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Circuit Analysis using Laplace Transform

Laplace Transform is a strong mathematical tool to solve the complex
circuit problems. It converts the time domain circuit to the frequency

domain for easy analysis. To solve the circuit using Laplace Transform,
we follow the following steps:

1\Write the differential equation of the given circuit.
2\Take the Laplace transform of the equation written.
3\Analysis of the s-domain equations.

An electrical circuit may have three important components, i.e.,
Resistor (R), Conductor (L), Capacitor (C). We will see the analysis of
the circuit having these components using Laplace Transform.

1. Pure Resistive Circuit

The below given image represents a pure resistive circuit.

Applying KVL in figure 1(a)

v =iR - (1)
Taking the Laplace transform of equation 1
VE =IOR - (2)
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The equation 2 represents the Laplace Transform of equation 1

2. Pure Inductive Circuit
The below given image represents a pure inductive circuit

N T sL
78 i(t) 78 I(s)
v(t) L V(s) ]
Li(0)
+
(a) (b)

Applying KVL in figure 2(a)

Taking the Laplace transform of equation 1:

V(s)=[sl(s)-1(0-)]L ------ (2)
Here, i(0—) is the initial current flowing through the
conductor. The equation 2 represents the Laplace Transform
of equation 1.

If the initial current flowing through the conductor is 0 then
equation 2 will be:

V(s) = Lsl(s) ------ (2
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Hence, the above analysis shows that the the inductor L in
time-domain is converted to 'sL' in the frequency domain.
Also, figure 2(b) shows the Laplace Transformed Circuit

3. Pure Capacitive Circuit
The below given image represents a pure capacitive circuit.

s At,i I(s) J‘l/'sC
v(t) ' —_ V(s) +
v(07)/s
(b)

(@

Applying KVL in figure 3(a):

Taking the Laplace transform of equation 1
1(s)=C(sV(s)-v(0-))

I(s)=sCV(s)—Cv(0—)

I(s)=sCV(s)—q(0-)
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Here, v(0-)is the initial voltage across the capacitor. The
equation 2 represents the Laplace Transform of equation 1.

If the voltage across the capacitor is 0, I.e., capacitor is
discharge then equation 2 will be:

Important Note for Laplace Transform in Circuit
Analysis

Reactive Reactive Element | Laplace Transform (if initial

Element Name Symbol conditions are 0)

Example: The given figure represents the RLC circuit.
Find the output voltage of the given circuit in s-domain.
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v(ﬁ L

C
1 7 Solution:

Converting the circuit in the Laplace domain. It will help us
to treat the capacitor and inductor as resistor.

The Laplace transformed circuit is given below:

I(s)

—_—

AV Ct Ls

1“|Applying KVL in the above circuit:
V(s) =I(s)[R+ sL+ 5]

Assuming the initial conditions are 0. The output voltage is:

V(s) = I(s)(2BC+2LCH)

EXAMPLE. A RESISTANCE R IN SERIES WITH INDUCTANCE IL IS
CONNECTED WITH E.M/F. [E (). THE CURRENT f IS GIVEN BY
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I —+ Ri = F (7).

If the switch is connected at t = 0 and disconnected at t = a, find the

current i in terms of t.
Solution. Conditions under which current i flowsarei=0att=0,

E. O<t<a
E@) = 0 I > a

Given equation is L—+Ri=E() ...

Taking Laplace transform of (1), we get

Note: Instead of

i we can use I(s)
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Llsi—i (O] +Ri = | e *"E(1)ds
0

LSi+Ri = | e E()di
0

[ (0) = 0]

(Ls+R)i = rﬂ e " Edrt :I e TE di+ Jm e S'E dt
0 0 a
T st ”
— F ¢ +0:£[1_€-ﬂ5]=£_£€—ﬂ5
=5 |, S s s
- _ E ke *
s(Ls+R) s(Ls+R)
'—Ll[ 2 }—Ll[ Ee = J (2)
s(Ls+R) s (Ls+ R)

e A SIS LAY Aa pal) - G gualad) il dunia audeduaigl) cildiil) 408 G jlaal) daals

Department of Computer Engineering Techniques, College of Technical

Engineering, University of Al Maarif, Al Anbar,31001, Iraq



Week --3 -Applications of L.T in electronic circuits @

DAWAH-2025-2026 S

s (Ls+R) LR

L1 [LJ = %L‘l ! R (Resolving into partial fractions)
o
A

Now we have to find the value of L1 E
s(Ls+R)

—%{r—a}
l-e }u (r—a)

-1 Ee™® E[
s(Ls+R) | R

[By the second shifting theorem] On substituting the values of the
inverse transforms in (2) we get

[ = %:1—e_%f}—%[l—e_%“_a}}u (1t —a)
i=%:1—{?_%[: for 0 < 7 < a. [u(t—a) = 0]
I.=£-1_€'%5__£{1_€‘%“"1}|[ fort > a
RL 1 R | lu (t —a) =1]
= %:e_%u_a}—f_%r} = %e_%r[eﬁ_a— 1} Ans.

Example: There is no initial energy stored in this circuit.
Find 11(t) and i2(t) for t > 0.
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>§ 84 H rlv%l\
<i>33[6'\./“ ” — 2480
30 (4248491 —421 =0

s
10s+90
(10s+90),-42] =0 = 11:54—212
845 10 s
RN 329 n)\3480
Substituting, 336, { (42+8.45)(105+90) 42} I =0
S 42

L L~ 336(42) 168

s[(42 +8.45)(10s+90) —42°  s*+145° +24s

10s+90 168 40s+ 360
1,(s) = 3 2 =
42 s’ +14s“ +24s

S +145% +24s

Kl KZ KB
+ +—
s s+2 s+12
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405+ 360 _ 15
L (s+2)(s+12)|
K :405+360 14 - 40s+ 360 _
s(s+12)|_, s(s+2) |_ ,
1 —14 —1
I (s) = L + +
s Ss+2 s+12
115 —-14 —1
it)=L'—+ +

S S+2 s+12

=[15-14e* —e *'lu(f) A
The forced responseis 15u(t) A;

The natural responseis [-14e * — e *'u(d) A.
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168
Iz (S) —
s(s+2)(s+12)
::ﬁa-p K, n K,
s s+2 s+12
K - 168 o ;
(s+2)(s+12)|
K, - 168 _ g4 K- 168 Ny
s(s+12)| _, s(s+2)|_ ,,
—8.4 1.4
L, (s) = Z+ S +

s s+2 s+12
—-38.4 1.4
iz(t)zfl{er 84, }

s s+2 s+12
—=[7—-8.4e " +1.4e " u(t) A
Theforced responseis 7u(t) A;

The natural responseis [-8.4e°" —1.4e*'Tu(?) A.
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i)=(015-14e*" —e “u() A
L= (7-84e* +1.4e ) u(t) A

At t = O, the circuit has no initial stored energy, so i,(0) = 0
and i,(0) = 0. Now check the equations:

i(0)=(15-14-1)(1) =0
i,(0)=(7-8.4+1.4)(1) =0

Example / A d.c. voltage of 3V is applied to an RC circuit with
R =2000_and C =0.001 F, where q(0) = 0. Find the voltage across

the capacitor as a function of t .
Solution From Kirchhoff’s voltage law, we get the differential equation

d
2000— + L _3
dr 0.001

d
d—(f +0.5¢ = 0.0015

Taking Laplace transforms of both sides of the equation where
Q(s) = L{a())},
0.0015

A)

sQ(s) —q(0) +0.50(s) =
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Here, we have used the derivative property of the Laplace transform,

q(t) =sQ(s) — g(0). Solve the algebraic equation

0.0015 0.0015
050 = —— = .
(5 +09)¢ S e ¢ s(s +0.5)

We need to find the inverse Laplace transform of this function of s so
that we expand using partial fractions, giving

0 — 0.003 0.003
s s+ 0.5
0.003 0.003
g =L — ———— 1 =0.003 —0.003¢ """,
s s+ 0.5

The voltage across the capacitor is

g(r)  0.003 —0.003e~"

:3 1_ —0.5¢ .
: 0.001 (1=
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