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Abstract:-

In this paper, we will consider He s variational iteration method for solving space-time fractional
wave like and heat like equations with appropriate data. This method is using linear operator with putting
approximate value for time fractional derivative. Six examples are presented to show the application of the
variational iteration method. This application show important and efficient the method, which show the
approximate solution is near to exact solution.
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1.Introduction

The variational iteration method has been Schrédinger and Laplace problems . We introduce
extensively worked out for many years by the basic idea underlying the variational iteration
numerous authors. Starting from the pioneer ideas method for solving nonlinear equations. Consider
of the Inokuti -Sekine-Mura method [1978], JI- the general equation:

Huan He [1999] developed the variational iteration

method . The variational iteration method, has been

widely applied to solve nonlinear problems, more LuCx,y,z,6) + Nu(x,y,2,t) = g(x,y,2,¢), (1)
and more merits have been discovered and some
modifications are suggested to overcome the
demerits arising in the solution procedure. For
example Jassim [2012] apply of  variational
iteration method by choosing linear operators for
higher dimensional initial value boundary problems,

where L is a linear differential operator, N is a
nonlinear operator, and g is a given analytical
function. The essence of the method is to construct
a correction  functional of the form

¢ -
Up1(X,y,2,t) =u, + fo A(s, t)[Luy(x,y,2,5) + Nii,(x,y,2,5) —g(x,y,25)]ds, 2

where A is aLagrange multiplier which can be identified optimally via the variational theory Inokuti and Sekine
[1978], u, is the approximate solution and i,, denotes the restricted variation, i.e.6ti,, = 0. After determining

the Lagrange multiplier A and selecting an appropriate initial function w,, the successive approximations u,of
the solution u can be readily obtained.
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Definition 1.1. Fractional integral operator of order a > 0 is defined as

500 = 75 Jy =D f(Dde @ >0, (3)

I" is a gamma function.

Definition 1.2. Fractional derivative of f(x) in the Caputo sense [Caputo,1967] is defined as

1 _g—1d"
D,‘?f(x):r(m_a)f(f(x—r)m @ I%d‘[, m—1l<a<mmeN x>0 4)

a is the order of the derivative. For the Caputo’s derivative we have:
1-D“C =0, Cis constant,
2-D%F =0, f<a—1,

_payB = LA*B)  p-a _
3—D%% F(1_a+[),)x , B>a—1,

In this paper, we consider, the three dimensional space-time fractional wave like and heat like

% aB aB
a_tz=f(xry'z)ax_g'l'g(nyJz)ay_Z'l'h(xlylz) (5)

0<x<a 0<y<bh 0<z<c, 0<a<?2 1<p<2 t>0.

Subject to the boundary conditions

U(O,y,Z, t) = fl(ylzf t)! ux(a,y,z, t) = fZ(y'Zl t)v

u(x,0,z,t) = g1(x,z,t), uy(x, b,z,t) = g,(x,2z,t),

u(foJ O, t) = hl(xfyl t)’ uz(x’yf o t) = hZ(x'yl t)’

and the initial conditions

u(x,v,2z,0) =¢Y(x,v,2), uxyz0)=n(xyz2),
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where a and f are parameters describing the order
of the fractional time- and space derivatives,
respectively. In case 0<a<l 1<p<?2
equation (5) reduce to the fractional heat like
equation with variable coefficients, and in case
1<a<2 1<p <2, Equation(5) reduce to the
fractional wave like equation. In this paper, we
apply He s variational iteration method to find
approximate solutions for fractional wave like and
heat like equations.

2. He s variational iteration method for solving
space-time fractional wave like and heat like.

First, to convey the basic ideal for variational
iteration method to solve fractional heat like
equation, equation (5) can be written by using linear
operator in the form:

0%u(x,yzt) _ 0Pu(x,y,z,t) 0Pu(x,y,z,t)
—a= ku(x,y,z,t) —ku(x,y,z,t) + [f(x,y, Z)ax—ﬁ +g(x,y, Z)ay—ﬁ

B .
+h(x,y,2) %],O <a<1,1<pB <2, kisconstant, (6)

using the standard variational iteration method, we construct the following correction functional as

t 0%y, dBu,
un+1(x1y!Z' t) = un(x»)’:Z» t) + fO /1('51 t)[ a;tlx —kun(x,,y,z,f) + kun(x;y'z'f) _f(x’y'z) axltg -
aﬁun aﬁun
9y, 2) 5o — h(xy, 2) 551 ds, (7)
Now, we assume that
s T+ )P 0<a<t 8
8% — a g’ a=4 ( )

if @ =1, Equation (8) becomes Z—? =T(2) Z—?,

Substituting (8) in (7), we obtain

t

un+1(x')’»zr t) = un(x;y; Z, t) + f
0

- g(x’yfz)

n

aBu
oyB

aPu,
+kun(x,y,Z,f) _f(x:y’z) axljg
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St (6,7,2,6) = Suy(x,y,2,0) +6 [} AE D) [T+ a) 22 — kuy (x,7,2,6) +

L
o dg, )

5 2w, oPu,
kit (x,y,2,5) = f(x,,2) 53 — 9(x,7,2) # — h(x,y,

SUne1(%,7,2,8) = Sun(x,y,2,t) + T(1 + @) A& )6u,(x,y,2,8) — T'(1+ a) ftaxl(st)

Sun(x,,2,8)dE — k [ A(£,6) Sup (x,y,2,€)dE. (10)
Moreover, the stationary conditions are as follow;

r(1+a) 258 =0,

+ kA(¢, t)
=t £t

1+T(1+ a)AE )= = 0,

therefore, the general Lagrange multiplier can be readily identified by

e UG
AGD =~ e (11)

Substituting (11) for correction functional (7), we have the following iteration formula:

fte 1"(1+a)k(§ t)[a un_f( y’Z)O Un

un+1(x,y,z, t) = un(x,y,z, t) - r(1+a) 70 9xB

L
adg, (12)

abu,
—9(0y,2) 55 — h(x,y,

by the variational iteration formula (12) and initial approximation, we will get that first iterative step is the
exact solution., when a = 1, § = 2, as shows in this paper.
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Second, to convey the basic ideal for variational iteration method to solve fractional wave like equation,
Equation (5) can be written by using linear operator in the form:

d%u(xyzt) _ _ dPu(xyzt) dPu(xyzt)

— = ku(x,y,z,t) —ku(x,y, zt) + [f(x,y,2) —5 T 9(x,y,2) —ayf
dPu(x,y,zt) .

+h(x,y,2) — 5 W <as21<p=<2, K is constant, (13)

using the standard variational iteration method, we construct the following correction functional as

t 0%uy,
U1 (0,2,6) = (0,9, 2,0) + [ AE O[55" — kun(x,9,2,8) + kup(x,,2,§)

9Puy Fuy 9y
f(x,y,z) a;; —g(x,y,z) ayuﬁ - h(x,y,z) azB]dE’ (14)
Now, we assume that
%u _ %u
W: F((l)a—fz, 1<a<?2, (15)

if « =2, Equation (15) becomes:

%u %u
g ~ 125z

Substituting (15) in (14), we obtain

t 0%
un+1(x'y!Z' t) = un(x»J’»Z» t) + fO /1({1 t)[r(a)a_;; - kun(x”yﬂzl ‘f) + kun(x' %Z,f) +

Puy, 0
27F + h(x,y,z)

buy, Bun
fy.2) 55 +9(xy,2) 3761 45
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2

t 0%u
Sup1(x,y,2z,t) = Suy(x,y,z,t)+ 6 f A(Et) [F(a)a—g2 — ku,(x,y,2,& +
0

- oPu, ok, 9P,
kil (0,,2,8) = f(0.3,2) 53 — 90y, ) 53 — h(x,y,2) 31 d¢, (16)
Sunsr (6,3, 8) = Sup(%,9,2,8) = T(@) 22 6un (x,,2,§) + T(@) A5, ) 22220 4
222

M@ [y 552 6un(x,y,2,OdE — k [y A(6,6) Suy (x,3,2,§)ds, (17)
moreover, the stationary conditions are as follow
M) 2289 —jaen| =o,

-t -

~T@Z| =,
&=t
TF(a@)A )= = 0,
therefore, the general Lagrange multiplier can be readily identified by
ké—kt
A ) = sinh (18)
(T )1/2 ((ra)z
Substituting (18) for correction functional (14), we have the following iteration formula:
1 ot . kéi—kt, 0%, ahuy,
s (5.9, 2,0) = n(0.9, 2,0 + gy sinhC D5~ f 03,2 5
6ﬁun aﬁun d 19
—90y,2) 55 — (0 y,2) 55 ds, (19)

by the variational iteration formula (19) and initial approximation, we will get that first iterative step is the
exact solution., when a = 2, § = 2, as shows in this paper.
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3.Applications and results.
Example 3.1.We consider the one —dimensional space-time fractional heat -like equation Mollig, at el.[ 2009]:

o%u _1,20Fu
e =Ix?2 L, 0<x<10<a<L1<F=2t>0, (20)

the initial condition

u(x,0) = x?, (21)
The exact solutiona = 1,8 =2

u(x, t) = x2et, (22)
from Equation(6), we can be written (20) in the form

0%u(x,t) 1 P u(x,t)
ot 2 9xB

+ u(x,t) —u(x,t) ,where k = 1. (23)

We make the correction functional and the stationary conditions for Equation(23), the Lagrange multiplier can
be determined as :

_(¢-v
){(f, t) = — o) e I'i+w (24)
t 1 _1“(E1_+t) 0%Up(x§) 1 o ak un(x &)
Uns1(%,8) = un(%,0) = [ erm [T 2% ]d”;

-9 a B
uy (1, 8) = 1o (x, 1) — [y —— e Taro [ WD 1,00 b)) g

r(1+a) dEx 2 axB
-9 a2 B 52
— 2 _ (t_1 “T@a+a) 0% _ 1 Zax]
ur(x,t) = x fo F(1+a)e ace 2% oxB dg,

1,2 1@ 2p 1,2 Q) 2f
u;(x, t) = x2 +[ X _r(3 3 +5x op* era+o [

B 4B

4— t
mot) =2+ [F(3—ﬁ) tram emm]'

whena = 1,8 = 2, u,(x,t) = x? et is the exact solution.
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Table.1. Approximate solutions for example (1) of u, (x, t).

t x |a=05,=2 |a=05,=17 |[a=1,=15 a=1,=2
0.25 | 0.3 | 0.1193313959 0.1127744990 0.1057984836 0.1155622875
0.25 | 0.6 | 0.4773255836 0.4721547886 0.4493697188 0.4622491501
0.25 | 0.9 | 1.0739825630 1.0949887500 1.0562739860 1.0400605880
0.5 | 0.3 |0.1582220228 0.1429713072 0.1260841380 0.1483849144
0.5 | 0.6 | 0.6328880910 0.6208613162 0.5641227091 0.5935396576
0.5 |0.9 | 1.4239982050 1.4728565880 1.3724960430 1.3354642300
0.75 | 0.3 | 0.2097872760 0.1830093884 0.1521314338 0.1905300015
0.75 | 0.6 | 0.8391491039 0.8180319553 0.7114684653 0.7621200061
0.75 | 0.9 | 1.8880854840 1.9738732160 1.7785332010 1.7147700140
1.0 | 0.3 ]0.2781578720 0.2360960560 0.1855768236 0.2446453645
1.0 | 0.6 |1.1126314880 1.0794613730 0.9006641610 0.9785814581
1.0 | 0.9 | 2.5034208480 2.6381733670 2.2998952310 2.2018082810
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Fig.1. The surface show the solution 14
(@) a=1,=2 (b) a=05,8=15

=175 (d) a=04,=1.2
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Example.2. We consider the two—dimensional space-time fractional heat -like equation . Batiha, at el.[ 2009]:

6“u_65u P u

o = 9mF Togpr 0<xy<2m 0<a<11<f<2t>0, (25)

with the initial condition
u(x,y, 0) = sinx siny. (26)

The exact solution when(a = 1,8 = 2),

u(x,y,t) = sinx siny e~ ?t,

we can be written (25) in the form:

0%ulxy,t) P u(x,y,t) n P u(x,y,t)

pre oF af 2u(x,y, t) + 2u(x,y,t) ,where k = =2, (27)

we make the correction functional and the stationary conditions for Equation(27), the Lagrange multiplier can
be determined as :

1 2069
AEt) = ———=e ™, (28)

['(1+o)

e o1 289 raay ey Puu(eyd) 0P un(xy.d)
un+1(x,y,t)=un(x,y,t)—for(1+a)er(1+°‘)[ age T axP T ayF ]dé’,

t o1 289 gy 0y aPuy(xyd) 0P uu(xyE)
Uy (x, Y, t) = U (x, Y, t) - fo (1t elf(1+a) aza - %P - ayB ] ds,

2(6-9H

el+o [— siny sin (x + %B) — sinxsin (y + %B)] dé,

L t
u, (x,y,t) = sinx siny — fo frD
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uy (x,y,t) = sinx siny + % [ siny sin (x +

whena =1,8 =2, u;(x,y,t) = sinx siny e”

it
2

2

) + sinxsin (y + %B)] 1- ef(z—ita)),

t 'is the exact solution.

Table.2.Approximate solutions for example (2) of u; (x, y, t).

t X y a=05,=175 |a=07,0=15|a=1,=2

0.1 /4 23 0.5080808599 0.5449013478 0.5013681456
0.1 ld 4 1/3 -0.5354144104 -0.5942936123 -0.5013681456
0.2 /4 2 7/3 0.4248586083 0.4907604590 0.4104855193
0.2 4 471/3 -0.4740036962 -0.5797866048 -0.4104855193
0.3 /4 2 1/3 0.3584491875 0.4473161347 0.3360771183
0.3 - 41/3 -0.4249993749 -0.5681457332 -0.3360771183
0.4 _ 271/3 0.3054560146 0.4124550646 0.2751566721
0.4 /4 473 -0.3858950665 -0.5588047377 -0.2751566721
0.5 -_ 2 7/3 0.2631686956 0.3844814633 0.2252792295
0.5 /A 4713 -0.3546907382 -0.5513092338 -0.2252792295
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Fig.2 . The surface show the solution

(@) a=1,=2(h) a=0.75,8 =175

5,8=15(d) a=05,8=175
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Example.3. We consider the three—dimensional time fractional heat -like equation Molliq, at el [2009]:

% _ a4 4 1] 20%u  50%u 0%

Pl A +36 X ax2+y 6y2+Z aZZ]’ 0<x,y,z<1, 0<a<1 t>0 (29
with the initial condition

u(x,y,z,0) =0. (30)

The exact solution when( a = 1),
u(x,y, z,t) = xty*z*(et — 1),

we can be written (29) in the form:

0%u(x,y,zt) 4 4 a4 i[ 2 02 u(x,y,z,t) 2 02 u(x,y,z,t) 2 02 u(x,y,z,t)
are XYV T tlX 0x2 a2 T2 922
+u(x,y,z,t) —u(x,y,zt), wherek = 1. (31)

We make the correction functional and the stationary conditions for Equation(31), the Lagrange multiplier can
be determined as :

A ¢-9
A ) = ———e "™, (32)

I'(1+o)

4.4, _4 1 2 62 un(x,y,z,f)
—xty*zt — = (" —
Y 36( dx?

1 _ (f_t) I:a(x

t
un+1(x’ Yz t) = un(x: Y,z t) - fO r(1+a) e rare 0¢x

2 0% un(x,y,2,8) 2 02 un(%y.2,)
Ty dy? tz 022 )] ds,

t
u (x,y,z,t) = ug(x,y,zt) + [x“y‘*z“’er(“a) — x*y*z4|,

t
u; (x,y,2,t) = x*y*z* [er(1+a) — 1] ,

whena =1,

u; (x,v,z,t) = x*y*z*(et — 1), is the exact solution.
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Table 3.Approximate solutions for example (3) of u;(x,y,z,t) .

t X y |z a=0.7 a =09 a=1

02 |025 |01 |03 | 7790338266100 7.31381362010°'° 7.00532164010°'°
02 ]0215]0.1 |0.6 | 124645412210° 1.17021017910°8 1.12085146210°

02 025 |05 |03 | 4868961415107 4571133512107 4.378326024107

0.2 0.25 |05 | 0.6 |0.000007790338266 | 0.000007313813620 | 0.000007005321640
05 |025 |01 |03 | 232155960210° 2.15732389710° 2.05259464710°

05 1025 |01 106 | 371449536210 3.45171823510° 3.28415143410°°

05 025 |05 103 |0.000001450974751 | 0.000001348327435 | 0.000001282871654
05 025 |05 |0.6 |0.000023215596020 | 0.000021573238970 | 0.000020525946470
0.8 0.25 0.1 0.3 4.46751617410-9 4.10523829810_9 3.87768809210'9

0.8 |025 |01 |0.6 | 774302587810 6.56838127710° 6.20430094810°8

0.8 1025 |05 |03 |0,000002792197608 | 0.000002565773936 | 0.000002423555057
08 1025 |05 |0.6 |0.000044675161740 | 0.000041052382980 | 0.000038776880920
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Fig.3. The surface show the solution 14 (x,
(@) a=1,=20h) a=0.75,8 =175

15 (d) a=05,8 =175
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Example .4. Consider the one-dimensional fractional wave-like equation Noor and Mohyud [2008]:

2w

gu _1 u
27 axB

0<x<L1<apf<2t>0, (33)

with the initial condition

u(e,0) =x, 250 =22, 0<x<l, (34)

the exact solution when (a = 2,8 = 2)

u(x,t) = x + x? sinh t,

we can be written (33) in the form

%uxt) _ 15 u)
a2 axB

+u(x,t) —u(x,t),where k = 1. (35)

We make the correction functional and the stationary conditions for Equation(35), the Lagrange multiplier can
be determined as

_ 1 et
A t) = i smh((m)%), (36)
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%uo(x§) _ 1 20Fuo(x8)
Pr 2 X T oxE ]d";’

u;(x, t) = ug(x, t) +f L sinh ¢-v [
(Ta)2z (Ff?l)2

uy(x,t) = x + x? t+f

h(f—tz[aa(xﬂczf) 1x2 63(x+x2€)] de,

0 (T )1/2 )z o&a 2 oxhB
4-p 4-p 1/2
_ 2, X x*P(Ta) . t
u(x,t) =x +x°t e TGop) sinh (—(F(x)l/z) .

whena = 2,8 =2, u;(x,t) = x + x*sinh t, is the exact solution.
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Table.4.Approximate solutions for example (4) of u,(x,t)

t

X

a=15,=2

a=16,8=175

a=15,=2

a=2,=2

0.25
0.25
0.25
0.5
0.5
0.5
0.75
0.75
0.75
1.0
1.0
1.0

0.3
0.6
0.9
0.3
0.6
0.9
0.3
0.6
0.9
0.3
0.6
0.9

0.3227653980
0.6910615919
1.1048885820
0.3471457537
0.7885830149
1.3243117830
0.3748705886
0.89948235465
1.5738352980
0.4079066787
1.0316267150
1.8711601080

0.3351007893
0.6988538720
1.0597371790
0.3549947719
0.7934861345
1.2953747600
0.3775961165
0.9009968539
1.5630801410
0.4044949888
1.0289501750
1.8816883020

0.3227653980
0.6910615919
1.1048885820
0.3471457537
0.7885830149
1.3243117830
0.3748705886
0.8994823546
1.5738352980
0.4079066787
1.0316267150
1.8711601080

0.3227351085
0.6909404340
1.1046159770
0.3468985775
0.7875943100
1.3220871980
0.3740085059
0.8960340235
1.5660765530
0.4057681075
1.0230724300
1.8519129670
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@ ®)

Fig.4 .The surface show the solution
(@) a=2,=2, (b) a=1.

=15=15, (d) a=158=175,
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Example.5. We consider the three—dimensional space-time fractional wave -like equation Mollig, at el.
[2009]:

0%u 1 aPu P u
__[ 2 + y?

= |xt ay—ﬁ,] 0<xyz<1l 1<aB<2,t>0, (37)

with the initial condition

u(xy,0) = x*, u(xy,0) =y*, (38)
the exact solution when (a = 2,8 = 2),

u(x,y,t) = x*cosht + y*sinht,

we can be written (37) in the form

6“u(x,y,t) 1 xz P u(x,y,0) 2 P u(x,y,0)

e =13 50F 5 PN +u(x,y, t) —u(x,y,t), where k =1. (39)

We make the correction functional and the stationary conditions for Equation(39), the Lagrange multiplier can
be determined as :

A, ) = T )1/2 smh((ra);) (40)

a B B
U (x,y,t) = uy + sinh &= t)[a uO(xyf) 112 (xza”0—("'3"5)4_3,2a uo(xyf))] dt,

0 (F )1/2 (Ta)z axB oyB

a 4 B (x44y4 B 4
uy = x +yt+f sinh &= t>[a 1) 1 (2 200G09%) | 00 (x+y€))]d$

0 (Ta )1/2 )2 e 12 oxh
(-t 4r'(4) 4T (4)
U = X +y4t+f 0 Ta )UZSIIlh(F 17 _E(r(s ﬁ)x -8 +¢oreen 57 yo~ B)] dg,
_ o4 oy [3x07F T3P g B e TETDV g o
u =xt +yte- [ TS - cosh(= D * s rG-p) o?)’

when a = 2,8 = 2, uy(x,y,t) = x*cosht + y*sinht, is the exact solution.
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Table.5.Approximate solutions for example (5) of u;(x,y, t).

t x y |a=15,=2 a=175,=16 | a=17,4=19 |a=2,0=2

0.2 | 0.01 |0.25 | 0.0007871504787 | 0.0007834483526 | 0.0007858114192 | 0.000786478961
0.2 |0.01 |0.75 | 0.0637583706500 | 0.0635563319100 | 0.0636927241700 | 0.063703979740
0.2 | 0.05 | 0.25 | 0.0007935318309 | 0.0007897159584 | 0.0007921444216 | 0.000792844177
0.2 | 0.05 | 0.75 | 0.0637647520000 | 0.0635625995100 | 0.0636990571700 | 0.063710344960
0.5 | 0.01 | 0.25 | 0.0020462681160 | 0.0019877205200 | 0.0020250759750 | 0.002035539814
0.5 | 0.01 | 0.75 | 0.1657468018000 | 0.1625504995000 | 0.1647069571000 | 0.164877822800
0.5 | 0.05 | 0.25 | 0.0020534091370 | 0.0019941363700 | 0.0020319085130 | 0.002042576200
0.5 | 0.05 | 0.75 | 0.1657539429000 | 0.1625569154000 | 0.1647137895000 | 0.164884859200
0.8 | 0.01 | 0.25 | 0.0035149573230 | 0.0032697062880 | 0.1647137895000 | 0.003469177366
0.8 | 0.01 | 0.75 | 0.2847104364000 | 0.2713132109000 | 0.2803418546000 | 0.281002296800
0.8 | 0.05 | 0.25 | 0.0035235893720 | 0.0032764125210 | 0.0034338751830 | 0.003477522960
0.8 | 0.05 | 0.75 | 0.2847190685000 | 0.2713199172000 | 0.2803496662000 | 0.281010642400
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Fig.5 .The surface show the solution 14 (x,y,
(@) a=2,=2, (b) a ="1T757p=

15, (d) a=1758=15,
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Example.6. We consider the three—dimensional space-time fractional wave -like equation Mollig, at el[ 2009]

R )

0<x,y,z<1, 1<apf<2t>0, (41)
the initial condition

u(x,y,z,0) =0, u(x,y,z,0) = x2 + y? — z2, (42)

the exact solution when (a = 2, = 2),
u(x,y,t) = —(x* +y* +z%) + (x> + y»e' + z%e ",

we can be written (41) in the form

0%u(x,y,z,t) 1 2 B u(x, v,Z,t) 1 5 B u(x,y,z,t) 1 5 aB u(x,y,z,t)
ata =x* +yi+z? *3 axB 2 ayh 2 9zB
u(x,y,zt) —ulx,y,zt), (43)

We make the correction functional and the stationary conditions for Equation(43), the Lagrange multiplier can
be determined as :

A t) = T )1/2 smh((ra);) (44)

t o1 -t [9% un(xy $)
Uns1 (X, ¥, 2,t) = up(x,y,2,t) + fo ORE Slnh(( )1) [ 2 —x2—y?—z? —
Ta)2

1,2 P un(xyzd) 1,0 un(xyzd) 1 zaﬁun<xyzf] dt,
2 axB 2 ayh 2

t 1 : -9 [9%uo(xy.z8)
u(6y,2,8) = u(x6,y,2,0 + [ o sinh s [=—5 - — %yt -2 -

1 ,0dF Y.z, 1 3B V.2, 1 5P
1,2 uo(xny)__yz u(xy.z8) 1,2 uo(xny)] dé,
2 axh 2 ayPh 2

§-t 2 2_,2
u; = (x2+y? —z9)t+ smh< > - —x% —y2—z%2—
1 y f (Fa); (Fa)z [ r(3- B) & y

y*=F
ra-p)

4o s

u; = (x2+y? —z9)t— (x2 +y2 + z2) + (x® + y? + z2) cosh(

) 4-B

B y4—B 74—B 4-B 4B _ _4—P T )2 t
r(3_mt+r(3_ﬂ)t+(x +y z )r(3 = sinh )
whena =2, =2, u(x,y,2,t) == —(x* + y* + z%) + (x® + y* + z%)e™", is the exact solution.
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Table.6.Approximate solutions for example (6) of u,(x,y,z,t) .

t X y |z a=175,=16 | a=17,=19 |a=2,=2
0.2 | 0.025 | 0.04 | 0.04 | 0.0002087734958 | 0.0002101692817 | 0.0002025903436
0.2 | 0.025 | 0.04 | 0.08 | -0.003204049930 | -0.000649825270 | -0.000667502040
0.2 | 0.025 | 0.08 | 0.04 | 0.0038312642390 | 0.0012821025050 | 0.0012653235840
0.2 | 0.025 | 0.08 | 0.08 | 0.0004184408056 | 0.0004222506927 | 0.0003952312020
0.5 1 0.025 | 0.04 | 0.04 | 0.0008483322835 | 0.0008614353879 | 0.0008138538820
0.5 | 0.025 | 0.04 | 0.08 |-0.004126013960 | -0.000956096830 | -0.001074798900
0.5 1 0.025 | 0.08 | 0.04 | 0.0071582236540 | 0.0040301836960 | 0.0039277159800
0.5 | 0.025 | 0.08 | 0.08 | 0.0021838774140 | 0.0022126514700 | 0.0020390631460
0.8 | 0.025 | 0.04 | 0.04 | 0.0019263764320 | 0.0019722092520 | 0.0018457549070
0.8 | 0.025 | 0.04 | 0.08 | -0.004179587650 | -0.000465537360 | -0.000797466060
0.8 | 0.025 | 0.08 | 0.04 | 0.0115734036800 | 0.0079939994390 | 0.0077283513630
0.8 | 0.025 | 0.08 | 0.08 | 0.0054674395830 | 0.0055562528380 | 0.005081303900
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Fig.6 .The surface show the solution u;(x,y, 2,
(@) a=2,=2, (b) a =175, =

) a=158=15, (d) a=1758=15,
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4. conclusion

In this work, the variational iteration method is use to solve the fractional heat like and wave
like. This technique provides the solution with first step i-e u, (x, t)is the exact solution in

case a = 8 = 2 in equation wave like and @ = 1, 8 = 2 in equation heat like. Results show the
ability and efficiency of this method.

68



Basrah Journal of Science (A)

Vol.32(1),43-70, 2014

Reference

Inokuti. M, Sekine. H and Mura. T, General use of
the Lagrange multiplier in non-linear mathematical
physics, Variational Methods in the Mechanics of
Solids, Pergamum Press, New York, 1978, pp. 156—

162.

Huan. J. H , Variational iteration method _ a kind
of non-linear analytical technique:
some examples, Internat. J. Non-Linear.Mech. 34

(1999) 699-708.

Jassim .A.M, A Modified variational iteration
method  for  Schrédinger  and Laplace
Problems,Int.J.Contemp.Math.Scinenes,7(13),(2012
),615-624.

Jassim.A.M, A Modified variational iteration
method for Higher dimensional Initial Boundary

Problems, Almustansiriyah Journal of Science,
23(13),(2012), 206-229.

Caputo. M, linear models of dissipation whose Q is
almost frequency independent. Part I, J. Roy.
Astral. Soc. 13 (1967) 529-539.

Mollig. Y.R, Noorani. M.S.M, Hashim. I,
Variational iteration method for fractional wave
like and heat like, Nonlinear Analysis: Real World
Applications10,(2009),1854-1869.

Noor M.A. and Mohyud-Din S.T., Solving higher
dimensional initial boundary value problems by
variational iteration method, An Applications and
Applied Mathematics An

International Journal 3(2), (2008), 254 — 266.

Batiha .B, Noorani. M.S.M and  Hashim. I,
Applications of Variational iteration method to
wave like and heat like equations, Nonlinear
Analysis: Real World Applications10,(2009),1854-
1869.

69



Basrah Journal of Science (A) Vol.32(1),43-70, 2014

sluall g (a3 4 puasl) duclild) A gall 9 8 ) o) Alokaa Jad g ) SEN liil) o ghoad 48y
e W A o alal A gall g a5 el Aatae Jad (51 S il o shod 8yl (Balad Co s Candl 138 b
0 A e e 31 o) R Ry 65 g g o e 12505 3yl 030 3 oLl
dall e as Ay B & jeds Ay 80 Jolall (Y 45y Hlall 36168 5 dpan) iy Claplaill oda 48 Hlall 028 Gk

AEite, A el alAl) da gall s A sl Aalal 1Al Alilee gl SE bl Gl 43k dalitall cilals)
S

70



