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PROBLEM:
A discrete-time signal x[n] has the two-sided spectrum representation shown below.
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(8) Write an equation for x[n]. Make sure to express x[n] as area-valued signal.

(b) Determine the formulafor the output signal y[n].
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Part A

:I:[T?,] _ 36311'63071. 4 26;}11‘/2630.37.'71 + Qe—jrrfze—_j[]d?m

= |=3+4cos(0.37n + 7/2)

Part B

Nine-point averaging filter implies that

y[n] = é(:r[n—él] +xn—=3]+zn—-2]+z[n—1]+zn|+zn+1]+zn+2]4+xn+3] +£[n+4])
which means

hin] = %(5[7@—4] +0[n—3]+6[n—2]+0[n—1]+d[n]+0n+1]+d[n+2]+0[n+3]+dn+ 4])

The corresponding frequency response is given by

H@) = %(P_M o e e e o B N e N A o
- é(l + 2cos(w) + 2cos(2w) + 2 cos(3w) + 2L05(4w))
HO) = Y1+2+242+2) =1
H(0.3m) = %(1 + 2c0s(0.37) 4+ 2 cos(0.6m) + 2 cos(0.97) + 2 cos(1. 2?))
= (1411755 — 0.6180 — 1.9021 — 1.6180) = —0.2181

y[n] = —3(1) + 4(—0.2181) cos(0.37n + 7/2) = | —3 + 0.8724 cos(0.37mn — 7/2)

If the nine-point averaging filter is constrained to be causal:
1
y[n] = g(r[n] +zn—1]+zn—-2]+z[n—3]+z[n—4+z[n—>5]+=zn—6]+z[n—7+zn— 8])

Then the frequency response contains an additional phase term:
H(w) = (1 + 2cos(w) + 2 cos(2w) + 2 cos(3w) + 2cos(4w))€ e

and y[n| will be delayed by 4, because the filter’s impulse response is shifted right by 4.

y[n] = =3 + 0.8724 cos(0.3w(n — 4) — 0.57) = | —3 + 0.8724 cos(0.37n + 0.37)
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