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Three laws describing the relationship between 
mass and acceleration.

 Newton’s first law (law of inertia): An object 
in motion with a constant velocity will 
continue in motion unless acted upon by some 
net external force.

 Newton’s second law: Introduces force (F) as 
responsible for the  the change in linear 
momentum (p): 

  Newton’s third law (law of action and 
reaction): The force exerted by body 1 on body 
2 is equal in magnitude and opposite in 
direction to the force that body 2 exerts on 
body 1.

Isaac Newton (1642-1727)



Electromagnetism
Contributions made by:
• Coulomb (1736-1806)
• Oersted (1777-1851)
• Young (1773-1829)
• Ampère (1775-1836)
• Faraday (1791-1867)
• Henry (1797-1878)
• Maxwell (1831-1879)
• Hertz (1857-1894)



Thermodynamics
Contributions made by:

• Benjamin Thompson (1753-1814)
(Count Rumford)

• Sadi Carnot (1796-1832)
• James Joule (1818-1889)
• Rudolf Clausius (1822-1888)
• William Thompson (1824-1907)

(Lord Kelvin)



Optics

Contributions made by:
• Isaac Newton (1642-1742)
• Christian Huygens (1629 -1695)
• Thomas Young (1773 -1829)
• Augustin Fresnel (1788 – 1829)



Modern 
Physics

• Physics changed drastically in the early 
1900’s

• New discoveries —
Relativity and Quantum Mechanics

• Relativity
• Changed the way we think about space and 

time

• Quantum mechanics
• Changed our conceptions of matter.



1900: 
•Max Planck 

proposed theory 
about black-

body radiation

1918: 
•Max Planck won 

Nobel prize in 
physics

1913: 
•Neils Bohr 
proposed 

atomic 
structure theory

1921: 
•Won the Nobel 
Prize in Physics 

for his discovery 
and 

explanation of 
the law of the 
photoelectric 

effect.

1905:
•Albert Einstein wrote 

the paper, "On a 
Heuristic Viewpoint 

Concerning the 
Production and 

Transformation of 
Light“; proposed the 

idea of energy 
quanta dealing with 

the photoelectric 
effect. 

1922: 
•Neils Bohr 
won Nobel 

Prize in 
physics

•Stern-
Gerlach

Experiment 
(Verified the 

space 
quantization 

theory) 

1924:
•Louis De Broglie 

published his 
doctoral thesis, 

“Recherches sur la 
théorie des 

quanta”, which 
introduced his 

theory of electron 
waves. 

1929: 
Louis De 

Broglie won 
the Nobel 

Prize in 
Physics for 
hypothesis. 

1933:
•Otto Stern 

measures the 
magnetic 

moment of the 
proton 

•Schrodinger 
wins Nobel 
prize for his 
Schrodinger 

Equation

1936: 
Publishes 
paper on 

Wave 
Mechanics 

and 
Schrödinger's 

Equation 

1925:
•Heisenberg 

developed the 
Heisenberg 
Uncertainty 

principle 

•Wolfgang 
Pauli 

developed the 
fourth quantum 

number- the 
spin number 

1932: 
•Werner 

Heisenberg 
won Nobel 

Prize in 
physics

1943: 
•Otto Stern 

receives Nobel 
prize in Physics 

1944: 
•Wolfgang 
Pauli won 

Nobel Prize in 
physics

1940: 
Pauli proves 
Spin-Statistic 

Theorem



• Won the Nobel Prize in Physics in 1921 
for his discovery and explanation of 
the law of the photoelectric effect

• Widely regarded as one of the greatest 
physicists of all time

• Formulated the theory of relativity and 
made significant contributions to 
quantum mechanics and statistical 
mechanics

• Also famous for formulating E = mc2

Albert Einstein



Nazi Atomic Bomb 
Project









Bohr-Einstein Debate 1927 Solvay conference





Some Quantum Quotes

God does not play dice with 
the universe. – A. Einstein

It is not the job of scientists 
to prescribe to God how He 
should run the world. – N. Bohr

Einstein said that if quantum 
mechanics is right, then the world is
crazy … Well, Einstein was right.  
The world is crazy. – D. Greenberger

Most physicists are very naive; most 
still believe in real waves or real 
particles. – A. Zeilinger



Quantum phenomena are neither waves
nor particles, but are intrinsically 
undefined until the moment they 
are measured.  -- J. Wheeler

All of these QM quotes are taken from “Quantum Philosophy” by John Horgan
in the July 1992 issue of Scientific American, pages 94-102.  

“… I think I 
can safely say 
that nobody 
understands 
Quantum
Mechanics.” ---R. Feynman





Quantum State: [0][0] & [1][1]

John Bell (1964)

Any possible “completion” to 
quantum mechanics will violate 
local realism just the same



Classical versus Quantum

Phase space

Continuity

Newton’s laws

Local Realism

Determinism

- Does this mean that the classical world is substantially different from 
the quantum world?

Hilbert space

Events, ”Clicks”

Schrödinger + Projection

Violation of Local Realism

Randomness

- When and how do physical systems stop to behave quantumly and 
begin to behave classically?



Physics 
Chemistry
Computer Science

Electrical Engineering
Mathematics
Information Theory

Quantum
Mechanics

Information
Theory

Quantum Information Science

A new science for the 21st Century?

20th Century

21st Century

First idea of quantum 
computing- 1982
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Super-secure Quantum Communication between 
China and Austria



China Super-Project: Quantum Internet until 2021



New Quantum Technologies

Quantum 
Computer

Imaging

Space Science
Atomic Clocks

Big data analysis

Security

Artificial 
Intelligence

Energy

Information 
Storage

Internet

Game and Media
Medicine

Cryptography

Sensing

Communications

Psychology



General Relativity vs Classical Physics



• Gravitational waves are one of the most interesting 
predictions of general relativity, and provide an 
unprecedented probe of extreme gravity 
environments in the Universe.

• There are many potential sources of gravitational 
waves for our detectors, ranging from binary star 
systems to supermassive black hole mergers to 
cosmic string cusps.

• Our first direct gravitational wave detection via 
Advanced LIGO interferometer.

• Now, we stand to learn a great deal about systems 
that are inaccessible to electromagnetic telescopes. 

Listening to the cosmos via Gravitational 
Waves



Gravitational waves: differences from 
EM

→ A fundamentally different way of observing the Cosmos!

Electromagnetism: Gravity:
• A strong force, but with

opposing charges ( + and - )
• A weak force, but with

only one charge (mass)

• Fields built up incoherently from
microscopic charge separations

• Fields built up coherently from
bulk accumulation of matter

• Waves are easy to detect, but
easily blocked

• Waves are hard to detect, but
pass undisturbed through anything

» Show the surfaces of energetic bodies » Reveal the bulk motion of dense matter

» Wavelengths larger than the source » Wavelengths smaller than the source

• Used to construct images of
celestial objects

• Can be though of as sounds emitted
by those objects



Einstein Unification Theory
(unsuccessful)



30

Unification of Forces
• Maxwell unified the electric and magnetic forces as fundamentally 

the same force; now referred to as the electromagnetic force

• In the 1970’s Glashow, Weinberg, and Salem proposed the 
equivalence of the electromagnetic and the weak forces (at high 
energy); now referred to as the electroweak interaction



Stephen Hawking- Once believed that it was 
inevitable, now he believes it is improbable



Strongest possibilities for a ToE
• String Theory/M-Theory
• Loop Quantum Gravity

Difficulties
• Super-symmetry was expected to be discovered by now

• The large number of dimensions are have never been 
detected

• It doesn’t make any precise predictions
• Difficulty of Testing Theories



Life and Consciousness

Can Modern Physics help to explain Life and 
Consciousness?

Big Questions of Science



1942

Quantum Theory in Biology?



Markus Arndt Anton Zeilinger



Single Photon Detectors 
in the Eye Olfaction

Migratory BirdsPhotosynthesis Quantum Effects in DNA

Ion Channels

Hearing



Leonard Susskind
Edward Witten

Gerard t’Hooft
Lee Smolin

Carlo Rovelli
George Ellis

Roger Penrose

Steven Weinberg
Lisa Randall

John Stachel

A Theory of Everything?
Nature 433, 257-259 (20 January 2005)



The Role of Foundational Physics in Future 
Sciences??!!
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