
ECE503 Homework Assignment Number 5 Solution

1. 3 points. Mitra 7.25.

Solution:

2. 3 points. Mitra 7.30.

Solution:

1



3. 3 points. Mitra 7.64 (a)

Solution to part (a):

4. 3 points. Mitra 7.76 (b)

Solution to part (b):

5. 3 points. Mitra 7.89 (a)

Solution to part (a):



6. 3 points. Mitra 7.90

Solution:



7. 4 points. Mitra 7.92 (a) and (b).

Solution to part (a):

Solution to part (b):



8. 3 points. Mitra M7.9.

Solution: We follow the procedure in 7.4.2 for the lowpass filter. Given ωc = 0.2π, we can
use (7.78b) to solve α = 1−sinωc

cosωc
= 0.5095 which we plug in to the scaled transfer function

HLP (z) =
1 − α

2

1 + z−1

1 − αz−1
.

This same α can be used for the high pass filter

HHP (z) =
1 + α

2

1 − z−1

1 − αz−1
.

The following Matlab code plots the magnitude response of both filters on the same plot and
shows these transfer functions are allpass complementary and power complementary.

% Mitra M7.9

% DRB 08-Feb-2012

% --------------------------------------------

% plot magnitude responses

% --------------------------------------------

wc = 0.2*pi;

alpha = (1-sin(wc))/cos(wc);

blp = (1-alpha)/2*[1 1];

alp = [1 -alpha];

bhp = (1+alpha)/2*[1 -1];

ahp = [1 -alpha];

w = 0:0.001:pi; % normalized frequency scale

hlp = freqz(blp,alp,w);

hhp = freqz(bhp,ahp,w);

figure(1)

plot(w,abs(hlp),w,abs(hhp),[0.2 0.2]*pi,[0 1.1],’--’);

legend(’lowpass’,’highpass’,’cutoff freq’);

xlabel(’normalized freq (rad/sample)’);

ylabel(’magnitude response’);

axis([0 pi 0 1.1]);

% --------------------------------------------

% show allpass complementary

% --------------------------------------------

bsum = blp+bhp; % add numerators

asum = alp; % same denominator for LP and HP

hsum = freqz(bsum,asum,w);

figure(2)

plot(w,abs(hsum));

legend(’|HLP(w)+HHP(w)|’);



xlabel(’normalized freq (rad/sample)’);

ylabel(’magnitude response’);

axis([0 pi 0 1.1]);

% --------------------------------------------

% show power complementary

% --------------------------------------------

pc = abs(hlp).^2 + abs(hhp).^2; % sum squared magnitude responses

figure(3)

plot(w,pc);

legend(’|HLP(w)|^2+|HHP(w)|^2’);

xlabel(’normalized freq (rad/sample)’);

ylabel(’total squared magnitude response’);

axis([0 pi 0 1.1]);

The magnitude response plot is given below.
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The complementary properties are easy to verify analytically, but the following plot confirms
these filters are allpass complementary.
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|HLP(w)+HHP(w)|

The following plot confirms these filters are power complementary.
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