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Laplace transform



Fourier transform: signals as linear combinations of e/

Laplace transform: signals as linear combinations of et

Generalization allows to study unstable systems,

for which F{h(t)} is not defined



Fourier transform: signals as linear combinations of e/%?

Laplace transform: signals as linear combinations of et

x(t) PN X(s)é/ z(t)e *tdt s=o0c+jwecC

— 00



We can see it as:

oo

X(s)=X(0+ jw) = /_ x(t) eIt gt = /_OO [z(t)e 7] e 7« dt
x(t) N X(s)é/oo x(t)e *t dt s=o0+jweC

The Laplace transform of x(¢) is the Fourier transform of z(t) e=7*

Y

whose convergence depends on the value of o



Examples



Example: z(t) = e~ u(t)




Example: z(t) = e~ u(t)
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Example: z(t) = —e~* u(—t)

X(S) = _/ e—at U(—t) e—st dt = _/ e—at U(—t) 6—(a+jw)t dt

— o0 — 00

0
; 1
:/ e—(a+a)t€—jwt dt — ' o+a<0
—00 a+ o+ Jw
! R{s} <
— S —a
a—+s

Note: X (s) is identical, but the region of convergence (ROC) changes
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Note: X(s) is identical, but the region of convergence (ROC) changes
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Example:

z(t) = e " u(t) + e (cos 3t) u(t)

2

1
[e—Qt 4 S (-

3)t 4 %6—(1-1—33')75] u(t)
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Example:

1 , 1 .
z(t) = e u(t) + et (cos3t) u(t) = [e_% + 56_(1—3J)t i 56—(14-3])75] u(t)

— 00 — 0 oo

They all converge

s (1= 3) only if f{s} > —1




Example:

They all converge

only if f{s} > —1

1 . 1 .
z(t) =e " u(t) + et (cos3t) u(t) = [e % + 58—(1—33)t 4 56—(14—3])15 u(t)
11 1 1 1
X(s) = 5 3 R{s} > —1
(5) S+2+28+(1—3j)+25+(1+3j) {s}
252 + 55 + 12
— R{s} > -1
(524254 10)(s +2) {s}
ult) Ly R{s} > —2
s+ 2
; 1
—(1-34)t 4 ) L N P - 1
e u(t) s+ (=3 {s}
; 1
6_(1+3J)t U(t) yl £ \ %{S} > _1
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Example:

x(t) = e % u(t) + et (cos 3t) u(t) = e 2t ¢

1 1 1

1
X(s) = - 2
(5) S—|—2+2S+(1—3j)+25+(

252 + 55+ 12

= R{s} > —1

(52425 +10)(s +2)

x(t) made of complex exponentials
= X (s) ratio of polynomials
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Example:

L{5(t)} :/ S(t)e *tdt =1 Vs




Example:

4 1 1 1

Xe)=1-g T35, Rsi>2
B (3—1)2 )
G+ D(-2) s} >2
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ROC does not include s = jw,

Fourier transform does not converge
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