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Module Application of Second order ODE

Application of 2nd order DE

Analyze motion of object attached spring.

그림 1 그림 2

  

      

    
⇒  

⇓

 

  ′

Deriving force of magnitude .

  ′ 

″  ′ 

″


′


  

자유운동1) Unforced motion. ( )

  

″


′


  

 





 

 


±

   

Case 1.      과잉 감쇠( )

  
 



    




   

   
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⇒     

   lim
→ ∞

  

Called “Over-damping.”

Case 2.     임계 감쇠(Critical damping), ( )

 



  




 






   





IC:    ′  

   

   

 

  



    

     

     

lim
→ 

     

그림 4

The object passes through the equilibrium point exactly once.

Case 3.     부족감쇠(under damping), ( )

 


±

  




± 

  





  





 

그림 3
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  





   

lim
→ ∞

  

Ex)

    

  


   

   ′  

       

그림 5

 


   



        
   

그림 6




 

     
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그림 7

조화진동Harmonic Oscillation ( )

″      (no damping)

     


  ±







   




  






Set  




natural frequency

Period    


 
그림 8

       

   

  Determined by initial conditions.

감쇠진동Damped Oscillation ( )

″ ′     ≠ 

″    

 ±  

    


± 

 

 

  




    
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 

  


















 

 
 





 








  

 








 



 

 








Use  




≈  


 when  ≪ 

≈ 



 

 
 






↪ 준진동수quasi frequency ( )

 


준주기Quasi period ( )

  

Ex) Overdamping case.

    

      

             

  
  

 

  

′  

    

   

         

      

         

The object remarks below the equilibrium point.

Ex)




 

    ⇒  

   
 

Case 


has positive sign.

    
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          

그림 9

그림 10

  

′       ′

    ′ 

  
′  

Not pass rest position

강제운동2) Forced motion. ( )

Periodic driving force    ⇒ resonance & beats ⇒ analogy with an electric

circuit

″


′


  


 

Periodic driving force.

      

Ex)

          

     ∙   

Over damped.
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″ ′      

  ′  

      

특수해의 후보는         

′        

″        

특수해의 후보를 미분방정식에 대입하면

        
    

                 

          

   

  
  

    
    

그림 11

Forced motion with damping.

Ex)

″ ′  

 


 



     

  

     ∙ 


    

  


 

 


    


±    


± 
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  
 



    

      

′      

″     

″ ′ 


     


     


   




     

  


   


  



 









 


 


 

  
 



     

  ′  
⇒  


  



그림 12

Amplitude of steady state.




   


  

그림 13
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  




 










 

 
 



≒ 




≒ ×



3 = Amplitude of external force

″ ′    

        

  ′ ′     

 
  





    











 










 



















 






 









 


≪  


→  blow up

그림 14

에 곱해지는 Amplitude ⇒ Resonance

는 가 작을 때 작아진다.

* Analogy with an electric circuit.

  Resistance

  Inductance
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 : Capacitance

   Eletromotive force

    ′ 



  ′

   ″′




″

′


 




Mass ↔ 

Damping constant ↔ 

Spring constant ↔ 



Driving force ↔ 

″


′


 




Ex)

    

  









 



′    

″′


 

″ ′   

그림 16

″ ′


 

    

 


 ±   ∙ 

 ± 
 ±

         

그림 15
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      

                    

       

        

  

  














 


 


 

   






′    

 

 





 



 


 




  



  ′ 


    





 

 


      


     

  ′ 


      


    

그림 17


