











































































































Past III Geodesics and all that

Toward a dim applications lecture 13
02116

22 Preliminaries

Review of relevant notions from
Differential Geometry minimalist
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Riemannian metric
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Rink I compact complete as a R M

any page can be connected by
a geodesic Chop f Ri now This

Ex 3 a minizing geodesic
use Angela Ascoli also will beclean later

In whet follows we will be interested
in two types of geodesoes connecting two
fixed pls p q and closed geoderdes
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Pinsk Not quite satisfactory
L is not smooth 124 not smooth

sea g I al notsmooth
But smooth at immersions
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length minimizing and critical pb
of L unless D pt
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unless R pt














































































































Ead As a critical pt 8 comes with
a natural peremetrizetion
E pics up a parametrize out
8 is parametrized proportionally to
are length to get from ploq
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Fait I Eso s t H p q c M

Sinjectivityfwith
pep glee

radius 3 unique mind geyoderve Vp q
connecting p to f WpqI pcpqs
Moreover ftp.q depends smoothly
on CP qleMxM
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Rink N is a geodeste in the sense ofDef 3

T.pt acceleration
This is how geodesics are usuallydefined
in R G

Rmd In the next two sections
we follow Bolt's Lectures on M T














































































































23 Closed Geodesics iI Cartan is Tbm

Mn closed Riemannian manifold

Recadi free homotopy classes M

MT

conjugacy clones in T M

it LM I 7 non contractible loops

Thintan it M 1

for any non trivial free homotopy class

fantasy a a closed geodesic in the
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Idea take the shortest loop in

as this geodesic or minimize E
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Recall 5,8 A ToCA connected
components
in A

N the connectedcomponent 5 3 21

Pf
Geodesic polygons broken geodesics
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get a broken geodesic g t peep
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Lecture 14
021 28

Instructive relation between ECTS e ELg

CF Ip Cpi Pit
depends on partition and parametrize h o
een be really small off

E g left L Pepi pit
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Rmd Pk approximates Esa in A

very well Chomotopy Cf when K
is large

Upshot Px an Pk Ck large
A
smooth manifold with
boundary i E q generic

P union of somekid connected components
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Idea Replace E by E on Pbs
soon see Cnit E Crit E
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Lemme Ve Crit E 8 is a closed
geodesic
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steps

i
z 0

I

summing up for each segment
we get
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Pf of in 212k similar in general
but need a bit

p Xt more D G
of see Milnoris book
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Rink what happens if Ed 1
The argument goes through
but gives a poiutgeodes.ie

Rusts some argument shows
The existence of a minimizing
geodesic between any two

points

Rink could have worked with E
on Pia just need to be a bit
more careful mean 0Pa
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24 ELXeodesies.IE
2usternik Fet Tmm

Bet what if T.CM _I

F
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T zanon coast closedgeodesic

The argument builds on the machinery
we developed in the pier section
Notes Now N is connected
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2 Need state exactly how Pu
approximates N

Lemme Fon ang u Z ko such thet

it Die P CA fan is io
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Now it suffices to take the same

k for all Ats

mex HddtA G Heo k
Ggp se

I
Risk In this construction and the original one

we did not specify how to
parametrize g
Gu parametrize wavelength

A loops parametrized wavelength

Deform 8 to g with whatever
parametrization referametrize














































































































3 Punchline
Take 831 so Alert Ii A o and

Ti CMI o By inD
Tak k so longe feet
Tiepa o exists by 2
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But if not A gets contracted into
court Me Pned by the anti opedflowloops 4
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