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Time domain: 

waveform

Frequency domain: 

spectrum
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▸ In a jupyter notebook, define the following component 
sinusoidal waves (use a sampling rate of 22050 Hz, and make 
the duration somewhere between 1 and 3 seconds):


▸ cos(2πt), sin(2πt) 


▸ cos(4πt), sin(4πt)


▸ cos(6πt), sin(6πt) 


▸ What is the period of each of the component waves? What is 
the period of the complex wave created by adding together all 
the component waves? Why? Calculate the periods by hand, 
and also look visually at plots in jupyter notebook, at what 
happens as you add in additional terms in the Fourier series.
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▸ Now do the same exercise, but for the following component 
waves (could this be a Fourier series?):


▸ cos(πt) 


▸ sin(2πt)


▸ cos(5πt)


▸  sin(8πt) 


▸ What is the period of each of the component waves? What is the 
period of the complex wave created by adding together all the 
component waves? Why? Calculate the periods by hand, and also 
look visually at plots in jupyter notebook, at what happens as you 
add in additional terms in the Fourier series.



9

FOURIER COEFFICIENTS
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How is the a0 term here 

related to the a0 when we 

separated out a0 as a term?
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COMPLEX REPRESENTATION OF 
FOURIER SERIES
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See Who is Fourier Chs. 10,11 

Osgood notes Sec 1.6.1
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What operation, applied twice, gets us from 1 to -1?
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Multiplication by i is a 90 degree rotation
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Multiplication by i is a 90 degree rotation
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C(x) = a(x) +b(x)i
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C(x) = a(x) +b(x)i
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C(x) = a(x) +b(x)i
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P = (r, θ)

Stretch by r, 
rotation by θ 

https://media.giphy.com/media/NVqZEZT4WBmuI/giphy.gif

P = (x, y)

Traversal via (x,y) 

https://media.giphy.com/media/NVqZEZT4WBmuI/giphy.gif
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▸ e = 2.718281828 . . . 


▸ Special property:


▸  When you differentiate or integrate ex you get back ex
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In-class Exercise:


Using Euler’s formula, can you re-express 
cos(x) and sin(x) in terms of e, i, and x?

Euler’s formula: eix = cos(x) + isin(x)
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See Who is Fourier Chs. 10,11 

Osgood notes Sec 1.6.1
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TOWARDS

 THE FOURIER TRANSFORM: 


KEY IDEAS
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TOWARDS

 THE FOURIER TRANSFORM: 


KEY IDEAS

See Who is Fourier Ch. 12
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http://www.dspguide.com/ch8/1.htm

http://www.dspguide.com/ch8/1.htm
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Here we generalize to 

arbitrary (finite) period T
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Rewrite Cn with our new formula 

and rename f(t) as g(t)
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