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4.1.
zfn] = zc(nT)

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

sin (%n)

I

I\
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4.2. The discrete-time sequence
Tn
z[n] = cos(z—)

results by sampling the continuous-time signal
Z(t) = cos(Qot).
Since w = QT and T = 1/1000 seconds, the signal frequency could be:

Q, = % - 1000 = 2507

or possibly:
Q= (27 + g) -1000 = 22507.

176



ch04.gxd 9/21/09 6:02 AM Page 177 $

© 2010 by Oppenheim. Published by Pearson Prentice Hall, Pearson Education, Inc., Upper Saddle River, NJ.
All rights reserved. This material is protected under all copyright laws as they currently exist. No portion of this
material may be reproduced, in any form or by any means, without permission in writing from the publisher.

4.3. (a) Since z[n] = z.(nT),

%E = 40007nT
= 1
~ 12000

(b) No. For example, since

T n
cos(gn) = cos(?n),

T can be 7/12000.
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4.4. (a) Letting T = 1/100 gives

z{n]

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

z[n] =

zc(nT)
in { 20 L + cos { 40mn ——1—
s <P 100 100

sin (252) + cos (-2—7;-2)

zc(nT)
) 11 11
sin (201m-1—66) + cos (407mﬁt_])
. (11l + 22nn
sin 5 cos 5
. (TN 2mn
sin (?) + cos (—5—)
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4.5. A plot of H(e’“) appears below.

(2)

1
~ 8 8 i)
ze(t) =0, ,|Q > 27 - 5000

The Nyquist rate is 2 times the highest frequency. = T = E,%ﬁﬁ sec. This avoids all aliasing in

the C/D converter.

(b)

(c)

|y g N~
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4.6. (a) The Fourier transform of the filter impulse response
o0
H(Q) = / he(£)e=9% dt
oo
[ e
0

1
a+jQ

So, we take the magnitude

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

) | H, (JQ)
1/a

-a a Q

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

haln] = Te °"Tuln]
oo
Hd(ejw) = ZTe—anTe—-jwn
n=0
T

. . . 1 — e—aTe—jw
Taking the magnitude of this response

T
(1 —2e~°T cos(w) + e"zaT)% .

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

Hy(e 1)1

|Ha(e?)| =

L 1 ! !

—41 —én 0 2ln

]
4r [

(c) The minimum occurs at w = m. The corresponding value of the frequency response magnitude is

. T
IHd(eJr)l = 1
(1 +2e—oT + e—2aT)2
_ T
T l+4eeT’
joy)
J e )
T ————————————————————————
wf

N |

] 1
1/a 2/a 3/a
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4.7. The continuous-time signal contains an attenuated replica of the original signal with a delay of 74.
Zo(t) = sc(t) + asc(t — 74)
(a) Taking the Fourier transform of the analog signal:
Xo(jQ) = S.(1) - (1 + ae™974?)

Note that X.(jQ) is zero for |Q] > #/T. Sampling the continuous-time signal yields the discrete-
time sequence, z[n]. The Fourier transform of the sequence is

X)) = LY s
T T T

T=—00

oo .
a jw  2wr . (2+2z%)
=D DIRXC-RSEAOEL S

r=-—00
(b) The desired response: 0
on_ J 1+ae i@ for |Q| < T
H(Q) = { 0, - otherwise
Using w = QT, we obtain a discrete-time system which simulates the above response:

H(e*) =1+ ae™ i+

(c) We need to take the inverse Fourier transform of the discrete-time impulse response of part (b).

s
hin] = 51; H(e')el™ dw
= 51}- (1 + ae™ 7 F )l dw
(i) Consider the case when 74 = T
1 . )
hin] = P (&7 + ae?“(" 1)) dw

sin(wn)  asinfr(n — 1)]
mm w(n—1)
= 6[n]+ adln —1]

(ii) For 74 =T/2:

hn] = %; (€™ + ae D) du
-
sin(wn) + asin[r(n — 1)]
™ m(n—3)

~ S+ asin[r(n — 3)]

n(n— 3
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4.8. A plot of X (512) appears below.

X (9)

—2nx104 mx104 @

(a) For z.(t) to be recoverable from z[n], the transform of the discrete signal must have no aliasing.
When sampling, the radian frequency is related to the analog frequency by

w=QT.

No aliasing will occur if the sampling interval satisfies the Nyquist Criterion. Thus, for the band-
limited signal, z.(t), we should select T as:

1
T< ——.
~ 2x10%
(b) Assuming that the system is linear and time-invariant, the convolution sum describes the input-

output relationship.
o]

yinl= Y z[klh[n - k]

k=-—00

We are given

yinl = T ) 2k

k=-o00
= T Y alkluln—k]
k=—00

Hence, we may infer that the impulse response of the system
hin] =T - u[n).

(c) We use the expression for y[n] as given and examine the limit

lim y[n] = nl'l)n;oT- Z z[k]

n—+oo

I
&
™
&
=

Recall the analysis equation for the Fourier transform:

oo

X(e) = Z .'z:[n]e'"j“’"

n=-—00

Hence, .
; =T. X(ed¥
nlgn Yyl =T - X(e')|w=0
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(d) We use the result from part (c). Noting that

jw 1 & jw  j2mr
X(e) =7 > Xe(Z + =5)-

r=—00

Thus, we have
j2nr )
T

T-X(e)=o= . Xel

r=-—00

From the given information, we seek a value of T such that:

ad j 27 *°
> xZ) = / zo(t) dt

r=-—co —®

Xc(jQ)|ﬂ=0

For the final equality to be true, there must be no contribution from the terms for which r # 0.
That is, we require no aliasing at 2 = 0. Since we are only interested in preserving the spectral
component at Q = 0, we may sample at a rate which is lower than the Nyquist rate. The maximum
value of T to satisfy these conditions is

1
< —_—
T“lx104
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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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4.10. Use z[n] = z.(nT), and simplify:
(a) z[n] = cos(27n/3).
(b) z[n] = sin(4wn/3) = —sin(27n/3)

in(27xn/
() oln] = T
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4.11. (a) Pick T such that
z[n] = z.(nT) = sin(10rnT) = sin(7rn/4) =T =1/40

There are other choices. For example, by realizing that sin(wn/4) = sin(97n/4), we find T = 9/40.
(b) Choose T = 1/20 to make z[n] = z.(nT). This is unique.
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4.12. (a) Notice first that H(e/*) = 10jw, -7 < w < 7.
(i) After sampling,

z[n] = cos(-35£n),
yln] = IH(ej%E)Icos(gg—rn+ LH(e1%))
3w ™
= 6mcos( —5-11 + 5)
= —6m sin(:%ﬂn)
Ye(t) = —6msin(6mt).
(ii) After sampling, z[n] = cos(Zn) = cos(3£n), so again, y.(t) = —6m sin(67t).

(b) y(t) is what you would expect from a differentiator in the first case but not in the second case.
This is because aliasing has occurred in the second case.
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4.13. (a)
R
z(t) = sm(%t)
L
velt) = sin(z5(t~5))
. ™
= sxn(%-t—- Z)
vl = sin(5 - 7)
(b) We get the same result as before:
R
z.(t) = sm(—l—ét)

ve(t) = sin(g5(t-25)
= sin(g5t - 7)
yin] = sin(5 - 7)

(c) The sampling period T is not limited by the continuous time system h.(t).
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4.14. There is no loss of information if X (e7#/2) and X (e/(“/2-™)) do not overlap. This is true for (b), (d),
(e)-
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4.15. The output z.[n] = z[n] if no aliasing occurs as result of downsampling. That is, X(e’¥) = 0 for
T/3 < Jw| < 7
(a) z[n] = cos(mn/4). X (e’“) has impulses at w = +m/4, so there is no aliasing. z.[n] = z[n].
(b) z[n] = cos(mn/2). X(e’*) has impulses at w = £ /2, so there is aliasing. z.[n] # z[n].
(c) A sketch of X (e’“) is shown below. Clearly there will be no aliasing and z.[n] = z[n].
| W
X(e?)
- —m/4 /4 o
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