Physics 3000 
MATLAB Introduction and Synthesizing tones using MATLAB
At the end of the class you should know how to use MATLAB to create and manipulate arrays. Take notes of the basic use of each command that you use. Some of the functions we will be using today are sin, cos, exp, plot, who, clear, sound, max, min, help. If you know the name of a function typing >> help function name will give you information about how to use that function.
1. The basics. Most of the exercises that we will perform are done by entering commands in the MATLAB Command Window.  Later I will show you how to put sets of commands that are useful together in a program.  In MATLAB these programs have the extension .m and they are called m-files.

2. Simple arithmetic.  You can type in simple arithmetic at the >> prompt and you will get the answer when you hit return.  Try 55*33, 7+8, 9/3, 567-982, sqrt(81), sin(3.14159/2). What does that last one tell you about how MATLAB describes angles?

3. Most of the time we do not do simple math (heck we could use a calculator to do that!). Rather we assign numbers to variables.  For example

>>f=440

Assigns the value 440 to the variable f.  MATLAB is good at handling arrays of values so we can set g equal to a string of values as follows:

>>g=[2 4 6 8 9 15 72]

Or even to a matrix of numbers

>>h=[1 3 7; 3 5 8; 3 3 9]

Why is this useful? Well digital sound is just a long string of values (for mono) or a two-by-long string of numbers for stereo that get played back through a D to A conversion circuit. Two dimensional arrays can be used to describe images.
4. Entering a long equally spaced array of numbers. (Pay close attention as we will do lots of this as the semester goes on!!).

I want to create a set of time values over 1 second with a sampling rate of 20000 samples per second. MATLAB can create this array in this simple one line command

>>t=0:1/20000:1;

In words, the above command says start the variable t = start:step:end. i.e t starts at zero, ends at 1, and the step between each successive point is 1/20000.

5. Lets look at a real example to see some more relevant aspects of MATLAB. The first exercise is to create, plot, and listen to a pure tone. I’ll walk you through most of the steps.  If you understand how to do these steps it’s pretty easy to see how to synthesize more complicated tones.

a. Make a time array with time steps that correspond to a sampling rate of Fs = 22050. (see 4. above)
b. Create the angular frequency for a 220Hz tone.

c. Create the pure tone y=sin(wt).

d. Plot t vs y (use the command >> plot(t,y)).  From your graph determine the period of the signal you have created.  Does it agree with what you expect for a 220 Hz tone?

e. Listen to the tone using the MATLAB command sound(y,Fs) 
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6. Next we will create a decaying 220Hz tone. Repeat the same steps above except use the formula 

Of course you can’t type the Greek letter  in MATLAB just call it b.  Try different b values and note the difference in the sound. We’ll see that 1/b is the decay time of the note. We’ll see that we have to be careful about multiplying the two functions that contain t.
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7. Now let’s make a complex tone by adding a harmonic series of sine waves. The formula is 

You can choose values for the amplitudes and phases. Try making a tone plotting and listening to it. Note that the sound command in MATLAB wants the peak and trough of the wave you create to be between +1 and –1.  If the amplitude exceeds that value the signal is clipped. You can reduce any signal (y, for example)back to being between -1 and +1 using >>y=y/max(y); or >>y=y/abs(min(y)); Use the first version if the positive going amplitude is larger than the negative going amplitude. Use the second command otherwise.
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