HOW I TAUGHT MY COMPUTER TO SING
I have had the student version of Mathematica for about a year.  However, due to lack of proficiency in the program language, I have used it on a limited basis.  When I began my study of Multi-variable Calculus, I experienced difficulty visualizing some of the three-dimensional graphs, so I once again attempted to use Mathematica to aid in this effort.  I decided that I needed some tutorial assistance to learn the proper language, so I purchase “The Mathematica Book” (AKA the Mathematica Bible).  Much to my dismay, I found it (like the real Bible) a bit difficult to interpret at times.  In spite of this, I periodically searched for the correct commands to help in graphing homework problems.  

Then one day (quite by accident or maybe Devine intervention), I discovered that Mathematica could play sounds.  I found two commands for two different sounds that I have graciously dubbed as “sound 1” and “sound 2” (Wolfram 75).  Sound 1’s command is: Play[Sin[2 Pi 440t],{t,0,1}], which I found quite pleasant (file: “sound1”).  Sound 2’s command is: Play[Sin[700t + 25t Sin[350t]],{t,0,4}], which I describe as “spaceshippy” meaning it reminded me of sound effects in a science fiction movie about a space ship (file: “sound2”).
I immediately began to experiment with changing the various parameters on each sound and soon discovered that I could play different tones or notes.  This is when the “light bulb went off.”  I thought, “Hey, maybe I could actually play a little song!”  So, I manipulated the parameters of “sound 1” until I found two commands that played the same note only an octave apart (for example a high C and a middle C).  I then drew out a keyboard octave (ebony and ivory keys on a keyboard) representing one octave.  I counted twelve notes, including flats and sharps.  This is where all those years of dreadful piano lessons and learning to read music came in handy!  I divided my octave range into twelve to come up with commands to actually play an octave of twelve notes (file: “octave2”):
OCTAVE 2:

Play[Sin[2Pi 440 t],{t,0,1}]

Play[Sin[(23/12)Pi 440 t],{t,0,1}]

Play[Sin[(22/12)Pi 440 t],{t,0,1}]

Play[Sin[(21/12)Pi 440 t],{t,0,1}]

Play[Sin[(20/12)Pi 440 t],{t,0,1}]

Play[Sin[(19/12)Pi 440 t],{t,0,1}]

Play[Sin[(18/12)Pi 440 t],{t,0,1}]

Play[Sin[(17/12)Pi 440 t],{t,0,1}]

Play[Sin[(16/12)Pi 440 t],{t,0,1}]

Play[Sin[(15/12)Pi 440 t],{t,0,1}]

Play[Sin[(14/12)Pi 440 t],{t,0,1}]

Play[Sin[(13/12)Pi 440 t],{t,0,1}]

Play[Sin[1Pi 440 t],{t,0,1}]
I then assigned names to these commands according to the names of the notes on a keyboard, using “hic” for high C and “loc” for middle C.  Of course, I was not able to check to see if these notes actually match the real notes as I do not have a piano or any type of keyboard at home to test this.  Therefore, I just assigned the names based on their tones and my ear for music.  I then used one general command to play all of the notes in succession (file: “play octave”):
PLAY OCTAVE:
hic=Play[Sin[2Pi 440 t],{t,0,1}]

b=Play[Sin[(23/12)Pi 440 t],{t,0,1}]

bf=Play[Sin[(22/12)Pi 440 t],{t,0,1}]

a=Play[Sin[(21/12)Pi 440 t],{t,0,1}]

af=Play[Sin[(20/12)Pi 440 t],{t,0,1}]

g=Play[Sin[(19/12)Pi 440 t],{t,0,1}]

gf=Play[Sin[(18/12)Pi 440 t],{t,0,1}]

f=Play[Sin[(17/12)Pi 440 t],{t,0,1}]

e=Play[Sin[(16/12)Pi 440 t],{t,0,1}]

ef=Play[Sin[(15/12)Pi 440 t],{t,0,1}]

d=Play[Sin[(14/12)Pi 440 t],{t,0,1}]

df=Play[Sin[(13/12)Pi 440 t],{t,0,1}]

loc=Play[Sin[1Pi 440 t],{t,0,1}]

Play[hic,b,bf,a,af,g,gf,f,e,ef,d,df,loc]
I thought, “Now I’m ready to play a song.”  I wanted it to be a simple song which would be easy to arrange the commands for.  I chose “Mary Had a Little Lamb.”  It was then a simple matter of cutting and pasting to get the proper notes in the proper sequence.  I did have to do a little “tweaking” to get it to sound right (file: “mary had a little lamb2”):
MARY HAD A LITTLE LAMB2:

Play[Sin[(16/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(13/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(16/12)Pi 440 t],{t,0,2}]

Play[Sin[(16/12)Pi 440 t],{t,0,2}]

Play[Sin[(16/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(16/12)Pi 440 t],{t,0,2}]

Play[Sin[(19/12)Pi 440 t],{t,0,2}]

Play[Sin[(19/12)Pi 440 t],{t,0,2}]

Play[Sin[(16/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(13/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(16/12)Pi 440 t],{t,0,2}]

Play[Sin[(16/12)Pi 440 t],{t,0,2}]

Play[Sin[(16/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(16/12)Pi 440 t],{t,0,2}]

Play[Sin[(14/12)Pi 440 t],{t,0,2}]

Play[Sin[(13/12)Pi 440 t],{t,0,2}]
I attempted to write this as one Play command, just as I did with the “play octave” but for some reason, Mathematica had a problem reading, so I stuck to writing each note as one command.  Here again, it was just cut and paste.

I felt very proud of myself that I could now play a simple little song in Mathematica.  Then again, I felt that Mathematica deserved a more sophisticated type of music.  I thought some sort of classical music would work, but it would have to be a simple tune, since I am just a novice at this.  “Uh-huh!” I thought, “Fur Elise – it’s simple but classical!”  Hence my next challenge.  I first attempted to arrange the commands just “by ear.”  However, this proved to be a bit tedious and I soon got lost in the notes.  I decided that I needed the sheet music to this song to help figure out what notes to play.  This is when I called upon my good friend the church piano player.  I know that she and her four daughters all played the piano and that surely she would have a simple copy of “Fur Elise.”  When I first made the request, she immediately began to pound out the notes on the piano.  Later that day, she handed me a copy of the music.  
I first wrote down the names of each note in the first line of the song.  I named that sharps as flats because that is how I named them in my Mathematica octave.  Next, I discovered that I needed more notes, because “For Elise” (as it is called on the sheet music) extended beyond one octave.  I first attempted to make notes above my octave, since the song’s range begins at a high “E.”  However, Mathematica (again) did not like this for some reason.  So I decided to try adding notes on the bottom of my octave, using the same proportion for each note.  It worked.  I now had my range of notes and it was just a matter of assigning names to each command and then cut and paste (file: “new octave”).  
NEW OCTAVE:

Play[Sin[2Pi 440 t],{t,0,1}]

Play[Sin[(23/12)Pi 440 t],{t,0,1}]

Play[Sin[(22/12)Pi 440 t],{t,0,1}]

Play[Sin[(21/12)Pi 440 t],{t,0,1}]

Play[Sin[(20/12)Pi 440 t],{t,0,1}]

Play[Sin[(19/12)Pi 440 t],{t,0,1}]

Play[Sin[(18/12)Pi 440 t],{t,0,1}]

Play[Sin[(17/12)Pi 440 t],{t,0,1}]

Play[Sin[(16/12)Pi 440 t],{t,0,1}]

Play[Sin[(15/12)Pi 440 t],{t,0,1}]

Play[Sin[(14/12)Pi 440 t],{t,0,1}]

Play[Sin[(13/12)Pi 440 t],{t,0,1}]

Play[Sin[1Pi 440 t],{t,0,1}]

Play[Sin[(11/12)Pi 440 t],{t,0,1}]

Play[Sin[(10/12)Pi 440 t],{t,0,1}]

Play[Sin[(9/12)Pi 440 t],{t,0,1}]

Play[Sin[(8/12)Pi 440 t],{t,0,1}]
When I first played the song, it went very quickly.  I attempted to change the length of some notes according to the note values on the sheet music, making quarter notes last for 1 second and eighth notes last of .5 seconds.  To my dismay, once again, Mathematica played the notes at all the same rate.  So, I increased the quarter notes to 1.5 seconds, but this did not work either (file “Fur Elise”).  

FUR ELISE:

Play[Sin[2Pi 440 t],{t,0,.5}]

Play[Sin[(23/12)Pi 440 t],{t,0,.5}]

Play[Sin[2Pi 440 t],{t,0,.5}]

Play[Sin[(23/12)Pi 440 t],{t,0,.5}]

Play[Sin[2Pi 440 t],{t,0,.5}]

Play[Sin[(19/12)Pi 440 t],{t,0,.5}]

Play[Sin[(22/12)Pi 440 t],{t,0,.5}]

Play[Sin[(20/12)Pi 440 t],{t,0,.5}]

Play[Sin[(17/12)Pi 440 t],{t,0,1.5}]

Play[Sin[(8/12)Pi 440 t],{t,0,.5}]

Play[Sin[1Pi 440 t],{t,0,.5}]

Play[Sin[(17/12)Pi 440 t],{t,0,.5}]

Play[Sin[(19/12)Pi 440 t],{t,0,1.5}]

Play[Sin[1Pi 440 t],{t,0,.5}]

Play[Sin[(16/12)Pi 440 t],{t,0,.5}]

Play[Sin[(19/12)Pi 440 t],{t,0,.5}]

Play[Sin[(20/12)Pi 440 t],{t,0,1.5}]

Play[Sin[1Pi 440 t],{t,0,.5}]

Play[Sin[2Pi 440 t],{t,0,.5}]

Play[Sin[(23/12)Pi 440 t],{t,0,.5}]

Play[Sin[2Pi 440 t],{t,0,.5}]

Play[Sin[(23/12)Pi 440 t],{t,0,.5}]

Play[Sin[2Pi 440 t],{t,0,.5}]

Play[Sin[(19/12)Pi 440 t],{t,0,.5}]

Play[Sin[(22/12)Pi 440 t],{t,0,.5}]

Play[Sin[(20/12)Pi 440 t],{t,0,.5}]

Play[Sin[(17/12)Pi 440 t],{t,0,1}]

Play[Sin[(8/12)Pi 440 t],{t,0,.5}]

Play[Sin[1Pi 440 t],{t,0,.5}]

Play[Sin[(17/12)Pi 440 t],{t,0,.5}]

Play[Sin[(19/12)Pi 440 t],{t,0,1.5}]

Play[Sin[1Pi 440 t],{t,0,.5}]

Play[Sin[(20/12)Pi 440 t],{t,0,.5}]

Play[Sin[(19/12)Pi 440 t],{t,0,.5}]

Play[Sin[(17/12)Pi 440 t],{t,0,1.5}]
I realize this would take much more “tweaking” and more knowledge of Mathematica, but I feel that I have accomplished a great deal just coming up with the various octaves and note ranges needed to play my two songs.  In addition, I recently purchased a CD entitled “Switched on Bach” by Wendy Carlos, which is classical Bach tunes played on a Moog synthesizer.  I owned this as a teenager only on a cassette and wondered if it was still around.  Sure enough, I found it on CD.  On her new CD version, Ms. Carlos has an additional piece entitled “Initial Experiments” (Carlos track 13) in which she describes some of the experiments that her team went through and some of the unpleasant sound that they created before arriving at the pleasant yet entertaining music on the CD.  When I heard this, I felt a connection to Ms. Carlos and her team.  Granted, I will never cut a CD of my “Mathematica Music” but I found the experiment enlightening to say the least.
WORKS CITED
Beethoven, Ludwig van. For Elise. sheet music.
Carlos, Wendy. Switched on Bach. track 13: Initial Experiments. Trans-Electric Music 

Productions, Inc. 2001. 
Wolfram, Stephen. The Mathematica Book. 4th ed. New York: Cambridge UP, 1999.







Tina Reynolds
MAT 320
Final Project


