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The homotopy perturbation method and variational iteration method are applied to obtain the
approximate solution of the harmonic waves propagation in a nonlinear magneto-thermoelasticity
under influence of rotation. The problem is solved in one-dimensional elastic half-space model sub-
jected initially to a prescribed harmonic displacement and the temperature of the medium. The dis-
placement and temperature are calculated for the methods with the variations of the magnetic field
and the rotation. The results obtained are displayed graphically to show the influences of the new
parameters and the difference between the methods’ technique. It is obvious that the homotopy
perturbation method is more effective and powerful than the variational iteration method.

1. Introduction

In the past recent years, much attentions have been devoted to simulate some real-life pro-
blems which can be described by nonlinear coupled differential equations using reliable
and more efficient methods. The nonlinear coupled system of partial differential equations
often appear in the study of circled fuel reactor, high-temperature hydrodynamics, and
thermoelasticity problems, see [1-4]. From the analytical point of view, lots of work have been
done for such systems. With the rapid development of nanotechnology, there appears an ever-
increasing interest of scientists and researchers in this field of science. Nanomaterials, because
of their exceptional mechanical, physical, and chemical properties, have been the main topic



2 Mathematical Problems in Engineering

of research in many scientific publications. Wave generation in nonlinear thermoelasticity
problems has gained a considerable interest for its utilitarian aspects in understanding the
nature of interaction between the elastic and thermal fields as well as for its applications.
A lot of applications was paid on existence, uniqueness, and stability of the solution of the
problem, see [5-7].

Much attention has been devoted to numerical methods, which do not require dis-
cretization of space-time variables or linearization of the nonlinear equations, among which
the variational iteration method (VIM) suggested in [8-20] shows its remarkable merits
over others. The method was successfully applied to a nonlinear one dimensional coupled
equations in thermoelasticity [21], revealing that the method is very convenient, efficient, and
accurate. The basic idea of variational iteration method is to construct a correction functional
with a general Lagrange multiplier which can be identified optimally via variational theory.

The homotopy perturbation method [8, 22] has the merits of simplicity and easy
execution. Unlike the traditional numerical methods, the HPM does not need discretization
and linearization. Most perturbation methods assume that a small parameter exists, but
most nonlinear problems have no small parameter at all. Many new methods have been
proposed to eliminate the small parameter. Recently, the applications of homotopy theory
among scientists appeared, and the homotopy theory becomes a powerful mathematical
tool, when it is successfully coupled with perturbation theory. Sweilam and Khader [1]
investigated variational iteration method for one dimensional nonlinear thermoelasticity.
Applying He’s variational iteration method for solving differential-difference equation is
discussed by Yildirim [23]. Noor and Mohyud-Din [24], Mohyud-Din et al. [25-27] used
He’s polynomials or Padé approximants to solve solving higher-order nonlinear boundary
value problems, second-order singular problems, and nonlinear boundary value problems.
Mohyud-Din et al. [28] applied the modified variational iteration method for free-convective
boundary-layer equation using Padé approximation. Mohyud-Din and Noor [29, 30] used
Homotopy perturbation method for solving some new boundary value problems. Mohyud-
Din et al. [31] investigated some relatively new techniques for nonlinear problems.

In this paper, the homotopy perturbation method and variational iteration method
are used to solve the coupled harmonic waves nonlinear magneto-thermoelasticity equations
under influence of rotation. The Maple and Mathematica software packages are used to
obtain the approximate solutions in one-dimensional half-space. The displacement and tem-
perature which obtained have been calculated numerically and presented graphically.

2. Basic Idea of He’s Homotopy Perturbation Method

We illustrate the following nonlinear differential equation [8, 22]:

A(u)-f(r) =0, reA, (2.1)
with the boundary conditions:

B(u, a—Z) =0, rerT, (2.2)
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where A is a general differential operator, B is a boundary operator, f(r) is an analytic
function, and I' is the boundary of the domain A. Generally speaking, the operator A can
be divided into two parts which are L and N, where L is linear operator but N is nonlinear
operator. Equation (2.1) can therefore be rewritten as follows:

L(u) + N(u) - f(r) = 0. 2.3)
By the homotopy technique, we construct a homotopy V (r,p): A x [0,1] — R which satisfies
H(V,p) = (1-p)[L(V) - L(uo)] + p[A(V) = f(r)] =0, reA, (2.4)

or
H(V,p) = L(V) = L(u) + pL(uo) + p(N(V) = f(r)) =0, r €A, (2.5)

where p € [0,1] is an embedding parameter and uy is an initial approximation of (2.1) which
satisfies the boundary conditions (2.2). Obviously, from (2.4) and (2.5) we have

H(V,0) = L(V) = L(uo) = 0,
2.6
HV,1) = A(V) - f(r) = 0. 20

The changing process of p from zero to unity is just that of V(r,p) from uy(r) to u(r). In
topology, this is called deformation, and L(V') — L(ug) and A(V) — f(r) are called homotopy.
According to the homotopy perturbation method, we can first use the embedding parameter

p” as a small parameter and assume that the solution of (2.4) and (2.5) can be written as a

power series in “p” as follows:

V=V0+pV1+p2V2+---. (2.7)
On setting p = 1 results in the approximate solution of (2.3), we have

u=IlimV=Vy+Vi+V,+---. (2.8)
p—1 ’

The combination of the perturbation method and the homotopy method is called the homo-
topy perturbation method, which has eliminated the limitations of the traditional per-
turbation methods. On the other hand, this technique can have full advantage of the
traditional perturbation techniques. The series (2.8) is convergent to most cases. However,
the convergent rate depends on the nonlinear operator A(V).

(1) The second derivative of N(V) with respect to V must be small because the
parameter may be relatively large, thatis,p — 1.

(2) The norm of L~} (0N/8V) must be smaller than one so that the series converges.
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3. Application of Homotopy Perturbation Method on the Nonlinear
Magneto-Thermoelastic with Rotation Equations

In this section, we use the homotopy perturbation method to calculate the approximate
solutions of the following nonlinear magneto-thermoelastic with rotation equations:

(1 + o)y + Quy — Uyy <1 — 00+ 2yuy + 36ui> — P16 — P2(Ouy), =0,

1 (3.1)

(9 —auy, - Ebui) - [(1 +auy)0], =0,
t

where v, 1, f2, a,b, a are arbitrary constants, 01,0, are the sensitive parts of the magnetic
field, and € is the rotation parameter, with the initial conditions

u(x,0) =60(x,0) = A(1 - cos(x)), us(x,0) = 6;(x,0) =0, (3.2)
where A is an arbitrary constant and the boundary conditions

u(0,8)=60(0,6) =0,  w(0,t) = 6,(0,t) = 0. (3.3)

To investigate the traveling wave solution of (3.1), we first construct a homotopy perturbation
method as follows:

A -p)[A+0) (Vi = Vo) + p[(1 + 01) Vit + QV} = Vir (1 - 02 + 2y Vi + 36V)
_,Blex - ,BZ (@Vx)x] =0, (34)
(1 - p) (@t - @Ot) + P[@t - ant - beth - @xx - lXVxx@x - an@xx] = 0,

where the initial approximations take the following form:

Vo(x, t) = up(x,t) = u(x,0) = A(1 - cos(x)),
3.5
Oo(x,t) = 6Op(x,t) =0(x,0) = A(1 — cos(x)). 39

According to the homotopy perturbation method, we can first use the embedding parameter

"1

p” as a small parameter and assume that the solution of (3.4) can be written as a power

1

series in “p” as the following;:

V = Vo(x,t) + pVa(x, £) + p?Va(x, ) + pPVa(ac, ) + -+,
(3.6)
O(x,t) = (x,t) + pO1(x,t) + pZG)z(x, t) + p3@3(x, B+,

where V; and ©;, j = 1,2,3,... are functions to be determined.
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" 1

Substituting from (3.6) into (3.4) and arranging the coefficients of “p” powers, we have

(I+o01)Vou + <01 Vi — 35V02, Voxex = P2 Vo,xx©0 = 2y Vo,x Vo xx + 02V xx — P1©0 x
~Voxx = P2 VoxOox + QVo s + V1,tt>P
+ <O'1 VZ,tt - 2Y‘/l,x‘/O,xx + VZ,tt - 2Y‘/O,x‘/l,xx - 66V0,xV1,xV0,xx - Vl,xx - ﬂZVLxx@O
1O = BV0:O1x ~ B V1,100 = B Vo.1xO1 + QVi = BEVE Vi + 02V ) PP
+ (Vau = B2 VoxOox — P2 Vox©0 = 2y Vo u Vo xx = 2 Vix Vijxx + 01V — f1©Oox
- 66V0,xv2,xVO,xx - 36V12,xV0,xx + OZVZ,xx + QV2,t - VZ,xx - 36V02,xv2,xx - 2YV0,xV2,xx
_ﬁZVLxxel - ﬁZVO,xxG)Z - ﬂZVO,xGZ,x - 66VO,xV1,xV1,xx - p2V1,x@1,x)p3 +eee= 0/
O + (—aVoxt — aVpxOpx + O1t — AV xxO0x — 26V x Vo xt — Op xx)P
+ (ez,t - G)1,xx - aVl,xt - aVl,xxeo,x - 2bVl,xVO,xt‘ - ‘XVO,xel,xx - aVl,xeo,xx
_ZbVO,xVth - C[‘/O,xxel,x)p2
X (_avl,xxel,x - “VZ,xxG)O,x - 2bv2,xV0,xt - aVO,xxG)Z,x - val,xvl,xt - aVZ,xt

+034 = 26V Va xt — aVy xOn xx — AV xO1 vz — @V2 O xx — O )p° + -+ = 0.
(3.7)

In order to obtain the unknowns of V; and ©;, (j = 1,2,3,...), we construct and solve the
following system considering the initial conditions (3.2):

o1 Vi — 35V02, Voxx = P2V0,xx©0 = 2y Vo x Vo xx + 02 Vo xx = P1O0x — Vo xx
= PoVoxOox + Vo + Vi =0,
01Vou =2y VixVoxx + Vo — 2y Vo x Vixx = 66 Vo x Vix Voxx = Vixx — P2 V1,220
= P1O1x — P2 V0xO1x — f2V1xO0x — P Vo xxO1 + QV1 4 — 35V02, Vixx +02Vier =0,
Vi = PaVo,xOox = P2 Vo, xx©@0 = 2Y Vo x Voxx =2y Vix Vixx + 01 Vo — p1Oo
— 66 Vo Vo Voxx — 35V12, Moxx 02 Voxx + QVop = Vi o — 35V02, Vox = 2YVox Vo xx
= P2V1,xxO1 = PoVoxx©2 = oV xO2,x — 60V x Vi x Vixx = P2 V1xO1,x = 0,
—aVoxt — aVpxOpxx + O1p — aVi 1xO0x — 26V x Vo xt — Opxx =0,
Ot = O1xx — aVixt — AV xxO0x = 2bV1x Vo xt — aVxO1 xx — aV1,xO0 xx
= 2bVoxVixt — aVoxx©1x =0,
— V1221 x — aVoxOox = 26V x Vo xt — aVixxO2x = 2bV1 xVixt — Vot + Osyt
=2bVox Vot — aVpxOoxx — aV1 xO1 xx — aV2xO0xx — O xx = 0.
(3.8)
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Consequently, we deduce after some calculations the following results:

uzlirr%V:V0+V1+V2+...,
p—>

(3.9)
6=1i1’1}@=@0+@1+@2+“-,
p—)

where

Vo = A(1 - cos x),

_ # 2 3 3 2
Vi= m [4yA sin2x + 36 A” cos x —36A” cos 3x + 4f, A” cos x

—4ﬂ2A2 cos2x40,Acos x +4p1 Asinx +4A cos x] ,

t4
3201 + 1)

4

{(-8 SA 3—-/5 A? - §y2A3 46 A% +4A%056 + 02A -52A5 3Aa§

4
—§A + gAzozﬂz - 4ﬂ2A46> cos X

(
S

+ (12yA3ﬁ2 + 36A3ﬁ1> sin 3x + 206 A*y sin 4x

4 4
3ﬂ1A + 6A3ﬁ1 + YAsﬁz - —AGzﬁl + ﬁ2A2ﬁ1> sin x

4
+ ( -8yA? + 8A%0yy — 8B A%y + §ﬁ2A2ﬁ1 - 166A4y> sin2x

8

2
+ (- A%0pr + —ﬁ2A3 —yA2ﬂ1 + ?0ﬁ2A2 + 66A4ﬁ2> cos 2x

63

"\

(-5

< 62A% —4B3 A% + 126 A% + 12, A*6 + 8y A% - 12A3026> cos 3x
4 45 2 A5

-14$, A*6 cos 4x — Z6 A’ cos 5x

I 16 8
_— —QApB; — —pB1A0;] — = AP - —BA- —B,A% ) si
! 32(01 +1)? { < h ﬁl o 3'62“01 ﬂl ﬂz > S

1

- ;QAZY sin 2x + <8ﬂ2A3a01 + 8[52A3a> sin 3x
< 3 QAo, - 4QA%6 - Azﬁz - —QA> cos(x)

+ (?ﬁQAZ + 3;—2[31A2a0'1 + %QAZ,BQ + 13—6[32A20'1 + %ﬁ1A2a> Cos 2x

+4QA3%6 cos Bx},
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Oy = A(1 - cos(x)),
O, = A’tasin(2x) + Acos(x)t,

A

O = 3d7op)

3
<t§ (12aA2ycos3(x) +2aAcos? (x) 1 + 36aA36 sin(x)cos® (x)

+ 12aA2ﬁ2 sin(x)cos?(x) + 2a Ao, sin(x) cos(x) — 24a A36 sin(x) cos(x)

- 2aA2ﬁ2 sin(x) cos(x) — 2aA sin(x) cos(x) — aApy — 100cyA2 cos(x)

—4aﬁ2A2 sin(x))

2
+ % < —2cos(x) + 18a6 A? sin(x)cos?(x) + 16b A%y sin(x)cos? (x)

+8afy A sin(x) cos(x) +2ac, sin(x) + 2ap; cos(x) + 24a* A%cycos’ (x)
- 36bA36cos* (x) — 16bA2ﬂ2cos3(x) +48bA365cos*(x) + 4bA2ﬂ2COS2(x)
+8cos?(x)ay A — 4 cos (x)*bAc, — 20a* A% cos(x) + 24 cos (x)’a® A?
+4bAcos®(x) — 4bA — 6ab6 A” sin(x) — 20a A sin(x) cos(x)
—2ap,Asin(x) — 4bAB, — 12bA36 + 4b Ao, — 8b A% sin(x)y

+ 16bA2[52 cos(x) — 20a*A? cos(x) o1 — 4ayA -2 cos(x)or
—2asin(x) + 4bAp; sin(x) cos(x) — 20a A sin(x) Cos(x)01>> .

(3.10)

Now we make calculations for the results obtained by the homotopy perturbation method
using the Maple software package with the following arbitrary constants:

a=05 A=0001, b=05 a=1 p=p=005 y=1 6=08 (3.11)
The results obtained in (3.9) are displayed graphically in Figures 1-4.

3.1. Special Cases

(1) If we take into our consideration the first iteration (i.e., u = Vy+V;and 0 = Oy +©).
See Figures 5, 6,7, and 8.

(2) If the magnetic field and rotation are neglected, the components of the displacement
u and temperature 0 take the following forms. See Figures 9 and 10.



8 Mathematical Problems in Engineering

Figure 1: Variations of the displacement u and temperature 6 for various values of the axis x and time ¢
when Q =0.1,01 =0.2, 0, =0.1.

Figure 2: Variations of the displacement u and temperature 6 for various values of the axis x and rotation
Qwhent=0.1,01=02,0, =0.1.

Figure 3: Variations of the displacement 1 and temperature 6 for various values of the axis x and magnetic
field o7 when £ = 0.1, Q = 0.1, 0, = 0.1.
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(a) (b)

Figure 4: Variations of the displacement u and temperature 6 for various values of the axis x and magnetic
field oo whent =0.1, 2 =0.1, oy = 0.1.

(b)

Figure 5: Variations of the displacement u and temperature 8 for various values of the axis x and time ¢
when Q =0.1,01 =0.2, 0, =0.1.

(a) (b)

Figure 6: Variations of the displacement u and temperature 6 for various values of the axis x and rotation
Qwhent=0.1,01=0.2,0, =0.1.
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(a) (b)

Figure 7: Variations of the displacement 1 and temperature 6 for various values of the axis x and magnetic
field oy whent =0.1, Q = 0.1, 0, = 0.1.

(a) (b)

Figure 8: Variations of the displacement u and temperature 6 for various values of the axis x and magnetic
field oo whent =0.1, Q = 0.1, o7 = 0.1.

4. Basic Idea of Variational Iteration Method

Consider the following nonhomogeneous nonlinear system of partial differential equations:

Liu(x,t) + Ni(u(x,t),0(x,t)) = f(x,1), (4.1)
L0(x,t) + Na(u(x,t),0(x,t)) = g(x,t), (4.2)
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Figure 9: Variations of the displacement u and temperature 6 for various values of the axis x and time ¢
(u:V0+V1+V2and9:@0+@1+@2)When§2=0'1 =O'2=0.

(a) (b)

Figure 10: Variations of the displacement u and temperature © for various values of the axis x and time ¢
(u=Vo+Viand 0 =0y +0;) whenQ =0y =0, =0.

where L, L, are linear differential operators with respect to time, N, N, are nonlinear
operators, and f(x,t), g(x,t) are given functions.

According to the variational iteration method, we can construct correct functionals as
follows:

Una1 (X, £) = 14 (2, £) + It A1 (7) [Llu,, (x,7) + Ny (ﬁn(x, r),é'n(x,r)) - f(x,T)]dT, (4.3)
0

Bruit (2, 1) = O (x, 1) + ft Ao (T) [L29n(x, )+ N, (ﬁ,,(x,r),'én(x, T)> - g(x, T)]d’r, (4.4)
0
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where A; and A, are general Lagrange multipliers, which can be identified optimally via
variational theory [8-20]. The second term on the right-hand side in (4.3) and (4.4) is called
the corrections, and the subscript n denotes the nth order approximation, i, and én are
restricted variations. We can assume that the above correctional functionals are stationary
(i.e., 6uyer = 0 and 66,41 = 0), then the Lagrange multipliers can be identified. Now we
can start with the given initial approximation and by the previous iteration formulas we can
obtain the approximate solutions.

5. Application of the Variational Iteration Method on the Nonlinear
Magneto-Thermoelastic with Rotation Equations

According to the variational iteration method and after some manipulation of (4.3) and (4.4),
the correct functionals are as follows:
t
1 (35) =125, 0) + [ 22(0)[(14 00t (6, 7) + Qi 3, 7)
0
— Up xx (1 — 00 + 2yl (X, T) + 36ﬁ$l,x(x, T)>
P18, 7) = P2 (B (x, Tl x (x,7)) ]d,
t
6n+1 (x/ t) = Gn(xr t) + f )‘2 (T) [Gn,t (xr T) - aﬁn,xt (xr T) - bﬁn,x (x/ T)ﬁn,xt(xr T)
0

—én,xx(x, T) — aidy xx (X, T)én,x(x, T) — aidy (X, T)én,xx(x, T)]d‘l',
(5.1)

where 1, and én are considered as a restricted variation, that is, 6i,,7 = 0 and 6§n+1 = 0.
Consequently, the general Lagrange multipliers A; and A, take the following form:

T—1t

i(r) = 1+o0

;o A(r)=-1 (5.2)

By the substitution of the identified Lagrange multipliers (5.2) into (5.1), we have the
following iteration relations:
bt
Up1 (X, 1) = uy(x, t) + Tro0 [(1 + 01U (X, T) + Quiy i (x, T)
0 + 01

— Uy xx (1 — 00+ 2y Uy (X, T) + 36u$l,x(x, T))

_ﬁl Gn,x (xr T) - ﬁZ(Gn(xr T)un,x(x/ T))x] dr,
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t
6n+1 (x/ t) = en(x/ t) - J‘ [en (x/ T) — AUy, xt (xr T) - bun,x(xr T)un,xt (.X', T) - Gn,xx(x/ T)
0

— Uy e (X, T) O e (X, T) = Ay 5 (X, T) O ux (x, T)]dT, 1 2>0.

(5.3)

With help of Maple or Mathematica, we get the following results:

up =6y = A(1 - cos x),

tZ

[—ﬂl sinx — 2Ay cos x sin(x) + 2, Acos®x — cos x — 36 A cos x

—PrA+0ycosx — frAcosx + 36A2c0s3x] + A(1 - cosx),
01 = Alcos x +2aA cos xsinx]t + A(1 — cos x),

6
uy = § - A0 (®) (~194404°62ry + 5760 A6 — 247860 A76°f, — 19440 A6 3
6720(1 + o1)
19440 A%, — 1728062y> A” + 19440A°6% .0, )

. [_ Acos?(x)

- (—6480A55p§y +2025A%6B1 3 +270A%6p102 + 3240A*52 B0,
6720(1 + o)

— 38880A°6% B,y — 8505A°6° 1 — 135A%610% — 6480 A%y 26
~135A%5p + 6480A*65B2y0, — 3240A°5°B1 B, + 270A%6p102
~270A%6p1 o - 3240A' 6%y — 2160A*6p1y* + 45A%6)

Acos*(x)

- ——— 7 (7200A*B,6 + 118800A°6%B,y — 4050A*6%B1 05 + 4050A%6°
672001+ 0,)" ( YP2 Py P10z P

+4050A°6%f1 5 + 3600A*6B1y* — 3600A* 51 53
+7200A%6 By + 30375A°6° 1 — 7200A'6p2y0, )

Acos®(x)

-7 (17280A°6% — 1440 A*yB,6 — 93960 A7 8%y + 16560 A%6552
67200+ 01" ( P1p2 P2 ¥ Pay

+1440A*6Bay0n — 23760 A6 oy + 1440 A6, B3 — 720A%y6
+ 1440 A>61 2 + 23760 A 6%y 0, — 720A%6y 05 — 5760A°6y°
— 23760 A%y6% — 1440 A6B102 5, + 720 A5 32y + 1440A3y602>

Acos®(x)

- 7 (-19440A%67 + 189540 A7 5%y + 19440 A6% B,y — 17280 A5 32
7200 ot pif2 Y por By

+ 19440 A%y6* + 5760 A°65y° — 19440A562yo2>
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A cos(x) 3 3 3 2 3ca2

- ——" _(-1080A% 60, +540A%5 + 540A%6y02 — 180A%6
6720(1+01)4< yeor i re Py
~ 1080A*6B2y0s — 720A*65p1 2 — 2160 A°6% 1 5, + 1080 Aty 26
+720A%66102 + 6480A°62 oy — 23404665y — 6480A° 6%y 0
~720A%5p1 5, + 14580A7 5%y + 1440 A56y> + 6480 A%y 6> )e899

243 A868

+ —Y4C s’ (x)
141(1 + 01)

A
6720(1 + o1)*

Acos®(x)

-7 (-90720A°5%B,y — 25515A°6°
6720(1 + o1)* ( Py ﬁl)

(720A56ﬁ§y +45A26B107 + 405A°6°B; + 720A*y 6

— 720A*6p,y02 + 90A36p1 B, + 45A*661 3 + 2160A°6% Bry

+270A°82B1 o + 45 A5 — 90A36p102 6 + 270A*6%
~270A'8%p10; ~ 90A26p105 + 1804661y ] sin(x)

Acos®(x)

- (204120A864 —7200A*6B1y 2 + 52245A°8° + 20256% A*
6720(1 + o1)

- 52245A°6%0, + 3600A*y26 — 80055A°6° 5 — 3600A°53;
+36006,y2 A° + 52245 A76° B, + 820806%y* A® + 2025A*6% 02
+3600A*6p20, — 4050A°6% 07 — 4050A*6%0, — 2025 A5 B2

_ 243A°6°Bycos® (x)
141(1 + o1)*

+4050A°6% B, — 3600A*55 — 3600A46Y202>

A 4
- L(xn (25920667 A° + 1440 A*63 + 166860A76°p, + 33480A°6%
6720(1 + o1)
— 1440 A*6p30, + 1440 A%y B16 — 720 A53 B + 33480 A°5% 53
— 1440A%6B1y0s — 7920A°65; + 1440 A*6p1y B2 + 27000A° 6% 1y
— 33480 A°6% B0, — 1440A%5 5,0, + 720A%6 203 + 7206ﬂ2A3)

- % (2025A462ﬁ§ +6480A%6%0, + 5040 A*5y% 0y + 13543662 B,
— 32406% A* + 7920 A*S5 1y B, — 70470 A%6* — 32805 A°6°
—4905A*6B50, + 135A262 + 270 A*6 205 + 6480A°6% 02
~135A%6p,05 — 135A%603 + 135A%0,6 + 45A%60; — 45A%6

— 32805A76°, — 4590067y A® + 32805A°6% 0, + 37800A°62 3
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. [_ Acos®(x)

— 1356, A% +4995A°5 33— 135 A%6 330, — 6480 A° 6% 3, ~ 50406 3, y> A°

6561476 cos’ (x)
4481(1 + o1)*

+4905A*63 — 5040A*y26 - 3240A452022)

Acos?(x) 3c32 53 5¢2 3
- ——— " _(540A%52p, + 1980A°53 — 9180 A°5% 1y — 900656, A
2001 3 o) (POATSHP: B pry = 9005
+1800A*6850, — 15120A°6%, — 100806 B2y> A° — 15120A°6° 33
+ 1440 A6 y0r — 1440 A%y 16 — 37260 A7 6% B, — 1440 A* 561y B2

+15120A°62 3205 + 1800A%54,02 — 900A%6 6,03 — 1800A46ﬂ§)

-——  (180A% +360A*642 + 18066, A% — 360A*6820:
— (“01)4( Pryp £3 +1806p; pro2

+1080A°6%f2 + 1080A°6%f, + 1620A76° B, — 180A35p1y02
+180A%y 16 + 180A°63 + 540A°6% 1y — 1080A°6° 20,
~ 360A%50 + 180A°6,0% + 7206, A° )

Acos’ (x)

- (45360A662 B> +25515A%6%0; — 25515A°6° — 4536062y A®
6720(1 + o1)
- 240570A°%6" - 25515476°p )

_ ACL(X)LL ( —270A*62 2 —2430 A* 620, — 1620 A*6y20, —90 A3 652 , +12156% A*
6720(1 + 01)
— 1440A*6B1y 2 + 8505A%6* + 6075A°6° + 1305A*6 6307
~90A%6p% - 270A%6205 — 2430A°6% 20> + 135A°6B207
+135A%607 - 135A%0,6 — 45A%60; +45A%6 + 6075A76° B,
+81006%y? A® — 6075A°6%c, — 3105A°6% 32 + 13566, A®

~1395A°6f5 + 90A?6p30, + 2430A°6%f, + 162066,7° A°
~1305A*63 + 1620A*y?6 + 1215A452022> }t8

Acos®(x)

" (72576 A6%Br0q + 72576 A% 67
6720(1 +0'1)4< pacn p 2>

-99792 ASy6%0y — 99792 A%y 62
6720(1+o-1)4< ree e’)
Acos?(x)

-7 (1008A3%6 + 1344 A%y? By — 1344 A%y Br0201 — 1008 A%66,0
6720(1+01)4< P52 Y p1 YP20204 P02
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+ 1344 A%y 35 + 1344 A%y froy + 1344 A3y 01 + 1344 A%y,
~ 1008 A%6p,0107 + 1344 A%y* 107 + 12096 A*5° B,
+ 1008 A%5,01 5, + 12096 A*6° 101 — 1344 A%y 20,
+40320A%yB2601 + 40320 A%y B26 + 1008 A5
+ 1008426101 )

~ A
6720(1 + o1)*

( — 448 A%y f, + 448 A2y 20,01 — 448 A%y fr01 — 448 APy R0
+ 448 A%y Ba0r + 336 A263102 — 1008 A*6° 1 — 336 A>61 2
~336A26p1 — 336 A’6B101 2 + 336 A251010, — 336 A26B10
— 4032 A%y 6 — 224 A%y By — 448 A%y 35 — 4032A%yBa604
~ 20447 f101 ~ 1008A*6°fr01 )

_ Acos(x)
6720(1 + o1)*

(2688A36,61 B2 + 1680A%yf501 — 1792A%y° + 2688 A*6101
+6720A%y 50,01 — 6720A%y 501 + 6720A%y50, — 31248 Ay 5°
— 224 A%y r01 + 224 A%y 0201 + 1680 A%y 33 + 224 A%y 0
~1792A%y01 — 6720A%y6 — 224 A%y B, — 112 Ay
+ 112Ayﬂ% + 112Ayﬂ%01 - 112Ay0§01 + 224 Ay0,01
—112Ay0? + 224 Ayo, — 112Ayoy — 6720Ay 6504
- 31248A%6%01 - 6720A%y 5 )

Acos®(x)

"0/ Ms o ( - 3584 A%y 301 + 9408 Ay o601 + 118944 A%y 5% + 9408 Ay fa6
+ 01

+3584A%y30y + 9408 A3y6 + 9408 A3y50, + 118944 A%y6% 0y
— 3584 A3y 33 — 5376 A5, 5, + 3584 A%y® — 9408 A%y60,
- 5376 A%p101> — 9408A Y6001 )

Acos*(x)

-~ 7 (-15120A*6%B, — 47040 A*yB,6 — 15120A%6% 6,0
6720(1+01)4< h e pron

— 47040 A%y pr601 ) ] sin(x)

Acos’ (x)

- 2 (95256 %670y + 95256 A°6)
6720(1 + o)
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Acos®(x)

-~ m( —24192A%6%0, — 24192 A*6%010 + 241926 A* — 1344 A%y 1 fr01
+122472A%8° + 1008 A%Br601 — 1344 A%y By o — 18312A%6 B304
+ 1344 A%y Br01 — 504 A58 + 1344 A%y? 01 — 1008 A*65 6207
+24192A°6% 01 + 504A%601 + 24192A%6%01 + 54024 A*y? 604
— 1344 A%*y?0, + 504A%603 — 1008 A%0,6 + 1008 A02601
+504A%6 — 1008 A’6 6,010, — 1344 A%y? 0,01 — 122472 A°6% 0y
+ 10085, A + 1344 A*y? + 504A%60102 — 504 A%5 20,
+24192A°6% 3, — 18312A%6 3 + 45024 A*y?6 + 1344A3y2ﬂ2>

Acos®(x)

- —4( — 195048 A°6° + 15120A%6% 0105 + 15120A*6%0, — 195048 A®5° 0,
6720(1 + o1)

~ 15120A°6°B, + 13440A*63 — 33600A*y* 601
~33600A*y%6 — 1512062 A* — 15120A*6%07 — 15120A°5° 0
+134404%6f201 )

A

- ( —112Ayp 0y — 134456, A% — 112 A? -~ 1008 A3y B, 60
6720(1+01)4< Ypro1 P2 YB1P2 YP160:

+112AyB10201 + 1344 A%5B,0100 — 896 A3y By — 112 A%y By ooy
~ 1344 A%B,601 — 1344 A*58501 — 1008 A%y 16 — 112 Ay
+112AyB10s — 896 A%y froy — 4032A°6° B, — 1344 A* 553
+13444%6 50, - 403246101 )

Acos*(x)
- ——— 2 ( -7168A%?p, - 5376 A*6 301 — 9408 A3y 3,6 — 9408 A%y B160
672001 + 07)? ( y°P- pr01 TP Y1601

~ 5376 A%B2601 — 7168 A%y Bo01 — 53766, A° — 124992 A° 6%,

~ 5376 A*63 + 5376 A353,04 + 5376 A>6 4,010, ~ 124992 A36° Br04 )

- ACL(")LI (9072A46202 +9072A%6%010, — 90726% A* + 896 A%y B1 f20y
6720(1 + 01)
—22680A°6° — 1008A3B,601 + 896 A%y fr + 4872 A 5504
—1120A%y?B201 + 336 A%582 — 1120A%y? 01 + 1008 A*66,07

~9072A56%B,01 — 504A%601 — 9072 A*5% 0 — 13440 A%y*650,
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+1120A%y?0, — 504A%603 + 1008 A%0,6 + 1008 A%0,604
—504A%5 + 1008 A*5,0107 + 1120A%y? 0201 — 22680A°6% 0,
— 100854, A® - 1120A%y* — 504A%601 05 + 336 A*6101
~9072A°6%B, + 4872 A*635 — 13440A*y6 - 1120A3y2ﬁ2>

Acos?(x) ) 50
— m( — 224AY[510'20'1 + 224AY‘B10'1 +224A )’ﬂlﬁz + 56448 A°6 ﬁz
+6720A*63 + 9072A%y B1601 + 224 Ay Py + 67205, A°
+9072 A% 16 + 224 A%y By B0y + 7168 A3y B, + 56448 A2 6% 01

+6720A%B,601 + 7168 A%y Br01 — 6720A%56,0102

- 224Aypr0, + 6720A* 6201 — 6720A%6 10, ) }t6

3
+ {— Acos’(x) (- 100842popra0? - 40324%F01 - 1008A*o1cx — 2016 A% o raccy

6720(1 + o1)*

- 2016A%f2 - 2016A%207 )

A cos(x) 202 2 2 22 22
- ——— = (1344A°B50; + 672Aa + 1344 A“ 35 + 2688 A~ 50
6720(1 + 01)4 ( 21 :62.51 .52 .52 1
+ 1344 A% prac0y + 672A%, a0} )
A

- ( -5046B,A% — 336 A2201 — 168 ABr0? + 336 ABr0>0
6720(1+01)4< P2 paon paoi pron

+168AB,07 — 1008 A*Br601 — 1686, A — 504 A% 607
~168A2f5 - 672ABoyac? — 168 A*B307 — 336 AP0y
+168A40,0,07 - 6724y - 1344 A%y yacn )

Acos?(x)

- =7 (5544 A%B,607 + 5376 A% ryac? — 672A,0,01 — 336 A0
6720(1 + 0'1)4< ﬂz 1 ﬂZY 1 ﬁz 201 '62 3

+3360,A + 672A% 501 + 336 A2 33 + 5376 A% oya
+672APr01 — 336 ABr0207 + 336 AP0t + 10752 A% fryacy

+336 4207 + 554460, A7 + 11088 A% 601 )

N [_ A cos(x)

6720, AB101 + 33608, APr0? + 2688 A% ac?
6720(1+01)4< p2AP101 P2APi0; prao;

+2688A2a + 336, APy + 5376 A°f3acc )



Mathematical Problems in Engineering 19

Acos?(x)

-7 (2016A%yB; + 24192 A%B,6a0, + 2016 A2y Br0? + 2016 A%Br01
6720(1+0'1)4< e prbacy e paor

+ 1008 A%B2a + 12096 A*B6a02 + 1008 A3 f2acc? + 4032 A%y a0y
— 1008 A?By0ra0? + 2016 A>faacy — 2016 A? Broracy
+ 12096 A*Br6a + 1008 A2 fr0%a + 1008 A% frax — 1008A2[5202a>

- m< —336A%yf, — 336 A% fra — 2016 A* 6001 — 1008 A* 6007
~1008A*B26a — 336 A%Br07at — 672 A%y Pa01 + 336 A2 frora
- 336A%Bra07 + 672A%Bycra01 + 336 A?frcraci — 336 A% fa
- 672A% a0y - 336 A%y 07 — 67247014 )

Acos*(x)

- —— 7 (-30240A*B,6a0, — 15120A*B,6a — 15120 A*Br6a0?
6720(1+01)4< pbacy P2 paact)

Acos®(x)

- ——— 7 _(-5376A3p%a0? — 5376 A>B2a — 10752 A% B2a0 ) | sin(x)
6720(1+01)4< Paeen 2 piaon)

Acos*(x)

- ——— 7 ( —5376A3Bya — 12096 A°B,607 — 60486, A% — 6048 A3 3,602
6720(1+0'1)4< Py proen . o

- 107524%yyac - 5376A°pryac? ) }t5

2
+ _L")Ll (5600A,320201 ~26040A%B,60% — 5600 Ap201 — 2800A% 33
6720(1 + o1)

—2800A%B507 — 28006, A — 52080A° 2601 + 2800Ap0207
— 2604066, A% — 2240 Ay B101 — 1120Ayp1 — 5600A% 501
- 2800Ap,07 ~ 1120 Aypr07 + 2800AP>0» )

- 67;4%"1(’21)4 (280 +56001 — 5600, + 226806 A* — 5600207 + 5606, A
+1120Ap01 — 560 AB20 + 560AP207 — 1960 A% 307 +8400A° 607
+16800A°% 4,601 + 5600A%y*0? + 5600201 + 2800507 —560AB20207
+ 28002 +11200A%y% 01 +16800A%6501 +45360A* 6% 0 +22680A* 6% 07
- 8400A%0,6 — 8400A%0,607 — 16800A%0,501 +8400A%507 +28007
+8400A26 — 11200707 + 840064, A° + 5600 A%y?

—1960A%p5 — 1120AB20201 — 3920A2[5§01>
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_ Acos*(x)
6720(1 + o1)*

Acos®(x)

67201 + o)

<23520A3ﬂ26012 +47040A%B,601 + 235206ﬁ2A3>

<10080A2026 - 6720A%y? - 13440A%)?07 + 10080 A%0,607

+3360A%p% — 10080A%607 — 604805> A* — 10080426
- 6720A%y?07 — 120960 A*6%01 — 20160A° 2601 — 1008063, A°
- 20160A%601 +20160A%0,607 + 6720AB501 + 3360A% 307

- 60480A%6%07 ~ 10080A° 2607 )

A cos(x) 3 o 0 3
+ | -—————( = 5600, ApB; +23520A°yb0; + 23520A°y6 — 11208, Ap10
[ 6720(1+01)4< PAp oo ! PrApren

+3360Ay07 — 3360Ay0,07 + 6720 Ay — 5602 AP107
+47040A%y601 + 3360A%y 07 — 3360Ay0, + 3360A%y

+6720A%y 01 - 6720AY0201 + 3360 Ay )

A 2
— m (560ﬂ101 - 2800'2[31 - 2800'2ﬂ10'1 - 5600‘2ﬂ10‘1 + 280ﬂ1
+1680A26B101 + 2800, AP107 + 560B2 AP101 + 2800 A%y
+280p107 + 2800A%y 07 + 5600 A%y fr01 + 840A%5p107
+280p, APy + 840426, )
A 3
- L% (-336004%y6 - 67200A%y601 - 33600A°y607)
6720(1 + 01)
- M( ~10080A%y B, — 20160 A%y 01 — 5040A%6B,01 — 2520A%6B, 07
6720(1 + o7)* !
~ 10080A%y 07 - 2520425 ) ] sin(x)
Acos’(x) 2 44 402 2 42
- 23780067 A* + 37800A' %07 + 756004670 )
6720(1 + 01)
A
~ ———(4200A3B,607 + 2800 A% 301 — 1400AB20207 + 1400 Apr07
67201+ 07)? ( p2607 pro1 P20207 p207

—2800Ap,0201 + 1400, A + 1400A% 507 + 560 Ay fr07

+ 1400 A%f5 + 8400A° o601 + 42006, A® — 1400 Ap207

+2800Ap,01 + 1120Aypro7 + 560AY151> }t4
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O (2240QAy +4480QAy0, +2240QAy 07 )
6720(1 + o1)

Acos?(x)

-~ (—6720A%B,0%a — 20160 A%B,0%a — 6720 A% Bra — 20160 A2 r01a
6720(1+o1)4< e pac P2 paoia)

- (6720A%By01a + 1120Q6,02 + 11208,02 + 1120
6720(1+01)4< P proi pron &

+3360B107 + 2240Qp;1 01 + 3360p101 + 1120Q;
+6720A%f,07a + 2240 A0} + 2240 A%t ) ] sin(x)

Acos?(x)

- ——— 2 (- 4480QAp01 — 2240QAB,07 — 22400, A — 6720 Apr07
6720(1+01)4< od P & pon
— 13440 AB1a0] — 2240 AP0 — 4480 A1t — 2240Q AP,

— 13440 Ap1 a0, — 6720Ap,01 — 4480Ap1aa{’)

- (11208, A + 1120QAB,02 + 1120AB,0° + 2240 AB1a
6720(1+01)4< & pon P h

+2240Ap1a0; + 1120QAp; + 3360AB207 + 2240Q AP0
+6720Apracy + 3360 Apa01 + 6720 Ap1aca? )

A cos(x)

- <3360£2A26 +1120QAp, — 2240Q0,01 — 1120Q0,
6720(1 + o)

- 1120902012 +1120Q + 2240Q0; + 2240QApr01

+1120Q07 + 6720QA?601 + 3360QA%607 + 11209A/52012)

~ Acos’(x)
6720(1 + o1)*

e Acos®(x)
6720(1 + o1)*

~ A
6720(1 + o1)*

(-6720QA%6 01 - 3360QA%607 - 3360QA%6 ) }t3
(3024042607 +10080A%6; + 10080A% + 30240 A%601 )

(1008048207 — 33608, A — 3360Af,07 ~ 10080 Ap201 )

A

+|-———— (-100808; 02 — 33608 — 3360p3;0° — 100808, 0
[ 6720(1+m)4< pron h ho pen)

A cos(x)

- —— 7 (-20160Ay0; — 6720Ay0> — 6720 Ay — 20160 Ayo? ) | sin(x
6720(1+01)4< e e ! ! 1>] )

Acos?(x)

- (20160AB,01 + 20160AB,02 + 6720AB,0° + 67206, A
6720(1+01)4< P o o 24
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A/ cos(x)

- ( —30240A%607 — 10080Ap,01 + 33600,0; — 10080A%6
6720(1 + o1)

+ 100800201 — 3360Ap,07 — 3360 — 30240A%6071 — 33606, A
+100800,07 + 33600, — 1008007 — 10080A%507

- 10080Ap207 - 336007 — 100800, ) }t2

A cos(x)
6720(1 + o)
A
67201+ 0y)*

(6720 + 672007 + 4032007 + 268800 + 2688001>

(—6720 - 2688007 - 268800; — 672007 — 403200%),

(5.4)

0, = {_ A cos (x)5

—540A*6a” — 540 A*6a’01 + 216 A*b6
24(1 +01)2< ! )

_ Acos (x)®

7 (—24A%p3 + 36 A°pra + 24A%b0> 5 + 36 A’ o0 + 36 A%%0
24(1 + o)

+36A%ayo; + 702A%6a% 0 — 36 A%00a% 01 — 36 A%00a” + 36 A%a?
~ 24 A%bpy — 288A*bS B, — 24 A%bp, + 36 A%ay + 702A46a2)

. [_ Acos?(x)

5 ((—24A%by0; + 36A%p1a’01 - 24A%bp1 B, + 36A%p1a” + 36 A%
24(1 + 01)

9 ASbyScost
+ 24 A%y P, + 24 A%y + 180A%bYS +36A%pr01a ) + Lsz(x)
1+o01)
- AN (Ao, + 6bAp: + 1846 ~ 720 A’ - 96A%ya0, + 43A%Dypy
24(1+ o)

- 6A2[520'1a - 6A2ﬂ2¢x - 96A3ya2 +6aAocy —6aA - 6Abpion
- 72aA36O'1 + 6£XAO'20'1 + 6A2bﬂ1ﬂ2)

_ Acos’(x)

—— 7 (192A%a’0; + 192A3ya? + 1082 A%6 — 96 A%D
24(1+01)2< rea y P2
+108aA%601 ~ 54A%p;6 )

A

- —2< ~12A%by - 12A%pha — 12A%byfy — 36 A*byS — 6A?pra* — 12A%prora
24(1 + 0'1)

+12A2by02 - 6A2ﬁ1a201 >] sin(x)
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2
- ACL(’C)Z (3Ab +72A%b6p, + 48 A%by? + 3Abo: + 189A°bE* + 6 Apracy
24(1 + 0'1)
~ 6A%b0orfa + 6AP1a — 3ADB + 192A%Bra® + 192A% Bra’ oy
+72A4%b6 + 6A%bp; — 454 ~ 72A°b60; ~ 6 Abo, )
- ACL(’C)Z (72A4b6ﬂ2 - 198A*6a’c; — 30A%fra” — 30A%a’cy + 24A%bf;
24(1 +01)
—30A%Bra’01 + 30A%02a% — 24A%bosfy + 12A%bP1y + 30A%02a% 01
~198A*6a® - 30A%ayoy +24A%bf, — 30A%ay - 30A2a2)
4
- ACL(’C)Z ( —405A°b5% - 192A3Bra* + 54 A%b6 0, — 54 A, — 48 A%by?
24(1 + 0'1)
61,52 6
+48ABp} - 54A°DE — 192A%pral0n ) - M
8(1+0y)
A
- —————( - 12A%y? - 18A*b6p, - 3Ab - 3Abo; - 3A°b;
24(1+c71)2< ' & 2 &

+6A%b0sfr — 3AP1a — 27 A°bS — 3APrac) — 24A%Bra’ o — 18A%b6

~ 6A%b, +18A4%b60; — 24A°fra® + 6Abo, ) }t4

. {_A(—48A2ay —48A%ayor)cos’(x)  A(40A%ay +40A%ayor) cos(x)
24(1+01)2 241+ 01)?
A(4AP1a +4AP1acy)  A(-8APia — 8APiacy )cos?(x)
 24(1+or)? - 24(1 + 01)>
A(-48A%pr01a — 48A%frar) A(-144aA3601 — 1440 A36) cos® (x)
’ [_ 24(1 + 0y)° cos™(x) - 24/(1+01)>
A cos(x)
241 +0)

(8aA +960A’601 - 8a Adr01 — 8aAd + 8BA2far + 96aA%S

+ 8A2ﬁ201cx +8a Aoy >

A
24(1 + 01)?

{ A cos(x)
+ -_—
24(1 + 01)?

<16A2ﬁ2a + 16A2ﬁ201a>] sin(x) }t3

(12 — 48Abp, + 120A%a’ 07 — 48 A%01bp, + 240 + 1207

- 1201, + 240A%%01 - 12ap +120A%? )

_ Acos’(x)

— <48A2bﬂ2 - 144A%a’0} - 288A%a’ 0y — 144A%a” + 48A%0y bﬂ2>
24(1+ 01)

23
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A

-— <24Aay +36A°b6 + 12A%bf; — 12Abo, + 12Ab + 36 A%01b6
24(1 + 0'1)

+24A01ay +12A01b — 12A01bo, + 124%01b, )

2
+ [-ACL(") (~48A%y - 108a5A% - 10801a5 A” - 48 A0 by )

24(1+01)2

A

- ———— (12018 A + 360126 A? - 12a0, + 12ap A - 120140,
24(1+ 01)
+1201a + 24 A%by + 36a5 A% + 12a + 24A201by>

A
- L(x)z (2400 A0y +1200A - 48apr A ~ 12bAp) - 4801apr A
24(1+ 01)
+120aAc? - 1201bAp, ) ] sin(x)

Acos?(x)

- —2( —12Ab + 12Abo, — 144A%01b6 — 144A%bS — 12A%bp, — 48 Aay
24(1+01)

~124%01bp, - 48Aciay - 12A01b +12A01bo, )

A(108A%b6 + 108A301b6 ) cos* (x) P
24(1+01)2

A(-48aA - 96a Aoy — 48aAc?) cos(x) sin(x)  A(-24 - 4807 — 2407) cos(x) ,
x + -
241+ 0q)? 24(1 + 01)?
A(24 + 4801 +240%) cos(x)  A(-24 - 480y — 2407)
24(1 + 07)? 24(1 + op)? '

(5.5)

Now we make calculations for the results obtained by the variational iteration method using
the Maple software package with the following arbitrary constants:

a=05 A=0001, b=05 a=1, p=p=005 y=1, 6=08  (5.6)

5.1. Special Case

(1) If we take into our consideration the first iteration (i.e., # = u; and 8 = 6;). See
Figures 15,16, 17, and 18.

(2) If the magnetic field and rotation are neglected, the components of the displacement
1 and temperature 6, take the following forms. See Figures 19 and 20.
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150

-100
-150

(a) (b)

Figure 11: Variations of the displacement u, and temperature 0, for various values of the axis x and time ¢
when Q =0.1,01 =0.2,0, =0.1.

Figure 12: Variations of the displacement u, and temperature 6, for various values of the axis x and rotation
Qwhent=0.1,01=0.2,0, =0.1.

6. Discussion

With the view of illustrating the theoretical results obtained in the preceding sections, a
numerical result is calculated for the homotopy perturbation method and variational iteration
method.

Figures (1-10) illustrate the influences of time ¢, rotation €2, and sensitive pats of the
magnetic field o1 and o, for the iterations (u = Vo + Vi + Vo and 6 = ©p + ©1 + ©;) and
(u=Vy+V;and 0 = Oy + ©1), and if the rotation and magnetic field neglected, respectively,
respect to the coordinate x for the homotopy perturbation method. Figures (11-20) illustrate
the influences of time ¢, rotation €, and sensitive pats of the magnetic field oy and o, for the
iterations (u = V5, 0 = 6, and u = V; and 0 = 6;), and if the rotation and magnetic field have
been neglected, respectively, respect to the coordinate x for the variational iteration method.

From Figures 1 and 11, it is concluded that the displacement u and temperature 6
start from their maximum values, decrease and increase periodically with an increasing of
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(a) (b)

Figure 13: Variations of the displacement u, and temperature 8, for various values of the axis x and
magnetic field oy when t =0.1, 2 =0.1, 0, = 0.1.

(a) (b)

Figure 14: Variations of the displacement u, and temperature 9, for various values of the axis x and
magnetic field o, when t = 0.1, Q = 0.1, oy = 0.1.

Figure 15: Variations of the displacement u; and temperature 6; for various values of the axis x and time ¢
when Q =0.1,01 =0.2, 0, =0.1.
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Figure 16: Variations of the displacement u; and temperature 0; for various values of the axis x and rotation
Qwhent=0.1,01=0.2,0, =0.1.

Figure 17: Variations of the displacement u; and temperature 8; for various values of the axis x and
magnetic field oy when t =0.1, 2 =0.1, 0, = 0.1.

the coordinate x, also, it is obvious that their values take the minimum values and increases
with the increasing values of the time t. From Figures 2, 3, 4, 12, 13, 14, it is seen that the
components of the displacement u and temperature 6 begin from the minimum values near
zero increase and then decrease periodically with the coordinate x, it is clear also that there
are a sligh increasing with an increasing of the sensitive parts of the magnetic field, also, one
can see that # and 6 decrease with an increasing of the rotation Q.

Figures 5-8 and 15-18 display the first iteration with respect to the homotopy
perturbation method and variational iteration method on the influences of the parameters
time t, rotation Q, and sensitive pats of the magnetic field o1 and o, to obtain the displacement
and the temperature components on the medium due to the harmonic wave propagation. It
is shown that the increasing of the coordinate x sensitive an increasing and dereasing on
them periodically due to appearance of the pairs (cos, sin) in the initial condition and the
approximate solutions; it is also clear that the components begin from their minimum values
and increase absolutely with the variation of the time t. With the variations of the rotation
and magnetic field tends to slightly affect on the displacment and the temperature.
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(a) (b)

Figure 18: Variations of the displacement #; and temperature 8; for various values of the axis x and
magnetic field o, whent = 0.1, Q = 0.1, oy = 0.1.

Figure 19: Variations of the displacement u, and temperature 6, for various values of the axis x and time ¢
(u=upyand 6 = 6,) whenQ =0y =0, =0.

Figure 20: Variations of the displacement u; and temperature 6, for various values of the axis x and time ¢
(u=uyand 0 = 6;) when Q =01 =0, =0.
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It seems too that there are a clear differs between the results obtained by the HPM
and the corresponding results obtained by VIM resultant to the appearance of the high order
of time in VIM tends to the high values of the approximate solution comparing with the
results obtained by HPM. Because of the results obtained, we concluded that the homotopy
perturbation method is more effective and powerful than the variational iteration method.

On the other hand, from Figures 9, 10, 19, and 20, it is obvious that if the rotaion and
magnetic field are neglected, the approximate solutions by HPM and VIM in first iteration
are the same in both methods and agree with the results obtained by Sweilam and Khader

[1].
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