


“Physics iIs best way of uniting Mathematics.”

“Mathematics is best way of uniting Physics.”



€ Nobel Prize in Physics (1965)

"for their fundamental work in quantum electrodynamics, with
deep-ploughing consequences for the physics of elementary particles".

Sin-Itiro Tomonaga Julian Schwinger Richard Feynman
(JAP, 1906-1979) (US, 1918-1994) (US, 1918-1988)
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- R. P. Feynman
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€ Nobel Prize in Physics (1933)

"for the discovery of new productive forms of atomic theory"

Erwin Schrodinger Paul A.M. Dirac
(AUS, 1887-1961) (UK, 1902-1984)
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& =0y PLATO'S STANDARD MODEL

5=4+1
BxHA r:
BAHY e =
d12HAHN| == Unijverse Quintessence (HEHI£)
F20HY| e =
H8HN e 3T
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Johannes Kepler Joules Henri Poincaré
(ITA, 1571-1630) (FRA, 1854-1912)
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He| 2= S S2|= LAGRANGIANC Z T3

+ Feynman 2| path integral :
/Dg@ e—ifﬁ(go,ﬁugo)dda:

. QUHIATHM O|2 S = /RdV R :scalar curv.

Ry — %R G = L
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NOETHER?2| M|
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S8l 22 82 L(Q(s,1),Q(s,1),t) 7t ind. of s
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EINSTEINS| GENERAL RELATIVITY

81lex
Ry — %QWR +A g = — o L

|02t 7|5}

- Noether HZ|= Bryant-Griffith0| 2|5t0{ I YEts|
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Albert Einsteln
(DEU/USA, 1879-1955)

» Nobel Prize in Physics (1921)
*» Photoelectric Effect (9 June 1905)

*» Brownian Motion (18 July 1905)

Movement of pollen grains in water
s Special Relativity (26 Sep 1905)

* Mass-Energy Equivalence
E=mc2 (21 Nov 1905)

& 1905 Einstein’s
“Annus Mirabilis”
“Wunderjahr”
“Miracle Year”

100 years later...
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LAGRANGIAN MECHANICS2 HAMILTONIAN
MECHANICS

D= Z;_E H =pq5— L (lLegendre transicim)
q
oC _d (oL\_ . .. . OH . _0H
o dt \9q) P="3¢ 17 8
Euler-Lagrange eq. Hamilton eq
partial differential eq. ordinary differential eq.

- Hamilton-Jacobi-Bellman eq. (optimal control)

« Symplectic geometry
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& HI2®¥ A, Entropy, S Vv =
> GASHA Entropy (Clausius) /\C/
o P
AS :J‘ aQ
c T
C: reversible C: 7|&d x, olM x 7tX|e] B2

> &A% Entropy= 0% 4IH| (Boltzmann)

S—klogW  w:7bse 04| 90| =
< S7™ Entropy2| microscopic 0|3l

H = —Z P log p; 2 Ho|=|= Shannon entropy EHEQ| 7|t
i
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> Entropy /' 2 2 0| M T2 -

Shock wave, Ricci flow ...
(Singularity7} &@-d& Mf, 1xX& X|LtA] 52| 4dEH)
> Ergodic theory2| 7|%t
- Discrete dynamical system
- Tao S 0| 2|3} prime numberl| 2= 0f 23t 5t
> Information theory?| 7|4t
Shannon?| M2 0| &: data compression, communication
through noisy channel.
> GAUSH entropy2t HE entropyZt XM A, 22| Maxwell's
demonO[2f= 2= & &= U=
» IT from bit,
IT from Qubit (Quantum bit)
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AS — j dg,e,

Thermodynamic Entropy

Lﬁi—qgo

Clausius inequality
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Ookxloist
St L 0Y(a, t) :ﬁw(x,t) (Schrodinger picture)

- Ot
dOg (t I - . .
Z( ) = %[OH(t),H] (Heisenberg picture)
()
AQ-AAN>R/2,  [Q,A] = ih
B =2 i el 7 B ?
M st - Z g5 (path)/h A* Quantum
path Field Theory
"7 Quantum Gravity Vacuum

String

/Branes =P Casimir effect
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BELL INEQUALITY

(i)

e Quantum Information Theory= 2=2| =2|0f|A]

= Eol oft

24



SYMMETRY

- Lorentz group®| irreducible presentationO| spinz}

massO| 25104 parametrized EICtE AS 2 A

(Wigner; 24

» Discrete Symmetry <m=p ZAFLE

« Charge conjugation, parity,  time reversal
T 4 - X <mp-X U <mp-t
SF= CPTH =
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HX7 =t

+ Maxwell &4l

V-D=p,
o E =0,
James Clerk Maxwell
o2 | 0% P (UK, 1831-1879)
- T T e
0% A
VQA - 012 Ot2 — _IUOJ
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« Maxwell Z0f| 22 ot= N|Q|stl ME LR,

. = =
dp
V J+E_O (
dp oD
V J+E—V-<J B
oD
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UXIF X7 |8HQED)2 U(1) GAUGE O|2 (WEYL)

28tst  Yang=Mills gauge theory (non-abelian)
4= bundle 0|

Weinberg-Salam standard theory:
L=F+9¢@ D+o)y + (Dp)* + (lo]* — 1)°

Donaldson Theory, Seiberg-Witten, Gromov-Witten,
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BLACK HOLEZ} &5t

- === 20| EHH|este 25 7HX| 1 BEeltt

(S. Hawking) .
+ Black hole entropyZ} 20| B (Li2tA, HEA 2|0|7t RUCE)
* Holographic principle
* AdS/CFT correspondence

» Ryu-Takayanagi H2| : entropy=area of minimal submanifolds
- information} 7|5lE 1 Z
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 Partition function:

o Z o Bl

* Riemann zeta function:

=

((s) = =3
n=1
o FARA

- 2|0|2F 7} : ((s5) 2| nontrivial zero2| imaginary part=

quantum chaos2| 12210 EHSEICH
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RANDOM MATRIX

+ Wigner, 242 &0 Cligt 0|2, HF F&i6tH
random3ICt D 7}ESH= 70| L}
* Riemann hypothesis
Montgomery-Dyson
2|0|ZF HIEF gF+=2| 0 50| random H2| 1R 4f
=1 €2 d5= ot
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Hio| 3|& 1} Fourier

odl

Penrose2| quasicrystal (2|20 523 CES 7HE)
(&l2E &0l 5 &7 Fobs| SIULL)
- Riemann 7 (Bombieri-Taylor)

_ Shechtman?| gt

Hos| M R, — (€Y —sind AR -p ZAK}
sinff  cos6f
trRg € Z, 2cosfcZ =9 6§=0° 60°, 90°, 120°, 180°
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1O AS
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* Brownian motion = stochastic process
(20| 2XIZ O|F0{RICL)

» Black-Scholes eq.:

GATER NI 282V oV
ST — ——rV =0
8t+205882+r583 r

or % = udt + odW
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String theory— geometry2} algebra2| &

* loop space * vector bundles
* Virasoro algebra * K-theory
* genus expansion * moduli space

* non-commutative
geometry
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Quantum topology, knots, 3-manifolds, 4-
manifolds, twistor.

non-commutative geometry, automorphic
form, categorification.

t time (not z)

°| quantum amplitude
Chern-Simons
knot invariant
X‘/ - Ji = (W) Wi : Wilson operator
* particle moving |
on a knot generalized to

| | | — Khovanov homology
in 3-dimensional A|& 7t

35



a2 M|A| (72| < 107%%cm, AJZt< 10_43sec)

- ASZEIHEO] BIO1& (HEZ uncertainty principle)
(T2, =2 =0] At2rs,
MZZ st M2 ST|0|MFE AlSH ZAHFe S &
012 == UAO0{OF 2.

Quantum Geometry Amplituhedron
Quantum Information Theory positive Grassmannian
Z=5H = 42

Algebrati M 2E] (B2
Combinatorics2F &)
Geometry=

random matrix
=P semicircle law
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¢ QUANTUM GEOMETRY (7}4h

» Quantum Information TheoryE 7|HtC 2

>

Quantum Gravity, String Theory, Algebraic
Geometry, Conformal Field Theory, Riemannian
Geometry, Moduli Space, Riemann Surface
>=2| SE|eF #HE 9, F2|& Tt Or 7
MEZ 2t ME22 =

IT from Qubit.
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4 AMPLITUHEDRON
(mainly, Nima Arkani-Hamed (IAS))

> Positive GrassmannianOi| 7|
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FOFL|2F Quantum Mechanics =

9HSE A|Z2 N,
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¢ 0|51 2 =X
> c|o|gk 712

» High Temperature (HiTc) Superconductivity
otot ME22 %, M22 =¢|7l B& & k...
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F = ma, q - GNMm
r|?
06 " \0(0,0)
P OB
L= [ ol
Vv c N x =
i V x B = pod +
P=(t =)
T=q(z—vt) y=(Q1-p§)7""
g:y 3:1)/@
= 2
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c2 Ot
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oY(z, 1)

ih 5 Wiz, 1)
dOg (1) ;
O H
= m[ H(t), H]
AQ AN h
(i7" By — m)b(a) = 0
i St
R,u.l/ — 59;1.1/ Wi A- Gy — —C—4TTMV
/D zfoo d*xL[p(x)]
g = 2 -+ % == )

L=F+¢@i D+p)v+ (Do) + (Jo|* — 1)

as
dT =0
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