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1. Convolution.

Let
h(t) = etu(t + 1)
2 0<t<1
x(t)=4¢3 1<t<3
0 else
and
y=hxzx
nie)=¢
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There are four areas with different formulas here due to the piecewise
nature of both functions

(a) The first region is when ¢ > 2, and the entire mirrored z region over-
laps with the exponential where it is positive (¢ > 1). The integral
with the proper bounds is

t—1 t
y(t) = / 3e"dr +/ 2¢7 dr = 2e' +ett —3e!3 1> 2
t t—1
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(b) The second region is when ¢ > 2, when the entire region where z = 2
overlaps with the positive exponential, but the overlap between the
region where x = 3 and the exponential is only in the region —1 <
t <t —1. Thus the convolution here is

t—1 t
y(t)z/ 3er7+/ 2¢"dr =2t +el7t — 37t 0<t <2
t—1
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(¢) The third region is when none of the region where x = 3 overlaps
with the positive exponential, and some of the region where x = 2
overlaps with the positive exponential.

t
y(t) 2/ 27 dr =2(e' —eh), —1<t<0
-1

(d) The last region is where there is no overlap. Thus the convolution is
Zero.
y(t) =0, t < —1

Then

2et +ef71 —3et 3, t>2

(1) = 2et +et7t -3¢, 0<t<2

2(et — e 1), -1<t<0

0, t< -1
The bounds here are chosen arbitrarily, since y(z) is a continuous function,
as can be clearly seen in the following figure.
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2. Let h = {5,3,2,—-2, -3}, o = {2,3,4,5,6}, y = h .

Length Suppoyt
x| 5 [—2,2]
O
Yy 9 [_37 5}

% generate signals
x=[532 -2 =3];

x_start = —1;
h=1[2345 6];
h_start = —2;



y = conv(h, x);
y_start = x_start 4+ h_start;

% finite discrete stem
fds = @Q(s, s_start)
stem ((0:length(s)—1)+s_start, s);

% plot signals

subplot (1,3 ,1);

fds(x, x_start);

title ("stem plot of x7);
xlabel ("time ’);

subplot (1,3,2);
fds(h, h_start);
title ("stem plot of h’);
xlabel ("time ’);

subplot (1,3,3);
fds(y, y_start);
title ("stem plot of y’);
xlabel ("time ’);

stem plot of x . stem plot of h 50 stem plot of y
4t 40 @
5 1 ]
@
3r 30
4 Q
2 [ 20 9
1+ 3 1 10 ?
0 0
2
-1 9 10 ]
1t 1
2 ] 20 T
&)
-3 1] -30
-1 0 1 2 3 -2 -1 0 1 2 - 0 5
(C) time time time

(d) Flip 'n slide:
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y[2] = - -+ + h[=3]z[5] + h[—2]z[4] + h[—1]x[3] + h[0]x[2] + h[1]z[1]
+h[2]x[0] + h[3]z[—1] + h[4]x[—2] + h[5]z[-3]...
=---4+0-0+5-0+3-6+2-5+(—-2)-44(-3)-3+2:0+0-0+--- =11

. The Butterworth bandpass filter

[b, a] = butter(3, [0.2 0.5]);
[h, t] = impz(b, a, 30);

figure;
stem (h);

)

title (’Butterworth bandpass filter (h(t))’);

figure;

x = ones (30);

subplot (2,1,1);

stem (t, x);

title (’Unit step (x(t))’);
subplot (2,1,2);
stem(filter (b, a, x));
title ("hxx’);

figure;




t = 0:30;

x = cos (0.4 pixt);

subplot (2,1,1);

stem (t, x);

title ("cos(4*xpixt) (x(t))’);
subplot (2,1,2);
stem(filter (b, a, x));

title ("hxx’);

(a) Butterworth response with passband from 0.2 < wy,ss < 0.5rad

0.4 Butterworth bandpass filter (h(t))
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(b) Intially, the output looks like the impulse response h(t), since giving
it a starting value of 1 acts like an impulse. However, since w = Orad
is out of the passband, the output quickly dies out to almost no
amplitude.
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(¢c) Since w = 0.2rad is in the passband, the signal is not noticeably
attenuated at all and matches the input at all of the sample points.
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