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J 'E x J' E" <-"c->__-') T"M
M

"such that, for each section u : M+ E and v : M+ E , the fol1owing

diagram is commutative

M

" ---<-',"-'----"J'E x J' E - f
M

(
. l .~1-:-)---......
J U,J v

Such a map is bi1inear .

14 PROPOSITION.

There is a unique map

Let n = (E,p,M) be a vector bund1e and 1et 9 : E xME + R be a pseudo-

Riemannian structure.

9 : J'E xMJ'E + T"M

such that the fo1lowing diagram is commutative, for each section u,v : M- E

---'g'-----.... T*M

3 LIE DERIVATIVES.

l DEFINITION.

J'E x J'E
M

,"-

(j 1u,j 'v)
M

•

A K-LIE-DERIVABLE bund1e lS a 4-p1et

n _ (E,p,M;B),

where (E,p,M) is a bundle and

is a bund1e morphism on

B :

hTE

kE x
M

J TM + T E

and a 1inear morphism on E •
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Hence the fol1owing diagram is commutative

k B
E x

M
J T M--------'>~ T E

hTE

and B lS an affine morphism on hTE.

2 DEFINITION.

Let D be a K-LIE-derivab1e bundle.

a) The LIE OPERATOR is the map

h

_ : J' E

•glven by the composition

(J'E
C-B

v TE •

b) Let u: M~ TM and t: M~ E be sections.

The LIE DERIVATIVE of t with respect to u is the section

L t - (j \ ,}u) : U ~ ~ TE .
u

Hence the fol1owing diagram is commutative

3 PROPOSITION.

'le have

•

J J J

a) L v - L + L v(u+u ' ) U U

J ,
_ B(v,t o(jkf ~ jk-l u))b) Lfuv - f L v •u -



4 If D

the map

and by

the map
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is a vector bund1e, we denote by

• J'E k
iv • xMJ TM -+ E•

-
L"

---
Ivil o

E

L t - M-+ E•u
w

L t -
ilE

o L t-- •u u

5 PROPOSITION.

Let D be a vector bund1e and 1et B

Then we have

be a 1inear morphism
k

on J TM -> TM

6 PROPOSITION.

L (t+t') - L t + L t'
u u u

L (ft) = f L t + (u.f)t
u u •

Let D' and n" be vector bund1es and let B' and B" be linear morphisms
kon J TM -> TM.

Then there is a un1que linear morphisms on JkTM -> TM

such that the following diagram lS commutative

E' x Ek x J kTM
M M

---;) (E' x
M

/TM) x (E" k
xMJ TM)

BI X BIl

T E' x
n1

T E"

ti
(E' B E")x /TM _---=-B ~) T(E' BE")

M M

Then (E' BME",p,M;B) resu1ts into a Lie derivable bund1e.

Furthermore, we get

L (t' B t') - L t' B t" + t'B L t"
u u u •
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7 EX.o.MPLE.

Let ~ - (E,p,MiB) be a O-Lie derivab1e bundle.

Then B : E xMT M ~ T E

results into a horizonta1 section (see [ZI, §5).

Moreover, if ~ is a vector bund1e and B lS a 1inear morphism on TM, the

~ie-derivative coincide with the covariant derivative.

B EXAMPLE

We get the usua1 Lie derivative of tensors M~ T( )M,p,q
taking into account

the previous proposition and the 1-Lie-derivable bund1es

~ - (TM, "M,M; soc)

9 EXAMPLE.

and •

if

Let B - (E,p,MiB) a bundle of geometri c objects (see L7J) .

Let B be of "order K", i .e. such that the following condition holds:
kv E J TM, x' ,x" : M~ TM are two representative of v and f' ,f" are

the one parameter groups generated by x' ,x"

then

Then the map

d(Bf') = d(Bf")

k
B:ExJTM

•

~ TE,

glVen by B(e,v) = d(Bf)(e)

makes (E,p,M;B) a k-Lie derivable bund1e.

4 CONNECTION ON A BUNDLE.

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

l DEF IN lTION.


