Section 6.8

Unilateral Laplace Transform

Version: 2016-01-25



@ The of the signal x denoted UL{ X} or X,
Is defined as

) "
X(s =( XHeidt
-0

@ The unilateral Laplace transform is related to the bilateral Laplace
transform as follows:

{

UL{X}(S} = (;)((z‘)erﬂ‘dz‘: w_)c(z‘)b(z‘)ergdz‘: L{xt (s(

@ In other words, the unilateral Laplace transform of the signal xis simply
the bilateral Laplace transform of the signal xu.

@ Since UL{x = L{xt} and xuis always a r/ight-sided signal, the ROC
associated with UL{ X} is always a right-half plane

@ For this reason, we often ado not explicitly indicate the ROC when
working with the unilateral Laplace transform.
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@ With the unilateral Laplace transform, the same inverse transform
equation is used as in the bilateral case.

@ The unilateral Laplace transform is on/y invertible for causal signals In
particular, we have

UL UL{A}) = UL L{xd} (A
= LH{ L{x4}(«

=xX)UA
_ X)) fort>0
0 fort< .0

@ For a noncausal signal X we can only recover xfor £> .0
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@ Due to the close relationship between the unilateral and bilateral Laplace
transforms, these two transforms have some similarities in their properties.

@ Since these two transforms are not identical, however, their properties
differ in some cases, often in subtle ways.
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Property Time Domain Laplace Domain
Linearity axi(f)+ ax(l) aXi(9+ aX(9
Laplace-Domain Shifting V(K X(s—<o
Time/Frequency-Domain Scaling xaf), a> 0 %X g
Conjugation XK XY
Time-Domain Convolution Time- xikx(0), xi and X are causal  X1(9X%(L
Domain Differentiation Laplace- %)(([( sX(9 —X(~0
Domain Differentiation Time- }—z‘)((z‘( 70'5)((5(

Domain Integration SO Ix(«

Property

Initial Value Theorem  X0") = I;orrls)((s(
Final Value Theorem [Iim)((l‘) = IirTg)SX(s(
—» 00 S—
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Trans$glving Differential Equations Using the Unilateral

@ Many systems of interest in engineering applications can be characterized by
constant-coefficient linear differential equations.

@ One common use of the unilateral Laplace transform is in solving
constant-coefficient linear differential equations with nonzero initial
conditions.
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Part 7/

Discrete-Time (DT) Signals and Systems
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Section 7.1

Independent- and Dependent-Variable Trans formations
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@ [ime shifting (also called translation) maps the input signal xto the
output signal Jyyas given by

AN = An-b),

where bis an integer.

@ Such a transformation shifts the signal (to the left or right) along the time
axis.

@ If b> 0, yis shifted to therightby |b], relative to x(i.e., delayed in time). If
@ b< 0, yis shifted to theleftby |b), relative to x(i.e., advanced in time).
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Qo (also known as ) maps the input signal xto the
output signal Jyas given by

A= X-N).

@ Geometrically, the output signal yis a reflection of the input signal xabout
the (vertical) line n= 0.
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Q maps the input signal xto the output signal yyas given by

Nn) = Xax

where gis a sir/ctly positiveinteger.

@ The output signal yis produced from the input signal xby keeping only
every &h sample of x
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@ Consider a transformation that maps the input signal xto the output signal
Jas given by

U = XMan-b),

where gand bare integers and aj= O.

@ Such a transformation is a combination of time shifting, downsampling,
and time reversal operations.

@ Time reversal commuieswith downsampling.
Time shifting coes not commutewith time reversal or downsampling.
The above transformation is equivalent to:

Q first, time shifting xby b
Q@ then, downsampling the result by |a| and, if a< 0O, time reversing as well.

© 0

Q Ifgis an integer, the above transformation is also equivalent to:
@ first, downsampling xby |a| and, if a< 0O, time reversings
@ then, time shifting the result by b.a

@ Note that the time shift is not by the same amount in both cases.

Version: 2016-01-25



Section 7.2

Properties of Signals ‘
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