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b)' Reversing all the terms of b), we get the lnverse isomorphism

-l.. ..
s : T T M~ T T M.

. ..
c) ( T T M,h,T MxMT M)

• * •(T T M,v, T MxMT M)

is the pull-back bundle of

with respect to the map

The induced map

.. *i=(idT*n x (- id T101));T f1 xMTt1 -+ T t1 xMT M.

w = i·; T T*M -v TlOT*M

v

is an isomorphism~he SYMPLECTIC ISOMORPHISM)such that the following diagram

is commutative

(nT*M' TpM )

T*t1 xMT M,-._l-l~ T*M x
t1
T ~1

cl' In an analogous way we get the isomorphism

-l
w e S •

5 DEFINITION.

The SYMMETRIC SUBMANIFOLD of T T M lS

sTTM-{a€TTf1

4 - Lie derivative of tensors.

sta) - al •

l Let }t be the category, whose objects are manifolds and whose morphisms

are diffeomorphisms.

Let T };)1~"(r,s o I~
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be the covariant functor defined as fo1lows:

a)
li'

T( ) M= ~ T M~ T Mr, s r s

b) if f : M..... N lS a diffeomorphism,

then T( )f =r,s Il T f Il
r s

li' -l
T f :T( )M4>-T( )N.r,s r,s

2 Let M and N be manifo1ds.

Let ~:RxM -.N

be a map (defined at 1east loca11y). Then

a~ : M -. T N

• the map bylS glVen
a~(x) - T~ (0,1) •x

3 Let M be a manifo1d.

Let u • M-. T M be a vector fie1d and•

1et C • R x M -. M be the (locally defined)•

group of loca1 diffeomorphisms generated by u.

be a tensor fie1d .

be the (loca11y defined)

u = a c.

v : M + T( )Mr,s
: R x M + T( )Mr,sC v

Name1y we have

Let

Let

map, given, V À e R, by the tensor fie1d

-l
(C v) : T( ) C o v o C,

À r,s À A
: M + T( )M.r,s

Let us remark that a(Cv) takes its va1ues in the subspace

v T T( )M ~ T T( )M,r,s r,s
•Slnce •lS a section of T( )M .r,s

Then we can give the fol1owing definition.

4 DEFINITION.

The LIE DEFIVATIVE of v : M + T( )M with respect tor,s u :M -. TM lS

the tensor field
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5 LEMMA

L v
u - 11T M O

(r,s)
a(C v) : M->T( )Mr,s •

Let u : M-> T M be a sectian. There is a unlque map

" "a(Tu) : T M -> T T M

such that the fa11awing diagram is commutative and exact ln T"M

--".MxO

__--'-u ~> TM

6 PROPOSITION.

We have

PROOF.

Luv = 11T(r,s)M a (Tvau - t a(~ s a Tu a s a(a(Tu))a v) . (,,)
s

It suffices ta glve the proof for v . M-> T(l,O)M and v : M• T(O,I)M.

In the first case, we get

hence

C, = (Tl-
1

) o (n' ,v) a (n' ,C) : R x M -> TM,

a(C,) = (TT2C-
1
) a (n',Tv) a (n',T1C)(O,1)-

- , - 1
- ((aT2C ) a nTM+T2T2Ca ) o(Tv) a aC =

- l= (s a TaC ) o nTM + id
TTM

) a(Tv) o u =

= - s a T u o v + T v o u .

In the secand case, we get

Cv = l l
o (n ,v) al:! ,c) : "RxM ·TM
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= (TT;C)
l l

hence ò (Cv) o ('l,Tv) O (ìT ,T1C) (O, l ) -

• •=((òTl) O nTM + T2T2 Co) O (TV) O ò C -

=(- s O a(T2òC) O nn1 + idn*M) O (Tv) O u -

= - s O a(Tu) O v + Tv O u •-

Let us remark that both tensors in (*) are on the same affine fiber on

h TT( )M.r,s

5 Connection on a bund1e.

Let "= (E,p,M) be a bund1e.

l DEFINITION.

A PSEUDO-CONNECTION on " is an affine bund1e morphism on h T E

r •
•

-TE ~vTE

whose fiber derivati ves are l.

A PSEUDO-HORIZONTA~ SECTION is a section

H : h TE ~ 1<' •

Hence the fol1owing diagram is commutative

T E

T M

r

~-
v

h T

h

H ) T E
~--

E

h T E '
"'----

-Let us remark that r : T E ~ v T E

r' : TE ~ v T E given by TE r v TE

lS characterized by the map
.,

JL;vTE.


