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I. INTRODUCTION 

Integral transforms are tool used in solving linear ordinary differential equations, partial differential equations and 

integral equations among other applications as they are also used in control engineering applications. The integral 

transform of a function �(�)  defined in  � ≤ � ≤ �  is denoted by ₰{ �(�)} = F(�), and defined by  

                                 ₰{ �(�)} = F(�) =  ∫ �(�, �)
�

�
 �(�)��, 

Where �(�, �), given function of two variables � and �, is called the kernel of the transform. The operator ₰ is usually 

called an integral transform operator or simple an integral transformation. The transform function F(�) is often referred 

to as the image of the given object function �(�) and � is called the transform variable. The idea of the integral 

transform operator is somewhat similar to that of the well known linear differential operator,  � ≡
�

��
  which acts on a 

function �(�) to produce another function � ′(� ), that is, 

                         ��(�) = � ′(� ). 

Usually,  � ′(� ) is called derivative or the image of �(�)  under the linear transformation � 

Bayawa Integral transform has been introduced to facilitate the process of solving ordinary and partial differential 

equations in time domain, it has been derived from the classical Fourier integral. Joseph Fourier in 1822, Fourier 

treatise provided the modern mathematical theory of heat conduction, Fourier series and Fourier integral with 

applications. In his treatise, Fourier stated a remarkable result that is universally known as Fourier theorem. He give a 

series of examples before stating that an arbitrary function defined on a finite interval can be expanded in terms 

trigonometric series which is now universally known as the Fourier series. In an attempt to extend his new ideas to 

functions defined on an infinite interval, Fourier discovered an integral transform and its inversion formula which are 

now well known as Fourier transform and the inverse Fourier transform.  

 The oldest integral transform and also the most commonly used in the Laplace transform by P.S Laplace in 1780s, this 

has effectively been used in finding the solution of linear differential equations and integral equations. Others include 

Stieltjes transform, Melin transform, Hankel transform, Laguerre transform, Hilbert transform, Rodon transform and 

wavelet transform among others. Furthermore, of recent Samudu transform, Natural transform, Elzaki transform, 

Aboodh transform. Other recent integral transforms include the new integral transform developed by kashuri and fundo 

transform, M transform. The ZZ transform, Ramadan Group transform. Kamal transform. Mohand transform. Shehu 
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transform, Sawi transform, Kharrat-Toma transform, Sohan transform, Emad -Faith transform, NE transform.  Finally, 

Iman transform.  

Are the convenient mathematical tools for solving differential equations, Also Bayawa Transform and some of its 

fundamental properties are used to solve differential equations. 

 

Bayawa Integral Transform  

The proposed Integral Transform is defined for an exponential order function: 

� = { �(�):∃�,  ℎ� , ℎ� > 0. |��(�)|�< ��
� 

|�|

��
 
 ,if � ∈ (− 1)� ×  [0,∞)}  

For a given function in the set � the constant � must be finite number ℎ�, ℎ� may be finite or infinite.   

Bayawa Transform denoted by the operator � (.) defined by the integral equations. 

ß{�(�)} = �(�) = �� ∫ �(�)
∞

�
�

� 
�

�� ��, � ≥  0,ℎ� ≤ � ≤  ℎ� 

The variable � is the transform is used to factor the variable � in the argument of the function � this transform has 

deeper connection with the Laplace, Sumudu, Elzaki, Kamal,Mohand,Mahgoub, kharrat- toma transforms etc. In this 

work we want to show the applicability of this interesting new transform and its efficiency in solving the linear 

differential equations. 

 

1.1 Bayawa transform of the some functions 

Bayawa integral transform, the existence condition must be met to apply the transform in to any function. 

The existence condition to apply �[ �(�)] to any function  �(�) is for � ≥  0 must be piecewise continuous and in 

exponential order. 

Bayawa integral transform can use in solving the following functions. 

(�) let  �(�) = 1, then, by definition, we have                                                                                                                            

   ß [1] = �(�) = �� ∫ �(�)
∞

�
�

� 
�

���� 

         = �� ∫ 1.�
� 

�

��∞

�
 �� 

 ß [1] = �� 

(��)  let �(�) = �, the 

 ß[�] = �� ∫ �.�
� 

�

��∞

�
 �� 

Apply integral by part, we have 

  ß[�]  = �� 

(���)  let �(� =)  ��, then   ß[ ��] = �� ∫ ��.
∞

�
�

� 
�

�� �� 

Apply integral by part, we have 

  ß[ ��]  = 2!�� 

(��)let �(�)  = ��, then 

 ß [��]= �� ∫ ��.
∞

�
�

� 
�

���� 
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Apply integral by part, we have 

 ß[ ��] = 3!��� 

     (�) let �(�)  = ��, then 

 ß[�� ]= �� ∫ ��.�
� 

�

���

�
 �� 

              Let   � =  
�

��  or  � = ���   , �� = ���� 

     = �� ∫ ���(���)��

�
.� ��,  Since gamma � +1 = ∫ ���(�)��

�
  = �! 

    ß[�� ] = �����.�!  Where n is an integer number 

(��) ß[��� ]= �� ∫ ���.�
� 

�

���

�
 �� =  �� ∫ �

� �  
�

�� � � � ��

�
�� 

                = 
��

� � ���   

(���)  ß[ ����  ] =  
��

� � ��� 

  (����) ß[�����] = �� ∫ �����.
�

�
�

� 
�

���� 

Since ����� = 
���� – �� ���

��
 

=  
���

� � ���� 

(��) ß[�����] = � ∫ �����.�
� 

�

���

�
�� 

Since ����� =
���� � �� ���

�
 

ß [�����] = 
��

������ 

(�) ß [���ℎ��] = 
���

� � ���� 

(��) ß [���ℎ��] = 
��

� � ���� 

 

1. 2 Theorem: let � (�) is Bayawa integral transform of �(�) denoted by  ß[ �(�)]  that is  [ß{�(�)} = � (�)], then : 

The integral transform “Bayawa”  

(1) ß[��(� )] =  
�

�� �(�) − ���(0) 

(2) ß[���(� )] = 
�

�� �(�) − �(0) − ����(0) 

(3) ß[��(� )] = 
�

��� �(�) − ∑ ����������(�)(0)���
�� �     

Proof: 

(1) ß[��(� )]  = �� ∫ �(�)
�

�
�

�
�

���� 

Apply integration by part, we have 

ß[��(� )] = 
�

�� �(�) − ���(0) 

(2) Let �(�) =  ��(� ), then 

ß[��(� )] = 
�

�� ß[ ��(�)]− ����(0) 
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We find that by using (i) 

ß[���(� )] =
�

�� �(�) − �(0) − ����(0) 

(3) Can be proof by Mathematical Induction  

 

1.3 Application Bayawa transform in to ordinary differential equations 

For linear systems that governed by differential equations, Bayawa Integral transform could be used as an efficient tool 

to analyze their basic characteristics in response into initial data. 

The Efficiency Bayawa can be expressed in solving some certain initial value problems described by ordinary 

differential equations. 

(�)Consider the linear first order ordinary differential equations 

  
��

��
 +  �� = �(�) , � >  0, �(0) =  �  

 Where � and � are constants and �(�) is an external input function so that ß[�(�)]transform exists.                                    

 Now apply Bayawa transform with initial condition 

�

�� �(�) − ���(0)  +  ��(�) = �(̅�) 

�

�� �(�) − ��� +  ��(�) = �(̅�) 

�(�) [  
�

�� +  � ] = �(̅�) + � 

�(�) [ 
�����

��  ] = �(̅�) +  ��� 

�(�) = 
��(�(̅�) � ���)

� � ���  

�(�) =  
���(̅�)

� � ��� +
���

� � ��� 

The Inverse Bayawa Transform give the solution 

(��)Consider the linear second order ordinary differential equations 

For a second order ordinary differential equation that has the general form: 

 
���

��� + 2�
��

��
+  �� = �(�), (0) = �, ��(0) = �, � , �, � and � are constants 

Apply Bayawa transform with the initial value problem � , �, � and q would give:    

�

�� �(�) − �(0) − ����(0)+  2� �
�

�� �(�) − ���(0)� +  ��(�) = �(̅�) 

1

��
�(�) − � − ��� −

2�

��
�(�) − 2���� + ��(�) = �(̅�) 

   �(�) [ 
�

�� +
��

�� +  q ] = � + ��� + 2���� + �(̅�)  

�(�)[ 
����������

��  ] =  � + ��� +  2���� + �(̅�)  

�(�) = 
��(� �  ���  �  �����  �  �(̅�))

� � ��� � � ���  

�(�) = 
��� �  ���  �  ����� �  ���(̅�))

� ���� � � ���  

�(�) =  
���(̅�)  �  ��� � ���( � � �����)

� � ��� � � ���                    



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                                   International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 4, Issue 2, May 2024 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-18119   122 

www.ijarsct.co.in  

Impact Factor: 7.53 

�(�) =  
���(̅�)  

� � ��� � � ��� +   
  ��� 

� � ��� � � ���  
  ���( � � �����)

� � ��� � � ���  

The inverse Bayawa transform gives the solution 

 

Example 1 

Consider the first order ordinary differential equations 

��

��
 +  � = 0, �(0) = 1 

Apply Bayawa transform with initial condition 

�

�� �(�) − ���(0) + �(�) = 0 

Where �(�) is the Bayawa transform of the function �(�) 

�

�� �(�) − ��(1) + �(�) = 0 

�(�) [ 
�

�� + 1 ]  = �� 

�(�) [ 
����

��  ] = �� 

�(�) = 
��

� � �� 

Take inverse Bayawa transform, we have 

�(�) = ��� 

 

Example 2 

Consider the first order ordinary differential equation 

��

��
 + 2�  = 0, �(0) = 1 

 Apply Bayawa transform with initial condition 

�

�� �(�) − ���(0) + 2�(�) = �� 

Where �(�) is the Bayawa transform of the function  �(�) 

�

�� �(�) − ��(1) + 2�(�) = �� 

�(�) [ 
�

�� +  2 ] = �� +  �� 

�(�) =  
��(�� � ��)

��� � �
 

Take synthetic division method and inverse Bayawa Transform, we have 

�(�) = 
�

�
� +  

�

 �
���� −

�

�
 

 

Example 3 

Consider the first order ordinary differential equation 

��

��
 + �  =  3, �(0) = 1 

Apply Bayawa transform with initial condition 
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�

�� �(�) − ���(0) +  �(�) = 3�� 

Where �(�) is the Bayawa transform of the function  �(�) 

�

�� �(�) − ���(1) +  �(�) = 3�� 

�(�) [ 
�

�� +  1 ] = 3�� +  �� 

�(�) =  ��( 
 ��� �  �� 

�  � ��  ) 

Take synthetic division method and inverse Bayawa Transform 

�(�) = 3 −  2��� 

 

Example 4 

Consider the second order ordinary differential equation 

���

��� +  � =  0 �(0) = 1, ��(0) = 1 

Apply Bayawa transform with initial condition                                                                         

�

�� �(�) − �(0) − ����(0) + �(�) = 0                                                                                                             
�

�� �(�) −

1 − �� + �(�) = 0                                                                                                                             

 �(�) [ 
�

�� +  1] = 1 +  �� 

�(�) [
� � ��

�� ] = 1+  �� 

�(�) = 
��� � � ���

 � � ��  

�(�) = 
��

 � � �� +
��

 � � �� 

Take inverse Bayawa transform, we have 

�(�) =  ���� +   ���� 

 

Example 5 

Consider the second order ordinary differential equation 

���

��� +  3
��

��
+ 2� = 0 �(0) = 1, ��(0) = 4 

Now apply Bayawa transform with initial condition                                                                         

�

�� �(�) − �(0) − ����(0) − 3(
�

�� �(�) − ���(0)) + 2�(�) = 0                                                      

 
�

�� �(�) − 1 − 4 �� −
�

�� �(�) + 3�� + 2�(�) = 0 

�(�) [
 �

�� −
�

�� + 2 ] = 1+  4�� − 3�� 

�(�)  = ��( 
� � ��

� � �� � ��� ) 

Now, 
� � ��

� � �� � ���   = 
� � ��

(� � ��� )(� � ��)
  =

�

� � ��� +  
�

� � �� 

Therefore   � = 3, � = -2 
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�(�) = ��[ 
�

� � ���  −  
�

� � �� ] 

Take inverse Bayawa transform, we have 

�(�) = −  2�� +  3���  

 

Example 6 

Consider the second order ordinary differential equation 

���

���+ 4� = 12� �(0) = 0, ��(0) = 7 

Now apply Bayawa transform with initial condition                                                                         

�

�� �(�) − �(0) − ����(0) + 4�(�) = 12�� 

�

�� �(�) − 0 − 7�� + 4�(�) = 12�� 

�(�) [ 
�

�� +  4] = 12�� +  7�� 

�(�)  = 
����� �  ���

��� � �
 

Take synthetic division method and inverse Bayawa Transform 

�(�) = 3�� +  
���

��� � �
 

�(�) = 3� +  2���2� 

 

II. CONCLUSION 

In this papers, we have proposed, A New Integral Transform  Bayawa Transform for solving ODE we have 

demonstrated the applicability and have shown new efficient the method is in solving ODE. 
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