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Laplace Transform (LT)
and Z-Transform



Introduction

Introduced by Pierre Simon Marquis de Laplace (1749-
1827). Practically used by Oliver Heaviside (1850-1925)

Transform relationship between x(t) and X(s):

Laplace Transform
X(t). “X(5)

Inverse Laplace Transform
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* The Laplace transform originated from the Fourier transform.

e Definition:

X (s) = Ofx(t)e‘St dt
1 _O'Oj—joo
X === [X(s)eds
272] o—jo

where s is a complex variable that is defined as s=o+jw .



Laplace transform

eDefinition: 0

X (s) = [x(t)e ™dt

—00

o+ jw
X(t) = i jX (s)e™*'ds
27q —o—jw

» For a causal system, where t>0, the Laplace Transform will be:

X (s) = [ x(t)e 't

o+ jw

X(t) = IX (s)e™*'ds




» The Laplace transform originated from the Fourier transform.

X(S)is=c+ jort = IX(t)e_(ﬁjzmc )t
0

X(o + j2rf) = Of[x(t)e—fft ]e—izﬂftdt
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Examples of Laplace Transform

Example 1:

A signal is defined as

x()=1 t=0
=0 elsewhere

X (s)= [ x(t)e~Stdt= | (e-Stdt
0 0

wnlF



Example 2:

A signal is defined as

x(t)=e—al t>0
=0 t<0

X (s)= [ x(t)e~Stdt = | exp(—at)e—Stdt
0 0

_ P —(a+s)t :_e‘(a+s)t‘oo
1€ qt=—"ars) "

_ o—(a+s)oo . exp—(a+s)0 1

(a+5) (a+5) N (s+a)



Example 3

A sinusoidal signal is expressed as
X(t) =cos(2f,t) t>0
=0 t<O

Q0 o0
X (s)= [ x(t)e~Sldt= [ cos(2xf,t)e~Sldt
0 0

By defining the cosine function in terms of complex exponentials, the
Laplace transform is

X(s)= (Sz +(;7Tf1)2J




