
 

               

              

       

       

     

              

               

       

            

              

              

      

           

                 

              

       

             

                     

               

        

Objectives:

1. To study resonant circuits both in time and frequency domains.
2. Describe the conditions for electrical resonance.
3. Describe the mathematical strategy to develop the resonant 
frequency expression for a given resonant circuit. 
4. Determine the resonant frequency of series, parallel, and 
series–parallel circuits. 
5. Describe the quality factor. 
6. Determine the quality factor of series, parallel, and series–parallel circuits. 
7. Determine the three dB bandwidth from the resonant frequency and 
quality factor. 
8. Decide whether a resonant circuit has a low Q or a high Q in order 
to select the 3 dB determination approach. 

Module 3.a
RESONANT CIRCUITS
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   

  

              

               

  
  

 
  

   
 

  
  

  
 

 
    

  
 

 
    

                 

     

  

      

    

  

    

         

     

 


  



 

              

 



  




  

      



  

          

          

   
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  

               

      

         


   

    



            

     



        

                  

      



      

   

 



             

                

       

         

   

     



  










               

         



           

            

 
    

 










       



 
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  

         







         

    

      

                

   

    

                

                

   


          



   

  








  










 
  

     

     

 


  









   


  




       

      





   





  




    




 
    
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 

  

 
    















                   



  








     

  
    
















       

      

     

 

     

    


  


 



      

  


 


 

 



 


    

          





   

 





 








    


 

 
  


      

 

               

   

 











 

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  

 



  







   



  











  

       









  


 






 


  


 

   
  



        

              

                 

              

   

       

        


   

  

 
   



 
  

   

   


 
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 

 

   
 

  






 

 
 







    

 

    
 

        

     

 


  









    

   




 
 

 


 
 

  

       

 
    

 


     

       

 




 

 


   
 

 

 
 






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  

    

 

 

 

 

      

 
 

 


 

 








 
 



 

   

  


 

  

     

    
 

   
    

 

 


      



              

        
 



 
   

 


 










 
 

 


 














 




 







 




 








 



 
   



           


 
 

    

               

       
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 

    
  

  

        

       

          

        

         

 


   





 
 

   

 

   


 

         

       

 
  

      

      

        

 




    

              

       

  

    

    

 

   

                

              
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  

       

      


   

 
 

   
 

 


 

           
        


  

      

 
  

  

            

        



  
 

 


 




  




  










 







  









 





 
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 

             














   



 

   

 

  

 

      






   


  




    
  

           

             

  

        

   


  


  




   






 




       

              
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  

  

                  

   

         

        

    






 

        

            

 






 


 

 

    



     

             

 
  

    

 











    

  






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 

          

         

          

         

 


     

 



      

        

  













     

  







   







 


 





 






 







  









  




   

  
    



                

  














  














  

   

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  

   







 







 


    

  


   


 








 







 


  







 


 



  



  







   



  







     

         

         

  
 

 




 


 
   



  




  





 




 




    

         









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 







  

 

      








  


  

         

                

                

       

          

 



     




  







  







 

  

  

       







     
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   


 

   

   







   

   






 



 



  




 



 



            

              

     

           

   

 



 



 



 

               



         

 


 




 


            

    




  




     

    




 

     



  

    


 



 




 




 
 
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 

                

     

      

       


      

         


     

       




     

     





  

    

                

         



              

      

    

    



 


      

   

             

        



  

              
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  

    

        



          

  
     



    



 


    

   

             

    
      


 

              

     

               

               

             

      

      

    

    

              

     

             

   

   

      
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  

      

               

                  
                  
     

            

   

    

  


         

   

 






 




 














 









   

        

   








  

  



        

    


  




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   

     

   


  













         



       

              



   

 

               

   


  
 
  

   


  

 





































 

   

 


  










            



    

     



 

                 

                 

     

 

 

                       

                   

   

  

    
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  

    

   

         



      

        

       

 
 


   

  

 







    

   

   

    




  


 

    




  


 

    

 




  


 

      

 








 

       

   



  

            

421



  

    

   

              







 
   

 

            

  

  

  

      

 



            

 





      
     

 





     

  
 

 





  


     

 

   


      

       

       

422



  

    

       

    



  

            

      

    

         

    






 


  

       

      

        

      

      

       

 

                  

    



    

 





 


 

  




  





 

 
  

  




  







    
  

423



   

   

   



   





       

      

 

                   

                




 

    

  

    

      

  
 





 

 







    

  

 

    

 







  

      

  

       


    
  

  
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 

 


 


 

 





 

 
  

 

                 

               

             



 

       

  

 





  
  





  


 

          


 
 

  


 


   

       

  


 

 



   

 

 


  


 


 

 
 

   

  



   
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  

 

                    

             

               





                

  

       












      

    

 


   




    




  

   

         

 


   
  

    


 
   

    


 
  

    

   

  




 
 



   
 




   
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  

 

               

 



   

 







   
  

      

  

    

            

           

       

  





  





 



  

 

              

 
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  



      

 

    

     

 

         

  
 

 
 

                 

         

 

         

    






  


       

     
 



        

  
 





 
 

 

   
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 

  

     

    

 





   


  

 

 

                  

   

 



               

  

  





 

    

 

         




 


   

 
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  

 

  

 

  



               

 




   

    

    

 

              

      

      



      

  

   

  

 









    

 

  

        

 







 
  

  




  
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 

  





  

 

 







 
  

                

 



 

        





  

 

                

                    

   

 

               

    

 

 





      

   
 

 

  

       

 
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  

          


 


    

        

  


   
 

    

  


 
 

    

    

    

     

 





 

   

     











     

  

 

                

   

   



              

  
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 

               

              


 






 




       

  



   

 

 

     


         

  


    

    

 

 

     

 

 

                

     





    

    



      

 

   

       

433



   

 

 








 



 



  







   







  










    





   



  





 













 

  



  





  

  



   





           



         






 




  

       

  

  








  
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 











     

   

 

                    



 



              

    

  

 





     

   

 

      

       

  

 

 

      

 

      

    

     





  



 
  
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   

     

 



  









   



   

   

     

   


       


      

  

   

 

                   

                   

  



                 

 





  


  

  

 

 







  

  

 







 

  
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  

 

             

 



    

 




 



 






 
  

 

  

  

  

  

 

  







 

 
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   

          

    




   
 








  





 


  









  

  

   

 



 

 

                 

                   

     

 

       

   

   



  

 








 

  

 







 
  
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 

   




 
   

             

 





 
 

   



  

 

                

       

    

   

    

   

   



              



 
 




     

     

  


 

 

    
  

  
 

 
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   

             

     

  
  

  

  

      

  
  



  

     

  
  

  

          

     

  
  

  

  

 

            

                 

               



         


 




 


 




  






      

  

   

      

 


     
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  

   

      

   


  
        

   


  
        

 

 

             

       

            

  

  
 

 







  

 



 

          

          

  

              
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  

 

                   

  

  

     

      

      

 

                  

  

     

 

             


 





  
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 

 

           

  

     

 

                 

                

          

      

 

              

    
 

  

   
   

 
   



  

 

                   

                  

                  

                   



 
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  

 

                   

               

      

  

      

Outcomes:
1. Analyze resonant circuits both in time and frequency domains.
2. Determine the resonant frequency and bandwidth of a series or parallel circuit. 
3. Sketch the impedance, current, and power in resonant circuits.
4. Derive the network function for an RLC resonant circuit
5. Analyze the frequency response of an RLC resonant circuit
6. Perform laboratory measurements to determine the frequency response of a circuit
7. Understand the impact of component values on the BW, Q, and �0.

Resources:
1. http://www.electronics-tutorials.ws/accircuits/series-resonance.html
2. http://en.wikipedia.org/wiki/RLC_circuit
3. http://www.electronics-tutorials.ws/accircuits/series-circuit.html
4. http://en.wikipedia.org/wiki/LC_circuit
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 

               

              

   

               

                 

                   

               

                  

                

            

                 

                 

             

          

      

  

          

           

         

     

   


     

    

Objectives:
1. To Develop and solve mathematical representations for 
simple RLC circuits.
2. Compute initial conditions for current and voltage in first 
order R-L and R-C capacitor and inductor circuits.
3. Compute time response of current and voltage in first order 
R-L and R-C capacitor and inductor circuits.
4. Compute initial conditions for current and voltage in 
second order RLC Circuits.
5. Compute time response of current and voltage in second 
order RLC circuits.
6. Compute time response of current and voltage in second 
order RC circuits.

UNIT - 4
TRANSIENT BEHAVIOUR AND
 INITIAL CONDITIONS
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  










     




       

    





   

            

                   
                   

                   

           

        

            



                

             

        
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    

  

         
       

        

       

       


     

    

  








     




       

    





   

        

                   

    

  


       

       

         



                

                

     
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  

       

  

                 

            

        

     

               

               

                
     

               

   

              

 

   

         

 

        
        

 

 
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    



     

        

      

      

       

     

     

    

  
 

  
 

 

          

     

                    
                 

         


  

           

 

                 

  

 



                    

                 

              
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  

     

     

  
  

 
 

  
   

      

   

      

 

                   

    

 

                 

    

 



        

          

          
        

       

         

   

  


  
  

 

       

  
 

  
  

   

      

      
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    

 

         

       

 



       

   



         

          
         

       

 



 




       

   

 

 

  

      

      

    


 

    


 






 
   

        

   



 

      




  
 


 

    
 


 


 


    
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  

 

               



  

 



                    

                  

 

           

 




    

      

       

 


   

 


   





  

        







 
 
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    

      




 





 

 
 





 

 
 


 

   
 


  

 

        

        

     

         





  

 

                    

                

     

 

 



 

       
         

          

       

          

        

          

   
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  

           

  
 






    

  
 

     

     

 


   

 


   

 


 


  

        





  

    




 





 

  
 





 


 


   

 

                    

         



  

 
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    

 



         

            

        

           

  

       

     

      

                   

                 

   

         

   

    

 




    

     

    

 


   

   


   


  

        





  

260



  

        




 





 

  
 





 


 


  

 

                    

      








  

 



     


  

      

   

   




 

 


 









  

 

 

  

     


   

    

  
   




  

     



  





 

 
   
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    

        

 


  




   

        







   

 
   

         

 




  





   

        




   







    

 
   

 

                  

             

 


                

                 

    

  

          

   
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  

  

      

 


          

     

  












  

 

                  





       

 



                       
                    

   

 

  

  
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    

       

        


 






  

           

 
  




  

    

 



  











  


    

     

   



  

 

    





 








 

 


   

    

 

                  

              

 
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  



                  

                

         

  















    

  
 

  






        

    





           

   

     

   

 









 


 


























   

 




 







 





 


















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    

       

 





 

  





      

                 

      

 

 



        

       

       



      

     

      

       



     

   

 
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  

       

  

       

    

          

     

       

   

      

  

    

   

     

   

    










  

    



   

   

 
 


      

 

 










  

 

       

   







     
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    

 


                     

                   



  



 

    

      

 

     

           

   

          

         

    

      

      

  
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  

       



 












    

      

 















  
   

          

         

  

   

   

 

        

   







     

 



     

  
 

 
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    

         

   
 

 

   
 

 

            

   

                   

               

 

                 

                   

 

  


  
 

       

      

     

                 

           
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  

 

      

   


    

   







     








  

      

      

     

    


   

    


   








  

               
   

 
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    

       

  
 

  
 

        

     

 

 

        

   







     

 



         

  
 
 

                

               

 

                 

   

          

         
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  

 

        




    

 





 







 

  

     

   

        

          

    

  

 

    

 

 

      

 
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    

 

    












 


  

  

 

  

 

     


  

       




  

  

 

                 

  

  





  

 
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  



                       

     

  


  
  

             

        
      

       
          


 

  




 


 

   

        

 

     

 

  




   

      






  

    








  







   

    
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    

           

  
 

 

      

 
 

 


 

   
 


 




  

 

             

      

     






  





  

 


                    
                 

               

        

 
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  


 




 


   

  

         

   
  

  
  

      
  


  

               

            

   

  


  
 

   

       

   

 

          

 
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    

 




  
 



      










     














  

            

   




      

      

 


   

     




 




 

   

  
  


   
 

  

          

 

         

      

      

 





 
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  

    












 

    



 




   

     





  




      

 










    

 


















   

 

                 

     

 

    

   
    

  
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    



                     

                     

          


   


   


   


   

       



        


    

 

             

          

 


  

 

  


   


  

    

     

  
   

   
  
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  

 
  

    

       


 
  

 





 

             

 



 



 



        

            

         

       

             

        
          

     


    

  

 

       

   




 

      

 




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    

    















 

    


     

  
 







  
 

 

                  

     
       

           


      

            

 



           

           

       

       

  


    

 
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  

          

   

  




 

    

        

  


  







 



  




 

  

     


 






    






 
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    

 

 

                  
 


  

 



           

           

           

           

   

       

       



    
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  

    




   

  

    

        

  



      

    

 



  

  

     

 

        
 



 


 





      
 

 

             

     





 







    





 
     

285



    

         

     






   

        






   


   

       





  





    










 

    
 


 

            

     





 






  





 






  

 


 

       













  

        








286



  

    

 













 


   

     





 








 

 


   

 

                    

               

    

    









 



           

           

  


  


  


  
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    

 

     

































      


 






 


 





 
  

        

 




 



  





      













 











 



 
 










 
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  

 

                 

                 

       

   

    



     

      

 

       

 




  

     



 
 



                      

 

  
  












      



 






         

     

    


  

    



   
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    

 
    






     





     

 



  








 

       


 
















    




     

       

 


  
  





 









 

  

  



  


   

 

         







      

 
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  



                      

         
           

   

 

       


 





     

  




      

   




  

  




  

     

 
   




 




  

    







   
 



       








 

 










 



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    

   









  

  


    









 

 



 










 



 
















 



 
 


 

                 

    

 



         

           

      

  




   


 

      

  




  


 

  
 

    







 
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  

     
 














    










 








  

     









 









 




 





    



   

 

 

             

 



 




 

   



   




   
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    

 

                  




  

 

   



   




   

 

                  

            



  

 

   



   




   
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  

 

                  

           




  

 








 


 






 


 

 

                  

   



  

 











 
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    

 

              




  

 







   

 

                   





     

 





  




          
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  

 

        





       

 

     
 


   

 


                  

 

                  

 


      

 

     
 


   

 

                 

          
 




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    

 

 
  







 

     
 

 

                

         




 

   
 

  


 




   

         
 

 

        






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  

 











 




 

 

        


      

     

 











 

 

              

           











 
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    











   
 









    
 

 

                   

    
        

 

          
      

             

 

                  

     
 

      


 

        
  

  
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  

 

                    

     

 
  



      


      


 

         
    

  

Outcomes:
1. Analyze the transient behavior of RC and RL circuits. 
2. Determine the transient response of second-order systems and understand the concepts of
    under damped, over damped, and critically-damped circuits.
3. Explain transient phenomena and analyze the transient behavior of simple circuits.
4. Explain concepts such as steady-state response, transient response and total response as 
    they apply to electronic circuits; 
5. Describe the transient behavior of simple RC and RL circuits; 
6. Predict the transient response of generalized first-order systems from a knowledge of its initial 
    and final values; 
7. Sketch increasing or decreasing exponential waveforms and identify key characteristics; 
8. Describe the output of simple RC and RL circuits in response to a square-wave input; 
9. Outline the transient behavior of various forms of second-order system. 

Resources:
1. http://www.ee.ic.ac.uk/hp/staff/dmb/courses/ccts1/ccts1.htm
2. http://nptel.ac.in/courses/108105053/pdf/L-10(GDR)(ET)%20((EE)NPTEL).pdf
3. http://www.calvin.edu/~svleest/circuitExamples/TransientAnalysis/theory.htm
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