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Innovation process

® Janusian o

® Sepcon

® Homospatial

Flight from Wonder: An
Investigation of Scientific
Creativity, A. Rothenberg
(Oxford U P, 2015)

The Creative Crisis: Reinventing
Science to Unleash Possibility, R.
B. Ness (Oxford U P, 2015)

How to Fly a Horse: The Secret
History of Creation, Invention,
and Discovery, K. Ashton
(Doubleday, 2015)
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Richard Feynman 1918-1988

125 publications
54 technical papers

1938

[1] With M.S. Vallarta.
Scattering of cosmic rays by
the stars of a galaxy. Phys. Rev.
55:340-343.

1948

[7] Space-time approach to non-relativistic quantum
mechanics. Rev. Mod. Phys. 20: 367- 387.

[8] A relativistic cut-off for classical electrodynamics.
Phys. Rev. 74: 939-946.

[9] Relativistic cut-off for quantum electrodynamics.
Phys. Rev. 74: 1430-1438.

1949

[10] With J.A. Wheeler. Classical electrodynamics in
terms of direct interparticle action. Rev. Mod. Phys. 21:
425-433.

[11] With N. Metropolis and E. Teller. Equations of state
of elements based on the generalized Fermi-Thomas
theory. Phys. Rev. 75: 1561-1573.

[12] The theory of positrons. Phys. Rev. 76: 749-759.
[13] Space-time approach to quantum electrodynamics.
Phys. Rev. 76: 769-789.

1988
[122] An outsider's inside view of the Challenger
inquiry. Physics Today 41(2): 26-37.
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Bell Labs, Murray Hill A 14t

Alexander
Graham Bell

Leave the beaten
track occasionally
and dive into the
woods. You will
be certain to find
something that
you have never
seen before.
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Rainbow formation: Science at phenomenological level

No God
Rational thinking
Need to ask why

Consistent with lab
experiments



Need asking why

|

Empirical

Phenomenological

Bottom-Up

BERAK =B K

Gas: An example

Gas law: PV =kT

From “conservation of momentum” and a few simple assumptions about the
material (without the knowledge that gas are made up of molecules), can derive

Navier-Stokes Equation:

plov/ot+ (V2] = -Vp+u~72v+f

1. Kinetic gas theory [can re-derive the above equation and relate the parameters (o, /1) to
molecular properties]

2. Monte Carlo simulations (starting from molecules)
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Thales (c624-c546BC)

® Father of science

® Everything is made of water

Guanzi ( ?-645BC)

® Chinese philosopher

® Everything originates from water

“HE, AR, AR R W, K.
BEAH. BRZETAEN. KE, A,
Wk B . HE K, B, o




® Thales: Asks why and gives explanation

® Guanzi: Does not ask why

® The basic step in science is to ask why

® The Socrate’s Method in science: Keep asking why

Not asking why is the major reason that ancient Chinese science remains at the
empirical level (called Natural History in West and {#47%# in Chinese), without going deeper
into analytic science like in the West.

Not asking why (encouraged by emperors) is part of the Chinese culture starting from
ancient times since Confucius.
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Science is humans’ effort to understand nature
without bringing in God or any supernatural

Science = Natural Science

= Science of nonhumans + Science of humans

. ~ J - ~ J
“Natural Science” Scimat
A
— ~

Humanities + Social Science + Medical Science

The proper image of science: : :
Two linked animals Ancient China has

science, which is
Chinese medicine (has
data, experiments,

theory—which need not
be correct later)

(not test tubes or nuclear symbol...)

Scimat “Natural science”
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The trail of the little people
Short and small-brained, even compared with classic Homo erectus, the Dmanisi people or their immediate
ancestors emerged from Africa and migrated thousands of kilometers into Asia.

177¢m Homo sapiens

Homo erectus

159

R AR

Dmanisi

152
146

To the ends of earth
By following a trail of stone tools and fossils, researchers have traced possible routes for the spread
“of early Homo out of Africa to the far corners of Asia, starting about 2 million years ago.

Ain Boucheri
Algeria
2.2 myr
Yuanmou,
4 China
Hadar, L7 myr
s@QEtgl.liopia

2.36 myr
Turkana, y
Kenya Omo,
1.9 myr Ethiopia

2.4 myr
Olduvai Gorge,
Tanzania
1.85 myr

myr - million years ago

Earliest known migration
out of Africa



Greece

B ARE F B B

China

About anything

Freedom of speech
Supported by slavery

Analytic

Debate

Socratic method

Mostly about social harmony/stability

Lack of freedom of speech
“Feudal” kingdoms

Fuzzy/circular arguments (hu you, intentionally mislead)
Philosophers never wrote clearly or argued convincingly

No (or not much) debate
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® Ancient Greek philosophers didn’t need a regular job and lived in a
democracy, and so were free in picking topics in pursuing
acknowledge.

Ancient Greek philosophers cared about everything in daily life (and
the Universe) and wanted to understand (analytically) and solve
problems.

In ancient Greece, philosophy was the only discipline of learning
which actually was very successful (all disciplines today branched out
from it).
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In ancient China, unlike in Greece, philosophy was not conducted analytically. They
are more like Buddhist verses or “chicken soups” (called “Chinese wisdom” by others).

The philosophers, unlike the Greeks, never wrote clearly or argued convincingly.

When pressed, they will appeal to the will of Tian (“heaven”) or the good old ways
of the (barely existent) ancient dynasties.

All, except Zhuangzi, concentrated in ethics/morality issues because that was the
way to find a (government) job, unlike the ancient Greeks who didn’t need a job.

Mozi (not Confucius) is most relevant to China today.

Ancient Chinese philosophy is huyouism (Z.1% 3 X ), aiming to maintain social
harmony/stability instead of finding out the “truth” or advancing knowledge.

It is “useful” to a certain extent (but the longest dynasty—Tang from AD 618-907, lasts
just 289 years).
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Properties of polymer liquid crystals:
choosing molecular structures and blending

Witold Brostow*

Center for Materials Characterization and Department of Chemistry, University of
North Texqs, Dgntan, TX 76203-5371, USA and Department of Materials Engineering,
Drexel University, Philadelphia, PA 19104, USA
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Class w, conic molecules

Classes a— could be planar, or nearly two-dimen-
sional. Networks are typically three-dimensional, but a
planar class o molecule is possible, at least in principle.
By contrast, molecules in Class @ must be three-
dimensional. Their existence was predicted by Lin®? in
1982 but confirmed experimentally several years later®®%¢.
Names pyramidic or bowlic were proposed, but 1

eventually decided to adopt the name conic. Lin predicts®’

that these materials should have interesting electric
properties.

POLYMER, 1990, Vol 31, June 983

— 84 Lin Lei, Wuli 1982, 11, 171; Lin Lei, Molec. Cryst. Liq. Cryst.
1983, 91, 77
85 Zimmerman, H. Poupko, R., Luz, Z. and Billard, J. Z.
Naturforsch. A 1985, 40, 149
86 Malthete, J. and Collet, A. Nouv. J. Chimie 1985, 9, 151
—» 87 Lin Lei, Molec. Cryst. Liq. Cryst. 1987, 146, 41

POLYMER, 1990, Vol 31, June 993
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