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Abstract 15 
In this paper, we use Sumudu Transform Method and Adomian Decomposition Method to find solutions of 
heat and wave – like equations. This method is called the Adomain Decomposition Sumudu Transform 
Method (ADSTM).  
 16 
Keywords: Adomian Decomposition Method, Sumudu Transform, heat and wave – like equations and Adomain 17 
polynomials. 18 
 19 
1. Introduction 20 

 21 

Heat and wave – like models are the integral part of applied mathematics and arise in various physical phenomena. 22 
Several techniques such that characteristic, modified variation iteration, Adomian decomposition method and He̓ s 23 
polynomials have been used for solving these problems (see [6-10, 12-17]). 24 
 In the present paper, we introduce a new method called Adomian Decomposition Sumudu Transform Method (ADSTM) 25 
for solving the nonlinear equations. It is worth mentioning that the proposed method is an elegant combination of the 26 
Sumudu transform method and the Adomian decomposition method which was first introduced by Adomian (see [11]).    27 
 28 
 29 
2. Sumudu Transform and Adomian Decomposition Metho d   30 
 31 
Watugala (see [5]) introduced a new integral transform, named the Sumudu transform which was applied to the ordinary 32 
differential equations and partial differential equations in controlling engineering problems. Sumudu transform is defined 33 
over the set of functions; 34 
 35 

                      
( ) ( ) ( ) [ )













∞×−∈<>∃= ,01,,0,,: 21
j

t

tifeMtfMtfA jτττ  36 

                                           

( ) ( )[ ] ( ) ( )∫
∞

− −∈==
0

21 ,, ττudtetuftfSuf t  37 

By the following formula, some properties were established see ([1-3]), similarly, this transform was applied to one – 38 
dimensional neutron equation sees [4]. 39 
We consider a general nonlinear non- homogeneous partial differential equation with initial conditions of the form; 40 
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where D   is the second order linear differential operator
2

2

t
D

∂
∂= , R  is linear differential operator of less order than D  , 42 

N  represent the general nonlinear operator and ( )txg ,   is the source term. 43 
Taking the Sumudu transform of both sides of Eq. (1), we get; 44 

                    ( )[ ] ( )[ ] ( )[ ] ( )[ ].,,,, txgStxNStxURStxUDS =++                                                          (2) 45 
Using the differentiation property of the Sumudu transform and given initial conditions, we have;  46 

                    ( )[ ] ( )[ ] ( ) ( ) ( ) ( )[ ].,,,, 22 txUNtxURSuxfuxhtxgSutxUS +−++=                             (3) 47 
Now, apply the inverse of Sumudu transform of both sides of Eq. (3), we get; 48 

                               ( ) ( ) ( ) ( )[ ][ ] ,,,,, 21 txUNtxURSuStxGtxU +−= −
                                                  (4)                           49 

where ( )txG , represents the term arising from the source term and the prescribed initial conditions.  Now, apply the 50 
Adomian decomposition method;  51 
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 The nonlinear term can be decomposed as; 53 
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For some Adomian polynomials ( )UAn  that are given by; 55 
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 Substituting Eq. (5), and Eq. (6), in Eq. (4), we get; 57 
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So that the recursive relation is given by; 59 
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 61 
 62 
3. NUMERICAL APPLICATION  63 
In this section, apply the Adomian Decomposition Sumudu Transform Method (ADSTM) to solve the heat and wave – like 64 
equations. 65 
 66 
Example 3.1,   consider  the following one – dimensional initial value boundary problem; 67 

                      
,0,10,

2

1 2 ><<= txUxU xxt                                                                                           (10)                     68 

With boundary conditions; 69 

                             ( ) ( ) ,,1,0,0 tetUtU ==                                                                                                    (11)                            70 
and the initial condition; 71 

                                   ( ) .0, 2xxU =                                                                                                                         (12) 72 

Solution: 73 
Taking the Sumudu transform of both sides of Eq. (10), and substituting the initial condition obtained; 74 
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Applying the inverse Sumudu transform implies that; 76 
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Using the Adomian decomposition method as a series, we get; 78 
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This leads to the recursive relation;  80 
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This gives; 82 
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and so on.  The solution in a series form is given by; 84 
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The closed form solution is given by; 86 

                      ( ) ., 2 textxU =                                                                                                                        (19) 87 

 88 
Example 3.2,    consider the following two – dimensional initial value boundary problem; 89 
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1 22 ><<+= tyxUxUyU yyxxt                                                                 (20)                        90 

With boundary conditions; 91 
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And the initial condition; 93 

                       ( ) .0,, 2yyxU =                                                                                                                   (22) 94 

Solution:                                                                                                                                                                                                                                                                        95 
In a similar way as above, we have;                                                                                      96 
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This gives;                   98 
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and so on. The solution in a series form is given by; 100 
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The closed form solution is given by; 102 

                    ( ) .sinhcosh, 22 txtytxU +=                                                                                              (26) 103 
 104 
Example 3.3,  let us consider the following three-dimensional inhomogeneous initial boundary value problem;     105 
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1 222444 ><<+++= tzyxUzUyUxzyxU zzyyxxt                                (27) 106 

With boundary conditions; 107 
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and the initial condition; 109 

                     ( ) .00,,, =zyxU                                                                                                                       (29) 110 

Solution: 111 
In a similar way as above, we have; 112 
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This gives; 115 
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and so on. The solution is a series form is given by; 117 
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The closed form solution is given by; 119 

                    ( ) ( ) .1,,, 444 −= tezyxtzyxU                                                                                                  (33) 120 
  121 
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Example 3.4,     let us consider the initial – boundary value problem; 123 
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with boundary conditions; 125 

                  ( ) ( ) ,sinh1,1,0,0 ttUtU +==                                                                                                  (35) 126 
and the initial condition; 127 

                  ( ) ( ) .0,,0, 2xxUxxU t ==                                                                                                    (36) 128 

Solution: 129 
In a similar way as above, we have; 130 
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This gives; 132 
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and so on.  The solution in a series form is given by; 134 
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The closed form solution is given by; 136 

                   ( ) .sinh, 2 txxtxU +=                                                                                                               (40) 137 
 138 
Example 3.5,     consider the following two-dimensional initial boundary value problem which describes the wave-like 139 
models; 140 
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1 22 ><<+= tyxUyUxU yyxxtt                                                                   (41)                                 141 

subject the Neumann boundary conditions; 142 
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and the initial condition; 144 

                   ( ) ( ) .0,,,0,, 44 yyxUxyxU t ==                                                                                          (43) 145 

Solution: 146 
In a similar way as above, we have; 147 
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The components of a solution ( )tyxU ,,  are given by; 150 
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and so on. The solution in a series form is given by; 152 
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The closed form solution is given by; 154 

                 ( ) .sinhcosh,, 44 tytxtyxU +=                                                                                                   (47) 155 
 156 
Example 3.6,     consider the initial – boundary value problem; 157 
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Subject to the boundary conditions; 159 
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and having the initial conditions; 161 

                 ( ) ( ) .,,,,00,,, 222 zyxtzyxUzyxU t −+==                                                                            (50) 162 

Solution: 163 
By the same method as before, we have; 164 
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The components of a solution ( )tzyxU ,,,  are given by; 167 
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and so on. The solution in a series form is given by;  169 
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The closed form solution is given by; 171 
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                                    173 
4. CONCLUSION 174 
 175 
In the present paper, we have proposed the Adomian decomposition Sumudu transform (ADSTM) for solving heat and 176 
wave – like equations. The method gives the results reveal that the proposed method is very efficient, simple and can be 177 
applied to other applications. 178 
 179 
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