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Modified Decomposition Method for Systems of PDEs 
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Abstract: In this paper, we apply modified decomposition method (MDM) to solve systems of partial differential
equations. Several examples are given to verify the reliability and efficiency of the method. Numerical results
clearly reveal the complete reliability of the proposed algorithm.
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INTRODUCTION y = N(y)+c, (2)

The partial differential equations are of great Where N is a nonlinear operator from a banach space
significance  in  the   diversified   physical  problems B B and f is a known function. We are looking for a
related to physics, astrophysics, magnetic dynamics, solution of equation (1) having the series form:
water surface, gravity waves, ion acoustic waves in
plasma, electromagnetic radiation reactions, engineering (3)
and  applied  sciences  [1-16].  Several techniques
including   decomposition,    homotopy   perturbation, The nonlinear operator N can be decomposed as 
exp-function  and  variational iteration have been
employed to solve such equations analytically and (4)
numerically,  see  [1-16]  and  the  reference  therein.
Inspired  and  motivated  by  the  ongoing   research in
this area, we applied modified decomposition method From equations (3) and (4), equation (2) is equivalent to
(MDM)  which  is  mainly  due  to   Geijji   and   Jafari  [4]
to solve system of differential equations. It is observed
that the proposed technique is highly suitable for the (5)
solution of such problems. Several examples are given to
verify the reliability, efficiency and accuracy of suggested
MDM. We define the following recurrence relation:

Modified Decomposition Method (MDM): Consider the
following general functional equations: (6)

f(x) = 0, (1)

To convey the idea of the modified decomposition
method [4], we rewrite the above equation as:

then
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and

if N is a contraction, i.e.
, then

and the series  absolutely and uniformly

converges to a solution of equation (1) [4, 11, 14-16],
which is unique, in view of the Banach fixed-point
theorem.

Numerical Applications: In this section, we apply the
modified decomposition method (MDM) to solve
systems of partial differential equations. Numerical
results are very encouraging.

Example 3.1:Consider the following linear system of
partial differential equations

u  + v = 0,t x

v  + u = 0,t x

With initial conditions

Applying the modified decomposition method (MDM),
we get 

Consequently, following approximants are obtained

The series solution is given as

and the closed form solution is given by

Fig. 1: (U)

Fig. 2: (V)
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Example 3.2: Consider the following linear system of
partial differential equations

u  + v -2v = 0,t x

v  + u +2 u= 0,t x

With initial conditions and the closed form solution is obtained as 

Applying the modified decomposition method (MDM),
we get 

Consequently, following approximants are obtained

Example 3.3 Consider the following nonlinear system of

The series solution is given by

Fig. 3: (U)

Fig. 4: (V)

partial differential equations

u  + v +u = 1,t x

v  + u -v= 1,t x

With initial conditions

Applying  the  modified  decomposition  method
(MDM), we get 
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Consequently, following approximants are obtained: 

Proceeding as before, the series solution is given as

Consequently, following approximants are obtained

and in the closed form solution is obtained as 

Fig. 5: (U)

Fig. 6: (V)

Example 3.4: Consider the following nonlinear system
of partial differential equations

with initial conditions

Applying the modified decomposition method (MDM),
we get 

The closed form solution is given as 
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Fig. 7: (U, t = 1) 70: 876-881. 

Fig. 8: (V, t = 1) 6. He,  J.H.,  2006. Some asymptotic methods for

Fig. 9: (W, t = 1) 9. Ma, W.X. and Y. You,  2004. Solving the Korteweg-

CONCLUSION solutions, Transactions of the American

In this paper, we applied modified decomposition 10. Mohyud-Din, S.T. and M.A. Noor, 2009. Homotopy
method (MDM) to solve systems of partial differential perturbation method for solving partial differential
equations. The method is applied in a direct way without equations,    Zeitschrift     für     Naturforschung  A.,
using linearization, transformation, discretization or 64a :157-170.
restrictive assumptions. It may be concluded that the 11. Mohyud-Din,       S.T.,         M.A.         Noor       and 
MDM is very powerful and efficient in finding the K.I.    Noor,    2009.   Some   relatively   new
analytical solutions for a wide class of boundary value techniques    for     nonlinear     problems,    Math.
problems. The method gives more realistic series Prob. Eng., 2009 Article ID 234849, 25 pages,
solutions that converge very rapidly in physical problems. doi:10.1155/2009/234849.
It is worth mentioning that the method is capable of 12. Mohyud-Din,     S.T.,     2009.      Solution of
reducing the volume of the computational work as nonlinear     differential       equations     by exp-
compare to the classical methods while still maintaining function   method,    World    Applied    Sciences   J.,
the high accuracy of the numerical result. 7: 116-147.
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