
Parallel RLC Second Order Systems 
 
• Consider a parallel RLC  
• Switch at t=0 applies a current source  
• For parallel will use KCL 
• Proceeding just as for series but now in voltage 
 
(1) Using KCL to write the equations: 
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(2) Want full differential equation 
• Differentiating with respect to time 
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(3) This is the differential equation of second order 
• Second order equations involve 2nd order derivatives 
 

 
 



Solving the Second Order Systems Parallel RLC 
 
• Continuing with the simple parallel RLC circuit as with the series 
(4) Make the assumption that solutions are of the exponential form: 
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• Where A and s are constants of integration. 
• Then substituting into the differential equation 
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• Dividing out the exponential for the characteristic equation 
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• Giving the Homogeneous equation 
• Get the 3 same types of solutions but now in voltage 
• Just parameters are going to be different 
 

 
 



General Solution Parallel RLC 
 
• Solving the homogeneous quadratic as before 
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• The general solution is: 
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• Note the difference from the series RLC 
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• Note the difference is in the damping term first term 
• Again type of solution is set by the Descriminant  
 

⎥
⎦

⎤
⎢
⎣

⎡
−⎟

⎠
⎞

⎜
⎝
⎛=

LCRC
D 1

2
1 2

 

• Recall RC is the time constant of the resistor capacitor circuit 
 

 
 



3 solutions of the Parallel RLC 
 
• What the Descriminant represents is about energy flows 
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• Again how fast is energy transferred from the L to the C 
• How fast is energy lost to the resistor 
• Get the same three cases & general equations set by D 
• D > 0 : roots real and unequal: overdamped case 
• D = 0 : roots real and equal: critically damped case 
• D < 0 : roots complex and unequal: underdamped case 
• Now the damping term changes 
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• Recall τ=RC for the resistor capacitor circuit 

• While 
L
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=τ  for the resistor inductor circuit 

• The natural frequency (underdamped) stays the same 
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The difference is in the solutions created by the initial conditions 
 

 
 

 



Forced Response & RL, RC and RLC Combination 
 
• Natural Response: energy stored then decays 
• Forced Response: voltage/current applied 
• Forcing function can be anything 
• Typical types are steps or sine functions 
• Step response: called complete response in book 
• Step involves both natural and forced response 
• Forced response (Book): after steady state reached 
• forced response: when forcing function applied. 
• Forcing function: any applied V or I 
• Most important case simple AC response 
 

 
 



Forced Response 
 
• How does a circuit act to a driving V or I which changes with time 
• Assume this is long after the function is applied 
• Problem easiest for RC & RL 
• General problem difficult with RLC type  
• Procedure: write the KVL or KCL laws 
• Equate it to the forcing function F(t) 
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• Then create and solve Differential Equation 
 
General solution difficult 
Two simple Cases important: 
 
(1) Steady V or I applied, or sudden changes at long intervals 
• Just need to know how the C or L respond 
• In long time C become open, L a short 
• Solved as in RL and RC case 
• Must have time between changes >> time constants 
 
(2) Sinewave AC over long time 
• Solved using the complex Impedance 
 

 
 



Complete Response 
 
• Complete response: what happens to a sudden change 
• Apply a forcing function to the circuit (eg RC, RL, RLC) 
 
• Complete response is a combination two responses 
 
(1) First solve natural response equations 
• use either differential equations  
• Get the roots of the exp equations 
• Or use complex impedance (coming up) 
 
(2) Then find the long term forced response 
 
(3) Add the two equations 
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(4) Solve for the initial conditions 
 

 
 






















































