Eastern Anatolian Journal of Science
Volume VII, Issue 11, 2021, 35-41

I Eastern Anatolian Journal of Science

Continuous Dependence on Data for a Solution of Higher Order Quasi-Linear

Parabolic Equation Using Fourier Method
frem BAGLAN®" and Timur CANEL?

! Department of Mathematics, Kocaeli University, Kocaeli 41380, Turkey,
isakinc@kocaeli.edu.tr

2 Department of Mathematics, Kocaeli University, Kocaeli 41380, Turkey
tcanel@kocaeli.edu.tr

Abstract

Higher order coefficient inverse parabolic quasi-
linear problem was examined for this article .In the
article, Fourier and explicit finite difference methods
are used,respectively. It showed continuously
dependence data (stability) of the solution,using
iteration method.
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1. Introduction

Inverse problems are used to find an unknown
property of material. For example, scattered by an
acoustic plane wave, the far dispersed field can be
observed by observing. It can find the shape and
material by (inverse) problem such problems flying
objects, especially airplanes, missiles, submarines,
etc. It is also important in the definition of inverse
problems underground sends out a geophysical
acoustic wave. like this collects on the surface of the
earth and scattered space.lt helps to find
inhomogeneities and irregularities. Frequency is very
important in technology, for example, a hole in a
metal. There may be a tumor or some abnormalities in
medicine.If inhomogeneities can be found in an
environment by processing the scattering area on
surface, then you don't have to drill a hole middle.
Higher order inverse parabolic problems especially
used in chemical diffusion applications, (Sharma,
Methi  2012), (Cannon  1989), (Dehghan
2001,2003,2005). Heat transfer processes such as
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population,  medical  field, electrochemistry,
engineering, chemistry, plasma physics, mathematics.
(Ergiin 2019),(Amirov,Ergiin 2020).

In this work, Fourier method is studied for the
solution of common problem:

oV o%v 0%
—=b(t)—+ +g(x,y,t,v),
~ = PO ayzg(y )

V(X Y,0) = o(X,y),

v(0,y,t) = V(7. y,1),
v(x,0,t) = v(x, z,t),

v, (0,y,1) = v (7, y,1),
v, (x0,t) = v, (X, 7,1),

k(t) = ﬁxyv(x, y,t)dxdy,t [0, T],

where Xe [0,7[], ye [O,ﬂ],t € [O,T] and
o(X,Y), 9(X,Y,t,Vv) unknown functions and
k(t) is total quantity of heat (lonkin 1977).

2. Analysis of Solution of (1)-(4) Model

As known, in Fourier Method, the solution of
problem is considered in the following form :

v(x,y,t) = VOT(t)

+ i Ve (1) SiN(2Mx)cos(2ny)

m,n=1

+ ivsmn (t)sin(2mx)sin(2ny ).

m,n=1

We have Fourier coefficients by applying the
Fourier method, as follows:
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where
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7J'[b(s)(2m)2+(2n)2st 0, = V,(0),
- 0 t
Vsmn (t) VsTn (O)e I[b(s)(zm)2+(2n)2:|ds
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t
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Then we obtain the solution:

(pscmn = scmn (0)e 0

t
I[b(s)(Zm)2+(2n)2]ds

Psmn = smn(o)e
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We have the following constraints for functions of the
problem:

(s1) k(t)eC'[0,T]
(52) o(x, ¥)eC"([0, z]x[0, 7))

[ Py y)axdy = k(0).

(S3)For g(X, Y,t,V)

ag(x, y,t,v) _ g(x, ¥,t,v) <I(x, y,t)v—v
ox OX . |
ag(x,y,t,v)  ag(x, y,t,v) <I(x, y,t)lv -V
oy o S
89()(1 y,t,V) _ag(x’ y’t’\_/) <|(X y t)V_\_/
OXoy ooy | |

where 1(X, y,t) € L,(D),I(x,y,t) >0,
@) g(x,y,t,v) e C**°[0, 7], t€0,T],

@) g% y,tv)| _, = 9(xy.tv)| _,

Let provided upper conditions for X,y,xy
partial derivative.

(5) k(t) can be diffrentiated under the
assumptions (C1)-(C3),

[ [xyw(x.tydxdy=k (®).0<t<T.
00

then the unknown coefficient is obtained in this form
3

k ()= Xyg(x, y,t,v)dxdy— %vy (7,1)

3

T
—V, (7t
> «(7,1)

b(t) =

Definition 2.1.

V() } = Vo (8), Vo (1), Vg (£), Vegn (1), Vi ()}

of continuous functions on [0, T] which
satisfy the condition
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o Vo)
o<t<sT 4
© [)D% chn (t)| + max|vcsmn (t)|
mn=1l + ngta<)1§ scmn (t)| + rgg)Tqumn (t)|
[V, (1)
Jv()] = max—==
X max chn (t)| + max|vcsmn (t)|

0<t<T

Vscmn

(0)] + max|v,,, (1)

is the normin B . (B is the Banach spaces).

3. Stability of the Solution
Theorem 3.1 According to (S1)-(S3) the solution is

constantly dependent on the given data.

Proof. Supposed 0= {go,k g} and 6 = {q_o,R 6}

M, L, 1=1,2 are positive constants such that

lollsso0, <M. o]

el < Lo i <L
<L,

Cl 1, 0[1-]

”k”cl[o,T] =L, HEHcl[O,T]

Let we take

161 = (Klcaor) * Il o g + 19l craogey)-
Let (b,u) and (5,6) be solutions :

V—V= ((Po _(P_o)
4

t

J[b(s)(zm)%(zn)z}ds
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cos(2mx)cos(2ny)

+ Z @emn€
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We applying Cauchy,Holder,Bessel,Lipschitz

inequalities, we obtain,
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For @ =0 then V= V. Hence 0 —>b.
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4. The Numerical Examination

If we linearize, we take:

o =M + o +g(x,y.t,0"?),

o™ (x,y,0) = p(X, y),

o™ (0,y,t) = 0" (7, y,1),
o™ (x,0,1) = 0™ (X, 7,1),

oM (0,y,t) = 0" (x,y,1),
o (x,0,t) = 0" (x,7,t), X € [0,z}t [0, T]

It we take @™ (X Vy,t)=v(XxYy,t) and
g(x,y.t, ") = g(x,y.1).

Then we have a linear problem:

v, =b(t)v, +v,, +§(x, y,t), (x,y,t)el

v(x,y,0) = o(x,y),x €[0,7} y € [0, 7]

v(0,y,t) =v(m,y,1),y e [O,ﬂ],t € [O,T]
v(x,0,t) = v(Xx,7,t),X e [0,72'],1: € [O,T]

v, (0,y,t) =v (7,y,t),y € [O,ﬂ],t € [O,T]
v, (x,0,t) = v, (x,7,t),y € [O,ﬂ],t S [O,T]

[0,72']2 X [O,T] is divided to an M?x N mesh with

k

the step sizes h=72/IM, 7=T/N . Let’s take V; ,

gi'fj, @ and b* that instead of V(Xi,yj,tk),

g(x, Y. t), (p(xi’yj) and b(t, ).

According to implicit finite-difference method for the

last problem :

i

1 +
;(Vk ' _Vik,j)

_1 bk(Vik—fj —2v +Vik++1%j) 3
h*|+ (Vikﬁl - 2Vik,}rl + Vikﬁl)
+ gik,;l1
Vio,j =@ 4)
k k
V, . =V, :
Vg,j :VKAu,j’V:/Hl,j == 5)
2
k k
(VARY)
Viko = VikM+11VikM+1 = . w
' ’ ' 2
. T T 72'3
k (t)—J.OJ‘Oxyg(x, y,t)dxdy—7vy (7,1)
b(t) = p .
—V, (7t
v
(16)

b ! = ((km —kk)/f)

{7;3\/* (ﬂ,t)J

[ [ xya(x y,t)dxdyJ

(ﬂ;vx (ﬂ,t)j

- (%Svy (7,1))"

where k¥ = k(t,), k=0.1,..,N.

According to the integration rule applying Simpson's
central difference scheme then

(11)




Continuous Dependence on Data for a Solution of Higher Order Quasi-Linear
Parabolic Equation Using Fourier Method

EAJS, Vol. VIl Issue Il

|41

k

k(s) kO koK
b b®, Vi at te S-th

» b are the values of

bk+1(s+1)

iteration step. is find same

estimations.

1
4 (Vilf-;l(s+1) _ Viky}-l(s) )

T
k(s+1) [y, k+1(s+1) k+1(s+1) k+1(s+1)
1 b (Vi—l,j —2v; + Vi )
T h2 K+1(s+1) K+1(s+1) k+1(s+1))
h +(vin —2v{] + Vi
k+1
+0i;,
0 _
Vi = @i
Vi) _kel(s)
Vk+1(s) _ Vk+1(s) Vk+1(s) — "1 M,j
0,j T YM4LjrYMAL ) T 2
VL) k(s)
V() = hs) | kets) = Vi iM
i,0 “ViMaarVimM+r T
2
v s found.

ij
5. Discussion

The inverse time-dependent coefficient for two-
dimensional nonlinear parabolic equation with
periodic and integral conditions has examined. This
problem has been examined by two part. Fistly,
theoretical part of the study, stability of the problem
have been showed. Secondly, for numerical part, The
iteration are showed. Especially periodic boundary
conditions is the use of these conditions. Nonlokal
(this conditions) are very hard than local boundary
conditions with this kind of problem. In this study,
the Fourier and finite difference methods were used
for this problem. The authors are considering dealing
with other inverse coefficients problems in future
studies.

6. Acknowledgement

This work has been supported by Kocaeli University
Scientific Coordination
Unit(ID:607). The author is thankful to the referee for

his/her valuable suggestions.

Research Projects

References

SHARMA, P.R., METHI, G.(2012). Solution of two
dimensional parabolic equation subject to
Non-local  conditions using  homotopy
Perturbation method. Jour. of App.Com.
P.R.Sharma , G. Methi, Solution of two
dimensional parabolic equation subject to
Non-local  conditions using  homotopy
Perturbation method. Jour. of App.Com. Sci,
vol.1:12-16.

CANNON, J.Rand Lin, Y.(1989). Determination of
parameter p(t) in Holder classes for some
semilinear  parabolic equations . Inverse
Problems,vol.4,595-606

DEHGHAN, M.(2005).Efficient techniques for the
second-order parabolic equation subject to
nonlocal specifications ,Applied Numerical
Mathematics,vol. 52 :(1),39-62.

DEHGHAN, M.(2003). Identifying a control function
in two dimensional parabolic inverse
problems.  Applied Mathematics and
Computation, vol .143: (2), 375-391.

DEHGHAN, M.(2001). Implicit Solution of a Two-
Dimensional Parabolic Inverse Problem with
Temperature Overspecification,Journal of
Computational Analysisand Applications,vol.
3:4.

IONKIN, N.I.(1977). Solution of a boundary-value
problem in heat conduction with a
nonclassical boundary condition.Differential
Equations, vol.13: 204-211.

ERGUN, A.(2019). The Multiplicity of Eigenvalues
of A Vectorial Singular Diffusion Equation
with Discontinuous Conditions. Eastern
Anatolian Journal of Science, 6(2):22-34,

AMIROV, R. and ERGUN A.(2020). Half inverse
problems for the impulsive singular diffusion
operator. Turkish Journal of Science, v. 5(3):
186-198.



