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ABSTRACT

In the Finsler space some general connection coefficients
are introduced which depend on seven arbitrarily chosen parameters. Spe-
cial cases of these are Cartan connection coefficients and some of the
recurrent Finsler spaces. A1l of them have the property that the angle
between two vectors by parallel displacement remains unchanged. It is
shown that there are 27 essentially different types of connection co-

efficients of this kind. For the general case some fundamental rela-
tions are obtained.

§1. CONNECTION COEFFICIENTS IN D  RECURRENT FINSLER SPACES

Let the metric function in the Finsler space FN be denoted
by L(x,X), and the metric tensor by gas(x.i). Then,

(1.1) 9ag(%%) = 3R F(K),  F(x,K) = 2 12(x,%).

——
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L(x,x) 1s homogeneous of degree one in X, guB(x,i) and any other tensor
or vector field is supposed to be homogeneous of degree zero in x.

' If we denote by D the absolute differential which corres-
ponds to the change of line element from (x,x) to (x+dx,x+dx), then for
arbitrary tensor field TZ(x,i) we define

G_gr0, (ROt Mooy (Y % Tl b TR, Y
(1.2) DT g=dT+ (1 Tg~T g T AXT+ (AT Te-Ag TH)D2Y,
where

v §
(1.3) Y= X
L(x,x)
(1.8) DeY = da¥el N axPam1®,

NZ is the ceefficient of non-linear connection homogeneous of degree one
in X and Mg is a tensor. With respect to the coordinate transformation

(1.5) x%'= xa'(x1,xz,...,xN)G?x°=x°(x1’,xz’.:;..xN’)

a® = 12,2°,...,N° a=1,2,...,N

where both families ‘of functions are suffictentily times differentiable and
where

Y a . a .0
(1.6) xa = X xa & xQ = 3xa xﬂ
ax® ax
s _axd 9 s ax® 2 . a8 3
(1.7 =T Tl Tt st e X e
ax ax~ X ax ax~  dx X~ X ax
we have
2.a o
1 ] 'a? »
{1.8) Na. =_3_§____._8X_ XB + N axY ax®
T B ax® v Al
ax¥ ax
, a’ ..y
(1.9) ME, = M2 AX X
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From (1.2) we have
(1.10) Dg . = dg .-(r % g +7.8 )ax'-(A% g +AS g )De¥
’ aB aB ' ay 68 By ad ay’sf By ad .

Using (1.4) and (1.10) we get

Y Y
(1.11) DgaB aB[ydx aB Dz
where
(1.12) ga8|y = gaB 69a8“y raBy Bay
(1.13) gaB|y = chg éKG M ) aBY-ABay'

Definition 1.1. The Finsler space js D recurrent if there exist vector
fields xy= Ay(x,x) and uvsuy(x,x) such that

(1.14) Dy, = l((x,x,dx,liﬂ.)gaB
where
(1.15) K(x,X,dx,D2) = A de+uYDzY .

Such a Finsler space we shall denote by FN(D).

Theorem 1.1. In the space FN(D) in which a vy ,N MY are given and they
satisfy (1.4) and (1.10)-(1.15) the connect1on coeff1c1ents r*B AB denend
on arbitrarily chosen tensors o 8’ rB and AB » Where

af eBa

(a) o
T8 _ B B
(1.16) (b) Ty = r;y—r;a

(c) AP = A B
oy ay  ya



36 1. Comi¢

and have the form
* - - -1 /n6: 8.
Tagy = Yagy 2 (NY869aB+Nuach -Ng 359 )

(1.17) -2 1[A (g g 0ag) Ay (98y+987) A (g +2” (F )

Yo Ya)] aBY Bya+ yaB
- *0_) -1,0 -1.0 1.0
[0g (T L™ N )40, (r20- Ng)-6 o (Tl 'he)]

(YGBY is the Christoffel symbol),

- -1 6 40842 § by 8§ 3485
AGBY 2L [(cy-ﬂy)aGgaB+(6a-Ma)BGgBY)-(GB-MB)aGgYa]r
o1 A
z (u vIa8* a8y H890y )+ (AaBY Bya’ Y"B)
(1.18)
-1
2 [(“y+227)°as+(“§+22a)987'("s+223)°ay]
o .0
-{eaB(AOY-MY)+eBY( 6a Ma) eya(AGB 8)]
Proof. From the relation g C“zs 1,using (1.14) and
(1.19) D% = dz"+r;g‘de+Ast‘Y

("o" means the contraction by %) we obtain

(1.20)  [ne2e (r25eL 'N")]de+[u 120, 428 (RS MEPsY =

This is the crucial relation which shows that dx” and DeY are not
independent. For x_=0, u_ =0, r*“=L'1N9, A% =M% (1.20) reduces to the
Y Y oy y* Toy v

well known formula zaDz“=D in the non- recurrent Finsler space. If we
multiply (1.20) with eaB(x,i), (8,4=9,) and add to the right hand
side of (1.14) using (1.11) we have =

1.21 Y DeY Y D
(1.21) gaS[ydx +ga8'yD£ 2 (9,405)OX *[”ygae+(“y+22y)eas]nzY
+28 w_ =Ty oy K _MK\R,Y
aBzK(rOY L Ny)dx +29aB£K(AOY My)Dz_

From (1.21) we get
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<y =1y,
(1.22) gaB”=Ay(gaB+eaB)+29uBzK(rOY L Ny)

= € _M¥
(1.23) 9ag|y = M Jag* (#,42%,)8,4 +26 ot (Ao M),

From (1.22), (1.12) and (1.16b) we obtain (1.17). From (1.23), (1.13)
and (1.16c) we get (1.18).

Definition 1.2. The D recurrent Finsler space in which the conneétion
coefficients are given by (1.17) and (1.18) will be denoted by
Fr(Dsd,u,6,5,K) (N,M).
Special cases of connection coefficients are obtained if
o %0 *0 s e - .
we take (Ny,O), (Lt Y,AW) or (LI‘OY,O) instead .of an arbitrarily chosen

pair (N$.M$) which satisfies (1.8) and (1.9).

Lemma 1.1. With respect to the coordinate transformation (1.5) and
(1.6) rzs and I‘gs (both homogeneous of degree zero in x) are trans-
formed 1in the following way:

2. a a? g Y a!

, %% ax W Y ax
() e, . 200 e e
B axBlaxY ax® BY axB" axY ax®
L ] L ] L]

(1.25) pa®’ _ 25 ax® axP 2B pxa 3x7_ 3x®

. ; X ax i

O axBlaxY ax® axf 9 Y ax®

and Aan is a tensor,

Proof. By direct calculation using (1.8), (1.9) and the
known transformation law of ysy,we obtain (1.24) and (1.25), As can
be seen from (1.18) ’Aan is the sum of tensors, so it s also a tensor.
Lemma 1.2. In FN(D),we have
(1.26) Dg%8 = -kg*#

Proof. As Q“Bgsy

6: we obtain
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[+

af ap =
(1.27) (Dg )gey+g DgBY DGY‘
From
o _ o ' * 0 K_ kKO B8 a o K_pK ,a\R,B =
DGY d5Y+(rKBGY rYBGK)dx +(AK86Y AyssK)Dz 0

and (1.27) we obtain (1.26).

Theorem 1.2. In FN(D) the parallel displacement is affine, i.e. the

angle between two vectors does not change.

Proof. Let us denote by |£| the length of vector £®. Then,using (1.14),
we have )

2 2 = a By _ o,B oy B
Dfel? = 2|g|Dje| = D(g ge%") = Kg oE%6"+2g ,(DE%)E".
As by the parallel displacement De*=D£f=0, we obtain

= a8 o klel2
2|e|Dlg| = Kg ,£%" = K|g]2 3
(1.28) Dle| = 27 'K|¢].
If o: &(£,n),where £% and n* are two vector fields, then

D(9,45%") = D([€l[nlcose) =

(InD{el+|€]D[n|)cose+| €| [n|Dcose.

Using (1.14) and (1.28) for the parailel displacement of vectors £*
and n, we obtain i

D(gasians)=KquE°nB = K|g||n|cose = K|£||n|cose+|E||n|Dcoss =

Dcose = 0.
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§ 2. CONNECTION COEFFICIENTS IN THE SPACE FN(D.A,u,e,P,A)(N;ﬂ) WHERE

Lo'NS = r*2 aND ME = #%.Since for any tensor fField T2(x,%) in Fy(D)
we have (1 2),1t 1s most natural that D2® instead of (1 4) be de-
fined in the following form

T - 4pOiralg Bond noB
(2.1) ] de +r38dx +AOBDL .

In this case P;By’ AaBy determined by (1.17), (1.18) res-
pectivly have another form, because here

(2.2) a) L-INe = o b) M5 = A

] o8 (+]: 0

Lemma 2.1. Under condition (2.2a), the connection coefficients r:ev
are functions of A, 8 and T, determined by (2.3)-(2.6). Under condi-
tion (2.2b),A ,  are functions of u, o and R, determined by (2.7)-(2.10).

Proof. From (1.17) and (2.2a) we have

* = - 2 * 3 % 4 .
(2.3) I‘mBY I‘cLBY 1.mBY"' I‘cx(?, * raBY

where

1 % o1 1 %
(a) ruBY Yagy 2 QaBY( ™)

u

2* __-1 - _-1 2*
(b)) “rag, = -2 (A 9,0t 9g ~Ag0 )20 o (T¥)
- (2.8)
3 L. 3
(c) “rg = -2 (A 8ag Aoy 2a0ya)” 2! BY( I*)
4. - . -1 ” 4 .
(&) "rgg, = -2 (T Tagy Tayat YaB) GBY Fr )
K y8 K .48 2
(2.5) QaB ( Y*) L(adg 8 r37+36937 P* vaa OB)
k =1,2,3,4.

From (2.3), (2.4) and (2.5) it follows that
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(2.6)

(2.7)

where

(2.8)

(2:9)

()

(b)

(¢)

(d)

(e)

()

(9)

()

(a)

(b)

(0)

(d)

"Taey = Tony? L%, T30

1r;Bo = Yopo

ZEGBY = -2"(szB+xdgey~szy)-2"Lécgeyzrgo
2o = 2 (D)

Topy = -7 (0500g+ g5, )2 Lacgsvsr*6
3r380 = (210 088 %a0)

AH 72-1(~581 i Tyos) 2 'LogSog oo
4r580 = f;os'

From (1.18) and (2.2b) we obtain

AaBy = 1AuBY+2AaBY+3AaBY+4AaBY’

’AGBY - 2'1L(569086$+ésgsy62 9,302 't (’A)

2 ag!

-1 2
aBy (u guB agBY Bgay) -2 TaBY( A)

3 _ ol - 1 3,
Ragy = <2 [((ngp2e )o g+(u 422 )og (ngr2eg)e, J-27T o (PA)

4 -
AaBY =2

-1 ~ 4
(AaBy ABYa yaB) -2 T ( A)

k6
aBy 6981 A 369 Aos)

Kay = 1 (5 o Kal L»
("A) = L(Bsgas A07+a

k =1,2,3,4.
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From (2.7), (2.8) and (2.9) 1t follows that
(a) 1AOBY =0 3%

1, _
(b) Tog,('A) = 0
2 o o=l 2,6
(c) A°BY = -2 (uyy.8+u°gB -ug Y) -2 La s9g By Aoo >
2 _ o1 -
(d) Aoso = -2 .(ZquB uB)

(2:10) (e) 3Aosy = '2-1[(“Y+Zly)eos+(“o+2)°as'("8+223)°oy]'

-1, 3,8
2 LangY Aoo >
(F) 3a_ = =27 [2(u+2)0, - (u +21,)0
0go H+2)Bgg™(Ug*284)000 ] |
4 s 4,8
(9) AOBY =2 (AOBY ABYO YOB) <27 LasgBY Aoo D
4 _l\’
(h) AOBO = Aooe'
N1th respect to the coordinate transformation (1.5) and
Kox K% _ k
(1.6) ra ( r), OBY T os0 for k = 2,3,4, Aaey' Ausy,
k k k - _ .
TosyC A)s AOB + Aggp TOr k = 1,2,3,4 determined by (2.4b)-(2.5),

(2.6c)~-(2.6h) and (2.7)-(2.10) are transformad as tensors (because
they are sums- of tensors) and rzs, 1r;$, determined by (2.3),
(2.4a) are transformed as connection coefficients (see 1.24) and
(1.25)).

Definition 2.1. Recurrent Finsler space FN(D) supplied with the con-
nection coefficients r* and A which satisfy relations (2.3)-(2.10),
will be denoted by Fy(D,x,u,6F,A)(Ig,Ag).

Lemma 2.2. There are 25 essentially different types of connection co-
efficients in FN(D,x,u,e,f;K)(ro,Ao).

Proof. If in FN(D,A,u,e,F,K)(rO,AD) some of vector fields A, u, or
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some of tensor fields , A or Tare zero, then {n its place in

FN(D,A,u,e T A) we shall put zero The 2° different types of connec~

tion coefficients in FN(D A,u,0, d A)(I‘
1. Fy(D,2,1,8,T,R) 17.
2. Fy(D,0,u,0 8,T,A) 18.
3. Fy(D.1,0,0,7.R) 19.
4. Fy(D,2,1,0,T,K) 20.
5. Fy(D,2,1,8,0,R) 21.
6. FN(D,A,u,e,F,O) 22.
7. Fy(D,0,0,0,T,) 23.
211 8. fN(D,o,u,o,?jf? 24,
- 9. Fy(D,0,1,8,0,K) 25.
10. Fy(D,0,%,8,T,0) 26.
11. F\(D,1,0,0,T,A) 27.
12. Fy(0,1,0,0,0,A) 28.
13. Fy(D,1,0,8,%,0) 2.
14. Fy(D,1,1,0,0,A) 30.
15. Fy(D,3,130,T,0) 3.
16. Fy(D,1,1,8,0,0) 32.

We shall use the notations:

(2.12) ke« [iknm (e,
(2.13) K= [ gm0nka,

3 3
(2.14) R=[( Aago™" (2805 g000)A

(A =(

oBy

(3 (ze +2 8

=0)a(ka,

*\%08*ya 4%y )"

aB "o By Ba

o) are:

Fy(D,0,0,0,F,K)
Fy(D50,0,8,0,R)
Fy(D,0,1,0,0,R)
Fy(D52,0,0,0,8)
Fy(D,0,0,6,T,0)
Fy(D50,1,0,T,0)
FN(D2,0,0,F,0)
Fy(D50,1,8,0,0)
Fy(D,2,0,8,0,0)
Fn(Ds2,51,0,0,0)
Fx(D,1,0,0,0,0)
Fn(D»0,1,0,0,0)
Fy(D,0,0,6,0,0)
Fy(D,0,0,0,T,0)
Fy(D.0,0,0,0,%)
Fy(D,0,0,0,0,0)

= k*— =
v 0)A( raBY-O)] kf2,3,4

BY=0)] k=1,2,3,4

21- 3,8

+9py Poo)t

-2, M)
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Lemma 2.3. In the special cases of FN(D,A,u,e,F.K)(ra,AO) given by
(2.11) the connection coefficients which are different from (2,3)-(2.10)
are denoted in the following 1ist (where the notations frem (2.12)~(2.14)

are used):

1. 17. 2,3, 203
2. %rd 18. 2r, 5, %%, %
3. 2% 19 2,30
4. 3,3 20. 34,2,
5. % 21. 20,3:,%,%,%
6. %A 22. %r,%,%.%

S ST 23. 3r,2,%,%
8. 2r,3r,3A 24. 2r,3r,4r,4A
9. 2,30, % 25. 4r.%,3%.%
10. 2r,3r,% “26. 3r,%,%,3,%
1. 3,2, 27. 30,423, %
12. 40,2, 28. 2r,3r,%,%,%
13. 2,%,% 29, 2r,31,%.,2% 3%
14, 3r,4r;3A 30. zr,3r,2A.3A,4A
15. 3r,3,% 31. 20,30,%,%,5
16. %r,% 32. 20,350,480, 5%.%.,

Theorem 2.1. In the Finsler space there are 2! essentially different
types of connection coefficients which by parallel displacement preserve
the angle between two vectors.

Proof. As we proved in Theorem 1.2. in the space FN(D) the angle
between two vectors by parallel displacement does not change. The
connection coefficients in FN(D) which satisfy (1.2)-(}.4), (1.10)-
-(1.15), (1.20) depend on arbitrarily chosen seven parameters: A ,

w6 7P AP N® M® Instead of the arbitrary pair (N3,M}), we can

Y’ aB’ ay® ay’ 8’8 8”8

choose

'(LPQZ’A:B),(LFGE’O)’ (NZ,O), so we have
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(N,M) N

Since Fy(Ds2,u,0,T,A) may take 2° different forms given in
{2.11), so we have 4.2 =27 essentially different kinds of connection
ccefficients which depend on the choice of (N,M), (Iy,A;)(N,0) or
(Tn0).

It is clear from the above that all the mentioned connection
coefficients are special cases of a.1. The first introduced and most
examined case is d.32. which is FN(D,O,O,O,O,O)(FO,O). It is the Fins-
ler space supplied with the well known Cartan connection coefficients.

We obtain them from (1.17) and (1.18), if we put them in

= .= = r =| A =| (l= a =|
AY-O,uY O,euB 0,1, O,AuBY 0,Ng=Lrg ME=0.

BY B> B
These connection c¢oefficients appear in the papers of E.Cartan, 0.Varga,

in the book by H.Rund [9] and many other authors.

Parameters AY and vy were first introduced by A.Moor in
|6]. He examined special cases of b.4. i.e. such a space

F(Ds2su,0,T,A)(Tg,Ag) in which T*  =r* and A, =A

By Bay agy Bay’

The nonlinear connection N has recently been introduced
and appears in a book by M.Matsumoto ?4]. He studied in [5| the space
c.17., the space FN(D,O,O,O,F,Q)(N,O) in which Ay=0,uy=0,eas=0 and
M3=0.

B
Parameter ¢ was first introduced by the present author and
some spacial cases of b. were studied in [1], [2].

In this paper the tensor MZ is introduced for the first
time, and the most general till now known connection coefficients are
obtained by (1.17) and (1.18).
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5 3. SOME FUNDAMENTAL RELATIONS IN Fy (D,3,u,8,F, ) (N,M)

From
9ee? = S5 s
we have
gs, B8 =
(3.1) Y9819 *9 |y%s *
Bs, BS _
(3.2) %agly 9+ 9 |¥9,4% O-

From (3.1) and (1.22) we get

85 88,088y _96B8 #°-L 10 .
‘3.3)_ T, x (g ) -200°(ry, LN).

From (3.2) and (1.23) we have

85 85, 86
(3.4) 9y = H 9 -lu H2e e -ZBBG(A:Y-Mg)'
In (3.3) and in (3.4)

8_ K 8p
0. .
q 9 kp

From (3.3), (3.4) and (1.26) we have
Bs _ ,BS Y18 TeY = - Y, #,YyaPS
(3.5) Dg g ‘de 1g IYDE (xydx +uyDz )g

By direct calculation,we obtaiq

5 8_ 11 26\NK, a8 ok § 6 X8
. X = X - . A x* = - ™
(3.6) iy =Yy (3 x INT+ 2% ¥-n, @ x")
Introducing the notation I: = 6: - M:, we have
(3.7) %8| = 1(3.%¥%)1%A S x* =118 + A ¢
Y K 'y ey Yy ok
If we put

- Y 1 -
(3.8) LG,Y = L(3125)1Y A, v
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then from

‘—,,__1-.2..
La}za = L33l =2 "3,9,L%-a L3, L

and (3.8) we obtain
1 K
(3.9) lle = (gié-ﬂllﬁ)IY - Rs vie -
8
For 2 IY we have
81 . (qb - o5¥ - 8

28] = (%) = o™ e, + ot
Substituting (3.4) and (3.9) into the above equationswe obtain
(3.10)  28|y= - 25~ (n +28 1808+ (63 16)1 g% -2(AOY-M )o°8

For any scalar function G(x,x),we shall introduce the notations

. 1
(3.11) GIY = aYG—(alG)NY
(3.12) GlY = L(3KG)I$.
We have

N DG = dG =3,GdxY+ 3, Gidx,

Substituting dx' from (1.4) we get

(3.13) dG = 3, GdxT+L(3,6)1, 61Y-L(51G)§‘ dL7J(§IG)N;deé
from which it follows that |

DG = dG = 6 . dxY +G| DeY
J Y

is true only when G(x, x) is homoqeneous to degree zero in x.
For G(x,x) = L(x,Xx) we have

. i _ -\ 17- -0
(3.14) L, b (BLINy =2, L-N

© (3.15) Ly = L(éKL)I$ = L(z,- M),
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Since L(x,x) is homogeneous to degree one in X, then from (3.13) follows

dL =L dx¥ +L, De¥+ dL.
LY |y _

From the above equation.we obtain

(3.16) L dx¥ +L, DY = 0.
1Y Iy
From
2 _ 4 X% B,
(3.17) L% = g X" x
we obtain

‘a_.s L/ .e
= + 2
2LL|Y gaBle X guaxale,

Substituting (1.22) and (3.6) into above equation,we obtain
-1 ,
= - +6
(3.18) Ly 2 ‘LAY(1+600)+JLG(I'$ N‘Y")('I 00),

In a similar way from (3.17) using (1.23) and (3.7),we get

1

_ o -1 0 _0
(3.19) L|Y = 270 #27 L (u 42 Do ote HL(ALS M) (1+600).

From
6 =L _2f4ed
VY

1Y 1

(3.6) and (3.18),we obtain

§ _ =18 a8y o8- 1.8 ) (14000)
2 - L (rf N$)-2°271a (140,0)-L™ 200, (r€-10) (1+ec0),
i.e.

s 1

_, 1.8 6 Ny o146 1,8 A0_p0
(3.20) 27 = L7 (8, za)(rﬁ NJ)-27 ¢ Ay‘1+°oo) L™ 8% (r%%-N0)e

Using (1.22) and (3.20) we have
K - K K
' ldgy= (gng )IY_ gGK|Yl st Y
= -1 -1 - o _no
(3.21) ldly— AY26+Aye°6-2 QGAY(1+0°°)+L (gda Qsza)(“Q Ny)

-1 o_no
L U +29062a)(r¢ NY)
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Relations (3.14) and (3.18), further more (3.15) and (3.19) are consistent,
which can be proved in the following way: From (1.17) we obtain

¥ ap* 9B o o7 o0 (1%L
(3.22)  r¥ = rho %8 myoq -2 (1e,) ~0po(Tg L N,

because

~ o~ ~

T - =
-Yoo I‘U °+I‘Y°° 0
From (1 . ) we have

= a8 -
Yooy T Yagy® *

S =20 s s ol 20 a2 e s oo 2000
2L 8, 2,0(27 L) 0,0 (271708 . (27L)] %%

Using the homogeneity condition,we obtain

(3.23) Yooy = L'13YL.

Using the relation

a .
zur: = LrooY'

further substituting (3.22) and (3.23) into (3.18),we obtain (3.14).

On the other side from (1.18),we have

0 w0y - -1 _,-1 4O
(3.24) (1+e°°)(AOY My) 2 By 2 (uy+227)9°° Mv.
Substituting (3.24) into (3.19),we obtain (3.15).

From (3.18) and (3.19) we get

3.2 Yol D2Y= -1 Y AN T dy¥
(3.25) L.ydx +L|ynz 2 L(1+e°°)[xy+L Zzu(r; Ny)jdx +

2-1L(1+e°°)[uy+2zY+2(AgY-M$)]ﬁzX



Affine conmections in the Finsler space 49

Using (1.20) we obtain
(3.26) Ly dx"eL) DY =0,

In the space d. 32. i.e. in FN(D 0 0,0,0, 0)(ro,0) where A =0, “Y‘ 0,

= ’ 5 !A 0’
%g” O raew 0, K ygy= 05 Ng =rh = Lrfg, M =0 IJ
A 8 o, A ay = 0, we have from (3.6), (3. 7), (3. 9) (3 10), (3 18)
( 3.19), (3 20) (3.21) respectively
I & _ 148
X y 0, X ly L6Y
ZG.Y = G5y " Lk
_ 8 8
] ly s, 2e
- 8
= = = ’ =0
LIY 0, LIY Lzy, 2 0 151Y s

which are the well known relations in the Finsler space supplied by
the Cartan connection coefficients.
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l.ébnu

REZIME

AFINE KONEKCIJE U FINSLEROYOM PROSTORU

U Finslerovom prostoru su uvedeni generalisani koeficijenti ko-
neksije koji zavise od sedam proizvoljno izabranih parametara. Specijalni
slutajevi ovih su Cartanovi koeficijenti koneksije, kao i oni iz rekuren-
tnih Finslerovih prostora. Svi imaju osobinu da se pri paralelnom pomera-
nju ugao izmedju vektora ne menja. Pokazano je da postoji 27 bitno raz-

1i¢itih tipova koneksija ove vrste. Za generalni sluaj su nadjene neke
fundamentalne relacije.

Recetved by the editors September 12, 1989,



