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This lab sheet involves visualising and decomposing signals into their sinusoidal components
using Octave, and then using that decomposition to generate sounds using Processing .

1. This part of the lab involves reproducing numerically the result given in the lecture
about the sinusoidal components of a square wave.

(a) In Octave, construct a vector representing one second of a square wave signal with
frequency 1Hz and amplitude 1, sampled at 44.1kHz.

(b) To find the first coefficient b1 of the Fourier decomposition of your square wave,
calculate twice the mean value of the Hadamard product of your signal from part
1a with a sine signal, with amplitude 1, frequency 1Hz, sampled at 44.1kHz. Note
down your answer.

(c) Repeat part 1b, but with sine signals of frequency 2Hz, 3Hz, 4Hz, 5Hz, ..., noting
down the answer each time. Do you notice a pattern?

(d) Repeat part 1b, but with cosine signals of frequency 1Hz, 2Hz, 3Hz, ...; do you
detect a pattern?

(e) Using the patterns you have observed, make a guess for the complete decomposi-
tion of the square wave signal into its sinusoidal components. Construct a signal
using the first 5 terms of the expansion, and use Octave to visualise it. Does it
look like a square wave?

2. This part of the lab involves using Minim and Processing to synthesise the sound of a
square wave.

(a) Using the example from the lectures as a starting point, write a sketch to generate
a square wave sound at a given frequency using Minim and the AudioSignal class.
Run your sketch with the frequency of the wave set to 440Hz; listen to the output,
and try to describe it.

(b) Adapt your sketch from part 2a to use, instead of an exact square wave, an ap-
proximation to it using the first five terms of the sinusoidal decomposition. Again,
listen to the sound output, and describe it in words; also, describe any difference
you can between the exact and approximate square waves.

(c) Add more sinusoidal terms to the signal generation in your sketch. Does the output
sound change noticeably at any point? If so, try to explain why.

3. Repeat the above process (decomposition and synthesis) for another simple wave form,
such as a triangular or sawtooth wave form.

Other resources:

• Roads, C. The computer music tutorial, Chapters 4 (Additive Synthesis) and 13 (Spec-
trum Analysis). MIT Press (1996)


