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A study of variational iteration method for solving
various types of problems
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Abstract

This paper presents the application of He’s Variational Iteration Method for various types of problems. This
method is applied to find successive approximate solutions of first order differential equation with single condition,
second order differential equations with two conditions, an isoperimetric problem and Volterra integral equations
of second kind. It was shown that they are converging to their exact solutions. The successive approximations

and exact solution are shown graphically.
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1. Introduction

J.H. He [1-3] has initiated the Variational Iteration Method.
Usually modeling problems yield either differential or par-
tial differential equations. For their physical interpretation
we need their solutions. The methods given in the theory of
differential equations may fail to give solutions of certain dif-

ferential and partial differential equations. There are several
methods to get the approximate solutions of such equations.
Adomain decomposition method, pertubation method, numer-
ical methods can be applied to get approximate solution of
differential and partial differential equation. Numerous re-
searchers [4—7] are using variation iteration method to find the
solutions of such problems. The variational iteration method
is easy to compute the successive approximations. In a fewer
iterations we get exact solutions of problems if solution of
those problems exist. In this paper, we find the solutions
of first order differential equation with one given condition,
second order differential equation with two given conditions,
isoperimetric problem and Volterra integral equation using the
variational iteration method. Further it is observed that the
successive approximations converges to the exact solution in
two iterations in some problems.

2. Variational Iterative Method

We briefly explain the concept of the Variational Iterative
Method to find the solution of the equations of the type

Lly(x)] +N[y(x)] = g(x)

where L is linear operator, N is a non-linear operator and g(x)
is known continuous function. This method is introduced by

2.1)
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J.H.He [8] and the solutions of the problems are approximated
by a set of functions that may contain unknown constants
which are to be determined either from initial conditions or
boundary values. He introduced two terms namely restricted
variation and correction functional. The correction functional
of (2.1) is given by

a1 () =300+ [ A0 L))+ N0)) (0

2.2)

where A (¢,x) is a general Lagrange Multiplier which can be
computed using variational theory. Let A/ (¢, x) be the com-
puted Lagrange multiplier. Further y,(x) is the n'" approx-
imate solution and y,(x) denotes restricted variation, that it
8yn(x) = 0. The successive approximations y,(x) are com-
puted by the variation iteration formula

i1 (0 =30+ [ 2 () {Lo))+ Nolo)) )
(2.3)

and properly chosen initial approximation yg(x).
The solution of (2.1) is given by

y(x) = lim y, (x)

Ji-Huan He and XuHong Wu [9] given that the Lagrange
multiplier is

A (t,x) = ﬂ(r—x)k—l (2.4)
’ (k—1)! :
for the differential equation
© 4 £33,y ey ® D) =0, 2.5)

3. Variational Iterative method for
obtaining the solution of first order
differential equation with single given
condition
Example 3.1. Suppose y'(x)+y = 2e*and the given condition

is y(0) =1.

Here Ly =y ,Ny =y and g(x) = 2¢*. Order of linear
operator is one and given equation is in the form of equation
(2.1). For the problem which is under consideration, the
(n+ 1) approximation is given by

/ {yn +ya(t

Choose yo(x) = y(0). Then yo(x) = 1 since y(0) = 1. Substi-
tuting n = 0 in equation (3.1) we get

= [0 +30(0) - 2¢as

Yos1 (x —2¢'}dr (3.0)

yi(x) =
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Simplifying we get
X
yl(x)zl—/ {0+1—2¢'}dt =2¢"—1—x.
0
Substituting n = 1 in equation (3.1), we get
x t
y2(0) =) = [ DA+l 2 yar
X
:yl(x)—/ (26 — 142 —1—1—2¢}dr
0
lrxs s
= X+ —=.
2
Similarly, we get
2 i3 2 8 4
=2¢" —(l+x+2‘+3) 1+x+2,+3,+4‘,
2 O3 A8
s =26 — (14x+ = +§ —+5,)
2 x3 IR BN
y6—1+x+2‘+3'+4‘+5‘+5
and so on.

The exact solution and approximate solutions of IVP are
shown in the Fig.1. It is observed that the even numbered
approximations are below the exact solution curve and odd
numbered approximations are above of it. Further it is ob-
served that the subsequence y2, V4, 6,8, ....of {yn} converge
to exact solution ¢* and another subsequence yi,y3,ys, ..
also converge to exact solution y = e*.

i Graph showing Exact Solution and Approximate Solutions
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Fig.1
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Example 3.2. Suppose y'(x) —2x = cosx and given condition
is y(0) =0.

The exact solution of this first order differential equation is
y = x* +sinx. The variation iteration formula for the problem
considered is

y @) =3~ [0 -2 —costjar (32)
Substituting 7 = 0 in (3.2) we obtain

) =yo) = [[Oh0 -2 —costjar (33
Choose yo(x) = 0. Then the equation (3.3) reduces to

yi(x)= —/Ox{—Zt—cost}dt = x> +sinx 3.4

Substituting n = 1 in equation (3.2) we get

y2(x) = y1(x) — /x{y’l (t) — 2t —cost }dr
0
=y (x)— /OX{ZI +cost — 2t —cost }dt =y (x)

Therefore, yy(x) = x> +sinx for k =1,2,3,......
We can observe that in the first iteration itself we got the exact
solution.

4. Variational Iterative method for
obtaining the solution of second order
differential equations with two given
conditions
Example 4.1. Suppose the second order differential equation

is y' —y+x =0 and the given two conditions are y(0) = 0
and y' (0) = 0.

The exact solution of it is y(x) = % - % +x . The varia-
tion iteration formula for the problem under consideration is

0 =30+ [ (=000 3nle) 41}t @D

Choose yo(x) = 0. Substituting n = 0 in the equation (4.1) we
get

* /! .x3

Y1 (X) = yo(x) +/0 (l —x){yo(t) —yo([) +t}dt — _y

Similarly substituting n = 1,2,...in (4.1) we get
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. . . . 2k+1
and n'" approximation is given by y,(x) = — Y{_, W

Further y(x) = limy,_e ¥, (x) = % - % + x which is exact
solution of the problem considered. Curves representing exact
solution, first, second, third and fourth approximations are
shown graphically in Fig.2 to Fig.5 . It is observed that higher
numbered approximations are very very close to the curve
representing the exact solution of the problem.

Graph showang first approximation values against x+alues
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Graph showing second approximation values agamst x-values
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Graph showing third approximation values against x-valses
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Graph showing fowth approximation values agamst xwalues
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Example 4.2. We know that y" (x) + 16y(x) = 0 with the
conditions y(0) = 1 and y'(0) = O represent simple harmonic
motion. The exact solution of this problem is y = cos(4x).

The variation iteration formula for y”(x) + 16y(x) = 0 is

Yn+1 (x) :yn(x) J’_/Ox(l _x){y:z/(l> + 16yn(t)}dt 4.2)

Choose yo(x) = 1. Substitute n = 0 in the equation (4.2) we
get

1) =300+ [ (€= 080)+ 1630(0)}ar

= 1+/0x(t—x){16}dt: 1—8x°

(4.3)
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Substituting n = 1 in the equation (4.2) we get
i "
2 =100+ [ (=)0 @)+ 160 ()
X
:1—8x2+/ (1 —x){—16+16(1 — 8%)}dr
0
B 32 4 (4x)>  (4x)*
V(%) =yi(0) + Zat = 1=
Continuing this process we get
(4x)® (@0t (4)° (4x)*"
=1- —— ... —1)"
() 2 T e T g

Consequently the solution of the differential equation is

y(x) = lim y,(x) = cos(4x)

n—soo

In Fig.6 to Fig.9 we have drawn the curves representing the
exact solution and first, second , third, fourth approximations
separately to know how the approximations are approaching
to the exact values of function which is the solution of
considered problem. It is observed that higher numbered
approximations are close to the exact solution.

Graph showing fiest approximation values against x-values
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Graph showing second approcamation values against x-values
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5. Variational Iterative method for the
solution of Volterra Integral equation

Example 5.1. Let the Volterra integral equation be

) =x— [ (e=ny(0ds 5.1)

Using Leibnitz rule, differentiating (5.1) with ‘x” we obtain

, B X a , B X
Y@ =1 [ S {=ny)di =) =1= [ 50
(5.2)
Simplifying (5.2) we get
! x)—|—/0xy(t)dt—1 =0 (5.3)

Hence the iteration formula is given by

Yn+1

/[y,, —l—l—/yn Vdsldt  (5.4)

From equation (5.1) we have y(0) = 0. Choose yo(x) = 0.
Substituting n = 0 in (5.4) we get y; (x) = x.
Now, substituting n = 1 in the equation (5.4) we get

2 /[y1 —1+/)’1 )ds]d

/ 1—1—|—/sdsdt_x—§
)C3 )CS XS X7
)’3(X)ZX—§+§7}’4(X)=X—§ TR TR

y(x) = lim y,(x) = sinx

n—yoo

In this example it is observed that the fourth approximation is
more accurate than preceeding approximations to the exact
solution and it is shown in the Fig.10 to Fig.13 .
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Graph showing first approximation values against xvalues
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Example 5.2. The equation given below is a Volterra
integral equation

X =14x+ / (r— 1)y(0)dr 5.5)
0

Differentiating the above equation we get

W=+ [ plar

X) = | ox x—1t)y
ie.,
—/ Y(1)di—1=0 (5.6)
0

The variational iteration formula for (5.6) is given by

() =) = [0 1= [ ya(w)asar 57

From (5.5) we get y(0) = 1. Chooseyy(x) = 1. Substituting
n = 0 in equation (5.7) we obtain

w@zmw—f%m—u/%wmm

:1—/ —1—/ ldsdt—1+x+—

Thus y; (x) = I+x+%5 57 - Substituting n = 1,2,3,.
equation (5.7) we obtain

x2 x3 x4
»®)=l+x+ 2+ 3+
2 x3 x4 xS x6
=1
) =14+ S+ 5+t gt
2 x3 x4 )CS )C6 x7 )CS
@) =l4x+ o+ T+t gt gttty
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and so on
The solution of the Volterra integral equation is

y(x) = lim y,(x) = "

n—oo

The approximations and exact solution of the problem are
shown in the Fig.14 to Fig.17 . It is observed that the curve
representing the fourth approximation and the curve
representing the exact solutions coincide for small values of
X.
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Graph showing second approsimation against xvalugs
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Graph showing third approximation against x-values
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6. Variational Iteration Method for solving
isoperimetric problem

Example 6.1. We obtain the extremal of the functional

Jo ¥ (x)dx subject to the conditions y(0) = 1,y(1) = 1 and
fol y(x)dx = 2. The exact solution of this problem is

y(x) =1+ 6x— 622

Let F* be the auxiliary function and A;,,; be the Lagrange

multiplier of isoperimetric problem.

Then F* = y/(x)2 + Ay (x)

Then, Euler Lagrange equation 8{% — % %Ly* = 0 for this

problem gives the following differential equation.
2y"(x) = Agmi = 0 6.1)

The variational iteration formula for the differential equation
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(6.1) we obtain as

a1 =)+ [ =00h0 bt (62)
we choose
yo(x) = 1+ax— ax* (6.3)

So that it satisfies y(0) = 1, y(1) = 1. From the isoperimetric
condition

1 1
/yo(x)dxzzss/ (I+ax—ax?)dx=2=a=6 (6.4)
0 0

Hence
yo(x) = 1 4 6x — 6x° (6.5)
Substituting n = 0 in (6.2) we get
i /!
910 =300+ [ (=0 06(0) i}t
In view of (6.4) and (6.5) we have
X
i(6) = 1+6x— 6%+ / (1 =) {24 — Dt
0
2
yi(x) =1+6x—6x>+ (24 + Rami) (6.6)
Now from the isoperimetric condition we have
1 1 2
/ yi(x)dx=2= / {146x—6x*+ (24—&—&1,,”)E =2
0 JO
6.7)

Hence, y; (x) = 1+ 6x — 6x which is equal to the exact
solution. It can be shown that y;(x) = y; (x) (k= 2,3,4,....).
In the first iteration itself we got the exact solution of the
considered isoperimetric problem.

7. Conclusion

This paper is aimed to obtain the approximate solution of
initial value problems of first and second orders, Volterra
integral equation and isoperimetric problem. By observing
the solutions of problems that we considered one can say that
Variational Iterative Method developed by J.H.He can be
applied to various types of problems. By observing the
graphs of exact and approximate solutions we can say that
solution is obtained in fewer iterations.
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