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Abstract
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1 Introduction

In different field the nonlinear phenomena is very important and it played a tremendous role, especially in the
field of applied mathematics, engineering and physics etc. Now for mechanism of physical model described by
differential equations, different types of effective methods have been discovered for helping the engineers,
scientist and physicist to know about the problem and its application, because in most cases it is still difficult
to obtain the exact solution.

Like other nonlinear analytic techniqgue Homotopy Perturbation Method (HPM) and Homotopy Analysis
Method (HAM) are two well known methods for obtaining the analytic approximate solutions to differential
equations. In He (1999), the Homotopy Perturbation Method (HPM) was first presented. The Homotopy
Perturbation Method (HPM) applied by many authors (Shakil et al, 2013; Siddiqui et al., 2014; Wahab et al.,
2013; Wahab et al., 2014), to find the solution of nonlinear problems in the field of science and engineering.
This method have the ability to solve linear and nonlinear problems (Alguran and Muhammad, 2011; Hemeda,
2012). Homotopy Perturbation Method (HPM) provides an opportunity that is no requirement of small
parameter like perturbation methods, in the equations. Homotopy Perturbation Method (HPM) also applicable
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to different types of equations like Volterra’s equation, integro equation, nonlinear oscillator equation,
bifurcation equation, nonlinear wave equation etc (Hemeda, 2012). In most cases Homotopy Perturbation
Method (HPM) provides a very rapid and fast convergence (Hemeda, 2012). Thus a method which have the
ability to solve different types of nonlinear equations is known as Homotopy Perturbation Method (HPM).

Liao has presented another analytic approximation in 1992 (Liao, 1992). This method is based on a
interesting property called homotopy, a fundamental concept of differential geometry and topology (Taiwo et
al., 2012). Homotopy Analysis Method (HAM) is an analytic approximated method through which we can find
the solution of nonlinear problem. Since perturbation techniques are often non valid in case of strong non
linearity, but Homotopy Analysis Method (HAM) is valid in non-linearity case (Liao, 2003). By using one
interesting property of homotopy, the non-linear problem can be changed into an infinite number of linear
problems, no matter comes from small or large parameter. If a non-linear problem has even a single solution,
then through this method namely Homotopy Analysis Method (HAM), there exist an infinite number of
disjoint solution expression whose the region of convergence and rate of convergence dependent on an axillary
parameter (Liao, 2003).

The purpose of this paper is to present analytic approximate solution to system of KdV equations by using
Homotopy Perturbation Method (HPM) and Homotopy Analysis Method (HAM).

2 Analysis of Homotopy Perturbation Method (HPM)
Let us consider a general nonlinear differential equation of the form,

L(X)+N(x)=9(z),zeE (1)

subject to the boundary condition,
K[xﬁj:o,m@ @
on

In equation (1)-(2), "L" is the linear operator. "N " is the nonlinear operator. "K"is defined to be the

I
T

boundary operator. Boundary of the domain "Z" is "®". The known function is define to be the function
"0 (Z) . Now by Homotopy Analysis Method (HAM) constructing a homotopy, such that,

#(r.q):Ex[0,1] >R,

which satisfies,

H(¢,0)=(1-0c)[L(#)-L(X)]+c[ L(#)+N(¢)-g(z)]=0 ®3)
Equation (3), becomes
H(¢.0)=L()-L(X)+oL(%)+c[N(4)-g(z)]=0 (@)

where "z € ®"and "O'E[O,l]" is known to be the embedding parameter, "X," is define to be the, so

called initial approximation, must satisfies the boundary condition. Now setting "o =0" and "o =1" in
equation (4), then

H(#.0)=L(4)-L(x)=0 5)
H(41)=L(¢)+N(¢)-9(z)=0 ©)

Equation (5) and equation (6), are called homotopic equations and the value of "o changing from
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"0"to unity is called deformation in topology (Hemeda, 2012). Now according to Homotopy Perturbation
Method (HPM), the basic assumption of the for the solution of equation (3)-(4) the basic assumption is that,

the "o can be expressed in a power series, such that,

d(x.t;0) =V, (X t)+ov, (X,t)+... O

and thus the analytical approximate solution for equation (1), can be derived through Homotopy Perturbation
Method (HPM) by setting "o =1" in equation (7), which becomes,

x:I(]|Lr11¢(x,t;a):v0+v1+v2+... (8)

which will be the required approximated solution of the given nonlinear problem derived by Homotopy
Perturbation Method (HPM).

3 Analysis of Homotopy Analysis Method (HAM)
Homotopy Analysis Method (HAM) is a straight forward and very simple method. This method was presented
by means of homotopy (Hilton, 1953; Liao, 2003), which is a fundamental concept of topology.

Consider a differential equation, such that

N[7(xt)]=0 9)

In equation (9), "N" is non-linear operator and "7(x,t)" is the unknown function. Now the
generalization of the traditional homotopy by Homotopy Perturbation Method (HPM) presented by Liao
(2003), construct a new type of homotopy called deformation equation of zero-order, such that,

(1-o)L[ ¥ (xt;o) =7, (1) | =orH (X )N[¥(x.t;0)] (10)

In equation (10), ", (X,t)" is known to be the initial approximation of the given unknown function that

is,"y(x,t)". "W(xt;o)" is a function, which is not known. "o is the embedding parameter, "7
and "H (X,t)"are the non-zero auxiliary parameter and non-zero auxiliary function respectively, "N" is
the operator called non-linear and "L" is the auxiliary operator called linear operator. In this method it is
very important that we can easily and with great freedom chose the auxiliary materials (Hemeda, 2012).

Now if 0=0 and o =1, then equation (10), becomes,
Y (x,;0)=7,(xt) and W(x,t;1) = y(x1) (11)
Thus equation (11), shows that the variation of the embedding parameter varies from zero to unity make the
solution "‘P(X,t;O')"from the initial approximation to the exact solution. The variation of these kind is

called deformation in the manner of topology (Liao, 2003).
According to Homotopy Analysis Method (HAM), expending "‘'" in a power series with respect to
"o". Such that,

lP(X,t;a)=;/0 +oy, +0 Y, + ..
© 12

‘P(X,t;a)=y0+27m0'm 12
m=0

M"Y (x.t;0),

190" at "o =0". Now if the auxiliary elements that is, the
mido

In equation (12), "y, (X,t)=
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auxiliary linear-operator, auxiliary parameter, the initial-approximation and the auxiliary function are chosen
through proper way, then the above series that is series in equation (12), is convergent at "o =1". Thus the
solution of the original non-linear problem becomes,

V=Vt D V0" (13)

m=1
which is one-solution of the original nonlinear problem. Now according to the fundamental theorem of
Homotopy Analysis Method (HAM), consider a vector, such that,

¥ =70 7100 7] (14)
Then the deformation equation of order "m" is given by
L[V = AnVma] =7 H(X, 1) E,, (7‘m:) (15)
In equation (15),
= {0’ "L g B ()= o Ltio) (16)
1m>1 (m-1)toc™"

Now if "7=-1" and "H(x,t)zl" in equation (10), then it become homotopy constructed in
Homotopy Perturbation Method (HPM), which shows that Homotopy Perturbation Method (HPM) is a
specified case of Homotopy Analysis Method (HAM). The genialized homotopy only not depend on the
parameter "o, but it also dependent on"7" and"H(x,t)" called auxiliary parameter and auxiliary function
respectively. Thus the generalized homotopy give us a family of approximation series whose the region of
convergence depend upon on "7"and "H(X,t)". Also the generalized homotopy provide us a straight
forward way to control and adjust the convergence region and rate of approximation series (Liao, 2003).
Homotopy Analysis Method (HAM) is more general and valid for non-linear and linear Differential equations
in many types.

This is a very brief introduction, for details, we refer to Liao (2003), Hemeda (2012), Zedan and EI Adrous
(2012).

4 Applications

Taking the following systems of nonlinear KdV equations.

System-I

Consider the first system is a system of KdV equations of order three, such that
oa a da 0B

L ey 17
a o Toax Fax )

3
B_ 00,0 a8
ot OX OX
subject to,
o X
a, =3—-6tanh (E] (19)
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f, = -31(2): tanh? @ 0

The closed form solution given in Alquran and Muhammad (2011), is as,

closed 3 6t h (X+tj’
2

X+t
Bitosed = 3|\/_ 2 tanh? ( > j

Homotopy Perturbation Method (HPM) Solution
Through Homotopy Perturbation Method (HPM) the approximate solution of the system-I is derived as,

3—tanh2( j 6t| 3— 6tanh( jtanh( ]sech( j+24sech4( j
2 2 2 2 2
tanh(ﬁj—24ttanh3(§jsech2(5}...

2 2 2
9\/§itsech2[gjtanh(gj—mﬁitsech“(thanh( j 12/2it

sech? (ﬁj tanh® (5}
2 2

Solution by Homotopy Analysis Method (HAM)
To solve system-I by Homotopy Analysis Method (HAM), and keeping in the view the given conditions, we

Apen (X 1) =
Brpu (X’t) =

t
and the inverse of linear operator is define as, "L ™" = J()dt". Now

define a linear-operator as, "L =—

by definition of Homotopy Analysis Method (HAM), the deformation equation of order-zero for the given
system of non-linear partial differential equations becomes,

(1-0) L[‘Pl(x,t;a)—%] =onH(X,t)NY,(xt;0), (21)
(1-0) L[‘P2 (x,t; 0')—,80] =onH(Xt)NY,(xt;0), (22)

where "a,, ," are the given initial approximation define as,

:a(x,O):3—6tanh2(§j, (23)

o= p(x,0)=-31(2): (3. @)

Now since "o is the embedding parameter, so the deformation process gives us,

¥, (x,50)=a,, (25)
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¥, (x,10)= 4, (26)
Y, (xt1)=q, (27)
¥, (xt1)=4. (28)

Now suppose that, the solution of the original equation can be expressed in the power of the embedding
parameter, such that,

¥, (x.t;0) a0+2aa (29)
¥,(xto)=B+> Bo" (30)
n=1
o"Y, (X,t; 0", (Xx,t;
In equation (29)-(30), «, =i% and /3, —%% at "o =0" and exist for
(o2 (o2

"n>1" also converges at "o =1". Then the solution of the given problem becomes,

a:ao+ian, 31)
n=1

B =P+ B (32)
n=1

Now the fundamental theorem of Homotopy Analysis Method (HAM) provide us, that the deformation
equation of nth-order for the given system of nonlinear PDEs becomes,

L[a, = Aty ] = 1H (X ) E; (), (33)

L[ﬂn _ﬁnﬂn—l]an(X't)Eﬁ (En:) (34)

t
Applying the inverse operator that is, "L = I() dt", on equation (33)-(34), we obtain,
0

t

a, =a, 1+J77H(X,t)Eﬁ‘ (@)dt, (35)
0
t

ﬂn :ﬂ’nﬂn—l-’_J-nH(X’t)Enﬁ (ﬂn—l)dt' (36)
0

Starting with the initial approximation,
oy (X, t) :3—6tanh2(%), (37)
By (x.t)= ~3i/2 tanh? (%) (38)
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Now substituting "n=1" and also for simplicity using "H(X,t) =1"in equation (35)-(36), we get,

6tr7| 3—6tanh’ ( j tanh( jsech( j 24tnsech4(5j
2 2 2 2

o (xt)= : (39)

tanh( ]+ 24tp tanh® [ stec h? (ij
2 2 2

—92intsech? (gj tanh (gj — 24/2int sech? (g]
Ai(xt) = . (40)

X : X X
tanh| = |-12+/2intsech?| = |tanh®| =
(zj 7 (2) @

Similarly for obtaining «,,,,a,, f;, and so on, using "n=2,3,4,.." in equation (35)-(36). Now to

obtain the analytic approximate solution of the given system of KdV equation by Homotopy Analysis Method
(HAM), since

a (X t)=ay (1) + o (X, 1) + o, (X, 1) +... (41)

B =0+ L0+ B0 +... (42)

Using the initial gauss, ", 8," and also the 2" components that is "c,, 3," obtained through Maple

package given in appendix, in equation (41)-(42), we will get the solution by Homotopy Analysis Method
(HAM). After the derivation of the solution by Homotopy Analysis Method (HAM), if we use the non-zero

auxiliary parameter that is," 77 = —1" in the obtained solution by Homotopy Analysis Method (HAM), it will

give us the Homotopy Perturbation Method (HPM) solution, which shows that Homotopy Perturbation Method
(HPM) is a specified case of Homotopy Analysis Method (HAM).

System-11

In this system, we consider two component evolutionary system of KdV equation of order three, such that,

da Oa aﬂ

— -2 ——a—+—=0, 43
ot ox® ﬁ ax 43)
B _q%%_y, (44)
ot OX

initial condition,

a, =—tanh = | (45)

(3)2
By :—l—ltanhz Xl (46)
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The closed form solution given in Alquran and Muhammad (2011), that is

X—t
1 1

(3)2

—tanh

aclosed =

l 1
= —tanh?
ﬂ closed 6 2 1

Homotopy Perturbation solution
The approximated analytic solution obtained by Homotopy Perturbation Method (HPM) is as,

t X X
—tanh ——sech? — |+—=tanh®| — [sech?| —
2 il g A g o
Apy = (47)
b tann?| X [sech? L +—sech4 +
e - 57 T |+
\/— (3)2 ( )2 \/— (3)2
Beon = 1 Lianne Xl + tanh Ll sech?| —— |+... (48)
@) B e ler

Solution by Homotopy Analysis Method
Now we want to find out the analytic approximated solution of the system-I1, by Homotopy Analysis Method
(HAM), and then to compare it with the the result obtained by Homotopy Perturbation Method (HPM), and
also it tendency to the closed form solution, thus we have,

Since we need to define a linear operator , which is already define in Homotopy Perturbation Method

t
(HPM), thatis "L = % with "L = J.()dt Now according to Homotopy Analysis Method (HAM), the
0

zero-order deformation equations becomes, such that,

(1-o)L[ ¥, (xt0)—a, |=opH(Xt)NY, (x,t;0), (49)
(1-o)L[¥,(xt0)- B, |= onH(Xt)NY, (X ;o). (50)

In equation (40)-(50), "«," and "/," denote the initial approximation and define as

=a(x,0)=—tanh ()1 : (51)
3)2
ﬂozﬁ(x,o):—%—%tanhz (X)l (52)
3)2

IAEES WWW.iaees.org



Computational Ecology and Software, 2014, 4(1): 63-81 71

Now using the deformation process, the zero order deformation equation becomes,

Y, (xt1)=q, (53)
¥, (xt1)=2, (54)
¥, (x,t0)=a,, (55)
¥, (x,t0)= 4, (56)

In equation (53)-(56), ", " and "a,, f," are the exact solution and initial approximation of the
system-ii respectively. Now assume that the solution can be expressed in a series of "o ", such that,

Y. (xto)=ay+ Y a,0", (57)
n=1

¥, (x.to)=B+> Bo" (58)
n=1

In equation (57)-(58),
"W, (Xt "W, (Xt
"a, ZEM, ; :iﬂ" at "o =0" and exist for "n>1" also converges at
n! ooc" n! oc"

"o =1". Then the solution of the original problem becomes,

a=a0+ian, (59)
=1

B =5+ 5. (60)
n=1

Now to find the component of equation (59)-(60), that is «;,a,,... and £, f3,,..., according to the

fundamental theorem of Homotopy Analysis Method (HAM), the nth-order deformation equation for the given
system of non-linear PDE,s becomes,

L[e, —A,a, ] =7H (X, t)E; (@),nzl, (67)

n

LB, = 4B s]=H (X V) EL (B,5).n>1, (68)

Now we starting with the initial approximation

a, =—tanh Xl , (69)
(3)2
By = —l—ltanh2 Xl (70)
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t
Applying the inverse operator thatis "L = J() dt" on equation (67)-(68), we obtain,
0

a, =la +Jt.77.H(x,t).E§‘ (1 ot (71)
0

t

By =By + [nH(X0)EL (B, Jt, (72)

0

Using "n=1" and "H(X,t)=1" in equation (71)-(72), we have,

2t 4 X 2 2 X
nsech - |+—=ntanh - |sech”| —
N T I (E R
o = , (73)
X t
—=nsech?| —— |-—=ntanh?| — |sech?| —
i 173 It )

t ntanh

B, = 5 X |sech?| X (74)
3 (3) (3)
Similarly putting n=2,3,4,..., in equation (71)-(72), and by using Maple Package we get
a,, B, a5, P, and so on. Now since
a (X t)=ay (1) + (X, 1) + o, (X, 1) +... (75)
LB, 1) =B,(X, 1)+ B.(X 1)+ S, (X, 1) +... (76)

Hence using the initial gauss "o,,f," and "«,,f," obtained through Maple package, included in
Appendix in equation (75)-(76), we will get the solution by Homotopy Analysis Method (HAM). Then by
using the auxiliary parameter that is "7 =—1" in the obtained solution by Homotopy Analysis Method
(HAM), then it become the solution derived by Homotopy Perturbation Method (HPM).

System-111

In system-iii, we consider a system of three nonlinear wave equation, which is also called the generalized KdV
system of coupled Hirota Satsuma, such that,

Tyt 3 (B7)=0, 77)

3
B8P 5,9 o
ot oX OX

3
9797 3,9 -y, (79)
ot ox OX
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subject to initial condition,

A :—%+ 2tanh?(x), (80)
B, =tanh(x), (81)
7o :gtanh(x). (82)

The closed form solution to the system-111, were seen in Alquran and Muhammad (2011), which is given as

a :—%+\/§tanh2(x+t),
B =tanh(x+t),

y:gtanh(x+t).

and obtained the solution of the above system by Homotopy Perturbation Method (HPM), given as,
Solution by Homotopy Perturbation Method (HPM)

1
Z+2tanh?(x)+ 20tsech?(x)tanh(x) -
. =13 (x) (x)tanh(x) | )

16tsech?(x)tanh®(x)—16tsech?(x)tanh(x)+...

p tanh(x)+2tsech®(x)+2tsech®(x) -
Hew tanh* (x)—tsech? (x)+... ’
§ttanh(x)JrEtsech“(x)—§tsech2(x)
3 3 3
Yhpm = 6 . (85)
—Etsechz(x)tanh(x)+...

Solution by Homotopy Analysis Method (HAM)
To find the solution of the generalized KdV system of coupled Hirota Satsuma by Homotopy Analysis Method
(HAM), first we need to define a linear operator, which is already define in Homotopy Perturbation Method

t
" with the inverse define as, "L’l:j(.)dt". Now using the definition of
0

i "l =0
(HPM), that is, "L = ot

Homotopy Analysis Method (HAM), the zero-order deformation equation for the generalized KdV system of
coupled Hirota Satsuma becomes,

(1—0')L[‘P1(X,t;a)—a0] =onH (X, t)N¥, (x.t;0), (86)
(1-o0) L[‘P2 (X,t;a)—ﬂo} =onH(X,t)NY, (x,t;0), (87)
(1-0) L[‘Ps(x,t;a)—%] =onH(X,t)N¥Y,(x,t;0). (88)

In equation (86)-(88), "«,," ," and "y,"denote the initial approximation, define as,
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a, =a(x,0):—%+2tanh2(x),
B, = B(x,0)=tanh(x),

7o =7(x,0) =tanh(x).

Using the deformation process, then equations (86)-(88), becomes

¥, (x,50)=a,, (89)
¥, (x,10)= 4, (90)
¥, (x,1;0) = 7,, (91)

Y, (xt1)=q, (92)
¥, (xt1)=2, (93)
¥, (xt1)=7. (94)

In equation (89)-(94), "a,, By, 7," and ", B,y" are the initial approximation and exact solution of
the given system respectively. Now assume the solution is of the form, such that,

Y, (x.to)=a, +ian0'", (95)
n=1

‘PZ(X,t;J)=,BO+ZﬂnO'", (96)
n=1

Y, (xto)=y+ D 70" (97)
=1

In equation (95)-(97),

10", (xto)
nt  dc"

’ﬂixiyzigziiﬁﬁgl7Jx¢yn1§2£ﬂlﬁfﬂn

" )= _
@ (%) do" n! oo"

at "o =0", and exist for "n>1" also converges at "o =1". Then the solution of the original problem
takes the form,

a=a0+ian, (98)
n=1

B=p+D B (99)
n=1

Y=Y+ D e (100)
n=1

IAEES
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Now according to the fundamental theorem of Homotopy Analysis Method (HAM), the higher order
deformation equations for the generalized KdV system of coupled Hirota Satsuma becomes,

L[, = A, ] =H () E; (@, ).,n =1,
LB, ~AfBs]=H (X O)EL (B, )n =1,

L[7o = Ao = (G ES (7,4) 0 21,

Applying "L™*" we get the following equation, such that,

t
a, :/“Lnan_l+_[77H(X,t)Eﬁ‘ (@)dt, (101)
0
t
ﬂn :ﬂ’nﬂn—1+J.77H(X’t)Ef (ﬂn—l)dt’ (102)
0
L ————
7n :ﬂn7n-1+j77H(X’t)Eﬁ (7/n—l)dt' (103)
0
Here we starting with the initial gauss,
a, :—%+2tanh2(x), (104)
B, =tanh(x), (105)
Yo = %tanh (x). (106)

By using "n=1" and "H(x,t)=1" inequation (101)-(103), we obtain,

167tsech®(x)tanh(x)+16ntsech® (x)tanh®(x)—20nt
_ , (107)
sech?(x)tanh(x)
B, = {nt sech?(x)—2ntsech?(x)tanh?(x)—2ntsech® (x)} : (108)
7, = {%ntsec h? (x)—%ntsec h?(x)tanh? (x)—%ntsec h* (x)} (109)

Now since solution of the given system is given by,

a(Xt)=ay(%,t) + o (X, 1) + o, (X, 1) +...
Ax.t) = ﬂo(X,t)+ﬂ1(X,t)+ﬂ2(X,t)+...

(%1 =y, (X 1) +7:(X, 1) + 7, (X 1) +...

Using the calculated components, that is initial gauss, "¢, 8" and "a,, B,", which is included in
Appendix, we will get the solution of the system-111 by Homotopy Analysis Method (HAM). Which will be the
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required obtain solution of generalized KdV system of coupled Hirota Satsuma equation by Homotopy
Analysis Method (HAM).

5 Conclusion

The Homotopy Perturbation Method (HPM), and Homotopy Analysis Method (HAM) was successfully
applied to linear and nonlinear problem and do not require any small or large parameter like perturbation
methods and avoid the difficulties arising in the perturbation and non perturbation technique. Also the
calculation is very simple and straight forward in these methods, but still Homotopy Perturbation Method
(HPM) method is not a perfect tool for the solution of nonlinear problem. Homotopy Perturbation Method
(HPM) give us a divergent result even for a linear problem some time. Thus it is clear that this method is also
not a perfect tool.

But the method which have the ability to cover such types of deficiencies appears in the above mentioned
technique is known as Homotopy Analysis Method (HAM), this method has successfully applied to all types
of equations and give us an opportunity to apply for every type of problem. Also the effectiveness of this
method is that, the series obtained by this method is more accurate than numerical solution in many cases.

This method provides us a convergence control parameter known auxiliary parameter. Also Homotopy
Perturbation Method (HPM) is a special case of Homotopy Analysis Method (HAM). Thus from all the above
it is clear that Homotopy Analysis Method (HAM) is valid in all cases and have a great potential for nonlinear
problem.

IAEES WWW.iaees.org



Computational Ecology and Software, 2014, 4(1): 63-81

77

Appendix

System-1

IAEES

WWW.iaees.org



78

Computational Ecology and Software, 2014, 4(1): 63-81

IAEES

WWW.iaees.org



Computational Ecology and Software, 2014, 4(1): 63-81

79

System-11

IAEES

WWW.iaees.org



80 Computational Ecology and Software, 2014, 4(1): 63-81

System-111

IAEES WWW.iaees.org



Computational Ecology and Software, 2014, 4(1): 63-81 81

References

Alguran M, Muhammad M. 2011. Approximate solution to system of nonlinear partial differential equation
using Homotopy Perturbation Method. International Journal of nonlinear Science, 12: 1749-3889

He JH. 1999. Homotopy perturbation technique. Computer Methods in Applied Mechanics and Engineering,
178(3-4): 257-262

Hemeda AA. 2012. Homotopy Perturbation Method for solving system of nonlinear couped equation, Applied
Mathematical Sciences, 96: 4787-4800

Hilton PJ. 1953. An Introduction to Homotopy Theory. Cambridge University Pess, UK

Liao SJ. 2003. Beyond Perturbation, Introduction to Homotopy Analysis Method. Chapman and Hall/CRC,
USA

Shakil M, Khan T, Wahab HA, Bhatti S. 2013. IMPACT: International Journal of Research in Applied,
Natural and Social Sciences, 1(3): 37-48

Siddiqui AM, Wahab HA, Bhatti S, Naeem M. 2014. Comparison of HPM and PEM for the flow of non-
newtonian fluid between heater parallel plates. Research Journal of Applied Sciences, Engineering and
Technology

Taiwo OA, Oadewumi A, Raji RA. 2012. Application of new homotopy analysis method for first and second
order integro-differential equations. International Journal of Science and Technology, 2(5): 328-332

Wahab HA, Bhatti S, Naeem M, Qureshi MT, Afzal M. 2014. A mathematical model for the rods with heat
generation and convective cooling. Journal of Basic and Applied Scientific Research, 4(4)

Wahab HA, Shakil M, Khan T, Bhatti S, Naeem M. 2013, A comparative study of a system of Lotka-Voltera
type of PDEs through perturbation methods. Computational Ecology and Software, 3(4): 110-125

IAEES WWW.iaees.org





