Section 2.3

Elementary Signals ‘
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@ A(CT) real sinusoid is a function of the form

X(f) = Acos(wi+ 9),
where A w, and 6 are r&a/ constants.

@ Such a function is periodic with funaamental period T = 21Tmand
fundamental frequency |w.|

@ Arealsinusoid has a plot resembling that shown below.
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@ A(CT)complex exponential is a function of the form
X 1) = Ak

where Aand A are comp/ex constants.

@ Acomplex exponential can exhibit one of a number of a/st/rct moades of
behavior, depending on the values of its parameters Aand A.

@ Forexample, as special cases, complex exponentials include real
exponentials and complex sinusoids.



@ Areal exponential is a special case of a complex exponential
X0 = A, where Aand A are restricted to be 7ea/ numbers.

@ Areal exponential can exhibit one of /1ree distinct modes of be havior,
depending on the value of A, as illustrated below.

@ IfA> O, X(f) /ncreasesexponentially as £increases (e. a growing exponental. If
@ A< 0, X({) decreasesexponentially as £inCreases e. a decaying exponentian. If A
@ = 0, X(?) simply equals the constant A
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@ Acomplex sinusoid is a special case of a complex exponential X(f) = A&\,
where Ais complexand Nis purely imaginary (i.e., Re{A} = .(0

@ Thatis, a (CT) complex sinusoid is a function of the form
X 1) = AgWk

where Ais complexand wis real.

@ By expressing Ain polar form as A= |A|&8® (where 8 is real) and using
Eulers relation, we can rewrite X(f) as

X1) = |Alcos(wi+ 0) + jlAlsSin(wz+ 6. (
Rey X(# ( Imf{ X4 (

@ Thus, Re{ x4 and Im{ x} are the same except for a time shift.

@ Also, xis periodic with funaamental period T = 21{mand fundamental
frequency |w.|



@ The graphs of Re{ &} and Im{} have the forms shown below.
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In the most general case of a complex exponential Xf) = A&, Aand A
are both complex.

Letting A= |Al@® and A = o+ jw (where 6, 0, and ware real), and
using Eulers relation, we can rewrite X(£) as
X1 = |Al& cos(wt+ B) + j|A Elsin(wi+ 0) .
Rey X(8)} Im{ X(4 (

Thus, Re{ x4 and Im{ )} are each the product of a real exponential and
real sinusoid.

One of t/1iree distinct moades of behavior is exhibited by X(7), depending on
the value of 0.

Ifo= 0, Re{ X} and Im{ X} are rea/ snusoids

Ifo> 0, Re{ X} and Im{ X} are each the proauct of a real snusoid and a
growing real exponential.

Ifo< 0, Re{ X} and Im{ X} are each the proaduct of a real snusoid and a
decaying real exponential.



@ The three modes of behavior for Re{ x4 and Im{ x} are illustrated below.
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@ From Eulers relation, a complex sinusoid can be expressed as the sum of
two real sinusoids as

AW = Acoswi+ JASNwL.

@ Moreover, a real sinusoid can be expressed as the sum of two complex
sinusoids using the identities

e/(wz‘+ 0) + e J(wt+ 0) and
I

A I
Acos(wt+ 0) = >

Asl n(wl‘+ 6= ( % e/ (wi+6) _ o/(wi+ 6(

@ Note that, above, we are simply restating resultsfrom the (appendix)
material on complex analysis.
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@ The (also known as the ), denoted
U, is defined as

1 ift=0

O otherwise.

Ui =

@ Due to the manner in which vis used in practice, the actual va/ve of t«((0
is unimportant. Sometimes values of O and 1221re also used for «(.(O

@ Aplot of this function is shown below.
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@ The , denoted sgn, is defined as
[]

Dl ift> 0

sgni= 0  ifft=0

“1 ifr< 0.

@ From its definition, one can see that the signum function simply computes
the s/gr7of a number.

@ Anplot of this function is shown below.
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@ The (also called the unit-rectangular pulse
function), denoted rect, is given by

" 1 if —%s t< 2_
rect(f) =
O otherwise.

@ Due to the manner in which the rect function is used in practice, the actual

value of rect(f) att = ilﬁis unimportant. Sometimes different values are
used from those specified above.

@ Aplot of this function is shown below.
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@ The (also called the unit-triangular pulse function),
denoted tri, is defined as

_ 1
1-21tH |t < >

tri( 7=
(7= 0 otherwise.
@ Aplot of this function is shown below.
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@ The function, denoted Sinc, is given by
. sint
sinc(f) = —

@ By I'Hopitals rule, sincO= .1

@ Aplot of this function for part of the real line is shown below.
[Note that the oscillations in Sinc(f) do not die out for finite 7.
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@ The (also known as the or
), denoted O, is defined by the following two properties:

(1) = O} fortF O and
o(Hat= 1.

[s¢)

@ Technically, dis not a function in the ordinary sense. Rather, it is what is

known as a generalized function. Consequently, the d function
sometimes behaves in unusual ways.

@ Graphically, the delta function is represented as shown below.
o(A Ko(t—14o

1 K

0 0 o

Version: 2016-01-25



