Exam IN2405-A

Thursday January 27th 2011

Question 1

(a)
x(t) = (6+ 3cos(2w80t)) cos(2w30t)
— 3 (627r30t] + 67271'3015]) + Z (6(271'11015)] + 6727r110t]) (1>
3 ) )
+ ZL (627r50t] +6—(27r50t)])
3 3
= 6cos(2m30t) + 3 cos(2w110t) + 3 cos(2750¢) (2)

(b) This follows from (a)

(c) The greatest common divisor of the three frequency components is f =
10 Hz. The signal is therefore periodic with period 7' = 1/10.

(e) Since fs > 2fy00 We can conclude that y(t) = x(t).

(f) Let z1(t) = 6 cos(2m30t), z2(t) = 2 cos(2r110¢)and z3(t) = 2 cos(2750¢).

2
Since fs = 70 Hz, we have that y;(t) = x;(t). Further we have

xo[n] = 2005(27r110n/70) = COS(QWTL;)
so that yo(t) = 2 cos(2730¢). Also,

z3ln] = 2008(2W50n/70) = gcos(—27r2n/7) = 2005(27?271/7)



so that ys(t) = 2 cos(2720¢). Hence, y(t) = 6 cos(2730¢)+2 cos(2730t)+
3 cos(2m201)



Question 2

(a) The filter coefficients are {b_i,by, b1} = {2,4,2}. Using H(e/®) =
S bee?™ we get H(e9%) = 4 4 2e79% + 2699 = (4 + 4 cos(w)).

(b) H(e’®) is always 27 periodic. Proof: H(e/“2™) = (444 cos(w +27)) =
(4 +4cos(w)) = H(e)

(c) H(e"*) =0 =>(4+4cos(w))

0=> w = 7 + 2k7m with k an integer.
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(d)

(e) At @ = 7 the reponse is zero. Therefore, y;[n] = 0. At © =0 H(e/?) =
8. Therefore, ya[n] = 8zan]. At & = 7/2 H(e’*) = 4. Therefore,
ys[n] = 4x3[n]. The output is thus y[n] = —16x2[n] + 1223[n].



Question 3

(a) ,
Hy(z) = 1_1(1 + 27 2724278

(b) Making use of the geometric series expansion we get

1/24=1
Hl(Z) = Zl (Z4 — Z,?,)
Zeros: (2'—1)=0=atz=1,z=¢"? at z=¢/" and z = e 77/2.
Poles:(z* —2%) =0 = 3 x at z = 0 and at z = 1. The pole and zero at

2 = 1 cancel, which means that we have a zero at z = ¢/™/2, at z = e’™
and z = e77/2 and 3 poles at z = 0.
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(e) Hy((e'%)) =4 —4de 9% = 46_j®/2§—§<€ja/2 — e7I9/?) = 8719/ 2437 5in(W/2)

(f) H(e%) = 2sin(20)e #%+37
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(d)

(g) This cascade system has zeros for @ = . Therefore, the output is

y[n] =0 N



Question 4

_9,—1 _
(a) H(z) = 11+0?§z*1 = 210?5

(b) zeros: z=2. Poles: z=-0.5. The system is stable. The poles are inside
the unit circle and the system is causal.
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Using the table of z-transforms it follows for the inverse z-transform of
part 1is hy[n] = (—0.5)"u[n] and of part 2 is ho[n] = —2(—0.5)"Du[n—
1]. The total impulse response is h[n] = (—0.5)"u[n]—2(—0.5)"YDy[n—
1].

(d) Using the table of z-transform pairs we find X (z) = 3

1—eim™/25=1"

(e) Y(2) = 2t

140.52=1 1—eim/22—1

(f) Partial fraction expansion:
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Using the inverse z-transform of each term we get

Y(z)

y[n] = A(—O.5)”u[nl+f3€jm/2u[nl
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