In general, it is necessary to analyse the complete
response of the system to determine its performance, namely

> Speed of response (transient performance)
> Error (steady state performance)

for standard inputs.

However, the equations of the system may be integro-
differential.
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What is the difference between three circuits?
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O
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Time domain analysis

The dynamic behavior of a system is judged under application
of standard test signals -

an impulse,
a step,
a constant velocity (Ramp), and

constant acceleration (Parabolic).

The output of the system for time domain signal (time
dependent signal) is called as time response.

The time response of any system has two components:
transient response and the steady-state response.



Graph of Standard test signals

a) Step signal: I’('[) = AU (t)
b) Ramp signal: r(t) = At; t>0.
c) Parabolic signal: r(t)=At*/2; t>0.

d) Impulse signal: I'(t) = 5(t)
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A frmsemmmeme / A
3 T " T "t ol i/
- {a) ib) fc) |

{d)

Y



Laplace transform, an analytical tool for analyzing electric circuits.
Advantages of LT:

1. It can be applied to circuits with sinusoidal or non-sinusoidal
inputs.

2. It provides an easy way to solve circuit problems involving initial
conditions, because it allows us to work with algebraic equations
instead of differential equations.

3. Through Transfer Function, it is capable of providing the total
response of the circuit comprising both the natural and forced
responses.
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: 2 scosf — wsinf
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t" - ®
snH e~ sin wt —
| (s +a) 4+ w-
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s2F(s) —sf(07) — f(07)

dt?
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Steps in applying the Laplace transform:

1. Transform the circuit from the time domain to the s domain.

2. Solve the circuit using nodal analysis, mesh analysis, source
transformation, superposition, or any circuit analysis technique

with which we are familiar.

3. Take the inverse transform of the solution and thus obtain the
solution in the time domain.

7/26/2024



Transform the circuit from the time domain to s domain

Resistive circuit

in time domain in frequency domain
i(f) 1is)
S —_—
E impedance :_|_ I
. V(s) .
"_-.- Z S R r T:.'-r
(1) = R 1(S) (5)= Hs) < R
o O

v(t)=Ri(t) mm L[v(t)]=L[Ri(t)] = V(s)=RI(s)
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Inductive circuit

in time domain in frequency domain
i(7) 1(s)
— ——l

O O

T impedance T

V(1) g L V(S) =Z(s)=sL V(s) g sL

1(s)
o o

v =L b zive1= 21 0O v (s)=stico
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Capacitive circuit

in time domain in frequency domain
i(7) 1(s)
— e
O O
T impedance B
V(s) _ 1
OIS KT R sy 56
o O
| (s) =sCV (s)

dv(t)

1(t) =C¥ m) 7Ti(t)]=.Z[C —] mm

V(s):%l(s)
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P.1: Find v, (t) in the circuit in Fig, assuming zero initial conditions.

1 Q 5 Q)
VAVAYAY ATATAAY
_L )
(1) %1: — —: v, (1)

Applying laplace transform to the circuit elements
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In frequency domain

1 Q)

5Q

el L
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1 3 3
—:(]—|——)f1—iﬁ
A & 5

3 3 3
—_ — 1 Iﬁ: ),
0= 5h+(s+5+5)ﬂ ) 27 3182+ 18s

1. ,
I = — (57 + 35 4+ 3
3

3 3 V2
2485 +18 /2 (s +4)2 + (V2)?
Taking the mnverse transform yields

3
v, (1) = —e M sin/2t V, t =0

V2
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P.2: Find vo(t) in the circuit in Fig, assuming zero initial conditions.

1H
411h I O
%P — 2u(h) V 4 €2 E 1(1)
“ )

8(1 — e —2te™"Yu(t) V.
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P.3: Find v,(t) in the circuit in Fig, assuming zero initial conditions.

1O
—AWWA
e v (L 2 H 2Q < %)

(%e’_2r — %e_fﬁ)u(r).
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P.4: Find v,(t) in the circuit in Fig, assuming zero initial conditions.

10 Q
AVAVAYLY
{ +
10e™u(f) V 10Q3 w0 == 01F 28(H) V

P.5: Find i(t) in the circuit with v = V_cos(t), assuming zero initial conditions.

1 H

v m__ 1 F
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Vs® Vs __A B _C D
(s°+1)2  (s+))’(s-0)? (s+J)® (-0)? (s+1) (s—1])

1(s) =

A=1(s)(s+ j)°

s=-]
_Vn
A
B= A =Ym
A
C —S[I(s)(s+j)2]%:_j _
jt -t ot
LV, ()="n| 2@ e o5 e
_JT 41 2 2 ]
D:C*:_jvjrfn i(t):v—zr”:tcost+sint]
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Inductive circuit

in time domain with in frequency domain
initial current
i(1) 1(s)
—p —_—
O O
i(0) sL

0 1 Lzvol= 215V

+ ) Li(0)
O / \
V(s)=sLI(s)— Li(07)
o(t) Ldl(t)
[(s) = LV(:sr) + )
sl S

7/26/2024 20



Converting voltage to current

O |
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Capacitive circuit

in time domain with in frequency domain
i(7) initial voltage [(3)
—_— —
O O
N _=: L
%0 (0) == C 7(s) o sC
- <+> v(0)
_ >/ 5
o _
O
ziw)- zic 2
dt [(s) = sCV(s)—Cv(07)
it)=c Y dv(t) N or i
dt | v(07)
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Converting voltage to current

1(s)
O

1 _
V(s) O

Q |

<+> Cv(o)

7/26/2024

23



P.1: Find v (t) in the circuit in Fig, assuming the switch is closed att = O

and v, (0) =5 V.

t =10

10 Q2
Lﬁ AN

10e”u(hH 'V 10Q <

L AAAA—
L =l
0y
A
l-|_‘
o

— 0.1F
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With capacitor initial voltage

10 Q V(s)

a

10 S
— 10 Q 2A
35
=/ 5

Converting voltage to current

10 Q2 V(s)
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Nodal equation

10/(s +1)=V, V., V,

2405 =
10 et lﬂ—l_][}fs

25s + 35
s+ D(s+2)

¥

Taking partial fraction

255 + 35 A b

G+ DGs+2) s+1 +:«:+2

i}
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where

A= GV | =2 2
=T s+2) |, 1
B=(s+2)V,(s) = 225+ 3 =_—15=15
s==2 s+1) |.__, —1
Thus.
V,(s) = 1 + =
s+1 s+2

Taking the mmverse Laplace transform. we obtain

v, (1) = (10e™" + 15¢ " )u(r)
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P.2: Find v (t) in the circuit in Fig, the switch is closed at t=0 and initial
current through inductor is -2A.

lt}e_z'fn(r) V J_r ff’”)l/ 2H 2Q AW
12s + 4
v(s) [1 T 2s 2] s(s+2)
3s+1 12s + 4 8
v(s) [ ] SGT2) v(s) = 512
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P.3: Find v, (t) in the circuit in Fig, the switch is closed at t=0 and initial
current through inductor is 4 A.

10V C_D i(0) PH 2Q < %)
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P.4: Find v(t) and i(t) given that v(0) = 5 and i(0) = —2 A.

wna @ 100 4 H ~F = v

(5¢=* cos 2t + 230e~* sin2t)u(t) V,
6u(t) —6e " cos2t — 11.37¢ ¥ sin2t A, t > 0

Current through inductor alone
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P.5: For the circuit, find the value of the voltage across the capacitor
assuming that the value of Vs(t)=10 u(t) V and assume that at t=0, -1A
flows through the inductor and +5V is across the capacitor..

10
> L2

v, (f) 5SH =~ 0.1F

v,(1) = (35¢™" — 30e ) u(t) V
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