Laplace Transform

Introduction

The main drawback of (continuous) Fourier transform is that Fourig,
transform (F.T) can be defined only for stable systems. Where as Laplace

transform (L.T) can be defined for both stable and unstabie systems.
Laplace Transform

Lapface transform of a general signal f(t)
+ Bilateral (or two) sided) Laplace transform

F(s) = T f(he—siat
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* Unilateral (or one-sided) L.aplace transform

Fls) = tneiar

Inverse Laplace Transform

Relation Between Laplace Transform and Fourier Transform

f(tye e dt =

* Ato=0,s5=jwthen
Laptace transform become equal to Fourier transform (or) L.T. calculated
onjmaxisisFT.

*  Fourier transform used for signal analysis and Laplace transform used for
designing of the system.

gegion of Convergence {ROC)

The range of values of & for which F{s) i.e. J ‘f(t)e”"‘[ < ig define is
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known as ROC.

properties of ROC
{a} ROC does not contain any poles, it is bounded by the poles.

(b) ROC of F(s) contains of strips paralle! to imaginary axis i.e. jo axis.

{c) If f(1} is of finite duration and is absolutely integrable than the ROC
is entire S-plane.

(d) M i) is a right sided and if the line Re(s} = G, is inthe ROC then all
values of S for which Rels} > o, will alsc be in ROC.
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*  Forstability ROC must include imaginary axis (i.e. jo axis)
*  Solution of LT.is unique only when the ROC is given

Properties of Laplace Transform
Linearity

f,() LT F (s)with ROC = R,

fot) LT Fy(s) with ROC = R,

“aFy(s) + bE;(S) [/ ROC =R, N R,
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Time-shifting

() —=T 5 F(s) with ROC = R

Frequency shifting
ft) —LT 5 F(s) with ROC = R




Time-reversal

1) —=T s F(s)

mitial value theorem

f(0) = lim sF(s)
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| #(~) L1 F(=s)]; ROC = - R

Differentiation in S-domain
final value theorem

LT =
fly —=T  F(s) ROC =R fles) = fim sF(s)
5
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* Initial value theorem is applicable only for proper La placei.e. denominator
Convolution in Time power of function is more than numerator power.

e Finalvalue theoremis not applicable if poles are conjugate or poles liein
right side of s-plane.

and h(t) —=L— H{s) with ROC = RO e

1) =" F(s) with ROC = R,

| £(t) * M) —tihes F(8)H(S) i ROC =R; n R, Characterization of LTI Systems Using Laplace Transform

Causality

» ROC associated with the system function for a causai system is a right-
half plane.

.................................................................................................................. « For a system with a rational system function, causality of the system is
equivalent to the ROC bheing the right-half plane to the right of the
rightmost pole.

+ A system is anticausal if its impulse response hi{t) =0 fort > 0.

N e
L.T. of impulse response is known as system or Transfer function

Frequency integration

Stability

* AnLITisystemis stable if and only if the ROC of its system function H{s)
includes the jm-axis, [i.e. Re{s} = 0].

* Acausal system with rational system functions H{s) is stabie if and only
if all of the poles of H(s) lie in the left-half of the s-plane-i.e. all of the
poles have negative real parts.

Integration in time

Differentiation in time

%’.f(t) LT 6F(s) — 1(0)




Laplace Transforms of Elementary Functions

Transform Signal Transform ROG
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