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Perform discrete-time convolution on the following signal and system. 
 

[ ] [ ] [ ] [ ]320]2[151105 −+−+−+= nnnnnx δδδδ  

[ ] [ ] [ ] [ ] [ ]342312 −+−+−+= nnnnnh δδδδ  
 
 

→= 0N  First index of [ ]nx  for a nonzero value 

→= 0M   First index of [ ]nh  for a nonzero value 
 
 

8012012510050205

80604020

60453015

40302010

2015105

4321

2015105

   First output at [ ] [ ] [ ]000 yyMNy =+=+  

 
 

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]6805120412531002501205 −+−+−+−+−+−+= nnnnnnnny δδδδδδδ  
 
 
 
MATLAB Solution: 
 
x=[5 10 15 20]; 
h=[1 2 3 4]; 
y=conv(x,h); 
subplot(3,1,1),stem(0:length(x)-1,x); 
axis([-1, 7, 0, 25]); 
ylabel('x[n]'); 
subplot(3,1,2), stem(0:length(h)-1,h); 
axis([-1, 7, 0, 5]); 
ylabel('h[n]'); 
subplot(3,1,3), stem(0:length(y)-1,y); 
axis([-1, 7, 0, 130]); 
ylabel('y[n]'); 
xlabel('sample value');  
 
 
 
 
 



Perform discrete-time convolution on the following signal and system. 
 

[ ] [ ] [ ] ]1[4235 −−+−+−= nnnnx δδδ  

[ ] [ ] [ ]10241002 −+−= nnnh δδ  
 
 

→−= 5N  First index of [ ]nx  for a nonzero value 

→= 100M   First index of [ ]nh  for a nonzero value 
 
 

16081206402

160012004

000000

8006002

402

4003001

−−−−−−
−−−

−−−

−−−

      First output at [ ] [ ] [ ]951005 yyMNy =+−=+  

 
 

[ ] [ ] [ ] [ ] [ ] [ ] [ ]10316101810012986974952 −−−−−−−−−−−−= nnnnnnny δδδδδδ  
 
MATLAB Solution: 
 
nn = -5:2; 
mm = 100:105; 
xn_start_index = -5; 
hn_start_index = 100;  
xn=[-1 0 0 -3 0 0 -4]; 
hn=[2 0 4]; 
yn = conv(xn,hn); 
subplot(3,1,1); 
stem(nn(1:length(xn)),xn);  
axis([-7, 5, -5, 1]); 
ylabel('x[n]');  
subplot(3,1,2); 
stem(mm(1:length(hn)),hn); 
axis([98, 110, -1, 5]); 
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]'); 
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Convolution of  
( ) ( )tueth t1010 −=  
( ) ( ) ( )1−−= tututx  

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 = 0:step_size:2; 
hh = 10*exp(-10.*tt).*stepfun(tt,0); 
xx = stepfun(tt,0)-stepfun(tt,1); 
y1 = conv(step_size*xx,hh); 
figure; 
plot(tt,y1(1:length(tt)),'ro') 
hold on; 
 
% Second Step Size (Smaller) 
step_size = 0.01; 
tt = 0:step_size:2; 
hh = 10*exp(-10.*tt).*stepfun(tt,0); 
xx = stepfun(tt,0)-stepfun(tt,1); 
y2 = conv(step_size*xx,hh); 
plot(tt,y2(1:length(tt)),'m*') 
 
% Third Step Size (Smallest) 
step_size = 0.001; 
tt = 0: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(1:length(tt)),'g.') 
 
% Analytic Expression 
yy = (1-exp(-10.*tt)).*(stepfun(tt,0)-stepfun(tt,1)) + 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') 
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Analytic Expression

 
 
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 the impulse response, h(t), using 
convolution.   
 

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

 
for t<4 
 

 y(t) = 0    
  
for  4 <= t < 7  

y(t) = ∫
−

−
1

3

)4)(1(
t

dλ  = -4t + 16 

t-1 t-4 

3 

8 

-1 

4 

8 3 

h(t) 
x(t) 

1 4 

t-4 t-1 
8 3 

t-4   t-1 
   3    8 

x(-λ) 
h(λ) 



for  7 <= t < 9 

y(t) = ∫
−

−

−
1

4

)4)(1(
t

t

dλ  = 12 

for  9 <= t < 12 

y(t) = ∫
−

−
8

4

)4)(1(
t

dλ  = 4t - 48 

 
 
for t >= 12 

y(t) = 0 
 
 
 

t-1 t-4 
8 3 

t-1 t-4 

8 

3 

t-1 t-4 
8 3 



 

 
 
 

   0  t<4 
   -4t – 16 4<=t<7  

y(t) =  -12  7<=t<9 
   4t – 48 9<=t<12 
   0  t>=12 

t=4 

t=7 t=9 

t=12 

 

y(t) 




