EECS 20. Final Exam Solution
December 20, 2001.
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(@ True
(b) True
(c) True
(d) Fase
(e) False

(@) The solution is shown below:

{13/0 (o {13/0
{0}/1
(b) The solution is shown below:
{1}/0 {0}/1

(c) No, itisnot well-formed. Thereis no fixed point.

@ y(n) —cry(n —1) — coy(n — 2) = x(n - 2).
(b) Let the state be given by (for example)
| yln)
s(n) = l yn+1) |
Then

A:[O 1],b:[0 , ¢ =1[1,0], d =0.

CcCo C1 1

(c) To find the frequency response, let = be such that for al n, z(n) = ¢“". Then the
output y issuch that y(n) = H(w)e™™. Plug thisinto the difference equation and solve
for H(w) to get

e—zQw

H(w) = 1 —crem — cge=i2w’



4.

5.

(@) The first term has period 2, and the second term has period 4/3. The least common
multiple is 4, so the period of the sum is 4. The fundamental frequency is therefore
fo =1/4 Hz or wy = 7/2 radians/second.

(b) Ay =1,A3 =1, ¢2 = —71'/2, (]53 = 0. All therest of A, =0,k ¢ {2,3}, and ¢k for
these values of & can be anything.

(c) Write

. 1 _ 1. 1 _.

_ o mt . — _—iwt — il.omt — —il.5wt

z(t) = 57¢ 5;¢ + 5¢ + 5¢ ,

from which we can recognize that X, = 1/2i, X o = —1/2i, X3 = 1/2, X3 = 1/2,

and X, =0,k ¢ {-3,-2,2,3}.

(d)

y(n) = z(n) =sin(mn) + cos(1.57n) = cos(1.57n)
= cos((1.5bm —27m)n) = cos(—0.5mn) = cos(0.57n).

The period is p = 4, so the fundamental frequency is fy = 1/4 cycles/sample, or
wp = /2 radians/sample.

(e) Notethat with wy = /2,
y(n) = cos(0.5mn) = cos(won).
Thus, A1 =1, ¢ = 0,and A, = 0 for al k # 1. Note that ¢, for al k # 1 can be
anything.
(f) Note that
y(n) _ %ezﬁrn/? + %e—iwnﬂ,
from which we can conclude that ¥; = Y_; = 1/2. However, we are asked for
Yo, Y1, Y5, Y3, Since Y isperiodic with period p, Y1 = Y3, so we conclude that
Yo=0,Y7 =1/2,Ys =0,Y3 = 1/2.
(s)) Vte Reals, w(t) = cos(nt/2).
(h) fs > 3/2 samples/second, or w; > 3 radians/second.

(@) Let theinput be such that z(t) = ¢«*. Then

y(t) = H(w)e™
t+1
= /eiwsds
t—1
t+1
1 WS
= — e iwds
w
t—1

_ i[eiw(t+1) _ eiwlt-1))
w



1
= .—6

iwt [eiw o e—iw]
1w

o i wwtre: .:
= e [2 sin(w)]
_ gt {M]
w
Solving for H (w) yields
H(w) = 251n(w).
w

(b) Such input signals will have the form
z(t) = Acos(wt + ¢)
for some A € Reals, ¢ € Reals, and w € Reals such that
H(w)=0.
Given the result of the previous part, H(w) = 0 when w = kx for any k € Integers,

k #0.
(c) Letz(t) = o(t), sothat

1 —-1<t<1
0 otherwise

y(t) = h(t) = {



