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GENERALIZATION OF CERTAIN RESULTS ON PROJECTIVE MOTION IN
A FINSLER SPACE

P.N. Panpey and Sweta Kumarr®

Abstract. The paper contains a study of an infinitesimal projective motion in a Finsler
space F"(n > 2), which leaves invariant the skew-symmetric part of the covariant deriva-
tive of projective deviation tensor and it is proved that either the Finsler space F"(n > 2)
admitting such projective motion is a space of scalar curvature or the infinitesimal projec-
tive motion is necessarily an affine motion. Itis established that an infinitesimal projective
motion in a projectively flat as well as in a non-Riemannian symmetric Finsler space of
dimension greater than 2, is necessarily an affine motion while a symmetric Finsler space
F'(n > 2) admitting a non-affine projective motion is a Riemannian space of constant
Riemannian curvature. An infinitesimal projective motion in a Finsler space F"(n > 2) of
recurrent projective deviation tensor is an affine motion if the projective motion leaves
invariant the recurrence vector of the space. It is further proved that such result also
holds in case of projective recurrent and recurrent Finsler space of dimension greater
than 2.

Keywords: Finsler space, Projective motion, projectively symmetric space, recurrent
space, projective recurrent space.

1. Introduction

K. Yano and T. Nagano [1] discussed an infinitesimal projective motion in an
n-dimensional Riemannian space V"(n > 2) which leaves invariant the covariant
derivative of Weyl’s projective curvature tensor. It was proved by them that if the
space is not of constant curvature then the projective motion is necessarily an affine
motion. They also discussed an infinitesimal projective motion in a symmetric
Riemannian space V"(n > 2) and proved that such space is of constant curvature if
the projective motion is non-affine. P. N. Pandey [2] extended these results to an
n-dimensional Finsler space F" which leaves invariant the covariant derivative of
Weyl’s projective tensor W;.kh. He also generalized these results by considering an

infinitesimal projective motion which leaves invariant the covariant derivative of
the projective deviation tensor. This condition is certainly weaker than the earlier.
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Similar results were also found by P. N. Pandey [2] for a projectively symmetric
Finsler space which is more general than a symmetric Finsler space. The aim of
the present paper is to generalize the results of the first author (P. N. Pandey [2])
by considering an infinitesimal projective motion which leaves invariant the skew-
symmetric part of the covariant derivation tensor. We also aim to prove certain
results for recurrent and projective recurrent Finsler spaces of dimension greater
than 2, admitting an infinitesimal projective motion.

2. Preliminaries

Let us consider a Finsler space F'(n > 2) of dimension n having F as a metric
function satisfying the requisite conditions [3]. Let us denote the components
of corresponding metric tensor, Berwald’s connection parameters, components
of Berwald’s curvature tensor and components of projective curvature tensor by
i, G‘]'.k, Hj,kh and W;.kh respectively. Hj,kh and W;.kh are positively homogeneous of
degree 0 in i’ and are skew-symmetric in their last two lower indices. Following
tensors are obtained after transvection of curvature and projective curvature tensors
by the directional arguments i of the line element (x’, 1/):

(@) Hy, =Hjyy',  (0) Hy, = Hyy",

@1 i i i ik
OWy, = Wiy, (d) W), =Wy

The tensors H; and W, are called deviation tensor and projective deviation
tensor respectively.

The above tensors are also related by

(@)Hy, = OjHY,, (OH}, = 3OH}, - IiH)),
22) (©OWiy, = I Wi, @)Wy, = 3 @W, = W)

i _ i i Voo s
(E)Wh = Hh - Héh - m(a,Hh - 8;,H)

where H is scalar curvature defined by H = (nll)H:.' and 0, = aiy,.

The directional differential operator di and Berwald covariant differential oper-
ator By satisfy the commutation formula:

(2.3) IB T}~ ByoiT; = TGy, — ;G s

where T} denote the components of an arbitrary tensor of type (1, 1) and Gy, = 9,Gi,
are components of a symmetric tensor i.e. Gi, = G;,. = G, . A Finsler space F" is
called symmetric or projectively symmetric according as [4]

(2.4) B Hjy, =0, Hy, #0.



Generalization of Certain Results on Projective Motion in a Finsler Space 239

or

(2.5) BuWi, =0, Wi, #0.

A Finsler space F" is called recurrent or projectively recurrent according as

(2.6) BuHiy, = AuHly,,  Hi, # 0.
or
2.7) BuWip, = AuWip, Wi, # 0.

The vector A,,(# 0) is called recurrence vector. It was established by P. N. Pandey
[5] that the recurrence vector of a recurrent space is independent of directional
arguments provided the scalar curvature, H # 0. The tensors W}, and W, of a
recurrent as well as a projectively recurrent Finsler space are recurrent, i.e.

(2.8) @BuWy, = AW, BB W, = AW,
Let us consider an infinitesimal transformation T : F* — F" such that T(x’) = X’ and
(2.9 X =x +evi(y))

where € is an infinitesimal constant. Let us denote the operator of Lie- differentia-
tion with respect to the above transformation by £. The commutation formula for
the operators £ and B, is given by

. , . , . |
(2.10) £8,, T, - B,£T; = TiEG,, — T,£G), — (0, T)EG,,y
where T;', are components of an arbitrary tensor of type (1, 1).
The transformation (2.9) is known as an affine motion or a projective motion if it
preserves the parallelism of vectors or geodesics respectively. The necessary and
sufficient condition for the transformation (2.9) to be an affine motion is

(2.11) £G;ik =0

while the necessary and sufficient condition for the transformation (2.9) to be a
projective motion is

(2.12) £Gly = Y'pji + pjo} + pid,
where
(2.13) @ pj=dpp, () pi =00,

and p is a scalar invariant which is positively homogeneous in i’ of degree 1. The
vector p; and the tensor pj; satisfy

(2.14) @ piy'=p, () piy*=0.

Every affine motion is a projective motion trivially. A non-affine projective motion
is characterized by (2.12) and p # 0.
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3. Projective Motion in Symmetric and Projectively Symmetric Finsler Spaces

Let a Finsler space F"(n > 2) admits an infinitesimal projective motion. Then, we
have (2.12) together with (2.13). The integrability condition [3] of (2.12) is given by
(3.1) £w;ikh =0.

Transvecting (3.1) by i/ and using (2.1c), we get

(3.2) £W,, =0.

Again transvecting (3.2) by y* and using (2.1d), we get

(3.3) £W; = 0.

Replacing T;', in the commutation formula (2.10) by W;'. and using (3.3), we have
(3.4) £8, W, = WIEG,, — W,£G},, — (IIW)EG,,.y°

which in view of (2.12) yields

(3.5) EB, Wi = y'Wipn + prWi0, — piW,, = 20 W, — @ Wi)p.

Taking skew-symmetric part of (3.5) with respect to the indices m and j, we obtain
. £(BuW; = BW,,) = Y Wipm =y Wiprj + pr(Wi6,, — W,00)

G0 W, = V) — p(@uWE = W)

Under the assumption that the left hand side of (3.6) equals to zero, i.e. E(%mW;; -
BW' ) = 0, it follows that

B7) YW = Y Wopsj + p (W5, = W,,00) + (W, = puWi) = 3pW,, = 0.
Transvecting (3.7) by ¥ and using (2.144), we conclude

(3.8) Y Wi = 4pW; = 0.

Transvecting (3.8) by p; and using (2.14a), we get

(3.9 3pp:W; =0.

This implies at least one of the following conditions:

(3.10) (@) p=0, () p:W; =0.

If (3.10a) holds, the projective motion is an affine motion. If (3.10a) does not hold,
(3.10b) must hold. Using (3.10b) in (3.8), we get pW; = 0, which implies W;, =0 for
p # 0. Z.1. Szabo [6] and P. N. Pandey [7] proved that a Finsler space F"(n > 2)
whose projective deviation tensor vanishes identically, is a Finsler space of scalar
curvature. Therefore, the space considered is a Finsler space of scalar curvature.
Thus, the next statement holds.
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Theorem 3.1. A Finsler space F'(n > 2) admitting an infinitesimal projective motion
which leaves invariant the skew-symmetric part of the covariant derivative of projective
deviation tensor, i.e. E(%mW}’; -BWi)=0,isa space of scalar curvature or the projective
motion is an affine motion.

Let us consider a Finsler space F"(n > 2) which satisfies %mW,i =0, W]i # 0.
Then, the condition £(B,, W, — B;yW.,) = 0 is trivially satisfied. The Finsler space
considered cannot be of scalar curvature because a Finsler space of scalar curvature
is projectively flat, which gives Wi = 0. Therefore, in view of the above theorem,
the next result can be stated.

Theorem 3.2. If the projective deviation tensor W, of a Finsler space F"(n > 2) satisfies
B,,W, = 0, an infinitesimal projective motion in such space is necessarily an affine motion.

Since, the projective deviation tensor of a projective symmetric space satisfies
B, W, =0,itis possible to conclude:

Theorem 3.3. Aninfinitesimal projective motion in a projectively symmetric space F"(n >
2) is necessarily an affine motion.

Let F"(n > 2) be a symmetric Finsler space characterised by (2.4). If it admits
an infinitesimal projective motion, then we have (2.12). On transvecting (2.4) by v/
and using (2.1a), we get

(3.11) 8,,H;, = 0.

Differentiating (3.11) partially with respect to y/ and using (2.3) , we get

(3.12) H,, G, —H,, G~ H, G, = 0.

Transvecting (3.12) by y* and using (2.1a) and (2.1b), we get

(3.13) H,G;,, - H,G, =0.

Transvecting (3.11) by y* and using (2.1b), we get

(3.14) 8,,H; = 0.

Differentiating (3.14) partially with respect to y*and using (2.3) and (3.13), we have
(3.15) B,,0¢Hj, = 0.

Contracting the indices i and / in equations (3.14) and (3.15), one can verify

(3.16) B,H=0 and B,0H =0.
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Contracting the indices i and / in equation (3.15), we conclude
(3.17) 8,,0,H; = 0.

Differentiating (2.2 ¢) covariantly with respect to x” and using (3.14), (3.15), (3.16)
and (3.17), we get

(3.18) B, W, =0.
which implies
(3.19) £8,,W, = 0.

Taking skew-symmetric part of (3.19) with respect to the indices m and £, the next
follows:

(3.20) £(Bu W, — B,W),) = 0.

In view of Theorem 3.1, either the projective motion is an affine motion or the space
is of scalar curvature. P. N. Pandey [8] established that a symmetric Finsler space
F" of scalar curvature is a Riemannian space of constant Riemannian curvature.
Hence, we conclude:

Theorem 3.4. Aninfinitesimal projective motion in a non-Riemannian symmetric Finsler
space F"'(n > 2) is necessarily an affine motion.

Theorem 3.5. A symmetric Finsler space F"(n > 2) admitting a non-affine projective
motion is a Riemannian space of constant Riemannian curvature.

4. Projective Motion in Recurrent and Projective Recurrent Finsler Spaces

Let us consider a Finsler space F"(n > 2) whose projective deviation tensor W}
is recurrent. Such Finsler space is characterized by (2.8b) and W) # 0. Suppose that
it admits an infinitesimal projective motion (2.9). Then, we have (2.12) together
with (2.13). Operating equation (2.8b) by the Lie differential operator £, we find
E%mWL = E(AmWL). This implies

4.1) £8, Wi = (EA)W,.

If £A,, = 0, equation (4.1) implies £8,,W; = 0. Therefore, £(8,,W; — B,W},) = 0.
In view of Theorem 3.1, this implies that either the infinitesimal projective motion
is an affine motion or the space is of scalar curvature. The space considered can
not be of scalar curvature for the projective deviation tensor WL of a space of
scalar curvature necessarily vanishes which contradicts our assumption W, # 0.
Therefore, the projective motion is necessarily affine.

This leads to:
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Theorem 4.1. An infinitesimal projective motion in a Finsler space F"(n > 2) of recurrent
projective deviation tensor, which leaves the recurrence vector invariant, is necessarily an
affine motion.

A projective recurrent Finsler space F"(1n > 2) necessarily satisfies (2.8b) [9]. There-
fore, in view of Theorem 4.1, we have:

Corollary 4.1. An infinitesimal projective motion in a projective recurrent Finsler space
F'(n > 2) is an affine motion if the infinitesimal projective motion leaves the recurrence
vector of the projective recurrent space invariant.

Let us consider a recurrent Finsler space F" characterised by (2.6). Transvecting
(2.6) by 3/ and using (2.1a), we have

(42) BuHy, = Ay,
Transvecting (4.2) by y* and using (2.1b), we get
(4.3) B,Hi = AyHj.
Contracting the indices i and & in (4.3), we get
(4.4) B, H=A,H

where H] = (n—1)H. Differentiating (2.2¢) covariantly with respect to 4" and using
(4.3) and (4.4), we have

yi

(%marH;l - 23marH)

Using the commutation formula exhibited by (2.3) and using (4.3), (4.4) and (2.2¢),
we get

yi
n+1

(4.6) B W, = AW, — (H'G:

hmr H;G;ms)

P. N. Pandey [5] proved that a recurrent space admits the identity (3.13). Thus,
equation (4.6) gives (2.8 b). Therefore, in view of Theorem 4.1, we have the next
result.

Theorem 4.2. An infinitesimal projective motion in a recurrent Finsler space F"(n > 2)
which leaves the recurrence vector invariant is necessarily an affine motion.
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