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계 선형 미분방정식에 응용Module Laplace transform - 2

1) Solving D.E with discontinuous forcing function.

Ex)

″ ′   

     ≤    ≤     ≥ 

  ′  

그림 1

     

ℒ ″ ′    ℒ  

  ′     

   


 

    

     

 



 

  

 


   

ℒ     
 

ℒ  

   ℒ
 



  

 




      




  


 








  



      

    

       


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  ℒ
 



 


 ℒ

 



  

   


 

 


ℒ
 


  







 


 

ℒ
 


  







 









 
 







 

 


 


 





 


 



 




ℒ    

ℒ











 





ℒ











 





ℒ



 







 

 

  


 


  


 





 




ℒ
 


 

  

 


   

 

 


      


 




      


 

      

Ex)

″    

   ′  

 









 

 ≤  
 ≤  

  ≥ 

그림 2

  ℒ  

 
 


ℒ  

     

 
  

  

 
  

 
 
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 
  

    

 
  

 ℒ
 

→


  


     

  

 


 

 
  

  

 

    


    

 

 


  


     


  








 


 


   


  






그림 3

    

  








 

   





 


 

 

 


 



           

  





   

그림 4

충격 함수2) Impulse function. ( )

″ ′    

  
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그림 5

ℒ  
 

 

 
 ∞

∞

 

(Stretching of forcing function.)

“Total impulse” of   on    .

 










    

 

 
 ∞

∞

 

Def)

Unit impulse function . (Dirac delta)

  lim
→  



    lim
→  

  

ℒ     lim
→ 

ℒ   

그림 6

⇒     


   

ℒ    
 

  




  


 

 
    
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lim
→ 

ℒ     
 lim

→ 


   

 
 lim

→ 


   

 
 




   

 
 

Claim ℒ     
 .

Ex)

″ ′    

  ′  

      

 
  


 

    

  ℒ
 



  

 


    


  


 



ℒ   
 



ℒ     



그림 7

If    

  






  

   
       
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그림 8

3) Convolution

″′  
→ ℒ ″′   

→    



⋯

  ℒ
 



 


 




 ℒ

  ⋯ 

Def)

  Defined on  ∞ .

  




 

Theorem.

ℒ    ℒ  ℒ  

pf) let  ℒ    ℒ  

      


∞

  




∞

   

ℒ       

  


∞

ℒ        




∞ 






∞

    








∞




∞

     




∞




∞

   
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그림 9




∞ 








 



 



∞

 

Ex)

ℒ
 



  
 




ℒ
 





 


 

ℒ
 


 

 


 

↓  

  



      

ANS)

 






 




 









 


 


  

Theorem.

  

그림 10
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




  

 
















ℒ    ℒ  ℒ  

 ℒ









 





특별히   

ℒ













 ℒ  



Ex)

      

  

       ≥ 

      








 

 








 ℒ  

  



 


  

ℒ    ℒ      

 


 ℒ   




  














   

  





   

    
   






    
  



     

Ex)



   
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그림 11


    




   



 


  

∞

  

   


ℒ
   

  ℒ
 




 



 

 





 


  

 

    

   
  

∞

   

  
  

∞

 ℒ     

 
  

∞

   

   ≤    

 
   

 ≤        

그림 12
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          
     

Ex)

그림 13

       ⋯   
 

      
     ≥ 

   

     

     ≤ 


  



    
 ≤ 

  
 

  

 
 ≤ 

   

ℒ    ℒ 
  

∞

  


 



  





∞

 




 




 




 

 
  

∞




 

 

ℒ       
 



   


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그림 14


  

∞



     


   
  

∞

 



  


  


   If   

Ex)

   ≥    

ℒ   
  






 

Ex)

    ≤  
  

Saw tooth function.

ℒ   
  






 


