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1 | INTRODUCTION

Inverse parabolic problems in two dimensional are appeared especially applications in chemical
diffusion, heat transfer processes have been used a lot such as [1, 5], population, medical area, electro-
chemistry, engineering, chemical area, and plasma physics [3]. This kind of problems with nonlocal
boundary conditions are not easy to study. There are many papers on finding analytical and numeri-
cal solutions of inverse coefficient problems with nonocal boundary conditions in one dimensional.
In these papers, finite difference method, boundary element method, finite element method, and so on
are examined to approximate numerical solutions.

Finding of the unknown function in a nonlinear parabolic equation is used frequently by many
engineers and scientists [1, 4, 6-8].

In this study, Fourier method is used for the theoretical part and linearizing and finite difference
methods are used for the numerical procedure.

The article consists of four parts, in Section 2, the existence for solution is showed by itera-
tion. In Section 3, continuous dependence for the solution is examined. In Section 4, the numerical
approximation is given.

Here I':'={0<x<x,0<t<T}, v(x, y), h(t), g(x, y, t, w) are given functions. {g(?), w(x,y,?)} €
C[0, T] x (C>!(T") n C"0(T")) is the solution of the inverse problem.

ow _ 0w | 0w

iy i gw +glx,y,t,w), (1) €T, M
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w(x,y,0) =o(x,y), x€[0,x],y€]l0,r],

w(0,y,t) =w(x,y,t), ye€|0,x],t€][0,T],
w(x,0,1) = wx, z,t), x€[0,x],te(0,T],

wy(0,y,0) = wy(m,y,t), y€[0,x],t€][0,T],

Wy(-x7 07 t) = Wy(x9 7[’ t)7 X € [0, ”]’t € [09 T]’

h(t) = / / xyw(x,y, Hdxdy, tel[0,T].
o Jo

2 | SOLUTION OF TWO DIMENSIONAL MODEL

wo(t)

w(x, y, ) = 4

+ Z (Wemn(t) cos(2mx) cos(2ny) + Wegnn (f) cos(2mx) sin(2ny))

m,n=1

+ Z (Wsemn(t) sin(2mx) cos(2ny) + W (f) sin(2mx) sin(2ny)),

m,n=1

where

o = iz / / o(x, Y)dxdy, Ve = iz / / o(x, y) cos(2mx) cos(2ny)dxdy,
T 0 0 T 0 0

Vesmn = iz / / v(x, y) cos(2mx) sin(2ny)dxdy,
7= Jo Jo

VUsemn = iz / / v(x, y) sin(2mx) cos(2ny)dxdy,
= Jo Jo

Vgmn = iz / / o(x, y) sin(2mx) sin(2ny)dxdy.
7= Jo Jo

By using Fourier method, we have Fourier coefficients:

t V2 V2
wo(t) = wo(@)e~ 1 1 & / / / e S 49 g(a, B, 7, w)dadpds,
= Jo Jo Jo

t T V.3
Wemn(®) = Wenn(0)e™ Jo (@7 +Cu+q(s)lds o 4 / / / o [ @My +@n))q(s)lds
2
7= Jo Jo Jo

X g(a, f, T,w) cos(2ma) cos(2np)dadpdr,

t v a
Wesmn(®) = Wegmn(0)e™ Jol@my+@nyy+q(s)lds 4 iz / / / o [ 1@mP+@n)q(s))ds
= Jo Jo Jo

X g(a, f, T,w) cosma) sin(2npf)dadpdr,

(@)

3)

“

&)

(6)
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t V4 V4
Weemn(?) = Weemn(0)e™ o @M+ +a@)lds iz / / / o~ [ 1@mP+@n)q(s)lds
= Jo Jo Jo

X g(a, f, T, w) sin(2ma) cos2npf)dadpdr,

t V2 v
Wonn() = Wonn (0)e™ Jo L@+ )+g@)lds 4 / / / o~ [ 1@y +2n))q(s))ds
=2 Jo Jo Jo
X g(a, f,7,w)sin(2ma) sin(2nf)dadpdr.
Let us show the solution:
t
wx,y, 1) = 1 vy + 4 ¢~ [ 19Ef (2 wydt
4 77.'2 0

(s

4 [ _p ,
+ 2 <l)cmn+ = / e 1@+ )k gWlds g w)dr) cos(2mx) cos(2ny)
1 0

m,

3
Il

4 ! ot N e .
+ (Dcsmn + = / e f, [((2m)2+(2i’l)2)+f1(3)]d3gcsmn(r, W)dT) COS(me) Sln(2ny)
7= Jo

1

4 " _p -
<Uscmn +— / e /f[((2'")2+(2")2)+q(”]dsgscmn(T,W)dr> sin(2mx) cos(2ny)
T
1 0

+
Ms Mz (M

t
+ (vm+ iz / ¢~ [ H@mIHeI WM g (7 w)dr) sin2mx) sin@ny),  (7)
= Jo

m,n:

ot ot 5 5
Whe’re Vo = WO(O)e J q(s)ds’ Ucemn = Wcmn(o)e Jol@my+@my )+q(s)]dx’ Ucsmn = Wcsmn(o)
e~ Jo [((27")2+(2ﬂ)2)+41(6‘)]d5_

(K1) k() € C'[0, T1,
(K2) v(x, y)eC- ([0, 2] X [0, 7]), (0, y) = O(7, ), 0x(0, y) = v(7, ), v(x, 0) = v(x, 7), v,(x, 0) =

vy(x, 7) and
/ / xyo(x, y)dxdy = h(0),
o Jo

(K3) g(x, y, t, w) is provided following conditions:

ey

<I(x,y,Dlw—w|,

ag(x,y, t,w)  0g(x,y, 1, W)
0x 0x

<Ilx,y,0)lw —wl,

’ aglx,y,t,w)  dg(x,y, 1, w) ‘
ady dy

0%g(x,y, t,w) _ 9°g(x,y,1,W)

0x0y 0x0y
where [(x, y, t) € L,(I'), b(x, y, 1) >0,

2) glx, y, 1, w) €C**0[0, z], 1€10, T,

(3) g, y, t Wi =0 =8(x, ¥, L Wy = 2, &x (X, ¥, £ Wle =0 = 2%, ¥, £, Wl = 7, 8y(x, ¥, £, W)y = 0 = gy (x,
Yo bWy = 75 8y, Yo 1, Wi =0 = Gay(X, ¥, £ Wi = 25 8y, Y5 1, Wy =0 = gy (X, v, £, Wly = 2,

2 2 2 X
@ got,w) + T 3 B (1, w) £ 0, 0 < My < min, | 5]g(x,y,1, )|

mn

<Ix,y, 0w —wl,
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Let us provided the following assumptions.

(0, y) = o(x,y), v(x, 0) = o(x, ), g0, y, t, w) = g(x, y, t, w), glx, 0, t, w) = g(x, 7, t, w),
o(x, y) € C>3([0, 2] X [0, z]), and g(x, y, £) € C>3([0, 7] X [0, x]), Yt €[0, T]inT.

From the condition (K1)—(K3) and (4), we have

/ / xyw,(x,dxdy = W' (t), 0<t<T. 6]
o Jo

r A

—H@)+ %2 Joo JS 8@, BT, w)dadp + leﬁ I J3 8@, p, T, w)dadp

o
72 @m)*+(2n)* 0 — [ I@m*+2n))+q(s)lds
= Iy e g et 3 9
0= 5051 T ®
z (2m)2+(2n)2 /0 fo /0 s(a, B, 7, we™ /! [(@mP+@w*+a0Mds goyd B
m,n=1

Deﬁnition 1 Let {W([)} = {WO(I)’ WCmn(t)7 Wcsmn(t)v Wscmn(t)’ Wsmn(t)a m7 n= 1’ }
satisfy that the condition

wo(?
max ——— wo(®) + Z (maxlwcmn(t)l + maxlwcsmn(t)l + maxlwscmn(t)l + maX |men(t)|> o
0<t<T 4 |
by B.

(ol = ma 00!

S
max (w t max (W, t max (w, t
< 4 + m;1<05tﬁ7'| emn(D| + OSISTI esmn(D)] + OStsTl semn (D)

+ max |ws,,m(t)|) be the norm
0<t<T
where B is Banach space.
Theorem 1  [fthe conditions (K1)—(K3) be implemented. Then it has a unique solution.

Proof.  We can give the equations to (7):
4 t p 3 F 3 . X e
WBNH)(Z‘) =0 + 7/ / / g(a, B, 7, W(N))e—ﬁ[((Zm) +(2n)?)+¢ (S)stdadﬂdr,
4 o
WD) = v + = / / / g(a, B, 7, w)e~ [ 1@ +Q+¢V s g (dma) cos(2nf)dadpdr,
0o Jo
4
Wi (1) = Vegn + — > / / / g(a, B, 7, wW)e™ L@+ s 0o5(2ma) sin(2nf)dadpdr,
0
Wien (1) = Vs + :2 / / / ga, g, 7, w™)e” JU@mP+Qn+ ™ 60ds G (2mar) cos(2np)dadpdr,

ng,g;”(t):vmﬁ% / / / g(a, B, 7, w)e™ L@+ +aV s Gin(2mar) sin(2nf)dadfdr.
= Jo Jo Jo
(10)

According to the assumption of the theorem, we get w)(r) €B, t € [0, T]. Using Lipshitz,
Holder, and Bessel inequality, we obtain:

lwi (@)
4

(1

(oo}
1
[lwP()|lg = max + Z (maX [Win ()] + max |[wisma(0)] + max |chmn(t)| + max |wm,n(t)|>
0<i<T &~ \o<i<T 0<I<T

85U8D7 SUOWWOD 3A1RRID 3qeoljdde 8Ly Aq pausenob a1e s3jo1e O ‘88N 4O Sajni 10} AeIqIT8UIIUO 8|1 UO (SUOPUOD-PUB-SWLB)ALID A8 | IM A g 1]BU|UIO//SHNY) SUONIPUOD PR SWLB | 83U} 88S *[5202/20/S0] Uo Ariqi auluo A3jim ‘Aisianiun 8ouyeque- Aq 289z WINU/Z00T 0T/I0p/woo" A3 1m Aseiqpuljuo//sdny woiy papeojumoq ‘€ ‘TZ0Z ‘92rZ860T



2226 BAGLAN AND KANCA
26 | \WILEY

o
ol
S 7 + Z (|Ucmn| + |Dcsmn| + |vscmn| + |vsmn|)
n=1

4\/T 8T
+< 72 3\7/T_>”b(x’y’t)”lq(l")”W(O)(t)”B

(ST

According to the theorem, we get w(r) €B. For N,

w0
W @1

(s3]
(N+1) _ Z ( ) @)
w t = ma + max |w, 1)| + max (w t
” ( )”Bl 0<i<T 4 S OSISTl cmn( )l OSISTl csmn( )l

N N
+ max |w§c,2m(t)| + max |w§m1,(t)|)

0
= IT + Z (lvcmnl + |Ummn| + |Dacmn| + |vmm|)
m,n=1

4T  8\T
+ < VT, ;f) 3. Dllz,y I Ol

(450

According to w™(r) € B and assumption of the theorem, we get w™+D(r) €B,

{(w®} = {wo®), Wemn (), Wesmn(D), Wsemn(D), Wgmn (), m,n=1,2, ...} €B.

We can give by equation to (9):

72 rrm orrw bt n oI
—H O+ % [ [ g BorwNdadp+ ¥ — [7 7 g(a, p, T, w™)dadp
mn=1
q<N+1)(t) — L b Z (2m)2+(2n)29<mn€_ /TII((Zm)2+(2n)2)+q(N)(s)]dS L
h(t) m,n=1
2 <2m>2+<2n>' Jy I g(a, B, 7, wi)e [L@m 0O+ OMs g p
mn=1
(11)
For N =0,
' LAl ©)
o O]+ (5 + 22+ \/'>M+ (27 + 2 ) ey Dl IO @lla
c .
1 an= h(t) A /7 Z |(Usmn)x| + |(Usmn)y|
2\/6171,71:1 J
(12)

Hence ¢"(¢) € B. For N, we obtain,

WL+ (5 + 2+ f)”“ (35 + 2 ) ey Dl I Ol
m \/— Z |(Uvmn)x| + I(Uymn)yl

mn—

g™ POl o =

Since w™(f) € B, ¢™(¢) € B.
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For N = oo, w¥*D(@), g™+ are converged.

w50 —wi (1)

Wy — O (p) —
w () — w () 7

+ DLW (@) = Wi (®) + Wi (D) = W (1))

1 0 0
+ (Wi (8) = Wionn(1)) + (Whhan(2) = Wi (£))]

t
= i (iZ / / / [gaﬂ(a, ﬂ’ T, W(O)) _ gaﬂ(as ﬁ’ T, 0)]6—_/1_'[((2m)2+(2n)2)+q(l)(x)]deadﬁdT>
T

Mm / / / (8ap(a, B, 7, W) = guplat, B,7,0)]
mn=1

2 2 1
x = [ 1@+ DOls 652 cos(2np)dadpdr

ﬂzmn / / / [8ap(@, B, 7, W) = gup(a, B, 7,0)]
mn=1

_ 2. 020D (515 .
x e~ J 1@ +n g Dis)ds cos(2ma) sin(2np)dadpdr

e zmn/ / / [gap(a, B, T, W(O))—gaﬁ(a B,7,0)]

_ 24 90240 .
x ¢~ JH1@mP+@n?)+q D (s)lds sin(2ma) cos(2np)dadpdr

7r2mn_/ / / [8ap(a, B, 7, W) = gaplax, B,7,0)]
mn=1

2 2 1
x = [ 1@+ VOs in 0 sin(2nf)dadfdr

+% <%/ / ” / 8ap(@. B, r,O)e-fr’l“'")z*‘z")z“‘f“)(sﬂdfdfd"dT)

/ / / Fup(@, B, 7, 0)e JC @D DO 652 mar) cos(2np)dadpdr

ﬂzmn
mn=1

/ / / Sup(a, B, 7,0)e” Jei@m @2y Dolds 0662 sin2np)dadpdr

7r2mn
m,n=1

Z zmn/ / / Sap(a, B, 7,0)e” JE@m? 4@ yrg D) lds sin(2ma) cos(2np)dadpdr

,,zmn / / / Fup(@, B 7, 0)e S 1@+ VOIS Gin 04 sin(2nf)dadpds.
mn=1

Let some inequalities are implemented (Bessel, Holder, Lipschitzs):

W@ = wO@)|l < <4f \/_> (1, y, Dl WO ls + M),

where

4
( \/_ [)(ul(x Y. )l WO ®lls + M).

Same estimations:

K
lgV@® = ¢V Ollerory < 1-L W@ = WO, v, Dl
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where
1 4 71'5 271'
K=— S+ =2,
0 <” e \/6>
1 (27 [ < 27|T|
L= smn )x smn M.
h(t)<2\/g (;Ku )l + 1@ )y|>+ /e )

W@ (@) = wP D)l < CSIICE, Y, Dl m)s
co 4T+8¢? | 4 MKI|T|
- w2 3z 1-L /)

K
g™ 0 = ¢V Ollcon < 777 W@ =W Ol iy, Dl

N

N :

where

For the step N:

W™D —w™ @)l < (13)

where
The series is uniformly convergent. Therefore w™¥ +D(¢) and g™+ D(¢) are converged.

Jim w6y = w(o), lim gV (@) = q().

2
Cllix, y, Dll,m llw®) — W(N“)(I)II%]

VN!
2
a4\/T 8T
xexp2< ‘/2_+;{:> G, v DI r- (14)

T

HMn—M“Wm%szl

We obtain wV 1 — w, g¥+D - g N — co.
Applying same operations:

[w(®) —v(@®)| < C</ /]r /]r P(a, B, 7)|w(z) — v(1)|2dadﬁdr> 2, 15)
o Jo Jo
we get w(?) = v(f) and r(t) = q(?).
The proof is over. [

3 | STABILITY OF THE SOLUTION

Theorem 2 Under (K1)—~(K3) the solution (q, w) of the (1)—(5) depends continuously.

Proof.  Supposed ® = {v, 4, g} and ® = {1, 7, g} and positive constants M, K;, i=1,2
such that

llgllcrior < M, |Igllcriory < M, |ollespon < Kis 101l evpo,nr < Kis

”h“Cl[O,T] < K2, ”E”CI[O,T] < KZ-
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Let we take ||®]| = (||allcror) + llvllcrrjo.z + 18l criogs)- Let (g, w) and (g, w) be
solutions of (1)—(5):

W= Q=) DO) + Z pe S @IS cog(dmE) cos(2nn)

m,n=1

(o]
z - J@mP+@n))+g(s)lds cos(2mé) cos(2nn)

m,n=1

oo
+ 2 vcsmne_/’ [(@m)?+@n)+q(s))ds COS(2m§) sm(2m1)

m,n=1

+ Z Voo™ [ @mIPHQODHIOS (5525 ) sin(2nn)

m,n=1

+ 2 Dramme™ J @M +Cn)+OMs Gin (2mE) cos(2ni)

m,n=1

o0
t . .
+ Z Vsemme™ Je (@M +@0D+4(Mds i (2me) cos(2nn)

m,n=1

(o]
+ ) Dgge N CMHEOITIONE S 2 sin(2n)

m,n=1

+ 2 g™ S @IS i (2me) sin(2nn)

m,n=1

t T T
i(i/P/ /[mmnam—mmmamw¢WMWWWWmﬁmwﬁ>
= Jo Jo Jo

t ¥4 ¥4
1 <4 / / / a(a, B, 7. 70) (e— @M+ +g(s)lds _ 4 /;[«2m)2+(2n>2)+a<s>lds) dadﬂdr>
4 ﬂ2 2 9 9’
+ Z = / / / [g(at. . 7, ) — g(a, B, 7, W)Je™ @+ 16=0)
T

m,n=1

X cos(2ma) cos(2npf)dadpdr

0 t 4 4
+ Ziz / / / g(a, B, 7, W) ( o= [ 1@mP+@n)kq())ds _ = f,’[((zm)2+(2n)2)+§(s)]ds)
T
k=1 o Jo Jo

X cos(2ma) cos(2np)dadpdr

+ Z 7[2/ / / 8(@, f.7.w) = gla. f. 7, )]e” S @M+ gl

m,n=1

X cos(2m§) sin(2nn)dadpdr

= / / / (e, B, 7 u)< — [1@mP+@n)+g()lds _ ,= [11(@m) +(2n>2)+q<s)]ds>
T
m,n= 1

X cos(2mé) sin(2nn)dadpdr

+Zﬂ///ﬂwﬂ0Wﬂw)WWWWM

m,n=1

X sin(2ma) cos(2npf)dadpdr
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= / / / o(a, B, 7, u)< = Jl@m+@nyrg)ds _ -, [<<2m>2+(2n>2)+q<s>]ds>
T
mn= 1

X sin(2ma) cos(2npf)dadpdr

+ Z ,rz/ / / [8(a. f. 7. u) = gla, f. 7, )]e™ f L@+ raolas

m,n=1

X sin(2ma) sin(2nf)dadpdr

" Z = / / / (@, B, 7 u)< — JlU@mP+@+a()ds _ o [ 1(@m)? +<2n>2)+q<s)]ds>
T

m,n=1

X sin(2ma) sin(2nf)dadpfdr

we obtain:

w—w|? <2M3||® — D

X exp ZM% </ /” P, n, T)d.fdndr)
o Jo

where M| = max {M3, (4;/27 + %) } , My = max{Ms, Mg}.

For ® — ® then w — w. Hence ¢ — §. "

4 | THE NUMERICAL EXAMINATION

Let us make linearization of the nonlinear terms:

wi” = wl +wiy) — g(w™ + gy, ,w" V), (x,y,0) €T, (16)
w?(x,y,0) =o(x,y), xe€l[0,z], yel0,x], (17)

w™(0,y,t) = w"(x,y,1), yel[0,z] tel0,T],
W, 0,0) = W, x,0), xe[0,z] te€][0,T], (18)

w,y.0 =i’ (@, y.0, yel0,x] 1€[0,T],
Wi, 0,1) = wi’(x, z,1), x€[0,z] t€[0,T] (19)
If we take w™(x, y, ) = u(x, y, t) and g(x, y, t, w"~1) = 3(x, v, ). Then we have a linear problem:
Up = Ue + Uy — gOu +g(x,y,1), (x,y,0) €T, (20)

u(x,y,0) =o(x,y), xe€l0,z], yelo0,r], 201

u(0,y,t) = u(xz,y,t), yel0,rx], te€l[0,T],
u(x,0,t) = ulx, 1), xel[0,x], te€l[0,T], 22)

(0,9, 1) = uy(m,y,0), yel0,x], te€][0,T],
uy(x,0,0) = uy(x,z,1), y€l0,x], t€][0,T]. (23)

[0, 7] X [0, T is divided to an M? X N mesh with the step sizes h = #/M, T = T/N.
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Let us take uf‘/ §ﬁj, and q" that instead of u(x;, y;, ), §(x;, yj, tx), and g(t), respectively.
Then we examine implicit finite-difference method for problem (20)—(23):

L g ! k+1 k1 k1 U ~k+1
7(ui,j ,/) Uiy~ + ul+lJ) + (ulJ 1T U z,/+]) - q MIJ + 8ij » (24
0 _
. (25)
k k

Kok R P

Uoj = Upst1jo U1 = 5

k k k Uy — ”i'(M
Uio = Uip1> Uipre1 = — 5 (26)

If we integrate Equation (1) with respect to x and y from O to z and use (3), (4), and (5), we obtain

W@+ foir yu,(z,y, t)dy + foir xuy(x, 7w, t)dx + fo” f0’r xyg(x, y, t)dxdy

0 27)

q(n) =

The approximation function of (27) is

[—((h’“r2 —-h/7) + (/0” yu(z,y, t)dy)k + (/0” Xty (x, 70, t)dx)k + (/0” /0” xyg(x,y, t)dxdy)k]
hk ’

k+1 _
q

where #* = h(t,), k=0, 1,
We are talking about the fact that the integrals are found numerically according to Simpson’s
integration rule applying the central difference scheme.

g, uk(s) are the values of ¢*, u}; at the sth iteration step, respectively. Then, ¢** !¢+ is obtained
as follows
z k(s) T k(s) T~ k(s)
. |t =y )+ (f v 0d) (v )+ (fF S 0oy, D) |
q "= i ;
L krigsel) L1 1 [ kr1+1) K1+ | k+1(s+D)
z ("‘i,j Uij ) 0 ("‘i—u - 2“5,; + Uiy >
1 [ k141 kHLGs+D) | k+1(s+D) Ko+, k(f) ~kt]
+h72 (ui,/'—l - 2“1,} tu 1J+1 ) q 5 + g” > (28)
W= ¢, (29)
ij i
k+1(s) k+1(s)
k+1(s) _ k+1(s) k1) Y1 T VM
Upj = Upyirjs Uyerj = - 5
RO S (0]
k+1(s) _  k+1(s) k+1(s) _ ll lM
Uio " = Uipmy1> Uiye1 = ) . (30)
uffl(”l) is found. If the value difference between the two iterations reaches the expected tolerance,

iterations are stopped.

Example 1 This sample explores finding the accurate solution

{q(0), w(x,y, )} = {exp(t + 1), (cos 2(x + y) exp(1) }.
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TABLE 1 The errors for function w(x, y, 1/2)
Mesh point x y Accurate w Error
1 0 0 1.6405 0.0121
10 0.3579 0.3579 0.2566 0.0021
20 0.7556 0.7556 —1.6303 0.0214
30 1.1532 1.1532 —0.2566 0.0011
40 1.5509 1.5509 1.6203 0.0284
50 1.9486 1.9486 0.2566 0.0357
60 2.3463 2.3463 —1.6203 0.0284
70 2.7409 2.7409 —0.2566 0.0173
80 3.1416 3.1416 1.6203 0.0147

TABLE 2 The error for function g(z)

t Accurate g Error
0.0955 1.0997 0.0111
0.1960 1.2153 0.0122
0.2965 1.3431 0.0135
0.4020 1.4844 0.0149
0.4975 1.6405 0.0165
0.5980 1.8130 0.0182
0.6985 2.0037 0.0201
0.7990 2.2144 0.0223
1 2.7047 0.0272

for the given functions

o(x,y) = (cos 2(x + y)), h(r) = %2 exp(t),

g(x, y, t,u) = Swexp(t) + exp(2t + 1) cos 2(x + y).

The step sizes are & = 0.0393, = = 0.005.

q(t) was Igk 16+ D — gk+19] < 5200,

Comparisons between the accurate solution and the numerical solution are given in Tables 1 and
2 and Figures 1-3 when 7' = 1.

5 | CONCLUSION

The problem of inverse of the temperature distribution in the higher dimensional quasi-linear parabolic
equation by nonlocal conditions is taken. This inverse problem has been examined from both theo-
retically and numerically. In the theoretical part, the existence of the problem and the stability of the
problem were examined. In the numerical part, the finite difference method is used. Periodic boundary
conditions are used in this article. The Fourier method and the finite difference method are crucial of
inverse problems for two-dimensional quasi-linear parabolic equations.

In future studies, different conditions and different methods will be covered for higher dimensional
problems.
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FIGURE 1

q(t)

2.8

2.6

2.4

2.2

WILEY—-2%

i

RIS,
(s
Y, %%00
%ﬂp

i

(XX

(XX
‘0‘3}‘0
999904
e

el
(
(0

XXX

K0

XS

XS
S

585
(0
0
&

.
i

i

X (OO0

DO XX
0000004 DK

A

XX 06?

(XXX X
o
(il

OO0
R

;
o

ion i wn with dashed line
te and numerical solutions of g(7). The exact solution is sho'
The accurate

S
oo
GO
A0

d
N
NN

(e

e
O

e

S SRS
X 00000"‘000‘000“00“00
XX XXX XXXOCKX 00000 OO
.'.'.0.'.w:%'.’%'.':v:'.'.°.'°.':':%°:°.'.':°.°.".'.':°.':~.'.':°.°.'.°.'.~
0000000000000000000000000000000000000000000
00000000000000000000000000000000
0000000000000000000000000000000
.‘.".“.“‘..““.‘..““.“s
0‘0‘0‘0‘0‘0’0‘0‘0‘0‘0‘0‘0 0‘0‘0‘0’0‘0‘0‘0‘0‘0‘0‘0’0‘0’0‘0‘0‘
000400 oooooooomomoom

) 0o

RN
‘?5??.
SO

RN
AXXCOOOOON)
(RN

i ileyonlinelibrary.com]
ical solution of w(x, y, 1/2) [Color figure can be viewed at wiley:
FIGURE 2 The numerical s

o] -SULID] I L 2120/S( JlICE] wny T umod '€ ‘1202 ‘92v2860T
|umoQ ‘€ "TZ0Z ‘92z
q g 7 AR 1pul|uo//sAny Wwouy pepeo
g ‘0T/I0p/Wo0" A3 | I
K 28922 WNU/Z00T
10 foIM *AsIoAIUN 89Leq,
. 0] U0 Afeiq1 auiju
)Wo' A8 1M Aeiq 1puuo//Sdny) SUONIPUOD pue Swe 1 8y 88S *[5202/20/
a I 1put
£8)1M uo (suonipuoo-pue:
0} Areiqi8uuo A3,
6 ake sopie VO ‘9N JO 3| I
1(dde ay) Aq peusenof
B5UBD| T SUOWILIOD BAIER1D) 3 [Ge9


http://wileyonlinelibrary.com

BAGLAN AND KANCA

24 | \WILEY

I

s
BB
KOO

AR

(X0
ol
i o

g o.w.o.no‘o’o’o"m"‘"o‘mnonmno
‘ (OO0
o‘w‘,‘.:o A ""“*“3.."‘2‘2'22'3'3" iy
i AR

X RSN
; ‘.:.:‘:‘:‘:““"".“““. .::: .:‘:‘:mo.o:o'o'o'o'o’o’o’o’o‘o‘o’o'o'o’o’o’o’o“;'o:"" %
X ARG b
’"omm," o.ow,oo‘o‘o‘o‘o‘o‘o"‘o"o‘o‘o‘o‘ ‘:o‘ o":,:o:n:m i
"“‘.‘ " ‘NN )

)
o

mo‘o‘o’o‘:‘om
NAGIRRD

A

f‘i N
X o‘o’o‘o‘o":‘:

X o

XX ()

RN

R
LRRRRRRRRRN
i
(Ao
AN

FIGURE 3 The accurate solution of w(x, y, 1/2) [Color figure can be viewed at wileyonlinelibrary.com]

ORCID

Fatma Kanca @ https://orcid.org/0000-0002-7815-2915

REFERENCES

[1] I.BaglanandF. Kanca, An inverse coefficient problem for a quasilinear parabolic equation with periodic boundary
and integral overdetermination condition, Math. Methods Appl. Sci. 38-530 (2015), 851-867.

[2] P.R. Sharma and G. Methi, Solution of two dimensional parabolic equation subject to non-local conditions using
homotopy perturbation method, J. Appl. Comput. Sci. 1 (2012), 12-16.

[3] Y.S.ChoiandK.Y. Chan, A parabolic equation with a nonlocal boundary condition arising from electrochemistry,
Nonlinear Anal. 18 (1992), 317-331.

[4] S. Wang and Y. Lin, A finite difference solution to an inverse problem determining a controlling function in a
parabolic partial differential equation, Inverse Probl. 5 (1989), 631-640.

[5] J.R. Cannon, The solution of the heat conduction subject to the specification of energy, Q. Appl. Math. 21 (1983),

155-160.

[6] J. R. Cannon and Y. Lin, Determination of parameter p(t) in Holder classes for some semilinear parabolic
equations, Inverse Probl. 4 (1989), 595-606.

[71 M. Dehghan, Efficient techniques for the second-order parabolic equation subject to nonlocal specifications, Appl.
Numer. Math. 52(1) (2005), 39-62.

[8] M. Dehghan, Implicit solution of a two-dimensional parabolic inverse problem with temperature overspecification,
J. Comput. Anal. Appl. 3 (2001), 4.

How to cite this article: Baglan I, Kanca F. Fourier method for higher dimensional inverse
quasi-linear parabolic problem. Numer Methods Partial Differential Eq. 2021;37:2222-2234.
https://doi.org/10.1002/num.22682

85U8D7 SUOWWOD 3A1RRID 3qeoljdde 8Ly Aq pausenob a1e s3jo1e O ‘88N 4O Sajni 10} AeIqIT8UIIUO 8|1 UO (SUOPUOD-PUB-SWLB)ALID A8 | IM A g 1]BU|UIO//SHNY) SUONIPUOD PR SWLB | 83U} 88S *[5202/20/S0] Uo Ariqi auluo A3jim ‘Aisianiun 8ouyeque- Aq 289z WINU/Z00T 0T/I0p/woo" A3 1m Aseiqpuljuo//sdny woiy papeojumoq ‘€ ‘TZ0Z ‘92rZ860T


http://wileyonlinelibrary.com
https://orcid.org/0000-0002-7815-2915
https://orcid.org/0000-0002-7815-2915
https://doi.org/10.1002/num.22682

