ECE352
Spring 07

Dr. Thinh Nguyen

Homework 2
Due 04/13/07 at the beginning of the class

4.21. Consider the system depicted in Fig. P4.21. The impulse response h({) is given by

sin(11mwt)

hit) = ——

and we have
x(t) = Z 72 cos( kbmt)
k=1

10
g(t) = Z cos( k8mt)
k=1

Use the FT to determine y(t).

u(t) = [(z(t) * h(t))(glt) + h(t))] + h(t)
= [zh(t)gn(t)] + h(t)
= m(t) « h(t)

" sin(117t) FT o 1 |w| = 1lw
hit) = — = H(jw) = { ol

mt 0 otherwise

R = S FT . — 1 . .
z(t) = Z = cos(k5mt) X(jw) = TI'Z = [6(w — 5km) + &(w + 5km)]
k=1 k=1
10 10
o(t) =Y cos(k8t) = m Y [8(w — 8k) + 5w + 8k)]
k=1 k=1

Xp(jw)

X(jw)H (juw)

F
= ’,'TZ %2 [6(w — Bkm) + &(w + k)]
k=1



Gpljw) = G(jw)H(jw)
= "'J(w — 87 + o (w — 8m)

Mjw) = 2 Xh()w)*Ghle

=—mww—mn&mw+wn

2
Z;\i (6(w — 81 — Bkm) + d(w — B + 5kw)) + (8w + 87 — BEw) + d(w + 8w + 5kw))]

|
B

Y(jw) = M(jw)H(jw)
— §[u+3]+aw_mq+ [B(w — 27) + 6 (w + 2m)]
y(t) = % cos(3mt) + écc»s(?ﬂ)

4.26. The continmous-time signal x(t) with FT as depicted in Fig. P4.26 is sampled. Identify in each
case if aliasing oceurs.

(a) Sketch the FT of the sampled signal for the following sampling intervals:
() Te =34
No aliasing oceurs.
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Figure P4.26. (i) FT of the sampled signal

(i) 7. = 4

Sinee T, = % aliasing oceurs.
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(iii) T, = 1

Sinee T, = 11—1 aliasing ocenrs.
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Figure P4.26. (ii1) FT of the sampled signal

(b) Let 2[n|] = =(nT,). Sketch the DTFT of z[n], X (e, for each of the sampling intervals given
in (a).
The DTFT simple scales the %' axis by the sampling rate.
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Figure P4.26. (i) DTFT of z[n]

(i) =1
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Figure P4.26. (ii) DTFT of x[n]
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Figure P4.26. (iii) DTFT of z[n]



4.29. For each of the following signals sampled with sampling interval T, determine the bounds on T,
that gaurantee there will be no aliasing.
(a) x(t) = %sin 3wt + cos(2mt)

1. . . FT L |w <3r
—ain(3mt) - T .
t o 0 otherwise

FT
cos(2mt) ——— Wi (€ — 2m) + wA (2 4 2m)
Winan = Ir
T < : ITI-
1
T < 3
(b) z(t) = cos(12rt)2rd)

_ L jw—12r|<w £ |lwt+12a| <7
X{dw — 4 - 4m =
() { 0 otherwise +{ 0 otherwise

Woes = lam
1
T < —
13
(c) 2(t) = e~Stu(t) » 2208
X (jo) L fu(w+ W) — u(w— W)
Xjw) = wlw + W) —ufw — W
v, 6+ jw
Wmaex = W
T
T < —
W

id) =(t) = w(t)z(t), where the FTs W (jw) and Z{jw) are depicted in Fig. P4.29.

2L S e )
Wmae = 4dm4w,
T
T = -

4m 4wy,



4.33. The zero-order hold produces a stairstep approximation to the sampled signal z() from samples
r[n] = 2(nT.). A device termed a first-order hold linearly interpolates between the samples z[n] and thus
produces a smoother approximation to x(t). The output of the first- order hold may be described as

[= =]

ry(t) = Z z[n]hy(t —nd,)
where hq(t) is the triangular pulse shown in Fig. P4.33 (a). The relationship between z[n] and a(t) is
depicted in Fig. P4.33 (b).
(a) Identify the distortions introduced by the first-order hold and eompare them to those introduced by
the zero-order hold. Hind: hy(t) = ha(t) + ho(t).

zi(t) = Z rrlhi(t — nTs)
= ho(t)*ho(t) Y x[n]s(t —nT)
Thmns:
Xyi(jw) = H(jw)H,(jw)Xa(jw)
‘Which implies:
. . dsin? ['0;5)
Hi(jw) = E_‘MT’%

Distortions:

(1) A linear phase shift corresponding to a time delay of T, seconds {a unit of sampling time).

(2) gin®(.) term introduces more distortion to the portion of Xs(jw), especially the higher frequency part
is severely attemmated compared to the low frequency part which falls within the mainlobe, between —wy,
and w,, .

(3) Distorted and attenuated versions of X (jw) still remain at the nonzero multiples of w,,,, yet it is lower
than the case of the zero order hold.

(b) Consider a reconstruction system consisting of a first-order hold followed by an anti-imaging fil-

ter with frequency response H.(jw). Find H.{jw) so that perfect reconstruction is obtained.

Xa(jw)Hy (jw)He(jw) = X(jw)
E‘ij’u.,'z
H.jw) ——T.H [ fw
(j :l :Lsing(w%-:] LPF[_J :'

where Hypp(jw) is an ideal low pass filter.



e Ta,® T |w €w
dsin?(wz) S Il =m
Hojw) = don't care Wy, < |w| < 2L — Wi

0 lew| = %—” — Wy

Assuming X (jw) =0 for |w| = wm

(¢) Determine the constraints on |H.(jw)| so that the overall magnitude response of this reconstruc-
tion system is between 0.99 and 1.01 in the signal passband and less than 10=4 to the images of the signal
spectrum for the following values. Assume 2(t) iz bandlimited to 12w, that is, X (jw) = 0 for |w| > 127.

Constraints:

(1) In the pass band:

0.99 < |H,(jw)||H.(jw)| < 101

0992 , O 1.01w?

—7T1— < H_ (jw < ——7
45'1112[@'—21) H(3) 451112(u—21_]

(2) In the image region: w = %1 — Wm

|Hy (jw)||Ho(jw)| < 107*
10—4w?

H.(jw e
He(j)] 4sin2[_u;%)

T, =.05

Lo T
[ = _I_:s Wi
2T )
— —005 — 127 = 28nx
10—4(28m)?
4sin® [jZB?T(D'QE}[]

= 0.2056

M

|He(jw)|

0.90w? H(w)| < 1.01w?
45'1112[:0,'%1:] h c\J@ ' 451112("4;%:]

2026.01 < |H.(jw)| < 2985.12



(i) T, = .02

am
Lo 2T o e
ooz T
o 104(88n)?
H.(jw Isin?(387(202))
|H.(jw)| 4sin? (887(202))
0,997 10162
- He(jw)] <

——F < < —
:Lsinz[u,'%i] 45'1112(;5221_]

130580 <  |H.(jw)| < 142400



