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The Step Function

A step input is a sudden change in voltage or current from zero to a constant value.

Mathematically, the unit step function is:

𝑢 𝑡 = ቊ
0 𝑡 < 0
1 𝑡 ≥ 0

When the dc source of an RC/RL circuit is suddenly applied, the voltage or current source can 

be modelled as a step function, and the response is known as a step response.

The step response of a circuit is the behavior of it when the excitation is the step function, 

which may be a voltage or a current source.
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Part 1

Step Response of an RC Circuits



Assist. Lect. Ibrahim I. Ibrahim 

EPE 204 Electric Circuits Analysis II Lecture 3

Consider the RC circuit in Fig. (a) which can be replaced by the circuit in Fig. (b), 

where 𝑉𝑠 is a constant dc voltage source. Again, select the capacitor voltage as the 

circuit response to be determined. 

Assume an initial voltage on the capacitor 𝑉0 , although this is not necessary for the 

step response. Since the voltage of a capacitor cannot change at once,

After applying KCL, we obtain:
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The first way to break the complete response into a “natural response” and a “forced response’’
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The second way to break the complete response into a “transient response” and a “steady-state 

response’’

The transient response is the circuit’s temporary 

response that will die out with time.

The steady-state response is the behavior of the 

circuit a long time after an external excitation is 

applied.
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The first decomposition of the complete response is in terms of the source of the responses, 

while the second decomposition is in terms of the permanency of the responses. Under 

certain conditions, the natural response and transient response are the same. The same can be 

said about the forced response and steady-state response.

Thus, to find the step response of an RC circuit requires three things:
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Part 2

Step Response of an RL Circuits
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Consider the RL circuit in Fig.(a), which may be replaced by the circuit in Fig.(b). 

Again, our goal is to find the inductor current i as the circuit response. Let the response 

be the sum of the transient response and the steady-state response,

The steady-state response is the value of the current a long time after the switch 

in Fig.(a) is closed. 
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We know that the transient response essentially dies out after five-time constants. At that time, the inductor 

becomes a short circuit, and the voltage across it is zero. The entire source voltage 𝑉𝑠 appears across R. Thus, the 

steady-state response is

𝑖 = 𝐴𝑒− ൗ𝑡 𝜏 +
𝑉𝑠
𝑅
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Thus, to find the step response of an RL circuit requires three things:

This is the complete response of the RL circuit.
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