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

y[n] =
1

5
{x[n] + x[n − 1] + x[n − 2] + x[n − 3] + x[n − 4]} =

1

5

4∑

k=0

x[n − k]

(a) What is the impulse response, h[n], of this system?

(b) Determine the system function H(z) for this system.

(c) Plot the poles and zeros of H(z) in the complex z-plane. Hint: Remember the N-th roots of unity.

(d) From H(z), obtain an expression for the frequency response H(e jω̂) of this system.

(e) Show that your answer in (d) can be expressed in the form

H(e jω̂) =
sin(5ω̂/2)

5 sin(ω̂/2)
e− j2ω̂.

(f) Sketch the frequency response (magnitude and phase) as a function of frequency from the formula
above (or plot it using freqz( )).

(g) Suppose that the input is

x[n] = 5 + 4 cos(0.1πn) + 3 cos(0.4πn − π/4) for −∞ < n < ∞

Obtain an expression for the output in the form y[n] = A + B cos(ω̂0n + φ0). (In other words, one of
the sinusoids is removed by the filter.)
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