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1. The Source-Free Parallel RLC Circuit 
 

Parallel RLC circuits find many practical applications, notably in communications networks and filter 

designs. 

Consider the parallel RLC circuit shown in Fig.4.1. Assume initial inductor current Io and initial capacitor 

voltage Vo,  

Since the three elements are in parallel, they have the same voltage v across them. According to passive sign 

convention, the current is entering each element; that is, the current through each element is leaving the top 

node. Thus, applying KCL at the top node gives 

We obtain the characteristic equation by replacing the first derivative by 𝑠 and the second derivative by 

𝑠2. By following the same reasoning used in establishing Eqs. (3.3) through (3.7), the characteristic 

equation is obtained as 
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The names of these terms remain the same as in the preceding section, as they play the same role in the 

solution. Again, there are three possible solutions, depending on whether 𝛼 > 𝜔0, 𝛼 = 𝜔0, or 𝛼 < 𝜔0. 

 Let us consider these cases separately
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Fig.4.1 A source-free parallel RLC circuit. 

 
Overdamped Case (𝑎 > 𝑚𝟎) 

From Eq. (4.7), 𝛼 > 𝜔0 when 𝐿 > 4𝑅2𝐶. The roots of the characteristic equation are real and negative. The 

response is 

 

Critically Damped Case (𝑎 = 𝑚𝟎) 

For 𝛼 = 𝜔0, 𝐿 = 4𝑅2𝐶. The roots are real and equal so that the response is 

 

Underdamped Case (𝑎 < 𝑚𝟎) 

When 𝛼 < 𝜔0, 𝐿 < 4𝑅2𝐶. In this case the roots are complex and may be expressed as 

The response is 
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The constants 𝐴1 and 𝐴2 in each case can be determined ffom the initial conditions. We need 𝑣(𝑂) and 

𝑑𝑣(𝑂)/𝑑𝑡. The first term is known from Eq. (4.1b). We find the second term by combining Eqs. (4.1) 

and (4.2), as 

The voltage waveforms are similar to those shown in Fig. 3.2 and will depend on whether the circuit is 

overdamped, underdamped, or critically damped. 

Having found the capacitor voltage 𝑣(𝑡) for the parallel RLC circuit as shown above, we can readily obtain 

other circuit quantities such as individual element currents. For example, the resistor current is 𝑖𝑅 = 𝑣/𝑅 and 

the capacitor voltage is 𝑣𝐶 = 𝐶𝑑𝑣/𝑑𝑡. We have selected the capacitor voltage 𝑣(𝑡) as the key variable to be 

determined first in order to take advantage of Eq. (2.la). Notice that we first found the inductor current 𝑖(𝑡) 

for the RLC series circuit, whereas we first found the capacitor voltage 𝑣(𝑡) for the parallel RLC circuit. 

 

 
 

Example 5: In the parallel circuit of Fig. 4.1, find 𝑣(𝑡) for 𝑡 > 0, assuming 𝑣(𝑂) = 5𝑉, 

𝑖(𝑂) = 0, 𝐿 = 1𝐻, and 𝐶 = 10𝑚𝐹. Consider these cases: 𝑅 = 1.923𝛺, 𝑅 = 5𝛺, and 𝑅 = 6.25𝛺. 
 

Solution: 
 

CASE 1   If 𝑅 = 1.923𝛺, 

 

Since 𝛼 > 𝜔0 in this case, the response is overdamped. The roots of the characteristic 

equation are 

 

 
 

     and the corresponding response is
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𝑣(𝑡) = 𝐴1𝑒−2𝑡 + 𝐴2𝑒−50𝑡                                                                                                                                 (1) 

We now apply the initial conditions to get 𝐴1 and 𝐴2. 

 

From Eqs. (2) and (3), we obtain 𝐴1 = −0.2083 and 𝐴2 = 5.208. Substituting 𝐴1 and 𝐴2 

in Eq. (1) yields 
𝑣(𝑡) = −0.2083𝑒−2𝑡 + 5.208𝑒−50𝑡 (4) 

 
CASE 2  When 𝑅 = 5𝛺,

But differentiating Eq. (5)
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CASE 3 When 𝑅 = 6.25𝛺, 

 

Notice that by increasing the value of 𝑅, the degree of damping decreases and the responses differ. Fig.1 plots the three 

cases. 
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Fig.1: responses for three degrees of damping. 
 

 

 

 

Solution: 
 

When 𝑡 < 0, the switch is open; the 

inductor acts like a short circuit while the 

capacitor behaves like an open circuit. The 

initial voltage across the capacitor is the 

same as the voltage across the 50 − 𝛺 

resistor; that is, 
                              

 

 

 

 

 

 

H.W. 5: In Fig.4.1, let 𝑅 = 2𝛺, 𝐿 = 0.4𝐻, 𝐶 = 25𝑚𝐹, 𝑣(𝑂) = 0, 𝑖(𝑂) = 10𝑚𝐴. Find 

𝑣(𝑡) for 𝑡 > 0. 
 

Answer: −𝟒𝟎𝟎𝒕𝒆−𝟏𝟎𝒕𝒗(𝒕)𝒎𝑽. 

 

Example 6:Find 𝑣(𝑡) for 𝑡 > 0 in the RLC circuit of Fig.1. 
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The direction of 𝑖 is as indicated in Fig.1. to conform with the direction of 𝐼0 in Fig.4.1, 

which is in agreement with the convention that current flows into the positive terminal of an 

inductor. We need to express this in terms of 𝑑𝑣/𝑑𝑡, since we are looking for 𝑣. 

 

When 𝑡 > 0, the switch is closed. The voltage source along with the 30 − 𝛺 resistor is 

separated ffom the rest of the circuit. The parallel RLC circuit acts independently of the 

voltage source, as illustrated in Fig.2. Next, we determine that the roots of the characteristic 

equation are 
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Fig.1 

H.W. 6: Refer to the circuit in Fig.1. Find 𝑣(𝑡) for 𝑡 > 0. 
 
 

Answer: 𝟏𝟎𝟎(𝒆−𝟏𝟎𝒕 − 𝒆−𝟐.𝟓𝒕)𝑽. 
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