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Connections in the Manifold Admitting
Generalized Transformations.

By TSyomon HOSOKAWA.
Mathematical Institute, Hokkaido Imperial University, Sapporo.

(Comm. by M. FUJIWARA, M.LA., Oct. 12, 1932.)

In the present paper a general manifold is defined in which to
every point of a manifold X is associated a system of the quantities,
(1) (2) ()

P, P, P. We shall develop the notions of the point trans-
formation for this general manifold, and then by an analogous method
as in a previous paper) the connections will be established in it.

1. The Zoc[ geometry. Consider an dimensional space X of
coordinates z (r=, ), and to each point in X corresponds a

(1)

system of h mutual independent quanfiies P2, P2, whose diree-

fion are indeterminate, and =1, 2, K. We consider P2 as the
elements of K-sprecut, depending analytieally on a system of parameters
(u =1, 2, K). This new manifold is called the general manifold.

We ha11 now ume for Che quanfiie P, P:
,o (,, (i 1,2, K)(1.1) alP:= "dx a 1, 2,

where ,., are arbitrary functions.
Let us consider the transformations

(1.2) "x,"=’x" (x’, P:, P:), l--ll, an,

in the general manifold. By differentiation of (1.2), we get

d,x=( ’x" ’x" (’)

(1. 3) -+ ,,, DJd.\
vP2

We make use the usual convention for indices about every one of the
letters 2, i and a.

(1) (1)

Any set of n quantities V’(x’, P:, P), (--a, a.),
transformed by the transformations (1.2) into new n quantities

(1)

"V’ (’x’,’P:, "P:) in such a way that

1) T. Hosokawa" Science Reports, Tohoku Imp. University, 19 (1930), p. 37-51.
2) J. Douglas" Math. Annalen, 105 (1931), p. 707.
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(1. 4)
\

P
will be called a eontravariant veetor, where "P2 are the quantiies at
the poin x. A eovariant veetor is a se of n quantities Wx which
are transformed by (1.2) into

(1. 5)
\

Le us now assume tha he following relations are satisfied"

’x* x (’)

A tensor of the higher order is defined by the following:

-V H +. V,IH[Ox% ,.
2. Limar cmcti. We will define the eonneetions of the

eontravariant and eovariant veetors by the following.uations"

(2. 1) eV 0V VV (’)

+. ,,, + V

and

(2. 2) ,W- W +. W

The covariant derivatives IV are the components of a mixed
tensor of the second order. Hence from the transformation (1.2), it

is evident that if I are functions of z* as well P2, and "* of "x*

well as ’P2, then they must satisfy the equations

=F a x +_.a’x’ o) \
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In the same manner as that of the general linear displacements,)

we get

(2.3)
where

(2. 4)

where

r={}+T+{}, ;=(} +T’ + (},

3. Curvature tensors. From (2. 1) and (2. 2) we have

3x x 3P:,
but

vP2
We will call R6* and R26; the ature ors.

From the formula g:.(g)=gg.g+ ggg, we have
(a. 2)

From (3. 1) it follows that
’) 3 Wx + 2S2i eW,).(3. 3) 2tee3Wx=( R,.x" W+ K./.--",)

From (3. 2) and (3. 3) we have the following identities:

(3. 4)

1) T. Hosokawa: loc. cit., p. 40.
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In consequence of these identities we have

(3. 5) R
(3. 6)

and

(3. 7) Ri;+4{"S’3,= +21rS’ 2{"C==0

The relatio (3. 5) corresnd to the identiti of Bnchi.
In the uations (I. 1) and (1.2) put resctively

(+I) (k)() (k) () ()

P:= P-alP: +rPd=
and ’’=’() (=a, a,),
mover put K= 1, then we obin the c, studied by A. Kawaghi?

1) A. Kawaguchi" Proc. 7 (1931), 211-214.


