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organized around 2 open
questions

Q1 in subRiemannian geometry

is every geodesic
smooth

Q2 For the planar N bodyprob

Is every
braid type

realized

by a collision free zero

angular momentum
solution


















































































































E Hot off the press
posted yesterday

An Answer to Q1

Ne a sR structure

on 123 admitting as sR

geodesic which is C but

not c Explicity
s 55 2 s 05 01s

with s are length

SEE



W

















































































































































































this new news changes

my
talk talk structure

what you see here is

culled from the planned

talk The given talk
deviated at various times

Tartwoveriew
of my

career
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         UNDER THE SPELL 
OF THE 

PRINCIPLE OF LEAST ACTION

P. de Fermat, P.L. Maupertuis, 
J.L. Lagrange, W.R. Hamilton 
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subtitle

an actual book



ety
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t’Hooft Atiyah Singer

Uhlenbek Taubes Donaldson
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Method: Given a compact 4-manifold, attach to it 
the moduli space of solutions to a certain non-linear 
PDE over M.   One component of this moduli space 
was M itself! From properties of this moduli space 
one could conclude surprising theorems about M.

I witnessed a revolution. Gauge theory from physics invaded differential geometry 
and topology and remarkable advances were made. 
  I was a grad student in Berkeley from 1980 to 1985. 
Taubes was there. Singer was there. A PDEs arising in  gauge theory  
became employed to say remarkable things about 4 dimensional topology.

 This  PDE is  the ``anti-self-dual Yang Mills equations’’.  G.  
t’Hooft gave the first example of solutions.  The conformal group 
acts on the solutions, and as a result they concentrate.  Taubes 
showed how to glue these concentrated ’t’Hooft instantons onto 
any 4-manifold M, provided ``b_{2 +} = 0’’ 

the anti self dualKung Mills
egg



To define a gauge theory
a

In highenergyphysics

S electromagnetism elentroweak

G 5012 weak

G 5013 strong

spacetime 5
base space

total space locally SxG










































































































Connections on p bundles

gauge fields

G inv choice of horizontal

I

l d

way
to lift horizontal

paths from S to Q










































































































TqQ
fiber TTYmt G.ae

dth fHq
7

Tmm
7

TQ V H G invariant splitting
defines connection

T horizontal space
vertical space
Ker TI

hat

hq
as

hav

qAS

9

Hq imby Ker A

Eat



A loop

in
her lifted to

total space need not close up
Parameterize loop t in S
a co I

Then lift q
t satisfies

T q 1 T q O

51 911 g 910
some g

E G

This g
is called

the holonomy of the

loop c as basedat910



Picture

holonomy
Irf



An example we can

draw

Q 1123 IR X IR
S G

so G IR additive group

Connection planes

Dexy z
Ker dz alxyldy

span 2 2 acyl

2
1 0,0

etc



Two-plane fields in 3-space: {dz �A1(x, y)dx�A2(x, y)dy = 0}

provided: the two-planes don’t go vertical: 

and they are invariant under z-translations

@

@z
/2 D(x, y, z)

(here: A1dx+A2dy = ydx)

`distribution’, D one-form,  ✓

D can be put in this form, 



Here G IR S IR Q 113 112 11

For connection field of two planes
spanned by 1 0,0

2

Y 2 alx y 0,1 93

If annihilated by dz alxyldy
Horizontal curve

curve tangent to

H Span X Y

so if 84 xH1ylt 241

is horizontal then

8 u X uzY
4 42 fun of
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ii g
C curve in 1122

say
XH yet

defines 8 XH y
t 2 1

by z t zco fact y
t got

a dz ady
if c is a loop in 1122

say CCO
CI

407 then

L ΔZ z 1 z O
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fady
If deady

2 store'sthe

disc

SSBdxidy

where B 2

N B
X Y 2 22 923

2 9 2

Bit Y 23



Titomy about a

S curvature

curvature Bdxdy
deady

here
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Falling cat wiki

idea

I heary

I heary
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Steve Zelditch

Alex Pines

Shankar Sastry
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talk
to him if

R.I.P

quantum
NMR chemist

Jerry Alan

talk to him

EECS contro t





WWu-yi Hsiang

Chris Golé
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shape space

cat consisting

of 3
mass points
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shape sphere

braids etc


