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“Nature has a great simplicity and thereforea .-/,
@ OFST}2  greatbeauty.” -R. Feynman s«
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“There exists a passion for comprehension... ' Sl
@ 3L Without this passion, there would be neither "’T
!

mathematics nor natural science.” - A. Einstein
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7| 2} (elementary particles) 2 AA=2|, =2
A ZA > HAt=E|, 2A=2|

Q1| Az > DH=2|, SHE=E =2

=20t > &2t R0 =2

gl a2 > 4ot ZFaFat

CtA| Al (many-particle systems) = E4|=2]
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ME2=2| (biophysics)

- 9]al=2| (medical physics)
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(@)10*° m

Limit of the (b)10"" m

ob:s'crvablc Distance to (€)10" m

universe the sun Diameter of
the earth

(d)I m . |
Human (e) 10~5 m 7 ‘
dimension Diameter of a ()10~1° m 7]
red blood cell Radius of an (810" i
atom

Radius of an
atomic nucleus
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Approaching speed of light (¢ = 3x10° m/s)

Speed

Grand Unification Theories (e.g., String theory ) f ?
tachyons?

Electromagnetic spectrum (wavelength)
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Quantum Field Theory
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@ No, not at all!
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- So, why not?
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@ Nobelprize. org
Priz © video @ Podcast &P About Us —

Nobel Prizes and Laureates Nomination Ceremonies Alfred Nobel Educational Events

The Official Web Site of the Nobel

Nobel Pozes and ﬁ‘ The Sveriges Riksbank Prize in Economic Sciences in Memory of w {&t‘l‘m
2 Alfred Nobel 1997 e

Laureates
Robert C. Merton, Myron S. Scholes Ihe ﬁ%ﬁ:g\ﬁgmﬁ
Prize in Economic Seir € 1997 > mf.‘épi&?.m onageing ol
Share this: IR E 3 [

v About the Prize in Economic The Sveriges Rikaank
S Prize 1n Economic Sciences

Summary a

press Release in Memory of Alfred Nobel 73 ! 1
Advanced Information %2014 Nobel Prize
Award Ceremony Speech 1997 Announf’eniehts

» Robert C. Merton

» Myron S. Scholes

All Prizes in Economic Sciences
All Nobel Prizes in 1997

'\ .
£

Robert C. Merton Myron S. Scholes
Prize share: 1/2 Prize share: 1/2

NOBELPRIZE QUIZ
The Sveriges Riksbank Prize in Economic Sciences in Memory of Test your Eavx'lc-clgt' about
Alfred Nobel 1997 was awarded jointly to Robert C. Merton and the Nobel Prize

Myron S. Scholes "for a new method to determine the value of derivativeg



uation he: J W Heat equation - Wikipedia l +

wikipedia.org/wiki/Heat_equation L ’ 4

< »

Statement of the equation [edi

Note: 1 ( Z,Y, 2, t) is not velocity. It is an arbitrary function being considered; often it is temperature.

For a function u(x,y,z,f) of three spatial variables (x,y,2) (see cartesian coordinates) and the time variable t, the heat
equation is

Ju *u  Pu  Ou

— - — = {)

ot (‘9-?+8y2+87

More generally in any coordinate system:

d_u —aViu=0

ot

where a is a positive constant, and A or V2 denotes the Laplace operator. In the physical problem of temperature
variation, u(x,y,z1) is the temperature and a is the thermal diffusivity. For the mathematical treatment it is sufficient to
consider the case a= 1.

The heat equation is of fundamental importance in diverse scientific fields. In mathematics, it is the prototypical parabolic
partial differential equation. In probability theory, the heat equation is connected with the study of Brownian motion via
the Fokker—Planck equation. In financial mathematics it is used to solve the Black—Scholes partial differential equation.
The diffusion equation, a more general version of the heat equation, arises in connection with the study of chemical
diffusion and other related processes.
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- 2 =a2E ISR = (0) - Archimedes’ Principle
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Science is a wonderful thing if one does not

have to earn one’s living at it.
- Albert Einstein
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"It is not the fruits of
scientific research
that elevate a man
and enrich his nature,
but the urge to understand”
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James C. Maxwell, in Edinburgh, UK
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@ some beautiful examples of symmetry

1= B s L
@ o E|olof| A H= o
Beauty is truth, truth beauty — that is all 7 ]'?
Ye know on earth, and all ye need to know.
- John Keats
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4 (symmetry) = "E81/d(invariance)
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Enjoy (the symmetries) while you can!
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Aol QoA = F=1ma

& Bo| 2=2} (i.e. £ H HH)

1. &2|H|0]E] Yol 1 4=

2. dz[y|o]ef orofl mAE 1. AelHIOIE 5o L

| - S8R U o

' I:ll-zl =(
E**ZPI &S =0
- F=mais in good shape!

2. dic|H{|0|E| otoj| DA =l 2t HA|
Era;(pr HE 5|o| §F = &4 4+ H}CHO|
EI-AXI.OI 7|-_._E O
 F=ma is in good shape!
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deHolE AN 2 F=ma

5 el #=4} (i.e. ZE HH)
1. de|H|o]e] JHof| 1=
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EI-AX'-OI 7|._._E > O
 F=mais in good shape!
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Galilean Invariance
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Invariant Variation Problems

Emmy Noether

M. A. Tavel’s English translation of “Invariante Variationsprobleme,” Nachr. d. Konig. Gesellsch.
d. Wiss. zu Géttingen, Math-phys. Klasse, 235257 (1918), which originally appeared in Transport
Theory and Statistical Physics, 1 (3), 183-207 (1971)."

Abstract

The problems in variation here concerned are such as to admit a continuous group (in Lie’s
sense); the conclusions that emerge from the corresponding differential equations find their most
general expression in the theorems formulated in Section 1 and proved in following sections.
Concerning these differential equations that arise from problems of variation, far more precise
statements can be made than about arbitrary differential equations admitting of a group, which
are the subject of Lie’s researches. What is to follow, therefore, represents a combination of
the methods of the formal calculus of variations with those of Lie’s group theory. For special
groups and problems in variation, this combination of methods is not new; I may cite Hamel
and Herglotz for special finite groups, Lorentz and his pupils (for instance Fokker), Weyl and
Klein for special infinite groups.! Especially Klein’s second Note and the present developments
have been mutually influenced by each other, in which regard I may refer to the concluding
remarks of Klein’s Note.

§ 1. Preliminary Remarks and Formulation of Theorems

All functions occurring in the sequel are to be assumed analytic, or at least continuous and contin-
uously differentiable a definite number of times, and unique in the interval considered.
By a “group of transformation,” familiarly, is meant a system of transformations such that for
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10 the Editor of The New York Times:

The efforts of most human-beings are consumed in the struggle for their daily bread, but most of
those who are, either through fortune or some special gift, relieved of this struggle are largely
absorbed in further improving their worldly lot. Beneath the effort directed toward the accumulation
of worldly goods lies all too frequently the illusion that this is the most substantial and desirable end
to be achieved; but there is, fortunately, a minority composed of those who recognize early in their
lives that the most beautiful and satisfying experiences open to humankind are not derived from the
outside, but are bound up with the development of the individual's own feeling, thinking and acting.
The genuine artists, investigators and thinkers have always been persons of this kind. However
inconspicuously the life of these individuals runs its course, none the less the fruits of their
endeavors are the most valuable contributions which one generation can make to its successors.

Within the past few days a distinguished mathematician, Professor Emmy Noether, formerly
connected with the University of Géttingen and for the past two years at Bryn Mawr College, died
in her fifty-third year. In the judgment of the most competent living mathematicians, Fraulein
Noether was the most significant creative mathematical genius thus far produced since the higher
education of women began. In the realm of algebra, in which the most gifted mathematicians have
been busy for centuries, she discovered methods which have proved of enormous importance in the
development of the present-day younger generation of mathematicians. Pure mathematics is, in its
way, the poetry of logical ideas. One seeks the most general ideas of operation which will bring
together in simple, logical and unified form the largest possible circle of formal relationships. In this
effort toward logical beauty spiritual formulas are discovered necessary for the deeper penetration
into the laws of nature.

Born in a Jewish family distinguished for the love of learning, Emmy Noether, who, in spite of the
efforts of the great Gottingen mathematician, Hilbert, never reached the academic standing due her in
her own country, none the less surrounded herself with a group of students and investigators at
Gottingen, who have already become distinguished as teachers and investigators. Her unselfish,
significant work over a period of many years was rewarded by the new rulers of Germany with a
dismissal, which cost her the means of maintaining her simple life and the opportunity to carry on
her mathematical studies. Farsighted friends of science in this country were fortunately able to make
such arrangements at Bryn Mawr College and at Princeton that she found in America up to the day
of her death not only colleagues who esteemed her friendship but grateful pupils whose enthusiasm
made her last years the happiest and perhaps the most fruitful of her entire career.

ALBERT EINSTEIN.
Princeton University, May 1, 1935.

[New York Times May 5, 1935]

Fete L we das Ty




Within the past few days a distinguished mathematician, Professor Emmy
Noether, ..., died in her fifty-third year. &

In the judgment of the most competent living mathematicians, Fraulein
Noether was the most significant creative mathematical genius thus far
produced since the higher education of women began.

In the realm of algebra, in which the most gifted mathematicians have
been busy for centuries, she discovered methods which have proved of
enormous importance in the development of the present -day younger
generation of mathematicians.

Pure mathematics is, in its way, the poetry of logical ideas. One seeks the
most general ideas of operation which will bring together in simple,
logical and unified form the largest possible circle of formal
relationships. In this effort toward logical beauty spiritual formulas are
discovered necessary for the deeper penetration into the laws of nature.

A. Einstein, in a letter of obituary for E. Noether to NYT
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I cannot believe that God is a weak left hander.

- W. Pauli
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Left Symmetry

Right Symmetry
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