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PROBLEM:
A linear time-invariant filter is described by the difference equation

4
Zx[n — K]

k=0

gl

y[n] = {X[n]+X[n—1]+X[n— 2] +X[n = 3]+ X[n—4]} =
(a) Find the output y;[n] when the input is
X1[n] = 108[n — 50].

(b) Find the output y,[n] when the input is

n] = 1 0<n<10
—]10 otherwise.

(c) Find the output y3[n] when the input is

X3[n] = 4cos(0.1xn+ 7 /2) + 3¢0s(0.4wrn — ) for —oo < n < o0.

(d) Use the concept of linearity to find the output y4[n] when the input is

X4[N] = 108[n — 50] + 4 cos(0.17xn + 7 /2) 4+ 3¢c0s(0.4wrn — ) for —oo < n < oo
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A linear time-invariant filter is described by the difference equation

ylnl = {x[nl+xln—ll+ xln=2]+x[n =3 +xln—4]} =

Zx[n—k]

S Jwr
(a) Find the output y;[n] when the input is
xiln] = 108]n — 50]
First, find #[n], the finite impulse response of the filter:
=
h[n|=525|n—k1
k=0
Then convolve /i[n] with the input:
yiln] hln] * 108[n — 50]
— 10A[n — 50]
54
= 2-) Sln—kl
k=50
(b) Find the output y;[n] when the input is
voln] = | 0=n=10
2= 0 otherwise.
Determine the sequences for x;|n] and 2|n}:
{xa[nl} = {1,1,1,1,1,1,1,1,1,1,1}
{hin]} {1/5,1/5,1/5,1/5.1/5}
Convolve the two sequences:
h[0] % x2[n] 1/5 1/5 1/5 1/5 1/5 1/5 1/5 15 1/5 1/5 1/5
R1]% xaln — 1] /5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5
hI2] % xa]n — 2] 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5
hI31 % xaln — 3] 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5
hl4] % xaln — 4] 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5 1/5
hin] * xln] |'1/5 2/5 3/5 4/5 1 1 1 I 1 1 4/5 3/5 2/5 1/5

The values of the output signal are given below, starting at n = 0 and ending at n = 14.

{(yalnl} = {1/5.2/5.3/5.4/5,1,1.1,1,1,1,1,4/5,3/5,2/5,1/5}
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(¢) Find the output y3[n] when the input is
x3[n] =4cos(0.1mn+ n1/2) + 3 cos(0.4nrn — ) for —oo < n <

Step 1 Find H(e/®), the frequency response of the 5-point running averager using the Dirich-

let function: A
sin(Sw/2) i,

5sin(@/2)

Step 2 Evaluate the frequency response at the frequency of each of the cosine terms.

H(ejfb) —

8in(0.57/2) o i02m _ sin(mr/4) il
5sin(0.17/2) - 5sin(mr/20)
A~ 0.904¢ 3

H(ejo.lﬂ)

sin(5(0.4)/2) _poaxy _ SINGT) s

J0.4m —
HET) = S nan/2) ¢ - Ssin(/s)

=0

Step 3 Find y[n] by multiplying the amplitudes and adding the phases for each pair of co-
sine / frequency-response terms.

yiln] = (4.0.904)cos(0.1mn+ /2 —m/5)+ (3-0)cos(0.4mn — 1)
~ 3.616c0s(0.1wn + 0.37)

(d) Use the concept of linearity to find the output y4|n] when the input is
x4ln] = 108|n — 50| +4cos(0.17n + 7/2) + 3 cos(0.4rn — ) for —o00 < n < o0

From the previous parts, we see that x4[n] = x|n] 4+ x3|n]. Thus, using linearity, we know that y4|n] =
vilnl + yslnl, resulting in

54
valn) =2 Z dln — k] +3.616cos(0.17n + 0.37)
k=50

The approximation sign is used because the value 3.616 is approximate.
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