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Abstract:-

In this paper, we will consider H '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
present edto show the application of the variational iteration method. This application show
important and efficient the method, which show the approximate solutions near to exact

solution.
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1.Introduction

The variationa iteration method has been
extensively worked out for many years by
numerous authors. Starting from  the
pioneer ideas of the Inokuti -Sekine-Mura
method[1978], J-Huan He [1999]
developed the variational iteration method .
The variational iteration method, has been
widely applied to solve nonlinear problems,
more and more merits have been discovered
and some modifications are suggested to
overcome the demerits arising in the
solution procedure. For example Jassm
[2012] apply of variational iteration method

by choosing linear operators for higher

dimensional  initia  value boundary

problems, Schrodinger and Laplace
problems. We introduce the basic idea
underlying the variational iteration method
for solving nonlinear equations. Consider

the general equation:

L (x,v,2t)+N (x,v,21t) =
g(x, y,2,0),(1)

where L is alinear differential operator, N is
a nonlinear operator, and g is a given
analytical function. The essence of the
method

IS to construct a correction

functiond of the form

L ~
Wy (x, ¥, £, E) = Uy + fl: ’1(5' E) [Lu'.rt(xr ¥, £, 5) + Nu'.re(xr ¥, £, 5) - g(x; ¥, £, 5)]d 1(2)

where A is alLagrange multiplier which can be identified optimally viathe variational theory

Inokuti and Sekine [1978], u,,is the approximate solution and ii,,denotes the restricted

variation, i.e.dit,, = 0. After determining the Lagrange multiplierd and selecting an appropriate

initial function u, the successive approximations u,,of the solution u can be readilyobtained.

Definition 1.1. Fractional integral operator of order a > 0 isdefined as

) = 7z [y e =07 f(D)d a>0,3)

1
I(w)

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

1 ; o dT(C
Dy f (x) =r(m_a)f:(x—1)"' “ 1%”[)(1 ,m—1<a<mmeN,x>0(4)

ais the order of the derivative. For the Caputo’s derivative we have:
1—D“C =0, Cisconstant,
2—-D%xF =0, p<a-1,

3 — Duyb = ra+A) xB-a
MMl—a+p)

B>a-—1,

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

T f ) b+ g0y, 2) s + h(x,y, 2) (9)

0<x<a 0<y<b 0<z<c 0<a<2 1<f<2 t>0.
Subject to the boundary conditions

u(0,y,2t) = 1y, s ) u,(a,y, 2 t) = (¥, 2 1),

u(x,0,2,t) = g,(x, 2 t),u,(x,b,2,t) = g(x, 2,1t),

u(x,y,0,t) = hy(x, ¥, t)u,(x, ¥, ¢, 8) = hy(x, ¥, 1),

and the initial conditions
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u(xlylzl O) = w(x’y’z)’ul(x'y'z' O) = I_](x,_'}r',Z),

where & and f# are parameters describing the
order of the fractional time- and space 2.H svariational iteration method for
derivatives, respectively. Incase0 < a < 1, solving space-time fractional wave like
1< B <2, Equation (5) reduce to the and heat like.

fractional heat like equation with variable First, to convey the basic idedl for
coefficients, and incase 1<a<2 1<

£ < 2, Equation(5) reduce to the fractional

variational iteration method to solve

fractional heat like equation, equation (5)
wave like equation. In this paper, we apply

H 'svariationa iteration method to find

can be written by using linear operator in

the form:
approximate solutions for fractional wave

like and heat like equations.

d%u(x,y, 2 t)
ata

dbu(x,y, zt)

=k (x,v,z,t) —k (,y,2t)+[f(x,y 2)

dxh
dbu(x,y, zt)
+ =) ; ) :
+h(x,y,2) 22 0 < ¢ < 1,1 < f < 2, kis constant, (6)

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

as

d%uy,

U1 (0,1, 2,8) = u,(x, 9, 2t) + f:ﬁ({, Ol —kua(x,y,2,8) + kuy(x,y,2,8) -

dbu, dbu, ':’-"Eu“
feoy, )55 —9(xy,2) dy—ljj — h(x,y,2) -1 d&,(7)
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Now, we assume that

au

Tr r(1+a)— 0O<ac<l, (8)

it @ =1, E uation (8) becomesj—% =1(2) E—{

Substituting (8) in (7), we obtain

U1 (.1', ¥, £, I) = u.”(x, ¥, £, I) + f ;’{({‘, I) r(l + {I) _{; - RU-“(I,,_']-", £, {‘)

ﬁu ﬁu 55
_g(x .J"'riz) _h(x .J"'r'z) ;] §’

thu(%,y,2,8) = f(uy, )5

L

8 ni1(xy,48) =8 4(xy 2 I)+5J AG DM+ )

— ku,(x,y,2$) +
0 6

it (6,7, 2,5) = f(2,7,2) 52 — g(x,y, 2) 52 — h(x,y, 2) 5] dE (9

€I)

Stte1 (5,3, 4,8) = 61,(%,7,2,8) + T (1 + AE 61, (5,7, 2,8) = (1 + ) f
Suy (x, ¥, 2,8)dE — k [ A(E, 8wy, (x, ¥, 2,€)dE.(10)

Moreover, the stationary conditions are as follow;

F(1+a) 9 Q1)
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1+TA+a)A€ )= =0,

therefore, the general Lagrange multiplier can be readily identified by

A1) = — e Tax C¢7Y (17)

Substituting (11) for correction functional (7), we havethe following iteration formula

r@ +u)

E.'fu“

1 d“"u
H-FH.-;(I,_'}",Z, 'E) = u-“(x,y,z, 'E) _m‘[ F(L*—u) G- II‘-)[ f(x ¥, ‘5)

ﬂ{“

—g(x,y, z) — h(x,7,2)" ““] dg, (12)
by the variational iteration formula(12) and initial approximation, we will get that first

iterative step is the exact solution., when & = 1, # = 2, as shows in this paper.

Second, to convey the basic ideal for variationa iteration method to solve fractiona wave like

equation, Equation (5) can be written by using linear operation the form:

d%u(x, vy, 2, t)
ata

aPu(x, Vv, %, 1)
dxF

=k (x,v,2,t) =k (x,y,21t)+[f(x,y 2)

dbu(x,y, 2 t)
dyh

+g(x,y,z)

+h(x,y,-)M] l<a=21<p <2 kisconstant,(13)

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

a{? - ku?!(xv 1y121 'f) + ku-“(x,y,z, {)

u‘.l'!'l"!(x’yvzv 'E) = u-“(x,_'}", £, 'E) +f "q({: 'E)[
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H-E Hre

flxy, 2) 52— g(xy.: 2) ] dg (14)

Now, we assume that

a%u

@ F( )d%2,1<ﬂ<2 (15)

i1 a = 2, Equation (15) becomes:
a‘u a%u
& 92 =23z A&

Substituting (15) in (14), we obtain

Up+1 (x,}’, £, I) — u.“(x,y,z, I) +f A(‘f I)[I’(a) 3 .f-:u.“(x, ' Vo Z,{) + ku.“(x,y,z,{) +

{2

6ﬁu JEu 6f
-+ g(x, y,z) -+ h(x, y,z) ] ds,

flx, z)

) T+l (x,}",Z, I) =0 -“(x,y,z, I) + 6f A(€ I) [F(a) ku'ﬂ(xvyv Z,{) +

a.;fﬂ
kit (0, 7,2.8) = (0,7, 2) 52 = e,y 2) ot = h(x, . 2) 5] d (16)
5”‘”1-1 (x’ yv £, I)
= (7,20 8) — 1(@) S 50,3, 2,8) + T (@)(e, 0 Ly 58D

%
M(@) f; S 8w, .2 ) — k3 A, O8uy (x,7,2,)dE (17)

moreover, the stationary conditions are as follow

ag

M) az‘ééi’ A —keo| =o
{-t it
ARG
1—T(a) =0,
% |,
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M)A, 0l =0,

therefore, the general Lagrange multiplier can be readily identified by

G0 = )lesmh(k‘f ~),(18)

(I'OI)2
Substituting (18) for correction functional (14), we have the following iteration formula:
k& — kt. d“u,

1 t
u-“.,.,(x,y,z, 'E) = U-“(I,_'J-",IZ, 'E) +W‘L Slnh( (ra)zl )[ a";u

dbu
—fly2)
—g(x,y, -«:) — (x,,2)° “”] dé, (19)

by the variational iteration formula (19) and initial approximation,we will get that first iterative

step isthe exact solution., when o = 2, § = 2, as shows in this paper.
3.Applications and results.

Example 3.1.We consider the one —dimensional space-time fractional heat -like
equationMoalliq, at l.[ 2009]:

94u _ 1, 5 80u
g — 5 X Mﬁ,O<x<1,0<as1,1<,852,£>0, (20)

the initial condition

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

u(x, t) = x%e',(22)

we can be written (20) in the formfrom Equation(6)

%" u (e, t) — dBu(x,t)

1
dew 2 dxbB

+ u(x, t) —u(x, t) ,wherek = 1.(23)
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We make the correction functional and the stationary conditions for Equation(23),thel_agrange
multiplier can be determined as:

(-H

A(E, 1) =— I'(?H- )e I‘(l*u)(24)
IG) ! 1, 8%u,(x,
Upaq (2, 8) = uy (2, t) — j F(1+o()e ) ’# 5% %‘d ,

t 1 (¢-n |gu 1 aﬁ ’
Hj(X,E)=u.;(x,t)—Ll_(1+a) rma)l l;c;fs‘) L, ";ﬁ”]d,

, (Y1 _@[aUx? 1 abx?
= — - r(1+a) S
Uy (x,1) = x _Lr(1+o()e g&a 2* E.'xﬁ]
1 r(3) 1 r(3) _t

— 24 |2 2-f 422N L2 r(wa)]

u,(x,t) =x [ 2x rG—5) 2x I'(S—ﬁ)x e ,
_x.I!:i x’q_.lti L
u (x, ) = x% + l + er(lﬂx)],
! r@—p) rE-5)

whena =1, = 2,u,(x,t) = x?e’ , isthe exact solution.
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Table.1l. Approximate solutionsforexample(1) ofu, (x, t).

t X a=05 |a= a = a=1,F%
=2 05, =17 1,6=15 =2
0.2 | 0. | 0.1193313959 | 0.1127744990 | 0.1057984836 | 0.11556228
5 |3 |04773255836 | 0.4721547886 | 0.4493697188 | 75
0.2 | 0. | 1.0739825630 | 1.0949887500 | 1.0562739860 | 0.46224915
5 |6 ]0.1582220228 | 0.1429713072 | 0.1260841380 | 01
0.2 | 0. | 0.6328880910 | 0.6208613162 | 0.5641227091 | 1.04006058
5 |9 |1.4239982050 | 1.4728565880 | 1.3724960430 | 80
0.5 | 0. | 0.2097872760 | 0.1830093884 | 0.1521314338 | 0.14838491
0.5 | 3 |0.8391491039 | 0.8180319553 | 0.7114684653 | 44
0.5 | 0. | 1.8880854840 | 1.9738732160 | 1.7785332010 | 0.59353965
0.7 |6 |0.2781578720 | 0.2360960560 | 0.1855768236 | 76
5 |0. | 11126314880 | 1.0794613730 | 0.9006641610 | 1.33546423
0.7 |9 | 25034208480 | 2.6381733670 | 2.2998952310 | 00
5 |0 0.19053000
0.7 |3 15
5 |0 0.76212000
10 |6 61
1.0 | 0. 1.71477001
10 |9 40
0. 0.24464536
3 45
0. 0.97858145
6 81
0. 2.20180828
9 10
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(1) ()

Fig.1 . The surface show the solufion

() =1, =2() =05, =15

=175() =04,

Example.2.We consider the two-dimensional space-time fractional heat -like equation. Batiha,
at el.[ 2009]:

d%u aby @by
= -+ ,
det dxb @b

O<x,y<2nm, 0<a=<sll<f<s21t>0, (25

with the initial condition
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u(x,y,0) = sinx siny. (26)
The exact solution when(a = 1, 8 = 2),

u(x,y,t)=s s e
we can be written (25) in the form:

d%uCeyt) _ 88 ulxyt) + a8 u(x,y,t)
dew dxb dyb

—2u(x, y, t) + 2u(x, y, t) ,wherek = =2, (27)

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

2§D

j(f’ ,[) = — T er(+a) ’(28)
Uy (x’ ¥ 'E)
- un(xay’ t)
_f‘ 1 pesfotun(xy )  0Puxy§) 0 uulxy 9]
cF@+0) a&u dxb ayP '

u'l (x,_‘]f, 'E) = uﬂ(xvyv t)

t 1 2(§-1)
— f —el’(l‘-a)
o F(A+a)

d“ug(x,y, (’t) b ug(x,y,$) _E’“ﬁ u,(x,y,§) d
a&u dxh dyh ’

2§D

. mp mp
uy (x,y,t) = sinx siny — f memﬂo [— siny sin (x+ 2)— sinxsin (y+ )] :

-2

. (N mp mp
uy (x,y,t) = sinx smy+§[smysm (x+ > ) + sinxsin (y+ )} (1 — erazo),

whena=1,=2u,(x,y,t) =5 s e *' istheexact solution.
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Table.2. Approximate solutionsforexample(2) of u, (x, y, t)

a =

05,8 =1.75

a =

07,8 =15

a=1,f4
=2

0.1
0.1
0.2
0.2
0.3
0.3
0.4
0.4
0.5
0.5

1t/4
/4
/4
n/4
/4
1t/4
1t/4
1t/4
1t/4
/4

21/3
411/3
21/3
471/3
21/3
411/3
21/3
411/3
21/3
411/3

0.5080808599
0.5354144104
0.4248586083
0.4740036962
0.3584491875
0.4249993749
0.3054560146
0.3858950665
0.2631686956

0.3546907382

0.544901347
8
0.594293612
3
0.490760459
0
0.579786604
8
0.447316134
7
0.568145/733
2
0.412455064
6
0.558804737
7
0.384481463
3
0.551309233
8

0.50136814
56
0.50136814
56
0.41048551
93
0.41048551
93
0.33607711
83
0.33607711
-83
0.27515667
21
0.27515667
21
0.22527922
95
0.22527922
95
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=1, =2() =075, =175

=15() =05, =175

Example.3. We consider the three-dimensional time fractional heat -like equationMolliq, at
el[2009]:

#4u zzgl,o<x,y,z<1,0<ﬂSl.I>0| (29)

deu

3.
— oy —+ 2?
y ﬂyz £

with the initial condition
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u(x,y,z,0) =0. (30)
The exact solution when(a = 1),
ux, v,z t) = xtylz(et — 1),

we can be written (29) in the form:

(!11)
— 4 4 4
NEY [T SIS P L NS T L G
+C, )= Co ) =1 (31)

We make the correction functional and the stationary conditions for Equation(31), the Lagrange

multiplier can be determined as:

=9

()= —rame G
'I'l( I )

= I’l( ,y,Z,t)
_tl‘% R R
Lr(1+ooe — 36 2
+22(1211)+22(!211))]’

1( [ R )= O( ,y,Z,t)+[ 44 4éﬁ_ 44 4:|1

1( I )= 4 4 4[el'ﬁ_1:|’
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whena = 1,
Table .3.Approximate solutionsforexample(3) of ( , , , )
=0.7 =0.9 =1
0.2 1025 0.1 | 0.3 | 7.79033826610°"° 7.31381362010°° 7.00532164010°°
0.2 | 0.215| 0.1 | 0.6 | 124645412210 1.17021017910°® 1.12085146210°
0.2 |0.25 | 0.5 | 0.3 | 4868961415107 4571133512107 4378326024107
0.2 {025 | 0.5 | 0.6 | 0.000007790338266 | 0.000007313813620 | 0.000007005321640
05 (025 | 0.1 | 0.3 | 232155960210 2.15732389710° 2.05259464710”
05 1025 | 0.1 |0.6 | 371449536210 3.45171823510° 3.28415143410°
0.5 [ 0.25 | 0.5 | 0.3 | 0.000001450974751 | 0.000001348327435 | 0.000001282871654
0.5 [0.25 | 0.5 | 0.6 | 0.000023215596020 | 0.000021573238970 | 0.000020525946470
08 [0.25 | 0.1 | 0.3 | 446751617410” 4.105238298107 3.87768809210”
08 [0.25 | 0.1 | 0.6 | 7.14802587810° 6.56838127710° 6.20430094810°
0.8 [0.25 | 0.5 | 0.3 | 0.000002792197608 | 0.000002565773936 | 0.000002423555057
0.8 {0.25 | 0.5 | 0.6 | 0.000044675161740 | 0.000041052382980 | 0.000038776880920
(L, )= 44 4% =1, istheexact solution.
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(& (]

Fig.3 . The surface show the solufion

() =1, =2() =075, =175

=15() =05, =175

Example .4.Consider the one-dimensional fractional wave-like equationNoor and
Mohyud[2008]:

l— 0< <11<

: , <2 >0,(33)

with theinitial condition
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(.=, 492 = 2 o0< <139

the exact solutionwhen (a = 2,8 = 2)
u(x,t) = x +x?sinht,
we can be written (33) intheform

duat) 11'2 dBu(xt)
L dxB

+u(x, t) —u(x,t) ,wherek =1. (35)

We make the correction functional and the stationary conditions for Equation(35),the Lagrange

multiplier can be determined as

A(5.0) = Gy sinh(-=5) (39

B 1 @) [0 ue(x, ) 18P ug(x,§)
u1(x,£)—u.:(x,t)+fc (r&)msmh (ra)il 284 —5X Tld :

1 E-tfo“(x+x%8) 1 35 (x+x%)
u(x,£)=x+x2£+J—sinh : ——x? ]d,
! o (Fa)1/2 (Fa): FIE 2 dxh
xxl—ﬁ x4_ﬁ(rﬂ)1/2

u,(x,t) = x+x%t —

+ inh ¢
apt e p " ()

whena =2, = 2,u,(x,t) = x + x?sinh ¢, isthe exact solution.
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Table.4.Approximate solutions f

(4) ofu,(x,t)

t x | a=15, a= a = a=2,8
=2 16,8 =175 15,5 =2 =2
0.2 | 0. | 0.322765398 | 0.3351007893 | 0.32276539 | 0.32273510
5 |3 1|0 0.6988538720 | 80 85
0.2 | 0. | 0.691061591 | 1.0597371790 | 0.69106159 | 0.69094043
5 |6 |9 0.3549947719 | 19 40
0.2 | 0. | 1.104888582 | 0.7934861345 | 1.10488858 | 1.10461597
5 |9 |0 1.2953747600 | 20 70
0.5 | 0. | 0.347145753 | 0.3775961165 | 0.34714575 | 0.34689857
05 |3 |7 0.9009968539 | 37 75
0.5 | 0. | 0.788583014 | 1.5630801410 | 0.78858301 | 0.78759431
0.7 |6 |9 0.4044949888 | 49 00
5 |0, |1.324311783 | 1.0289501750 | 1.32431178 | 1.32208719
0719 |0 1.8816883020 | 30 80
5 |0. |0.374870588 0.37487058 | 0.37400850
07 |3 |6 86 59
5 |0. | 0.899482354 0.89948235 | 0.89603402
10 |6 |65 46 35
1.0 | 0. | 1.573835298 1.57383529 | 1.56607655
10 |9 |0 80 30
0. | 0.407906678 0.40790667 | 0.40576810
3 |7 87 75
0. | 1.031626715 1.03162671 | 1.02307243
6 |0 50 00
0. | 1.871160108 1.87116010 | 1.85191296
9 |0 80 70
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Fig.4 .The surface show the solution

() =2 =2, ()

=15,

.

Example.5. We consider the three-dimensiona space-time fractional wave -like equation

Mollig, et al. 2009)©

AL, a0 a5,
%zll[ EE_T:+}=2;T:J,O<:::,}=,£<1, l1<apB<2t>0/(37
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with the initial condition
u(x,y,0) = x* ,u.(x,y,0) = y*,(38)
the exact solution when (a = 2, f = 2),
u(x,y,t) =x% ht+ y?sinht,
we can be written (37) intheform

d“u(xy.t) IE d-‘ﬁu(xyt) 3 d8u(xyt)

ae 1 3B T T ayh u(x,y,t) —u(x,y t), wherek = 1.(39)

We make the correction functional and the stationary conditions for Equation(39), the

Lagrange multiplier can be determined as :

Slnh ('f l) Iduui:(xi}lif) _

H({‘- .E) = )L/Z S|nh( L) (40)”1 (x _J"r1 'E) = ul: -rl: (I )1/2 (I H)E .i'j{f-{

1 zfﬁﬁuc(et}'f) zd’ﬁuc(l_‘v*f)
(x dxb iyh )I d,

u, = x*+ yit

J sinh &9 94 (x* + y1¢) _ Lo P (x* +y*)
(rﬂ)'j/2 (rﬂ:)2 Eh,“‘ 12 dxb

aﬁ 4 4 .4
+ y? (xay-;y (’t))ld ,

4 (§-1) 1 4(4) 6—fi 4 (4) 5;
Uy = x* ty ‘H_J::(x )l/zSI h(x )Uzlo 1 1(5 {) +'$1 (5— {) )I

u, = x*+yt

_[Fex

réG-p)

3 x6-B t r3) g, )2 o t
_ﬁCOSh((Fa)i)+r(5_B)y B CE R
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Table.5.Approximatesolutions ft

(5) ofu,

whena =2, = 2,u,(x,y,t) = x'e. ht + y?sinht, isthe exact solutio

t | x y a=15=2 | a=175,=16 | a=17,=19 | a=2,=2
0. /0.0 | 0.2 |0.000787150478 0.000785811419 | 0.00078647896
2 |1 5 7 2 1
0. /0.0 | 0.7 | 0.063758370650 0.0007834483526 | 0.063692724170 | 0.06370397974
2 |1 5 0 0.0635563319100 | O 0
0. /0.0 | 0.2 |0.000793531830 0.000792144421 | 0.00079284417
2 |5 5 9 0.0007897159584 | 6 7
0. /0.0 | 0.7 |0.063764752000 | 0.0635625995100 | 0.063699057170 | 0.06371034496
2 |5 5 0 0.0019877205200 | O 0
0. /0.0 | 0.2 | 0.002046268116 | 0.1625504995000 | 0.002025075975 | 0.00203553981
5 |1 5 0 0.0019941363700 | O 4
0. /0.0 | 0.7 |0.165746801800 | 0.1625569154000 | 0.164706957100 | 0.16487782280
5 |1 5 0 0.0032697062880 | O 0
0. /0.0 | 0.2 |0.002053409137 |0.2713132109000 | 0.002031908513 | 0.00204257620
5 |5 5 0 0.0032764125210 | O 0
0. /0.0 | 0.7 |0.165753942900 | 0.2713199172000 | 0.164713789500 | 0.16488485920
5 |5 5 0 0 0
0. /0.0 | 0.2 | 0.003514957323 0.164713789500 | 0.00346917736
8 |1 5 0 0 6
0. /0.0 | 0.7 |0.284710436400 0.280341854600 | 0.28100229680
8 |1 5 0 0 0
0. /0.0 | 0.2 |0.003523589372 0.003433875183 | 0.00347752296
8 |5 5 0 0 0
0. /0.0 | 0.7 |0.284719068500 0.280349666200 | 0.28101064240
8 |5 5 0 0 0
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Fig.5 .The surface show the solufion ;
=05() =2 =2, ()

() =175

Example.6. We consider the three-dimensiona space-time fractional wave -like Equation

. Cd%u . ) 1 dfu S dfu | 5 dBu
(Molliq, et al. 2009) : 5 = x? + y?+2? + 2 [x? 2= R
O<x,y,z2<l 1l<affis<21t>0,41)

theinitial condition
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u(x,y,z,0) =0 ,ui(x,y,z,0) =x*+y? —z* (42
the exact solution when(a = 2,8 = 2),

u(x,y, t) = —(x* +y? +27%) + (x* + y?)e' + 2%,
we can be written (41) intheform

d%u(x,y, zt)
datu

1 _dfu(x,y,zt) 1 _dPulx,yzt) 1 _dPu(x,y zt)
o 2 + - 2+ 2 + — 2 ! ! ! + = 3 1 ) ) + . 2 y y oy
I 2% dxF 2']fr dyh 2% AP

+
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:

2.0 = ;L,zsinh(i),

[ 1 .
(44)11’?!1'] (X,}'r, .'*_"., 'E) - ull(xiyizi 'E) +J:: (I u) /2 Slnh(
(

'-f_:l) Iau“re;-;fazr‘f) _xﬂ_yﬂ_zz —

L)z

2% axP 27 ayb 2 2P

1 2 6ﬁu.”(x,y,z,§) 1 2 6ﬁu.”(x,y,z,‘f) _ l 2 6ﬁu.”(x,y,z, 'f] d

S | — 1) o V2,
uy (2, v, 2, t) = ug(x, y, 2, t) + f o) sinh ((Ea)’/)f"- ucf;;f 28) _ x2—y? — 2% —
a

10y a8 1,00y ad) 1 00ucyad)]
2 dxF 27 ayP 2 2P |

_ (y2 2_ 532 1 ¢t _ X'k - B S
u, = (X +y z)t+‘L(ra);smh((ra);)l F(S—B)E X< —y -z
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t
Uy = (X7 +y? =zt = (x* +y? +27) + (x* +y* + z%) cosh(——) —
(Fa):

y*F

z4 B

y*

z1°B

rG-p)° "TG-p)

TR TE-B

t+ (x*F + yt=F — z1F)

{a.

x4 B

(Fa):

rG—p"

rG=5)

(@)
h[—=|.
(Ma):

whena =2, = 2,u,(x,y,2t) == —(x* +y? + %) + (x* + y* + z?)e™!, isthe exact

solution.

Table.6.Approximate solutionsforexample(6) ofu, (x, v, z, t).

4

£

a =

175,8 =16

a=17,5=19

a=2,=2

0.2
0.2
0.2
0.2
0.5
0.5
0.5
0.5
0.8
0.8
0.8
0.8

0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025

0.04
0.04
0.08
0.08
0.04
0.04
0.08
0.08
0.04
0.04
0.08
0.08

0.04
0.08
0.04
0.08
0.04
0.08
0.04
0.08
0.04
0.08
0.04
0.08

0.0002087734958
-0.003204049930
0.0038312642390
0.0004184408056
0.0008483322835
-0.004126013960
0.0071582236540
0.0021838774140
0.0019263764320
-0.004179587650
0.0115734036800
0.0054674395830

0.0002101692817
-0.000649825270
0.0012821025050
0.0004222506927
0.0008614353879
-0.000956096830
0.0040301836960
0.0022126514700
0.0019722092520
-0.000465537360
0.0079939994390
0.0055562528380

0.0002025903436
-0.00066 /502040
0.0012653235840
0.0003952312020
0.0008138538820
-0.001074798900
0.0039277159800
0.0020390631460
0.0018457549070
-0.000797466060
0.0077283513630
0.005081303900
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Fig.6 .The surface show the solufion
() =2 =2,

()

=15 =15,

4. conclusion

In thiswork, the variationa iteration method is use to solve the fractiona heat likeand wave

like. This technique provides the solution with first step i-e u, (x, t)isthe exact solution in

casea = f# = 2 in equationwave likeand @ = 1, # = 2 in equationheat like. Results show the
ability and efficiency of this method.
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