Computational Universality

Theorem Many other systems are
equivalent to Turing machines.
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Computational Unlversallty
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Computational Universality
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http://upload.wikimedia.org/wikipedia/commons/d/d3/Electrionics_Analogy_-_Pressure-activated_valve_(Transistor).svg
http://upload.wikimedia.org/wikipedia/commons/0/04/Electrionics_Analogy_-_Example_Circuit.svg
http://upload.wikimedia.org/wikipedia/commons/5/5d/Electrionics_Analogy_-_Valve_(Diode,_conducting).svg
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AT ONCE, JUST LIKE THEY SAID, I FELT A TRULY, THIS WAS
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Blueberry Muffin Turing Machines




Blueberry Muffin Turing Machines
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Universality of Billiards
Theorem Billiards i1s computationally universal

Billiard-ball model of AND gate

- 1-in
1-in based on « Conservative Logic, Fredkin, Toffoli »—
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Corollary. Pool | S
Corollary. Newtonian mechanics is universal!



Orbital Mechanics

New solutions to gravitational-Hody problems:

Lunar Transit of Earth
NASA’'s EPOXI Spacecraft

Range to Earth = 31 million miles
Infrared-Green-Blue Color Composite

GANYMEDE 4:1

EUROPA 2:1
1O 1:1

® JUPITER

Observation Pl anet ary systems
Theorem Gravitational systems are chaotic & undecidak



_DHANNES KGOLER'S UpHiLL BATTLE _

£.50,You SEE THE.
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Orbital Mechanics
New solutions to the gravitationalbbdy problem:

D A

6 P

Theorem These orbits are stable! < E A

CENTAVOS A

LAS 10 FORMULAS MATEMATICAS QUE CAMBIARON LA FAZ DE LA TIERRA

Chris Moore: http://www.santafe.edu/~moore/gallery.htmi



Orbital Mechanics
New solutions to the gravitationalbbdy problem:

Theorem These orbits are stable! 2 e

CENTAVOS

LAS 10 FORMULAS MATEMATICAS QUE CAMBIARON LA FAZ DE LA TIERRA

Chris Moore: http://www.santafe.edu/~moore/gallery.htmi



Orbital Mechanics
New solutions to the gravitationalbbdy problem:

Theorem These orbits are stable!  }: L

CENTAVOS

LAS 10 FORMULAS MATEMATICAS QUE CAMBIARON LA FAZ DE LA TIERRA

Chris Moore: http://www.santafe.edu/~moore/gallery.htmi
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The ChurchTuring Thesis







The ChurchTuring Thesis

Q: What does 1t mean 0

x3+y3+273=33

The ChurchTuring Thesis Anyt hi ng t ha
comput abl e o-mackinexdmpurabld. u r i




The ChurchTuring Thesis
Q: Wingsi® N a n dheorepdt ? N

x3+y3+273=33

Undefined / informal taskgproduce (or even identify) good
music, art, poetry, humor, aesthetics, justice, truth, etc.




Things We Can Compute

Puzzles
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Things We Can Compute
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Things We Can Comput

Digits of Pi 4=, . =
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Things We Can Compute

Prlme numbers 2 3 4 5 6 7 8 9 10 Prime num bers

1 12 183 14 15 16 17r 18 19 20

Theorems 21 22 23 24 25 26 27fr 28 29 30

31 32 33 34 35 36 3F 38 39 40

$ anlnflnlty Of prlmes 41 42 43 44 45 46 4T 48 49 50

51 52 53 54 55 56 O&6F 58 ©B59 60

$ # pr|meS¢ n - N /Iogen 61 62 63 64 65 66 67 68 69 70

71 72 73 T4 75 T6 T7f T8 79 80

$ arbitrarily large primegapss @ « =« « @ « » -

92 93 94 95 96 97 98 99 100

101 102 103 104 105 106 107 108 109 110

Open problents

$ an infinity of prime pair? (i.e., p & p+2)?

Go | d b enrdetorgverified for all n<103):
every even integer >2 is tlsem of two prime#

Largest known printe2+3:.112.80y 1 (12, 97






Things We Can Compute

More prime numbers theorems
No polynomial yieldsonly primes.
N2+n+41 yields£0 consecutive primder 0 ¢ n ¢ 39.

The set ofprimes coincides exactwith the positive
values of the following 2&ariable polynomial:
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H‘, Dr. Elzabeth
Yeoh, vh... T accideatally fook
the Fourier transfocm of My cat ..
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DURING A COMPETITION, T
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LOOKING FOR THE BUG
BEFDRE THEY FIGURED




Things We Can Compute

Harmonics

Eclipses

A

When Im walking
I worry o lot

oyt the efficienty
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Things We Can Compute

Visualization Morphing




Wh at Canot We Con

“THEQE ARL ESSENTIAUY FOUR BASIc FoAMS FoR A Joke —
THE (ONCEALING OF KNOWLEVQE{S}\TEQ REVEALED, —P,ng:
SUSSTITATION OF ONE CONCEPT FoR ANOTHER, AR
UNEXPECTED CONCLUSION TO A LOGICAL PROGRESSIoN
New Yorker Magazine, Inc PND SLK)‘)IN(,‘ ON A P_)ANANA PﬁEL,‘\

Issuesnot welldefined, subjective, ambiguous



Wh at Canot We Con

Emotions

Q-7 cosQ =7

L do-?  [¢v-?

el

el

The heart has its
readensd which
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is useless here.

Blaite ?MG«,Q

Issuesnot welldefined, subjective, ambiguous
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Wh at Canot We Conm
Weather

YUCATAN
PEMMNINSULA

Brightness Te mp {K
_ _ 0 _
163 186 209 233 256 279 302 325

Issueschaos, msufﬁuent data undeC|dab|I|ty



Wh at

Tsunamis

Dec 2004trunami 225,000 dead
Energy: 9.5eratons 100ft waves




Wh at Canot We Con

Elections

N-Body systems

Galactic collisions

Lightning:



http://bugman123.com/Physics/GalacticPair.m1v
http://bugman123.com/Physics/GalacticCollision.m1v

Wh at Canot We Con

Diffussion

Issueschaos, insufficient data, undecidability
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Issueschaos, insufficient data, undecidability



Wh at Canot We Con

Turbulance

Issueschaos, insufficient data, undecidability



The Euler and@zr—Stokes equ@describe the motion of a fluid in R"
(n = 2 or 3). These equations are to be solved for an unknown velocity vector
w(x,t) = (ui(x,t))1<i<n € R" and pressure p(x,t) € R, defined for position x € R"
and time ¢ > 0. We restrict attention here to incompressible fluids filling all of R™.
The Navier—Stokes equations are then given by

9, ()U ()p ;

(1) Euz’+;uj$:j vAu,; — E+fz(’z 1) (z € R",t > 0),
" Ouy

2 1- , _ - (2 _ 0 l: E R'qut > 0

(2) A1V u ZZ; I (a t>0)

with initial conditions
(3) w(x,0) =u(x) (x e R™).

Here, u°(x) is a given, C'> divergence-free vector field on R", f;(x,t) are the com-
ponents of a given, externally applied force (e.g. gravity), v is a positive coefficient

T ()2
(the viscosity), and A = Y ——= is the Laplacian in the space variables. The Euler

equations are equations ( ) ( ) (3) with v set equal to zero.

Equation (1) is just Newton’s law f = ma for a fluid element subject to the ex-
ternal force f = (fi(x,t))1<i<, and to the forces arising from pressure and friction.
Equation (2) just says that the fluid is incompressible. For physically reasonable



Theory vs. Reality Chasms

- ou; 1,
Navieii Stokes equations 2 o, +Zuj azj — vAu; — 8—£ + fi(z, 1)

wave phase ©1/T= 0000
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Charles Fefferman

Waves follow our boat as we meander across the lake, and turbulent air currents

follow our flight in a modern jet. Mathematicians and physicists believe that an * Lecture by Luis Cafarelli (video)

explanation for and the prediction of both the breeze and the turbulence can be
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lecture about open mathematical problems at the second International Congress of

Mathematicians in Paris. This influenced our decision to announce the millennium
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nano? REAL HEY. REAL \WELL, REAL WO, REAL | |REAL PROGRAMMERS EXCUSE ME, BUT

PROGRAMMERS PROGRAMMERS | | PROGRAMMERS | | PROGRAMMERS | | USE A MAGNETIZED REAL PROGRAMMERS

USE emocs USE wim. VSE ed. USE cat. NEEDLE AND A USE BUTTERFLIES.

\ } [ ] STEADY HAND. \
{
THE DISTURBANCE RIFPLES  WHICH ACT AS LENSES THAT  [icE

THEY OPEN THEIR OUTWARD, CHANGING THE FLOW  DEFLECT INCOMING COSMIC COURSE. THERES AN EMACS
HANDS AND LET THE | OF THE EDDY CURRENTS  RAYS, FOCUSING THEM TO COMMAND TO DO THAT.
DELICATE WINGS FLAP ONCE. STRIKE THE DRIVE PLATTER '

iy

OF HIGHER-FRESSURE. AIRTD FURM,

OH YEAH! GOOD (L
Cox T Mebotterfly...

RRRRR)

DAMAIT, EMACS.




Simple Chaotic Systems

Compound pendulums

-0g  -06 -04 -02 0O 02 04 06 08

-0,%

-1,0 4

il a = = (/E] -2+ h=h=5=1m m=m=m=1kg,

—Fom+de1=0 = pw1=p@ cos| [T ¢ L=h=1m; m=m=1kg; b,001=11ad; p,(0)=2rad; ¢ (0)=3 rad;
_ . _ ood _d _ d _d _d _

f=1m: e0)=1rad: %MU}:U: T:;;HHT"” ~7s 0,(0)=2rad; 0,01 =3Frad; —e,(0)= Fe,(0)=0 (0= —0p(0) = —e5(0) =0

Issueschaos, undecidability




Simple Chaotic Systems: Fractals




