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Abstract

In this article, the two-dimensional inverse nonlinear parabolic problem is discussed. The most important

feature of the problem is its solution with the Fourier approach. The solution was obtained by Fourier
implicit and iteration methods [1]-[6].
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1. INTRODUCTION

The inverse two-dimensional parabolic problem finds applications in many fields, including diffusion
applications, heat transfer, population, medicine, electrochemistry, engineering, chemistry, plasma physics.

2. MATERIALS AND METHODS

To solve this inverse problem, a combination of the Fourier method, Picard successive approximations, and
the finite difference method was employed.

3. THE EXISTENCE OF SOLUTIONS
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v(0,n,7) =v(m,n,1),n€[0,n],7€[0,T]
v(§,0,7) =v(&,m,1),E e [O, n],r € [O,T] 3)

v, (0,m,7) = v, (m,n,7),n€[0,7],7€[0,T]
v,(£0,1)=v,(§m1),E€[0,n],1[0,T]
¢(©) = [y J, €nv(€,n,v)dgdn, T € [0,T], 4)

Here, (1) represents the inverse coefficient problem, (2)-(3) define the initial and periodic boundary
conditions of the problem [8] and (4) is the integral condition for the inverse coefficient [7].

The following solution is obtained with the Fourier Method:
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Here,

(PO = U0 (0)5
t
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Let the following rules apply:

(Ch¢(t) € c1[0,T]
(&, n) € cV1([0,7] x [0,7]), o
(C2) ¢(0,1m) = ¢(m,B), b (0,1m) = P (m,m), [, [, $ndp (&, m)dédn = ¢(0),

#($,0) = ¢(&, 1), ¢, (£, 0) = Py (S, ),
(C3) (1) Let 8(&,7n,t,v) have the following properties:

P0(ENT0) B(EN,T.D) B
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where y(&,n,1) € L,(D), x(§,n,t) = 0.

(2) 6(¢,n,1,v) € C*?°[0,1], 1€ 0,T],

[[env, Enodedn=¢ (1.0<t<T.
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o(t) = 3
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Definition 1.

(@} = {vo(0), Veap (1), Vesap (1), Uscap (T), Usap (7) } of continuous functions on [0, T1.

Banach norm:
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Theorem 1. The problem has a solution under conditions (C1) -(C3).

Proof. Let's iterate the coefficients:
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According to the assumptions, we get véo) (7) €B, te [0, T]. To find the approximation principle from 1 to

N, Cauchy, Holder, Bessel inequalities and Lipschitzs condition were employed, respectively. These tools
are utilized to demonstrate the existence of the solution. Finally, we arrive at:
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By using the same operations, we obtain:

N 1
ool picy

we get 0V (1) €B.

Let us show that the convergence of solution:

||U(N+l) (‘C) _ U(N+1) (T)”

N)
T ol

N)
||G(N+l)(r)_G(N)(T)|| < g+£%] ”,Y”(N) ||U(N)(’C)||

Then O (®) = 0™ (1),6™ (1) = 6™ (1), N > 0.
||U(N+l)(‘t) - U(’C)”

JOTr+16VT ) o JOTr+16VT ) 1o
S e~ [ xexp| ————| |1

3n

o™ (1) - v(1),6™" (1) = (1), N = 0.
Applying Cauchy inequality, Holder Inequality, Lipschitzs condition, and Bessel inequality to the

difference, we obtain
2
NVITm +164/T
||U(17) - V(’C)” <0xexp [#} ||y||2

v(t) = v(1),0(r) = p(7). Thus, we proved the uniqueness of the solution.
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4. THE EXAMPLE FOR NUMERICAL METHOD
The linearize of the problem:

v =0 + o)l +6(E,n, 7, 0" "),

L™ (&,1,0) = (&, M),E €[0,7],n €[0, 7]

v™(0,m,7)=v"(n,m,1),n€[0,n],7€[0,T]
V™ (£,0,7) =v™(E,1,1),E € [O, n],r € [O,T]
U(:)(O,n, T) = U(&“)(n,n, 1),n€[0,n],7€[0,T]
U(n“)(é,O,r) = Ui“)(é, m,1),§ €[0,7],7€[0,T]
Letus v™(&,n,17) = Y(&,n, 7).

WV, =W to(Dy,, +0(En,T,y),
V™ (EM,0)=@(E,n),E€[0,n],n€[0,7]

v™(0,m,7)=v"(n,m,7),n€[0,n],7€[0,T]
V(0,7 = v (&, m 1), E [0,n],t[0,T]
U(:)(O,n, T) = U(:)(TC,T], 1),n€[0,n],71€[0,T]
U(q“)(i,O,r) = Ui")(é, m,1),§ €[0,7],7€[0,T]
[0, ] %[0, T] is divided into a M? x N mesh with the step sizeh = /M, ©="T/N.

Using implicit finite-difference method for the problem:
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where k=0,1,...,N.

Y (1, 7)

From Simpson’s scheme,
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+0;,

0 _

Vi = @i

k+1(s) k+1(s)

k+1(s) _ . k+1(s) . k+l(s) _ Wl,j _WM,J’
Voi = Wmsnj>VYmaj = )
k+1(s) k+1(s)
k+1(s) _ . k+l(s) . k+1(s) _ Vil ~Wim
Vio  “VWima Vima — 5
k+1(s+1) .
Y (*1) s found.

S. CONCLUSION

The inverse problem for the periodically bounded nonlinear two-dimensional parabolic equation was
investigated. Two important investigations were carried out. These are determined by both theoretical and
numerical examination. The Fourier method and finite difference method were used as methods.
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