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OPENING SPEECH BY ALBERT EINSTEIN

Missing: 
NUCLEAR PHYSICS, 

COMPUTERS



Institute for Advanced Study, Princeton (1930)





Einstein, Leo Szilard



John von Neumann Kurt GödelAlan Turing

MATHEMATICAL LOGIC

“I'm thinking about 
something much more 

important than bombs, I'm 
thinking about computers”



Von Neumann and Oppenheimer at the IAS machine, June 10, 1952

IAS ELECTRONIC COMPUTER PROJECT

“At the Institute in 1946, there were 
no tangible assets relevant to 

computer development except books, 
brains, prestige, and high hopes.” 



THE LONG TAIL
High risk, high rewards

curiosity-driven, transformative 
discoveries and theories
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Intellectual depth



WHAT IS TECHNOLOGY?

• Everything discovered after you were born.

• Everything that doesn’t work.

• The dominant force that shapes and 
changes both nature and culture.

• The future is already here—in the minds 
and laboratories of scientists.



“One day, Sir, you may tax it.”

Michael Faraday's alleged reply to 
William Gladstone, then British 

Chancellor of the Exchequer, when asked 
of the practical value of electricity (1850).



New York Times, September 4, 1882



integrated circuits nanomaterials

lasers quantum computers

QUANTUM MECHANICS
30% of GDP



DOUBLING OF LIFE EXPECTANCY IN LAST 150 YEARS



CORONAVIRUS VACCINES



SUPERCONDUCTIVITY

Heike Kamerlingh Onnes, 1911



Fmri Scanners

Neuroscience

Maglev

Quantum Computers



SUPERCONDUCTING MAGNETS
Large Hadron Collider, CERN

HIGGS, 2012



DARK KNOWLEDGE
HIC SUNT DRACONES

Do we know what we don’t know?

Known Science



WEIGHT OF THE UNIVERSE: 95% UNKNOWN



FROM BUILDING BLOCKS TO DESIGN
From the 20th century to the 21st century



What we know we don’t know

What we know



What we can make



LIFE
Genes

MATTER
Atoms

INFORMATION
Bits

Genetic editing
CRISPR-Cas

Quantum technology
designer materials

AI, neural nets
deep learning



Gene therapy

Synthetic biology
Life 2.0

Bio-engineering
materials

Personalized medicine

GENETIC ENGINEERING



NANO & QUANTUM TECHNOLOGY
Confluence of life and technology



BIG DATA

MACHINE LEARNING

Moravec’s Paradox 
in computing

“The easy problems are hard, 
the hard problems are easy.”



DEEP LEARNING IN 
SCIENCE



FINDING MATHEMATICAL STRUCTURES IN COMPLEXITY

Which class of problems can be addressed?
What are the important problems?
How robust are the results?
Do they generalize?
Can we “understand” the structures?



IS AI THE NEW 
ALCHEMY?



Optics Aerodynamics

THE USEFULNESS OF TINKERING



“THE USELESSNESS OF USEFUL KNOWLEDGE”
From applications to experiments to theory

Steam engines Controlled 
experiments

Δ 𝑆 ≥ 0

Laws of 
Thermodynamics



ALCHEMY RECONSIDERED
Proto-chemistry?



“Curiosity, which may or may not 
eventuate in something useful, is 

probably the outstanding 
characteristic of modern thinking. 

It is not new. It goes back to 
Galileo, Bacon, and to Sir Isaac 

Newton, and it must be absolutely 
unhampered.” 

Abraham Flexner



“All the business of war, and indeed all the business of life, is to endeavour
to find out what you don't know by what you do; that's what I called 

guessing what was at the other side of the hill.”

Arthur Wellesley, the “Iron Duke” of Wellington



Imagination

Curiosity



Stereochemistry

JACOBUS HENRICUS VAN 'T HOFF (1852-1911)
First Nobel Prize in Chemistry, 1901



THE POWER OF IMAGINATION IN SCIENCE

Ampère, Bailly, Bonnet, Boyle, Crookes, Davy, Descartes, Flamsteed, 

Leibnitz, Newton, Priestley, Ramond, Schopenhauer, Wallace.

A Dr. H. van ’t Hoff of the Veterinary School at 
Utrecht has no liking, apparently, for exact chemical 
investigation. He has considered it more 
comfortable to mount Pegasus (apparently 
borrowed from the Veterinary School) and to 
proclaim in his ‘La chimie dans l’espace’ how the 
atoms appear to him to be arranged in space, when 
he is on the chemical Mt. Parnassus which he has 
reached by bold flight.



“Imagination is more important than knowledge. For knowledge is limited to 
all we now know and understand, while imagination embraces the entire 

world, stimulating progress, giving birth to evolution..” 


