%. - (2.7)

From (2. 20) we can obtain

(Pr— ﬂu—f(nﬁ +m1m— Iszlﬂ, ﬂm) 0,
I+ follows that

— (| 8]?, o) = — (@m, ﬂu)+(ﬂa, nm)+(f(nu), “H)_ﬂ(ﬂm; nm) (2.8)
From (2, 2b) We have’ Rl i o R ¥

Hence ‘ S ﬁ} Bl gt e Wi w &
~ (i r,-»»o-—-(m.. mni -g;-uwr (2.9)
and® B m)———ﬁmn" i

(Fo, m) = [ s e,

. " -—ﬂ(ﬂm, _ i) ﬂﬁﬁ?ﬂ%ﬂ |

Putting them 111130 (2.8), we obtain
o d

— (| &}?, me) = é ;H l|“'+1 ey xﬂ’“-!- y I f(fe)dwdw+2 — 1|,

Then substituting the resulting relatlona into (2 ), we hfma
9ol + [ mlesl o+ Soul+ 5 Il + ] [* s dzda+Eimal*] =0,

1 2 2
2" ﬂ'”"?ﬁ I]

I ﬂtlﬂﬂﬂd@*“[j f(ﬁ)dzdm'=En(0)

Lo BO=leul+Floult5

- Using the inequalily eb< a_a’+i-£';,'_b’,'_Lemma 1 and Lemma 2 we have

D - . _ |
[° el as17d= (o, [ < Hml-+ Leal < L+ [onl2.
T H |’+2(aﬂuehﬂ“+o=ﬂsmgﬂ)|s.,.,|

By thehypothesiaj f (ﬁ)d@?ﬂ of thm lemma. we ha.ve !

O i

1ﬂ3;§**£’#11wlah(ﬁ)ﬂa+ Inn(t)]i-!-z I@n(t)l“-l- ﬂnu-(f)ﬂ’—-—-ﬂnx(t)ll’
- .f @um”' : '—2a’IBh@M’IE“I’—WHBng|‘<E;(0)<Eu,
whereEo*iBﬂ_aﬁﬁmhmnshnt.Eem&; Fowies b A

_3{._ 1.!1_: oy :lrn,;-'i f:“.' }

(1—-2 STl | 'n.?(t) ﬂ’+—]@;(t) H—-’-—H% (t) F+ —-nn,,.(t) FQE;}‘I' 20&13*{ ;

1 - e I = 2 -. T

§ 1 - - ) s [ R 2 ol s " a2
B2 e il -, R e A é‘-h q& 3
Sorred S TR el R BB - e ™ e -'ﬂ‘ ',{« - I ? o] Y )
R, T i Y R4 T i T - o iy TR 5 : T g T e R ‘r. O i R, P T

2 o e e % e d Sl i b 2 f 4 : < :—bj 3 J = f ; 31._‘-#‘I B 1 1- ‘- i A = :'. - 2 '.I-I.J-_ _'\-\.;L v :..J_} __ '. . '.'iu:.l T _:.. .

a ; £, oy AR ,r‘{; % y 5 -
S E I - ﬂg&"ﬁ;j 4
e 5
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Let 50—-111111(--, -—-) Then - T : -
) | &xs () |1”+llnu(t) |2+ “@H(t}u2+Jﬂk(t) Q.—-— (]Eu[+20““50ﬂ*) =K,
that is, (2.6) is satigfied. Thls completes the pmof E::E Lemma 3.

Gerolluy 1. If the conditions of LQIIII[IB. 8 are satlsﬁed then we have |
C eda<B, ﬂmﬂx, %E e

where the constant E’ .ig independentof k. .y B
Proof. By&mmas2m1d3 wemmnmdwtdyprow@t

. Lemma 4. Suppose that the conditions.of Lgpma 8 are smtwﬁeﬁ; Mtkat .Su(m!)'
EHE no(w) € H', ‘F’UEHE and f(n) &P, Then tha f0110W1ng estimation is true - .-

e g Hﬂwnﬂ Hﬂmﬂﬂ'i‘ﬂnm“?ﬁﬂ*sml“éﬂap & (2.10)
where Ba 18 a definite constant md-epmdmt of k and ¥. : 5
Proof. Sot &g =1, fues = Vg« lI'heu:lL mulhplying equa.tmn (2.2¢) by (—wj), We
have
(% ﬂk"‘f(ﬂﬁ) +m£,,,,-— laﬂﬁ *v,(m))==0
Hence . * B
(wﬂ—nﬁ#—f(m)ﬂ+mm— | 2y] 2, 95(@)) =0,
On the other hand, d1ﬁ'ere~nt1at1ng (2.2b) with réspect 0 7, We ‘have
B = PR ) o SR
Puttmg it 1111'.0 the above e—quatmn we obtain |
(ﬂm““m—f(“k}u+ﬂﬂh;m“ 1 51:‘ . "JJ(‘.E)) ={),
Mulhplymg thls ‘equation by Bﬁ and gumming for j, we: have - o
(ﬂkﬂ “Ezs"‘f(ﬂﬂﬂ'l‘mkmu ' lsiﬂl _“kt) =0, (2 u)
Estimate thesa inner products rmpecmvely ag follows ' '
1 d N i d 9
— (i ) = —finﬂu“n '
g B . Y kg Ok d  pg.
| il ﬂ(ﬂw, ﬂ-];t) ‘=ﬂ.(ﬁm‘? ﬂm-) #Zhdt“aﬂmﬂ S R "
Because "
; (f(ﬂ’k)#: ﬂm) =(_—f—("_'"_) +—‘£— m: “H)
hence i Tt P o
DR ¢ 4G (nk,)ﬂ numnf"cm)n --(I 109y (Rl WD
0 e _ B S Ty ‘.;-.; 15«"‘ ’ T Ei
DR~ 11 = 12, fowl
S R e+ Pl D]
S | -ﬁki[l]Nﬂlz-l-ﬂ 154"1] O
md“ ALGE AT XL 23 53 e 1)
| E’) ‘QK::(“NJ +H“mﬂn)

.(f (ﬂn)nm, nu)éﬂf (m)ﬂn,-;z—(ﬂtﬂﬁﬂ:tﬂ ool ) AWl o
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S0
,. CF ) ey 1) <m<l|mnﬂ+|1nmnﬂ+1>+ffn<:mn F fonsf?), -

Then . we estimate. _.
= laklmm; nh)‘gl(lﬁklm: W»m)l
and | En|m= (&x8k) 20= 42284 +23h=3k=+ Skﬂm |
Multiplying (2.2a) by (—w}), we oblain G '“
(Gt 8pza ~my8y, v5) =0,
Mulﬂplymg the aboye equﬂ.htj,r by n:i and summing up. for §, we have
‘ (@em + 8jea — TiBi, sm) =0,
(8koas Brew) = — (@Em Em) + (ﬂl'ﬂh Exza) »

.oy '
e s uﬁm"ﬂgﬂﬂmu ﬂgmu“*‘“ﬂkﬂnﬂ Hﬂmﬂ (ﬂemﬂ—l‘ﬂﬂx&nﬂ ﬁmﬂ
Therefore S e L % N
ﬂEm{l@HSmﬂHﬂnsnﬂ

Th followathnti - - =< 0 5,0 (0 0T BOBE e we ST
U eklE,s me) << (ﬁméﬁ egﬁm,' u,.;})|+-2|(s,,;é,,,, ne) ] -
' B ~1 T3 PO -, ﬂ%ﬂ-+2[(5m3kz, My ) |
-%-2!]3;.4] Llexe]l + Irneal) Irinel + 2 e 2 Mm"ﬂﬂhﬂ
: - <lesfallen ]+ bl + L] o (o] + o %) 1"
5 "*‘2‘]3:@:“1&.“ val o Bl g o N
L‘QKB(HEEHE ﬂN;,ﬂ“—]—l)+K;(Oﬂ|‘sk[|“+32[|5 [+ [ 1%
KK B MP D) |
Subshtutmg these estlmatmns into (2 11}, we get ’

?%“[ﬂnmﬂ” [ s |+ 2f| ize? ]*%LK [Ilnuﬂ” nmuuusmu T+K,, (2-12)-

On the other ha.nd,' differentinting (2.2a) with Tespect to ¢ _n,nd mulfiplying the
resulting relation by a;(#), and finally summing up for j; we obtain
(DBust + Brrae — Mk — MBiss ﬁ_ﬁ)..‘"?o.- '

Taking the imaginary pant of the above equality, we have

1 d
2 dt ﬂﬁkt"ﬂ"‘lm(ﬂﬁﬁx, slﬂ) 0

| Ilsmllﬂ*@ Il Snlln.,(hnl“*i-ﬂ 1%).
Oomibming it with (2. 12), we ge'b
EJI o L L nse ] ﬁfnflﬂul”-l—ﬂﬂm 2+ e uﬂ nm,,ﬂ'ﬁ'ééﬁf;;'
By: ualpg thaﬂroxmall pethw, We can obta.m it bl » B W M
(s 18 e [+ L[ e[ P < B, LI T
_tha.ji is (2, :LO) is true.-The p:gof of Lomma, # is tb,ug mmp],eted

Gﬂrﬁ'}éﬂ& i, ;Sv_tﬁ? {'PQ ;r'.:'i""

eshmahons ::ema.in - .. : el B
u?’uﬁhﬁﬂ: Jﬂhﬂb.'QE,E: lM'ﬁﬁ'a, ;zﬂﬂmﬂﬁﬂﬁ, £ (213)

P o
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o o e B

where K& is & constant 1nd5pendan1; of k. |

Differentiating (2.28a), (2.2b), (2.2¢) with reSpect to § several timeg respectively,
and using the property of the bagic functions %j(®)= —wiv; (), wWe can derive
analogous estimates of the previous lernmas.

Lemma b. If the conditions ofLemmm 4 are satisfied and

(1) so(@) €H, mo(@) EHY,

(ii) f(n) €C°,
then we have

Ty

Esm|’+ﬂsmﬂ’+ﬂnmﬂ’+llnmu“+ﬂml <E,
ﬂﬂmﬂn +I“kw=ﬂn QE&,
where. E; 3G daﬁmte om.mmt sndependdent ofk 1,
~ Theorem 1. . Assume that the conditions. of me b are satisfied. Then there
ehsts the global classical soiutwn {8 (w, t) n(m t), cp(m ')} of the periodic initial
value problem (1.1)—1.5): .
S¢EL"(0 T H’) n, € L=(0, T Hn): ‘Pt' L"(ﬂ T; Hy), :
8 € L=(0, T; L), ns€L™(0, Ty oYy 1 %GL"(O T': Ly).
Proof. From Lemmas 1—5, by means of -the -uniform estimations of k, the

compact principle and the Sobolev imbedding theorem, the proof is obtained
immediately. ° .

- (2.14)

lIl. The Convergence of the Galerkm—Founer Method

Let a—6y=3, n— ﬂx"N P— %“‘#
Then from equa.hons (2.2a) and (1.1), we get
(‘3'(3 3I)t+ (8— 8%) os— (“5_“15515)1 "’J(ﬂ’)) =0,

Let o=J8 —8;=8— Rys — 6= E R.s =-Z asv; (@)
Then from the last equation we have i, g
63+ Se—Ne—m 3, Sk o (3.1)

From equations (2.2b) and (1. 2), the following equation

| (=)= (P—Pr)es, -‘ﬂ:(m))=0
is got. If we se? x

v=Fm—m=n—Rm—nn=N-—Rnn=$bm(ﬂ=),
then from the above equation it follows that ;

(N— ‘:‘E’#: N —Rn) “0 | | (3*2)'
Slmjlarly, from (2. 2c) and (1.8), we have

o = - (n =) (f(n)—f(ns))+¢=(n—nn)uj(1(8|’“Ianl”), 2(2)) =0,
If 'we denote p=Fyp— tp;-q: .R;,p—-Rg-qb R,,rp Eﬁ;@) then from the last
eQumon it foumg that FRit e 5

N ,'(m*>N+uN --(|sl’—|sxl’) ﬁnﬁa)-o L @)
; ﬂﬁi{n;‘m) Taking'the #i _F pa.rt of equn.tlon (3_1),_ |

"l-'
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== : . . e . O " ,.—..ﬁ_'

Then : | ., B . .
-—;—-di-IIEHHQ——IGIIL(HNI’+IEH“)+RB{ (3, By~ (3, R,e,)}

+Im(Z, Bye.) +Im(—Ne—m 2, Ris).
Integrﬂ.tmg the above inequality with respec-b to ¢, we have

120 P<IZOF+0 [, (15 P+ {36 [Dar
+5§-ﬂ3(t) !”'44"-21—'HS_’('O)'ﬁ"‘+2il,R,;'si(z)'nﬂ+z||R;s(o)[|=
+[ @)+ | Rytuel®) dn+ [ (136 P+ | Buts |
+{. el AN P+ | Bas [+ -"J:?ﬂinih_cﬂ'su%n'R,.,aﬂ%.
That is, we have | T e |

uz(f)ﬁﬂ-ga§,1>+oij" (ﬂN(r)ﬂ’—l-ﬂE ('r)ﬂ’)dfr S (3.4)

where 5, as well a3 bolow 35”( j =28, ..), danotea a definite constant, which tends
t0 zero when f—oo. From (3.2), we obtain -

(Ne,?N) = ($usy N)+ (N, Run) — ($ee, Rim)
= — (¢, =)+—-—(N Buﬂ) 1 By) — (¢, Runes),

L o. - -;—Wazvnw <n¢,nﬂ+u .u=>+—<N Rin)

+—-(ﬂNu“+IRM“)+ {1 + | Binaa®),
Integratlng the sbove inequality with respect to £, wo obtain o

JIN(t)I’-QIN(O)H“-!-I Ul + 1N,

+—IIN(t)ll’+2ﬂRwl’+—-ﬂN(0)H“+2IIRm(0) I

+j< =+mm=+n¢n=+nmﬂﬂ>de

i. e. ﬂN(t)ﬂ."Qﬁi’)+Un (uN||=+|N.uﬂ+ ﬂ¢ﬂ“+u¢.u“)d«r (3.5)
Expandmg (3. 3) Wo eﬂhmate the ;lnner product mth 4;6 re@ectwely
SEE N e G lw '

s R i,
rr-- '|- I- . H ---‘ o - -
S T m g T s L TR
R L T ek Ry ~H
v ] N q— N ﬂ+ I
i jl__. ; I.:.-... o ; ..:- i TR II
S % B 5 ..-.|| . :_:. ¥ : '
. ! . .
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A — T

(Ie |ﬂ—1s.;1== #- <<|sl+|sknus|—1s.,|>, #
e Kl i RUZEH IS,

sstimale the innar produn,t wrnh R,@ slmllﬂ.ﬂ:i' Hence from (3.3) we

‘Then we
ébtain the following inequality -. e

-;,;-gt—ﬂﬂﬂ%-— (INPP+le H“)+ l\f (a")]z (lN1"+ T DR
5 +J_l( N-H“+l¢.u“)+a(nzﬁﬂ+u¢uﬂ)
(qb: _Rw) (¢, Rm) +-—-(HN I+ + [ Repl®).
e TACRI L N+ IEM“)+J——[(HNI’+ 12l

+(l8ﬂn.+ HS:HL.)—(IIEE’+HR@E“‘)
Rearranging the above inequelity, and mtegrﬁ.hng it mth respect to ¢, We have
BOP<IO PO [ RPN L, I+ g i

.7 +0f (Rl H Rl dir Lipir+2lBal®

4 b+ | R Do 45 @(ﬁ)l”ﬂﬂﬂw(ﬂ)ﬂ’.

nqb(t)ﬂmaawoaj P+ TR+ 91+ |6 (3.6)

. Differentiating

(Nﬂ ¢m; 1’.{)""0 | (37)
On the other hand, gubtracting (1.8) from. (2.2¢) ‘and using o= — wjv; (m) we have
(e N~ -(f(n) —f(ﬂx))—l-aNn—(Iﬁl“ |61n=|*I vj) =0,
Intq»gratmg ‘the n.bove eqmllty by parts gives "
(‘?5t=- N U(ﬂ) “‘f(ﬁh))ﬂ'l”“Nm- u 3]""‘ ] BIIE)H; v;) =0, 3 .8)

Qanceling ®;es from (3 7) and (3.8), and letting
s | ’ﬂ;'-Fm:—nu—m—Rﬂ m==Nr-Rau

L i !.r"' rp

we obtain |
(Na—N —(f(n) -—f(m‘))u+aNm- ISI’i rﬁxl ).., A
ISF—'IBEIH)", Bun,). (3-9)

e (Ny—Naa— (F() ~F () o s (|

Wo egtimate these inner products as f_q];l:q;*-"ag_s_: ‘1??; ﬁ.;f i B
- | AL e e e ﬁia .
(ay D= eVl

' 5
T s _|?_'. e
T, . W L

: E 't = 'r '_ - I : i’ﬁ i £l o . | -
S e 5 : on o : 4 e LB : i L
e o Tt G, N L G A
: " B A - 4 i 6 A
e .J-\.-- Y _...
P S i e R e
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