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Introduction. In somc previous works [2, 8, 5], which arc a conti-
nuation of the researches of A. Méor [7, 8], the tensor-integral in pavalle-
lizable manifolds and product spaces was studied. In this work the pro-
yaces with affine connection is treated.

blem of tensor-integral in sp
Let 17, be a ditferentiable manifold of necessary class C*, with an
its dual.

T, the tangent space at @ € V, and T s

affine connection I'jp
® T.) dcfined
8

An element of the space (@ Tr) ® (S) TV ®(® T,)(

o« E
for every (v, ') & V, x V, is called a bitensor. We shall use the conven-
he indices ', 4", k' ...

gion that the indices ¢, f, k ,... veler to the point zand t
o the point &’. Then, T, are the components of a bitensor T =T, ® 1.

If /¥ and AL are the transport bitensors, (1, 6, 9] defined in Q< ¥V,
then it is possible to define the tensor-integral of a bitensor {4] over a
~dimensional manifold S, = Q and for this operation, the Stokes-tvpe
ormulac are obtained. In this paper the property :

1) BOM. =8 WYk =381

he transport bitensors was used and we remark that if thesc bitensors
t covariant derivatives of order two, then:

v, B (2, ') = Hy' (2, &) BF (2, &)
Vx’k;' ('?) ‘T’) = K;'}‘r (ﬂ‘J ’E’) ]'i' ('Tr m'),

the hitensors H (tensor of order three in « and secalar in @') an:
nsor of order three in 2’ and scalar in z) satisfy the relationsd
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Vi Hyl = — > Rii' — 87 1L Hi ' Hyp
(0.3)
e 1 o . ,
Vim® .‘!']}‘t s AR ._,Rr;a":‘.;i *Sm'.'s" AA ;i Alr;l’ 1: K.s‘].j'"
Here :
Ty r'I‘j i
{0.4) RJ.“‘ = 7 ?_‘ + I T4 = T, 1";,
[ g o

is the curvature tensor and

(0.5) S5

(l"j,, - P?:) = Ffﬁu

[N

15 the torsion tensor.

To obtain relations (0.2) and (0.3), only the relation (0.1) was

used. For this reason, we shall not use the transport bitensors and shall |

consider only the existence of the Dhitensors A and & which satisfy the re-
lation (0.1).

§ 1. Tensor-integral and Stokes-type formulae.
in ¥,, homeomorfic with an open sphere in B* and we suppose the
existence of the bitensor A% (v, ») defined over Q x Q. with the property :

(1.1) det | B (w, 2') | £ 0,

for arbitrary o and 2’ in Q. The relation (1.1) assures then the existence
of bitensor i, (v, &) with the property [0.1). Let us suppose that S, = Q
is a ¢ dimensional domain and @' = S0 We shall define the tensor-inte-

=

gral of T7x.x (a') = Ty kD (2") over the domain S, in @ € Q, by |

VY (1) = Ls,) T s, (@) A" =

(1. .
w W (o, ) 1 (0, @) T 07) ST

i5,)

where i =4,j =7 and dS"t%e=da" A ... o de®e. It is easily seen,
using the definition (1.2), that V(x) are the components ol o tensor;
therefore, the tensor-integral retains the tensovial character of the inte-
arand.

Supposc now that the covariant derivatives of &% and 47, exist and
thercfore the relations (0.2} ave satistied. "Then. by a calculation similar to
that used in [3], we obtain :

T.et Q be a domain
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ek Vi oo s SJ.-'l...k:“
(1.3) Lis y T wx) dS v e = \ DY AL Vi B kesgy d
- xI 7 LT
(S'l'—.l}

where (5,) is the boundary of (&,,,) and

? 5 r . F . .:’l" , .

Vi T k) = VD' + S ey T, byl +
(1.1)

. -, , . Wb .8 L .
+ K™ Tilispng - K™ Ty i

is the gencralization of Stokes formula, but on
we have in general the tcn'sor-lntcgrz}l of a
(because K is a bitensor). Namely,
then (1.3) becomes :

The 1'elut.i01_1 (1.3f) e

right—hand side o
%}fcnqor |5], as it follows from (_].4) be '
'fl K-. o, @) =Ry ), that is if & is a tensor,
‘ 1-:'-1 o b

TS Y
C ST
.

- y
gt . i yRhyoky : VA ._’j'_. :
(1.3) [:(sq) T xpx, dSTrTe = I:.sq“) Vier Tid vy -
' Ainiti 2). Note that (1.8) may be written
e e have used the definition (1.2). _ JUIEES 1
wlllfel.f.’,l;‘\- in the form (1.5), but then I:(sqﬂ) is the t(,mim mteg]ldl c.)[".tl
lg)('eten;u"- [5]. With this hypothesis (that K is a tensor), (1.3} may be writ-
1 sarr ol i
ten: }
(1.8) Iisp wy = l'(S,H,) dey

where !

o
R 2 A o
o = L k. ds

{1.7)
is a tensorial form and :

U ., A Kk
(1.8) dot = Vi Teb eea dst Frefa

i i rivati ¥ The verification of the properties of the
; <tevior derivative of wyf. . - :
Ext?r?o?&erivative defined by (1.8) is analogous to that gwgn. m'h'[sd
and [5]. In the next section we shall examine the conditions under whic

the bitensor K can be reduced to a tensor, since this is an important
ase.

§2. The analysis of the restrictions for the tensorial character of K

3 . ™3 .
t us define a new connection Iy, in Q by :
- =Tl :I P lr
F:.j. = F,.,. + K,j. s
ere we have used the hypothesis that K is a tensor. The curvature
or of the new connection is:

T . e BN 4 K F)
) Rn.; = Ryt +2(Vim Ryt + Strita’ Ky + Keil'vw Kiinj )



126 J. GOTTLIEB, V. OPROIU, G. ZET 3

But {2.2) and (0.3) yield:
(2.3) Ryl =0;

thercfore, the new eonnection I’ has no curvalure.

Thus, our consideration mayv he smade only for a parallelizable neigh-
bourhood of an arbitrary point ¢ = 1. Loeally, there s always a con-
neelion without curvature, sinee on o focsl chart we may conskicr the
fields ol those vectors which are tangent to the coordinates and thus the
domain of the considered local chart hecomes paraliclizable.

It lollows, in a manner similar to that of [ 4], that for the descrip-
tion of thc conservation laws of the general relativity theory, this for-
malism may be used only on a parallclizable domain.
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Les uasi-connexions sur une variété différel_lt.iable\:)fmt éj[é. définies
ot ctudices localement par Wong, [6). Plus 1"1.11'«'],. 1tm 11.;1 05 [;r}:
detinit ct étudic globalement ces (]Uabl-COHPCXIORS.I.SI l'd..\zl.l idtd cs ugin o
nienne, clle déterm?nc une unigue _‘quabl-(tonllCJ:)lUl! h.‘.illiS '{U]I-hm]l:)ti(quc
fait le tenseur métrique paralltle. Fava, 11, [2] intrec lll, (l"!%tis
connexion composée d'ordre deux ct cn ¢ludie queclques ]nop.lzulxd., ’

Dans cet article on définit les quasi-connexions COMPosSces ordr(%
deux comme une généralisation simultanée des guasi-connexions Ftt-' Sz
connexions composées: on ¢tudic leur ,compatlbiht_c avec une métriq -
de Riemann, Pexistence et T'unicité de unique quasi-conncXion _conréposcS
d’ordre deux, laguelle est co_mpatlblc avec Ja mdétrique et qui {(3'15, ]san-
torsion. Finalement, on déduit quelques proprictcs relatives au déplace

alléle par rapport & ces quasl-connexions. .
. SpoaiialV,, ullam vattilé?té différentiabte de classe C* avec une metrdlgufz
de Riemann g, o un champ tensoriel sur V, du type {1, 1) et non-dege-

o2 . N
neré. Dans la suite, nous ferons usage des notations suivantes.

F(V,): Yalgtbre des fonctions sur V.

LYV,): F-module des champs vectoriels.

L,(V,): F-module dual de Ly(Vv,).

L,(V,): F-module des s-formes différentielles extérieures.

=

&

TENSOR-INTEGRALA IN SPATII CU CONLEXIUNE AFINA
Rezumat

Continuind lucrarea |3], autorii definese tensor-integrala in spatii cu
conexiune afind prin relatia (1.2). Generalizarea formulelor de tip Stokes
conduce, in general, la tensor-integrala bitensorilor, deoarece K din re-
latia (1.4) cste un bitensor. Restrictia pentru A de a avea un caracter
tensortal (si nu bitensorial) conduce la concluzia cii domeniul in care efec-
tuim operatin de integrare tensoriald trebuie sa fie paralelizabil.

LV,) = :J L,(V,): Lalgébre des formes différentielles extérieures.
i)

L{V,): F-module des champs tensoriels du tvpe (r, s}

L, = G LyV,): F-module des champs tensoriels.

r, 8§, =0



