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The purpose of the present paper is to introduce the concepts called semi-C-
reducibility and S4-likeness of Finsler space and to consider relations between these
concepts and other important ones which are familiar to us.

The concept “‘semi-C-reducibility”” is a generalization of the well-known C-
reducibility and a certain restriction of the quasi-C-reducibility. The concept *“S4-
likeness” is introduced based on the fact that the v-curvature tensor S,,,, of any
four-dimensional Finsler space is of a special form, similarly to the case of the concept
““S3-likeness”.

The notations and terminology are used the ones of the monograph [17] without
comment. The introduction of two new concepts are done by the first author and
the contents of the final section is due to the work of the second author only.

§1. Semi-C-reducibility

Throughout the paper we denote by F* an n-dimensional Finsler space with a
fundamental function L(x, y) (y*=x?), the fundamental tensor g,, and the angular
metric tensor A= L(8,0,L)=g,,— I, (,=03,L).

We are concerned with special forms of the (h)hv-torsion tensor C,,, = (3,8:,)/2.
First of all, it should be noted that C,;, of any F? is written in the form

LC;=Im, mym,,
where [ is the main scalar and we refer to the Berwald frame (/%, m%) (VI § 6 of [24],
§28 of [17]). 1If the torsion vector C,=C,,g’* has the non-zero length C, then we
have m,=*C,/C and C,, is written in the form

(1.1 3C,=hy,CothyCo+hyiC,.

Next, consider an F* with non-zero C ([19]). We can refer to the Modr frame
(¢, m, n*) (m*=C*/C) ([12], § 29 of [17]) and C,,, is written in the form
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(1.2) LC;;,=Hmmm,—&),;,{(Jmmm,—Imnmn,}+JInnn,,
where H, I, J are main scalars.

Now, one of the authors proposed a special form of C,,, ([11]):
(1.3) Civ=A4,B,+ A, B,+A4,.B,,

where 4,, is a symmetric tensor and B, a covariant vector. The equations 4,,=0
and B,=0 were shown. The angular metric tensor %,, has these properties of A4,,
and it was also shown that 4,,=#,, implies B,=C,/(n+1). Thus we are led to the
special form

(1.4 (n+ I)Ctjk=htjck+hjkct+hktcj’

It follows from (1.1) that (1.4) imposes no restriction on any F?. A non-Riemannian
F" (n=3) with C,;;, of the form (1.4) is called C-reducible. It has been, however,
concluded in a recent paper ([18]) that the metric of any C-reducible F* is only of the
Randers type or the Kropina type.

On the other hand, one of the authors proposed another special case of (1.3)
such that B, is equal to the torsion vector C; ([15]):

(1-5) Ctjk=A¢jCk+AjkC1+Akth

and non-Riemannian F* (n=3) with C,;, of the form (1.5) was called quasi-C-reduc-
ible. It was shown that any non-Riemannian F* (n=3) with the so-called («, B)-
metric is quasi-C-reducible and F?® is quasi-C-reducible iff /=0 in (1.2) ([12]).

Really speaking, 4, of any («, p)-metric is of a special form A,;;=ah,,+uC,C;
with some scalars 2 and p. It is also verified easily that any quasi-C-reducible F*
(J=0) has this form. Further we should recall that one of the authors has already
treated A4,; of this form in a previous paper ([20]). In the case of this 4,; we have

(1-6) C‘ljk='z(hijck_*_hjkci+hkicj)+3#CthCk'

We deal with C,;, of the form (1.6). Contraction of (1.6) by g’* gives (n+1)2
+3C*u=1; two scalars 2 and y are not independent. In case of A=0 we have to
take accont into Brickell’s theorem ([4]), because C,;,=3uC,C,C, causes immediately
vanishing of the v-curvature tensor S,,;,=C,",C,;;— C,",C, .

Next, in case of C=0, Deicke’s theorem ([5]) must be taken into account. Fur-
ther, in case of p=0, (1.6) is solely reduced to (1.4). Paying attention to these cir-
cumstances we are naturally led to the following definition:

Definition. A Finsler space F™ (n=3) with the non-zero length C of the torsion
vector C* is called semi-C-reducible, if the (h)hv-torsion tensor C,, is of the form

mn Cipp= [p/(n+ l)](hijck +hjkCi+hkicj)+(q/C2)CthCky

1) S means cyclic permutation of indices i,j,k and summation.
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where p and g (=1—p) do not vanish. p is called the characteristic scalar of the F".

It is easily seen that the v-curvature tensor S,,, of a semi-C-reducible F* is
written in the form

(1-8) L2Shijk=hthik +hithj_hhkMij_hithka
where the symmetric tensor M, is defined by

(1.9) M,/ = —[(pCY/2(n~+1)h,;—[p*/(n+ 1)+ pg/(n+ DIC.C,.

§2. T-tensor=0

In 1972 one of the authors ([10]) and H. Kawaguchi ([7]) independently found
an important tensor

(2-1) Thtjk = LChtj Ik +1, Cijk + ltchjk + [j Chut+ lxcnu,

where C,, |, is the v-covariant derivative of C,;,. This is called the T-tensor. Finsler
spaces with the vanishing 7-tensor constitute an important and interesting class (§ 28
of [17]). We denote such a Finsler space by TF™ in the following. Thus

(2-2) LChij lk= —lhctjk—licnjk—ljchtk"lkchu

is the system of partial differential equations which is the characteristic of the funda-
mental function L of TF™".
From (2.2) we immediately obtain

2.3) LC,,=—-1C,—1,C,
2.4 C*;,=0.
As to the length C of the torsion vector C?, (2.3) yields
2.5 LC*,=-2C%,
which further implies
(2.6 C?|, C'=0.

Consider the normalized torsion vector 4*=LC*, which is (0)p-homogeneous.
The length of A* is equal to LC in our notations. It is remarkable that (2.5) is written
as 9,C*/C*+9,L*/L*=0, so that we obtain

Theorem 1. The length LC of the normalized torsion vector A*=LC* of any TF"
is constant in every tangent space of TF™.

Pay attention to the integrability condition

Chij |k IL - Cnu Iz |k = @(htj){chtrsjrkl}’
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of (2.2), which is one of the Ricci identities (§ 17 of [17]). Applying this condition
to (2.2), we have

(2'7) @(htj){hhkcljl - hm Ctjk - chhrlSrjkl} =0.

It is noted that (2.7) is a system of algebraic equations satisfied by C,;, of TF™.
We shall derive various equations from (2.7) for the later use. First, applying
Sjusy to (2.7), we obtain

2.8) Sk Ci 3Srnei+ Co" 38} =0.
Contraction of (2.8) by g"* gives

2.9 QI(MZ){C/:Srk + strSirsk} - C:-Strjk =0,
where S,, =S, is the so-called v-Ricci tensor.

Secondly we contract (2.7) by g** and moreover by g%/ to obtain
(2.10) nCy e =huCy+h,,C,— L(C/ Sy o+ C ST o+ Ci73S00),
2.11) n—2)C,+L*C"S,,=0.

Thirdly we contract (2.7) by g** to obtain
2.12) h,;C—h,,C,+LC"S,,,=0.

The equation (2.10) is rather interesting. In fact, while C,,, is symmetric in all
indices, the right-hand side of (2.10) is seemingly not symmetric inj and k. The
symmetric form of C,,, is easily derived from (2.10) by applying S ,;,:

(2.13) 3nC, ;. =G ;i {2h,,C, —2L*C .S — L*C/7 ;S ).
Further, we apply the Christoffel method (§ 5 of [17]) to (2.10) to get
(2- 14) ncijk = z(hikcj _chjsrskrsi) —Lz(CtTerk + erkSri - CkTiSrj)'

§3. S4-likeness

It is well-known ([9], § 29 of [17]) that the v-curvature tensor S,,;, of any F* is
of the form

3.1 LzShijkzS(hhjhik_hhkhij)’

where the scalar S is called the v-curvature. One of the authors introduced the con-
cept of S3-likeness ([9]): F" (n=4) is called S3-like if S,,;, is written in the form
(3.1). Itis known that the v-curvature S of any S3-like F™ is a function of position
alone. Recently appear various papers concerned with S3-like Finsler spaces ([1],

2) U means interchange of indices j,k and subtraction.
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[2], [3], [22] and [23]). The v-curvature S of any TF* is equal to —1 ([13], §29 of
[17]). The following is a generalization of this fact:

Theorem 2. The v-curvature S of any non-Riemannian S3-like TF" is equal to
—1.

Proof. Substitution from (3.1) into (2.10) and (2.11) yields
S+ 1D)@nC,y,—Cihy— Cihy)=0, S+ DH(r—2)C,=0.
Thus S+ 150 causes C,;, =0 and the proof is completed.

Remark. Theorem 2 asserts that the indicatrix of any non-Riemannian S3-like
TF™ is flat (§ 31 of [17]), very strange circumstances.

Next it is known ([16], § 31 of [17]) that the v-curvature tensor S,,,, of any F*
is written in the form

(3-2) LzShijk=hthtk+hithj—llhkMij_htjMnk’

where M, is a symmetric tensor and satisfies M,;=0. Thus, similarly to the case of
the S3-likeness, we are led to the following definition:

Definition. A non-Riemannian F* (n>>5) is called S4-like if the v-curvature
tensor S, is written in the form (3.2) where M, is a symmetric and indicatory
tensor (§ 31 of [17)).

From (1.8) we immediately have
Theorem 3. Any semi-C-reducible F" (n=5) is S4-like.

The reverse of Theorem 3 is true on the assumption of T-tensor =0. Precisely
speaking, we have

Theorem 4. Consider a TF™ (n=4) with the non-zero length C of the torsion
vector C* and suppose that the TF™ is not S3-like.

(1)  The space TF* is semi-C-reducible and the scalar M=g*M,, is not equal to
—3)2.

(2) If the TF™ (n=5) is S4-like, it is semi-C-reducible and the M is not equal to
(1—mn)/2.

Proof. From (3.2) the v-Ricci tensor S, is written as
3.3) L*S,y;=(n—3)M,;+ Mh,,.
Substitution from (3.3) into (2.11) yields

(3.4) CHC'™M, =¢C,,  ¢=—(M+1DJ(n—73).
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By means of (3.2) and (3.4), the equation (2.12) gives

3.5 M, =[2¢—1)/C*C,C,— phy,.

From (3.2), (3.3) and (3.5) the equation (2.9) is written as

(3.6) (2¢— DUy, {hiy (B, — C) + (n—2)B,,C,} =0,

where we put B,;=C,",C,/C*and B,=B,,C’. If 2¢—1=0, then M, is proportional
to &,; from (3.5), so that the space is essentially S3-like. Therefore we get 2¢— 1
0,ie.,2M=+£1—n.

We contract (3.6) by C* to obtain
Cihyy+C,Cy+(n—2)C*B,;=(n—2)B,C,+ B,C,,

where = (B,— C,)C*/C* Because the left-hand side of the above is symmetric in
indices, we get B,=(y+ 1)C, easily from n>4. Thus the above is written as

3.7 Biy= —{/(n—2Yhes+{1 +(n— D/ (n— 2}C,C,/C*.
It follows from (3.5) that (3.2) is written in the form
L*Shige= —2¢(hnshi—hnihiy)
+ [(2¢_ 1)/C2]2I(jk){hhjctck +hikchcj}'

Finally, substituting from (3.8) into (2.14) and making use of (3.7), we arrive at
the form (1.7) of C,,,, where p=—(n+ 1)y/(n—2).

3.8

§4. The T-tensor of semi-C-reducible Finsler spaces

It is known ([14)], § 30 of [17]) that the T-tensor of any C- reducible Finsler space
is of an elegant form. The purpose of the present section is to consider the 7-tensor
of semi-C-reducible Finsler spaces. We shall use following notations:

4.1 pPi= 31P, p.=p;,C'[C?, a=C;/C?, B=C?,C!C"
Now from (1.7) we obtain

Cisiln =8 s hiy(pCiln+ Cipn)/(n+1)
4.2) —[p/(n+ I)L]hhi(cjlk + Cklj) +qC,C,C, Ih/c2}
—(pr+4qC? In/CQ)CthCk/Cz-

While C,, |, is symmetric in all indices without any assumption, the right-hand
side of (4.2) is seemingly not symmetric in k, &. From this point of view, it is con-
jectured that the symmetry property of the right-hand side of (4.2) may impose some
restriction on the characteristic scalar p. We shall examine this in the following.

Pay attention first to the fact that C,,,|,g*"* = Cj,.|,8*=C,|,- It then follows
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from (4.2) that

(4.3) (n+1-2p)C, |j =(pa +Pc)c2hi1 +Cp;+Cip— (n— l)p(Ci]j + let)/L
' +(n+Dg(C.C*|,+ C,C*|)2C*+ (n+ 1)}{g(a— ) —p.}C.C,;.

By applying the contraction by C* to (4.3), we obtain

4.9 C*|,/C*=UC,;+[2/(n—1)plp,—21,/L,

where the coefficient U is given by

4.5 (n—1DpU=2ng+ Da—(n+1)g—2(n—1)p..

Substitution from (4.4) into (4.3) yields the following form of C,|;:

(n+1-2p)C;|;=(pa+p)C*h;;+(n+1-2p)(C,p,+ C,p)/(n—1)p

(4.6)
- (Ctlj + Cj[i)/L + VCij],

where ¥V is given by

4.7 (n+1=2p)V=(n+Di(a—p+U)g—p.}.

We consider four scalars «, 8, U and V appearing in the above. These satisfy
(4.5)and (4.7). We obtain further two equations arising from the definition (4.1) of
« and B. That is, the contraction of (4.6) by g'/ gives

(4.8) (n—D(n+1-=2p)pV=(n+Dl(n—pga—{2+(—3)p}p.].
Contraction of (4.4) by C’ does
4.9) (n—1Dp(B—U)=2p..

Among these four equations (4.5), (4.7), (4.8) and (4.9), the second is solely a
consequence of the last two, as it is easily verified. (4.5) and (4.9) are equivalent to
the two equations

(4.10) (n+1-2p)=2{(ng+ Da— (n—2)p.},
@4.11)  (n—=Dn+1=2ppU=2[(n—1)(ng+ Dpa—{n+1+n(n—3)p}p,.

Accordingly we have three independent equations (4.8), (4.10) and (4.11), which give
V, B and U respectively in terms of «, p and p,, provided n+1—2p=0.

On account of the above circumstances we are naturally led to the classification
of semi-C-reducible spaces as follows:

Definition. A semi-C-reducible Finsler space is called of the first kind or of the
second kind, according as the characteristic scalar p#(n+1)/2 or p=(n+1)/2.

We continue the discussion of a space of the first kind. The equation (4.6) is
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written in the form

(46)  Cl;=C"Why;+(Cip;+C;p)/(n—Dp—(Cd;+ C,1)/L+ VC,C,,
where the coefficient W is given by

4.12) (n+1—-2p)W=pa+p..

Substitution from (4.4) and (4.6,) into (4.2) yields

Ciji = @(ijk){(p Wczhtjhkh +hijPI(c}L) +hhtP§3c))/(n+ 1)
+[q/(n— l)pCZ]CiijkCh} - [q/LCz](CiCJCklh
+C,C.Coli+ C.C.Cily+ C.CCyl)
+[(1 —np)/(n—1pC?IC,C,C,p,+9(3V—U)C,C,C,C,/C?,

“4.2)

where we put

P =(Cip;+C,;p)/(n—1)—[p/LI(C.l;+ C,I))
(4.13) +pVC,C,+C,p,,
P®=(n+1)gWC,C,—[p/LYCl,+C,l,).

Now the symmetry property C,,; |, — C;;. 1, =0 is written as
(4.14) Wi {he,Copn+ (PR —PE)+ho(P5 — P 3) — (n+1)C,C,C p,/C*}=0.
Contraction of (4.14)) by C:C’ yields n(n—3)(C,p,— C, p,)=0, so that the equation
(4.15) p.=p.Cy

must be satisfied, provided n>4.
It is seen from (4.8) and (4.12) that (4.15) implies P} =P, and (4.2,) is rewrit-
ten in the symmetric form

Cijk = @(tjk){[(Pa +p)pC*(n+1)(n+1— 2p)]hijhkh
4.16,) +hiyPp+huiP g} —[q/LC?NC,C,Col,
+C,C.C.l,+C,C,C.L,+C,C.Cil)+7C.C,C.C,/C?,

where P, and y are given by

PU = qWCth - [P/(n+ l)L](Cilj+ let)’

4.17
GID 1= 2= {1+ 1 — (14 Bplgar+ {01+ Dp— 201+ D}

We turn our discussion to a semi-C-reducible F™ (n=>4) of the second kind.
In this case (4.5), (4.7), (4.8) and (4.9) are reduced to «=0 and f=U only. (4.4)is
of the form

4.4, C?|,=C*BC,—2L,/L).
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Then (4.3) is reduced to a trivial equation. Substitution from (4.4,) into (4.2) gives

Cz'jk lh = (1/2)@(i1k){hhi(cjlk + Cklj)/L - htjck |n

4.2,
(42) +(n—1)C,C,Cy|n/ C} + (n— 1)BCh/2— L,/ L)C,C,C,/C2.

Therefore C,;;|,— Ci;5] =0 is given by

(4.14) gt(kn){hzﬁka)E +hjk w—[2(n— l)/LCZ]CiCjCklh
’ —(n—1)(C,C,C |, + C,.C.C,1,)/C?} =0,
where we put
(4-18) f? =C, Ij +(Cilj+ lez)/L~
We contract (4.14,) by C'C*. Then it follows from (4.4,) that
Cj lk = — [pCz/Z(n - 2)]hjk - (lek + Cklj)/L
+[(n—1B/2(n—2)]C,C,.

Finally, substitution from (4.19) into (4.2,) yields the symmetric form of C,;;|,:
Ctjk |h = @(ijk){ - [.BCZ/4(n - 2)]hijhkh +hiijh +hMij}
4.16,) +[(n—1)/2LC*C,C,Cil,+ C,C.C 1+ C,C,C,l,
+C, Cthlk) —[(n*— 1).3/4(” - 2)C2]CiCjCkCh,,

(4.19)

where we put

(4.20) Q.= —(Cidy+ C,l)2L+[(n—1)g/4(n—2)]C,C,.

It is observed that (4.16,) and (4.16,) are of somewhat complicated form, but
these lead to the T-tensor of rather simple form. In fact, if we put

Hyyo=hypihj+hy sl 4 hychyy
Hl(zct)ﬂc = 6(ijk){/1h.icjck + hij Ckch}7 Cl(l,t',)jk =C, CiCjCk’

it then follows from these equations and (2.1) that the T-tensor T,,,, is written in the
form

(4-21) Thijk/L: T](.r)Hhijk + Tér)Hl(L?jlc + T:st)cl(zqi)jks T= 1’ 2,

where the coefficients 7{°, T{" and T§" are given, according as the ordinal number
= 1 or 2 of the kind, as follows:

422) TP=(pa+p)pC*l(n+D)n+1-2p), TP=qgW, TP=y/C?

T® = —BC*4(n—2), TP =p(n—1)/4(n—2),

(4.22)
T = — (1 — 1)8/4(n—2)C*.

Summarizing up all the above, we have
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Proposition 1. (1) The characteristic scalar p of a semi-C-reducible Finsler
space F* (n=4) of the first kind must be such that 9,p is proportional to C,, and the
T-tensor of the F™ is written in the form (4.21) (r=1). (2) As to a semi-C-reducible
F™ (n=4) of the second kind, the tensor C*|; vanishes and the T-tensor is written in the
Sform (4.21) (z=2).

We are concerned with the exceptional case n=3. Comparing (1.7) with (1.2)
and paying attention to h,;=mm,;+nn, and C;=Cm,, we get J=0 as the condition
of semi-C-reducibility. Further we get H=(1—p/4)LC and I=pLC/4. The space
is of the second kind iff p=2, i.e., H=1. It is, however, easily shown ([12], § 29 of
[17)) that H=1 and J=0 cause S,,;,,=0 immediately. Thus we have

Proposition 2. A three-dimensional Finsler space is semi-C-reducible, iff one of
the main scalars J vanishes identically. The characteristic scalar p is equal to p=
4I/(LC). The space is of the second kind, iff H=1, and the v-curvature tensor S,;;
vanishes in this case.

The T-tensor of F* is expressed by the scalar components T, («, 8, r,0=1, 2, 3)
with reference to the Moodr frame. In the case of J=0 we obtain ((29.19") and
(29.22") of [17)) T};,;=0 and

T2223=H-,a, Typps=(H— 21)05,
Tzaaazlm Ty55=31v;, 0=2,3).

The symmetry property of C,,.|, is written in the form (29.20") of [17]; in the case of
J=0 it is written as

(H—2Dv,=H,, (H—2Dv,=I, 3lv,=I,

We consider the condition for a semi-C-reducible F* (n=4) to be “T-tensor=0".
In §2 we already have (2.4) (x=0) and (2.6) (3=0). It is obvious from (4.21) and
(4.22,) that =0 is sufficient for the space of the second kind to be “T-tensor=0".
In the case of the first kind, (4.10) yields p, =0 and (4.15) does p,=0. Conversely,
a=p,=0 lead us to W=0 from (4.12) and y=0 from (4.17), so that (4.21) and (4.22,)
yield T,,;,=0. Consequently we have

Theorem 5. A necessary and sufficient condition for a semi-C-reducible Finsler
space F* (n=>4) to have the vanishing T-tensor is as follows:

(1) For the F" of the first kind: C*'|,=0 and the characteristic scalar p is a
function of position alone.

(2) For the F" of the second kind: C*|, C*=0.

The meaning of Theorem 5 is that the system of differential equations (2.2) is
reduced to a single equation C!,=0 or C?|;C'=0 on the assumption of semi-C-
reducibility, similarly to the case of C-reducibility (cf. (30.28) of [17]).
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§ 5. Semi-C-reducible Landsberg spaces

As to a C-reducible space, it is known ([11], § 30 of [17]) that a C-reducible
Landsberg space is a Berwald space. We shall try to generalize this theorem to the
case of semi-C-reducible space. From (1.7) the h-covariant derivative Cj,,, of C;;
is written in the form

Citiin =@(ijk){hij(p|n Ci+pCyin)(n+1)

(5.1
+4qCi» CjCk/Cz} —(p[h/c2+qCZIh/C4)CiC/Ck'

A Berwald space is characterized by the equation C,,,,=0. As C,,=0 and
C?,=0 are derived from it, (5.1) leads immediately to p,, =0; the characteristic scalar
p being h-covariant constant. Conversely p,=0 and C,,=0 imply C,,,,=0 by
(5.1). Therefore we have

Proposition 3. A4 semi-C-reducible Finsler space is a Berwald space iff the char-
acteristic scalar p and the torsion vector C, are h-covariant constant.

Next we treat a semi-C-reducible F" (n=>4) which is a Landsberg space, i.e., the
hv-curvature tensor

(5-2) Pijkl = Cjkl|i_ Cikl|j+ CikerTl - Cjkrpirl
vanishes. In this section we shall use the notations

‘=D, '—p,C¥C,
(5.3) plj P|If p’ sz { 2
a'=CiJ/C, B =C},CYCA

Contracting (5.1) by g"* and paying attention to C,,, ;= C,, ; from P,;,=0, we
obtain

(n+1-2p)C, ;= (pa’+p)Chiy+ C,pi+ C,p;
54 —p(Cil;+ C 1)+ (n+1)q(C,C}, + C,C?)/2C?
+(n+Dig(a’—p)—p}C.C,/C.
From one of the Bianchi identities ((17.17) of [17]) we have S,,,,,=0 for a
Landsberg space. Thus (1.8) implies
(5-5) thMikll+htthjll_hhkMiJll_hiIth[L:O'

Contracting (5.5) by g*/ and putting M=g“M,,, we have (n—3)M,,,,+h, M, =0.
Further, contracting by g, we have M|;=0, so that M,,,=0 because of n=4. It
follows from (1.9) that the last equation is written in the form

2
2—(;[;_—1)'(2C2P|k +pCth,+ (n_j-’l-l_ 1— 2P> CCipii

(5.6)
+P<1 _;’%>(Ct[kcj + Cj[kci)=0'
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Contraction of (5.6) by C* yields

C3
5.7 P (2p!+pB)h,,+C,D,+C,D,=0,
(CN)) 2(n+1)( Pc+P}9) ut+CD;+C
where we put

’ 217 np 2
5.8 D=ccz(_ 1—2)c 2(1— )c.
(5.8) I (p/)n+l+ p)C,;+(p/2) n1) Y

It is observed from (5.7) that the rank of the matrix (#;;) becomes less than
three if 2p,+ pp #0, contradicting to n=4. Thus

(5.9) 2p,+pp =0
and C;D,+ C,;D,=0. The latter leads immediately to D;=0, i.e.,

’ 2]7 np
5.10 o2 <_ -2 )c 2 (1— )C2 —o0.
( ) (P/)n+1+ p )C;+(p/2) ntl ¥}
Contraction of (5.10) by C? and (5.9) yield p,=0 at once, so that §/=0 from (5.9),
and (5.10) yields (I) np#=n+1 and C};=0 or (II) np=n—+1.
On the other hand, contraction of (5.6) by g%/ gives

(5.11) C*qp.+p(1—p/2)C},=0.

In the case (I) (5.11) is reduced to p,,=0. Then (5.6) is reduced to C,,C,+ C,,.C;
=0, so that C,;;,=0 by contraction by C’.

In the case (II), (5.6) is immediately reduced to C},=0. Then we see from (1.9)
that M, is proportional to /;; and the space is S3-like, as it is shown from (1.8).
Consequently we have

Proposition 4.  All the semi-C-reducible Landsberg spaces of dimension n=4 are
divided into the following two classes:

(I) mp#n+1,p,=0and C,;=0.

() np=n+1, C},=0 and the space is S3-like.

In the case (II), from (5.4) we have
7
(5.12) (n—2)Cyp=— %(C%M —C,Cy).

Therefore C,,,=0 is equivalent to &’ =0. From this fact and the last two proposi-
tions the following conclusion is obvious.

Theorem 6. (1) A semi-C-reducible Landsberg space belonging to the class (I)
of Proposition 4 is a Berwald space.
(2) A semi-C-reducible Landsberg space belonging to the class (11) of Proposition 4 is
S3-like. It is a Berwald space, iff Ci, vanishes identically.



[1]
[2]
[31
[4]

[5]
[6]

[71
[8]
[91]
(10]

[11]
[12]

[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

[21]

Finsler spaces 313

INSTITUTE OF MATHEMATICS,
YosHIDA COLLEGE,

KyoTo UNIVERSITY
INSTITUTE OF MATHEMATICS,
KusHirRo COLLEGE,
HOKKAIDO UNIVERSITY OF
EDUCATION

References

Asanov, G. S.: The gravitation field in Finsler space, which is based on the notion of
volume, (Russian), Vestnik Moskov. Univ. (3) 17 (1976), 288-296.

Asanov, G. S.: Finsler space with the algebraic metric defined by the field of the ennuples,
(Russian), Problems of Geometry, Moscow, Viniti Acad. Sci.,, USSR 8 (1977), 67-87.
Asanov, G. S.: Scalar and electromagnetic fields in Finslerian space-time with the absolute
parallelism, to appear in Rep. on Math. Phys.

Brickell, F.: A theorem on homogeneous functions, J. London Math. Soc. 42 (1967),
325-329.

Deicke, A.: Uber die Finsler-Riiume mit A;=0, Arch. Math. 4 (1953), 45-51.
Hashiguchi, M.: On conformal transformations of Finsler metrics, J. Math. Kyoto Univ.
16 (1976), 25-50.

Kawaguchi, H.: On Finsler spaces with the vanishing second curvature tensor, Tensor,
N.S. 26 (1972), 250-254.

Kawaguchi, H.: A Minkowski space closely related to a certain special Finsler space,
Tensor, N.S. 32 (1978), 114-118.

Matsumoto, M.: On Finsler spaces with curvature tensors of some special forms, Tensor,
N.S. 22 (1971), 201-204.

Matsumoto, M.: V-transformations of Finsler spaces. I. Definition, infinitesimal trans-
formations and isometries, J. Math. Kyoto Univ. 12 (1972), 479-512.

Matsumoto, M.: On C-reducible Finsler spaces, Tensor, N.S. 24 (1972), 29-37.
Matsumoto, M.: A theory of three-dimensional Finsler spaces in terms of scalars,
Demonst. Math. 6 (1973), 223-251.

Matsumoto, M.: On three-dimensional Finsler spaces satisfying the T- and BP-conditions,
Tensor, N.S. 29 (1975), 13-20.

Matsumoto, M.: On Finsler spaces with Randers’ metric and special forms of important
tensors, J. Math. Kyoto Univ. 14 (1974), 477-498.

Matsumoto, M.: On Einstein’s gravitational field equation in a tangent Riemannian spaces
of a Finsler space, Rep. on Math. Phys. 8 (1975), 103-108.

Matsumoto, M.: On the indicatrices of a Finsler space, Period. Math, Hungar. 8 (1977),
185-191.

Matsumoto, M.: Foundation of Finsler geometry and special Finsler spaces, to be published
from Deutsch. Verlag Wiss., Berlin.

Matsumoto, M.; Hojo, S.: A conclusive theorem on C-reducible spaces, Tensor, N.S. 32
(1978), 225-230.

Matsumoto, M.; Miron, R.: On an invariant theory of the Finsler spaces, Period. Math.
Hungar. 8 (1977), 73-82.

Matsumoto, M.; Shimada, H.: On Finsler spaces with the curvature tensors Ppijx and
Shijx satisfying special conditions, Rep. on Math. Phys. 12 (1977), 77-87.

Matsumoto, M.; Shimada, H.: On Finsler spaces with 1-form metric 1I. Berwald-Modr’s
metric L=(y'y?...y")1/", Tensor, N.S. 32 (1978), 275-278.



314 Makoto Matsumoto and Choko Shibata

[22] Okubo, K.: On Finsler spaces with the curvature Sijm of a special form, Memo. Fac.
Education, Shiga Univ. 25 (1975), 1-3.

[23] Okubo, K.: Some theorems on S«(K) metric spaces, to appear in Rep. on Math. Phys.

[24]

Rund, H.: The differential geometry of Finsler spaces, Springer Verlag, Berlin-Gottingen-
Heidelberg, 1959.



