
 

 

Properties of Laplace’s Transform:  

a) Change of Scale Property:  

By this property, i                              
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b) Shifting Property:  

First Shifting Property: By this property i                                      

Because we get  

                     

 
                   

 

 
                

 

 
          

           [when         ] 

But we have                  
 

 
 . So we get 

                      

 
                  Thus we get                        

Second Shifting Property:  By this property, if we define a new function      such 

that                      

And                                                                  

Because here we have    

                     
 

 

             
 

 

             
 

 

 

Thus  

                                                 
 

 

 

              
 

 
          

This is second shifting property of Laplace’s transformation 

 

 



 

 

c)  Laplace Transform of 1st and 2nd order Derivatives:  

Now consider a function        . Thus we get the 1st derivative of this function 

   
  

  
      .   

Here we have Laplace transform of 1st derivative of this function   

                                                  

This is because    

               
 

 

  

  
           

            
 

 

                      
 

 

   

So we get                                 
 

 
                        

i.e.                             

Similarly for Laplace’s transform of the 2nd order derivative of the function         , we 

get  

  
   

           

 
 
   

             

  
  
         

 

 

  

  
                 

         
 

 
          

  
   

   
                     

But we have Laplace transform for the 1st derivative of the function      

                      . Thus we get   Laplace’s transform of the 2nd order derivative 

of the function          as  

  
   

                                                           . 

So finally we get 

                                  Or,                                   

d) Laplace transform of Integral of the function      :  

Here this transform is mathematically given by 

         
 

 

  
 

 
                        



 

 

Because let us consider that              
 

 
             . So we get             

But for Laplace transform of the 1st derivative of the function       we have 

                                  

                                                          

So we get          
 

 
                     

 

 
  

 

 
        

 

 
    . This is Laplace 

transform for the integral of a function       .  

e) Convolution theorem for Laplace Transform:  

For any two functions       and      , the convolution of these two functions is also 

defined as                    
 

 
           .  

So if Laplace transforms                                  , then by this convolution 

theorem                        
 

 
                        

To establish this theorem, we have  
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Here the double integral being taken over the infinite region in the first quadrant lying 

between            .  Changing the order of integration, we must take the limit 

from     to    .  

Thus we get                              
 

 
             

 

 
  

            
 

 

            
 

 

      
 

 

                  
 

 

           

      
 

 

             
 

 

                        

       

 
              

 
                    . 

Thus                             this is convolution theorem for Laplace 

transformation.  

 



 

 

f) Laplace’s Integral Transform for Periodic Function:  

Let      be a periodic function of period  . Thus we have             and then we 

have  

              

 
               

 
               

 
               

  
          

       

 
                  

 
                     

 
              

       

 
                  

 
                   

 
            

                       

 
         

 

      
       

 
       .  

This is Laplace’s transform for periodic function.  

g) Laplace’s Transform for Unit Step Function:  

The unit step function        is defined as  

                                                      

Thus Laplace transform of this step function is 

                

 
                 

 
           

 
          

    

  
   

  
    

 
 

h) Laplace’s Transform for Delta function:  

This is given by                 

 
                

 

 
                    

i) Laplace Transformation of Gaussian Function:   

        
                    

 

 

             
      

   
  

 
  

     
 

 

  

                
 

  
   

 

 

   

Now substitute          
 

  
                  

  

  
     

Thus we get                   
  

 

  
               

     
    

But we know that the error function is given by         
 

  
     

   
  

 
 and the 

complementary error function is given by                     
 

  
     

   
 

  
  



 

 

So we get  

        
  

 

  
              

 

     

    
 

  
  

  

  
  

 
     

 

   
 

 
 

 
 

 

 
   

  

        
 

   
  

 


