Physics 3000 Computer Based Exercises 2
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Make 1 second of a square wave signal of fundamental frequency 200 Hz by adding odd harmonics up to the 15th harmonic. I will show you a compact way of achieving this task using a for loop. You should remember (or at least it should be no surprise) that a square wave consists of a sum of odd harmonics with zero relative phase and amplitudes that decrease as the inverse of the harmonic number. Mathematically you would express this as 

2. Plot your square wave versus time.  Make sure the period looks correct. What should it be?

3. Now create 1 second of a tone with the same frequencies and amplitudes as the square wave but with random phases. The rand command in MATLAB generates a random number between 0 and 1.  If we want a random phase we need to multiply by 2*pi to get a phase value between 0 and 2 pi. We can use the same loop that we used in step 1 we just need to modify our formula. Call this new tone y2 so that still have our original square wave as y. Plot y2. Does it look like a square wave? What is its period? 

4. If you scale your y and y2 so that they fit between +1 and –1 you can use the sound command to listen to each tone. Do they sound different? We do not hear the phase difference between the frequency components of a tone—this is called Ohm’s law of hearing. The MATLAB commands max and/or min can be used to rescale your data to fit between +1 AND -1.
5. Next we will explore the ability of MATLAB to load audio files. Later we will be loading and analyzing speech and music audio clips. The sound file science.wav has been placed (hopefully) in the working directory of MATLAB. To load this file to the variable y use the command

>>[y,fs]=wavread('science.wav');

To listen to the file you have loaded use >>sound(y,fs)


To see what you have loaded in use the following commands


>>size(y) 
to get the size of the array y.


>>fs

What is this? Why do you need to include it with the sound 
command when you play the sound back? What happens if you just type 
>>sound(y) 

Don’t get rid of y we will use it in the next step.

6. 
Lastly if we have a created a tone either by synthesis or by changing an existing 
sound file we can save the result as a .wav file. Let’s mess with the science.wav 
file by adding random noise of unit amplitude. To create an array of random 
numbers equal in length to the array y we could first find the length of y using the 
size command and then use the rand command to make an array of the correct 
size. We can do those two in a single MATLAB command


>>noise=rand(size(y)); calculates the size of the array y and then uses that size to 
create the array that I have called noise. Use size(noise) to make sure it is of the 
correct length.  Now we multiply our original y by the noise and place it in the 
variable yn


>>yn=noise.*y;


Why do we need .* and not just *? Listen to the noisy signal using sound(yn,fs). 
Compare it to the original. Finally use the command wavwrite to save the noisy 
sound file as a wav file.  Use the MATLAB help command to figure out what you 
have to do to use the command wavewrite properly. 

� EMBED Equation.3  ���











[image: image2.wmf]...

)

5

sin(

5

1

)

3

sin(

3

1

)

sin(

*

1

+

+

+

=

t

t

t

y

w

w

w

_1158132200.unknown

