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복소 고유값과 중복 고유값 경우Module System of linear ODEs -

선형연립미분방정식의 응용1)

Ex)

T1:     
    

T2:    
   

Determine the amount of chlorine in each tank at any time t>0.

Sol)

    ∈  ∈ 

     

  ∆  


∆

  


∆  


∆

′ 


 




∆  ∈ 

≈  


∆

  


∆

  


∆

′  


 




그림 1
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′  





















 




 


 
 




    
   

 



  


 


 

 






  
 
 

 










 

 










 










 

 

 


 










× 


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2) Complex eigenvalues



  


 


  

   


 





  

±


  ± 

  


± 

  

  


 





 

  


  

   


  


 





 


 


  

   










 

     

    

  
 
















  


 










 
 


  


 

 






   

 


 
 


   

  
 





 






    

  







 







  





  





  

  
      

  
      

    

 
 


 

    

 
 


  

Fundamental set:  


 
  



  



 
 



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
  

   

  
 




Ex)

    

   
       

″ ′   

  

  ′

′ ′  
′ ′     



  


  
   





  
    

 

그림 3

그림 2
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      

    
 


 


 

 


± 



  


± 



Eigenvector







 




   


 







 



 

     







 


 





 

 
  






  
 


 


 



 







   




  



  






 




 


 












 
 


 




  
 





 




 


 









  

 





  




 


  











 
′


   

   


  






 
′








 




 


  










 


 
′  



 




 


 

  










 
















→


 
 


 






→



 






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그림 4
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3) Repeated Eigenvalues/ multiplicity

Case :

′  does not have n linearly independent eigenvectors.

′   


 


 

  

  


 


  

   
 

             



  
  



  

      
Try    

 
 (

 : correction term)

′ 
 

 


′ 
 

    
     



    
   



 


  

  















   

  

















   ⇒















 






 













 





 




 






Ex)

 










     
   
  

 
      
    
   

    

      ∙  

Eigenvector




 
 





 

  
 

  
  

 

′  
   

   
   

  
 
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 
      
    
    

     
  

     
  

     

      
   

     











    
   
  

   
  













 









  

 






 




    

   
    












 








       



         



 


















  

 






 






  
 






 




  












 








  


 







 




  












 







  


















  









  









 


 








           

 

  

 




 
 






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  
  

  




  
  
 




 

  




  
  

 

′ 
  

  
   

   
  

′   



  










   




    

    

⇒     








 








  

 



 
 





  





 
 





  








 






 











  




   




  








 

Question) How can we diagonalize A?

  

   ⋯  

  







⋮


⋮







 
⇒  







⋱






    

  
 

⋯ 
   

 : Eigenvectors associated 

Ex)

′   

   
  

      
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       
   


 












Ex)

Two internal loop and one external loop.

 ′ ′      

⇒ ′  ′ ′   



 


 

  




′
′




 

 


  

  










 










′
′















 

  

 

 


  

  










 

 
 




 

 










  




 

 


 
 




       

       

 






 

  
  

 

′   ⇒









 


  

  


 






     

그림 5
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 










    

  


  

   











 


  


 




 

    







 

 














  








    













  








  
Initial condition      on  .

         

















    



 






 
 




  


 
 












