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4.1.
zfn] = zc(nT)

1
sin (2W(100)"Z-65>

sin (%n)
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4.4. (a) Letting T = 1/100 gives
zc(nT)

. 1 1

= sin (207m—1 00) + cos (401rn———1 o 0)
. /TN 2mn

= s (—5-—) + cos (-—5—)

(b) No, another choice is T = 11/100:

z{n]

z[n] = zc(nT)
) 11 11
= sin (201m-1—66) + cos (407mﬁt_])
_ . [1lmn +cos (221rn)
= sin 5 5
. (TN 2mn
= sin (?) + cos (—5—)
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4.6.

He(552)

So, we take the magnitude

(a) The Fourier transform of the filter impulse response

S .
/ he(£)e=9% dt

(e )
[ e
1]
1

a+jQ

. 1 \?
|H(5Q)| = (m)

) | H, (JQ)
1/a

ha[n]

Hd(ej“’)

Taking the magnitude of this response

-a a

(b) Sampling the filter impulse response in (a), the discrete-time filter is described by

Te " Ty[n]

0o
E :Te—anTe—-jwn
n=0

T
1—eoTe—iw

T

|Ha(e?)| =

(1 — 2e=9T cos(w) + e"zaT)% .

Note that the frequency response of the discrete-time filter is periodic, with period 2.

Hy(e 1)1
] 1 1 ! ] | ] |
—4r 2R 0 2n 4r [0)
(c) The minimum occurs at w = m. The corresponding value of the frequency response magnitude is
; T
|Hd (eJ"")l = 1
(1 +2e—oT + e—2aT)2
_ T
T l+4eeT’
j
A IHy (e 19
T ————————————————————————
1:/2 1 1 1 -
1/a 2/a 3/a T
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4.9. (a) Since X(e?¥) = X (e/(“—™), X (e#*) is periodic with period .
(b) Using the inverse DTFT,

1 o
- wY jwn
z[n] = 2 Jiam X (e?¥)e? dw
= i X(ej(“""))ej“’"dw
27 (2m)
= [ x(e*)eiwring,
2 (2)
— _1_ej1rn X(eju)ejwndw
2 (2n)
= (-1)"z[n].
All odd samples of z[n] = 0, because z[n] = —z[n]. Hence z[3] = 0.

(¢) Yes, y[n] contains all even samples of z[n], and all odd samples of z[n] are 0.

_J y[n/2], n even
z[n] = { 0, otherwise
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4.21
A. The impulse-train signal x, () has spectrum X (jQ) given by

oo

X, (jQ =%2 [(Q k”)]

An example is shown below.

_’Hl:\:" T
[®)
(=]
SR+

We will have x, (t)=x, () provided 7, <&-.

B. We will have x, (¢)=x, (¢) under any of the following circumstances:
1. As illustrated above, 7, <&-.

2. Asillustrated below, 122 <T, <ZF.

X, (j2)
A AN AREN AR AN
1 \\ // 1 : 1 \\ // 1 I 1 \\ /l 1 Q
2 2z
n n
3. Asillustrated below, T, = Q—”
X, (JQ)
NV N NV N N
, | N ’, ] ’ 1 \ 7’ I \
’l I \\\ /II : : : \\\ Q
27r Q 7

Tz

The frequency response of the filter that is needed to recover x, () is shown below.

H, (jQ)
T,
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4.23. (a)
27
w= QT, T= 'ﬁ;
X(e1®)
T
r T ®
(b) To recover simply filter out the undesired parts of X (e?).
x[n] | Ban.dpass X, (1)
Filter
T
~"2r/T -n/T wT 21/T Q
(c)
2n
T<q&
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