


matic control systems and

the continuous circuits and systems including aute ! .
also to analyse signal flow through the causal linear-time invariant ;rfb&ma
with non-zero initial conditions. Also the z-transform. 10 be discussed in the

next chapter is suitable for dealing with discrete signal and systems.

6.11. Definition of Laplace Transform
For periodic or non-periodic time-functions x(#) which is zero for ¢ < 0 and de.
fined for ¢ > , the laplace transform of x(t) denoted as £ {x(f)}, may be defined as

[ .(8.43)

£x(0)) = Xe) = _[xu} DL
0

& = o + jo, we have

A(s) = Ix(#) ol
Q0
integration is taken from O to . Therefore. this is

Putting

It may be noted that the

called unilateral laplace transform. £ : :
The unilatersl laplace transform is mainly for the analysis of causal
Similarly, the bilateral transform is defined as
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e, m :
iy Erowing or decaying with time, If o is positive vilued then the real
! Wwill be decaying and if o is negative valued then the real

ential signal e-ot

...(6.48)




Howuver, in practice, it is not necessary to carry out this ﬁ:‘;ﬂ;"ﬂ::‘:‘i :::;
gration, With the help of partial fractions and existing tables o
we ¢an obtain the solution of different equations

6.13. The Region of Convergence (ROC) iy el
As we know that for the sxistence of the Laplace transform, the
- (-
Xis) = _[ x(1) « ™ dt Gl
0
must converge. lex plane known as

This limits the varinble ¢ = ¢ + ju to a part of the comp
the Region of convergence (ROC).
Ag an example, let us take
P ..(8.53)
§=3 . .
Here, the Laplace transform is defined only for Re(s) > 3. The region He(s)
> 3, f.e, o > 3 is called the region of conver- i Region of
gence (ROC) as shown in figure 6.32, < e
In fact, Region of convergence (ROC) is re-
quired in computing the Laplace transform and
the inverse Laplace transform. If the Region of
convergence (ROC) is not specified, the inverse
Laplace transform i= not unique. Sl
Al’ﬂ, inthaﬂM*‘iﬂﬂd r- i 2k s b
time-functions are assumed to by
hence there is a one-to-one
tween the Laplace transfor
laplace transform.
Therelore, no ambiguit
i3 not lp&dﬁﬂdmthnt
Laplace transform, the sp
6.13.1. Poles and Zeros
Usuaily, X(s)

e
ver, in Lhe two-sided

ROC) is essential.




ation of X(s) in the s-plane is to ghow the locations of

Lo indicate each . to indicate each pole loeation and an “0" is used
#ero. This has boen illustrated in figure 6,33 for X(s) given by

¥ 23 -+ 4 ¥
X(s) = __o. . 8+2
s it Hibyan ariwgy PAW>=d
5 = = 3 with scale fn:i]:.:tf(a} has one zexo at s = - 2 and two poles at 8 = 1 and
! 6.13.2. B
As fzzz:::e:f';f on of Convergence (ROC)
properties of the ROE“ the ROC of X(s) depends on the nature of x(t). The
function of g, Areé summarized below, assume that X(s) is a rational
;:::::tty ;: -The ROC does not contain any poles.
finite intawa:;t é?:m 18 & finite-duration signal, that is, x(t) = 0 except in a
except posaibly s = o :; f:: ¢ and ¢, < «), then the ROC is the entire s-plane
mp“ by 3: I 2(6) is @ xight-sided signal, that is, (1) = 0 for £ < t, <, then
 Re(s) > D
mlpm't of a'ny of the poles of X(s). Thus, the
the vertical line Re(s) = o, in the s-plane and
£ X().
ded signal, that is, x(¢) = 0 for t > ¢, > — =, then
RC s s inmun of any of the poles of X(s). Thus, the
R 0 vertical line Re(s) = o, in the s-plang and
e

d signal, that is x(¢) is an mfinite-duration
left-sided, then the ROC is of the form

-~ 4“.. .

two poles of X(s). Thus, the ROC is n
vertical lines Re(s) = 6, and Re(s) = Oy
rm of a continuous-time signal given

g

'a signal x(t) is expressed as
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