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Introduction 

ÅStereotypical question from beginning math 
ǎǘǳŘŜƴǘǎΥ άǿƘŜƴ ǿƛƭƭ L ŜǾŜǊ ƴŜŜŘ ǘƘƛǎΚέ 
 
ÅTake a common (yet sophisticated) piece of 

modern technology: iPhone 
ïAnalyze places math is required to make it 
ïMath subjects colored in bold red 

 
ÅCan do the same thing for all parts of modern life 
ïtechnology, economics, agriculture, medicine, politics 
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Sound to MP3s 

ÅWhat is sound? 

ïMechanics of sound 

 

 

ÅHow does the human ear work? 

ïHuman range 20 - 20,000 Hz 

ïDecibels ς measured energy 
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http://upload.wikimedia.org/wikipedia/commons/b/bf/Tidens_naturl%C3%A6re_fig40.png


Recording Sound 

ÅNeed 20-20,000 Hz samples. 

ïNyquist-Shannon theorem:  

ÅNeed to sample at twice the rate 

ÅInformation Theory (founded by Shannon) 

ïThus need at least 40,000 samples per 
second 

Å44.1 kHz for CDs, gives 22,050 top 
frequency. 
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http://en.wikipedia.org/wiki/File:Claude_Elwood_Shannon_(1916-2001).jpg


How to store samples? 

ÅaŜŎƘŀƴƛǎƳ ƳŜŀǎǳǊŜǎ άōŀŎƪ ŀƴŘ ŦƻǊǘƘέ 
ïBit: Binary digit: stores a 0 or 1 in a base 2 number. 
ïDigitized to 16 bits, represent ς =65536 values from -

32768 to 32767, called Pulse Code Modulation (PCM, 
invented 1937). 
ïSometimes sampled at 20 bits. 

ÅPlayback is reverse mechanism. 
ÅNow ς how many bits to  

store a 4 minute song in stereo? 
Åττȟρππς ρφτ φπ ооуΣсууΣллл bits 

 (arithmetic) 
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http://upload.wikimedia.org/wikipedia/commons/b/bf/Pcm.svg


What does it mean? 

Å8 bits in a byte, so need 338688000/8=42 
million bytes, called 42 megabytes. 

 

ÅCD holds 700 megabytes, which means 

ρχ four minute songs, or a  

little more than 1 hour of audio. 
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http://en.wikipedia.org/wiki/File:CDlogo.svg


Compression 

ÅAt 42 MB per song, on your 16GB iPhone you could 
only get 16000000000/42000000=380 songs. What 
gives? 

 
ïModel human ear 
ÅSome sounds cannot hear 
ÅSome sounds easier to hear than others 
ÅTwo sounds at once, often cannot hear softer one. 
ÅEars ringing from previous sound, can ignore later ones 

ïThrow most audio out 
 

ÅHow do we get frequency information from audio? 
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Fourier Transforms 

ÅDecompose a wave into frequency bands: 

Ὢὼ
ὥ

ς
ὥÃÏÓὲὼ ὦÓÉÎὲὼ 

ïNote the ὥ  and ὦ tell how much at frequency 
άƴέΦ Fourier Analysis, Trigonometry, Analysis 

ÅAllows removing pieces  
ǿŜ ŘƻƴΩǘ ǿŀƴǘΦ 

ÅCompressed to 128 kb/s  
gives 22 fold improvement. 
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Computer Science 

ÅLambda calculus: evolved out of Leibniz and Hilbert 
ǉǳŜǎǘƛƻƴǎ όмфолΩǎύ Υ ǿƘŀǘ ƛǎ ŎƻƳǇǳǘŀōƭŜΚ 

ÅtƭŀŎŜǎ ŦǳƴŘŀƳŜƴǘŀƭ ƭƛƳƛǘǎ ƻƴ άƪƴƻǿƭŜŘƎŜέ 
ïGödel Incompleteness Theorems (Logic) 
ïHalting Problem (Turing, 1936). 

Å9ǾŜǊȅǘƘƛƴƎ ōŀǎŜ нΣ ŀƭƭ άȊŜǊƻŜǎ ŀƴŘ ƻƴŜǎέ 
ï.ƛƴŀǊȅ 5ƛƎƛǘ άōƛǘέ ς ŜǾŜǊȅǘƘƛƴƎ ƛǎ лΩǎ ŀƴŘ мΩǎ 

ÅAlgorithms (Discrete Math) 
ïP=NP worth $1,000,000, finding a way to do NP problems  

in P time worth billions of $ in applications. 
ïKnuth books ς created TeX to format his  

computer books, 3168 pages so far. 

(Math Aside #1) 
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Floating Point Numbers 

ÅComputers work with approximations to real numbers, 
usually called floating-point numbers 

ÅFormat: sign bit, exponent, mantissa 
ÅValue is ρ ς ρȢάὥὲὸὭίίὥ 

 
 
 
 
 
 

ÅNot quite like real numbers 
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Floating-point error 

ÅMany common rules fail:  
ïAssociativity can fail: ὥ ὦ ὧ ὥ ὦ ὧ 
ïTI-83 says: 

 
 
 
 

 

 
ÅMust understand how stored and what guarantees are 

given by your platform to make programs  
that ŘƻƴΩǘ fail in weird ways. 
ïNumerical Analysis 

 

ρ ρπ ρ ρπ  Correct 

 Incorrect 

ρπ ρπ  TI-83 can work with numbers this small correctly 

ρ ρ ρπ ρπ  Reordering terms makes it correct 
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