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This next slide is about the first pop quiz, which is 
coming soon, and is not directly related to FFTs 

(the first exam will be about FFTs)...



  

Bitwise XOR as a cipher itself

● Typically used by malware, 8 or 32 bits
● WEP attack uses these properties

● (B xor K) xor K = B
● (A xor K) xor (B xor K) = A xor B
● (0 xor K) = K
● (K xor K) = 0
● Frequency analysis or brute force



https://www.rfpage.com/what-are-radio-frequency-bands-and-its-uses/#google_vignette

https://www.rfpage.com/what-are-radio-frequency-bands-and-its-uses/#google_vignette


Representing wave as a complex quantity makes math easier.

https://www.oceanopticsbook.info/view/theory-electromagnetism/level-2/plane-wave-solutions#x1-1002r1

https://phys.libretexts.org/Bookshelves/Quantum_Mechanics/Introductory_Quantum_Mechanics_(Fitzpatrick)/02%3A_Wave-Particle_Duality/2.03%3A_
Representation_of_Waves_via_Complex_Functions

Euler's Theorem:

Plane wave

https://math.stackexchange.com/questions/144268/is-there-a-name-for-this-type-of-plot-function-on-complex-plane-vs-time-shown

https://www.oceanopticsbook.info/view/theory-electromagnetism/level-2/plane-wave-solutions#x1-1002r1
https://phys.libretexts.org/Bookshelves/Quantum_Mechanics/Introductory_Quantum_Mechanics_(Fitzpatrick)/02:_Wave-Particle_Duality/2.03:_Representation_of_Waves_via_Complex_Functions
https://phys.libretexts.org/Bookshelves/Quantum_Mechanics/Introductory_Quantum_Mechanics_(Fitzpatrick)/02:_Wave-Particle_Duality/2.03:_Representation_of_Waves_via_Complex_Functions
https://math.stackexchange.com/questions/144268/is-there-a-name-for-this-type-of-plot-function-on-complex-plane-vs-time-shown


← Wave number

← Phase shift

← Angular frequency,   is the
frequency in Hz and    is the period
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Complex waves are different...

https://sites.pitt.edu/~jdnorton/teaching/HPS_0410/chapters/quantum_theory_complex/complex.html

https://sites.pitt.edu/~jdnorton/teaching/HPS_0410/chapters/quantum_theory_complex/complex.html
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Fourier Transform & Discrete Fourier Transform (DFT)

https://www.nti-audio.com/en/support/know-how/fast-fourier-transform-fft

https://www.nti-audio.com/en/support/know-how/fast-fourier-transform-fft


https://wirelesspi.com/the-discrete-fourier-transform-dft/

DFT

https://www.gaussianwaves.com/2015/11/interpreting-fft-results-complex-dft-frequency-bins-and-fftshift/

https://wirelesspi.com/the-discrete-fourier-transform-dft/
https://www.gaussianwaves.com/2015/11/interpreting-fft-results-complex-dft-frequency-bins-and-fftshift/


Humans can hear frequencies up to 20 kHz

Spotify etc. sample music at 44.1 kHz



Cristopher Moore and Stephan Mertens. 2011. The Nature of Computation. Oxford University Press, Inc., USA.

FFT

https://www.hesliplabs.com/blog/writing-your-own-fft-for-python-amp-stm32

https://www.hesliplabs.com/blog/writing-your-own-fft-for-python-amp-stm32


https://nature-of-computation.org/

https://nature-of-computation.org/








Twiddle 
Factors



What is the 1-point FFT of each of these samples?

● x = [4]
● x = [-16]
● x = [7 + 5i]
● x = [9 – 2i]



What is the 1-point FFT of each of these samples?

● x = [4] → X = [4]
● x = [-16] → X = [-16]
● x = [7 + 5i] → X = [7 + 5i]
● x = [9 – 2i] → X = [9 – 2i]



2-point FFT of x = [7, 16]

Answer is X = [23, -9]
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Complex conjugatesNyquist frequencyDC component
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How to prepare for the FFT on the exam and pop quiz

● Check Canvas, I’ll post example exams and solutions
● The Nature of Computation, by Cris Moore and Stephan Mertens, 

pages 49–53
● Tons of YouTube videos
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