
Historical Perspectives
Archimedes of Syracuse (287-212 BC)

• Mathematician, physicist, engineer, 

inventor, astronomer

• Leading scientist of classical antiquity

• Originated hydrostatics, mechanics

Archimedean screw, spiral, lever

• Discovered Archimedes’ principle

• Used infinitesimals, approximated Pi

• Designed siege and naval weapons

• Invented large number notation
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Eratosthenes (276BC-194BC)

• Chief librarian at Library of Alexandria

• Measured the Earth’s size (<1% error!)

• Calculated the Earth-Sun distance

• Invented latitude and longtitude

• Primes - “Sieve of Eratosthenes”

• Chronology of ancient history

• Wrote on astronomy, geography, history, 

mathematics, philosophy, and literature





An Ancient Computer: The Antikythera
• Oldest known mechanical computer

• Built around 150-100 BCE !

• Calculates eclipses and astronomical 

positions of sun, moon, and planets

• Very sophisticated for its era

• Contains dozens of intricate gears

• Comparable to 1700’s Swiss clocks

• Has an attached “instructions manual”

• Still the subject of ongoing research
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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

• Pioneered the scientific method, modern    

optics and experimental physics

• Polymath: authored over 200 treatises, 

including influential “Book of Optics”

• Influenced Leonardo da Vinci, Bacon, 

Descartes, Kepler, Galileio and Newton







Leonardo of Pisa (1170–1250)

• Better known as “Fibonacci”

• Considered the most talented 

mathematician of the middle ages

• Published (1202) “Liber Abaci” –

“The Book of Calculation”

• Introduced Hindu-Arabic positional

number system in Europe

• Popularized Fibonacci sequence
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René 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

“Cogito ergo sum” - “Je pense, donc je suis ”

• “Discours de la Méthode” (1637) - one of the  

most influential works in modern science

• Pioneered the scientific method & revolution

“For it is not enough to have a good mind: 

one must use it well.” - Descartes
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Pierre de Fermat (1601-1665)
• Father of modern number theory

• Lawyer, Parlement of Toulouse

• Laid groundwork for calculus

• Contributions to optics, probability, 

and analytic geometry

• Fermat numbers, primes, perfect #’s

• Descartes’ Law of refraction

• Reponsible for many open problems

• “Fermat’s Last Theorem” (1637-1995)

• Recognized “principle of least action”

and “principle of least time” in physics

• Influenced Newton and Leibniz





Fermat Prize for Mathematics Research







Problem: Solve the following equation for X:

where the stack of exponentiated x’s extends forever.

= 2

X = 2
X

X
X

X

This “power tower” converges for:

0.065988 ≈ e−e < X < e1/e ≈ 1.444668

Generalization to 

complex numbers:

 X2=2 X=2





Problem: Given any five points in/on the unit

square, is there always a pair with distance ≤     ? 
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• What approaches fail?

• What techniques work and why?

• Lessons and generalizations



Problem: Given any five points in/on the unit 

equilateral triangle, is there always a pair with 

distance ≤ ½ ? 
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1

• What approaches fail?

• What techniques work and why?

• Lessons and generalizations



Problem: Given any ten points in/on the unit

square, what is the maximum pairwise distance? 

1

1

• What approaches fail?

• What techniques work and why?

• Lessons and generalizations
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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

• SI unit of pressure - “pascal”
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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”

• SI unit of force: newton

























Leonhard Euler (1707–1783)

• Invented graph theory

• “Bridges of Königsberg”, Prussia

• Eulerian tour

• Euler’s formula: V + F = E + 2

• Euler’s number: e

• Euler’s identity: eiЛ + 1 = 0

• Major contributions to analysis, 

algebra, calculus, number theory,

topology, optics, fluid dynamics,

mechanics, astronomy, education
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• Geographical information / GPS systems

Applications of Graphs

Leonhard Euler 
1707–1783



• Subway maps

Applications of Graphs

Leonhard Euler 
1707–1783

New York

Subway

London underground



• Computer networks

Applications of Graphs

Leonhard Euler 
1707–1783

Map of the internet, 2014



• World Wide Web

Applications of Graphs

Leonhard Euler 
1707–1783



• Social networks

Applications of Graphs

Leonhard Euler 
1707–1783



• Graph databases

Applications of Graphs

Leonhard Euler 
1707–1783



• Electrical grids

Applications of Graphs

Leonhard Euler 
1707–1783



• Integrated circuit design (VLSI chips)

Applications of Graphs

Leonhard Euler 
1707–1783



• CAD / building HVAC design

Applications of Graphs

Leonhard Euler 
1707–1783



• Semantic nets

• Finite automata

Applications of Graphs

Leonhard Euler 
1707–1783

vertices ≡ objects

edges ≡ relations

vertices ≡ states

edges ≡ transitions



• Time / space complexity classes

Applications of Graphs

Leonhard Euler 
1707–1783

Deterministic
polynomial time

Deterministic
linear time

Poly-logarithmic time

Context
-sensitive

Deterministic 
context-free

Regular

Deterministic
logarithmic space

Non-deterministic
logarithmic space

Empty set

Context
free



• Map coloring

Applications of Graphs

Leonhard Euler 
1707–1783



• Erdős numbers - “6 degrees” of separation

Applications of Graphs

Leonhard Euler 
1707–1783

vertices ≡ authors

edges ≡ co-authors

vertices ≡ actors

edges ≡ co-actors



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

• Contributed to algebra, mechanics, optics

• Formulated Hamiltonian mechanics

• Discovered quaternions, conical refraction, 

Hamilton function, Hamilton principle,

Hamiltonian group

• Invented “Icosian Calculus”, dot & 

cross products, Hamiltonian paths

• Influenced computer graphics, 

mechanics, electromagnetism, 

relativity, quantum theory, vector 

algebra





Non-commutative: ij=k   ji=-k



Octonions: Generalization of Quaternions
• Non-associative! (e.g., (ij)K=-E E=i(jK))

• Discovered by John Graves (1843), friend of Hamilton

• Useful in general relativity, quantum logic, string theory

Mnemonic diagram for 

unit octonions products



“The real numbers are the dependable breadwinner 

of the family, the complete ordered field we all rely 

on. The complex numbers are a slightly flashier but 

still respectable younger brother: not ordered, but 

algebraically complete. The quaternions, being 

noncommutative, are the eccentric cousin who is 

shunned at important family gatherings. But the 

octonions 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



Sedenions: Generalization of Octonions
• Non-alternative! (i.e., x(xy)=(xx)y doesn’t hold)
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Theorem: some real numbers are not finitely describable!
Theorem: some finitely describable real numbers are not computable!

Generalized Numbers



Problem: Are the complex numbers closed under 

exponentiation ? E.g., what is the value of ii?
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ii is multi-valued!
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eix = cos(x) + i sin(x)


