Exam IN2405-A

Tuesday October 26th 2010

Question 1

(a)
D (om2st-m/2)i | - (2m25t-m/2j) L L ( (21500 _ —(2m150t—7);j
z(t) = §<e( t=m/2)j | o—(2m25t /)J)_|_§<e( )i _ o= ¢ )J)
1 ) .
L ((2r100t+m)j _ —(27100t)]
+ 5 (e e )
= b5cos(2m25t — w/2) + cos(2m150t) — cos(2w100t) (1)

(b) This follows from (a)

(c) The greatest common divisor of the three frequency components is f =
25 Hz. The signal is therefore periodic with period 7" = 1/25.

(d) fs > 2fmae =300 Hz.
(e) Since fs > 2fiq. we can conclude that y(t) = z(t).
(f) See (c).

(g) Let xy(t) = bcos(2m25t—7/2), x2(t) = cos(2w150t)and z3(t) = — cos(27100¢).
Since fs = 60 Hz, we have that y;(t) = x(¢). Further we have

xa[n] = cos(2m150n/60) = cos(2mn/2)
so that ys(t) = cos(2730t). Also,
x3[n] = — cos(2w100n/60) = — cos(—2m2n/6) = — cos(2mn/3)

so that ys3(t) = —cos(2720t). Hence, y(t) = 5cos(2725t — 7/2) +
cos(2m30t) — cos(2mw20t)



Question 2

(b) The filter coefficients are {b;} = {1,2,1}. Using H(e/*) = S bred*e
we get H (/%) =1+ 2e79% 4 7929 = 799(2 + 2 cos(w)).

(c) H(e®)is always 27 periodic. Proof: H(e/“27) = ¢=7@+2m) (242 cos(w+
2m)) = e 9¥(2 4 2cos(w)) = H(e)
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(e) Determine these frequencies @ where |H(e™¥)| = 0. That is, cos(®) =
—1. So w = 7+ k27 with k£ an integer.



Question 3

(a)
Hy(z) = Hs(2) = %(1 + 27 4 27

H(z) = Hi(2)Hy(z) = é(l +227 43272 42270 4 27
(b)

9 9\1—21 9\ 23 — 22

Poles: (22 —1)2 =0 = 2xat 2 =1,2x at z = ¢/*/% and 2 x at
z =3 Zeros: (2% — 22)2 =0 = 4 xat 2 =0 and 2x at z = 1 The
poles and zeros at z = 1 cancel, that means that we have 2 poles at
2 =eI?™/3 2 poles at z = e/*/3 and 4 zeros at z = 0.

H(z) = Hy(2)Ho(z) = g (14427 = <1 - 23)2 - ( = )2
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(c) hln] = §(8[n] +26[n — 1] + 38[n — 2] + 26[n — 3] + d[n — 4])

i _i9¢ sin? (3w /2
(d) H(e) = 7 ey

(f) The system has a zero at 27w /3. Therefore, y[n| = 5.
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Question 4

(a) H(Z) _ 2-3z7' _ 22-3

14+0.72—1 z+0.7

(b) zeros: z=3/2. Poles: z=-0.7

. 2 327!
H _ 23271 _ —
(c) H(z) 140.72-1 1407271 1407271
p;;tl pa\;ﬂ

Using the table of z-transforms it follows for the inverse z-transform of
part 1is hy[n] = 2(—0.7)"u[n] and of part 2 is he[n] = —3(—0.7)"Du[n—
1]. The total impulse response is h[n] = 2(—0.7)"u[n]—3(—0.7)"Du[n—
1].

(d) Using the table of z-transform pairs we find X (z) = 2

1—ei™/5z=1"

() Y(2) = 2t

14+0.72=1 1—ed™/5,—1

(f) Partial fraction expansion:

B A N B
1407270 1 — ein/5-l
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Using the inverse z-transform of each we get

yln| = A(—0.7)"uln| +§ej””/5u[nl

(. /

Vv Vv
transient steady state



