EE113: Digital Signal Processing
Prof. A. H. Sayed Oct. 30, 2001

MIDTERM EXAMINATION
(Closed Book)

You are only required to answer THREE problems of your choice. If you answer all problems,
you will get additional (bonus) credit.

1. (25 PTS). Consider the sequence

(a) Find its energy.
(b) Let y(n) = z(—2n + 3). For what values of n is y(n) zero?

2. (25 PTS). The response of an LTI system to z(n) = u(n — 2) is y(n) = (%)n_2 u(n — 4).

(a) Find its impulse response sequence.
(b) TIs this a BIBO stable system? Is it causal? Can you tell what the modes of the system are?

3. (25 PTS). A causal system is described by the difference equation
1
y(n) —y(n -1+ 2y(n=2) = z(n-1), y(=1)=0, y(-2)=~
(a) Find its zero-input response.

(b) Find the z—transform of the zero-state response of the system when z(n) = (%)n—i-l u(n).

4. (25 PTS).

(a) Find the z—transform of the sequence

(b) Evaluate the sum
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1. (a) Since energy of a sequence z(n) is, £ = 100 _  |z(n)|?
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(b) @n =1, we get y(1) = z(1)
@n = 2, we get y(2) = z(—1)
@n = 3, we get y(3) = z(—3)
We know that z(n) becomes zero for n < 1, and increasing indices of y(n) results in the
decrease of the indices of z(n).
Therefore, at n > 2 or n > 1, we get y(n) = 0.

z(n) =u(n—2) — S —y(n) = (1)712 u(n —4)

Since the system is T1I,

z(n+2) =u(n) — S — y(n-|-2):<—>nu(n—2)




And

sn+1)=un—1) — S oy 1) (§> Cu(n—3)
Then, since the system is linear,
d(n)=un)—un-1)=zn+2)—z(n+1) —>
S |5 yn+2) —yn+1) = hin)
Hence,
h(n) = yn+2)—yn+1)
o
= l( (n—3)] - (%)nl u(n —3)
= ié(n 2) + [(%)n - (%)n_l u(n — 3)
= ié(n —-2)— (%)n u(n —3), Therefore
hn) = ié(n _9)— (%)n w(n —3)
(b) For LTI systems, BIBO stability requires
_ioo |h(n)| < co
Therefore,
nijoo h(n)| = 200 Eé(n P (i)nu(n _ 3)‘
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Therefore, yes, the system is BIBO stable.
The LTI system is causal iff h(n) =0 for n < 0. Since,

1 1\"
h(n) = Zd(n —2)— <§) u(n—3)=0, forn<2
consequently, h(n) = 0 for n < 0. Therefore this system is causal.

We know that the system has a mode at % It could have other modes as well that may
not have appeared in h(n).

Yzi(n):
1
2 — — =
A=A+ 1 0
1 2
(r-3) =0
Hence,

1\" 1\"
Yzi(n) = C1 <§> + Can <§> , for all n
Using the given initial conditions,

7
atn:—2, 4C1—802 = —5

Then we get, C1 = Cy = %. Thus,

7T /I\" 7 [1\"
yzz(n)—§<§> +§n <§> , for alln

The system becomes unforced for n > 2. Hence, the impulse response of the relaxed
system is

I\" I\"
h(n) = Cy <2> + Con <2> , n>

Substituting the relaxed initial conditions into the difference equation we get h(1) = 1.
Since we know that h(0) = 0,

Hence, C2 = 2, and
Since

Yes(n) = h(n)xx(n)
Y.s(z) = H(z)X(z)



(a) For nu(n —2):

For (%>_n u(n+1):
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st(z) = : |z|>_

Since nu(n — 2) = (n — 2)u(n — 2) + 2u(n — 2),
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