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Perform discrete-time convolution on the followsignal and system.

x[n] = 55[n]+105[n—1]+155[n—2] + 205[n—3]
h[n] = &[n] + 28[n - 1] + 36[n - 2] + 43[n - 3]

N=0- First index ofx[n] for a nonzero value
M=0- First index ofh[n] for a nonzero value
5 10 15 20
1 2 3 4
5 10 15 20
10 20 30 40 First output aty[N + M] = y[0+ 0] = y[0]

15 30 45 60
20 40 60 80
5 20 50 100 125 120 80

y[n] = 58[n] + 206]n - 1] + 508]n - 2] + 1005]n - 3] + 1255[n - 4] + 1205[n - 5] + 80[n - 6]

MATLAB Solution:

x=[5 10 15 20];

h:[l 23 4], 20k I I I (I-)
y=conv(x,h); |
subplot(3,1,1),stem(0:length(x)-1,); 0 T T
axis([-1, 7, 0, 25]); % 0 1 2 3 s 5 5 7
ylabel('x[n]"); : : . , ,
subplot(3,1,2), stem(0:length(h)-1,h); A P
axis([-1, 7, 0, 5]): £, T
ylabel('h[n]’); . ¢ T |
subplot(3,1,3), stem(0:length(y)-1,y); 1 0 1 2 3 4 5 6 7
axis([-1, 7, 0, 130)); ool ' ' ' .
ylabel('y[n]’); =
xlabel('sample value'); = 50f T T
2

[
sk
)

3 4 5 6 7
sample value



Perform discrete-time convolution on the followsignal and system.

x[n] = —5[n + 5] - 35[n + 2] —-49[n-1]
h[n] = 26[n-100| + 4d[n -102]

N=-5-  Firstindex ofx[n] for a nonzero value
M =100 - First index ofh[n] for a nonzero value
-10 0 -30 0 -4
2 0 4
-20 0 -6 0 0 -8

0O 0 0 0 0 O

-4 0 0 -12 0 0 -16

-2 0 -4 -6 0 -12 -8 0 -16

First output aly[N + M] = y[—5+10d = y[95]

y[n] = —26[n - 95| - 48[n - 97] - 65[n - 98| —126]n - 100 - 83[n -101 -164[n -103

MATLAB Solution:

100

1 1 1
102 104 106 108

110

T

nn =-5:2;

mm = 100:105; al
Xn_start_index = -5; =l
hn_start_index = 100; =
xn=[-100-300 -4]; I
hn=[2 0 4],

yn = conv(xn,hn); ar
subplot(3,1,1); =2
stem(nn(1:length(xn)),xn); ol
axis([-7, 5, -5, 1]); .
ylabel('x[n]); OF
subplot(3,1,2); 5t
stem(mm(1:length(hn)),hn); =10
axis([98, 110, -1, 5]); 151
ylabel('h[n]’);

subplot(3,1,3);

nn2 = (xn_start_index+hn_start_index):200;
stem(nn2(1:length(yn)),yn);

axis([93, 105, -18, 1]);

xlabel('Sample Value");

ylabel('y[n]);

94

96

98 100 102
Sample Value

104
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Convolution of
h(t)=10e™"" u(r)

x(t) = u(t)— u(t - 1)

using MATLAB and the “conv” function.

% Homework 3 Problem 5

% We will use several step sizes and compare the results to the analytic
% expression

step size = 0.1;

tt = O:step size:2;

hh 10*exp (-10.*tt) . *stepfun(tt,0);
xx = stepfun(tt,0)-stepfun(tt,l1);

yl = conv(step size*xx,hh);

figure;
plot(tt,yl(l:length(tt)), 'ro')

hold on;

o)

% Second Step Size (Smaller)

step size = 0.01;

tt = O:step size:2;

hh 10*exp (-10.*tt) . *stepfun(tt,0);
XX stepfun(tt,0)-stepfun(tt,l);

y2 = conv(step size*xx,hh);

plot (tt,y2(l:1length(tt)), 'm*")

% Third Step Size (Smallest)

step size = 0.001;

tt = O:step _size:2;

hh 10*exp (-10.*tt) . *stepfun(tt,0);
XX stepfun (tt,0) -stepfun(tt,1);

y3 = conv(step size*xx,hh);
plot(tt,y3(l:length(tt)),'g.")

% Analytic Expression

vy = (l-exp(-10.*tt)).*(stepfun(tt,0)-stepfun(tt,l)) + exp(-10.*tt)* (exp(10) -
1) .*stepfun(tt,1);

plot (tt,yy, 'b-");

legend ('Step Size = 0.1','Step Size = 0.01','Step Size = 0.001', 'Analytic
Expression')

xlabel ('Time (sec)');

ylabel ('Output')

title('Comparison of Step Sizes to the Analytic Expression -- HW 3 P 5'")



Comparison of Step Sizes to the Analytic Expression - HW 3 P 5

1.6
o o0 o0 © o | ‘ \ w T
© © O Step Size = 0.1
© + Step Size = 0.01
140 + Step Size = 0.001 ||
' o —— Analytic Expression
1.2+ i

Output

)
@) i
@)
0 ‘ . . : ‘ : )
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time (sec)

Increasing the step-size resolution increases the accuracy of the numerical convolution.
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Find the output, y(t), given the input, x(t), and he impulse response, h(t), using
convolution.

X(t)
hity 4
L ]

_1_| |_| ‘ 3 8

Solution
First, flip x(t), and redraw both x(t) and h(t) with respect to A.

x(-))

h(\)

L]

‘ 3 8
t-4  t1
for t<4
I___I 3 8
t-4 t-1
y(t) =0
for 4<=t<7
3
[ ] 8
t-4 t-1

y(t) = T(—l)(4)d/1 = 4t + 16



for 7<=t<9

s L—1s
t-4 t-1
t-1
y) = [(-H(4)da =12
t-4
for 9<=t<12
8
3 -
t-4 t-1
8
y(t) = [ (-D(4)dA =4t - 48
t-4
fort>=12
3 g 1
t-4  t1

y(t)=0



y(t)

t=4

t=12

y(t) =

t=7 t=9

0 t<4

4t - 16 4<=t<7
-12 7<=t<9
4t — 48 O9<=t<12
0 t>=12





