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LESSON OUTCOMES

to describe second order source-free parallel RLC circuit

to describe second order step response series RLC circuit
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At the end of this chapter, students are able:



SUBTOPICS

Source-free 
Parallel RLC Circuit

Step Response 
Series RLC Circuit
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SOURCE-FREE PARALLEL RLC CIRCUIT

What?

1. No external 
sources of 
excitation

2. Contains 
several resistors, 
a capacitor and 

an inductor

3. Output 
response:  

Transient/natural 
response
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SOURCE-FREE PARALLEL RLC CIRCUIT

Source-free parallel RLC Circuit:
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Figure 1

Second order differential equation:



SOURCE-FREE PARALLEL RLC CIRCUIT
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EXAMPLE 1

The switch in Figure 2 is opened at t = 0. Find v(t) for t > 0.
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Figure 2



SOLUTION 1

Tips 1:

When t < 0, capacitor acts like an open circuit and 
inductor acts like a short circuit. 

Tips 2:

Current will flow through inductor, which is less 
resistance than R1. R1 is short-circuited.

8

Figure 3



SOLUTION 1
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Figure 4



SOLUTION 1
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STEP RESPONSE SERIES RLC CIRCUIT

What?

1. Step function 
as excitation 

source

2. Contains 
several resistors, 
a capacitor and 

an inductor

3. Output 
response:  

Transient and 
steady-state 

response
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STEP RESPONSE SERIES RLC CIRCUIT

Step response series RLC Circuit:
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Second order differential equation:



STEP RESPONSE SERIES RLC CIRCUIT
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Transient 
response

Transient 
response

Transient 
response

Steady-state 
response

Steady-state 
response

Steady-state 
response

Damping 
factor

Undamped
natural 
frequency

Roots of the 
characteristic equation



EXAMPLE 2

The switch in Figure 6 is opened at t = 0. Find v(t) for t > 0.
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Figure 6



SOLUTION 2

Tips 1:

When t < 0, capacitor acts like an open circuit and 
inductor acts like a short circuit. 
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Figure 7



SOLUTION 2
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Figure 8



SOLUTION 2

Tips 2:

At dc steady-state, capacitor is an open circuit. 
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Figure 9



SOLUTION 2
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SOLUTION 2
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SELF REVIEW QUESTIONS

1. Name 3 types of natural response in a  
source-free parallel RLC circuit.

Answer: __________

2. Given R = 4 Ω, C = 0.05 F and L = 1 mH. Find 
damping factor, α for this parallel RLC circuit. 
a) 0.05                                   b) 0.5
c) 5                                         d) 50

3.     Name the behaviour of a step response RLC

circuit.

Answer: ___________

4.      The undamped natural frequency of a step 
response series RLC circuit is equal to 10. 
Determine the value of L required if C = 0.4 F.

a) 0.25 mH                            b) 2.5 mH

c) 250 mH                             d) 25 mH

5. State type of natural response for a step 
response series RLC circuit when damping 
factor is equal to the undamped natural 
frequency.

Answer: __________



ANSWERS

1. Overdamped response, critically damped 
response, underdamped response

2. c

3. Transient and steady-state response

4. d

5. Critically damped response
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