Electric Circuits (Fall 2025)

Lecture 14

-- Laplace Transform
in Circuit Analysis
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V-l relations of R,L,C

‘R Uy(s) = RI,(s)

C =l

I(s)=sCV(s)—CV,

| 1
n ()= V(s)+

V(s)=sLI(s)— LI,
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S-domain circuit models for a capacitor

s-Domain Circuit Models I

a For a capacitor
| -i‘ ) (with initial conditions) 1sCo= vV CV,
I

d‘;f) ) /(s)=sCV(s)—CV,

VCARVy i(t)=C

T e—

@
b

V(s)= %1(3) +%
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S-domain circuit models for an inductor

s-Domain Circuit Models

a For an inductor
| (with initial conditions) [43sL

v L lﬁ,]'j ( ) I di;f) - V(S) :SL[(S)—L]{;

LI

o

f(s)—SiLV(st;_a v (D
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Time domain s-domain
a - ea
i g R [y R
b b
v = Ri V = RI

v = Ldij/dt,

. 1 g
I = I.J{”_ﬂd‘x + .1’“

a -
[ ' !
il v==cV,
| T ' I'H’”.""I'I"-
b

i = Cdv/dt, b

1 ot
U=E-J'rn idx + V, V:E-I_T [=sCV - CV,
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D.C. sources and Dependent Sources

- The models for dependent sources are easy to develop,
drawing from the simple fact that if the Laplace transform
of f(t) is F(s), then the Laplace transform of af(t) is
aF(s) — the linearity property.

Llav(t)] =aV(s)
Llai(t)] = al(s)
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Steps in Applying the Laplace transform

- Transform the circuit from the time domain to the
Laplace (s) domain, including initial conditions.
--The elegance of using the Laplace transform in circuit analysis lies in

(1) transforming the differential equation into an algebraic equation; and (2)
automatic inclusion of initial conditions in the transformation process, thus
providing a complete (transient and steady-state) solution.

- Solve the circuit using nodal analysis, mesh analysis,
source transformation, superposition, or any other

analysis technique with which we are familiar.

- Take the inverse transform of the solution and thus obtain
the solution in the time domain.
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Example 1

Assuming no initial energy storage, find 7,(¢) and i,(¢) for > 0.

X PR AL
t=0 I I
336 V 3420 §48 Q




- 3 N A2 g
= S M ESEARFRE Electric Circuits (Fall 2025)

¥/ School of Information Science and Technology




Electric Circuits (Fall 2025)

Example 2

Given V(t =0) = 2V, determine v (t) for t>0

| H
1 |:‘|L O

4F ;JCG 2u(t) A 4Q S v,0)
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Example 3

- Find (1) the voltage across the capacitor

(2) current through the inductor

assuming that v (f) = 10u(t) V, and given thatatt=0, -7 A
flows through the inductor and +5 V is across the capacitor.
. o'

— AW

v (1) C@ l SH =
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Example 3

- Find (1) the voltage across the capacitor

(2) current through the inductor

assuming that v (f) = 10u(t) V, and assume thatatt=0, -7 A
flows through the inductor and +5 V is across the capacitor.

2O 2a
- |
+ o 1 10
V, (t) 10 4 : T 7
vy(1) @) l =3 s SRS é.l F ’ CD >s % (D %U) (D LEUJ
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Example 4

- Find v, (t) for t>0

X
|

512nF i
350()
| AM
I\ .
4 3
70V v, 200 mH
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V()= —T0s 268125 K, N K,
O @ 417505 + 9,765,625 (s + 875 — j3000) (s -+ 875 + j3000)
K, = 705 — 268,'125 _ 70(—875'—1— 73000) — 268,.125 65, 1/57 48°
(s 4875+ j3000)|,_ .o gy (=875 + j3000) + 875 + j3000)
K — 70s — 268,125 _ 70(—875 — 73000) — 268,125 651 — 57 48°

2 (s + 875 — j3000) [(—875 — j3000) + 875 + —33000]

s=—875—33000

65.1/57.48° 65.1/ — 57.48°
Vi(s) = . + .
(s + 875 — j3000) (s + 875 + 53000)

v (t) = 2(65.1)e ™" cos(3000¢t 4 57.48°) = 130.2¢ ™ cos(3000t + 57.48°)u(t) V

20



Electric Circuits (Fall 2025)

Example 5

- Example---Find i,.(s.s.) assuming no initial energy stored
Using phasor method and Laplace transform method

t=0 10 Q | H
A11A
i,

20 cos 4t V —— 0.1F A> 2i, 0.5H
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j4Q V,

20,/0°V (i) — —j2.5Q

20 20

20 - V] . V] Vl o V2
10 —j2.5 j4
V, -V, V
oA+ ——— =2
j4 J2
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10 Q \ j4Q v,
VWWW——— D —— =
L
20,/0°V (i) — —j2.5Q 20, 2Q
1

i, = 7.59 cos(4t + 108.4°) A

20 - V] . V] Vl o V2
10 —j2.5 j4
V, -V, V
oA+ ——— =2
j4 J2
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Laplace transform method to find i,

t=0 10 Q 1 H
£11h
fis

20 cos 4t V —— 0.1F A> 2i, 0.5H
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