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          In this article, we developed the general polynomial transform into a new transform 

(Ahmad-Emad-Murat transform ), which was expanded by writing a general formula of the 

Kernel function  (   ). Besides, we presented the essential characteristics and theorems of 

AEM transform and made new results. In addition, the efficiency of the proposed transform 

was verified by applying it to a set of important examples, the most important one is 

“Cauchy Euler problems”. The main advantage of the proposed transform is getting a more 

generalized transform and making it easier to handle in solving differential equations with 

variable coefficients, reducing effort and time in the calculations. Hence, the polynomial 

integral transform and general polynomial transform that have been introduced during the 

last years are special transforms of the AEM transform. 
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Introduction: 

Differential equations are one of the most 

interesting problems in applied mathematics. Because 

they have various applications in both engineering and 

science [3,5,10]. Several transformations have been 

presented to solve this problem, including the Fourier 

transform [8] and the Laplace transform. Recently, new 

transforms that depend mainly on the development of 

the Laplace transform have been discovered, including 

the Aboodh transform [2], Elzaki transform [6], complex 

SEE transform [4], Emad–Sara integral transform [9], 

Polynomial integral transform [1], General Polynomial 

transform [7], Al-Temimi transformation [5], N-

transform [11], and other transforms. In this study, we 

developed General Polynomial transform by writing the 

kernel function in its general form. And with this, we get 

a more generalized transformation. In this paper, we will 

employ AEM Transform to solve differential equations 

with variable coefficients, as the following: 
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     ( )       
    (   )        

     

  ( )  

where            are constants, and  ( ) is known 

function. 

 

Definitions, properties, and theorems of AEM 

Transform :  

Definition 1. [7] The General Polynomial Transform of 

 ( ) denoted by the operator   is given by 

  [ ( )]  ∫   ( ( )  ) ( )     ( ( )) 

 

   

 

Now, we will introduce the definition of Ahmad-

Emad-Murat transform and its properties : 

Definition 2. The Ahmad-Emad-Murat Transform of 

 ( ) denoted by the operator  ( ( )  ( )) is given by 

   [ ( )]   ( ) ∫   ( ( )  ) ( )   

 

   

  ( ( )  ( ))  

Where  ( )  ( ) are functions of parameter  . 

Definition 3. The inverse of Ahmad-Emad-Murat 

Transform of  ( ( )  ( )) denoted by (   )   and 
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defined as  

(   )  [   [ ( )]]   ( )

 
 

   
∫

  ( )  

 ( )
 ( ( )  ( ))    

    

    

 

In general        with   and   being real numbers, 

   . The integral converges when  [ ]      and 

   ,  ( ( )  ( ))   . 

Some properties of AEM Transform are as follows: 

  (Linearity of AEM Transform) If  ( )  

  ( )    ( )  then 

   [  ( )    ( )]

  ( ) ∫   ( ( )  )(  ( )

 

   

   ( ))      

     ( ) ∫   ( ( )  ) ( )    

 

   

   ( ) ∫   ( ( )  ) ( )     

 

   

 

       [ ( )]       [ ( )]  

 

 If  ( )      is constant, then 

    [ ]   ( ) ∫   ( ( )  )( )   

 

   

   ( ) ∫   ( ( )  )    

 

   

  

   ( ) [
   ( )

  ( )
]
 

 

 
  ( )

 ( )
  ( )     

 If  ( )      then 

   [  ]   ( ) ∫   ( ( )  )(  )    

 

   

  ( ) ∫   ( ( )    )    

 

   

 

  ( ) [
   ( )  

  ( )   
]
 

 

 
 ( )

 ( )   
  ( )     

 If  ( )          then 

   [   ]   ( ) ∫   ( ( )  )        

 

   

  

  ( )(    
   ( )

  ( )
  
  ∫

 

 
 
   ( )

  ( )
    )

 

   

 

      
 ( )

 ( )
∫   ( ( )  )    

 

   

 
 

 ( )
    [ ]

 
 ( )

( ( ))
   ( )     

 If   ( )                 then 

   [     ]   ( ) ∫   ( ( )  )          

 

   

  

  ( )(    
   ( )  

  ( )   
  
  ∫

 

 
 

   ( )  

  ( )   
    )

 

   

 

 
 ( )

 ( )   
∫   ( ( )  )      

 

   

 
 

 ( )   
    [  ]

 
 ( )

( ( )   ) 
  ( )     

 If  ( )     (   ( ))            then 

   [   (   ( ))]

  ( ) ∫   ( ( )  )    (   ( ))     

 

   

  

by integrating by parts twice, we get  

   [   (   ( ))]  
   ( )

( ( ))
 
   

  

 If  ( )     (   ( ))            then 

   [   (   ( ))]

  ( ) ∫   ( ( )  )    (   ( ))     

 

   

  

by integrating by parts twice, we get  

   [   (   ( ))]  
  ( )  ( )

( ( ))
 
   

  

 If  ( )      (   ( ))            then 

   [    (   ( ))]  
   ( )

( ( ))
 
   

   ( )     

 If  ( )      (   ( ))            then 
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   [    (   ( ))]  
 ( )  ( )

( ( ))
 
   

   ( )     

Theorem1. If      and 

   [ ( )]   ( ( )  ( )), then 

   [   ( )]   ( ( )  ( )   ). 

   [   ( )]   ( ) ∫   ( ( )  )   ( )    

 

   

 

  ( ) ∫   ( ( )    )  ( )  

 

   

  ( ( )  ( )   )  

AEM Transform of derivatives of  ( )  :  

1.  

   [   ( )]   ( ) ∫   ( ( )  )   ( )    

 

   

  ( ) ∫    ( )  ( )    

 

   

  

  ( )(   ( )  ( )  
   ( ) ∫   ( ( )  )  ( )     )

 

   

 

 

   ( )  ( )   ( ) ( ( )  ( ))  

2.  

   [     ( )]   ( ) ∫   ( ( )  )     ( )    

 

   

  ( ) ∫   ( ( )  )   ( )    

 

   

  

  ( )(  ( ( )  )   ( )  
 

 ( ( )   ) ∫    ( )   ( )    )

 

   

 

   ( )(   ( )  ( ( )   )[   ( )  ( )  
 

  ( ) ∫   ( ( )  )  ( )    

 

   

]) 

   ( )  ( )   ( ) ( )( ( )   )

  ( )( ( )   ) ( ( )  ( ))  

Theorem 2. Let  ( ) be continuous on (   ) and if 

   ( )    ( )    ( )( ) are exists, then  

   [   ( )( )]    ( ) (   )( )   ( )( ( )  

(   )) (   )( )   ( )( ( )  (   ))( ( )  

(   )) (   )( )     ( )( ( )  (  

 ))( ( )  (   ))( ( )  (   )) ( ( )  

 ) ( )  
 ( )  

( ( )  ) 
 ( ( )  ( )) . 

 

Proof. Let we do with mathematical induction 

i. Is true for      

   [   ( )]   ( ) ∫   ( ( )  )   ( )    

 

   

  ( ) ∫    ( )  ( )    

 

   

  

  ( )(   ( )  ( )  
   ( ) ∫   ( ( )  )  ( )     )

 

   

 

  ( )(  ( )   ( ) ∫   ( ( )  )  ( )    )

 

   

 

   ( )  ( )   ( )   [ ( )]

   ( )  ( )   ( ) ( ( )  ( ))  

 

for     is true. 

ii. Let true for   that is  

   [   ( )( )]

   ( ) (   )( )

  ( )( ( )  (   )) (   )( )

  ( )( ( )  (   ))( ( )

 (   )) (   )( )   

  ( )( ( )  (   ))( ( )

 (   ))( ( )  (   )) ( ( )

  ) ( )

 
 ( )  

( ( )   ) 
 ( ( )  ( ))  

 

iii. We must show true for     

   [     (   )( )] 

  ( ) ∫   ( ( )  )     (   )( )   

 

   

  ( ) ( )( ) 
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  ( ) ∫   ( ( )  ) (   )( )     

 

   

  ( )(  ( ( )  ) ( )( )  
 

 ( ( )

  ) ∫   ( ( )    )  ( )( )     )

 

   

   ( ) ( )( )

 ( ( )   )   [   ( )( )]

   ( ) ( )( )

 ( ( )   ) [  ( ) (   )( )

  ( )( ( )  (   )) (   )( )

  ( )( ( )  (   ))( ( )

 (   )) (   )( )   

  ( )( ( )  (   ))( ( )

 (   ))( ( )  (   )) ( ( )

  ) ( )

 
 ( )  

( ( )   ) 
 ( ( )  ( ))]   

 [  ( )( ( )   ) (   )( )

  ( )( ( )   )( ( )

 (   )) (   )( )

  ( )( ( )   )( ( )

 (   ))( ( )

 (   )) (   )( )   

  ( )( ( )   )( ( )

 (   ))( ( )  (   ))( ( )

 (   )) ( ( )   ) ( )

 
 ( )  

( ( )  (   )) 
 ( ( )  ( ))] 

Thus, for     is true. 

 

Examples of Applying AEM Transform on 

Differential Equations with Variable Coefficients: 

In this section two examples are given and exact 

solution is found using our new transformation. 

Example 1. [5] consider the following equation  

              
 

  
 ( ) 

with ICs   ( )     ( )    . 

By using the AEM Transform into equation (1), we get: 

   [     ]       [   ]       [ ]

    [
 

  ]  ( ) 

Equation  (2) can be written in the form  

  ( )  ( )   ( ) ( )( ( )   )

  ( )( ( )   ) ( ( )  ( ))

   ( ) ( ) 

    ( ) ( ( )  ( ))     ( ( )  ( ))  
 ( )

 ( )  
      

and by applying the initial condition and simplify 

equation, we obtain : 

 ( ( )  ( ))   ( ) 
 ( ( ))      ( )    

( ( )   ) ( ( )   )
 

By using the partial fraction of the last equation, we 

have  

 ( ( )  ( ))  
 ( )

 ( )   
 

 ( )

( ( )   ) 

 
 ( )

 ( )   
 ( ) 

By using the inverse AEM transform into equation (3), 

we get the solution of equation (1), that is,   

 ( )                  

Example 2.  consider the following equation  

          (    )  ( ) 

with IC   ( )   . 

By using the AEM Transform into equation (4), we get: 

   [   ]       [ ]     [   (    )] ( ) 

Equation (5) can be written in the form  

  ( ) ( )    ( ) ( ( )  ( ))     ( ( )  ( ))

 
 ( )  ( )

( ( ))   
 

and by applying the initial condition and simplify 

equation, we obtain: 

 ( ( )  ( ))  
 ( )

 ( )   
 

 ( )  ( )

( ( )   )( ( ))   
 

By using the partial fraction of the last equation, we 

have  

 ( ( )  ( ))   
 

 
 

 ( )

 ( )   
  

 

 
 
 ( )  ( )

( ( ))   

  
 

 
 

 ( )

( ( ))   
 ( ) 

By using the inverse AEM transform into equation (6), 

we get the solution of equation (4), that is,   
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 ( )  
 

 
     

 

 
    (    )  

 

 
    (    )  

Conclusion 

In this study, a new type of transformation (AEM 

transform) was constructed and applied to differential 

equations with variable coefficients. And then we used it 

to solve a class of “Euler equation”. The main advantage 

of the proposed transform for solving this equation is to 

find solutions without dealing with complex 

calculations, and to get a more generalized transform 

from a general polynomial transform. Furthermore, from 

the definition of the AEM transform, we can construct 

many new integral transformations by selecting new 

formulas for  ( ) and  ( ). In future studies the 

proposed transformation can be used to solve differential 

difference equations. 
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 الوسيذ هن التعوين لتحويل كثير الحذود العام وخصائصه الأساسية وتطبيقاته

*حوذ عيسىأ
1
عواد كوفي ، 

2 
هراد دوز ، 

3  

5،2
  ، جاهعت واسابْن، واسابْن، حشوٍالسن الشٌاضٍاث، ولٍت العلْم

 
3

جاهعت المادسٍت، العشاق ّلسن الشٌاضٍاث، ولٍت الخشبٍت الأساسٍت، الجاهعت الوسخٌصشٌت، بغذاد، العشاق
 

 الخلاصة:
هشاد(، ّالزي حن حْسٍعَ عي طشٌك وخابت صٍغت عاهت لذالت -عواد-فً ُزٍ الومالت، لوٌا بخطٌْش ححٌْل وثٍش الحذّد العام إلى ححٌْل جذٌذ )ححٌْل أحوذ

ّحممٌا ًخائج جذٌذة. بالإضافت إلى رله حن الخحمك هي وفاءة الخحٌْل  AEM. علاّة على رله، لذهٌا الخصائص ّالٌظشٌاث الأساسٍت لخحٌْل K(x,t)الٌْاة 

 وثشحٌْل أالومخشح هي خلال حطبٍمَ على هجوْعت هي الأهثلت الوِوت أُوِا "هسائل وْشً أٌّلش". الوٍزة الشئٍسٍت للخحٌْل الومخشح ُْ الحصْل على ح

حٌْل وثٍش الحذّد عوْهٍت ٌّسِل الخعاهل فً حل الوعادلاث الخفاضلٍت راث الوعاهلاث الوخغٍشة، هوا ٌملل الجِذ ّالْلج فً العولٍاث الحسابٍت. لزله فإى ح

 .AEMّححٌْل وثٍش الحذّد العام الزي حن حمذٌوَ خلال السٌْاث الأخٍشة ُوا ححٌْلاث خاصت هي ححٌْل 

ححٌْل وثٍش الحذّد العام، ححٌْل أحوذ، هعادلاث حفاضلٍت :الكلوات الوفتاحية  


