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ABOUT THE GROUP OF TRANSFORMATIONS OF METRICAL
SEMISYMMETRIC N-LINEAR CONNECTIONS ON A
GENERALIZED HAMILTON SPACE OF ORDER TWO

Monica PURCARU! and Mirela TARNOVEANU?

Abstract

In the present paper we obtain in a generalized Hamilton space of order two the
transformation laws of the torsion and curvature tensor fields, with respect to the
transformations of the group 7y of the transformations of N —linear connections hav-
ing the same nonlinear connection N.

We also determine in a generalized Hamilton space of order two the set of all met-
rical semisymmetric N —linear connections, in the case when the nonlinear connection

ms
is fixed and prove that this set, 7 n, of the transformations of metrical semisymmet-
ric N—linear connections, having the same nonlinear connection N, together with the

composition of mappings, is a group. We obtain some important invariants of the
ms
group 7 n and give their properties. We also study the transformations laws of the

ms
torsion d—tensor fields with respect to the transformation of the group 7 .
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1 Introduction

Differential geometry of the second order cotangent bundle (T*QM 2 M ) was
introduced and studied by R. Miron [6], R. Miron, H. Shimada, D. Hrimiuc, V.S. Sabau,
[8] and Gh. Atanasiu and M. Tarnoveanu [1].

This geometry is based on the differential geometry of the cotangent bundle (see also:
Gh. Atanasiu [2], S. Tanus [3], R. Miron [5], C. Udriste [10]).

In the present section we keep the general setting from R. Miron, H. Shimada, D.
Hrimiuc, V.S. Sabau, [8], and subsequently we recall only some needed notions. For more
details see [8].
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Let M be a real n—dimensional manifold and let (T*QM T2 M ) be the dual of the
2—tangent bundle, or 2—cotangent bundle. A point u € T*2M can be written in the form
u = (z,y,p), having the local coordinates (xi,yi,pi) ,(i=1,2,..., n).

A change of local coordinates on the 3n dimensional manifold T*2M is

7=z (a:l, ,a:") ,det <27j§) #0,
y=55 v

_ J ..

Di = % pj7 (Zaj = 1,2,...,71) .

(1.1)

We denote by T*2M = T*?>M \ {0}, where 0 : M — T*2M is the null section of the
projection 7m*2.
Let us consider the tangent bundle of the differentiable manifold T7*2M, (TT*QM T2 T2 M ) )

where 7*2 is the canonical projection and the vertical distribution V : u € T*2M —

V (u) C T,T*2M, locally generated by the vector fields { 821- , aip‘ } Yu € T*2M.
U lu

The following F (T*QM) — linear mapping J : x (T*QM) — X (T*2M) , defined by:

0 0 0 0 5
) = = ) = = T*2M 1.2
(o) =57 (5) =07 (5 ) =070 (12)

is a tangent structure on T*2M.

We denote with N a nonlinear connection on the manifold 7*2M, with the local co-
efficients (N7; (z,y,p), Nij (z,y,p)), (i, = 1,2,...,n) . Hence, the tangent space of T*?M
in the point u € T*2M is given by the direct sum of vector spaces:

T,T**M = N (u) ® Wi (u) © Wy (u) ,Yu € T*>M. (1.3)

A local adapted basis to the direct decomposition (1.3) is given by:

{5 0 8},(i:1,2,...,n), (1.4)

d' 9y’ Op;
where: 5 9 9 9
— = — NJy— + Njj—. 1.5
ozt Oz oyJ * 7 Op; (15)
With respect to the coordinates transformations (1.1), we have the rules:
O _oPs o oW 9 o o o .
Szt Ozt éxi Oyt Oxt Oyl’ dp; Oz Opj '
The dual basis of the adapted basis (1.4) is given by:

where: ' ' 4 . ' ' '
dz' =dz', oy’ =dy' + N';da’, dp; = dp; — Njida’. (1.6)’
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With respect to (1.1), the covector fields (1.6) are transformed by the rules:

OT! o7 8 J
y' - 1.6)”
B 6y = B = 577005 (1.6)

0T =

Let D be an N—linear connection on T*2M, with the local coefficients in the adapted
basis: DI (N) = (H'j, Cijp, Cii*)

An N-— linear connection D is uniquely represented, in the adapted basis (1.4) in the
following form:

k k _ i . 0
D sz(;xkyD55 ay Hljayk7D5 dz__Hk]@7
_ k _ k — _(%, . 0
D y36 Czﬂéz’“Da 8y CZJ@yk’Dajapz_ ij@pk’ (17)
kj __(vkj 0 i
D@L(gi_cl §kaD3 oyt — CZ 8k’D3 8p2 C 81%

2 The transformations of the d—tensors of torsion and cur-

vature

In the following, we shall study the Abelian group 7y . Its elements are the
transformations ¢ : DI' (V) — DT'(N) given by (see[9]):

W= N,
Nij = Nyj,
Hkij = Hkij — Bkij, (2.1)

CFij = CFij — D,
Ci* =C% — D (i, 5.k =1,2,...,n).
Firstly, we shall study the transformations of the d—tensors of torsion of DI" (N).

Proposition 2.1. The transformations of the Abelian group Ty, given by(2.1) lead to the
transformations of the d—tensors of torsion in the following way:

R'jyy=R' k> Rijk = Riji —Bk,Bk—BZk, 2.2
O 07" @” <>j o " @Y (2.2)
Tljp =T i + <Bikj - Bijk) 5 (2.3)

S'ie = Stk + (D'ky = D) 8% = 87 + (DM — DY) | (2.4)
Plji = Pljp+ B'yj, Pljp = Py — By (2.5)

Proof. Using (7.2)—p.256,[8], (6.3),(6.3)", (6.3)" —p.273, [8] and (2.1) we have the results.
O
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Now, we shall study the transformations of the d—tensors of curvature of DI" (V) (see,
(6.4), -p.274, [8] and (5.2)’-p.270, [8]) by a transformation (2.1). We get:

Proposition 2.2. The transformations of the Abelian group Ty, given by (2.1) lead to
the transformations of the d—tensors of curvature in the following way:

Rp'ik = Rp'jk — Dihm(lf)m‘jk N Dh,im(];)mjk BTk (2.6)
+Ajk {B"n; - B'mk = Blajik }

Pplik = Pplj — D'hpy P™ i — D™ B ity — Bl C™ i+
! O R O R Y (2.7)
+B" i Dl — D" hie B'mj — B'pj [k +D' s

phijk — Phijk _ Dhim(g)kmj _ Dihm(B)jmk _ Bithjmk+
A @ . 2.8
+Bmthmzk _ Dhkaij _ Bzhj ’k +Dhlklj7 ( )

Sn'jk = Sn'ji — D'hmS™ ji + Ajr{ =D'nj [k +D™ ;D' i},

(2.9)
ghijk —_ Shijk _ Dihj |k —I—Dhik |j _ijkDihm_
_Ck D im+Dm D ik - D msz' ) (2'10)
mjL/h hjd/m h mjo
G ijk _ o ijk ima gk ik mj ik
Sp¥% = S 4+ D™ S +A]k DpY |¥ +Dyp™ Dy, , (2.11)

m
where A;; denotes the alternate summation and |y, |m and| denote the h-covariant deriva-
tive, the wi-covariant derivative and the wa-covariant derivative with respect to DIT'(N)
respectively.

‘We shall consider the tensor fields:

Ry Ol R Oy R 2.12
Kn'jk = Rp'jk — C'p, (11%) jk — Ch (12%) ks (2.12)
i i i 8ij imaij
Pr'ik = Ajk {Ph ik —C'hm By + Ch . } ; (2.13)
. ) . ON™. . ON;
ik ik i J im Jm
= A - — 5. 2.14
Py'i" = Aji {Ph i = C"hm n Ch O } (2.14)

Proposition 2.3. By a transformation of the Abelian group Ty, given by (2.1) ,the tensor
fields /Chijk,Phijk,Phijk are transformed according to the following laws:

Kn'jk = Kn'je — BrmT™ jk + Ajp {Bmthimk — Bihj|k} ; (2.15)
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Prljk = Pn'jk — D'hnT™ j1. — Bl S™ i+

| 4 | | (2.16)
+Ajk {_Blhj b +D"hijj + B 0Dk — Dmthlmj} ’
Puish =Pk + Ajp {—Bihj * +Dhiklj = Dy H (2.17)
~ B Cy™* + B Dy ™ — Dhkaimj} '

Proof. From (2.7) we get:

Ajk {Phijk} = Ajp, {Phijk} + Aji {_Dihm(]f)mjk - Dhimg)mjk} —
—Aj {Bihmcmjk} + Aji {Bmthimk — D™ By — Blyj |k +Dihklj} .

Using (7.2) — p.256,[8], (6.3)",(6.3)", —p.273,[8] and (2.18) we have:

Aji, {Phijk} = Aj {Phijk} + Aj {(C’ihm — Cihm) <6§yﬂ,§f - Hmlcj) +
+ (C_'him — Chim> (—6({},\;)];7")} — Bihmsmjﬁ
+Ajk {_Bihj lk +D"hipj + B nj Dl — Dmthimj} -

If we separate the terms we get:

) ~i ON™; ~ imaN'm
Aj {Ph jk—C hmiayk] +Ch ijk } =

ON™; L yim ON jm

e g _D'L’ me _Bi mSm
ayF opr } h ik h jkT

= Aji {Phijk — C'hm
+~Ajk {—Bih]’ ‘k +Dihk I5 +Bmthimk - Dmthimj} .

Using (2.13) we obtain: (2.16). Analogous we obtain the other formulas. O

3 Metrical semisymmetric N—linear connections in
GH®" —spaces

Definition 3.1. ([8]) A generalized Hamilton space of order two is a pair GH®" =
(M, g (x,y,p)) , where:

1° g% is a d— tensor field of type (2,0), symmetric and nondegenerate on the manifold
T*2M.

2° The quadratic form ¢ X; X ; has a constant signature on T2 M.

¢ is called the fundamental tensor or metric tensor of space GH®™.
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In the case when T*2M is a paracompact manifold then on T*2M the metric tensors
g% (z,y,p) exist positively defined such that (M ,gY ) is a generalized Hamilton space.

Definition 3.2. ([8]) A generalized Hamilton metric g%/ (z,y, p) of order two (on short
G H—metric) is called reductible to an Hamilton metric (H—metric) of order two if there
exists a function H (z,y,p) on T*?>M such that:

1 0°H
V= (3.1)
2 apiapj
The covariant tensor field g;; is obtained from the equations
gijgjk = (Sf: (32)

gij is a symmetric, nondegenerate and covariant of order two, d—tensor field.
If a nonlinear connection N, with the coefficients (NZ] (x,y,p), Nij (z,v, p)) , is a priori

given, let us consider the direct decomposition (1.3) and the adapted basis to it, (1.4),
where (1.5) hold. The dual adapted basis is (1.6), where (1.6)" hold. An N —linear con-

nection: DI'(N) = <Hijk,C’ijk,Cijk> determines the h—, w;—, wo—covariant derivatives
in the tensor algebra of d—tensor fields.

Definition 3.3. ([8]) An N—linear connection DI' (V) is called metrical with respect to
G H—metric g% if g is covariant constant (or absolute parallel) with respect to DI" (N) ,i.e.

The tensorial equations (3.3) imply:

gijk =0, gij k=0, gij |*=0. (3.4)
Theorem 3.1. ([8]) 1. There is a unique N—linear connection DT (N) =
= <I:Iijk, C’ijk,@jk> having the properties:
1°. The nonlinear connection is a priori gien.
2°. DI (N) is metrical with respect to GH—metric g" i.e.(3.3) are verified.
5. The torsion tensors Tijk, gijk’ and S;7* vanish.

2. The previous connection has the coefficients C’ijk and Ci7% given by

i 1 im [ O9me o O9im _ OGjk
Clae= o™ (St + G — ). (3.5)
C_"jk _ lg, 8gmk + agjm . aggk .

¢ 29U\ Op; Opk Opm )’

and H ijk are generalized Christoffel symbols:

=i L s (O9mk . 69im  OGjk
H' ;) = =¢"™ . — . .
k=59 < sei | oak | sam (36)
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The Obata’s operators, are given by:
1 . N g
Q=3 (52% - ghkg”) V=3 (5251 + ghkg”) : (3.7)

There is inferred:

Proposition 3.1. The Obata’s operators have the following properties:

O + QL = 0.7, (3.8)
Qe = gy AGU = Ay, QGO = VGO, =0, (3.9)

ir ir ir 1 T *UT 1
Q5 =05=0, Q5 =-Mm-1)d, O =5Mn+1)0

> > n (3.10)

Theorem 3.2. ([8]) There is a unique metrical connection DI (N) = (Hijm Cljk, C_'ijk)

with respect to GH—metric g, having the torsion d—tensor fields Tijk, Sijk, STk a priori
given. The coefficients of DI (N) are given by the following formulas:

i 1 _im (8gmk | 99im _ 99k
H'je =39 (ﬁ + N s )
0
+59" (9mnT" i — GinT k. + genT" jm) ,
~io 1 gim ((Ogmk | 99im _ 09k
C'jk = 39 oy T gk oy ) T
U
+59" (9mnS" ik = 9inS"mk + gknS"jm)
~jk _ 1, (9g™F | 9gi™  agi*\

(3.11)

Definition 3.4. ([1]) An N—linear connection on T*2M is called semisymmetric if:

A . , , 1 . _ , 1 . _
T = 5 (=0i0n +80;) . Sy = 5 (=05 + 047y) , 7 = =5 (=ooh + dfv7) . (3.12)

1
2 2

where 0,7 € x* (T*2M) and v € x (T*QM) .

Theorem 3.3. The set of all metrical semisymmetric N—linear connections with local
coefficients DI" (N) = <Hijk,Cijk,Cijk> is given by:

Hje = Hju+ 5 (=969 0m +050})
Clir = Clix+ 5 (—gjkg"™"Tm + 750},) , (3.13)
Co* = C* + 5 (=g gimv™ + 076})
where DT (N) = (Flijk, Clik, C_'ijk> are the local coefficients (3.6) and (3.5) of the metrical
N—linear connection given in Theorem 3.1 and o,7 € x* (T*QM) and v € x (T*QM) .

Proof. Using Theorem 3.2 and Definition 3.4 we obtain the results by direct calculation.
O
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4 The group of transformations of metrical semisymmetric
N —linear connections

Let N be a given nonlinear connection on 7*2M. Then any metrical semisymmetric
N —linear connection with local coefficients DI' (N) = (Hijk, C' ks Cijk> is given by (3.11)
with (3.12) . From Theorem 3.3 we have:

Theorem 4.1. Two metrical semisymmetric N—linear connections:D and D, with local

coefficients: DI' (N) = (Hijk,cijk,cijk) and DT (N) =
= <f]ijk, C’ijk,@jk> are related as follows:

H'jp = H'ji + 5 (=ging ™ om + 050;) ,
Clje = Cjk + 5 (=9jng"" Tm + 756;) , (4.1)
Cif* = CI% + 5 (g7 gimv™ + 075F) ,

where o, 7 € x* (T*ZM) and v € x (T*QM) .

Conversely, given o, 7 € x* (T*2M) andv € x (T*QM) the above (4.1) is thought to be a
transformation of a metrical semisymmetric N —linear connection D, with local coefficients

DT'(N) = (Hijk, Cijk, C’ijk) , to a metrical semisymmetric N—linear connection D, with
local coefficients DT (N) = (Flijk,éijk,C_’ijk) .
We shall denote this transformation by: t (o, 7,v) . Thus we have:

ms —
Theorem 4.2. The set T y of all transformations t (o, 7,v) : DI'(N) — DI (N) of the
metrical semisymmetric N —linear connections, given by (4.1) is an Abelian group, together
with the mapping product.

This group acts on the set of all metrical semisymmetric N —linear connections, corre-
sponding to the same nonlinear connection N, transitively.

Theorem 4.3. By means of transformation (4.1), the tensor fields:
IChijk,Phijk,Phijk,Shijk and Sp7* are changed by the laws:

]Chijk = IChijk + Aji {Q%ark} , (4.2)
P’k = Pr'j + Ajk { Qpren } » (4.3)
Pa'i* = Pain+ A { Qhor [F 495070 + Q57 (HE mgo” + €0 ) + (4.4)

. 1 .
,gjsgzka_hvs _ gjhgrkUr'Uz}

L ik Low Lo %
+ 5 Qhjort” + 1 0h95rg 00" + 105grmg 00" — 7 1
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Sn'ik = Sh'k + Ajk {57k}
Shijk = Shijk + Ajk {Q:ﬂjhvrk} ,
where:
Ork = —070k + Opk + —Grk * O, (0' = grmaram) )

4

1
Yk = — (OkTr + 0pTk) + 0p | +Tn + 197 (v=9" (0rTm + omT)),

1

Trk = —TrTk + Tr ‘k "‘ZgrkTa (T = gTSTrTs) )
1

Urk _ ’Ur'l)k 4" ’k _Zgrk,v’ (U — grsvrvs) )

Proof. Using (2.1) and (4.1) we get:

(=704 + gjkg""Tm) =

N

. 1 . 4 . )
B'ji = 5 (=00 + gjhg"™" om) = Q' om, D'j. =

' ) 1 . , ik
B Z;‘LTmrDijk _ 5 <_U]5£f + gjkgimvm> — —Qfm-vm.

By applying Proposition 2.3, relations (3.12) and (4.11) we obtain the results.

(4.5)

(4.6)

(4.7)
(4.8)
(4.9)

(4.10)

(4.11)

O]

ms
Using these results we can determine some invariants of the group 7 n. To this aim

we eliminate 0;;,7i;, 7i; and v¥ from (4.2), (4.3), (4.4) and (4.5) and we obtain:

Theorem 4.4. For n > 2 the following tensor fields: Hhijk,Nhijk, Mhijthijk, of metri-

ms
cal semisymmetric N —linear connections on T*2M, are invariants of the group T y :

Hy'ik = Kn'je + %Aj { % (’Crk - %) } ,
Ni'r = Pl + %Ajk {Qérh (Prk - %) } ,
Mp' ik = Sh'jk + %Ajk {Qﬁ <Srk 5 (‘z:kfl)> } ;
M= 10+ 2 Ay {QZl (SM 2 iq::q/l)) } ’

where:
Knj = Kn'ji, K = g"Knj, Prj = Pr'ji, P = " Prj,

Shj = Sn'ji,S = g"Sy;, S = 8)1h S = g;;5%.

(4.12)

(4.13)

(4.14)

(4.15)



84 Monica Purcaru and Mirela Tarnoveanu

In order to find other invariants of the group 7’? N, let us consider the transformation
formulas of the torsion d—tensor fields by a transformation ¢ (o, 7,v) : DT (N) — DI (N)
of metrical semisymmetric N—linear connections on T*2M, corresponding to the same
nonlinear connection N, given by (4.1). Using Proposition 2.1 and transformation (4.1),
by direct calculation we obtain:

Proposition 4.1. By a transformation (4.1) of metrical semisymmetric N— linear con-

nections, corresponding to the same nonlinear connection N :

t(o,7,v) : DI'(N) — DT (N), the torsion tensor fields: (R)’jk, (R)” (B)j , (B) ks ('%”1“
1 2 1 2

Tijk , Sijk, Sk, (]f)ijk, (J;)ijk are transformed as follows:

( Riji= R’y Rism = Riju,
DR (2)3'“ 27"
B', = B, B¥;; = Bk,
SRR RN R
sz B'* B = Bijk,
TEENGE (2)”’“ (27"
Tjk_TJk+ sAji {0 k} (4.16)
S]k—S ik + A]k{Tj

5% = Sk 4 LAy {o) 51.},

(113) ik = (j?)ijk +3 (—0145; +gjkgim0m) ;

] I

P’y = P! 01+ Gikg " om) -
& * = & ik — 5 (=061, + gixg ™ om)
We denote with:
) ON?, . ON'. . ON;L
tl = A A G LI D Qi A U e P J 4.17
o7 AJ'“{ ay }’<2)J A’k{ Opy, }’<3> 7" A”“{ api } (4.17)

and with:

’ (4.18)
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Pk = Yijk {gimpmjk} :

) )
Pk = Zijk { 9im P jk ¢ 5
(2) Ik Tk {g @ ]k}

S%ijk = Yijk {gimSmjk} ;

(4.19)
B*iik = Zijk {gimijk:} )

(11) 1)

B*ijk = Xiji {gim-Aj {(%mjk}} ,

2

B*io — Y. imAi 4 B™ ,
| 7 ”k{g A {@) "k}

where 31, {...} denotes the cyclic summation and with:
1

(fl()@'jk = —GrmT™i; + Aij {gim(]f)mjk} ,

1

(fo)zjk = gimT™" k. — Aji {gemH™i5}

2

Kijk = gimS™ ik — Ajk {9kmC™i5} »

3

K. =A; 1pm. pm. . ,

) ijk Jk {gkm <2(1) 1] + 2) U>}

Kijk = gimC™ik + gimC™ ji,

1
Pijk A] {g m(l) ]k}

Q%ijk = Ajp, {gijik {(%mzk}} ,

3
| ik = Aik *gjmé_’)mik - gkm(ff)mij

(4.20)

1 2
Remark 4.1. It is noted that ({)*ijkv(g)*ijk>(§)*ijk‘aT*ijk7(%*ijkas*ijka B*ijk>B*ijk are

1 1 1
alternate, (K)ijk., ¥;jr are alternate with respect to ¢, j, (K)z‘jk,
1 2

2 3 2 . 3. . .
Kijk, Kijk, i, are alternate with respect to j, k and ;;;, is alternate with respect to i, k.

Theorem 4.5. The tensor fields: R'i;, Riik, B, Bk, t P, t %, t4u, t 5w,
O’ " e o’ e e’ o
1

2 1 1
t*.,k" t* 7T*i'; R* ’C*.. , P*,.} P* 75’*..’ B* ’B*..’B*.. , K , K’L“;
@) J 3) ijk ik D ijk ijk B ijk @) ijk ijk ) ijk ijk ijk (l)Z]k @) ik

2 3 4 1 2 3 i i ms
Kiji, Kijie, Kijky Pijks Pijks Pijie are invariants of the group T y.

Proof. By means of transformations of the torsion given in (4.16) and using the notations:
(4.17), (4.18), (4.19) (4.20) by direct calculation, from (4.1) we obtain the results. O
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Theorem 4.6. Between the invariants in Theorem 4.5 the following relations exist:

1
Yiik S Kiip 0 = =T i Proik p = t *iiks 4.21
]k{u)]k} ]HA]{H) Jk} M (4.21)
by Il( 0 4
ij ijk ¢ = Y, .22
]k{@) ”“} (4.22)
2
) 13( 3T ! 4.24
ij ijh ¢ = 5T 5k + 5 t ikt T ik 2
Jk{ Jk} 51 ijk + 2(1) Jk+(3) Jk ( )
4 4
Eijk {K'ij} = C%jk + Cikjs Aij {Kwk} =0, (4.25)
3 {1.,}_3*.. — B*,.= A4 B*.. (4.26)
ijk \ Pijk ( — 0 ijk 0 iky — 0 ijk (> .
M {2.. }__2 B*... — B*... _—2./4‘ B*.. (427)
ijk \ Pijk ( = 0 ijk ) iky | — gk o ijk (> .
3 * * * * l* 2*
Eijk {%‘jk} = (123) ijk — (113) ijk + (113) ikj — (1;) ikj = — <B ijk + B ijk:) : (4.28)

Proof. Using notations (4.17), (4.18),(4.19), (4.20) Remark 4.1 and the definitions of the
torsion d—tensor fields given in [8] - p.256 and - 273, by direct calculations we obtain the

results. u
References
[1] Atanasiu, Gh. and Tarnoveanu, M., New aspects in the differential geometry of the

2]

second order cotangent bundle, Univ. de Vest din Timigoara, 90 (2005), 1-64.

Atanasiu, Gh., The invariant expression of Hamilton geometry, Tensor N.S., Japonia,
47 (1988), 23-32.

lanusg, S., On differential geometry of the dual of a vector bundle, The Proc. of the
Fifth National Sem. of Finsler and Lagrange Spaces, Univ. din Bragov, 1988, 173-180.

Matsumoto, M., The theory of Finsler connections, Publ. of the Study Group of
Geometry 5, Depart. Math. Okayama Univ., 1970, XV + 220pp.

Miron, R., Hamilton geometry, Seminarul de Mecanica , Univ. Timigoara 3 (1987),
1-54.

Miron, R., Hamilton spaces of order k grater than or equal to 1, Int. Journal of
Theoretical Phys. 39 (2000), no. 9, 2327-2336.



About the group of transformations of metrical semisymmetric N —linear connections 87

[7] Miron, R., Ianus, S. and Anastasiei, M., The geometry of the dual of a vector bundle,
Publ. de I'Inst. Math., 46(60) (1989), 145-162.

[8] Miron, R., Hrimiuc, D., Shimada, H. and Sabau, V.S., The geometry of Hamilton and
Lagrange spaces, Kluwer Academic Publisher, FTPH, 118, 2001.

[9] Purcaru, M.A.P. and Tarnoveanu, M., On transformation group of N -linear connec-
tions one second order cotangent bundle (to appear).

[10] Saunders, D.J., The geometry of jet bundles, Cambridge Univ. Press, 1989.

[11] Udriste, C., Sandru, O., Dual nonlinear connections, Proc. of 22" Conference Differ-
ential Geometry and Topology, Polytechnic Institute of Bucharest, Romania, sept.,
1991.

[12] Yano, K., Ishihara, S., Tangent and cotangent bundles. Differential Geometry. M.
Dekker, Inc., New-York, 1973.



88

Monica Purcaru and Mirela Tarnoveanu



