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TABLE 4.5 PROPERTIES OF THE FOURIER TRANSFORM FOR DISCRETE-TIME

SIGNALS
Property Twme Domain Fregquency Domain
Notation xim) N}
Al Xitw)
xalnm) Xt
Linearity ayxpin) + arxain) ay Xlwr+ a2 X (w)
Time shifting xin = &) e X ()
Time reversal xi=nl Xi{=—an
Convolution xpbn) = xa(n) Xlw )Xo te
Correlation ot =xl xaat=l1 5, e = X el X (—w)
’ = Kilen Xilws
[if x2(m) is real]
Wiener-Khintchine rolf) Sypiw)
theorem
Frequency shifting e xin) Xiew — ay)
Modulation X1 COS ayn o+ en) + X (w— o)
Multiplication xpindzaing % f XiiodXalew ~ mdh
= -r
Differentiation in the  nxin) j‘“ (w)
frequency domain de
Conjugation x*iny X" (=w)
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Parseval’s theorem Z xiin)eiin) = 2—[ Xilw) XHe)dw
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x[n] = (a" sin Qyn)uln]
We can use the modulation property to evaluate this signal. Since
. F 2m
sin Qun <= — [6( — Q,) — (02 + Q,)],
2
periodically repeated, then

1 1 1
X = "23' 1 — qe /@ %) - 1 — ae i@t

periodically repeated.

We are given a system with impulse response

1y ™
h[n] = [(2) cos ?] u[n]

The signal k,[n] = (3)"u[n] has the Fourier transform

1

— g

H,(Q = 1

Using the modulation theorem, we have

1 1 1
H(Q) = § ,:1 _ %9 —j(Q—x/2) + 1 — %6’ -}(ﬂ+:;’2)]

We expect the system output to be a sinusoid modified in amplitude and phase.
Using the results in part (a) and the fact that

x[n] = éeﬂwnﬂ) + %e 'f('nu‘?),

we have
H(Q) =2+ —1—)
a=rz 2\1 —3 1 +4
1 2 4
- 5(2 * é) 3
4
H() = H* (M) = —
Q=—x/2 g=rz2 3
so
y[n] = Ee:’('ﬂ!ﬂ) + gg —j(rnf2)
3
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{a) Rewriting the difference equation, with x(n) = &(n) and h(n)

denoting the unit-sample response
h{n)=%h{n—1}+5(n)+%6(n—l} .

Since the system is causal, h(n) is zero for n < 0. For n > O,

h(0) = 2 h(-1) + 8(0) + 3 6(-1) =1
R(1) = 2 0(0) + 6(1) + 3 §(0) = 1
h(2) = 2 h) +6(2) +36(1) =3
h(n) = 2(3" n2>1

h({n) can also be expressed as
h(n) = {%)n [u(n) + u(n - 1)) .

(b) Substituting x(n) and h(n) into the convolution sum we obtain

ym = " (a0 +uk - 1) I (n=k)

k=-w=
- gJun {2 (%)k givk 4 E (%)k e'j‘*’k}
k=0 k=1
) 1+ L e730
jon |___ 2
= e 1 -Jjuw
-5e

(c) The fregquency response of the system is the complex amplitude of

the response with an excitation ejmn. Thus, from part (a)
1 -jw
jw l+§-e
H(e ™) 1 -jw
1 - Ee
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(a) yln]=n'x[n].
For an input x;[n] the output is yi[n] = n?x;[n], 1= 1, 2. Thus, for an input %3 [n] = Ax[n]
+ Bx;[n]. the output v3[n] is given by y3[n] =ﬂ2I::A x[n] + Bxz[n])= Avi[a] + Byz[n].
Hence the system is linear.

Since there is no output before the input hence the system is cansal. However, [V[n]| being

proportional to o, it is pessible that a bounded input can result in an vnbounded output. Let
x[n] =1 ¥ 1, then y[n] =n?. Hence ¥[n] — == asn — == hence not BIBO stable.

Let y[n] be the output for an input x[n]. and let v, [n] be the output for an input x;[n]. If

¥ [n]=x[n—n,] then y,[a]= :I:I.le [m]= ngx[n—ﬂﬁ]. However, yin—n,]=(n —ﬂﬁ:}:!{[ﬂ -n,].

Since y,[n]# ¥{n—n;]. the system is not tume-mvariant.

The system is linear, stable. non causal. Let y[n] be the output for an input x[a] and v,[n]
be the output for an input x;[n]. Then y[n] = 0x[-n] and yi[n]=0x[-n].
Let x[n]==x[n—n,]. then yi[a]=0tx[-n] =ctx[-n—ny]. whereas y[n—ny]= ax[n; —a].

Hence the system is time-varying.



