
Complex Numbers
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Sinusoidal Response of RC Network
q Find          for t ≥ 0. Assume                           for t ≥ 0 and                 

for t < 0. Initial condition               .
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vc(t) vI (t) =Vi cos(ωt)
vI (t) = 0 vc(0) = 0
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Our Usual Approach
1. Write DE for circuit by applying node method.
2. Find particular solution vP by guessing and trial & error.
3. Find homogeneous solution vH.
4. Total solution is            , then solve for remaining 

constants using initial conditions .
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vP + vH



Step 1: Set Up the Differential Equation 
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Step 2: Find the Particular Solution
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Sneaky Approach
q Instead of input 
àFind particular solution for another input
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vI (t) =Vi cosωt
vIS (t) =Vi exp(st)
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Sneaky Approach
q Assume              , then particular solution for input

q Finding the particular solution to                                       was easy.
q From Euler relation

q An inverse superposition argument, assuming system is real and linear.
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vIS (t) =Vi exp( jωt)

vIS (t) =Vi exp(st)s = jω

vIs (t) =Vi exp( jωt) =Vi cos(ωt)+ j sin(ωt)
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Sneaky Approach 

14

vP(t) particular response to Vi cosωt
vPS(t) particular response to Vi exp( jωt)
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Step 3: Homogeneous Solution
q Recalled from Chapter 10, the homogeneous solution for 

RC circuit vH:

q The total solution:
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vC (t) = vP (t)+ vH (t) =
Vi
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Sinusoidal Steady State
q The total solution

q We are usually interested only in the particular solution for 
sinusoids, i.e., after the transients have died.

q When 
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Sinusoidal Steady State
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Visualizing Sinusoidal Steady State
q The process of finding the particular solution vP.
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Summary of SSS Approach
1. Set up differential equation. (KCL, KVL, node method, …)

2. Apply sneaky input
then find particular solution

Assume 
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vPS (t) =VP ⋅exp( jωt)
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Magnitude Plot
q Transfer function

§ Also known as a system function, is the ratio of the complex amplitude of 
the network output to the complex amplitude of the input.

q Magnitude plot:

q Output voltage falls off at high frequencies!! 20
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Phase Plot
q Transfer function
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