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Abstract

At the present work we consider infinitesimal deformations

frat —a' e2(a)
of a space Ly with non-symmetric affine connection L;k Based on the
non-symmetry of the connection, we use four kinds of covariant derivative
to express the Lie derivative and the deformations. Rigidity of geometric
objects (connection, tensors, curvature) is defined by virtue of Lie deriva-
tive.
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1 Introduction

Let us consider a space Ly of non-symmetric affine connection L; . With the
torsion tensor Tj;, = L%, — Lj ., at local coordinates #* (i =1,...,N).

Notion of non-symmetric affine connection is used for the first time, for exam-
ple, in [Eisl] (Eisenhart, 1927), [Hy] (Hayden, 1932), but use of non-symmetric
connection became especially actual after appearance of the works of Einstein,
relating to create the Unified Field Theory (UFT).

Einstein was not satisfied with his General Theory of Relativity (GTR, 1916),
and from 1923. to the end of his life (1955), he worked on various variants of
UFT. This theory had the aim to unite the gravitation theory, to which is related
GTR, and the theory of electromagnetism.
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Introducing different variants of his UFT, Einstein ([Einl], 1945, [Ein2],
1946) uses a complex basic tensor g;j, with symmetric real part and antisym-
metric imaginary part with respect to ¢,j. Beginning with 1954, in the work
[Ein3] Einstein uses real non-symmetric basic tensor. At that sense are also his
works from this field up to the end of his life, and also the last work ([Ein5],
1955).

Remark that at UFT the symmetric part g;; of the basic tensor g;; is related
to gravitation, and antisymmetric g;; to the electromagnetism. The same is

valid for F;_k and T'%,. While at the Riemannian space (the space of GTR) the

connection coefficients are expressed by virtue of g;;, at Einstein’s works from
UFT (1950-1955) the connection between these magnitudes is determined by
equations

9ij m = Gigm L 9pi — Tigip = 0, (gijm = gz:i)
which is a system of 43 = 64 equations with 64 unknowns.

Beginning with 1951. L. P. Eisenhart was in several works occupied with
problems of spaces with non-symmetric basic tensor and non-symmetric con-
nection. In the work [Eis2], 1951, Eisenhart defines a generalized Riemannian
space GRy, as a space of coordinates z'(i = 1,..., N) with which is associ-
ated a non-symmetric tensor g;;, and the connection coefficients are defined by
equations

1 , ,
Lige = 5 (9500 = giki+ ging)s Uje = 9F pjne

In the work [Eis3], in 1952., Eisenhart obtains two curvature tensors at GRy,
using the fact that connection coefficients are non-symmetric.

As it is known, one can assign on differentiable manifold connection coeffi-
cients L%, (z', ..., ") independently of basic tensor, so that generally is

ir(@) # Ly (@)

and then we have a non-symmetric affine connection space Ly.

There are different definitions of the notion of infinitesimal deformations. For
example, K. Yano [Yano78] a deformed magnitude A(Z) observes transmitted
parallel from the from the point Z, obtained on the base of the transformation,
at original point = and formes the difference between the obtained magnitudes
at x.

At infinitesimal deformations one observes unchangeability of several geo-
metric magnitudes, i.e. one looks for the conditions to be A = A. When A = A,
we say that the magnitude A is unchangeable at infinitesimal deformation, i.e.
the mentioned magnitude is rigid, on the contrary that magnitude is non-rigid
or flexible.

In the case of the rigidity of the arc, one says that we have an infinitesimal
bending of a manifold, particulary of a surface in E3. The case of bending is
specially important intensively is studied. In this case one observes changes of
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others magnitudes, and then we say that they are rigid or flexible. For example,
the coefficients of the first quadrat form are rigid, and of the second one are
flexible in the infinitesimal bending of a surface. In this matter there are many
works from the geometers ([K-F], [Ef], [Vek], [A.D.Al], [IIK-S1], [IIK-S2]).

2 Lie derivative and infinitesimal deformations

At the beginning we are giving some basic facts according to [MVS2001], [RSt63],
[VMS2003],[Min73].

Definition 2.1 A transformation f : Ly — Ly : o = (2%,...,2"V) = (2%) —
z=(z',...,2N) = (z%), where
(2.1) T =2+ z(x)e,

or in local coordinates
(2.1 #=z'+ ("), i,j=1,...,N,

where ¢ is an infinitesimal, is called infinitesimal deformation of a space
Ly, determined by the vector field z = (2%), which is called infinitesimal
deformation field (2.1).

We denote with () local coordinate system in which the point z is endowed
with coordinates x?, and the point Z with the coordinates z?. We will also
introduce a new coordinate system (i’), corresponding to the point x = (x%)
new coordinates

(2.2) =7

. . i . y .
i.e. as new coordinates z* of the point x = (x*) we choose old coordinates (at

the system (i)) of the point # = (z'). Namely, at the system (') is # = (z*') o
2.2

(%), where (:) denotes ”equal according to (2.2)”.
2.2

Definition 2.2. Coordinate transformation we get based on punctual trans-
formation f : x — Z, getting for the new coordinates of the point x the old
coordinates of its transform Z, is called dragging along punctual transfor-
mation. New coordinates z¢ = Z' of the point Z are called dragged along
coordinates.

In the case of infinitesimal deformation (2.1") coordinate transformation

v

(2.3) ot =z =2t At 2N )e

is called dragging along by z'c.
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Let us consider a geometric object A with respect to the system (i) at the
point x = (x*) € Ly, denoting this with A(, z).

Definition 2.3 The point z is said to be deformed point of the point x, if
(2.1) holds. Geometric object A(i, z) is deformed object A(i, ) with respect
to deformation (2.1), if its value at the system (i), at the point x is equal to
the value of the object A at the system (i) at the point Z, i.e. if

(2.4) A, 2) = A, 7).

Remark 2.1. In this study of infinitesimal deformations according to (2.1)
quantities of an order higher then the first with respect to e are neglected.

We will now define some important notions of the theory of infinitesimal
deformations, following from (2.1): Lie differential and Lie derivative, and in
further considerations we will find them for some geometric objects.

Definition 2.4 The magnitude DA, the difference between deformed object A
and initial object A at the same coordinate system and at the same point with
respect to (2.17), i.e.

(2.5) DA = A(i,x) — A(i, z),

is called Lie difference (Lie differential), and the magnitude

(2.5) LA = 1im PA _ iy A7) = Ali )
e—0 ¢ e—0 I

is Lie derivative of geometric object A(7, ) with respect to the vector field

z = (24(a7)).

Using the relation (2.5), for deformed object A(i, z) we have

(2.5") Ali,z) = A(i, ) + DA,
and thus we can express A, finding previously DA.

Definition 2.5 Geometric object A is rigid with respect to infinitesimal defor-
mations (2.1) if there exist nontrivial field of deformations z for which £,4 = 0,
ie. A= A. Geometric object A is flexible if £, A # 0 for non-trivial field of
deformation z.

The known main cases are:

2.1. According to (1.5) we have Dx’ = 7' — z, i.e. for the coordinates we
have

(2.6) Dx' = 2'(29)e,



Infinitesimal rigidity and flexibility... 5

from where

(2.6") L.zt = 2 (z7).
2.2. For the scalar function ¢(z) = ¢(z!,...,z") we have
(2.7) Dyp(x) = ppz"(x)e = Lap(x)e,  (p,p = Dp/02?),

i.e. Lie derivative of the scalar function is derivative of this function in direction
of the vector field z.

2.3. For a tensor of the kind (u,v) we get

u v .
by [pied p ia [ P i1y P JB i1y
Dtjl...Jv [t31.~.Jv,pZ Z Zp (io)th'”“ + § :Z,Jﬁ( tJl...Jv]E

(28) a=1
= Latf 8

where we denoted

(2 9) p ti_l...i_u o t¢_l~~~'£_a—lp¢a+l~~~¢u JB ti_l...i_u o ti_l...i_u ) )
’ To Ji---Ju — Td1dw ’ D JiJo — CJ1--JB—1PJB+1---Ju”

2.4. For the vector dz* we have

(2.10) D(dz') = L.(dz") = 0.

2.5. In the same way, as for the tensors, for the connection coefficients we
have
(2.11) DL}y, = (L 2" + 25y, — 2, Ll + 25 L0, + 25 L Je = L. L e

i
jk,p P gk ,J Pk

Definition 2.6 Infinitesimal deformation (2.1) is affine colineation or pro-
jective infinitesimal deformation if the Lie derivative of connection coeffi-
cients is zero (£, L% = 0).

In case of infinitesimal deformation with zero Lie derivative of curvature
(LR}, = 0) we have curvature colineation.

In the case of £.g;; = 0, infinitesimal deformation is infinitesimal motion,
and for £,g;; = o(x)gij, we have infinitesimal conformal deformation or
in the case o(x) = const.- homothety.
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3 The Lie derivative and rigidity of a tensor

3.1. Definition 3.1 A tensor t“ “: is rigid with respect to a given infinites-
imal deformation field z if £, t“ 1“ =0

Considering of the rlgldlty of a tensor requires consideration of their Lie
derivatives. Based on non-symmetry of the connection, at Ly we can consider
two types of covariant derivatives for a vector and four types for general tensor.
So, denoting by |(# = 1,...,4) derivative of the type 6, we have ([Min73],

0

[Min77], [Min79)):

(3.la—d) e, =t 4 Z Lis, ( > y Z LGy (p> o

mjg

NI

mjg
igm

Generally, the next theorem is in the force:

Theorem 3.1 Lie derivative of a tensor tjl 3 of the type (u,v) is a tensor of

the same type and can be presented in the following four ways

Lot = Lot

v .
u ia (P, JB Y,
= Zp_zz; ,,(Z, >tm—|—szjﬁ< >t
a=1 ¢ o =1 ¢ p
u
0—1 i )=t
1) ZlT;S (z >t 2P+ (— ZTM,( >t 2P,
o=

0=1,2;

(3.2a,b)

Loty75 = Loty

Ji-- Jv
_ g4i1..3 p - Jﬂ
=t 2P =y oz ( >tm—|— 2P ( >t
(3.3a,b) Juedv [P Z ia ﬂzzl L7\ p
)0 1ZTM(, )t;;;zi’, 0 = 3,4,

where ,gz denotes that Lie derivative L, is expressed by covariant derivative of
the type 6, (]), 6=1,...,4.0
0

The proof is given in [VMS 2003].

0 0. .
Corollary 3.1. For the space Ly of symmetric connection Ly, (T;k =0)
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we have
) )
L tﬂll Jv E tjll -Jo
(3.4) u
JB
1 P _ Ta 1 1u
== () e S ()i
a=1

because in that case all 4 types of covariant derivatives reduce to one, which we
denote by semicolon (;).

3.2. So, Lie derivative of a tensor at a space of symmetric affine connection
can be obtained as a special case from the formulae for Lie derivative at a space
of non-symmetric affine connection. We will investigate the way of presenting
the Lie derivative of a tensor by covariant derivative with respect to
symmetrical part L ik of non-symmetric connection L k- Let us consider

a space Ly of non- bymmetnc affine connection L; . and let be

i Lo i i i i
(3.5) ik = §(ij + Li;)s  Tjp = Ly — Li;-
Then
[ [ 1
(3.6) ik = Rk T 5 5 Jk

The magnitudes Iojg i are the coefficients of symmetric connection associated to

the connection L; > and T;k are the components of torsion tensor of connection
LY. If we denote with {{ztﬁii : :3-1: the expression as on the right side at (3.4), but

. 0.
formed by means of Iojg rfrom (3.5) (instead of L%, ), we have the next theorem
[VMS 2003]:

Theorem 3.2 In the non-symmetric connection space Ly Lie derivative of

tensor t 31: can be expressed as

i1 i1 i1y
Loty gy = Lty G = L2150,
(3.7) Q1.0 - J
— ety P __ (2 ﬂ
_tjll~~~jv:,pz ZZ ( > ji.- J +ZZJ3( > Ji.- Jv
a=1

where the semicolon (;) denotes covariant derivative with respect to symmetric
part Iojz-k of the connection LY, . U

3.3 Comparing (3.2,3) and (3.7), we can see that Lie derivative of a tensor
at Ly can simpler be given by means of (3.7), i.e. with respect to covariant
derivative formed by symmetrical part L 41 of non-symmetrical connection L
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If we use at the same time different kinds of covariant derivative at
the right side at (3.2, 3) with respect to L; x> We can write this equations in the
more condensed form (analogously to (3.7)). In connection with this the next
theorem is in the force:

Theorem 3.3 The Lie derivative of a tensor of the type (u,v) can be eatpressed
using covariant derivatives with respect to non-symmetric connection L ik in the
next way

1 B ST ) - T ]ﬂ 1 g
(3-8a —d) L tﬂll o _tji...jvlpzp o Zzlp(z > g J“ +ZZ|J;%( > bild
a=1 #» B=1 v
where (A, p,v) € {(1,2,2),(2,1,1),(3,4,3),(4,3,4)}.

Proof: We will prove only the second case, the others can be proved analogously.
Let us start from (3.2b). We have

o [P\ pirin _ (L ia i sy [ P\ yirein _ (ia i S _ Tia s
Ip (Z'a>tjl~~~jv - (Z,p + LZDSZ )(ia>tj1...jv - (Z,p +LSZDZ LSZDZ
2

Ga oS p i1.d _ e[ D 010y m 28 p D10y
+ L:DSZ )(Z >tj1~~~jv - le (Z >tJ1 Jo + T (Z >tj1~~~jv
[ 1 [ [

and analogously

D Js Q1. P Js i1 2 Js 010y 8
Zéj[-}(p>tj1...jv - leﬁ(p>tﬂl Ju +TSJ;a(p>tj1mij :

Substituting this at (3.2b) it follows that

i1y
Loty

- p j
Y S 2 P _ T 1.l - s 11 1u B 11 oy
_tjl~~~jvépz Z[le (io)tn Ao s ( > J1eo +Z |Jﬁ( > J1eo

a=1

1 (Ve S (i - o ( e

from where we obtain (3.8) for (A, u,v) =(2,1,1).0

L From exposed the next theorem is valid:
Theorem 3.4 A necessary and sufficient condition for the tensor field t“l "y
to be rigid with respect to infinitesimal deformations (2.1) is the annulment of
the right side in any of the equations (2.8),(3.2,3,4,7,8). O

For the example, based on (3.7) it follows that a necessary and sufficient

condition the tensor field t;i’::?jv to be rigid is

u
i1 _ o u JB u
6 =L)X () )

a=1
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what gives a manner for an expression of covariant derivative in the direction of
deformation vector z, that derivative being taken by virtue of symmetric part
IOJ of the connection L.

4 The Lie derivative and the rigidity of the con-
nection

4.1 On the base of (2.11) for the Lie derivative of the connection we have
(4.1) LoLyy =255 + Ly p2 — 2, L0 + 25 Loy + 25 Ly,

As it was proved at [MV52001] Lie derivative can be written in the next way
(42)  L.Li = szk + Zil’;kpzp + T}, 12" + L3 To 2P + LT, 20 + Ty, 25

(4.2)) LoLjy = LoLiy = 25, + By 27 + (T5,2) 2
1

i i i i p i p i p
EZLJk—,/QSZLJk—zij—F];L’Jkpz —|—ij£,€2 + Ty

¥
(43) P i 9 P i s i s i s 2p
+ Tkakl’ + Tjk“’Z + (Tszkp + TSkij + sp jk)z )
2 2
(4.4) L.Lh = ,g:zL;k = zi'jk + g;kpzp = Tszip + T}zl

(4.5) L.LYy = %L;k = zjjk + {j;’-kpzp + (T;'jlk + To T + ToeTip) 2" + T2l
4

where [Min73], [Min77], [Min79]

(4.6) ]E;kp = Lipp = Lipr + LinLiy = LipLi
(4.7) Rikp = Lijp — Lyjx + LiyLos — Ly Lis
(4.8) Rikp = Ly = i+ LinLis — Ly Loy + Ly TG
(4.9) Rl = Ligp — Lyjp + LjnLps — Ly Loy, + Ly, T

are curvature tensors of the space Ly.



10 L. S. Velimirovié, S. M. Mincié, M. S. Stankovic¢

2. We have proved at Theorem 3.3. that the Lie derivative of a tensor can
be expressed more concise by using several types of covariant derivatives at Ly
simultaneously. It is the same case for the Lie derivative of the connection.
Namely, the next theorem is in force [VMS 2003]:

Theorem 4.1 The Lie derivative of non-symmetric connection L’ Gk 1S a tensor
of the type (1,2) and can be expressed with respect to covariant derwatwes by
equations (4.2. — 5), as well as by

(4.10) LoLi = 255 + Rjpp
21
12

O

4.3. Compamng (3.4) and (3.7), we can see that the Lie derivative of a

tensor at the space L ~ of symmetric connection L ik and Lie derivative at the
space Ly of non-symmetric connection Lg i are expressed in the same way: with

0.
respect to given symmetric connection L%, in the first case, and in the second
with respect to the symmetric part %2 . of non-symmetric connection L; .
An analogous problem can be considered in the case of a connection (that
is not a tensor). At the space L ~ of symmetric connection LJ x> by reason of

Tj,, = 0 all the cases of expresses for the Lie derivative considered before, reduce
to

0. . 0.

0.
where R kp 18 curvature tensor, generated by L7, . Let us examine a space Ly
7 7 :
of non-symmetric affine connection L%, , where L Lip: T}, are given by (3.5).

The main purpose is to express ,CZL; (4. ) by covariant derivatives with

respect to ij, and Rjkp by Rjkp, formed by {;3—:« We have [VMS 2003]:
4.1 L.LYy =L.LY =2 o2 LT
(4.13) Lgr = L= jkzz;jk+1§jkpz +§0z ke
(4.14) Eﬁizgﬂ—ww+ﬁ 2P,
0jk 0 04k 7 0jkp

Based on the pointed out facts it follows
Theorem 4.2 Lie derivative of non-symmetric connection L;k can be given by
the equation (4.13), where covariant derivative denoted by ; and curvature tensor
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Ri

Rijip are formed with respect to symmetric part Iof_k of the connection Lz-k, and

J
,ng}k is expressed according to (3.7) with respect to I(j;’k' The Lie derivative of
symmetric part of connection is given according to (4.14) i.e. it is in the same
form as for symmetric connection (equation (4.12)).00

In relation with the rigidity of the connection, from exposed above it follows
Theorem 4.3 For the rigidity of a non-symmetric connection L;k with respect
to infinitesimal deformation (2.1), a necessary and sufficient condition is an
annulment of the right side in any of the equations (4.1 —5,10,11). O

All these conditions are equivalent as they signify the annulment of the
Lie derivative of the connection. E.g., from (4.10) the cited rigidity condition
reduces to ,
21k = Bpra"
21

In the case of symmetric connection this condition reduces to
2y = R,
where is taken into consideration the skew symmetry of curvature tensor with
respect to the last two indices.
5 Infinitesimal deformation of curvature tensors

At [Min 73], [Min 77], [Min 79] are obtained at all 12 curvature tensors in Ly,
and at [Min 79] is proved that 5 of them are independent. They are (4.6 — 9)
and

(5.1) ]F})jm" - §(ij’" + Lmj," - Ljn,m - Lnj,m
P [ P i P i P i
+ LY Ly + Lo Ly — LY Ly — Ly i L)

Denoting by semicolon (;) covariant derivative with respect to symmetric
connection IOJ, then according to [Min79], we have

) . 1 . 1 . 1 . 1 .
7 . 7 7 ) /g ) /g {2
(52) lﬁjmn - gjmn + §ij;n - §Tjn;m + ZijTpn - ZTjnTpma
) ' 1 . 1 . 1 . 1 .
7 . 7 7 ) /g ) /g {2
(53) gjmn - @jmn - §ij;n =+ §Tjn;m + ZijTpn - ZTjnTpma
7 7 1 0 1 0 1 P 0 1 J 2 al? 1 D 0
(54) gjmn = @jmn + §ij;n + §Tjn;m - ZijTpn + ZTjnTpm - §Tmnija
i i 1 - oo i | S | —
(55) ﬁjmn = @jmn + §ij;n + §Tjn;m - ZijTpn =+ ZTjnTpm =+ §Tmnij
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, , 1 , 1 ;
(5.6) R . =R, +=-T0 T + =TT

5jmn ijn 4= JmTpn 47 In pm-*

At (5.2 — 6) all the addends at the right side are tensors.
We will consider infinitesimal deformations of cited five curvature tensors.

5.1 Infinitesimal deformation of curvature tensor 11%

According to (5.1) for deformed first curvature tensor at Ly i.e. for ]fi, we have

L+ I8, L — I L

Jjn,m jm~pn jnpm>

(5.7) 11?1' (r)=L:

Jmn Jjm,n

and with respect to L}, () = LY, (x) + DL’,,, one obtains

]m)
+ (L2, + DIt (L., + DL},)— (L%, + DLE )(L;,, + DL},

Developing this and omitting the members of the form DL - DL, as they
include (g)2, we have

. [ [ [ P [
(5 8) @jmn - ij,n + (DLJm),TL - Ljn,m - (DLJn),m + ijLpn
' i i i p i P \Ti
+I° DL, + (DL, )Li, — LP Li, — [} DL, — (DL, )Li, .

As DLz-m is a tensor, we can consider covariant derivative:

(DL:,.) In = (pL:,)n+ L, DL — LY DL, — LY, DL},
wherefrom
(5.9) (DL},,).n + L;, DLY,, = (DLY,,) In L% DL, + Lk, DL,
and in the same manner
(5.9") (DL,)m + Ly, DLE, = (DLY,) m + Lt DL, +Lb, DL,

If we have in mind (4.6), (5.9,9’), the equation (5.8) becomes

(100 Ry = Ry + (PL)jn = (DL i + T, DL,

From here Lie derivative of curvature tensor is

(5.11) LRy = (LoLim)n = (£2L30)pm + Thn £2L5,.

1
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We can also start from (5.2), and then we have

1 - 1

1 1-
% _ Dt - i - _ g i
];L)Jmn ](;L)Jmn 2T min 2Tjn m 4T T 4TJnTpm
3 i 1 % % 1 1' i
1 i 1 i i
4(T” + D17, (T}, + DT,,) — Z(Tfn + D1}, )T, + DTy,).-

Omitting the members containing DT - DT, we get

Dt 1 i 1 % 1 0

1Jmn Jmn

1 1 , 1
0 T P (2 /g %
= 5T — 5(DT. )om 4(TJmTpn + 1% DI,
P % P /4 i P
+ DTJmTpn — TJnTpm — TjnDTp — DTJnTpm)

So, with respect to (5.2), one obtains

1 1 1 1 i
lﬁjmn ijn + DRJmn §(DTjTL)m

(DT},)in

[\D|’—‘

(5.12)

1
7 P 7
T 4D(TfmTpn T,

where with ; is denoted covariant derivative with respect to IOJ (3.5), and (divid-

ing with €):
1 T 1 0 1 0
L ijn =L ijn §(£ZTJm)TL - §(£ZTJn)m
(5.11')
+ Z‘C TP T, —T0 T,
5.2 Infinitesimal deformation of curvature tensors 12%, ceey 15%

By analogical procedure one obtains the Lie derivative for curvature tensors
]2-1’, e ]5-1’ In that manner is

(5.13) L‘zZQi’j_mn (L.LE = (£ L im + T Lo Ly
and

LR =L.R 4 =(LT0)m — (LT ) m
(5.13") 2 jmn Ojmn 2 2

1
+ LT T = T), ).

Jm=pn jn—pm
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and
'Cz];l_ = ('CZL;'m)In - ('CZL%j)Im
(514) jmn , 4 , 3 , ,
+ 17, LoLyy + 15, Lo Loy, + L0 LT, 4 Lo(T, L7,
i i 1 i 1 i
EZR = EZR + _(Eszm);n + _(‘CZTjn);m
(5.14) 3 gmn 0jmn 2 2
1 i i i
+ Z‘CZ(Tmefn - Tpanm - 2ijTﬁ1n)a
Ez;jﬂ_ = ('CZL;'m)In - ('CZL%j)Im
(515) jmn , 4 , 3 , ,
+ T, Lol +Th Loy, + L0 LT3, + Lo(Ty, LY ),
and
i i 1 i 1 i
LR =L.R  +(LT)m+ 5(LT5)m
(5.15') Agmn " Ojmn - 2 2
1 i i i
+ Z‘CZ(Tmefn - Tpanm + 2ijTﬁ1n)a
i 1 i i i i
(5-16) 'CZR_ = _[(Ezij)ln - (Eanj)lm =+ (Eszj)ln - (EzLjn)lm]a
5 jmn 2 3 3 4 4
and
. . 1 ) .
/ 7 _ 7 - P 7 P )
(5.16') LR LB+ 1L (T T+ T3, 1)

Based on exposed, related to infinitesimal deformations and rigidity of curvature
tensors in Ly, the following theorems are valid:
Theorem 5.1Lie derivatives of the curvature tensors ]{1’, . ..,]5:5 in the space

Ly of non-symmetric affine connection L;k can be expressed by the equations
(5.11,117,13,13") — (5.16, 16").
Theorem 5.21f with respect to infinitesimal deformation (2.1) the connection

is rigid, i.e. Esz-k = 0, then all curvature tensors ];L’,G =1,...,5, are rigid,
that is ,Czél’;mn = 0, with respect to that deformation. Conversely, e.g. from
Ezlil’;mn =0, it follows
(5.17) (LoL}) in = (LoLfy) jm — TE, L1,

1 1

and similar relations for the rest curvature tensors. In the case of symmet-
ric connection (T=0) the equation (5.17) and corresponding equations for the
remaining curvature tensors reduce to

(‘CZL;m)'-," = (‘CzL;n)?m'
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