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Project Write-Up: Guitar Composition

For my project I composed a piece of music using only the guitar (both electric and acoustic) and my voice as instruments.  My intention was to use the mathematical concepts we’d studied in class as a means of exploring numerous ways of manipulating the sound of the instruments to create a varied and consistently engaging work that, for someone outside the class, might appear to be comprised of more than simply a guitar and human voice.  I incorporated harmonics, frequency alterations, reverse playback, resonance, non-standard tuning, and several other elements of sound treatment to achieve my results.


I turned the guitar into a resonator by playing sounds I’d recorded both with the guitar and vocally back into the instrument using a sound wave vibrator.  I recorded the new sound created as I fed each successive melody back into the guitar, and did this about four or five times.  In this way the guitar, with its hollowed inner body, served as a resonator, and with each new playback/recording the melody became less lucid as the resonant frequency of the instrument became more and more excited.  By the last playback, particularly of my voice, the original sound was completely dominated by the resonant tone of the guitar.  This experiment was originally conducted by Alvin Lucier, who enacted the same process with his voice in a room.  Because the guitar body has obviously a much smaller volume, I was able to achieve the same result as Lucier in far less time.  To figure out the resonant frequency of the guitar mathematically (rather than observationally), I could have measured the volume of the guitar (which would have been extraordinarily difficult), the area of the hole, and the length of the neck (which on a guitar would be very small).  By observation, however, I could see by examining the spectrums of each playback that the resonant frequency, which gained intensity with each successive track, was roughly 220 Hz.


For the harmonics, I decided to only excite the fifth mode (and its multiples at the tenth and possibly fifteenth modes).  This meant dampening the strings at 1/5, 2/5, 3/5, and 4/5 distances.  Because guitar frets are spaced logarithmically, I could accomplish this without going through the extreme hassle of constantly measuring not only on open strings, but on fretted strings as well.  Wherever you fret (or press) a string to shorten it, the frets remain proportionally spaced according to length, so that the number of frets you’ve shortened the string by is the number you need to add to whever the node would be on the open string.  The fifth mode corresponds to two octaves and a just major third above the open frequency, and knowing this, I was able to create a melody in harmonics that stayed within the key of E major, the key of the piece.


Running through the piece was a sustained bass line of E3 that alternated between the guitar note and my voice.  For both I looped a small section of the note so that there was no decay, and neither sounded like their source – without decay, they both sounded like a disambiguated buzz or drone.  To get my voice to replicate the guitar note, I recorded myself making the ‘ee’ vowel sound, then played that back through the guitar as described earlier several times.  This caused the formants to break down, thus robbing the sound of the quality that ‘fingerprints’ it as a human voice.  I then cut out the upper register frequencies so that it more closely matched the guitar note, which did not have strong partials at the higher frequencies.  All this I determined by reading the spectograms of each recording, which told me the strength of all the frequencies present over time.  I also took a three-note melody and broke it up into the frequency clusters: low, mid-range, and high.  I first played the low and high range frequencies, staggered.  Then I played all three at once.  By my ear it was very hard to discern the entry of the mid-range frequencies, leading me to believe that humans are more responsive to high and low frequencies and allow our minds to combine them and ‘imagine’ the middle.


The reverse playback was perhaps the simplest of the operations I performed.  I recorded a melody, and then used Audacity to play it backward.  The notes were no longer decaying but rather getting louder, and the resulting melody sounded less like a guitar or any other western instrument than a sitar or another instrument we associate with the Middle East or India.  Along with the sustained bass note, I think this speaks to the important role decay plays in our conception of music and sound.  Tangentially, it was also interesting to me how many different melodies I had to go through before I found one that sounded good backward (in the context of the rest of the piece).  When I finally succeeded in composing one, I was consciously thinking about the fact that it would increase in amplitude when I would normally expect it to die down, and that intervals would be reversed.


For the non-standard tuning, I discovered that the seventh fret harmonic, which you’ll often see guitarists using to tune their instrument, is actually a Pythagorean fifth as opposed to an equal-tempered one.  So I re-tuned my guitar with this method and played a fifth interval (E-B).  I played this B alongside the euqal-tempered one near the start of the piece, and with everything else going on around them, they sound more or less identical.  But when you listen carefully, you can hear that the equal-tempered note is just a bit flatter.  I calculated the difference to be just a couple of cents, but it is noticeable that the Pythagorean interval is more satisfying.  Unfortunately, it is only useful if you stay in one key.


Near the end of the piece I included a section where the guitar strings were being played with a violin bow.  The sound is vastly different than when they are plucked or struck.  The spectrum of the string being hit (which in the piece occurs in short bursts over the violin section) shows that the harmonic content is very harsh – there are partials tightly packed and of substantial strength for a very long way up the frequency scale.  This explains the buzzy timbre of the notes.  The bowed notes, however, have much ‘calmer’ spectrums – the partials are further spaced, though still periodic.  This is yet another example of the ways in which different methods of acting upon the string can produce vastly different sounds, sounds that you rarely hear composed out of the same instrument.  If there’s a practical lesson from this project, it’s that if you have any instrument at all (including your voice), the appropriate software and an understanding of the mathematical foundations of musical concepts, you can create a wealth of sounds.  Forget being a one-man band; you could be a one-man orchestra!

