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

y[n] = {X[n]+X[n—1]+X[n— 2] + X[n — 3] + X[n — 4]} =é 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 (el®) of this system.

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

sin(bd/2) 2

joy
HE™) = 5sin(®/2)

(F) Sketch the frequency response (magnitude and phase) as a function of frequency from the formula
above (or plotitusing f reqz( )).
(g) Suppose that the input is
x[n] =5+ 4cos(0.17n) + 3cos(0.47xn — 7 /4) for —oo < n < o0

Obtain an expression for the output in the form y[n] = A+ B cos(won + ¢g). (In other words, one of
the sinusoids is removed by the filter.)
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A linear time-invariant filter is described by the difference equation

4

1 1
yln] = 3 {x[n]+x[n—1]+x[n—=2]+x[n—3]+x[n —4]} = 3 Zx[n — k]
k=0

(a) What is the impulse response, /i|n], of this system?

1
h[ﬂlzg(ﬁlnl+81n— [+ 3dln — 2]+ 8ln — 31+ 68ln—4])

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

| —z73 -1

T5(0—z 1) 54z 1)

H(z) = é (1 +77! +z‘2+a_3+z_4)

(c) Plot the poles and zeros of H(z) in the complex z-plane. Hint: Remember the N-th roots of unity.
There is neither a pole or zero at z = 1.

Poles: Fourat z =

2an

£

Zeros: The numerator is 1 — z‘:‘, therefore, we must solve 23 =1 and we getz = e/ wheren=1,2,3,4.
These zeros are on the unit circle and their angles are multiples of 277/5 or 72°.

We plot the poles and zeros below.

4 poles

(d) From H(z), obtain an expression for the frequency response H(ef(;’) of this system.

a1 — e 5
jay — —
H(e™) = 51—e o
" in(sé&/2 .
(e) Show that your answer in (d) can be expressed in the form H(e/*) = Me_ﬂ‘”
Ssin(@w/2)

N P A 10} R i(5/2)0 _ ,— j(5/)@ : o
H(e®) = ITl—e ™ le—ﬂsfz}a;(,ﬁ.uze’ e _ —aSinGw/2)

51—e¢ i@ 5 elof2 — g=jof2 ' 5sin(@/2)
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(f) Sketch the frequency response (magnitude and phase) as a function of frequency from the formula above (or
plot it using freqz( )).

IH{w)!

angle of H{w)
o
T
L

MATLAB Code to make this plot:

ww = [-pi:0.01:pil;
HH = 0.2 * (sin( 5 * ww / 2) ./ sinC ww / 2) ) .* exp( j*(-2)*ww);
%-- or use [HH,ww] = freqz( ones(1,5)/5, 1, ww);
subplot(2,1,1)
plot(w,abs(HH)); axis([-pi pi 0 11);
subplot(2,1,2),
plot(w,angle(HH)) ;

(g) Suppose that the input is
x[n] =5+ 4cos(0.1n) + 3cos(0.4mn — w/4) for —o0 <n <00

Obtain an expression for the output in the form y[n] = A + Bcos(@on + ¢qg). (In other words, one of the
sinusoids is removed by the filter.)

For this signal, we need to evaluate the frequency response at three frequencies:
_jo_sin(0(5/2))
5sin(0(1/2))
o 02 sin(0.257)
5sin(0.05m)
sin(m) _
5sin(m/5) -

At =0, H(e®)=e
At =017, H(e!™) = — 0.904¢ /027

At i = 0.47, H(e!?) = ¢ 087
Therefore the solution is

x|n] =5(1) +4(0.904) cos(0.1tn — 0.27) + 3(0) cos(0.4mn — w/4) =5+ 3.616cos(0.1xzn — 0.27)
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