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3.3 Fourier Representation®r Four Classes @ignals

AFourier series (FS) applies to continudimse periodic signals and the
discretetime Fourier series (DTFS) applies to disciigtee periodic
signals.

ANonperiodic signals have Fourier transform representations.

AFouriertransform (FT) applies to a signal that is continuous in time
nonperiodic.

ADiscretetimeFourier transform (DTFT) applies to a signal that is
discrete In time and nonperiodic.

ATable 3.1 illustrates the relationship between the temporal properti
a signal and thappropriate Fourier representation.




TABLE 3.1 Relationship between Time Properties of a Signal
and the Appropriate Fourier Representation.
e —————

Time
Property Periodic Nonperiodic
Continuous Fourier Transform
(t) (FS) (FT)
Discrete Discrete-Time Discrete-Time
[7] Fourier Series Fourier Transform
(DTFS) (DTFT)




3.3.1 Periodic Signals: Fourier SerkRspresentations

AA periodic signal represesdas a weighted superposition of complex sinusoid

AThe frequency f each sinusoid must be an
fundamental frequency.

Alf x[n] is discretetime signal with fundamental peridd we mayrepresenk[n]
by DTFS

w¢ B 5700 (3.4)

Awherem = 2p/N is the fundamental frequency xih]. The frequency of thk-th
sinusoidin the superposition g . If X(t) Is continuoudime signal of
fundamental period, represenk(t) by the FS

w& B 5 Q0 )

AWherew, = 2p / T is thefundamentafrequencyof x(t). Here, the frequency of th
kth sinusoids kw, and each sinusoid has a common pefiod

AA sinusoid whose frequencyiigteger multiple of fundamental is a harmpnic




Athe complex sinusoid@ areN-periodic In the frequency index as
shown by the relationship

Q (0) Q QP Q (0)
AWe mayrewrite (3.4) as

wE B 0°QQ (3.6)
AFor the caseof continuoustime complex sinusoigsve have

w¢ B 500 (3.7)



AThe seriesrepresentationareapproximationgo x[n] andx(t).

AForthediscretetime case the meansquareerror (MSE) between
the signal and Its series representatian bewritten as:

1 N}

MSE = 2 Ix[#] — x[n][* A(3.8)

AFor the continoustime case
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3.3.2 Nonperiodic Signals: FourierTransform
Representations

A Fourier transform representatsareweighted integral of complex sinusoids
where the vari abl e ofrequemcy.egr ati on

A Discretetime sinusoids are used to represent disdigte signals irDTFT,
while continuoudime sinusoids used to represent continttmg signals in FT.

A Fourier Transformof continuoustime signalsaregivenby:

6X0) C% H QR QU
AHere, QU/2pr epr esents fiweighto or coef
frequencyw in FT representation



AThe DTFT involves sinusoidal freqlrj)encies withinpeirerval, as showby
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» Problem 3.1 Identify the appropriate Fourier representation for each of the follow-

ing signals:

(a) x[n] = (1/2)"u(n]

(b) x(t) = 1 — cos(2mt) + sin(37t)

(c) x(t) = e cos(2wt)u(t)

(d) x[n] = 2 - —o8[n — 20m] — 28[n — 2 — 20m]
Answers:

(a) DTFT

(b) FS

(c) FT

(d) DTFS , A



3.4 DiscreteTime Periodic Signalgdhe Discretelime Fourier

Series

AThe DTFS representation of a periodic sigida] with fundamental periodl
and fundamentdtequencyW, = 2pN is given by

] = S 0, (3.10)
Awhere L] E)Xlk]e’
N-1 (3.11)

X[k] = -%I-;x[n]e‘fmo"

Aare the DTFS coefficients of the sigm@h], wherex[n] andX[K] are a DTFS pait
and denote this relationship as

x[n] < > X[k]

AThe DTFS coefficientX[k] aretermed drequencydomain representatiofor
X[ n], while the coefficientsx|n] arethetime-domainrepresentatioonf X[f]

DTF§;11,
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ExAmMPLE 3.2 DETERMINING DTFS COEFFICIENTS Find the frequency-domain repre-
sentation of the signal depicted in Fig. 3.5

Solution: The signal has period N = §, so £}, = 2n/5. Also, the signal has odd sym-
meu-y,sowesumovcrn = —2 ton = 2 in Eq. (3.11) to obtain

X[k] =— E x[n]e k25

--—1

= g{mr:[-—?.]e"l"""ji + x[—1]e*"5 + x[0)e® + x[1]e™** + x[2]e***/5}).
Using the values of x[n], we get

X(k) = %{l + %H’z'ﬁ — %,—ﬂrﬁ}
(3.12)

- %{1 + jsin(k2m/5)).
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From this equation, we identify one period of the DTFS coefficients X[k], k = —2tok = 2,
in rectangular and polar coordinates as

X[-2] = % - j’i"(‘:"/ 2) . 0.232¢0
X[-1] = 5 - Ism(‘?r/ 2) _ 0.276c 076
X[0] = 5 = 0.2¢°
X[1] = % ;Si"(z:/ 3) _ 0276607
X[2] = % + j’i“(?/ 2) _ 02326050,
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