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What is basic science for?

Higgs

Large 
Hadron 
Collider

Approx. 13.5 billion dollars

         “That’s a large amount, but there are over 50 
billionaires on the Forbes list actually worth more than that.”
“When you combine the potential for advancing computer 
technology, medical imaging, and scientific breakthroughs, 
$13.25 billion seems like a bargain.”
“Especially when you consider the fact that on top of all of 
that, the Large Hadron Collider and its associated experiments 
are bringing us that much closer to understanding the 
mysteries of the universe.”

http://www.forbes.com/billionaires/
http://www.forbes.com/billionaires/


What is basic science for?

Faraday's reply to William 
Gladstone, then British Chancellor 
of the Exchequer (minister of 
finance), when asked of the 
practical value of electricity (1850), 
as quoted in The Harvest of a 
Quiet Eye : A Selection of 
Scientific Quotations (1977), p. 56

“One day sir, you may tax it.”

http://en.wikiquote.org/wiki/William_Gladstone
http://en.wikiquote.org/wiki/William_Gladstone
http://en.wikiquote.org/wiki/William_Gladstone
http://en.wikiquote.org/wiki/William_Gladstone


Quantum physics in the beginning of the XXth century

Moving forces: 
curiosity, passion

Planck

BornBohr

SchrödingerHeisenbergEinstein

PauliDirac



Changing the world...

Precision of one second 
in 10 million years!



“An estimated 30 percent of 
the U.S. gross national 
product is based on 
inventions made possible by 
quantum mechanics, from 
semiconductors in computer 
chips to lasers in compact-
disc players, magnetic 
resonance imaging in 
hospitals, and much more.”

Changing the world...



The laser
First demonstrated in 1960

“A solution in search of a 
problem”

(Arthur Schawlow, Nobel 
laureate, proposed laser in 
1958): “If, at the time of the 
invention of the laser, we were 
worried instead about the cure 
of cataract, we would never 
have had the idea or inventing 
a laser for that”

Schawlow



The idea factory...

"Basic research and applied 
research can pay tremendous 
dividends. It can lead to products 
and devices and innovations that 
change the world.”

Bardeen, Shockley, 
and Brattain - 1947

Schawlow Nyquist Shannon 



Basic research in industry today

Fields medal in 1986 for his work on the Poincaré conjecture



Science and culture

Les Demoiselles d’Avignon     On the Electrodynamics of Moving Bodies 
          Picasso, 1907                             Einstein, 1905

Arthur I. Miller -  Einstein, Picasso: Space, Time and the Beauty that Causes Havoc 
(New York Basic Books, 2001)



Einstein, Picasso, and friends
Einstein: study group on 
philosophy and physics, 
started in 1902, with 
mathematician Conrad 
Habicht and philosophy 
student Maurice Solovin - 
“Olympia Academy” - 
Discussions on Karl Pearson, 
Ernst Mach, John Stuart 
Mill, Henri Poincaré, David 
Hume, Baruch Spinoza, 
Miguel de Cervantes

Picasso: “la bande à 
Picasso”- André Salmon, Max 
Jacob, Guillaume Apollinaire

Olympia Academy

(1904)



Poincaré, Einstein, and Picasso



Science, art, beauty and culture
"It is impossible to make a 
clear cut between science, 
religion, and art. The whole 
is never equal simply to the 
sum of its various parts."  
Max Planck

"The most beautiful thing we can 
experience is the mysterious. It 
is the source of all true art and 
all science. He to whom this 
emotion is a stranger, who can no 
longer pause to wonder and 
stand rapt in awe, is as good as 
dead: his eyes are closed." 
Einstein



Role of Universities
Robert Bayer, Department of Applied Physics, Stanford 
University, former Vice-President for Research of 
Stanford University, former member of Science and 
Technology Council of the State of California

Photonics Spectra, p. 24-25, April 1999

“Q - What is Stanford ́s role on the Silicon Valley boom?
A - The myth is that Stanford́s technology is what made Silicon 
Valley successful. However, a survey of 3000 small- company CEO’s 
found only one in 20 companies used Stanford technology directly 
or indirectly in their start-up business. What Stanford contributed 
to Silicon Valley were educated, high talented students. It is in our 
interest, as a private research university, that the students 
educated at Stanford are successful in their chosen careers.”



New guidelines...
“...the long-term value of an education to 
be found not merely in the accumulation of 
knowledge or skills but in the capacity to 
forge fresh connections between them.... Yet 
we were struck by how little attention most 
departments and programs have given to 
cultivating this essential capacity ... If there 
is a single motivating principle that ties 
together the various recommendations that 
follow, it is our determination to breach the 
silos of students’ lives, to offer them an 
education that is more than the sum of its 
parts, an education equal to the unfathomable 
challenges and opportunities that await them.”



Lawrence Summers, President of 
Harvard, 2001-2006

''An educational culture where it's an 
embarrassment to not know the names of 
five plays by Shakespeare but O.K. not to 
know the difference between a gene and 
a chromosome isn't functional.''

1. Aesthetic and interpretive understanding         5. Science of living systems
2. Culture and belief                                   6. Science of the physical universe
3. Empirical reasoning                                  7. Societies of the world
4. Ethical reasoning                                     8. The United States and the world

New curriculum of HARVARD: Students must follow a course in 
each of the following groups (“activity-based learning”): 

New guidelines...



Education in Brazil



Science and economic crysis



What about Brazil?
Sectoral funds



Due to a subtle quirk of the evolution of the human species, 
the passion for science serves humanity, revolutionizes people’s 
daily life, affects social organization, ways and costumes.


