ET 644 Advanced Digital Signal Processing

Homework 1 & 2 Solutions

2.10

The systern is nonlinear. This is evidént from observation of the pairs
z3(n) « ys(n) and z3(n) — p2(n)-
If the system were linear, y»() would be of the form
y2(n) = {3, 6,3}

because the system is time-invariant. However, this is not the case.

2.11

since
21(n) + z2(n) = 6(n)
and the system is linear, the impulse response of the system i8

$(n) + y2(n) = {0,?, -1,2, 1} )

If the system were time invariant, the response to z3(n) would be

{3, 21,3, 1} .
T

But this is not the case.



2.13
A system is BIBO stable if and only if a bounded input produces a‘bounded output.

y(n) = 3 h(k)a(n— k)
&k

)l < STIRE)z(n - k)]
&

< M) [h(k)

where |z(n — k)| < M. Therefore, |y(n)| < co for all n, if and only if
> |k(k)] < co.
k

2.17

0 = {pu}

h(n) = {?,5,-{,3,2,1}

™

y(n) = 3 2(k)h(n — k)

¥(0) = a(0)h(0)=8,

V1) = 2(0)h(1) +=(1)a(0) = 11

¥2) = 2(0)h(2) + 2(1)k(1) + 2(2)h(0) = 15

¥3) = =(0)A(3) +2(1)h(2) + z(2)h(1) + =(3)k(0) = 18

W2 = 2(0)h(4) + 2(1)h(3) + 2(2)h(2) + z(3)h(1) + 2()h(0) = 14
¥(5) = x(0)h(5) +2(1)h(4) + 2(2)h(3) + 2(3)A(2) + 2(D)A(1) + 2(5)h(0) = 10
y(8) = 2(1)h(5)+ =(2)h(4) + z(Hh(2) =5

¥(7) = «(2h(5) +=(3)h(4) =3

¥8) = z(3)h()=1

ya) = 0,n>9

y(n) = {$,11,15,18,14,10,6,3,1}



(b) By following the same proccdure as in (a), we obtain
y(n)“=l¥6, 11,15,18,14,19,6,3, 1}
(c) By following the same procedure as in (a), we obtain

y(n) = {1,%2,2;1}

(d) By following the same procedure as in (a), we obtain

y(n) = {%,2,2,2, 1}

2.18
(a)
12 _ 45
sn) = {?,5,5,1,5,5,2}
) = {11101}
y(n) = z(n)xh(n)
1 10 _ 20 11
= {53%12:?:51?35:5:?12}
(b)
z‘(n) = %ﬂ[ﬂ(ﬂ)—ﬂ(ﬂ—'?)]:
_h{n) = u(n+2)—u(n—3)
y(in) = z(u)_#h(ﬂ)

snfu(r) — u(n — )] [u(n +2) — u(n — 3)]

-ls—n[u(n) su(n+2)—un)ru(n—3)—u(n—T)rxu(n+2)+u(n -7 xu(n— 3).]
y(n) = %J(n +1) +8(n) +28(n - 1)+ 13—06(11. -2)+5(n—3)+ %5(11 — 4) + 66(n — 5)

+56(n — 6) + 586(rn — 6) + %ﬁ(n —7)+ 6(n—8)



2.19

y(r)

z(n)

h(n)

Therefore,

y(-3)
y(-2)
y(-1)
y(0)
y(1)
y(2)
y(3)
y(4)
y(5)
y(6)
¥(7)
y(8)
y(9)

I}

|

Il

S h(k)z(n - k),

k=0

(. s <1
a3 a"?at la, . “'i
1’111,1,1,11

4] J

4

S z(n—k),-3<n<9
k=G
0, otherwise.

a~3,

z(=3)+z(~2)=a 3 +a~?,
a3+a?+a7t,

a?+a 4+t +1
a+ai+at+1+4a,
a3+a"i+al+1+a+a?
e '+ 14 a+a’+a?,
a*+a®+a’+a+1
a+o+a®+at+a’,
a’+a®+at+a®

o® 4ot +ab,

a* +a®,

aE



2.36

h(n) = a™u(n). The response to u(r] is

#hin) = Zu(k)h{n—k)

k=0

b3
3o
k=0
n

= &Y

k=0

1—-a
y1(n) —;n(n —10)

(1= @ )u(m) = (1 - " )u(n — 10)]

Then, y(n)

2.45
(a)
yn) = ay(n—1)-+bz(n)
= h(n) = ba"u(n)
E h{n) = 7 E - =1
n=0
=06 = 1-a.



s(n) = Zh(n—k)
k=
— antl
= b[lljﬂ ]u(n)
s(w) = 1iﬂ:l

(c) b =1 - a in both cases.

2.46
(a)

y(n)
y(n) — 0.8y(n — 1)
The characieristic equation is
A—08 = 0
A 0.8.
wn) = c(0.8)"

0.8y(n — 1) + 2z(n) + 3z(n — 1)
2z(n) + 3z(n — 1)

It

Let us first consider the respbnse of the sytem

. y'({l) - ‘D.By(n - 1) = z(n)

to z(r) = &(n). Since y(0) = 1, it folows that ¢ = 1. Then, the impulse response of the original
system is

h(n) = 2(08)*u(n)+3(0.8)" " u(n—1)
= 26(n)+4.6(0.8)" lu(n - 1)

(b) The inverse system 1s characterized by the difference equation
1
z(n) = ~152(n ~ 1) + 54(n) - 0-4y(n —1)

Refer to fig 2.6
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Figure 2.6:
2.61
(a)
1e=(l) = E z(n)z(n 1)
= Z [$(n) +118(n = k1) + v25(n — k2)] *

[s(n—D+1s(n—~1—k)+ 128(n ~ 1 — ka)]

= (l + 7? + 7;)'7"(,) +n ['fn(! + kl) + Yaa U - El)]
+72 Yoo (T + k2) + 700 (1 ~ B2))
+'Tl'f? [']"u(I + kl - kz) + Tu(' + kz - kl)]

(b) 7zz(I) has peaks at I = 0, %k, +k, and +(ky + k2). Suppose that ki < k;. Then, we can
determine ¥, and k3. The problem is to determine 4, and k- from the other peaks.
(e) If v2 = 0, the peaks occur at I =0 and ! = +k,. Then, it is easy to obtain y; and k.



2.62
(a)

A

{b) veriance = 0.01. Refer to fig 2.7.

(b) Delay D = 20. Refer to fig 2.7.

15
| 3
0.5 ost
g £,
i T-n.s
-05
=1
1o s6 100 150 200 15y 50 W00 150
—_— — T
15
10
s
!
Q
= ) 20
- |
Figure 2.7: variance = 0.01
(c) variance = 0.1. Delay D = 20. Refer to fig 2.8.
(d) Variance = 1. delay D = 20. Refer to fig 2.9.
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Figure 2.8: variance = (.1
(e) 3(“’) = {_1!_1: -1, +1|+1: +l: +1n"1: +1)_11+11+1:_’1|
(f) Refer to fig 2.11.

—1, +1}. Refer to fig 2.10.
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Figure 2.9: variance = 1

2.63

(a) Refer to fig 2.12.
(b) Refer to fig 2.13.
(¢} Refer to fig 2.14.

(d) The step responses in fig 2.13 and fig 2.14 are similar except for the steady state value after
n=20.
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Figure 2.10:
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Figure 2.13:
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Figure 2.14:




