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Abstract

In this paper, a Modified initial guess Variational Iteration Method
(MigVIM) is used to solve a non-homogeneous variable coefficient
fourth order parabolic partial differential equations. The new method
shows rapid convergence to the exact solution.
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1.0 Introduction

The variable coefficient fourth order parabolicfeli€ntial equations arise in the study of the warse
vibration of a uniform flexible beam. Numerical cpuatations of the transverse vibrations have been
carried out by a number of authors [11]

The Variational Iteration Method (VIM) was develapand formulated by He J H for solving various
problems [3-10)]. The method has been extensivelgful for diversified initial and boundary value
problems and has potential to cope with the vdityadif the complex nature of physical problems.

In [12], the non homogeneous equation with consteogfficient was solved by Adomian
Decomposition Method (ADM) . In this paper, we meisMigVIM for the fourth order non homogeneous
parabolic partial differential equation of the farm

d%u d%u

—+ u(xX)—- = f(x,1), 0<x<1t>0
ot? H ox* (x.t) 1
(1.0)

with the initial condition

u(x0), = go(¥

0
a—‘t‘(x,0> = 9,(%)
(1.2)

Journal of the Nigerian Association of Mathematical Physics Volume 16 (May, 2010) 205 - 210
Fourth-Order Parabolic Equation Olayiwola, Gbolagade, Adesanya J of NAMP



and the boundary conditions ¥t= 0 and X =1 are of the forms

u@t), = (), u@dt), = f(t)
0°u _ a°u _
vl O.1) = py (1), vl @Lt) = p.(t)

(1.3)
2.0 Variational lteration Method

To illustrate the basic concept of the technique, eonsider the following general nonlinear partial
differential equation.

Lu(x,t)+ Ru(x,t)+ Nu(x,t) = g(x,t)

(2.1)
where L is a linear time derivative operator, Ruiknear operator which has partial derivative witkpect

to x, N is a nonlinear operator and g is an inhoemegus term. According to VIM, we can construct a
correct fractional as follows:

— t ~ ~
U 0G0 =up )+ [GAfLu + RTp + NT, - glir
(2.2)
where A is a Lagrange multiplier which can be identifigatimmally Via variational iteration method. The

subscript n denote the nth approximatid.ﬁq is considered as a restricted variation %8, =0. The
successive approximatiomn+1,n > (0 of the solution u will be readily obtained uponings the
determined Lagrange multiplier and any selectiveefion y 0 consequently, the solution is given by:
U= lim u,

n - (0]

(2.3)
In MigVIM, equation (2.2) becomes:

U ()= g (X) 191 (x) + 129, (x)
(2.4)
un+1(x,t): up (X, t)+ j(tj/l[Lu ntRUy+ NUp - ghr

(2.5)

where can be found by substituting fq)jo (x,t) in(1.0)att = 0.

9, (x)
3.0 Application

Consider the fourth-order problem as considerdd2mn 3]

d%u 0u 6
—— +(1L+X)— = (x* +x* -=x")cost, 0<x<1lt>0 (3.1
PTE ( )a)<4 ( = ) 1 (3.1)
_ 6.

u(x,0), = ﬁx

ou

—(x,00=0

at( )

(3.2)
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u@t), = 0,u@t), = gcost
d°u 0°u 6
—(0,1)=0,— (Lt) =—cost
x> 0 ox” @0 20
(3.3)
Applying recursive formula (2.4-2.5) gives
-6.,7_3,7:2
uo(x,t)—ﬁx ﬁx t
(3.4
¢ 02un()2(,r)+(1+x)a4un(i(,T)
ul(x,t):uo(x,t)+j0(r—t) or X dr
- (x*+x%- £x7)cosr
7!
(3.5)
this gives;
u (x,t) = (L—isint)x8 + (itsint —it2 +icost)x7
840 840 840 840 840
3 2 3 4

+(~t L +sint)x® + (t—+——cost + (-sint -t +1—t—+sint)x4
6 2 6 8
t2 4
+(——-—+1-tsint —cost)x®
2 8
(3.6)

Equation (3.6) is the first numerical approximation

4.0 Conclusion

In this work, the MigVIM was applied to the solutiof non-homogeneous variable coefficient fourth-
order parabolic partial differential equation. Tablshows the comparism of fist approximation vtttle
exact solution while Fig. | is the 3-D graphicabresentation. The ability of the method to gives#fitient
solution with just one iteration makes it remarkabwhen compared with [12,13].

This method can be extended to nonlinear variatddficient parabolic partial differential equatioh
order greater than four.
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Table 1:Absolute errors for first approximate solutions, U, (x,t) and Exact Solution.

X t U, (x,1) Exact Solution absolute error

0.1 0.01 1.1904175259E-10 1.1904166672E-10 8.5 E-17
0.2 1.5237335356E-08 1.5237333340E-08 2.01628Ha1R2
0.3 2.6034414622E-07 2.6034412511E-07 2.1116398338
0.4 1.9503788235E-06 1.9503786675E-06 1.5602730933
0.5 9.3001310486E-06 9.3001302122E-06 8.36372%-133
0.6 3.3324051461E-05 3.3324048014E-05 3.44741944@8
0.7 9.8035942943E-05 9.8035931333E-05 1.1610748-146|
0.8 2.4964850292E-04 2.4964846944E-04 3.34798#3338
0.9 5.6937268710E-04 5.6937260161E-04 8.5489%H7Q1

0.1 0.02 1.1902626758E-10 1.1902381032E-10 2.4 E-15
0.2 1.5235098312E-08 1.5235047721E-08 5.05912H4a83
0.3 2.6030543556E-07 2.6030507316E-07 3.6240042489
0.4 1.9500880124E-06 1.9500861082E-06 1.90413667124|
0.5 9.2987435500E-06 9.2987351811E-06 8.36893 170
0.6 3.3319080512E-05 3.3319049365E-05 3.11473@9826
0.7 9.8021325334E-05 9.8021225820E-05 9.951394H4965
0.8 2.4961130075E-04 2.4961102185E-04 2.78893352%83
0.9 5.6928789572E-04 5.6928719501E-04 7.0071039487
0.1 0.03 1.1901079492E-10 1.1899405164E-10 1.6BBMEE-14
0.2 1.5231590458E-08 1.5231238610E-08 3.5184896434
0.3 2.6024226184E-07 2.6023999093E-07 2.270906425
0.4 1.9496085933E-06 1.9495985420E-06 1.0051246Q083
0.5 9.2964479888E-06 9.2964102841E-06 3.77046354143
0.6 3.3310844556E-05 3.3310718839E-05 1.2571653401
0.7 9.7997093548E-05 9.7996718267E-05 3.75280964843
0.8 2.4954962304E-04 2.4954861338E-04 1.009666023]
0.9 5.6914733469E-04 5.6914486016E-04 2.474522D002)
0.1 0.04 1.1901504535E-10 1.1895239365E-10 6.2E8BE-14
0.2 1.5227297674E-08 1.5225906387E-08 1.391286G6023
0.3 2.6015759381E-07 2.6014888491E-07 8.70889&420
0.4 1.9489515406E-06 1.9489160176E-06 3.55230 #4941
0.5 9.2932760490E-06 9.2931557539E-06 1.202958-084
0.6 3.3299423429E-05 3.3299057269E-05 3.66160 D7
0.7 9.7963432983E-05 9.7962411124E-05 1.021858-825)
0.8 2.4946387691E-04 2.4946125025E-04 2.6266645820
0.9 5.6895185851E-04 5.6894561130E-04 6.2472(BHE88

0.1 0.05 1.1906605558E-10 1.1889884052E-10 1.6 2MRE-13
0.2 1.5223057301E-08 1.5219051587E-08 4.00571361€2
0.3 2.6005673197E-07 2.6003176422E-07 2.4967743145
0.4 1.9481364297E-06 1.9480386031E-06 9.78266(16499
0.5 9.2892828804E-06 9.2889719159E-06 3.1096449386
0.6 3.3284950100E-05 3.3284065821E-05 8.84279@-820
0.7 9.7920634904E-05 9.7918307821E-05 2.32708812
0.8 2.4935466156E-04 2.4934894120E-04 5.7203567-656
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0.9 5.6870264609E-04 5.6868946836E-04 1.3177 72293

3-0 Graph for the approximate solution of problem 3.1
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Fig. |
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