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Abstract- This paper outlines a comparison of the couplings of He’s and Adomian’s
polynomials with correction functional of variational iteration method (VIM) to
investigate a solution of Flierl-Petviashivili (FP) equation which plays a very important
role in mathematical physics, engineering and applied sciences. These elegant couplings
give rise to two modified versions of VIM which are very efficient in solving initial and
boundary value problems of diversified nature. Moreover, we also introduces a new
transformation which is required for the conversion of the Flierl-Petviashivili equation
to a first order initial value problem and a reliable framework designed to overcome the
difficulty of the singular point atx = 0. The proposed modified versions are applied to

the reformulated first order initial value problem which gives the solution in terms of
transformed variable. The desired series of solution is obtained by making use of the
inverse transformation. It is observed that the modification based on He’s polynomials
is much easier to implement and is more user friendly.

Key words- Flierl-Petviashivili equation, variational iteration method, He’s
polynomials, Adomian’s polynomials, Pade” approximants.

1. INTRODUCTION

The Flierl-Petviashivili (FP) equation is used to model several phenomena in
mathematical physics, astrophysics, theory of stellar structure, thermal behavior of a
spherical cloud of gas, isothermal gas spheres and theory of thermionic currents, (see
Adomian [5], Russell and Shampine [41], Shawagfeh [44] Wazwaz [48]). Several
techniques including decomposition and homotopy perturbation have been applied for
solving FP equation, (see Adomian [5], Russell and Shampine [41, Shawagfeh [44]
Wazwaz [48]). Most of the developed techniques have their limitations like limited
convergence, divergent results, linearization, discretization unrealistic assumptions and
non-compatibility with the physical problems. He foresaw the potential and
compatibility of variational iteration and homotopy perturbation methods and exploited
this reliable technique for solving physical problems of diversified nature, (see He [17-
29]). These methods are fully synchronized with the versatile nature of the problems
and have been applied to solve a wide class of initial and boundary value problems, (see
Abbasbandy [1, 2] Abdou and Soliman [6, 7], Abassy et. al. [8], Baitha et. al. [10],
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Bizar and Ghazvini [11], Wakil et. al. [12], Ganji et. al.[13], Ghorbani and Nadifi [14,
15], Golbabi and Javidi [16], He [17-29], Inokuti et. al. [30], Lu [31], Ma and You [32],
Momani and Odibat [33], Noor and Mohyud-Din [34-40], Russel and Shampine [41],
Rafi and Danili [42], Sweilman [43]). Abbasbandy introduced the coupling of
Adomian’s polynomials with the correction functional of the VIM and applied this
reliable version for solving Riccati differential and Klein Gordon equations (see
Abbasbandy [1, 2]). In a later work, Noor and Mohyud-Din exploited this concept for
solving various singular and non singular boundary and initial value problems (see Noor
and Mohyud-Din [35, 40]). Recently, Ghorbani et. al. introduced He’s polynomials by
splitting the nonlinear term and also proved that He’s polynomials are fully compatible
with Adomian’s polynomials but are easier to calculate and are more user friendly (see
Ghorbani et. al. [14, 15]). More recently, Noor and Mohyud-Din combined He’s
polynomials and correction functional of the variational iteration method (VIM) and
applied this reliable version to a number of physical problems; (see Noor and Mohyud-
Din [37-39]). The basic motivation of the present study is the implementation and
comparison of these two modified versions of VIM for solving FP equation. The
singularity behavior at x = 0 is a difficult element in this type of equations which has
been tackled by transforming the Flierl-Petviashivili (FP) equation to a first order initial
value problem. The proposed modified versions are applied to the reformulated first
order initial value problem which leads the solution in terms of transformed variable.
The desired series of solutions is obtained by implementing the inverse transformation.
To make the work more concise and for the better understanding of the solution
behavior the diagonal Pade” approximants are applied. It is observed that the
modification based on He’s polynomials (VIMHP) is much easier to implement as
compare to the one (VIMAP) where the so-called Adomian’s polynomials along with
their complexities are used. It is to be highlighted that the variational iteration method
using He’s polynomials (VIMHP) has certain advantages as compare to the
decomposition method. Firstly, the use of Lagrange multiplier reduces the successive
applications of the integral operator and hence minimizes the computational work to a
tangible level while still maintaining a very high level of accuracy. Moreover, He’s
polynomials are easier to calculate as compare to Adomian’s polynomials and this gives
it a clear edge over the traditional decomposition method. The VIMHP is also
independent of the small parameter assumption (which is either not there in the physical
problems or difficult to locate) and hence is more convenient to apply as compare to the
traditional perturbation method. It is worth mentioning that the VIMHP is applied
without any discretization, restrictive assumption or transformation and is free from
round off errors. We apply the proposed VIMHP for all the nonlinear terms in the
problem without discretizing either by finite difference or spline techniques at the
nodes, involves laborious calculations coupled with a strong possibility of the ill-
conditioned resultant equations which is a complicated problem to solve. Moreover,
unlike the method of separation of variables that requires initial and boundary
conditions, the VIMHP provides the solution by using the initial conditions only.
Finally, the variational iteration method using Adomian’s polynomials (VIMAP) is also
easier to implement as compare to the traditional decomposition method due to the fact
that it involves Lagrange multiplier which reduces the successive application of integral
operator and hence minimizes the computational work. Moreover, the VIMAP is also
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independent of the small parameter assumption, discretization, linearization or
transformation and so may be considered as a more efficient and convenient algorithm
as compare to the traditional techniques which involve these deficiencies. Moreover, the
use of Lagrange multiplier in VIMHP gives it a clear advantage over the traditional
homotopy perturbation method (HPM) since it avoids the successive application of the
integral operator. The proposed modified versions (VIMHP and VIMAP) can be applied
to a number of physical problems related to fluid mechanics including Blasius’ viscous
flow, boundary layer flow with exponential or algebraic properties, Von Karman
swirling viscous flow, nonlinear progressive waves in deep water, porous medium,
financial mathematics, deep shallow water waves, electrical signals along a telegraph
line, digital image processing, telecommunication, signals and systems, beam deflection
theory, quantum field theory, relativistic physics, dispersive wave-phenomena, plasma
physics, astrophysics, nonlinear optics, engineering and applied sciences, (see Noor and
Mohyud-Din [37-39]).

2. VARIATIONAL ITERATION METHOD (VIM)

To illustrate the basic concept of the He’s VIM, we consider the following general
differential equation
Lu+Nu=g(x), (1)

where L is a linear operator, N a nonlinear operator and g(x) is the inhomogeneous
term. According to variational iteration method (see Abbasbandy [1, 2] Abdou and
Soliman [6, 8], Abassy et. al. [8], Baitha et. al. [10], Bizar and Ghazvini [11], Wakil et.
al. [12], Ganji et. al.[13], Ghorbani and Nadifi [14, 15], Golbabi and Javidi [16], He [17,
24-29], Inokuti et. al. [30], Lu [31], Momani and Odibat [33], Noor and Mohyud-Din
[34-40], Russel and Shampine [41], Rafi and Danili [42], Sweilman [43]), we can
construct a correction functional as follows

() = 0, (1) + [ ALt () + N, (5) - () s @

where Ais a Lagrange multiplier (see He [17, 24-29]). which can be identified
optimally via variational iteration method. The subscripts n denote the nth
approximation, #, is considered as a restricted variation. i.e.0u, =0; (2) is called a

correction functional. The solution of the linear problems can be solved in a single
iteration step due to the exact identification of the Lagrange multiplier. The principles of
variational iteration method and its applicability for various kinds of differential
equations are given in (see He [17, 24-29]). In this method, it is required first to
determine the Lagrange multiplier A optimally. The successive approximation
u n> 0 of the solution u will be readily obtained upon using the determined

n+l2

Lagrange multiplier and any selective function u,, consequently, the solution is given

by u =limu,.

n—»0
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3. HOMOTOPY PERTURBATION METHOD (HPM)

To explain the He’s homotopy perturbation method, we consider a general equation of
the type,

L(u)=0, 3)
where L is any integral or differential operator. We define a convex homotopy H (u, p)
by

H(u, p) = (- p)F(u)+ pL(u), 4)

where F (u) is a functional operator with known solutions vo, which can be obtained
easily. It is clear that, for

H(u,p)=0, (5)
we have

H(u,0)=F(u), H(u,l)=L(u).

This shows that H (u, p) continuously traces an implicitly defined curve from a starting
point H (vy, 0) to a solution function H (f, 1). The embedding parameter monotonically
increases from zero to unit as the trivial problem F (u) = 0 is continuously deforms the
original problem L (u) = 0. The embedding parameter p € (0, 1] can be considered as an
expanding parameter (see Ghorbani and Nadifi [14, 15], He [17-23], Noor and Mohyud-
Din [34-40]). The homotopy perturbation method uses the homotopy parameter p as an
expanding parameter (see He [17-23]) to obtain

”=zpi”i:”0+p”1+p2“2+p3”3+'”a (6)

i=0
if p — 1, then (6) corresponds to (4) and becomes the approximate solution of the form,

f =limu —Zu (7)

p—1

It is well known that series (7) is convergent for most of the cases and also the rate of
convergence is dependent on L (u); (see He [17-23]). We assume that (7) has a unique
solution. The comparisons of like powers of p give solutions of various orders. In sum,
according to (Ghorbani and Nadifi [14, 15]), He’s HPM considers the solution, u(x) , of

the homotopy equation in a series of p as follows:
u(x) = ipi u, =u,+ pu, +p2u2 +...,
i~0
and the method considers the nonlinear term N(u) as
N(u) = iPin =H,+pH +p’H +..,
where H,’s arel:;)he so-called He’s polynomials (Ghorbani and Nadifi [14, 15]), which
can be calculated by using the formula

a’l n
H (u,...,u, '8 n( (Zpu)] , n=012,....
=0
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4. MODIFIED VARIATIONAL ITERATION METHODS

The modified variational iteration techniques are obtained by the elegant coupling of
correction functional of VIM with He’s and Adomian’s polynomials.

4.1 Variational Iteration Method Using He’s Polynomials (VIMHP)

This modified version of variational iteration method is obtained by the elegant
coupling of correction functional (2) of variational iteration method (VIM) with He’s
polynomials and is given by

i P u, = u, (x) +pj ﬂ(s)(ip(") Lu,)+ i p" N(u,) st - j A(s) g(s)ds.(8)

n=0 0 n=0 n=0 0

Comparisons of like powers of p give solutions of various orders (see Noor and
Mohyud-Din [37-39]).

4.2 Variational Iteration Method Using Adomian’s Polynomials (VIMAP)

This modified version of VIM is obtained by the coupling of correction functional (2) of
variational iteration method with Adomian’s polynomials and is given by

0t () = 0,0 + [ AL+ 4, - g(0)) d, ©)

n=0
where A are the so-called Adomian’s polynomials and are calculated for various

classes of nonlinearities by using the specific algorithm developed in (see Abbasbandy
[1, 2], Noor and Mohyud-Din [35, 40]).

5. NUMERICAL APPLICATION

In this section, we apply and compare both the modified versions of VIM for solving
Flierl-Petviashivili (FP) equation.
Consider the generalized variant of the Flierl-Petviashivili equation

1/ 1 ! n n+
Yoy =yt -y '=0, (10)

with boundary conditions

y(0)=a, y'(0)=0, y(0) =0. (11)
Forn=1, above equation reduces to the standard Flierl-Petviashivili equation. The
general series solution for the equation is to be constructed for all possible values
ofn>1. Using the transformation u(x)= xy'(x), the generalized Flierl-Petviashivili

equation (10, 11) can be converted to the following first order initial value problem

() (] e

with initial conditions
u(0)y =0, u'(0) = 0. (13)



192 S. T. Mohyud-Din, M. A. Noor and K. I. Noor

The correction functional is given as

o () = 1,0+ ﬁ(s)( 8;;; [I ”7”5){5"?} }dé} ds.

0

Making the correction functional stationary, the Lagrange multiplier can easily be
identified as A(s) = —1.

., (x) =—E %— s U U”’T@)j ; [“T@j dfﬂ ds.

Applying the variational iteration method using He’s polynomials (VIMHP), we get

t | (Ou, ou, ,0u, ! ’
+ o= — + + 4+ ldx — — + +--- d ds.
o + pt, p! ([ P el v—s| | eg(uo pu+--) | d& | \ds

0

¥ n+l1
oof e )|
0

Comparing the co-efficient of like powers of p, following approximants are obtained
O
p . uO (.X) = 05

n n+l
+
p(l) :ul(x) — (%)xz,

9

n n+l n n+l n n+l
@y (1) = (a +2a jx2+(a +a )(nlz t(ntha")
o

6ln_i_c¥n+l an+an+1 nan+ n+1 an+l
(3):u3(x):( 2 Jna'" +(n+ha"")

’ 2 16 x
n (a" + a™! )(2n(3n— 1)a2" +2n(3n + 1)a2n+l +Gn+1)(n+ 1)0{2"+2) 6
384.0> :
P, (x)= @+ a””)xz + (@"+a" Y (na" +(n+hHa"") x*
2 l6ax
+ (@" +a"™M)2nBn-Da® +2nGn+ Do +@n+1)(n + Ha>"*?) r
384’
(@ +a")(n(18n* =290 +12)a™ + n(54n” =33n+T)a™"
18432 ¢°
N (181> + Tn+1)(Bna’ + (n+1)a’*)) r
18432 ¢ )

The solution in a series form is given by
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(a" +a™") o (a" +a" ) na" +(n+a™") o
2 16 x
(@ +a"™H2nGBn -1 +2nGn + Da™ +Gn+ Dn+Da™?)
384’
N (a" +a"™")n(18n* =29n +12)a’" + n(54n* =33n+ 7)o" &
18432 ¢°
2 3n+2 3n+3
L8> + Tn 4 DBna™ + (n+Da”)
18432 ¢’

u(x) =

2

the inverse transformation will yield

(a" +a™") 2y (a" +a" Y (na" +(n+a™") 4

X)=a+
() 64
n n+l _ 2n 2n+1 2n+2
N (" +a")2n(Bn-a™ +2n(3n +21)a +Q@Bn+)(n+DHa™") X (14)
2304
. (a@" +a" Y n(18n* =291 +12)a™ + n(54n* =33n+T)a™*") K
147456
n n+l 2 3n+2 3n+3
+(a +a")(18n” +Tn+1)Bna™" +(n+ D )X8+

147456 o*

Now, we apply the diagonal Pade” approximants to the obtained series solution to
handle the boundary conditions at infinity because power series in isolation are never
useful in boundary value problems because mostly radius of convergence is not
sufficiently large, (see Noor and Mohyud-Din [36], Wazwaz [48]). This makes the use
of Pade” approximants very essential in unbounded domain. The series solution is used
to obtain various Pade’ approximants [2/2], [4/4], [6/6], [8/8]. Roots of the Pade’
approximants to the Flierl-Petviashivili monopole & were obtained by using the limit of

the Pade’” approximant [m/m] asx—)oois%, where a, andb, are the leading
8

coefficients of the numerator and the denominator, respectively. For n =2, the

complex roots along with other real roots are discarded since these do not meet the
physical requirements.

TABLE 5.1 Roots of the Pade” approximants monopole (Noor and Mohyud-Din [36],
Wazwaz [48]) a, n=1

Degree Roots
[2/2] -1.5

[4/4] -2.50746
[6/6] -2.390278
[8/8] -2.392214
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TABLE 5.2 Roots of the Pade” approximants monopole (Noor and Mohyud-Din [36],
Wazwaz [48]) a, n=2

Degree Roots
[2/2] -2.0
[4/4] -2.0
[6/6] -2.0
[8/8] -2.0

TABLE 5.3 Roots of the Pade” approximants monopole (Noor and Mohyud-Din [36],
Wazwaz [48]) a, n=3

Degree Roots

[2/2] 0.0

[4/4] -2.197575908
[6/6] -1.1918424398
[8/8] -1.848997181

TABLE 5.4 Roots of the Pade” approximants [8/8] monopole « for several values
of n (Noor and Mohyud-Din [36], Wazwaz [48])

n [8/8] Roots n [8/8] Roots

1 -2.392213866 7 -1.000708285
2 -2.0 8 -1.000601615
3 -1.848997181 9 -1.000523005
4 -1.286025892 10 -1.000462636
5 -1.001101141 11 -1.000262137
6 -1.000861533 n— oo -1.0

Table 5.4 shows that the roots of the monopole & converge to -1 as n increases.
Now applying the modified version 4.2 (VIMAP) on (10, 11) and applying the same
transformation, we get the following iterative scheme

. (x) == (5;; —iA,,]ds, (15)

n=0

where 4, are the so-called Adomian’s polynomials and can be generated for all types of

nonlinearities according to the algorithms developed in (Wazwaz [47, 48]). First few
Adomian’s polynomials are as follows

n+l

_..n
Ay=uy +uy

A =nuul™ +(n+1) uul

2 2
. U . U
A, =nu,u)" +n(n-1) ?l‘ug >+ (n+1)u,ul +n(n+1) 2—1| u)’,
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Employing these polynomials coupled with the iterative scheme (15) and using the
inverse transformation, we obtained the series solution which is in full agreement with
(14) where the same problem has been solved by using the modified version 4.1
(VIMHP).

REMARK 5.1: It is observed that the solution based upon He’s polynomials (VIMHP)
is much easier to calculate as compare to the modified version 4.2 (VIMAP) where
Adomian’s polynomials coupled with their complexities have been applied.

6. CONCLUSION

In this paper, we applied and compared two modified versions of variational iteration
method (VIM) Flierl-Petviashivili (FP) equation by converting the Flierl-Petviashivili
equation to a first order initial value problem. The proposed methods are applied to the
reformulated first-order initial value problem which gives the solution in terms of
transformed variable. The desired series of solutions are obtained by making use of
inverse transformation. The difficulty in this type of equation, due to the existence of
singular point at x = 0, is overcome here. To make the work more concise and for the
better understanding of the solution behavior the Pade” approximants were employed. It
is concluded that the solution based upon He’s polynomials (VIMHP) is much easier to
calculate as compare to the modified version 4.2 (VIMAP) where Adomian’s
polynomials coupled with their complexities have been applied.

Acknowledgment- The authors are highly grateful to the referee for his very
constructive comments. We would like to thank Dr S. M. Junaid Zaidi, Rector CIIT for
providing excellent research environment and facilities. The first author is also thankful
to Brig (R) Qamar Zaman, Vice Chancellor HITEC University for the provision of very
conducive environs for research.

7. REFERENCES

1. S. Abbasbandy, A new application of He’s variational iteration method for
quadratic Riccati differential equation by using Adomian’s polynomials, J.
Comput. Appl. Math. 207, 59-63, 2007.

2. S. Abbasbandy, Numerical solutions of nonlinear Klein-Gordon equation by
variational iteration method, Internat. J. Numer. Meth. Engrg. 70, 876-881,
2007.

3. S. Abbasbandy, Numerical method for non-linear wave and diffusion equations
equation by the variational iteration method, Internat. J. Numer. Meth. Engrg.
70, 1836-1843 (2008).

4. S. Abbasbandy and A. Shirzadi, The variational iteration method for a class of
eight-order boundary value differential equations, Zeitschrift f\"{u}r
Naturforschung A, 63 a, 745-751, (2008),.



196

10.

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

S. T. Mohyud-Din, M. A. Noor and K. I. Noor

G. Adomian, R. Rach and N. T. Shawagfeh, On the analytic solution of Lane-
Emden equation, Found. Phys. Lett. 8, 161, 1995.

M. A. Abdou and A. A. Soliman, Variational iteration method for solving
Burger’s and coupled Burger’s equations, J. Comput. Appl. Math. 181, 245-251,
2005.

M. A. Abdou and A. A. Soliman, New applications of variational iteration
method, Phys. D 211, 1-8, 2005.

T. A. Abassy, M. A. El-Tawil and H. El-Zoheiry, Solving nonlinear partial
differential equations using the modified variational iteration Pade” technique, J.
Comput. Appl. Math 207, 73-91, 2007.

H. T. Davis, Introduction to Nonlinear Differential and Integral Equations,
Dover, New York, 1962.

B. Batiha, M. S. M. Noorani and I. Hashim, Variational iteration method for
solving multi species Lotka-Volterra equations, Comput. Math. Appl. 54, 903-
909, 2007.

J. Biazar and H. Ghazvini, He’s variational iteration method for fourth-order
parabolic equations, Comput. Math. Appl. 54, 1047-1054, 2007.

S. A. El-Wakil, M. A. Madkour and M. A. Abdou, Application of exp-function
method for nonlinear evolution equations with variable co-efficient, Phys. Lett.
A, 369, 62-69, 2007.

. D. D. Ganji, H. Tari, M. B. Jooybari, Variational iteration method and homotopy

perturbation method for evolution equations, Comput. Math. Appl. 54 1018-
1027, 2007.

A. Ghorbani and J. S. Nadjfi, He’s homotopy perturbation method for
calculating Adomian’s polynomials, Int. J. Nonlin. Sci. Num. Simul. 8, 229-332,
2007.

A. Ghorbani, Beyond Adomian’s polynomials: He polynomials, Chaos, Solitons
& Fractals, 2007, in press.

A. Golbabai and M. Javidi, A variational iteration method for solving parabolic
partial differential equations, Comput. Math. Appl. 54, 1003-1009, 2007.

J. H. He, An elementary introduction of recently developed asymptotic methods
and nanomechanics in textile engineering, Int. J. Mod. Phys. B, 22, 3487-4578,
2008.

J. H. He, Recent developments of the homotopy perturbation method, Top.
Meth. Nonlin. Anal. 31 205-209, 2008.

J. H. He, Some asymptotic methods for strongly nonlinear equation, Int. J. Mod.
Phys. (20)10, 1144-1199, 2006.

J. H. He, Comparison of homotopy perturbation method and homotopy analysis
method, Appl. Math. Comput. 156, 527-539, 2004.

. J. H. He, Homotopy perturbation method for bifurcation of nonlinear problems,

Int. J. Nonlin. Sci. Numer. Simul. 6 (2), 207-208, 2005.

J. H. He, The homotopy perturbation method for nonlinear oscillators with
discontinuities, Appl. Math. Comput. 151, 287-292, 2004.

J. H. He, A coupling method of homotopy technique and perturbation technique
for nonlinear problems, Int. J. Nonlin. Mech. 35, 115-123, 2000.



24

25

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

Comparison and Coupling of Polynomials for Flierl-Petviashivili Equation 197

.J. H. He, Variational iteration method- Some recent results and new
interpretations, J. Comput. Appl. Math. 207, 3-17, 2007.

.J. H. He and X. Wu, Variational iteration method: New developments and

applications, Comput. Math. Appl. 54, 881-894, 2007.

J. H. He, Variational iteration method, A kind of non-linear analytical technique,
some examples, Internat. J. Nonlinear Mech. 34 (4), 699-708, 1999.

J. H. He, Variational iteration method for autonomous ordinary differential
systems, Appl. Math. Comput. 114 (2-3), 115-123, 2000.

J. H. He and X. H. Wu, Construction of solitary solution and compaction-like
solution by variational iteration method, Chaos, Solitons & Fractals, 29 (1), 108-
113, 2006.

J. H. He, The variational iteration method for eighth-order initial boundary value

problems, Phys. Scr. 76(6), 680-682, 2007.

M. Inokuti, H. Sekine and T. Mura, General use of the Lagrange multiplier in

nonlinear mathematical physics, in: S. Nemat-Naseer (Ed.), Variational Method

in the Mechanics of Solids, Pergamon press, New York, 156-162, 1978.

J. Lu, Variational iteration method for solving two-point boundary value

problems, J. Comput. Appl. Math. 207, 92-95, 2007.

W. X. Ma and Y. You, Rational solutions of the Toda lattice equation in

Casoratian form, Chaos, Solitons & Fractals, 22, 395-406, 2004.

S. Momani and Z. Odibat, Application of He’s variational iteration method to

Helmholtz equations, Chaos, Solitons & Fractals, 27 (5), 1119-1123, 2006.

S. T. Mohyud-Din, M. A. Noor and K. I. Noor, Travelling wave solutions of
seventh-order generalized KdV equations using He’s polynomials, Int. J. Nonlin.
Sci. Num. Sim. 10 (2), 223-229, 2009.

S. T. Mohyud-Din, M. A. Noor and K. I. Noor, Travelling wave solutions of
seventh-order generalized KdV equations by variational iteration method using

Adomian’s polynomials, Int. J. Mod. Phys. B, 2009.

S. T. Mohyud-Din and M. A. Noor, Homotopy perturbation method and Pade’

approximants for solving Flierl Petviashivili equation, Appl. Apl. Math. 3 (2),

224-234,2008.

M. A. Noor and S. T. Mohyud-Din, Variational iteration method for solving

higher-order nonlinear boundary value problems using He’s polynomials, Int. J.

Nonlin. Sci. Num. Simul. 9 (2), 141-157, 2008.

M. A. Noor and S. T. Mohyud-Din, Modified variational iteration method for

heat and wave-like equations, Acta Applnda. Mathmtce. 2008, DOI:
10.1007/s10440-008-9255-x.

M. A. Noor and S. T. Mohyud-Din, Variational homotopy perturbation method

for solving higher dimensional initial boundary value problems, Math. Prob.

Engg. 2008, 2008, Article ID 696734, doi:10.1155/2008/696734.

M. A. Noor and S. T. Mohyud-Din, Solution of singular and nonsingular initial

and boundary value problems by modified variational iteration method, Math.

Prob. Engg. 2008, 2008, Article ID 917407, 23  pages,

doi:10.1155/2008/917407.

.R. D. Russell and L. F. Shampine, Numerical methods for singular boundary
value problems, SIAM J. Numer. Anal. 12, 13-16, 1975.



198

42.

43.

44.

45.

46.

47.

48.

S. T. Mohyud-Din, M. A. Noor and K. I. Noor

M. Rafei and H. Daniali, Application of the variational iteration method to the
Whitham-Broer-Kaup equations, Comput. Math. Appl. 54, 1079-1085, 2007.

N. H. Sweilam, Harmonic wave solutions in nonlinear thermo elasticity by
variational iteration method and Adomian’s method, J. Comput. Appl. Math.
207, 64-72,2007.

N. T. Shawagfeh, Nonperturbative approximate solution for Lane-Emden
equation, J. Math. Phys. 34 (9), 43-64, 1993.

M. Tatari and M. Dehghan, On the convergence of He’s variational iteration
method, J. Comput. Appl. Math. 207, 121-128, 2007.

L. Xu, He’s homotopy perturbation method for a boundary layer equation in
unbounded domain, Comput. Math. Appl. 54, 1067-1070, 2007.

A. M. Wazwaz, The decomposition method for the approximate solution to the
Goursat problem, Appl. Math. Comput. 69, 299-311, 1995.

A. M. Wazwaz, Pade’” approximants and Adomian decomposition method for
solving the Flierl-Petviashivili equation and its variants, Appl. Math. Comput.
182, 1812-1818, 2006.



