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Electric Circuits (Fall 2025)

Lecture 13
- Laplace Transform

Electric Circuits (Fall 2025)

Analysis Techniques

Circuit Excitation Method

dc  (w/ switches) DC/Transient  analysis
(transient + steady state)

A.C.
Phasor-domain analysis

(Steady state only)

Periodic waveform Fourier series + Phasor-domain
(Steady state only)

Waveform Laplace transform
(transient + steady state)

[Source: Berkeley]
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Laplace Transform Technique

[Source: Berkeley]
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The French Newton Pierre-Simon Laplace 
(Late 1700)

• Developed mathematics in 
astronomy, physics, and statistics

• Began work in calculus which led to 
the Laplace Transform

• Focused later on celestial 
mechanics
 One of the first scientists to suggest the 

existence of black holes

https://en.wikipedia.org/wiki/Pierre-Simon_Laplace
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What are Laplace Transforms?

• f(t)  F(s), 

• t is real, being integrated

• s is variable complex; � = � + ��.

• Note integral starts from 0-

• Assume f(t)=0 for all t < 0

F(s) = ℒ[f(t)]( ) ( ) stF s f t e dt


 
-0
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• Conversely, F(s)  f(t), t is variable and s is integrated.

f(t)=ℒ-1[F(s)]

Inverse Laplace Transforms

1
( )= ( )

2πj

j
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Homogeneity and Additivity

ℒ[a1f1(t)+a2f2(t)] = a1ℒ[f1(t)]+a2ℒ[f2(t)] = a1F1(s)+a2F2(s) 

here  a1 and a2 are constants

ℒ[a1f1(t)] = a1ℒ[f1(t)] = a1F1(s) 
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Important implication:
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Time Differentiation

( )
d
f t

dt ( ) (0 )sF s f  ℒ[         ]

Electric Circuits (Fall 2025)

Initial and final value

( )
d
f t

dt ( ) (0 )sF s f  ℒ[         ]
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Time integral

0
( )

t

f d 



1
( )F s

s
ℒ[        ]
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Translation in the Time Domain

ℒ[f(t-a) u(t-a)] = F(s)
se -sa
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• Example

( )f t

O ta b

A

( ) [ ( ) ( )]f t A t a t b    

A b)](ta)(t[  uuℒ )( bsas ee
s

A  F(s)

b)](ta)(t[  uu

Electric Circuits (Fall 2025)
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Applying the Laplace Transform

• We assume no initial energy 

stored at t=0

Electric Circuits (Fall 2025)

Inverse Transforms
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In principle, we can recover f(t) from F via

Surprisingly, this formula isn’t really useful!

What is more common/useful as follows: 

1
1 1 0

1
1 1 0

...( )
( )

( ) ...

m m
m m

n n
n n

b s b s b s bP s
F s

Q s a s a s a s a







   
 

   



11

Electric Circuits (Fall 2025)

Generally

ai and bi are real constants, and the exponents m,n are 
positive integers

• If m<n, proper rational function

• If m>n, improper rational function

1
1 1 0
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1 1 0
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Partial Fraction Expansion with Real Distinct Roots

• Let F(s) be proper rational function, then 

pj(j=1，2，…，n) are the roots of equation Q(s)=0

1 2

11 2
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Kj(j=1，2，…，n) are unknown constants

Case I: If the roots are real, �� ≠ ��  ��� ∀� ≠ �



12

Electric Circuits (Fall 2025)

Partial Fraction Expansion with Real Distinct Roots

1 2

11 2
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Case I:
If the roots are real, �� ≠ ��  ��� ∀� ≠ �
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Example
2

3 2
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Partial Fraction Expansion with Multiple Roots

• Case II:

• If Q(s) has multiple roots
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Exercise

2
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� � = 1 − 14��� + (13 + 22�)���� �(�)
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Partial Fraction Expansion with Complex Roots

1p j   2 1p p j   

1 2

( ) ( )

K K

s j s j   


   

1 [ ( ) ( ) |s jK s j F s        ]

2 [ ( ) ( ) |s jK s j F s        ]
2 1 1| | KjK K K e  

( )F s 

Case III：
If F(s) has a pole of p1 expressed by a complex number, then it must 
have a complex root p2 as a conjugate of p1
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( ) ( )( ) ( )
1 2 1
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  

     
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 f(t)=
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Partial Fraction Expansion with Complex Roots

• Example：
2

2

3 7
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p1 = 2+j3，p2 = 2j3，p3 = 1
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Practice


