ch04.gqxd 9/21/09 6:03 AM Page 196

——

© 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.

4.21. A. The impulse-train signal x, (¢) has spectrum X, (jQ) given by

X, (jQ) =%‘§X[j(§2—kl,§)].

An example is shown below.
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We will have x, (1) = x,(¢) provided 7, <&

B. We will have x, (1) =x, (/) under any of the following circumstances:
1. Asillustrated above, 7, S4

2. Asillustrated below, 82 <7, <&
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3. Asillustrated below, T, ={F.
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The frequency response of the filter that is needed to recover x, (f) is shown below.

H,(jQ)
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4.23. Appears in: Fallo4 PS1, Fall02 PS1,

Problem

Note that in OSB and 6.341 Q denotes continuous-time frequency and w denotes discrete-
time frequency.

Figure 1 shows a continuous-time filter that is implemented using an LTT discrete-time filter
with frequency response H(e/).

(a) If the CTFT of x.(t), namely X (jQ), is as shown in Figure 2 and w, = ¥, sketch and
label X (e/), Y (/) and Y.(j9) for each of the following cases:
() /T = 1/Ty = 2 x 10*
(i) 1/Ty = 4x 10%, 1/Ty = 10*
(iii) 1/Ty =10, 1/Ty = 3 x 107
(b) For 1/Ty = 1/15 = 6 x 103, and for input signals x.(t) whose spectra arc bandlimited
to | < 27 x 5 x 10° (but otherwise unconstrained), what is the maximum choice of

the cutoff frequency we of the filter H(e?) for which the overall system is LTT? For this
maximum choice of wg, specify H.(j).
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Figure 1: Problem .

14 Xe(59)

—27 x 5 x 10° 271 x 5 x 103

Figure 2: Problem , part (a).
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Solution from Fall04 PS1

(a) (1) 1/T1=1/Ty=2x 10*
X(e™)

2><10\
| i
T

—97 —m/2 /2 2
V(e™)

2 % W
| | }

-2 /b /5 mr

ﬁ(yﬂ)

—47 x 10° 47 x 10°
(i) 1/T) = 4 x 104, 1/T = 104

X (&)
4 x 10

-2 —w/4 /4 27
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Y (e)
4 %1
: !
-7 —7/5 /5 27
Y.(jQ)
—27 x 10° o7 x 108
(i) 1/Ty = 10%, 1/T5 = 3 x 104
X(e?)
1(
: t
—27 —1T 27
Y (e™)
104
E i
—27 —n/5 /5 2w
Y. (i)
3 L
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—6m x 103 6 x 10°
200




ch04.gxd

9/21/09 6:03 AM Page 201 $

© 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.

b) From the figure below, it can be seen that the only portion of the spectrum which remains
Y ¥
unaffected by the aliasing is |w| < 7/3. So if we choose w, < 7/3, the overall system is
LTT with a frequency response of

-

. 1 for |Q] < we x 6 x 10
oy = { IS

otherwise.
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aliased aliased
Solution from Fall02 PS1
(a) () 1/Ty=1/Ty=2x 10*
X (e
/\ 2 % 107 X(e”)
} ;
-2 —7/2 /2 2
Y (&)
m 2 ﬁ?’
; - %
-2 —7/5 /5 o
Ye(7€)

—47 x 103 47 x 108
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(i) 1/T) = 4 x 104, 1/T» = 104

X(e)
4 x 10
5 §
—2m —7/4 /4 o
Y (e?)
4 x
I }
—27 - /5 /5 o
Ye(562)

-7 x 10° 2 x 10°
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(iii) 1/Ty = 10%, 1/T» = 3 x 10*

X (e)
1 <]

f ;
—27 —7 T 27

Y (e?)

104 W m

f : i
27 —7/5 /5 2r
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1/3 (
\\1
—67 x 10° 6m x 103

(b) From the figure below, it can be seen that the only portion of the spectrum which remains

unaffected by the aliasing is |w} < 7/3. So if we choose we < 7/3, the overall system is
LTI with a frequency response of

v [ 1 for Q] <wex6x10°
He(j4) = { 0 otherwise.

unaliased

|

X(e™)

aliased aliased
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4.31. (a) z4(t) = 2.(t)s(t) = X,{(50) +s(j)

3 .
X o ()
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1 i -
- -2n/T 2n/T Q
X(e-i @ )
T
1 I o=
- 2% 2n ®

(b) Since Hy(e?) is an ideal lowpass filter with w. = %, we don’t care about any signal aliasing that
occurs in the region ¥ <w < 7. We require:

2

"
T 2w - 10000 > iT
1 8
T 2> 7 10000
T < -g x 10~ %sec

Also, once all of the signal lies in the range |w| < %, the filter will be ineffective, i.e., § < T'(27x 10%).
So, T > 12.5pusec.

(e
w ™
Q= T = Qc = Z—j;
QC
slope = /.
8/7 x 104 8x10% UT
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4.62. Since we want W(e’™) to equal X(e/*), then H(e/*) must compensate for the drop offs in Haq(jQ2).

H(e T ®)
L10
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