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Abstract

The Finsler bundles associated with two vector bundles over the same base
and the corresponding various Finsler connections are defined in the paper.
The constructions of Matsumoto are obtained as particular cases. In the case
of a single vector bundle, linear cases considered by A. Bejancu and D. Oprig
are obtained. For a Lagrange metric on a subbundle of a tangent bundle, a
construction of V. Oproiu and N. Papaghiuc is obtained.
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Let ¢ = (F',m, M) and ¢’ = (E", 79, M) be two vector bundles over the same
base M which have the fibres IR** and IR*2, respectively. Let L(¢') = (L(E'), M,
GL(k1,IR)) and L(&") = (L(E"), M, GL(k, IR)) be the principal frames bundles asso-
ciated with the above vector bundles, and let 7’ and 7" be their canonical projections.
Let

LE(€") = (LE'(E") = m{ L(E"), E', GL(k2, IR)),

and
Le"(¢) = (LE"(E') = m3 L(E"), B", GL(k1, R)),

be the induced principal bundles, and let p;and py be their canonical projections.
Thus, the total spaces are:

LE/(E//) — {(e/,zl/) c El X L(EN) | ﬂ_l(e/) — 7_‘_//(Z//)}

LE"(E') = {(¢",2) € E" x L(E') | my(") = (')}

We denote by ¢; : LE'(E"”) — L(E") and ¢2 : LE"(E') — L(E’) the canonical
projection on the second factors.
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Let ¢ : E/ — E” be a vector bundle morphism. Then a differentiable map of
differentiable manifolds:

&: LE'(E") — L(E") x R*2, o, ") = (z”, (z”)fl(gp(e’))) .

is induced.
It is easy to prove that the map ® is an injective immersion, or a surjective
submersion, or a diffeomorphism, if ¢ respectively is. For example:

1. If & is a subbundle of £’ and ¢ is the inclusion morphism, then ® is an injective
immersion. If there exists a splitting of the inclusion: C : £’ — £, C oy = idg,
then it is easy to see that the map ®; : L(E") x IR¥2 — LE'(E"), ®,(",v) =
(Coz"(v),2") is a left inverse of ®.

2. If ¢ = ¢, let ¢ = idp/, then ® : LE'(E') — L(E') x IR** is a diffeomorphism.
This case was studied in [5]. An important particular case, studied by Mat-
sumoto, is obtained when the principal bundle is the Finsler principal bundle
F = LTM(tM). The diffeomorphism ® defines, for every vector v € IR*, a
vector field Y(v) € X(LE'(E")), called an induced-fundamental vector field. We
denote also as ¢ : LE'(E’) — IR*' the map obtaind from @, projecting on the
second factor.

Returning to the general case, we define now some distributions on the manifolds
LE'(E") and LE"(E"). Since the constructions are symmetric, we define the vertical
distribution for the bundle L&'(£").

- The vertical distribution kerpy, "2 LV¢'(¢) has LY E'(E") as total space. If no
confusion arise, we denote by FV the vertical distribution and L&' (£”) as F.

not

- The quasi-vertical distribution ker(m; o p1). = L9¢'(§”) which has as total space
LiE'(E"). Tt is easy to see that LYV E'(E") C L1E'(E"). If no confusion arise,
we denote by F? the quasi-vertical distribution.

- The vertical induced distribution ker g1, "< L'¢'(¢") which has as total space L E' (E").
If no confusion arise, we denote by F? the vertical induced distribution.

Observation 1 If X, € T, F, then X, = 0 iff p1.(X,) = 0 and ¢1.(X,) = 0, since
p1 and g1 are the canonical projections of the fibered product F.

Observation 2 If ¢ = ¢’ = £ then an induced-fundamental vector field Y (v) is
tangent to the vertical induced distribution and these vector fields generate the vector
fields tangent to this distribution.

Proposition 1 For every u € F we have F1 = FY @ Fi.

The group GL(kq, IR) acts on LE'(E"), as the total space of a principal bundle,
by the natural action:

((6172//)79) _ (6/’2//9)7 (V)(G/,Z”) c LE/(EH)79 c ]sz

Proposition 2 Considering the natural right action of GL(ks, IR) on LE'(E"), the
distributions F, Fi and FI are invariated by this action.



On Finsler bundles and Finsler connections 113

1 Usual connections in Finsler bundles

A connection T on the principal bundle L&' (") can be defined, as usual:

by the horizontal distribution H on LE’'(E"), invariated by the natural right action
of GL(k2, IR) and complementary to the vertical distribution, or

by a 1-differential form w on LE'(E"), which takes the values in gl(ks, IR), and
having the property:

w(g) =A woRy,= ad(g™w, (1)

(V)A € gl(ks, R), g € GL(ky, R), and where A is the fundamental vertical field
associated with A.

Notice that H is connected to w by H = kerw.
Consider now the following adapted coordinates to the bundles structures, taken
on the following manifolds

on M: (z%),i=1,m;

on E': (2%,y%), on E": (x',t%), a = 1,ky, u = 1,ko ;
on L(E'): (2%, (w§)), on L(E"): (2%, (25));
on LE'(E"): (z',y%, (2)), on LE"(E'): (', t*, (w§)).

Let {E}}u =1,k be a base in the Lie algebra gi(ks,IR). Using this base, the
connection form w is written in the form:

ka
p— u v
wa wy B,
u,v=1

Considering the above adapted coordinates, we have the following local expression for
the forms w;: _
wl = wlhdr' + wl, dy® + wisdzt.
Taking into account the second relation (1), it follows that
L3 = zpwyi (27 Chy = zwia (7Y
are local functions which depend only on the coordinates (%) and (y*), thus
wy = (2715 (dgy + 2, (L5 (2", y®)da’ + Cf, (2, y*)dy®)). (2)

Proposition 3 The systems of local fields

0] 0 0 0
—_ _ FS- t_~ = s t_—
{8l‘z ti?r azf ’ aya Ctazr 8Z$ }

are local bases for the horizontal fields.



114 M. Popescu and P. Popescu

It follows that a horizontal vector field Z has the following local expression, using
adapted coordinates:

0 13} 0
7Y — + 7!
oxt + oy~ + #0zL

It follows also that an horizontal field Z projects (locally) on the horizontal distribu-

tion by
i 0 0 0
Z:Zl i —FS‘ tli Za - s tli
" (axl a) " (aya Clatr a)

and on the vertical distribution by

Z =27

0

c
0zt

For an arbitrary vector field W € X(E’) it can be defined the horizontal lift
Wh € X(LE'(E")), which is an horizontal field, defined by the isomorphism of the
fibres of the bundles 7(E’) and LE'(E") (the horizontal bundle associated to the
connection). Using the above local bases, the local expression of this lift is, for
0 0

- 4+ W —
Ox? + oy>’

vZ = (Z'T52k + Z2°Chp 2t + ZY)

ticr ta”r

W =Ww?

given by the formula:

i [ O 0 0 0
h __ g st al Y s ot Y
e (axi F“z’“azﬁ>+w (aya Ca)

2 Special connections on Finsler bundles

Definition 1 An horizontal connection on L(&'(€")) is a distribution I'* = "¢’ (£)
on F = LE'(E") which satisfies the condition

HWF,=Th&F!, 2)R.,Ih =T,

for every u € F, where F9 = LYE'(E") is the quasi-vertical distribution, and Ry is
the right action of g € GL(ko, IR).

Observation 3 From Proposition 1 it follows that (V)u € F we have
Fu=ThLoF,0F,. (3)

Using Proposition 2, it follows that the distribution F* is invariated by the action of
G L(kg, R), thus the distribution I'"* @ F* defines a connection on the Finsler bundle

FE(E").
Definition 2 A wertical connection on L&'(£") is a distribution TV = I'V¢'(¢”) on
F = LE'(E") which satisfies the condition

DWFI=TY @F), , 2)R,I) =T},

for every u € F, where FV = LY E'(E") is the total space of the vertical distribution.
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For example, according to Propositions 1 and 2, the induced vertical distribution
JF* defines a vertical connection on F.

Observation 4 As in Observation 3, if I'V is a vertical connection and I'" is an
horizontal connection, then I @ I'V is a connection on the Finsler bundle F.

Lemma 1 Let my : By — M and wo : Fo — M be two surjective submersions,
E =FE; xp By = {(e1,e2) € E1 X Ey | m(e1) = ma(ea)} be the fibered product of m
and wo, and p1 : E — E, ps : B — Fs be the canonical projections.
Then
p1x(ker poy) = ker 1, .

Returning to the setting before the above Lemma, we have:

Proposition 4 The differential p1. of the canonical projection p; : LE'(E") — E'
sends:

the vertical induced distribution T onto the vertical distribution of E', and

the distribution T'", which corresponds to an horizontal connection on LE'(E"), onto
the horizontal distribution of a non-linear connection on the vector bundle &'.

Definition 3 A Finsler connection associated with E’ and E” is a pair (I, N), where
I is a connection in the Finsler bundle LE'(E"), and N is a non-linear connection on
the vector bundle F’.

If B/ = E”, we say that a such connection is a Finsler connection on E’.

Theorem 1 There is an one-to-one correspondence between Finsler connections (I', N),
associated with the vector bundles E' and E", and the set of pairs (I'",T'V), where T'"
is an horizontal connection and TV is a vertical connection on F = LE'(E").

The converse association is performed using Observation 4 and Proposition 4.

3 Induced Finsler connection on subbundles

Let £ = (E, 7, M) be a vector subbundle of the vector bundle ¢’ = (E’, 71, M), and
i: E — E’ be the inclusion morphism of £ in &’. Consider now the i-morphism of the
tangent bundles i, : TE — TFE’. It induce the morphism, denoted in the same way:

i, :TE — i*(TE') (4)

which is an injective morphism of vector bundles on the base E. It enables us to
consider TE as a vector subbundle of ¢*(T7E’). Notice that the fibres of the vector
subbundle V¢ (of T7E) are carried by i, in the fibres of the vector subbundle i*(V¢’)
(of TE"). Tt is induced an injective morphism

i, :VE —i*(VE). (5)
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The well-known canonical isomorphisms
r:VE—-7n*E, ' : VE' — 7 E’
enable us to write the morphism (5) as
i, ' E — i* (7] E'),

modulo the corresponding identifications.
But i*(77E') = (m04)*E’ = n*E’, thus the morphism (5) can be written, modulo
canonical isomorphisms, as
it T E — 1" E' (6)
having the form (e}, e) — (e, €h).

Definition 4 We say that a splitting of the injective morphism (5) or, equivalently,
(6), is a Finsler splitting of the vector subbundle ¢ of &'

Examples

1. Consider a metric tensor on the vector bundle V¢’ (i.e. a (0,2) tensor which
is symmetric and (strict) positive defined). It induces on the vector bundle
i*(V¢') also a metric tensor, thus the subbundle V&L of i*(V¢'), orthogonal
to the subbundle V¢ can be considered. It induces a Finsler splitting of the
inclusion 7 : £ — £,

2. A particular case of the above example is given as follows. Consider a subman-
ifold M of the manifold M’ given by the imbedding ¢ : M — M’, and take
i=.: TM — o*(TM)', é&= 7M and & = ¢*(7M’). Then a Finsler or, more
general, a Lagrange metric on M’ carries a metric tensor on the vector bundle
VM = 7*rM (where 7w : 7TM — M is the canonical projection), which is the
so-called Finsler bundle of M. Thus (V7M)?1 is the orthogonal bundle of VM
in the vector bundle

(Ve (M) 2 i* (75 (9" (TM"))) = (p o7 0 1) (TM) = (p 0 m1)" (T M)
where my : @*(T'M') — M is the canonical projection of the vector bundle
(7 M),

This construction is used in the study of the Finsler subbundles in [1, 2, 4, 6].

Theorem 2 Let £ = (E,m, M) be a vector subbundle of the vector bundle £ =
(E', 7' M), i:&— & be the inclusion morphism and (I'', N') be a Finsler connection
on the Finsler bundle L&' (&) of €.

Then every Finsler splitting of the inclusion i induces a Finsler connection on the
Finsler Bundle LE(E) of €.

Corollary 1 Let M be a submanifold of the manifold M and (I',N') be a Finsler
connection on TM'.

Then every Finsler splitting of the inclusion of TM in i*TM induces a Finsler
connection (T, N) on M, where i : M — M’ is the inclusion.
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In the case of a Finsler or Lagrange metric on M’, a Finsler splitting can be defined
on the submanifold M, as in the Example 2) from above. It can be shown that in
this case the Finsler connection induced on M is the same as that induced in [1, 2],
in the linear case.

In the case when (M, L) is Lagrange space on the manifold M, ¢’ = 7M and £ is
a vector subbundle of 7M, the induced Finsler connection on ¢ from [6] is obtained.
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