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Review



WAVES:

Waves: String is a simple model easy to understand, work out principles:


1) Newton’s second law of motion:  f = m * a



(heavier weights respond more sluggishly to same force)


2) Spring model of displacement:  f = k * y



(the restoring force is proportional to displacement)


3) 1&2 above lead to a simple differential equation “The wave equation” 



local acceleration  proportional to local tension gradient

 p24 Steiglitz

Sound in air is a messier model, but exactly the same equation

Wave equation implies 

- waves in a string all move at the fixed velocity



Proportional to square root of ( tension/density )



- waves in air move at fixed velocity (speed of sound)




Proportional to square root of (pressure of air/density of air)




About 1000 feet/second , 760 mph.





Faster in winter, slower at high altitude

- Such waves can move forwards or backwards.  (p 25)

Standing waves do both, in equal magnitude and -frequency



- the ONLY solutions for the wave equation are sine, cosine combo




and solutions are additive, arbitrarily superimposable




HENCE - ALL STRING WIGGLES AND ALL SOUNDS 





CAN BE REPRESENTED AS SUMS OF 





SINES AND COSINES OF ARBITRARY PARAMETER



- basic parameters: magnitude, frequency, period, wavelength, phase, speed




Important equations relating these equations: 

THE REPRESENTATION OF SOUNDS BY SUMS OF SINES AND COSINES, KNOWN AS FOURIER ANALYSIS IS THE FOUNDATION OF SIGNAL PROCESSING !!!!

Fourier series - is the decomposition of a sound into its distinct sin-cos wave components

Spectrum - is a profile of the amplitudes of the distinct sin-cos waves

Filters - amplify or diminish selected ranges of frequencies, e.g. low pitch (base) , high pitch, (treble)

COMPLEX NUMBERS AS A SIMPLIFYING TOOL:



Show that Re( z1*conjugate(z2)) = 0 iff (z1 perp z2)



Having established that sin and cos are the ONLY solutions:




Messy trig can be replaced by simple PHASOR,




 -  spinning vector with x,y components




-  call “y” component “imaginary”





this reduces spin geometry to simple multiplication:





j = sqrt(-1) corresponds to 90 degree rotation

Euler’s formula relates these domains, eliminates trigonometry:



exp( j*theta) = cos(theta) + j * sin(theta)

(proof by power series)

!!-----> Show phasors simulation

- Spinning single phasor, different omegas

- Pair of phasors


- same omega (same and different amplitudes)



:


- negative omega (same and different amplitudes)



:

- slightly different omegas: beat frequencies

- Aliasing: sample rate is less than Nyquist criterion


:

ch3:

Sampling and quantizing

companding

Aliasing: Demo phasors where sample rate is less than Nyquist criterion

NEW MATERIAL

ch7: -
-
-
-
-
-

p130-131 Derive Fourier series of a square wave


demo 3 components of sq wave added
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Following weeks:

pulses and buzzes

Doug lyon’s sawtooth wave (demo his program)

Fourier series and spectrum

DFT

FFT

Convolution

Filters

Java sound API & diffCAD

