\}.42. (a) From the figure,
yln] = (zln] + 2] * ha[n]) * ha(n]
= (z[n] * (6[n] + ha[n])) * ha[n].

Let h{n] be the impulse response of the overall system,
y[n] = z[n] * h[n].

Comparing with the above expression,
hn] = (8[n) + haln]) * ha(n]
= ha[n] + h1[n] * h2[n]
auln] + A" Nuln - 1].

(b) Taking the Fourier transform of h[n] from part (a),

HE™) = 3 bl
= Z o"u[n)e= " + B Z a*Dy[n — 1]e""

n=-—0co n=-—0o0

o0 o0
== Z a“e‘j“’“ + ﬂ Z a{l—-l)e—jwl’

n=0 =0

where we have used £ = (n — 1) in the second sum.

: 1 Be=¥
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H(e) = {Tgeiw " 1-ae
1+ Be ¥
= m, for |al <1

Note that the Fourier transform of a™u[n] is well known, and the second term of h[n] (see part (a))
is just a scaled and shifted version of a™u[n]. So, we could have used the properties of the Fourier

transform to reduce the algebra.

f_{c) We have

Y (e¥)
X(ev)

1+ Be™?
1- e v’

H(ev) =

ultiplying, ' : '
cross multiplying Y (&)1 - ae=3] = X (e)[1 + e™]

taking the inverse Fourier transform, we have

y[n] —ayln — 1] = z[n] + Bzn — 1.

(d) From part (a): hjn] = 0, for n < 0.

This implies that the system is CAUSAL. o i
stem is stable, its Fourier transform exists. Therefore, the condition ior stabli is the
If the system is s of part (b). That is, STABLE, if |o| <1.

same as the condition imposed on the frequency response



(a)

yin] = hin] * (3" afn)
+00
= k_z_ e—jwokx[k]h[n S k]
Let z[n] = az[n] + bzz[n], then:
yln] = hinl* (e~ 149" (az1 [n] + be2(n]))

il

+o0
Y ek (amlk] + baz[K])hin — k]

=—00

Il

a :{ e~iwok g, [klhin — k] +b Jf ¢—iwok z,(k]h{n — k]

—_—00 k=—00

= ayi[n] + byz(n]

where y1[n] and y2[n] are the responses to z1[n] and z,[n] respectively. We thus conclude that
system S is linear.

(b) Let z2[n] = z[n — no}, then:

yaln] = hln] % (7 z2ln])
+o00
S emiwetnHzyin — Khlk]

k=—00

+o00 1
5 7 e~ iwa(n=K)zln — ng — klhlk]

k=-—00

# yln- ng)-

I

We thus conclude that system S is not time invariant.

(c) Since the magnitude of g—jwom is always bounded by 1 and h[n] is stable, a bounded input z([n]
will always produce a bounded input to the stable LTI system and therefore the output y[n] will
be bounded. We thus conclude that system S is stable.

(d) We can rewrite y[n] as:

yin] = hin) = (e z(n)
. +00
Z e—wo(n=k) g[n — k]h{k]
k=-—o00
+00
= Y, o—iwoneiwok gin — k]h([k]

k=—00

+o0
= eiwon Y tain - k] h{K)-

=—00

System C should therefore be a multiplication by e~ iwo™.



n\ﬁw. (a) Using the change of variable: = —k, we can rewrite Rg[n] as:

R:[n] = M z*[-rlzn — r] = z*[-n] * z[n].

r=-—00

We therefore have:
g[n] = z*[-n].

(b) The Fourier transform of z*[—n] is X*(e’*), therefore:
R.(e7) = X* ()X () = | X (e™)I".

&\R (a) Note that z2[n] = — MU”HN z[n — k]. Since the system is LTI, we have:

k=4

yaln] = = ) _uln - k]-

k=0

(b) By carrying out the convolution, we get:

-1 y = Ouﬁ. = 2
mu_”uﬂ“_ = -2 s, N=
0 , ow.
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8. (a) )

nz(n] & INMMNHNV

zln — no] & 27" X (2)
e sefi b 1 w
X(z)= GIM«..JN =12z uﬁ $ Allllllal.wulwv

) corresponds to:

z[n] is left-sided. Therefore, X (z u
5 Yoo
z[n] = —=12(n - 2) AMV u[-n +1]

(b)
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Therefore,

z[n] = M &b ——[n + 2k + 1]
£ (2k +1)!

Which is stable.
(c) -
q —_—
X ) 1

S T 1—2-T
[ ]
NANVHNqIMUul
n=0

Therefore,

z[n] = 8fn +7) - 3 _ 8[n — k]

n=0



3,42. From the pole-zero diagram :
3 12l >

Hﬁnuuﬁuuln+wg?+mw 4
yln] = zl-n+3=c-r- 2 a1
z "2 .
> Y@ =2XE) = o A e + )

8/3
= J2-22+2)( +2)

Poles at 0, - 3,1 = j, zeros at oo

z[n] causal = z[—n + 3] is left-sided = ROC is 0 < |z| < 4/3.

Y2

-4/3




Y(z)=

Therefore using a contour C that lies outside of |z| = 1 we get

y[1]

|
—

27l 422 2 :

(1-2z71)(1+ 3271) 1-2z71 g
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X(z)= ~
HNV HlWN.IH HlNNIH- MA_N_AN
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Pole-zero plot of H(z)
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1 .
.w..o.m

kel 0 08— 15 2
Real part

il @v; ol @ ELr

(b)

(©
3
ol — Syl — 1) = afn] - 23{n = 1

(d) The system is stable because the ROC includes the unit circle. It is also causal since hin] = 0 for

n<0.



9. We can analyze the system in the frequency domain:

X(e jo ) 4&

X2 ) | 1y ) xAOHE ) | 2 | e

Yi(e) is X (€23%)Hy(e7) downsampled by 2:

Y1 (e?)

muhmutu

I
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W hthuutxuumwﬁmmamuv + NAm_,nu.htlwﬂ.tjm;@ﬁalua:uuw
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L+ Hy (@)} X ()
NNA%JNA%.J
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i

X(59) = |2 > 4000
Y (i) = _s_.ancé_ 10007 < |Q| < 20007

mEnm only half the frequency band of X.(jQ) is needed, we can alias everything past Q = 20007. Hence,
= 1/3000 s.

Zoﬂ nrwa T is set, figure out H (ei*) band edges.
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4,44. (a) Since there is no aliasing involved in this process, we may choose T to be any value. Choose T =1
for simplicity. Xe(i®) = 0101 2 =/T- Since Y.(59) = H(i)Xc(9), YeU) = 0,1Q| > /T-
Therefore, there will be no aliasing problems in going from yc(t) to y[nl-
Recall the relationship w = QT. We can simply use this in our system conversion:

H(Y) = e iv/3
gom = o

= i Pl

Note that the choice of T and therefore H(j) is not unique.
(b)

o @m:lﬁ u wT:w?ﬁiﬁ#?i

i 1 e—i(m/4) RICLIE L Wmu.?\smnﬁmiﬁa
2

2
Since H(e) isan LTI system, we can find the response to each of the two eigenfunctions separately.

ylin} = WQJ.?E H T.aiu& Gilsm/2m 4 wmis H ?J.aisv (—i(Em/2)m

Since H(e™) is defined for 0 < lw| £ ™ we must evaluate the frequency at the baseband, i.e.,
5m /2 = 5m/2 — 27 = /2. Therefore,

1 5 . ; 55 ; ;
vin] = m.w;:is H Taiu& RICLILL mm:is H ?J?a& o i(sT/2)m

1 ( jisn/2)m—(x/2)] /2=
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g In both systems, the speech was filtered first so that the subsequent sampling results in no aliasing.
Therefore, going s[n] to s, [n] basically requires changing the sampling rate by a factor of 3kHz/5kHz =
3/5. This is done with the following system:

m@.ﬂ_ “_Uum_.ﬂﬂ_ LPF S 1 _”-.—”_
S * 3 cutoff =m/3 +u [
gain =3




