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5 Moving from Fourier to Laplace :-‘ Example
= F(jw) = Fourier = X(t) = exp(-at)u(t)
= X(t) = -exp(-at)u(-t)
= F(s) Laplace = X(t) = 3exp(-2t)u(t) -2exp(-at)u(t)
= X(t) =s(t)
®F(s) = L{f(t)} = /“C e f (1) dt Unilateral Laplace
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3 Example

flt)=1, 0<t < o0.
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:-| Pairs

fy=1,t>0

F(s)=1,5>0

fey=t" t>0

F(s)= 2, 520

flty=e* t>0 F(s)= 5. s>a
f(t) =sin(kt), t >0 F(s) = =4
f(t) =cos(kt), t =0 F(s) = #15=

f(t) = sinh(kt), t = 0

F(s) = kg, 5> [k

f(t) = cosh(kt), t >0

F(s) = =%z, s> |k
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. Example :-‘ Properties of ROC
PROPERTIES OF THE REGION OF CONVERGENCE

« The ROC contains no poles

X(s) = %

poles of X(s) == D(s) =0

« The ROC of X(s) consists of a strip
parallel to the jw-axis in the s-plane

« & {x(t)} converges <=> ROC includes
the jeo-axis in the s-plane
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Property 1: ROC does not contain any pole Property 2: for finite duration and absolutely
integral signal ROC is entire s-place
i 1. No Poles in ROC i 2. Finite duration signal
« x(t) finite duration
X(s) = (S+”1‘s+2] => ROC is entire s-plane
im
im
7
Decaying exponential
. . N
_ A X-X
? Re / Re
=
’ 7 t
9 By: Nikesh Bajaj 10 By: Nikesh Bajaj
Property 3: for right sided signal if X(s) convergence
at p1 and will also converge at p2>pl
i 3. Right sided signal
« x(t) finite duration x(t) rightsided and Re {s} = g, is in ROC
=> ROC is entire s-plane => all values for which Re {s| > o, arein ROC
Growing exponential /f
- x{t) right-sided and X(s) rational
T1 -|-2 t =2 ROC is to the right of the rightmost pole.
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Property 4: for left sided signal if X(s) convergence at
pl and will also converge at p2<pl

3 4. Left sided signal :-‘ 5. Two sided signal

x(t) left-sided and Re{s} = g, isin ROC + x(t) two-sided and Re {s} = g, isin ROC
=> all values for which Re{s} < o, are

in ROC
x(t) left-sided and X(s) rational
=> ROC to the left of the leftmost pole.

Property 5: for two sided signal ROC will be strip

=> ROC is a strip in the s-plane

.
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3 Properties !-| Example
Im 1
Property 6: ROC is bounded by poles or can extends X6) = Gy Relst> 1
to infinity, _ ) ) ) s h-L mefsr
Property 7: ROC is a strips, parallel to jw axis
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)(1(s] =sl—1 Re {si> -1 A
Xals) = s Re ]s} > -1
x,(th = et ult)
*%a(t) =-e2tul1)
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Im Tahle 7: Properties of the Laplace Transform
Vi _ 1 ) .
é Xis) = pATErm 2 < Re st <1 Property Signal Transform | ROC
_ A1 1 _ .
x:é( =i #z -2 < Re s} <-1 x(f) X(s) R
7 Re (1) Xi(s) B
i) Xals) R,
7 Lincarity () 4 baralt) | aXy(s) + bXa(s) | At least By Ry
Time shifting ot — to) eux(s) R
Shifting in the s-Domain et(t) X(s—sy) | Shifted version of R fie. 5 s
in the ROC if (s — ) is in
R
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Properties

Table 7 Properties of the Laplace Transform P rob I el l I

Property Signal Transform | ROC
(0 Xo | = X(t) =exp(-t)d/dt (exp(-(t+1)u(t+1)))
nit) x| = X(t) =int[ exp(2T)sin(T)u(T) dT J-infto t

xa(t) Xals) Ry
) L (s : .
Time scaling r{at) —X (—) “Sealed” ROC (ie.., s is in
lal ™ Aa the ROC if (s/n) is in R)
Conjugation 2(1) X*(s) R
Convolntion it} e xa(t) | Xi(s)Xa(s) | At least Ry Ry
Differentiation in the Time Domain %n'l sX(s) At least R
:
i
Differentiation in the s-Domain —tx(t) ;—.\'m R
o
Integration in the Time Domain Lxts) At lenst R {Re{s} > 0}
5 2 By: Nikesh Bajaj

3 Initial and Final value theorem Inverse Laplace

Initial- and Final Value Theorems . Partial FraCtlon method

If «(t) = 0 for £ < 0 and =(¢) contains no impulses or higher-order singularities at ¢ = 0, then
2(0%) = lim, .o 5.X(3)
If a(t) = 0 for t < 0 and z(f) has a finite limit as { — oo, then

limy .o 2(t) = lim, _p 5X ()
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