@ Sums involving even and odd sequences have the following properties:

@ The sum oftwo even sequences is even.
@ The sum oftwo odd sequences is odd.

@ The sum ofan even sequence and odd sequence is neithereven nor odd,
provided that neither of the sequences is identically zero.

@ Thatis, the sumofsequences with the same type of symmeiryalso has
the same type of symmetry.

@ Products involving even and odd sequences have the following
properties:
@ The product oftwo even sequences is even.
@ The product oftwo odd sequences is even.
@ The productofan even sequence and an odd sequence is odd.
@ Thatis, the product of sequences with the same type of symmeiryis even,

while the proauct of sequences with gpposite types of symmeiryis odd.



@ Everysequence xhas a un/querepresentation of the form
X1) = x(n) + X

where the sequences X and X are eva?and odd, respectively.

@ In particular, the sequences X and X are given by
x(r) = 2N+ X-n]  and x(7) = 1M —x(-n(

@ The sequences X and X are called the and of X
respectively.

@ For convenience, the even and odd parts of xare often denoted as
Even{ x} and Odd{ x4}, respectively.
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@ The of two (strictly positive) integers gaand b
denoted lcm( g, b), is the smallest positive integer that is divisible by both a
and b

@ The quantity lcm(& b) can be easily determined from a prime factorization of

the integers & and b by taking the product of the highest power for each
prime factor appearing in these factorizations. Example:

lcm(20, 6) = lem(2? -51,21 .31) = 22 .31 .51 = «60
lcm(54, 24) = Iem(2t -33,23 .31) = 23.33= 216; and
lcm(24,90) = lecm(23 -31,21 .32 .51) = 23 .32 .51 = 360
@ Sum of periodic sequences. Forany two periodic sequences X3 and X

with fundamental periods Ay and Ab, respectively, the sum X3+ X is
periodicwith period lecm( A, N(2
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@ Asignal xis said to be right sided if, for some (finite) integer constant /,
the following condition holds:

Xn) =0 foralln< m

i.e., xis only potentially nonzero to the right of ny).
@ An example of a right-sided signal is shown below.
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@ Asignal xis said to be causal if
xXn) =0 foralln< .0

@ Acausalsignalis a special caseof a right-sided signal.
@ Acausalsignalis not to be confused with a causal system. In these two
contexts, the word “causal’has very different meanings.
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Asignal xis said to be left sided if, for some (finite) integer constant /b,
the following condition holds:

Xn) =0 foralln> m

)i.e., Xis only potentially nonzero to the left of ).
An example of a left-sided signal is shown below.
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Asignal xis said to be anticausal if
Xn=0 foralln=.0

An anticausal signalis a special caseof a left-sided signal.

An anticausal signal is not to be confused with an anticausal system. In
these two contexts, the word “anticausal’has very different_meanings_



@ Asignal that is both left sided and right sided is said to be
)or (

@ An example ofa finite-duration signal is shown below.
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@ Asignal that is neither left sided nor right sided is said to be
@ An example of a two-sided signal is shown below,
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@ Asignal xis said to be if there exists some (/771/16 positive real
constant Asuch that

X)) <A foralln

(i.e., X(n) is finitefor all n).
@ Examples of bounded signals include any constant sequence.

@ Examples of unbounded signals include any nonconstant polynomial
sequence.
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@ The energy E contained in the signal xis given by

o0

E= 5 XA

k= —o0

@ Asignal with finite energy is said to be an energy signal.



Section 7.3

Elementary Signals ‘
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@ A(DT) IS a sequence of the form
X(n) = Acos(Qn+ 0),

where A Q. and O are r&a/ constants.

@ Arealsinusoid is periodicifand only if 3kis a rational number, in which

case the fundamental period is the smal//est integer of the form 2“’{?Where
Kis a positive integer.

@ Forallinteger & x(n) = Acos([Q+ 211K+ 6) is the sarmesequence.

@ An example of a periodic real sinusoid with fundamental period 12 is
shown plotted below.

X) = cos gn
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@ A(DT) IS a sequence of the form

Xn) = cd,

where cand aare complex constants.

@ Such a sequence can also be equivalently expressed in the form
Xn) = ce”
where Dis a complex constant chosen as b= Ina (This this form is more

similar to that presented for CT complex exponentials).

@ Acomplex exponential can exhibit one of a number of a/st/rict moades of
behavior, depending on the values of the parameters cand a

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

Version: 2016-01-25



@ A(DT) real exponential is a special case of a complex exponential

Xn) = cd’

where cand aare restricted to be 7ea/ numbers.

@ Areal exponential can exhibit one of several distinct modesof behavior,
depending on the magnitude and sign of &

@ If |a > 1, the magnitude of X(7) /rcreasesexponentially as 77increases
(i.e., a growing exponential).

@ If |al < 1, the magnitude of X /) decreasesexponentially as n7increases
(i.e., a decaying exponential).

@ If |al = 1, the magnitude of X(r) is a constant, independent of 7 If
@ a> 0, X(n) has the sarmesigrn forall n

Q@ If a< 0, X(n) alternatesin signas Nincreases/decreases.
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@ Acomplex sinusoid is a special case of a complex exponential X)) = ¢c&",
where cand aare complexand |al = 1 (ie., ais of the form e/ where Q is
real).

@ Thatis, a (DT) IS a sequence of the form
Xn) = ce

where cis complexand Q is real.
@ Using Eulers relation, we can rewrite X /) as

Xn) = |decos(Qn+ argg + /ldsin(Qn+ arg g .

Regx(n)} Im{ XA (
@ Thus, Re{ X} and Im{ x} are real sinusoids.
@ Acomplex sinusoid is per/odicif and only if % is a rational number, in

which case the fundamental period is the smal/lest integer of the form Z“ﬁm
where Kis a positive integer.
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