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What is sound?

Tool you can play with: audacity  https://www.audacityteam.org




What is pitch?

You can try:  https://www.szynalski.com/tone-generator/




Musical intervals are frequency ratios

Demo: two sawtooth tones, f; = 200 Hz, other f; varies ...
At which ratios is the pair (interval) harmonious?




Demo: two sawtooth tones, f; = 200 Hz, other f; varies ...
At which ratios is the pair (interval) harmonious?

from Franchino Gafori, Theorica Musicae

(Milan, 1492)

Ancient Greeks (c. 2500 years ago)
realized via string length ratios:

The most consonant ratios are
small integers.

1:2:3:4, but no bigger!
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Just intonation: Pythagorean intervals like 3:2, but only in keys close to C

Equal temperament: all keys equally (but slightly) out of tune, using 21/12

Just intonation Equal
temperament

(synth, extracted from Ben Mesko video)



Musical stave, 88 keys of piano: they look & sound equally spaced. ..
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Musical stave, 88 keys of piano: they look & sound equally spaced. ..
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Fourier synthesis applet (building different timbres):
https://www.falstad.com/fourier

Spectrogram (visualizing component pure tones over time):
https://auditoryneuroscience.com/acoustics/spectrogram

or if you like compiling C++ code on Linux (my demo from the lecture):
https://github.com/ahbarnett/glspect

Listen to timbres of different instruments source: Casey Connor


https://www.falstad.com/fourier
https://auditoryneuroscience.com/acoustics/spectrogram
https://github.com/ahbarnett/glspect

Beats: two pure tones near in frequency

In phase Sitaf In phase
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f2

I\HNH\/E. |||'|M \\HHH‘

beat freq = |f1-f2]|
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Math woven into the generation, transmission, hearing, understanding, of
music and sound

Many beautiful connections | didn't discuss:

e Waves, modes, resonances differential equations, Nilima’s talk
° Rhythms, group theory number theory, least common multiples, inversions
e Music generated by algorithms randomness, Al

Your laptop/smartphone is great tool to analyse sound:
http://www.audacityteanm.org
http://www.fon.hum.uva.nl/praat
http://auditoryneuroscience.com/acoustics/spectrogram

Good books:
From Music to Mathematics: Exploring the Connections, Gareth Roberts (2016)

Music: A Mathematical Offering, Dave Benson (2007, has free PDF)

Thanks to: Eric J. Heller (my thesis advisor, who got me into this topic)


http://www.audacityteam.org
http://www.fon.hum.uva.nl/praat
http://auditoryneuroscience.com/acoustics/spectrogram

