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Transient Response

• Outline
– R-C circuits
– R-L circuits
– R-L-C Circuits

• Reading- Hambley text sections 4.1-4.5, slides
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Recap: R-C circuits: Response in time
We now ask a slightly different question. What happens if a capacitor that had initially no charge is 
connected to a constant voltage at t=0 
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Charging and Discharging a Capacitor
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General Solution of the First order, Linear, 
Differential Equation

𝑑𝑦
𝑑𝑡

+ 𝑎𝑦 𝑡 = 𝑏(𝑡)

For a first order, linear differential equation of the form

where we assume a to be a constant

Homogeneous/Compl
ementary solution

𝑑𝑦
𝑑𝑡

+ 𝑎𝑦 𝑡 = 0

⇒ !"
"
= −𝑎

⇒ ln 𝑦 = −𝑎𝑡 + 𝐶
⇒ 𝑦 𝑡 = 𝐾𝑒#$%

Particular Solution (Integrating Factor Method):

𝑑𝑦
𝑑𝑡

+ 𝑎𝑦 𝑡 = 𝑏(𝑡)

We want to find a multiplier function f(t) 
such that

𝑓(𝑡)
𝑑𝑦
𝑑𝑡

+ 𝑎𝑓(𝑡)𝑦 𝑡 = 𝑏(𝑡)𝑓(𝑡)

can be written as
𝑑
𝑑𝑡
[𝑦(𝑡)𝑓(𝑡)] = 𝑏(𝑡)𝑓(𝑡) --(A)

For equation (A) to hold

𝑑𝑓 𝑡
𝑑𝑡

= 𝑎𝑓 𝑡
⇒ 𝑓 𝑡 = 𝑒$%

Then from (A)

𝑦 𝑡 =
1
𝑓 𝑡

∫ 𝑏 𝑡 𝑓 𝑡 𝑑𝑡

⇒ 𝑦& 𝑡 = 𝑒#$%∫ 𝑒$%𝑏 𝑡 𝑑𝑡

𝑦 𝑡 = 𝐾𝑒#$%+ 𝑒#$%∫ 𝑒$%𝑏 𝑡 𝑑𝑡 K is determined using initial condition 
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Digital Signals to a RC circuit
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Solving for the Voltage (t > 0)

• Note that the voltage changes abruptly:
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Solving for Power and Energy Delivered (t > 0)
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Natural Response Summary

RL Circuit

• Inductor current cannot 
change instantaneously

• time constant

RC Circuit

• Capacitor voltage cannot 
change instantaneously

• time constant
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• Every node in a real circuit has capacitance; it’s the charging 
of these capacitances that limits circuit performance (speed)

We compute with pulses. 

We send beautiful pulses in:

But we receive lousy-looking 
pulses at the output:

Capacitor charging effects are responsible!

time
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Digital Signals

• Every node in a real circuit has capacitances

• Even if we send in very ‘pure’ square 
looking pulses what we actually get is how 
it looks in the right due to capacitor 
charging and discharging unless we go 
very very slow
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Pulse Distortion
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Circuit Model for a Logic Gate

• Recall (from Lecture 1) that electronic building blocks 
referred to as “logic gates” are used to implement 
logical functions (NAND, NOR, NOT) in digital ICs
– Any logical function can be implemented using these gates.

• A logic gate can be modeled as a simple RC circuit:

+

Vout

–

R

Vin(t) +
− C

switches between “low” (logic 0) 
and “high” (logic 1) voltage states
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The input voltage pulse 
width must be large 
enough; otherwise the 
output pulse is distorted.

(We need to wait for the output to 
reach a recognizable logic level, 
before changing the input again.)
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+

Vout

–

R

Vin(t) C

+

–

Pulse width = 10RCPulse width = RC
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Vin

R
Vout

C

Suppose a voltage pulse of width
5 µs and height 4 V is applied to the
input of this circuit beginning at t = 0:

R = 2.5 kΩ
C = 1 nF

• First, Vout will increase exponentially toward 4 V.

• When Vin goes back down, Vout will decrease exponentially 
back down to 0 V.

What is the peak value of Vout?

The output increases for 5 µs, or 2 time constants.

! It reaches 1-e-2 or 86% of the final value.

0.86 x 4 V = 3.44 V is the peak value

Example

τ = RC = 2.5 µs
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First Order Circuits: Forced Response
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c s
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dt
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First Order Circuits: Forced Response
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Computers are RC circuits (almost)
• Digital circuits are predominantly RC circuits (other than the communication part)
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First Order Circuits: Forced Response
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• Simplistically a logic gate can be model as a RC circuit

• The speed of the computer is limited by the RC time constant
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R-L Circuits
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R-L Circuits
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Circuits with a constant source
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Particular Solution: Observations
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Complex Numbers

• 𝑒!" = cos 𝜃 + 𝑖𝑠𝑖𝑛(𝜃)

• Read the note j


