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Roadmap

Today: sound + playing audio

Wednesday: feedback control, plan pumpkins
Monday: skills workshop, carve pumpkins

Wednesday: finish pumpkins, demonstrate 4:30-5:30pm



Pumpkin project
See information on course website



Why talk about sound?
1) You might want to use sound in your project
2) Audio is the most "tangible" example of a signal
Signal processing is a huge part of EE (and other fields)
3) It's fun!



Speakers
Convert changing voltage to sound using an electromagnet




In EE, a signal is a quantity
(such as voltage)
that varies as a function of time.
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Let's play with some sounds
onlinetonegenerator.com



Frequency domain

Voltage vs time isn't the only way to talk about a signal: we
might also talk about frequencies.

You can hear "high" and "low" frequencies

An instrument or voice produces harmonics



Real example: DTMF tones

When you get a phone menu, how does the automated system
know what button you've pressed?

onlinetonegenerator.com/dtmt.htm|



Fourier series
falstad.com/fourier/index.ntm|



Matching problem 1

AR A Which is the frequency spectrum
NS\ \/ for this signal?




Matching problem 2

| Which is the frequency spectrum
\ N S for this signal?
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Playing with sound in audacity



Sound with the ESP32

You have to consider sample rate!
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Sample at 44100 Play at 8000
samples / second samples / second



Sound with the ESP32
Your sample rate must be 2x the highest frequency in the audio
(Nyquist sampling theorem)
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Sample at 4000 Play at 4000
samples / second? samples / second




Sound with the ESP32
Your sample rate must be 2x the highest frequency in the audio

(Nyquist sampling theorem)
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Sample at 4000 Play at 4000
samples / second? samples / second



Sound with the ESP32

Example posted in the online textbook content



