


1. INTRODUCTION

In [6] we have axiomatically described flat linear transports
over a given differentiable manifold and it turns out that the
set of these transports coincides with the one consisting of
parallel transports generated by flat linear conneqtion. In the
present. investigation, on this basis, the main ideas of [6] are
appropriately generalized and we come to a class of linear trans-—
ports (along paths in tensor bundles over a manifold) which con-
tains not only the parallel transports generated by arbitrary
linear connections, but also the ones generated by arbitrary
derivations (along paths).

In Sect. 2 the transports generated by derivations along
paths, called here S-transports, are axiomatically defined on the
basis of restriction of flat linear transports along paths; alsc
some basic properties of the S-transports are presented. Sect. 3
is devoted to different relationships between the (axiomatically
defined) S-transports and derivations along paths. Thé main
result here is the equivalence between the sets of these objects
in a sense that teo any S-transport there can be put into corres-
pondence a unique derivation along paths and vice versa. In Sect.
4 the problem for the connections between S-transports and deri-
vations of the tensor algebra over a differentiable manifold is
investigated. In particular, it is shown how to any derivation
there can be put into correspondence an S-transport which in cer-
tain "nice" cases turns ocut to be unique. Alsoc it is shown how

some widely used concrete transports along paths (curves), such



as parallel, Fermi-Walker, Fermi etc., can be obtained as special
cases from the general S-transport. The paper ends with some

concluding remarks in Sect. 5.

2. RESTRICTION ON THE PATH OF FLAT LINEAR TRANSFORT AND

ITS AXIOMATIC DESCRIPTION. S-TRANSPORTS

In this work M denotes a real, of class CE differentiable
manifold [8]. The tensor space of type (p,g) over M at xeM will
pe written as T2'%(M). By definition T (M):=T'" and T.(M):=
:=T:‘1(M) are, respectively, the tangent and cotangent spaces to
M and T:'D(M):=m. By J and #:J-——M we denote, respectively, an
arbitrary real interval and a path in M.

Let M be endowed with a flat linear transport L [6] and the
path 7:J ——M be without self-intersections. Along 7 we define

the map S° by

ST:(s.t)p—-ASS =1,

N - (s,t)elxt. (2.1)

From the basic properties of flat 1linear transports (see

definition 2.1 froem [6]), we easily derive:
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L —r s —t s —3r

_id, . ! (2.7)

where C is any contraction operator and id is the identity map
(in this case of the tensor algebra at 7{s)).

If for some s,teJ, we have ry(s)=7(t} (if s#t this means that
7 has selfintersection(s)), then from eq. (2.6) of ref, [6], we

get

T =id i =
5. _,.1d if w(s)=w(t), s,ted, (2.8)

which characterizes the flat case considered in [6] (see also the
remark after the proof of proposition 2.1).

Definition 2.1. An S-transport (along paths) in ﬁ iz a map S
which to any path y:J-——H puts into correspondence a map S?.

S-transport along ¥, such that S?:(s,t)l-——---rsT '

. —t for (s,t)eJx],

where the map S: , an S-transpert along ¥ from s to t, maps

—t
the tensor algebra at 7(s) into the tensor algebra at 7(t) and
satisfies (2.2)-(2.7). '

Above we saw that to any flat linear tra;sport over M there
corresponds an S-transport. The opposite is not, generally, true
in a sense that if ¥:J——M joints x and y, X,yeM, i.e. x=7(g)

and y=»(t) for some s,t€J, then the map

=g¥ = =
L %5, e T(S)=x ¥(D)=y, , (2.9)

generally, depends on vy and is not a flat linear transport from x
to v.

Proposition 2.1. The map (2.9) is a flat linear transport
from x to y iff in (2.9) the S-transport along every path
¥ J—aM ffom s to t depends only on the initial and final points
¥(s) and ¥(t), respectively, but not on the path 7 itself.

Proocf. Let for some S-transport the map (2.9) be a flat



linear transport from x to y. As the flat linear transport is a
parallel transport generated by a flat linear conmection [6], it
does not depend on the path along which it is performed [10]

Hence SZ depends only on y{s)=x and 7(t)=y but not on 7.

—t

and vice versa, if S: depends only on 7r(s) and ¥(t) but

—t
not on %, then from (2.2)-(2.7) it follows that the map (2.9)
satisfies (2.1)-(2.6) from [6], and hence (2.9) is a flat linear
transport from x to y.m

Remark. If the S-transport along a "product of paths" is a
composition of the S-transports along the corresponding consti-
tuént paths, then it can be proved that (2.9) defines a flat
linear transport iff the S—transport in it satisfies (2.8).

A lot of results concerning flat linear transports over M
have corresponding analogs in the theory of S-transports. Roughly
speaking, this transferring of results may be done by replacing
points in M with numbers in J if the former do not denote argu-
ments of tensor fields primary defined on M; in the last case the
points form M must be replaced by the corresponding peints from
7{J)cM. In particular, this is true for propositions 2.1-2.5 from
[6], the anﬁlogs of which for S-transports will be presented
below as propositions 2.2-2.6, respectively. The corresponding
proofs will be omitted as they can, evidently, be obtained muta-—
tis mutandis from the ones given in [6].

Let is be the restriction of some S-transport on a tensor

. P Po? pa?¥ Pa? -
.e, H ' : .t 5 r=
bundle of type (p,q), i.e. [S:yr—'S Sols s,
o . p : . _ . I .
.--S5 el ooq- Evidently qS satisfies (2.2)-(2.7) (with qS in
Tis)

stead of S), so the set of the maps {ES, p,qz0} is equivalent to
the map S. Hence S splits into the S-transports zs acting inde-

pendently in different tensor bundles.

Proposition 2.2. The lin rg? PR S —TFr 9
P ear map qss -t TT(sl(M) TT(EJ(H)’
5,teJ satisfies (2.6) and (2.7) if and only if there exists
linear isomorphisms :F::T;;:)(H)—-—ev. seJ, V being a vector

space, such that

Pe? _Pp¥y -1 pY ’
q;ss —-—)t._‘(qFL) (ng)' s,ted. . (2.10)

Propositi .3, rg¥ i
position 2,3. If for qS_ — the representation (2.10)
holds (see the previous propogition) and ¥ is isomorphic with Vv

vector space, then the representation
Pa? gPp¥\-1,P T
e e SGED) CE), s ted, (2.11)

where :E::T;;:,(H)-—Aal. s€J are isomorphisms, is true iff there

exists isomorphism D7:V-——+! such that

P _ p¥ pp¥
qu =D qua' selJ. _(2.12)

Hence on any fixed tensor bundle every S-transport along v
from s to t decomposes into a composition of maps depending sepa-
rately on s and t in conformity with (2.10). The arbitrariness in
this decomposition is described by proposition 2.3 (see eq.
(2.12)).

Propositions 2.2 and 2.3 are consequences of (2.2), (2.6) and
(2.7). Now we shall alsc take into account and (2.3)-(2.5).

Putting in (2.4) A=A =1eR, we get S’ __ 1=1 which, due to
(2.3), is equivalent to

r

T A=A, 2eR. (2.13)

1
Let {E1|T“)} and {E lru)} be dual bases, respectively, in
#
T?(s)(M) and T?(s) along #:J——M, s€J. (The Latin indices.
run from 1 to n:=dim{M} and henceforth we assume the summation

rule from 1 to n over repeated indices.)




From (2.2) it follows that there exist uniquely defined func-

tions Hlj(t.s:r) and H;J(t,s:?). g,teJ such that

7 (E

| (2.14a)
s —t ] 'Tis)

I‘ -
)_H_J(t.s.w)El Ia.m.

o ) ue) oy
s;_ L (E7] )=H "(t,s; ¥)E | (2.14b)

Fis) Py’

By means of (2.4), (2.5) and (2.13) it can easily be shown

(cf. the derivation of eq. (2.13) from [6]) that

Hlk(t,s;r)H‘Jk(t.S:r)%: (2.15)

which, in a matrix notation reads

I s I (s e =0=l8 ] (2,159

where 6; are the Kroneker deltas and as a first matrix index the
superscript is considered.

From (2.14) and ¢(2.3) we conclude that Hfj(t.s;v) and
H;?(t.s:v) are components of bivectors (two-point vectors) in-
verse to one another {10], respectively, {from Tq(n(M)gT:u)(H)
and T:(“(H)®TTH)(M). The following proposition shows that they

uniquely define the action of the S-transport on any tensor.

1 caag |l

i i = 1' P « o=
Proposition 2.4, If ="  E | yeer® " ®E, lyar®
1 q 1 P
), )y
®E |?ts] - ®E IT(sJ' then
P P
M .. 1,
¥ = 2 . b . 1 P
s¥_ (m={ []n° (t.S,w)][ [Ta ctam|rt ) Px
a=1 a b=1 b 1 q
1 Ly
.. .®E . 2.16
XEullrtt)a GEkplT(tlaE 'T(t)a l?(t) { )

if {E |, } and {e,} are bases in T (M) and V respectively,
x
then the matrix elements of ;F:, seJ are defined by ;F:(EJ|7“))=

=Ffj(s;7)el. Se, if we put r(a;ﬂ::ﬂFfJ(s:w)ll, then from (2.10)

—

for p=g+1=1 and (2.16), we get

H(t.S;T):=|ink(t,S;a') IsF ' (t;#)F(s;¥), s,ted. . (2.17)

This matrix will be called the matrix of the considered S-
transport.

Evidently (see proposition 2.3), in (2.17) the matrix F(s;7¥)
is defined up to a constant along ¥ left multiplief. i.e. up to a

change

F(s:7) —D?-F(s;7), det(D?)#0,w.  (2.18)

Proposition 2.5, A map S: of the tensor algebra at 7(s)

—t
inte the tensor algebra at 7(t) is an S-transport from s to t
along 7 iff in any local basis its action is given by (2.16) in
which the matrices |Hﬂk(t,s:r)" and “H;f(t.s;r)" are inverse to
cne another, i.e. (2.15) holds, and the decomposition (2.17) is
valid.

Proposition 2,6. Every differentiable manifold admits S-tran-

sports.

3. THE EQUIVALENCE BETWEEN S-TRANSPORTS

AND DERIVATIONS ALONG PATHS

Let in M an S-transport S be given along paths, y:J——M be a
c! path and T be a ¢! tensor field on ¥(J). To S we associate a
map P such that D:wh-—aDT. where DV maps the c' tensor fields on

¥(J) into the tensor fields on ¥(J) and

(DT (#(s)):=D"T:= 1im [ = (5T T(r(s+£))-T(¥(s))}] (3.1)

e o £ s5+C —s

for s,s+e€J.



Henceforth for the limit in (3.1) to exist, we suppose 5 to
be of class C' in a sense that such is its matrix H{t,s;z)} with
respect to t (or, equivalently, to s; see below (3.4) and (3.5)).

As a consequence of (2.7) eq. (3.1) can be written also as

Ty <) ¥
i)S.T_-{ F1>] [Ss+8 —s

(T(?(S+€)))]}C:0 (3.17)

Proposition 3.1. The map p¥ is a derivation of the resﬁric-
tion of the tensor algebra over M on #{(J).

Proof. It can easily be verified that from (3.17), (2.3),
(2.2), (2.5) and (2.4) it follows respectively that 2% is an
R-linear, type preserving map of the restriction of the tensor
algebra over M on ¥(J) into itself which commutes with the con-

tractions and obeys the Libnitz rule, i.e. on x(J), we have

¥ ¢ ah+uh’ y=aD¥A + pD?A’, A, ueR, (3.2a)
p¥oc=con?, , ‘ (2.2D)
o7 (asr)=(D¥h)eB+A®(D7B), (3.2c)

where C is a contraction operator, A, A’ and B are ' tensor
fields on »(J), the types of A and A’ being the same. By defini-
tion [8] this means that p¥ is a derivation‘of the mentioned
restricted algebra.m
Proposition 2.2. For every path r:J—M, s,teJ and S-tran-—
sport $7 along ¥ there is valid the identity
D’B‘DS'B‘
t El

550 {3.3)

p” being defined by s? through (3.1).
Procf. The identity (3.3) follows from (3.1") and (2.6).u

Proposition 3.3. If T is a ¢! of type (p,q) tensor'field on

1,0
7(J}) with local components le jp in a basis {El} defined on
vy N

¥(J), then the local components of 2T at r(s), s€J, i.e. of DZT.

are
I i i 1., X
¥ 1 P d 1 P
D =2 _
( sT)Jr- ) ) (&5 TJ s ) Fis)
q 1 q
P 1 11, .1 1,k,l ' 1
+ LT (smT 2 Plr(e)) -
az1 ' g
q
k '1“"Jp
- Y o (s;mT (7(s)), (3.4)
= -} v sk, ) Y -
b=1 b 1 b-1 b+l q
where
, aH' (s, ti7) o' (t,s;7)
l"_J(s.vsr).=—at -l I (3.5)

Proof. This result is a direct consequence of (3.1°), (2.16)
and (2.15).m

Remark 1. If we define FT(s):=“FfJ(S:T)ﬂ, then, due to
(2.17), the second equality in (3.5) is a corollary of

ro(s)= LN | sy ZED (3.57)

Remark 2. If the vector fields El are defined on ¥{(J) such

that El| , seJ is5 a basis at 7(s), then from (3.4) it follows

ris)
that

T _ Tk _rk . ‘ "
DUE =(T")" E =" (si?)E, (3.5")

and, vice versa, if we define r? by the expansion (3.5”), then,
from propesition 3.1 (see (3.2}) and (3.1), we easily get (3.4).
If V is a covariant differentiation with local components

Fnk and 7 is a c! path with a tangent vector field %, then the

comparison of the explicit ferm of (V T)(w(s)) {(cf. [8, 10]) with.
5 .

(3.4) shows that the derivation D% is a generalization of the



covariant differentiation V_ along 7. Evidently, 7% reduces to a
y
covariant differentiation along ¥ iff

l"fJ(S:?)=F?Jk(?(5))i"(5): (3.6)

1 . . s
where I’ e are components of some covariant differentiation V.

ol
Lemma 3.1, The change {El|7(5)}-——e{El,|T(EI—A1,(S)E]]F(5]},
s€J leads to the transformation of FIJ(S;?) into
1! R i 1 . . 1
1"__J:(S.a')—xf\l (S)J’xjf(S)l".J(snr)ﬂlil (S)(dAJf(S)/GS). (3.7
I
where |A] q::uAj,(s)"'ﬂ

Proof. Eq. (3.7) is a simple corollary of (3.5) and the fact

that Hlj(t.s;?) are components of a tensor from T?:H(M)® ®T:(“
(see (2.14)).m
Proposition 3.4, If in any basis {E | }, se€J along

¥ia}
¥:J—>M there are given functions F‘J(s;?) which, when the basis

is changed, transform in conformity with (3.8}, then there exists
a unique S-transport along ¥ which generates F?(S)?=“rlj(si?)u

through (3.5°) and the matrix H(t,s;¥) of which is

H(t,s;7)=Y(t,s ;~T7)[¥(s,s -T")]7", s, ted. (3.8)

Here sceJ is fixed and Y:Y(s,so;z), Z being a continucus matrix
function of s, is the unique scolution of the initial-value

problem

dy/ds=2¥, Y|___ -u. ' (3.9)
Q

Remark. The existence and uniqueness of the solution of (3.9)
can be found, for instance, in [4].

Proof. At first we shall prove that for a figed r¥ eq. (3.8)
gives the unique sclution of (3.5') with respect to H{t,s:¥)=

=F"'(t;7)F(s;7). In fact, using dF'l/ds=—F"(dF/ds)F'l. we see

10

(3.9") to bé equivalent to dF '(s;7)/ds=-T%(s)F '(s;7), the gene-
ral solution of which with respect to F_t. due to (3.9) is
Fl(s;y)= =Y(s,so:—FT)D(?), where s €J is fixed and D(¥) is a
nondegenerate matrix function of . Substituting the last expres-
gsion of F™' into (2.17), we get (3.8) (which does not depend
either on D(7) or on 8 ; cf., propogition 2.3 and the properties
of ¥ (see [4])1}.

It can easily be shown that, as a consequence of the trans-
fermation law (3.7), the elements of H{t,s;?) are components of a
tensor from T?(H(M)®T;w)' Hence, by proposition 2.4 (see also
(2.15)), they define an S-transport, the local action of which is
given by (2.16). Due tc the above construction of H(t,s;¥) this
S-transport is the only one that generates FT, as given by
(3.5").m

S0, the definitien of an $-transport along #:J——M is equi-
valent to the definition of functions TTJ(S:?), seJ, in a basis
{El} along ¥, which have the transformation law (3.7). For this
reason we shall call the functions defined by (3.5) components of
the S-transport.

Proposition 3.1 shows that to any S-transport there corres-
ponds, according to (3.1), a derivation of the restriction of the
tensor algebra over M on any curve ¥(J), i.e. along the path
¥:J ——>M. The next proposition states that any such derivation
can be cobtained in this way.

Proposition 3.5. The map 0¥ of the restriction of the tensor
algebra over M on y{J) into itself is a derivation iff there
exists an S-transport along 7:J —>M (which is unique and) which
generates o? by means of eq. {(3.1).

Proof. If D¥ is defined by some S-transport through (3.1),

11



then by proposition 3.1 it is'a derivation. And vice versa, let
0¥ pe a derivation, i.e. to be a type preserving and satisfying
(3.2). If we define FT:="FfJ(s;7)“ by (3.5%), it is easily veri-
fied that the transformation law (3.7) holds for rfj(s;z) and,
consequently (see proposition 3.4), there exists a unique 8-
transport for which Ifj(s;w) are local components in the used
basis. The derivation corresponding, in conformity with (3.1), to
this S-transport has an explicit action given by the right hand
side of (3.4) and hence it cecincides with 0¥ as the latter has
the same explicit action (as a consequence of (3.5")).w 7

"So, any derivation of the restricted along a path tensor al-
gebra 1is generated by a unique S-transport aleong this path
through (3.1). The opposite statement is almost evident and it is
expressed by

Proposition 3.6. For any S-transpoert along a path »:J—M
there exists a unique derivation 9% of the restricted along =¥
tensor algebra which generates its components F?(s)::url(s;r)"

in a basis {E,1 }, se€J through equation (3.5").

A

Proof. The existence of DY for a given S-transport is evi-
dent: by proposition 3.1 the map D¥, defined by (3.1), is a deri-
vation along r and by proposition 3.2 it generates the components
of the S-transport by (3.5), or, equivalently, by (3.5"). If
‘p¥is a derivation along ¥ with the same property, then from
(3.2) and (3.4), we get o¥r='2%r tor every c' tenser field T,
i.e. '07=0%.u

Thus we see that there is a one-to-one correspondence between
S-transports along paths and derivations along paths, i.e. maps 7
such that for every :J——M, we have D:wp——aDT, whereVD? is a

derivation of the restricted on ¥(J) tensor algebra over M.

12

4. LINEAR TRANSPORTS ALONG PATHS DEFINED BY DERIVATIONS.

SPECIAL CASES

Let D be a derivation along paths (see the end of Sect. 3).
The identity (3.3) gives the following way for defining the 5-
transport corresponding to D, in conformity with proposition 3.5.
If 7:J-—M, then we define the needed S-transport along ¥ by the

initial-value problem

Pv. R _ x _i
DLOSSAA%t—O, Ss ——n|t=s*ld' (4.1)

where for any tensor field T DT(T)::(ﬁTT)(r(t)). In fact, the

initial-value problem (4.1) has a unique solution with respect to

T
s —t

S [4] and it is easily verified that it is an S-transport
along 7 from s to t, whose matrix is given by (3.8) in which 7
is defined by (3.5”). By proposition 3.3 this means that the
derivation corresponding to this S-transport (see (3.1) and pro-
pesition 3.1) coincides with Dv, i.e. it generates 7.

Hence (4.1) naturally generates the S-transport corresponding
to some derivation along paths D. The opposite is true up to a
left multiplication with nonzero functions. i.e it can be proved
that if the S-transpert is fixed, then all derivations along
paths'for which (4.1) is valid have, according to (3.3), the form
£-D, in which f is a nonvanishing scalar function, and I is the
derivation generated by {(3.1) from the given S-transport.

If D is a derivation of the tensor algebra over M, i.e. if it
is a type preserving map satisfying (3.2) on M, then along a path

7:J—>M to it there may be assigned an 3S-transpert along ¥ in

the following way.

s B



According to proposition 3.3 from ch. I in [8], there exist a
unique vector field X and a unique tensor field § of type (1,1)

such that

D=L, +S, (4.2)

where L, is the Lie derivative along X and S is considered as a
derivation of the tensor algebra over M [8]. On the opposite, for
every vector field X and tensor field Sx of type (1.,1), which may

depend on X, the equation

D=Lx+Sx. (a.2")

defines a derivation of the tensor algebra over M.

Let a derivation D with the decomposition (4.2°) be given and
a ¢! path 7r:J——M be fixed. Let in some neighborhood of »(J) a
vector field V be defined such that on ¥(J) it reduces to the
vector field tangent to 7, i.e, V[T(s)zi(s), se). We define D7 to

be the restriction of D| on ¥(J), i.e. for every tensor field

X=V

T, we put

(DPT) (#(5)): =DIT: ={ (D] ) (D }H(x(s)). (4.3)

It is easily seen that the map 9% thus defined is a deriva-

tion along ¥. Of course, generally, il depends on the values of V

outside the set 7{(J). However the most interesting and geometri-

cally valuable case is that when o7 depends only on the path 7

but net on the values of V at points not lying on #»(J). In this
case the map ﬁ:rk——eD? is a derivation along the paths in N,

therefore according to the above scheme, it generates an 5-

transport along the same paths and, consequently, in this way the

derivation D generates an S-transports. This S-transport depends

14

only on D. Vice versa, 1if o7 depends on the values of V outside
7{(J), then to construct a derivation aleng paths ﬁ:?k——%ﬂv we
have to fix in a neighborhood of every path ¥ a vector field v

such that V?| *(s)y, - s&J and to put

T(s)=

(D’T)(r(s))::(D TT)(?(S)). Analogously, using the above des-
A=V

cribed method, from I we can construct an S-—transport, but D, as
well as the S-transport, will depend generally nét only on b but
on the family of vector fields {V?:‘V:J-——aH} that is to a great
extent arbitrary.

Hence to any derivation there corresponds at least one S5-
transpert. Without going into details of the problem when this
transport depends or not on the family {v¥}, we shall present
some examples important from the practical point of view,examples
in which the transport does not depend on that family. (All known
to the author and used in the mathematical and physical litera-
ture transports, based on affine connections over a manifold, are
of this kind, i.e they do not depend on v

Let M be an Ln space, i.e. it is to be endowed with a linear
connection V. As for any vector fleld X VI is a derivation, in

conformity with (4.2”), it admits the representation

v, =L +E(X), (4.4)

where %(X) is a tensor fleld of type (1,1). It can easily be
proved that the local components of X(X) in {E‘} are (Z(X)fj:

:(VE X)[—lekxk in which lek are the torsion tensor components.
| . .

Expreésing L from (4.4) and substituting it into (4.2'), we

get the unique decomposition of any derivation in the form

D=Vx+Sx—Z(X) (4.5)

15



which turns out to be useful for comparison of the general S-
transport with concrete linear transports, based on linear conne-
ctions, of tensors aleng:paths. For instance, using it, the
method presented above for generating S-transports from deriﬁa—
tion, and the definitions of the concrete transports mentioned
below, given in the cited there references, one can easgily prove
the fellowing proposition (cf. proposition 4.1 from [71).

_Proposition 4.1. The S-transport generated by a derivation
D, with a decomposition (4.5), iIs reduced:

a) in a space Ln with a linear connection to the parallel
irahsport [8, 10] for SK=E(X);

b) in an Einstein-Cartan space Uﬂ to the Fermi-Walker trans-
port [5, 1%] for szz(x)—ZL;

c) in a Riemannian space Vn to the Fermi transport [11] for
5,=Z(X)-2L;

d) in a Riemannian space Vn to the Truesdell transport {[12]
for Sx=6-5;

e) in a Riemannian space Vn to the Jaumann transport [9])
for SK=Z(X)—w.
where & is the unit tensor (with Kroneker symbols as components),

8:=)(V_ X)' is the expansion of X [5, 9, 12], and L, L and o are
13 1

tensor fields of type (1,1) with, respectively, the following

covariant compo ts: :=—h"n' ! k i
ponents Llj hihjx[k;lli(hllT.jkx )[131+v[1;11' in
. L k
which hlj.—glj—xlle(gklx x'y, g, being the metric components,
" x
X”:=(VE X, and (...)[lJ} means antisymmetrization (e.g.,
1
.o _ . . k Tyl .
x[:;]]‘ (xli] xj;i)lz)' LIJ.—Xli;kX for gljx X'=~1; and
s=(X, -x X~

w b] .
1] 150 Lk 53701))

The list of concrete transports in proposition 4.1 can be

extended to include the M-transport [2], the Lie transport [5,
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10), the modified Fermi-Walker and the Frenet-Serret transports
[1] etc., Dut this is only a technical problem which does not
change the main idea that by an appropriate choice of‘sx and

the application of the above-described procedure one can obtain a

number of useful transports of tensors along paths.

5. COMMERTS

In the present paper we have considered .the axiomatic
approach to transports of tensors along pathé generated by
derivations along paths, called here S-transports. This is done
on the basis of axiomatic description of the parallel transport
generated by flat linear connections and gives possibilities for
further generalizations to be a subject of other papers. On this
ground a number of properties of the S-transports are derived. We
have proved that in a natural way to any S-transport there corre-
sponds a unique derivation along paths and vice versa. If one
considers general derivations of the tensor algebra, then this
correspondence still exists but it is, generally, not unique and
needs in this sense an additional investigation.

It can be shown that the S-transports are special cases of
the parailel transperts in fibre bundles [3, 8]. Elsewhere we
shall see that the theory develecped here can be generalized so as

to include also these parallel transports as its special case.
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