
2 Physics and Fourier transforms

Fig. 1.1. The spectrum of a steady note: fundamental and overtones.

with their amplitudes, but a continuous range of frequencies, each present in
an infinitesimal amount. The two curves would then look like Fig. 1.2.

The uses of a Fourier transform can be imagined: the identification of a
valuable violin; the analysis of the sound of an aero-engine to detect a faulty
gear-wheel; of an electrocardiogram to detect a heart defect; of the light curve
of a periodic variable star to determine the underlying physical causes of the
variation: all these are current applications of Fourier transforms.

1.2 Fourier series

For a steady note the description requires only the fundamental frequency, its
amplitude and the amplitudes of its harmonics. A discrete sum is sufficient. We
could write

F (t) D a0 C a1 cos(2πν0t)C b1 sin(2πν0t)C a2 cos(4πν0t)

C b2 sin(4πν0t)C a3 cos(6πν0t)C ! ! ! ,

where ν0 is the fundamental frequency of the note. Sines as well as cosines are
required because the harmonics are not necessarily ‘in step’ (i.e. ‘in phase’)
with the fundamental or with each other.

More formally:

F (t) D
1∑

nD!1
an cos(2πnν0t)C bn sin(2πnν0t) (1.1)

and the sum is taken from "1 to1 for the sake of mathematical symmetry.


