Historical Perspectives

Abu Ali al-Hasan ibn al-Haytham (965-1039
* AKA Alhazen or “The Physicist”
 Greatest scientist of the middle ages
 Contributed to mathematics, physics,
optics, astronomy, anatomy, medicine,
engineering, philosophy, psychology s AR
» Pioneered the scientific method, modern FESEEEE =R
optics and experimental physics e
 Polymath: authored over 200 treatises,
including influential “Book of Optics”
» Influenced Leonardo da Vincl, Bacon,
Descartes, Kepler, Galileio and Newton
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Historical Perspectives
|_eonardo of Pisa (1170-1250)
e Better known as “Fibonacci”

e Considered the most talented
mathematician of the middle ages

* Published (1202) “Liber Abaci” —
“The Book of Calculation™

* Introduced Hindu-Arabic posmonal
number system in Europe

» Popularized Fibonacci sequence
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Nicolai N. Vorobiev
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Historical Perspectives

Rene Descartes (1596-1650)

 Father of modern philosophy

* Invented Cartesian coordinates,
analytic geometry, heuristics

» Characterized paradoxes & falacies

 Discovered momentum conservation

» Authored “Principia philosophiae” :

* Pioneered methodological skepticism R

la verité dans lesfciences.

“Cogito ergo sum” - “Je pense, donc je suis ” | s siorrmiave
« “Discours de la methode” (1637) - one of the | jxesouemne
most influential works in modern science

e Pioneered the scientific method & revolution
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“For 1t 1s not enough to have a good mind: B T
one must use 1t well.” - Descartes ;
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Historical Perspectives

Pierre de Fermat (1601-1665)

o Father of modern number theory

 Lawyer, Parlement of Toulouse

» Laid groundwork for calculus

» Contributions to optics, probability,
and analytic geometry

e Fermat numbers, primes, perfect #’s

* Descartes’ Law of refraction

» Reponsible for many open problems

7K(: CESKA REPUBLIKA
o “Fermat’s Last Theorem” (1637-1995) B 1% e oe remmnr oo

* Recognized “principle of least action™
and “principle of least time” 1n physics
* Influenced Newton and Leibniz

2000 SVETOVY ROK MATEMATIKY
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THE YORK THEATRE COMPANY

JAMES MORGAN, ARTISTIC DIRECTOR CLAYTON PHILLIPS, HANAGING DIRECTOR presinis FERMAT’S LAST TANGO A NEW MUSICAL
HUSIC BY JOSHUA ROSENBLUM B00KBY JOANNE SYDNEY LESSNER LYRICS8Y LESSNER & ROSENBLUM
witi GILLES CHIASSON « EDWARDYNE COWAN + MITCHELL KANTOR * JONATHAN RABB
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Music by Joshua Rosenblum
Book by Joanne Sydney Lessner
Lyrics by Lessner and Rosenblum

THE YORK THEATRE COMPANY

A Musical Fantasy inspired by Andrew Wiles
and his encounters with Fermat’s Last Theorem

ollicking! Whimsical! Catchy & Clever!” - The New York Ti

OSNVL1SVT1S, 1VINY3A

QI!M M3IpUY YUIM M3IAIIU| ue Aq Pamoj|o]

A CMI production

VHS
P i

In 1993 Andrew Wiles stunned the world when he announced a solution to
“Fermat’s Last Theorem," the famous unsolved mathematics problem set forth by
Pierre de Fermat in 1637. In the musical Fermat's Last Tango, the fictional
character Daniel Keane earns overnight acclaim when he presents his findings.
However, fanfare soon gives way to doubt when the reincarnated Fermat
discovers a hole in Keane's proof. The singular pursuit by Keane to correct this
flaw results in a love triangle involving himself, his wife, and mathematics—the
story of which is brought to life by Fermat and his immortal friends from the
“AfterMath," namely: Pythagoras, Euclid, Newton, and Gauss. The musical is both
a cheerful romp through history and a personal confrontation with destiny. It
provides a testament to the extraordinary excitement of mathematics and its
unparalleled beauty.

The Composer Joshua Rosenblum
enjoyed mathematics while studying
music at Yale along with the author, his
wife Joanne Sydney Lessner. They both
take an active role in the New York
music community. This recording was
captured by David Stern and his gmmy
Award-winning crew during a

performance at the York Theatre
Company in New York City.
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Historical Perspectives

Blaise Pascal (1623-1662)

« Mathematician, physicist, philosopher

» Studied fluids, pressure, vacuum

» Helped pioneer projective geometry,
probability, and the scientific method

* Influenced modern economics

» “Pascal’s triangle”, “Pascal’s law”

* Invented hydraulic press and syringe

» Constructed a mechanical calculator

« Used humor, wit, and satire in writings

* Influenced Voltaire and Rousseau

* Inagurated the world’s first bus line

S| unit of pressure - “pascal”
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Historical Perspectives

Sir Isaac Newton (1643-1727)

« Mathematician, physicist, astronomer,
philosopher, alchemist, theologian

* One of history’s most influential people

 “Principia Mathematica” (1687)

* Invented calculus, theory of gravitation

* Founded “Newtonian mechanics”

 Discovered laws of motion, inertia

* “Newtonian fluid”, “Newtonian Universe”

« Advanced the Scientific Revolution

 Developed practical reflecting telescope,
theory of color, “Newton’s method”

S| unit of force: newton
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Problem: (1/4) + (1/4)? + (1/4)3 + (1/4)*+ ... =7
Find a short, geometric, induction-free proof.




Problem: (1/8) + (1/8)° + (1/8)3+ (1/8)* + ...=?
Find a short, geometric, induction-free proof.
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Problem: Are the complex numbers closed under
exponentiation ? E.g., what is the value of i'?

L _ 0.207879..

Ve

1 e = cos(x) + i sin

\/ e71:+2 kit

i' is multi-valued!
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Problem: Given any five points in/on the unit
square, 1s there always a pair with distance < % ?

7

« What approaches fail?
« What techniqgues work and why?
* Lessons and generalizations




Problem: Given any five points in/on the unit
equilateral triangle, iIs there always a pair with
distance <2 ?

OKCWJ now listen up. Nobody
geTs in here wi%w*answerms

the following question: A frai,

ves ‘F”uiladefphiq at 00 p.m, .
s fm“el'tn‘g at ©5 miles per hour. A
Another Train leaves Denver 1
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« What approaches fail?
« What techniqgues work and why?
* Lessons and generalizations

Math phobic’s nightmare




Problem: Solve the following equation for X:
Y
X =2

X
where the stack of exponentiated x’s extends forever.

« What approaches fail?
« What techniqgues work and why?
* Lessons and generalizations




Problem: For the given infinite ladder of resistors
of resistance R each, what Is the resistance measured
between points x and y?

41 have four geples
I give Two away, how
do T have |eft?

9 i
many

« What approaches fail?
« What techniqgues work and why?
* Lessons and generalizations
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Historical Perspectives

Leonhard Euler (1707-1783)

 |nvented graph theory

o “Bridges of Konigsherg”, Prussia

 Eulerian tour

e Euler’s formula:V+F=E+2

* Euler’s number: e

e Euler’s identity: e1+1 =0

« Major contributions to analysis,
algebra, calculus, number theory,
topology, optics, fluid dynamics,
mechanics, astronomy, education
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Historical Perspectives

Carl Friedrich Gauss (1777-1855)

“Prince of Mathematics”

Founded modern number theory

Authored “Disquisitiones Arithmeticae”
Fundamental Theorem of Algebra

Major contributions to astronomy, optics
electromagnetism, statistics, geometry
Gaussian distribution, Gaussian elimination
Gaussian noise, Gaussian integers & primes
Gauss’ Law, Gauss’ constant, “degaussing”
SI unit of magnetic field strength: gauss
Students: Dedekind, Riemann, Bessel
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Historical Perspectives

William R. Hamilton (1805-1865)
» Mathematician, physicist, and astronomer

 Contributed to algebra, mechanics,

» Formulated Hamiltonian mechanics
 Discovered quaternions, conical refraction,
Hamilton function, Hamilton principle,

Hamiltonian group

e Invented “Icosian Calculus”, dot & |

cross products, Hamiltonian paths

o Influenced computer graphics,
mechanics, electromagnetism,
relativity, guantum theory, vector
algebra

optics

" Here as he walked by
|l on the 1I6th of October 1843
1l Sir William Rowan Hamilton
1| in a flash of genius discovered
1| che fundamental formula for
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== k=1
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Octonions: Generalization of Quaternions
» Non-associative! (e.g., (1) K=-E = E=I(JK))
 Discovered by John Graves (1843), friend of Hamilton
« Useful in general relativity, quantum logic, string theory

x| 1| J | k|E|Il|J K

Mnemonic diagram for
JIK|E|-I'l=7| kK |=T] =I'|" unit octonions products




“The are the dependable breadwinner
of the family, the complete ordered field we all rely
on. The are a slightly flashier but
still respectable younger brother: not ordered, but
algebraically complete. The , being
noncommutative, are the eccentric cousin who Is
shunned at important family gatherings. But the
are the crazy old uncle nobody lets out of
the attic: they are nonassociative.”
— John Baez (1961-), physicist
works on spin foams
and loop quantum gravity
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Sedenions: Generalization of Octonions
(1.e., X(Xy)=(xx)y doesn’t hold)
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Generalized Numbers

‘4 N\
Al Finitely describable numbers H
.
"Hypernumbers A
4 - \\
4 9 —\
P = [ (Complex C 7+3Q
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Theorem: some real numbers are not finitely describable!
Theorem: some finitely describable real numbers are not computable!



