
1846

1903

~1900

1865

1590

1687

Steam engines before 
thermodynamics
Planes before fluid 
dynamics

Newton
Principia Mathematica

Steam engines
Newcomen

Hurdle: Black body radiation

Hurdle:  Three body problem Poincaré reveals Chaos

Statistical mechanics
Boltzmann Maxwell Gibbs

Self-organization
Complex Systems

Fly planes 
virtually
Design materials 
on a computer

Challenge to reductionism; limits of bottom-up approaches

Agent based models

Engineering

IBM 360

Galileo
Birth of experimental 
Science tower of Pisa
Scientific method

Consider many particles/agents

The discovery of Neptune

Fluid dynamics 
framework settled
 ~1910-20

1903

1712
The many success of 
Newtonian mechanics

Science
Discover
Understand

Technology
Invent
Operationalize

Network science

The Age of Enlightenment

Go back to 
statistical 
mechanics

Thomas Hobbes
Physics of society

1964Turing Test
1950

Maxwell -Electromagnetism

1948

Up to here understanding drove prediction

Prediction liberated from understanding

Waterpower
Textiles 
Iron
Mechanization

Steam power
Rail
Steel
Cotton

Electricity
Chemicals
int.  Comb. 

Engine

Petrochemicals
Electronics
Aerospace

Digital Networks
Software
Biotechnology
New Media

AI 
Automation
Robotics
Clean Tech

Wright brothers
powered flight

Planck originates quantum mechanics

Shannon Math. Theory 
of Communication

Sadi  Carnot work 

Jacob Bigelow
First use of the 
word
Technology 1835

1824
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1630

1870

Artificial Intelligence

Algorithms
 Reveal Solutions

Thermodynamics 
came afterwards

1817 West Point

1824 Rensselaer Poly. Inst.

1861 MIT

1891 Caltech
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