7 ™= il
2. From the Nyquist theorem “h“m D n ey W ol > 5000w
m;‘a‘ 2000r. In other words, tlnu u:c Mp,p,hf‘l frequency in th .
. Clearl sam - 15 Ccase
e R r onlv (a) and (c) satisfy t:i?gondim:mu e oot 7" ;;32‘3 e

where (Wo/Z) < We ~ \>=i=r .
-6 Consider the signal w(t) = n(t)zalt) The Fourier transform W (jw) of w(t) 1s given OY

W) = =lXalge) + Xaliell

Since Xj(pw) = 0 for jw] = @ and Xz(jw) = 0 for w| 2 wa, we may conclude that
W (jw) =0 for w| Z e + w2 Consequently, the Nyquist rate for w(t) is w, — 20wt * ...-4!.
herefore, the mazimum sampling period which would still allow w(t) to be recoverced 18

T =2af(w,) = ®/len + wr)-
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Therelore, tDE SIVER dvoscamus = - -

11. We know from Section 7.4 that

oc
Xae™) = 5 3 Xelgl = 2RT).

ks -o0

(a) Since X(e?¥) is just formed by shifting and summing replicas of X (jw). we may as

that if Xg(e?™) is real, then X (jw) must also be real.

(b) Xg4(e?) consists of replicas of X (jw) which are scaled by 1/T. Therefore, if Xal
has a maximum of 1, then X (jw) will have & maximum of T = 0.5 x 107°.

(c) The regon 3x/4 S |w| < = in the discrete-time domain corresponds to the re
In/(4T) < | £ #/T in the continuous-time domain. Therefore, if Xgle?®) =1
3n/4 < |w| < 7, then X (jw) = 0 for 1500x < |w| < 2000x. But since we already
X(3) = 0 for k| > 2000%, we have X(jw) ~ 0 for jw| 2 15007,

S

[} In this case, since th!im&mmWWMi-m
continuous-time frequency domain, this condition translates to X jw) = (F{w=—2000x)).

v - msimanneLime frequencies {2 and w are
: [

715. In this problem we aré interested in the lowest rate which z{n] ray be mnplf.-d without the
possibility of aliasing. We use the approach used in Example 7.4 10 solve this problr!:n,_ To
find the lowest rate at which z[n] may be sampled while avoiding the possibility of aliasing,

umustﬁndanNsuchtm

Mm,nmnmmbel

TN : satisfies the first two conditions. 1t does
= ﬂilﬂ(mnw(“’ B e b aboenn. i l0¥). of Y8



{1 .lﬂ-l"U( 2. Therefore, in tom piv~eer
to an ideal lowpass flter with cutoff frequency x/ and 3 passoanc B =

= 19. The Fourie: transform of z|n] s given by

i B jwl £
X )"{0. Othl!ﬂ"i:ie

Thas is as shown in Figure ST.19-

(a) When wi < 3x/5, the Fousier transform Xy (&) of the output of the zero-insertion

system is 35 ghown in Figure §7.19. The output w(ev) of the lowpass fles is a8
shown in Figure §7.19. The Fourier transform of the output of the decimation system
¥(e™) s an expanded or stretched out version of W(el). This is as <hown in Figure

S719.
Therefore, /
1 sin{Swnn 3)
1 ——
="

(b) When w1 > 32 /5, the Fourier transiorm Xy(e) of the output of the zero-mserton
gystem is a5 shown in Figure §7.19. The output W (&™) of the lowpass filter is a=
ghown in Figure 57.19.
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The Fourier transform of the output of the decimation system Y (¢7) is an expE

or stretched out version of W(e™). This is as <hown in Figure 57.19. Therefore,

vin] = %J{n},

¥



7.24. We may express s(t) as s(t) = 3(t) — 1, where () is as shown in Figure 57.24.
We may easily show that
Sijw) = z wam - k2% /T).

k= =00

From this, we oblain

Stjw) = §Gw) - 2m8(w) = 3 ﬂwéﬁw — k2% /T) - 2mé(w).
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Figure 57.24

Clearly, S(jw) consists of impulses spaced every 2= /T.
(a) If A =T/3, then

S(w) = Z ggﬂ?—:—k!ﬂﬂw = k27 [T) — 2=b(w).

k==o0

Now, since w(t) = s(t)z(t),
. 1 o= 4sin(27k/3)
W(jw) = 2—,*;@—_—;——.‘:9@ - k27/T)) - 22X (jw).
Therefore, W (jw) consists of replicas of X (jw) which are spaced 27/T apart. In order
to avoid aliasing, war should be less that n/T. Therefore, Tmax = % /wit.

(b) If A = T/3, then

Sgur = 3 SSCTE 5 - kae/T) - 2wd(0).

k= =oc

We note that S(jw) =0 for k= 0,%2,x4,---. This is as sketched i Figure 57.24

Therefore, the replicas of X (jw) in W(jw) are now spaced 4n /T apart. In order to
avoid aliasing, war should be less that 2x/T. Therefore, Trnar = 2% /wi.



