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PURPOSE OF PROJECT

- Apply Gradient-Fourier method to the
\ nonlinear plate equation (a 4th order
PDE)
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.Let N c RY be a bounded domain

(f. Dy = [, fg (frg € () and let H = (L*(2),(.,.)12())
We define a differential operator T with domain

: : 4 0%u
domT =D :=3{u€H (Q):uwgzﬁl(m:O

T(w) == div?(g(E(D*w))D?u) (u € D)

H(E(D?0)) = 0%u\* 0%ud’u (0%u\® (0%u\]
g W)=\ oxz dx?dy? \dy? dxdy




Let g be a real function that is C? in the
~ @ Wariable r, and there exists M, m, A1 > 0 such that

O<m<gr)<M (r=0)
0<m<(@rd)r)' <M (r=0)
:—:2 GrHr| < 2 (r=0)

Finally let B :== A2, dom B =D

The following boundary value problem will be considered:

T(u) =«

0 (1)
Uag = 55 lag = 0




Theorem 1 : The unique weak solution u* € H?(2) n H}(2) of the problem (1) :

1
— | G(E(D?*u*))(D?u*.D?*v + Au*Av) = H?(Q
2jﬂg(( u*))(D*u v+ Au*Av) jﬂav (ve §( ))

The operator F, defined by (F(u), v) on the left hand side satisfies

MRl 2 ) < (F'@h RY 200y < MIIAIIZ2 o)
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Let uy € D be arbitrary .Then the following sequence:
2

M+m

Un+1 = Un zn (MEN)

Az, =T(u,) —«a
where 92z (2)
Zjpn = 55 la0 =0

converges to the solution u* and

where 1, > 0 is the smallest eigenvalue of (A?) on D .

1 M —
*x . h < _ _  \n
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(a) Weak form of the (2) :

jﬂ D?z,D%*v = %jﬂ g(E(D?*w))(D?*u.D?*v + AuAv) — jﬂ av (v € Hg(.Q))

@) From now a > 0 is constant . /




The Gradient-Fourier method :

Let 2 € [0,7]%, A; and ey, (k, | = 1,2,...) denote the eigenvalues and
eigenfunctions of (A%) on D, respectively :

Diep = (k% +12)%, ey (x,y) = %sin(kx) sin(ly) .

Let us first introduce some notations. For n=0,1,... ,let
uO = 0
- - (neN)
Unt1 = Up M + mZn n



Lile Founer method for the uuxiJm oquotins: @
J—— A6V

Now let us focus on a single iteration step (i.e. n eN is fixed in
the section), where (2) is replaced by

Nz, =1,
9%z, —0 (3)
Znign = Bp2 lon =

Let ¢, (k, 1 =1,2, ... ) be the coefficients of r;, in its Fourier series

expansion, thatis c; = [, mex,
Let N be a positive fixed integer and
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Define z, as  z, = z Ko,

n

A simple calculation shows that these satisfy (3) :
N N

N
Az, = XL (AZey, ) = Skl 5 = Cki€rl =T
n 7. (Bl T, il K18kl =Tn

kL kL —

k=1 k=1 k=1
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g & Calculation of the coefficients Cy ; - :

O

Ci,l = J(T(u) —a)ey,
0

= [, div?g(E(D*u))(D?u )ex; — [, aey,

_ [92u\?  82ud%u 921\ 2 92u \ 2 =~y =5
f_Q g((ﬁ) +ﬁa_yz+(a_yZ) +(6x6y) )(D u.D ek,l)—fﬂ aeg
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0* ekl
Z dkl

d%e
Zd Kl
Ki=1

‘o azu_
© 0xdy

ol oxdy —

2 N 2 N
a°u d ekl 2 2 . .
] = 32z E Ay 22— klg Edk’lk sin(kx) sin(ly)
=1

N
2
Z - —dy ;1% sin(kx) sin(ly)

k=1
i &

2
z - dy 1kl cos(kx) cos(ly)
Kkl=1

azekl 2 2 . .

— 6352 = — Ek sin(kx) sin(ly)
d €1 2 . .

— 57 = ——12sin(kx) sin(ly)
azekl 2

= axy Ek * [ cos(kx) cos(ly)
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it = Jo 9D+ ]+ E+ (E)* + (6)?) » ((J +2E)*Q+G *

~

/
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Numerical experimnent : .

| have code it in Matlab program o

>> gmiterdmin (22, 3)

N
| N
N
P =
errz =
15.0368
E
o
0.05 - errz =
-0.1
-0.15 13.1337
-0.2 |
-0.25 ]
-0.3
4 e
b errz =

11.7817
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