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ABSTRACT: This paper provides a comparative study of the variational iteration method (VIM),
Adomian decomposition method (ADM) and new homotopy perturbation method. These methods are
very powerful and efficient techniques for solving different kinds of linear and nonlinear differential
equations arising in different fields of science and engineering. Our results are also compared with
numerical simulations. An excellent agreement is observed between the series solutions obtained by
these three methods and a numerical solution.
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l. INTRODUCTION

Most of the scientific problems in fluid mechanics are modeled by nonlinear differential equations. It is
well known that exact solutions of these nonlinear boundary value problems are difficult to obtain when non-
Newtonian fluids are taken into account. Therefore, numerical and analytical methods are used to handle these
type of problems. However, the numerical methods are comparatively tedious and difficult due to their stability
and convergence problems. In the recent decade, many different analytic methods have been introduced to solve
the nonlinear problems, such as the homotopy analysis method (HAM) [1], the variational iteration method
(VIM) [7-12], the new homotopy perturbation method (NHPM) [13,14], and the Adomian decomposition
method (ADM) [15-20]. A great deal of comparison of various analytical techniques with numerical works has
been done (Table 1).

In this study, we have applied VIM, NHPM and ADM to find the approximate solutions to the problem
of the nonlinear vibrations of single walled carbon nanotubes embedded in an elastic medium. Very recently,
Siddiqui and Farooqg [2] have provided a comparison of variational iteration and Adomian decomposition
methods in solving nonlinear thin film flow problems. These methods generate the solution in convergent series
with components that are elegantly computed. Furthermore, these analytic methods avoid the complexities
provided by other pure numerical methods [3, 4 ,5]. The results reveal that the proposed analytical methods
provide an effective mathematical tool to handle a large class of linear and nonlinear differential equations in
engineering and chemical sciences.

Nomenclature and Units:

Symbols Name Unit Experimental values
[@] Nonlinear free vibration -1 -1
Frequency cm 18Cm
[w.]= W linear vibration frequency THz 0.138 THz
bl = { k
Dimensionless None None
[w, 1=k / pA
Dimensionless None None
w1=72/12El ] pA
[k] Spring constant N /m? 10”7 N/ m?
[X] Dimensionless vibration | None None
amplitude
[&X] Dimensionless None 0.25
[7] = ot dimensionless time None None
[XI=W/r Dimensionless vibration of | None None
SWNT
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[o] Density kg/m? 1.3*10°kg/m?

[A] Cross sectional area (nm)z 27759 (nm)z

[E] Young modulus TPa 1.1TPa

[ Cross  sectional interia | TPa 1.32TPa —1.58TPa|
moment

W] Vibration of SWNT nm 0.94nm

[r]= m Dimensionless nm 0.94nm

[t] Time S None

N Length of SWNT nm 45nm

Il.  Mathematical Formulation of The Problem
Consider the SWNT of length I, Young’s modulus E, density p = cross-sectional area A, and cross-

sectional inertia moment |, embedded in an elastic medium with material constant k. The nonlinear vibration
equation for these carbon nanotubes (CNT) is in the following form [1]:

4 4
_d2\/2\/+ r= E: S +”E4W3=0, (1)
dt PAIY  pA 40l

Using the following dimensionless variables

2
r:\/I!X:w!W|:ﬂ-—2 Ey\/vk: L (2)
A r 12\ pA \/pA

the equation (1) can be transformed to the following dimensionless nonlinear vibration equation.
2

X

—~ tax+bx®=0, 3

= (3)
2 2

whereazv;l)—bZ,b:% 4)

inwhich & =0.25and w, =+/w,*+w,”, is the linear free vibration frequency.

The initial and boundary conditions are
x(0) =X, %(0)=0 ®)

2.1 Solution by Variational Iteration Method

To illustrate the basic idea of He’s variational iteration method [7-9], we consider the following
nonlinear functional equation:
Lx(7) + Nx(z) = g(7) (6)
where Lx(z) is a linear operator, Nx(z) a nonlinear operator and g(z) an inhomogeneous term. Inokuti et

al.[6] suggested a method of general Lagrange multiplier . Then, we can construct a correct functional as
follows:

X, (7) = %, () + gz(so(txn () + N, () - g(s))s, )

where A(S) is a Lagrange multiplier that can be identified optimally via the variational theory [7-9]. The
subscript n denotes the nth approximation, and x.(z) is considered to be restricted variation, that is, 5X.(z)=0.
In this method the Lagrange multiplier A(s) is first determined optimally. The successive
approximation X, (r),n >0, of the solution x(z)can be readily obtained by using this determined Lagrange
multiplier with any selective function x,(z) . Consequently, the solution is given by X(zr) = !Tl X, (7). For the

convergence criteria and error estimates of the VIM we refer the reader to [7-12]. According to the variational
iteration method, we can construct correction functional of Egn.(3) as follows:

Xyt = X, + ] A(S)(X, () +ax, (5) +bx, (s))ds ®)

|
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With  A(s) =s—z, we start with the initial guess x,(z)=X in the above iteration formula and obtain the
following approximate solutions:

% (1) =X 9)
2
X, (r) = X — (%)(ax +bX?) (10)
K (0) =X — (12 +b3x3)ﬁ— (a+bX2)ax —3b°x?) o (©X)@+bXD?) o (X a+bx?) ) (11)
? 2 24 40 448
By considering the three iteration, we get
X(7) = %,(7) (12)

2.2 Solution by new homotopy perturbation method

Perturbation method depends on small parameter and chooses unsuitable small parameter can be lead to
wrong solution. Homotopy is an important part of topology [13, 14] and it can convert any non-linear problem
in to a finite linear problems and it doesn’t depend on small parameter [13,14]. For introducing the homotopy
perturbation method, we consider to nonlinear problem with boundary condition in the following form:
AX)-f(r)=0,7eQ

B(xﬂj _0, xeT (13)
or

where A is a general differential operator, B is a boundary operator, f (r) is a known analytic function and T" is

the boundary of the domain Q . The operator A can be divided into two operators L and N, where L and N are
linear and non-linear operators sequentially. So, we can write Egn. (13) as the following form:

L(X)+N(X) - f(£)=0 (14)
Homotopy perturbation H (v, p) may be written as follows:

H:0x[01] - R (15)
H(, p) =N(V)+(p-1)N(x,) =0, (16)

where embedding parameter p €[0,1],7 € Q,v is an approximation of X, X is an initial approximation of X
Now we introduce a new NHPM:

H(v, p) =N(V) +(p-1)N(u,) =0, 17)
In other words we assume only non-linear operator and p €[0,1] .

The normalized nonlinear vibration Eqgn. (3) defines the initial value problem. The new homotopy
perturbation method is used to give the approximate solutions of the non-linear Eqn.(3). To find the solution of
Eqn. (3), we construct the Homotopy as follows:

2 2
(1-p) d—)2(+aX+bX(O)3 +p d—)2(+ax+bx3 =0 (18)
dr dr
The approximate analytical solution of Eqgn. (3) is
X=Xy + PX + P°X, + ... (19)
Substituting Eqn.(19) in Eqn.(18) and comparing the coefficients of like powers of p in Eqn.(18) we get,
2
po:d—xzo+ax0+bx3=0 (20)
dr
2
p: d );1 +ax, =—(bx,) (21)
dr
The initial and boundary approximations are as follows:
x(0) = X, x(0) =0, (22)
x(0)=0, % (0)=0 (23)
Solving the Eqgn. (20) using the initial condition Eqn. (22), we obtain the following result:
X, () = ‘?b (g +X jcos(JE 7) (24)
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Since more number of terms in x,(z) when solving the Eqn.(21), we considering the first iteration alone. Hence
we get,
X(z) = %o (7) (25)

2.3 Solution by Adomian Decomposition Method

A detailed description of the Adomian decomposition method is given in [15-20]. Here, we convey
only the basic steps as a reminder. Writing Eqn.(3) in operator form, we obtain
Lx(z) + Rx(z) + Nx(z) = 9(z), (26)
where L is the highest order derivative which is assumed to be easily invertible. That is,

d . . .
Lx(z) = d—x Rx(7) = 0, Nx(z) = ax + bx® represents the nonlinear term and g(x) =0 is the source term. According
T
to the Adomian method the solution x(z) can be expanded into an infinite series
X(7) = £x,(2), (27)

where the components x,(z) are usually determined recursively. The nonlinear term Nx(z) can be decomposed
into infinite polynomials given by

NK() = 5 A, (%0, % X X, ) (28)
where A, are  the so-called Adomian  polynomials  of Xos X1y X9,..., X defined by
1d" & i
== N| > AV, ,Nn=012,.
A dﬂ”[ (Z VH n (29)
or equivalently,
A =N(x), (30)
1
A=XN0), A = XN (0) + 23 N"(%). (31)

It is well known that these polynomials can be constructed for all classes of nonlinearity according to
algorithm set by Adomian [15-20]. The general algorithm of the decomposition method for the nonlinear system
(3), yields the recurrence relation,

X(r) = A (32)
X () = -L(A).N =012 (33)

where A is a constant of integration and can be found from the boundary condition (5). The first few
terms of the Adomian polynomials A, n > 0, for this problem are given by:

A =—(aX +bX?), (34)
A = (aX +bX?)(a+3bX Z)é)’ (35)
From these above results, we obtain the following components:

X (7)=X, (36)
X (7) =—(aX +bX 3)(2'_22) (37)
X, (7) = (aX +bX ®)(a+3bX 2)(;—;) (38)

By considering the three iteration,we get,
X(7) = %, (7) +X%,(7) + %, (7) (39)

111. ANALYTICAL EXPRESSION OF NONLINEAR VIBRATION
Tpg dimensionless non linear Eqn. (3) defines the initial value problem. The variational iteration
method [7-12], new homotopy perturbation method [13-14], and Adomian decomposition method [15-20], are
used to give the approximate solutions of the non-linear Eqgn. (3). Using these three methods, we can obtain the
analytical expressions of vibration. Using VIM the analytical expression of vibration can be obtained as,

|
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x(r)=x—(4aX+b3x3)%—%(ax-sb3x3)ﬂ—((ng 3)("‘4;“ k 16+[(ng 3)26‘4;”2)3]# (o)
The analytical expression of vibration using NHPM is,
x(r) =2+ (24 X)cos(a r) (41)
The anal‘a;/ticalaexpression of vibration using ADM is,
x(r) = X —T—;(ax +bX3)+;—:(aX +bX®)(a+3bX?) (42)

V. NUMERICAL SIMULATION
The non-linear differential equation (3) for the given initial — boundary conditions is being solved
numerically. The function pdex, in two dimensional differential equation solver and Grapher V 1.0 software
which is a function of solving the initial — boundary value problems for non-linear ordinary differential
equations is used to solve this equation. The analytical expressions of vibration x(z) =W /r are compared with

simulation results for various time 7 and kinetic parameters in the Tables (1-9). Satisfactory agreement is noted.

V. DISCUSSION AND CONCLUSIONS
Eqns. (40-42) are the new and simple analytical expressions of dimensionless vibration of SWNT for
all values of parameter. The variation of vibration of SWNT with respect to dimensionless time for various
values of parameter is represented in Figs. 1-4. From the figures it is observed that the dimensionless vibration
of SWNT decreases absurdly from its initial value for all values of parametera and b. In this study, we have

illustrated how VIM, NHPM and ADM can be employed to obtain the approximate analytical solutions of a
nonlinear initial value problem in single walled carbon nanotubes. It is concluded that this methods are very
powerful and efficient techniques for solving different kinds of nonlinear problems arising in various fields of
science and engineering. In all the methods, the error percentage is less than 4.66. However the in some places
error percentage in one method is higher than other two methods because of initial conditions and the
coefficients in the nonlinear differential equations.

Also VIM requires the evaluation of the Lagrangian multiplier A, where as ADM requires the
evaluation of the Adomian polynomials that mostly require tedious algebraic calculations. ADM requires the use
of Adomian polynomials for nonlinear terms, and this need more work. Three iterations are used to get the
analytical results by using ADM and VIM. But using NHPM the obtained analytical result is in one iteration.
Therefore the accuracy of the methods is not only depends upon the iteration, it also depends upon the parameter
involved in the differential equations and the initial/boundary conditions of the given problems.

L —— : ; 08
075
045
07
Y s
i o
< z
x x

T Numerical

—ADM
| % |+ NEpu
- —— % _
Tnitial value X=0.5 % st L VM
— I Tnitial value X=0.8 | \.1-
2w s w1 M e w s w i
Dimensioniess tme [1) Dimensioniess Sme [1)

Fig.1. Plot of dimensionless vibration x(z) versus dimensionless time r for various values of the
parameter, &,b and initial values X=0.5 and X=0.8 using Eqns. (40-42).
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Fig. 2. Plot of dimensionless vibration x(z) versus dimensionless time ¢ for various values of the parameter,
a,b and initial value X=1 using Eqns. (40-42).
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Fig. 3. Plot of dimensionless vibration x(z) versus dimensionless time r for various value of the
parameter, &,b and initial value X=1 using Egns. (40-42).
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Fig. 4. Plot of dimensionless vibration X(z) versus dimensionless time 7 for various value of the parameter,

a,b and initial value X=1 using Eqns. (40-42).
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Table 1. Recent contributions to the theoretical modeling of the comparison of analytical and Numerical

Technology 2 (2) (2007) 179-188

solutions of two or three methods.
Publication Modeling method (HPM,
Name of Equation
Author(s) Reference HAM, ADM, etc)

AM Wazwaz Joumal of Compuatonal and | Homogensous and | Adom:an decomposition method (ADM)
Appiied Mathematics 207 (2007) | nonhomogensous advection | and vanatonal iteration method (VIM)
120136 problem

D.D. Ganiit al Intermational Toumnal of Science & | Generalized Hirota-Satsema | Vaniational iteration method {(VIM) and

coupled KdV equation

Adomizan’s decomposition method (ADM)

MSH Caoowdhury |

Commmmications i Nonlinear

The temperature distribution zlong

Homotopy pertarbation method (HPM)

123-135 2219-7184

varies equation.

cal Science and Numencal Simmlation | 2 straight fin equation and homotopy analvsis method (HAM)
14 (2009) 371-378
DD Gajigtal : Walailak J Sa & Tech; 11 (7) (2014) | Three-Dimensionai  Flow of a2 | Adomian decomposition method (ADM).
303-609. Waiter's B Flmid m Vertical | homotopy perturdation method (HPM)
Chzmmel and variatiopal iteration method (VIM)
Elaf Taafar Alicial. | Journal of Basah Researches | Extracedinary differential equation | Homotopv pertarbation method (HPM)
(Sciences) 37 (2011) 1817-2693 and variatiopal fteration method (VIM)
E Babolian e af | Journa! of applied sciences. Nenlmear differential eguations Homotopy pertarbation method (HPM)
(2012) 1812-5634 and Adomian| decomposition method
(AD,\D
Jamshad Ahmad & | Intemational  Joumal of Basic
. i Cubic  nonlinear  Scwddinger | Laplace decomposition method(LDM) and
al. Sciences & Applied Research3 (3)
L equation Adormian decomposition method (ADM)
(2014)173-179,
KR Raslmleral. | Gen. Math Notes, 20 (2) (2014)| Improved modified Kortweg-de| Adomian decomposition method (ADM)

and variational iteration method (VIM)

Malhe Baghen et

The Joumal of Mathematics and

Volterra and Feredholm mtegral

Differential transform method(DTM) and

(99)(2012)4911 -4919

al. Corputer Science 3 (4) (2012) 288- | equations
1;:113 h e ! Homotopy pertithation method (HEM)
Muhanmmad  Shakil | Intemational Joumal of Nonlinear wave equation, Klein-
) ) ) ) Adomian deconposition method (ADM)
etal. Research in Applied, Natural and Gordon equation
. ) and homotopy  perturbation method
Social Sciences (IMPACT: :
(HEM)
IJRANSS)1(3)(2013) 3748
AMSiddiqu et al. | Applied Mathamatical Sciences, 6 | Thin film flow

Adomian decomposition method (ADM)
and variational iteration method (VIM)

N. Shawagfeh et al.

Apphied Mathematies Letters 17
(2004)323-328.

Ordnary differential equations.

Ramge-Kutta method and
Adomian decomposition method (ADM)

5. Abbashandy & al.

Apphied Mathematics and
Computation 173 (1) (2006) 493-
500

Non-singular mtegral equations

Homotopy pertubation method (HEM)
and Adomian decomposition method
(ADM)

5.Abbashandy & al.

Chaos, Solitons & Fractals 31 (1)
(2007)237-260

Blasms equation

Adomian decomposition method(ADM)

and homotopy  perturbation method

1
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(HEM)
5. Abbashandy & al. | Applied Mathermatics and Nonlinear equations Modified homotopy  perturbation
Computation 172 (1) (2006) 431- method (MHPM) and  Adomian
433 decomposition method (ADM)

A Sadighi and International Jowmal of Nonlinear | Generalized nonlinear boussinesq
Homotopy pertubation method (HEM)

D.D. Gami Sciences and Mumerical Simulation | equation
and vanational iteration method (VIM)

7 (4) (2006) 411418 21910204
AN, Wazwaz @l | Kybemetes, 30 (9) (2010) 1303 - | Lane-Emden equations

Adomian decomposition method (ADM)

1318 and varitional iteration method (VIM)
Suml Knmaref al. | Applied Mathematics and | Parabolic singularly perturbed Finite element method (FDM),
Commputation 293 (2016) 308-322 | differential equation Adomian decomposition method
(ADM),

Monotone  Schwarz  itemative
methodMSI) and Taylor Galetkm
method(TGM)

ZATiroozjae ¢f dl. | American Joumal of Applied Nonlinear partial differential Differential quadrature method (DQM)
Mathematics 3 (3)(2015)90-94 | equations md

Adomian decompositionmethod (ADM)

Table 2: Comparison of various analytical results with numerical results for vibration x(z)

a=1 b=0. Tntial valve X =05
Numerical VIM NHPM ADM

| simlion | Equid0) Emox(%) Eqdl) Emor( %) Epi®) | Emo’)
0 0500 | 05000 0.00 05000 000 05000 000
01 | 049 | 0497 002 04074 000 04974 000
02 | o048® | 04898 041 0489% 037 0.48% 037
03 | 04 | 042 00 04766 010 04767 0.08
04 | 0455 04507 0 04387 017 0458 0.15
05 | o8B | 043% 007 0436 030 04361 027
06 | 0416 | 041 010 04087 046 0409 03
07| 3w | 03 0.3 03711 071 03776 058
08 | 0361 | 03438 020 03416 101 0345 075
09 | 03069 0300 033 0304 147 03030 098
I 0266 | 0213 215 0264 045 02667 041

| Avegeemor(%) 032 Averageermor (%) 046 Averageemor (%) 0.3
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Table 3: Comparison of various analytical results with numerical results for vibration x(z)

|o=0.01 b=1 nitial vae X =05
Numerical VIM NHPM ADM

[ | simlaion | Eqoid0) Emor %) Equ(41) Enor(%) Equ($2) | Emor’%)
0 0.3000 0.500) 000 0.5000 0.0 0.500 0.00
01 | 0499 04903 002 04993 002 04993 002
2 | 0497 04974 000 04973 002 04974 000
03 | 0441 04941 000 0494 002 04341 000
04 | 0489 04807 0.00 0439 0.6 04893 0.04
03 0484 04843 0.06 04841 002 04837 0.06
06 | 0471 04786 031 04761 021 04767 008
07 | 0469 04708 036 04675 034 0.4685 013
0§ 046 04631 067 0457 052 0439 0.3
09 | 044% 0455 140 04463 073 04302 013
1 04388 04479 207 04351 084 04301 007

Average emor (%) 043 Averageemor (%) 025 Averageemor (%) 006

Table 4: Comparison of various analytical results with numerical results for vibration x(z)

0= b1 s vae X 1

Numeicd G - NHP ~ ADY e

[ | sl B | Emuf70) Eq (41) Emef 70 ) fp(g) | Emr%o)
0 | 0800 W | o 0830 00 050 0
0r | O % | 0 0.9% 0 0% 0%
02| M o | o 0% 08 8% 038
03| 0w s | o s 0y s b
04 | 05D 073% 03 033 03l 05 031
05| 088 00 037 0.65% 047 06% 08
0§ | 08 8 | 0666 08 06367 01
07 | oan s | 1 D47 0% 0607 1
08 | o5 58 | 1B b5l 1 050 14
09 | 04805 s | 1 0.4% 18 080 191
L] 0419 R | sn 0.4% 3 0416 i
Avengeeme () 109 Average emur %) (087 Avngeeme(h) 08

1
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Table 6: Comparison of various analytical results with numerical results for vibration x(z)

a=1 b=0 halvae X =1
Numerical VM NEPM ADM

[ | smigm | Ep) | Emoh) Eqn. (4) Emi%) | Em{) | Emd’o)
0 100 100 0% 1000 000 100 000
01 | 094 09949 oM 09944 00l 0904 00l
2| 09w 0977 016 097% 005 097 004
03 | 0959 0954 037 09499 01l 095 009
04 | 0015 09195 066 09114 B 09118 019
05 | 08 05801 16 08827 039 08636 020
06 | 0804 0828 230 05041 045 0812 035
7 0 07677 316 07438 019 07469 036
08 | 01 (5% 431 046 164 06730 043
09 | 05 06255 386 03846 107 05044 059
1| 05w 05454 306 04343 206 05006 097

Averageemor (%) 241 Averageemror (%) 037 Averageemmor (%) 031

Table 7: Comparison of various analytical results with numerical results for vibration x(z)

=001 b=1 hital vahie Y 08
Numerical VIM NHPM ADM

T | simubtion Equ {40) Emor(%) Equ (41) Enmor(% ) Eq@) | Emod%)
0 08000 0.8000 000 0.8000 000 08000 000
01 0.7974 07974 0.00 0797 001 0.7974 0.00
2 0.78% 07895 001 0.78% 003 07895 00l
03 077 0.7768 001 0.7761 010 0.7765 005
04 075%4 075% 003 0757 024 07387 009
05 073% 07392 023 07337 032 0.7364 015
0§ 07115 0718 094 07043 058 071% 020
1 0.6818 06933 169 06701 11 06836 26
08 06488 06678 193 06303 185 06481 011
09 06131 06406 149 0383 433 06137 010
1 0575 05204 190 3402 6.05 03818 118

Avenge aror (%) 166 Avmgeenor (%) 133 Averageemor (%) 018

Table 8: Comparison of various analytical results with numerical results for vibration x(z)

| JMER | ISSN: 2249-6645 |

www.ijmer.com

| Vol. 6 | Iss. 11 | November 2016 | 60 |




Analysis Of Nonlinear Vibrations Of Single Walled Carbon Nanotubes

a=1 b=0.01 hitial valie X =1

Numerical VIM NHPM ADM

% jimbton Eq0) | Emoi%o) Equ (41) Emor%) Em @) | Emor)
0 1000 00 | 000 0w | 000 1000 000
01 09%49 09% | 001 09% | 001 099 001
02 09798 097%9 001 097% 001 097 00
03 09349 0949 | 000 09349 000 09549 000
04 09203 09208 | 000 09203 000 09203 000
05 08764 08764 | 000 08764 000 08764 000
06 08237 0837 | 0 0857 000 08237 000
1 0.7675 0768 | 04l 07628 061 07628 061
08 0.6%41 094 | 039 0.6%41 0.00 06%1 000
0§ 06184 0634 | 08l 06185 | 00 06185 00
1 05366 031 | 10 03367 002 03367 002

Averageemor (%) 026 Averageemor %)  0.06 Avenage emor (%) 006

Table 9: Comparison of various analytical results with numerical results for vibration x(z)

a=).1 b=1 Hitial vale X =1
Numerical VIM | NHPM ADM

T jimubtion Equ (40) Emor(%) Equ (41) Emor(%) Eq(42) | Emor{%)
0 1000 1000 0.00 1000 0.00 1000 0.00
01 05543 0954 | 001 0554 0.01 0994 0.0t
02 035782 0971 | 003 05776 0.06 0778 2047
03 | 09516 0953 | 014 054% 02 09507 0.09
04 | 0514 05128 028 059103 036 054 013
05 | 08707 08638 036 086 123 0869 020
06 | 0818 08161 | 029 ‘ 0.7986 24 08171 017
7 0.76002 07466 | L77 \ 0.7262 443 07664 084
08 | 06%3 06833 | 187 ‘ 06516 642 07074 139
09 | 062 0.6067 348 0348 1273 06243 0.65
1 | 5571 0323 611 04345 1849 03921 617

Average emmor (%) 133 Average emmor (%) 466 Avengeemor (%) 131

Table 10: Comparison of various analytical results with numerical results for vibration x(z)

a=0.4 b=0.8 Initial value X =1
Numernical VIM NHPM ADM
T imulation Eqn. (40) Error(% ) Eqn. (41) Error( %6 ) Eqn (42) | Emor(%)
0 1000 1000 0.00 1000 0.00 1000 0.00
0.1 0594 09954 0.14 05939 0.01 05951 011
02 0.9762 0.9815 0.54 09757 0.05 09781 0.1%9
03 09471 09585 120 05461 0.11 0.5495 025
04 0.9074 09268 214 05058 0.18 05103 032
05 08581 08867 333 08561 023 08614 038
0.6 0.8003 08385 477 0.7985 022 0.8046 054
0.7 0.7353 0.7825 642 0.733 0.04 0.7416 0.86
08 0.6641 0.7151 823 06747 160 0.6679 057
0% 05879 0.6483 10.27 0.6065 316 0.5598 202
1 05077 0.5783 13.91 054 6.36 0.5465 764
Average emor (%) 4.64 Average error (%)  1.09 Average emmor (%) 117

| JMER | ISSN: 2249-6645 | | Vol. 6 | Iss. 11 | November 2016 | 61 |

www.ijmer.com




Analysis Of Nonlinear Vibrations Of Single Walled Carbon Nanotubes

[1].

2.
[3].
[4].
[5].
[6].
[71.
[8].
[9].

[10].

[11].

[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].

[20].

REFERENCES
M.M. Khadar, N.H. Sweilam, Z.I. EL-Sehrawy, S.A. Ghwail, Analytical study for the nonlinear vibration of
multiwalled carbon nanotubes using homotopy analysis method, Applied Mathematics & Information Sciences 8 (4)
(2014) 1675-1684.
M. Siddiqui, A. A. Farooq, A Comparison of Variational Iteration and Adomian Decomposition Methods in Solving
Nonlinear Thin Film Flow Problems”, Applied Mathematical Sciences, 6 (99) (2012), 4911 — 49109.
E. Cavlak, Mustafa Inc, On numerical solutions of a new coupled MKdV system by using the Adomian
decomposition method and He’s Variational iteration method, Phys. Scr. 78 (2008) 045008 1-7.
A. M. Wazwaz, A reliable analytic tool for solving linear and nonlinear wave equations, Computer & Mathematics
with Apps. 54 (2007) 926-932.
N. Bildik, A. Konuralp, Two-dimensional differential transform method, Adomian decomposition method, and
variational iteration method for Partial differential equations, Int. J. Comput. Math., 83 (2006) 973-87.
M. Inokuti, H. Sekine, T. Mura, General use of the lagrange multiplier in nonlinear mathematical Physics, in: S.
Nemat-Nasser(Ed.), Variational Method in the Mechanics of solids, Pergamon Press, New York, (1978) 156-162.
J.H. He, A variational iteration approach to nonlinear problems and its applications, Mech. Appl. 20 (1) (1998) 30—
3L
J.H. He, Variational iteration method—a kind of nonlinear analytical technique: some examples, Internat. J.
Nonlinear Mech., 34 (1999)708-799.
J.H. He, Variational iteration method for autonomous ordinary differential systems, Appl. Math. Comput., 114 (2/3)
(2000) 115-123.
A. Meena, A. Eswari, L. Rajendran, Mathematical modeling of enzyme kinetics reaction mechanisms and analytical
solutions of non- linear reaction equations, J Math Chem, 48(2010)179-186.
G. Rahamathunissa L. Rajendran Application of He’s variational iteration method in  nonlinear boundary value
problems in enzyme— substrate reaction diffusion processes: part 1.The steady-state amperometric response, J.Math
Chem,44(2008)849-861.
S. Pavithra, R. Saravanakumar, L. Rajendran, Modeling of Non Linear Enzyme Reaction Process Using Variational
Iteration Method, International Journal of Computational Engineering Research (IJCER) 06 (08) (2016).
J. Biazar, M. Eslami , A new homotopy perturbation method for solving systems of partial differential equations,
Computers & Mathematics with Applications, 62 (1) (2011) 225-23.
M. Rabbani, New Homotopy Perturbation Method to Solve Non-Linear Problems , Journal of mathematics and
computer Science ,7 (2013) 272 — 275.
A. Wazwaz, Adomian decomposition method for a reliable treatment of the Bratu-type equations, Appl. Math.
Comput. 166 (3) (2005) 638—651.
AM. Wazwaz, The modified Adomian decomposition method for solving linear and nonlinear boundary value
problems of tenthorder and 12th-order, Int. J. Nonlinear Sci. Numer. Simul., 1 (2000) 17-24.
A.M. Wazwaz, A reliable modification of Adomian decomposition method, Appl. Math. Comput., 102 (1999) 77-86.
A. Anitha, S. Loghambal, L. Rajendran, Analytical expressions for steady-state concentrations of substrate and
product in an amperometric biosensor with the substrate inhibition—the Adomian decomposition method, American
Journal of Analytical Chemistry, 3 (2012) 495-502.
S. Muthukaruppan, A. Eswari, L. Rajendran, Mathematical modeling of a biofilm: The Adomian decomposition
method, Natural Science, 5 (4) (2013) 456-462.
M. K. Sivasankari, L. Rajendran, Analytical expression of the concentration of species and effectiveness factors in
porous catalysts using the adomian decomposition method, Kinetics and Catalysis, 54 (1) (2013) 95-105.

|
| JMER | ISSN: 2249-6645 | www.ijmer.com | Vol. 6 | Iss. 11 | November 2016 | 62 |



