HOMEWORK #7 SOLUTIONS
ECE 464/564
4.23 The poles are givenby p, = ¢ JTOFZO /2N 1 < ¢ < 6. Hence,
py = e/ T2 = 02588+ j0.9659, p, = /O™ 12 = 07071+ j0.7071,
py = e/ = 09659 + j0.2588, py =M1 = px — 09659 — j0.2588,

ps =/ B3T12) — pr 0. 7071— j0.7071, pg = /112 = p — 02588 — j0.9659.
The poles can also be determined in MATLAB using the statement
[z,p,k]=buttap (6) which yields

p —
-0.2588 + 0.96591i
-0.2588 - 0.96591
-0.7071 + 0.70711i
-0.7071 - 0.70711
-0.9659 + 0.25881i
-0.9659 - 0.25881
4.25  From the solution of Problem 4.22, we have l =4 and L =72.9381. Hence,

ky

B cush_](l 1ky)

cosh ' (17k)
The filter order obtained using the MATLAB statement

[N,Wn]=cheblord(2*pi*1500,2*pi*6000,0.25, 25, 's') resultsinN=3.

N =2.4151. We choose the filter order as N =3.
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M9.1 Fp =100 kHz o, =04dB, F, = 10kHz.0, = 50dB, & F, =30 kHz,
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LetT=2. 01, =tan =1.37a, and 02, = ta.n| 01—‘5:=1.3?6. Therefore,
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_'q'l+ 53_

(1) .
From 20 ]ngml N | = —50 we obtain A =100,000. Therefore,
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Using the M-file but tap, we determine the normalized analog Butterworth
transfer function of 5* order with a 3-dB cutoff frequency at 2. =1, which is:
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Matlab code i= as follows:

% Program M9.01

N =5;

[z, p. k] = buttap(W);

[mum, den] = zp2tfiz, p. ki:

§ 5 -> s5/0.435

den = [64.12 90,30 §3.58 27.66 7.44 17;
mam = [0 0 0 00 1];

% compute z, p, and k

[z. p. k] = tfizp(num, den):

% perform bilinear transformaticon with T = 2
[zd., pd. kd] = bilineari(z, p. k., 1/2):

% get the digital transfer function

[n2, 42] = zp2tfizd, pd, kd);

% get the frequency responao

[h, w] = fregzins, 42, 51Z);

figqure(l):

plotiw/pi, 20%logll0iabsih) ) ): grid:
axisi[0 1 -&0 5]);

xlakel( 'homegas pl'): viabel('Gain, de'):



radians') ;

grid;

ylabel (' Fhaze,

onsa') ;
Wpltds

ap

omega s

Plotiw/pil, umwrap(angleih))):
Gain esponss

axis([0 1 -8 1]);

xlak=l( '
title('Phase respo

titlei'cain re
figqurei);
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AMI10.10 @y =04r. 0. =06r.a, =42dB,w, =057 . Ae=027

We will use the Hann window since it meets the requirements and has the lowest order
from Table 10.2.

311 i .
M=2"T_1555316=>N =132
Ao
% Problem M10.10
n = -1l6:16;

lp = 0.5*=2inc(0.5*n) ;wh = hanning(33);

b = 1p.*wh';

figure(l);

k=0:2*n;stemik, b)) ;

title('Impulse Response Coefficients');
®lakel ('Time index n');ylabel (‘Zmplitude');
figure(2);

[h, w] = freg=(b,1,512);

plot (w/pl, 20*%legll(abks(h)));grid;

xlabel ( 'h\omega/\pi');ylabel ('Gain, in d4dB');
title('Lowpass filter designed using Hann windeow');
axis ([0 1 -80 10]1);
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