












13.42 HW3 SOLUTIONS    SPRING 2005 

Homework 3 Problem 7: Sample MATLAB Code 

t = 0:90; 
w = [1 2 3 4]; 
A = [sqrt(24) sqrt(36) sqrt(28) sqrt(16)]; 
for j=1:10 
for i=1:4 

 phi = 2*pi*rand(1); 
 %This randomly generates a separate phi value for each of the four  
%waves.  
WAVE(i,:) = A(i)*cos(w(i)*t+phi); 

 %This wave equation iterates four times and generates waves for each of  
%the frequencies and their corresponding amplitudes.  

end 
S(j,:) = WAVE(1,:)+WAVE(2,:)+WAVE(3,:)+WAVE(4,:); 
%This statement generates my wave elevation as a sum of the four waves  
%generated above in each iteration. This loop iterates 10 times, created 10  
separate 
%realizations of the wave elevation equation with random phase shifts.  
% 
% 
Mean_Ensemble = MEAN(S(:,30)); 
Variance_Ensemble = VAR(S(:,30)); 
Mean_Temporal(j,:) = MEAN(S(j,:)); 
Variance_Temporal(j,:) = VAR(S(j,:)); 
end 
subplot(5,2,1), plot(t,S(1,:))  
XLABEL('Time (s)')  
YLABEL('Wave Elevation (m)')  
subplot(5,2,2), plot(t,S(2,:))  
XLABEL('Time (s)')  
YLABEL('Wave Elevation (m)')  
subplot(5,2,3), plot(t,S(3,:))  
XLABEL('Time (s)')  
YLABEL('Wave Elevation (m)')  
subplot(5,2,4), plot(t,S(4,:))  
XLABEL('Time (s)')  
YLABEL('Wave Elevation (m)')  
subplot(5,2,5), plot(t,S(5,:))  
XLABEL('Time (s)')  
YLABEL('Wave Elevation (m)')  
subplot(5,2,6), plot(t,S(6,:))  
XLABEL('Time (s)')  
YLABEL('Wave Elevation (m)')  
subplot(5,2,7), plot(t,S(7,:))  
XLABEL('Time (s)')  
YLABEL('Wave Elevation (m)')  
subplot(5,2,8), plot(t,S(8,:))  
XLABEL('Time (s)')  
YLABEL('Wave Elevation (m)')  
subplot(5,2,9), plot(t,S(9,:))  
XLABEL('Time (s)')  
YLABEL('Wave Elevation (m)')  
subplot(5,2,10), plot(t,S(10,:))  
XLABEL('Time (s)')  
YLABEL('Wave Elevation (m)')  
Mean_Ensemble 
Variance_Ensemble 
Mean_Temporal 
Variance_Temporal 



Example Output from Above Code (Note: It changes every run due to random 

realizations of phi) 

HW37

Mean_Ensemble = 

1.7494

Variance_Ensemble = 

54.5025

Mean_Temporal = 

0.0968
-0.0551  
0.1645  
0.0659  
0.0887  

-0.1158  
-0.0079  
-0.0449  
-0.1013  
-0.1384  

Variance_Temporal = 

52.7553  
54.5923  
51.9517  
53.4987  
52.7898  
53.2102  
51.6055  
51.3866  
52.4914  
52.8724  

diary off 
Comments: 

The ensemble statistics are computed over 10 data points, S(:,30), which are 

each of the wave elevation realizations at time t = 30 seconds. 

The temporal statistics are computed 10 times, for 10 separate wave elevation 

realizations, over 91 data points which represent a time range of t = [0:90]. 

Therefore, the temporal statistics are more consistent from one execution of 

the m-file to the next. 

Wave elevation, with a uniformly distributed phi over a 2  interval, is a 

stationary, ergodic random process. Therefore the ensemble statistics should 

equal the temporal statistics. Over multiple m-file executions, there will be 

more variability in the ensemble statistics, but they should approximate the 

temporal statistics over multiple iterations. 
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