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Tosolve the UV catastrophe Planck assumed

1 Light comes in energy quanta

2 quantumof light of freq w has size hw

size of quantum α w

Specialrelativity

X R t x IR x y z IR M
at griem

got dt dx dy dz

at t.net Xhncooras TIiiiIj
Lorentz group

fffffe

50 1,3

symmetries of IRY Scor

do not preserve decomposition R IR R
E p























































































canonical quantity Ip 11 EIPT restmass

for massless particle Up11 0 i e E IPI
moving at max speed c speedof light

Planck's assumption consistent with Ex W

IP W

and so ofsingletypefphoton particle

Massive partiile energy
when

E 1512 m

E m 1p
É

Test spatial momenta

massless particle E Ipp























































































Lie groups in classical Quantum theory

1 Angular momentum

so far we considered X 9 config sp w Riem metri
TAX phasespace

if X is space on spacetime

X linear momenta

modeling
a particle moving in X

FL

model a more complex object rigidbody
with orientation in space






























Need to enlarge config space Assume oriented

config x F x point in X space

F frame for TX

a frame is lordered orthonormal basis romp w orient

Die
n config.pe Theframe bundle of X g

fibre over

we Y.cat the
pridep
base

This type of bundle is called a

Principal Socn bundle
if dim

i e 50 n Rotationgroup in n dimensions

acts on the bundle Y



Freely Transitively on each fiber

i e given a pair of o.o.in frames Fi Fz x

g e 50cm st Fig Fz

we can think of Y as a family of copies of socn

param by X but these copies have no preferred

identif w Solu the fibres are affiffares for
son

The rigidbody is modeled by a point in Y

Problem we need a Hamiltonian f H on T Y
e g need a Riem metric on Y instead of X

How to build a Riem metric on Y

1fffm on



V TY TX 0

all ofthese vector bundles carry an action of 50in

Action of 50in on Y

P 50cm x y Y

1 y y
1,50am

dp soln xo TY

for eash X So n skew symm matrices

Resoln RRT 1 detR 1

Fiff
ÉÉfÉ RRT RRT 0

R
R RT 0

R is skew symm



dp X defines a ventor field on Y

Vx infinitesimal action corresp to

50 41 action or Y
this vector field is vertical

generated by action vector fields Vx
TY X o

Yx 50 n

p g
want Riem metric

on TY

HE

TX have
Riemmetric

ont

strategy choose a splitting
TY TX V

provided by Levi Civita coma

on X



want a pos def inner prod
on 90 n Lie alg

finally gx
k given a Riem metric

onY



when lie algebra of is

semi simple solut is

There is a canonical choice of
inner product killing form

for soln this represents the

motion of a uniform Rigid body

In general the choice of it

is the moment of inertia tensor of
the body


