





























































































































Recall A parametrized core x I S is called

a parametrized geodesic if Dad 0

For any nectar we Tps there is a unique
parametrizedgeodesic aw l e en S with No p ao w

Smooth dependence on initial conditions says that

for any wets I s such that we can

choose E oud E uniformly for K Wh L S

and moreover the map sending E Lattes
is smooth

The Given yes there is an e o such that

for all wet s with hols E aw exists for

time 1 and two depends smoothly on w

AS

Keylemma As long as both exist Low
t tw rt

r 0

T let Blt aw rt Then Blt r ai lot so

If
P B Dro ra r Dad o

B o r Na ru

p lo p

so by uniqueness of geodesics B trw

i e Now b Blts aw rt



Proof of theorem
T
By 8D OIC with W O I S E such that

two exists and depends smoothly on w for all

1W c f and o etc Er Then for all 14 bye
two t E Eets

which depends smoothly on w J

DI The exponential map of S at p is the

map expo this
S sending w to xw i

subset

where U is the open of W ETps for which

aw exists for time greater than l

We'll calculate deep v This is a linear

map To cut Teepee S To calculate it

T S Is
we need a carve ult in U take vets tu

Then
deep u ftp.exppltu 1,44

KEWEL.x.lt
V



We conclude

Prof deep is the identity and exp is a local

docomophism at 0

TIFT

DE A normal neighborhood of pas is a

neighborhood Vat such that exp maps
some

neighborhood of Oates doromaplically onto U

Rut exp TS S S

p u s exp u

has derivative at O in a chart

with repent to ITS IS 07ps

local dido
ion find

It 5 sit F e sit exp is a dato to Ux le



Levi Civita connection

length energy minimizes
are geodeains

Geodesics oud distance

Suppose Msg is Riem oud D is a metric connection

If g I M minimizes length between its endpoints

then f extensions y E I th w gal Poly
EE L

ads118s 0

0 Fsf F5dt JESSE
J 8s 80 RE 18s St

JILts.DE
e

If y
0 then minimious are D geodesics



Guus's lemma
r I I

If pen he normalabled r ill R is a lg r expkgs

woo
ath

tea Idot 1

PE Identity U w its image in I teeth so we've

dealing w a Punymetric g on d o

Let 2 In radial af By constr Dan
1

Note gig Sig t o c

4 g 12.27
1

T Ing 2,27 281122.2
0

If 912.21 Sig old 1

a If so tongentmeter
to 5 20 AT t Fat some stew symmanic Aij

g2,203
0

t 2g 12,204 12
912,21

tiny glass Ig A Sig to i 0

Calibration argument geodesics are totally minimizing



Wsftghtlines are minimizing in It
5

or
calibration argument
Find fire IR such that p

Idf I lie dfcu s IVI f v

If y ly ft
and lol for some

Then
LG fly fdf g

f q FG

and
g ftp.lzfdfcj

flag FCP for og y

g is minimizing

DEI If Idf I everywhere f is a dice function


