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Applications of The Laplace
Transform to Circuit Analysis
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Chapter 6 [2]

6.1: Laplace Circuit Solution:

We wish to find the current:

+_

i(t)

e(t) L

resistor inductor

R

Determine i(t) by using Laplace Transform.

Ohm law :
di(t)R.i(t) L e(t)
dt

+ =
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Chapter 6 [3]

6.2: Circuit Element Models :

Resistor

u(t) U(s)

( ) ( ) ( ) ( )u t Ri t U s RI s= ⇒ =

1) Resistor Model:
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Chapter 6 [4]

2) Inductor Models:

u(t)

U(s) U(s)

( ) . ( ) (0)U s sLI s Li= − ( ) (0)( ) U s iI s
sL s

= +

( ) ( ) ( ) ( ( ) (0))diu t L t U s L sI s i
dt

= ⇒ = −

(sL= caûm khaùng toaùn töû)
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Chapter 6 [5]

3) Capacitor Models:

0

1( ) ( ) (0)
t

u t i x dx u
C

= +∫

1 (0)( ) ( ) uU s I s
sC s

= + ( ) . ( ) . (0)I s sCU s Cu= −

(1/sC= dung khaùng toaùn töû)
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Chapter 6 [6]

4) Source Models:

S S

S S

Independent sources
e (t) E (s)
j (t) J (s)

→
→

a)

D 4 C D 4 C

D 3 C D 3 C

Dependent  sources
e (t) k i (t) E (s) k I (s)
j (t) k u (t) J (s) k U (s)
...

= → =

= → =

b)
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Chapter 6 [7]

Example1: The s-domain Circuit

Transform the circuit to s domain , 
assuming zero initial conditions ?

1( ) ⇒u t
s

1 ⇒ =H sL s
1 1 3
3

⇒ =F
sC s
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Chapter 6 [8]

6.3: Transfomed Circuit Laws :

1) Transformed Ohm Law:

U(s) Z(s).I(s)=

Z(s) : trôû khaùng , toång trôû toaùn töû (Ω)

Y(s) : daãn naïp , toång daãn toaùn töû (Ω)(S)

+

-

I(s
) Z(s)U(s)

Y(s)I(s) Y(s).U(s)=

1Y
Z

=Vôùi : 
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Chapter 6 [9]

Properties of Z(s) and Y(s) :

Z(s) vaø Y(s) ñeàu tuaân theo caùc pheùp bieán ñoåi töông ñöông
nhö ñieän trôû vaø ñieän daãn.

Ví duï : Xaùc ñònh trôû khaùng toaùn töû töông ñöông :
2

0,5Z 0,5 12
0,5s

ss= +
+

2Z 0,5
1

s
s

= +
+
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Chapter 6 [10]

2) Transformed KCL and KVL :

( ) 0k
node

I s± =∑Luaät KCL :

( ) 0k
loop
U s± =∑Luaät KVL :

(Xeùt daáu nhö maïch ñieän trôû)

Do caùc luaät Ohm vaø Kirchhoff vieát cho maïch toaùn töû cuõng
töông töï vieát cho maïch phöùc neân ta coù theå aùp duïng caùc phöông
phaùp phaân tích maïch điện trở ñaõ hoïc cho sô ñoà toaùn töû khi tìm
aûnh Laplace baát kyø.
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Chapter 6 [11]

Example1: s-domain Circuit Analysis

Find i1(t) in the circuit, assuming 
zero initial conditions ?

3

3

(5 )
5
+

=
+ +
s

s

s
Z

s

2
3( 5)

5 3
+

+ +
= s
s s

Z 2

2
1/ ( 5 3)

1 1 ( ) [ 8 18]
+ +

+ + +
= =s s s

Z s s s s
I
 1

1 1i ( ) {I (s)}−=t L

CuuDuongThanCong.com https://fb.com/tailieudientucntt

http://cuuduongthancong.com
https://fb.com/tailieudientucntt


Chapter 6 [12]

6.4: Transfer Function :

Transfomed
CircuitX(s) Y(s)

Y(s)H(s)
X(s)

=

Circuitx(t) y(t)input output

H(s) is the ratio of the output Y(s) to 
the input X(s), assuming all initial 
conditions are zero.

CuuDuongThanCong.com https://fb.com/tailieudientucntt

http://cuuduongthancong.com
https://fb.com/tailieudientucntt


Chapter 6 [13]

Determine H(s) : in two ways 

i. Using the circuit analysis methods . 

ii. Using the propotional theorem to apply the ladder 
network.
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Chapter 6 [14]

Unit Impulse Response h(t) : 

Circuitδ(t) h(t)input output

 1if x(t) ( )   h(t) {H(s)} unit impulse response−= ⇒ = =tδ L

If we know h(t) → H(s) → Y(s) = H(s).X(s) and we can obtain 
the response y(t) of any input x(t) using y(t)=£-1{Y(s)} .

If we know h(t): can obtain the response y(t) of any input x(t) 
using the convolution integral in time-domain (See in the 
course named “Signal and System” ). 
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Chapter 6 [15]

Example1: Transfer Function

We have:                              and 

And the transfer function :

The unit impulse function :
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