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ADADPTED CONNECTIONS AND FPROJECTIVE CURVATURE
TENSOR ON NORMAL FRAMED AMANITFOLDS

BY

BoONMATEELY

¢, Introduction, (-projective curvabure lensor fields on pormal almost.
contacl manifolds have been obtiined in [3] using some particular connec-
tiors which are cilled Lodapted” [sre 1] the existence of the toggion-free adap-
{ed conneclions characlerizes completely the normality  of almost conlael
manifolds. In this paper we study the adapted ¢Hrnnections on framed mani-
folds in order 1o inlroduce the Weyl F-projective curvature tensor field [ef. B}

1. Adapted connections on framed maniiolds. et M be an n-dimen-
sional manifold - we ¢all M a framed manifold ([3} [81) if Lhere exists o lield
F of endomorphisins of the Langent s paces of constant vank ron M. n—r ditfe-

renlial forms =%, »2 ...« 7 and n—r vector fields 2, Z. ... 2, . such Lhat
i il -1 =), = k

(1.1 2= T @I, (R A hb=—1.2 . n-r
where T is the identity Tield. [t follows from the definition Lhat [3]
t1.2) FE, =0, "ol =0 ¢=1.2. ...0n—".

Observe that £ is an f-structure on M. ie. /7 satisfies the algebraic con-
dition [+ F =0 and r is necessarily even [8]. Moreover the framed manifold
(M, F, 7® %,) is said normal iff the tensor field N of type (1.2) defined by the

equalion x
t1.3) NN, Yy B F] (X Y2 de IND YY) T
where {#. I | denotes the Nijenhuis tensor of F. vanishes on M.

In this case ope can prove Lhal
(1.4) I‘Eu'ﬁﬂ' . [Za- E..hl‘_:(k '

Lzl =0, dea(FN, Y)—dr, (X, FY)=0.

where Ly denotes the Lie derivative wilh respeel to the vector field X 31
Consider now the manifold M = R*" and a veclor field X onthis producl. i.e.

X X" 861", '
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where N is tangent Lo Mo/ a=1.2 . =1 denotes the coordinate of the
a-th factor in &7 and f* are functions on Mo RO 1t is caev Lo check thal
the (1.1) tensor field .J given by

(1.9 FON AT Gy =FN =[5, X)) ol

defines on almost complex structure on M- R0 The integrability of the almost
complex structure J on Mg R fis a necessary and sulficient egndition for
the normalily of the framed structure /7 on AL

It seems a quite interesting problem. 1o find differeat weys to charac-
terize the pormal framed manifolds, To do this. we consider Lhe (n—r)-dimen-
sional distribution V spanned by the vector fickds £, and the jr-dimensional
complementary distribution ff on M then TM =H&E V' oand the correspon-
ding projectors are

(1.6) p=%*®%L. «=1.2 .on—r on V2 hed v =I—7"®Z% on
adad
(1.7) he 1% BF=Fh=F, Fo=ok =0,

Lel's now assume Lhat o linear conneclion V exisls on M such that the
following system holds :

(FeF) (V) -E{'n‘(\') AN XY (X, I EA VI

J

1 1
(V) (V)= (X V)b (N, V)L Orl =N - (LN, L)

(1.8)

where a=1, 2, ... n—r and N, Y& X(M). Our main purpose is Lo prove that
the normalily of the [ramed manifolds can be characterized by means of tor-
sion-frec eonnections V satisfying the equations (1.8).

First of all, we can remark that if V is such a connection on M, then the
connection § defined on 3 > R*77 hy th¢ system i

M
Ty vy - ¥ {Z X)) — (XL RY) — (X, FY) 1}7
R dte

1.9 = 1 &
U § L e X - DX L=
o1t 4« ar
Vo ¥ =— Y+oY[ar . Bapee/dtt=—dfet’, X, YEXEA)

satisfies the relation V.J =0. Therefore, it seems ¢uite nal ural to eall “adapted”
4 connection V on M satisfving (1.8). Let P be a tensor field of type (1,2) and

¥ a linear connection on 3 ; then if V is an adapted conneclion we can write
(1.10) V.Y =V Y4+P(X. YY) XY =X
We now introduce on M the tensor fields of type (2,2) &, ¥. @ given by [6]

(1L1)  0=12(®] FEF). ¥=12(QI+F®r). 6=1/2d&] h@h),
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and s=uch that

G =I@I, $=0—-1/20. Y2=¥-1/20,
G PP =10 =00 =00 =6 -0 =1/2 0,

dgy, (RO H@mO)S/OF (F'+0) (P=0O)=(b--0) (¥+4O)=0,
O (P40 W0, (0—0) (B-0)=d—0.
By wing (1.11), (1.12) {1.13) we can prove the following.
']’rnlmsiliun LA del (MFCFLn ) w 1,2, . on—r, ke a [ramed
manifold. Then the family of tne edapled connections on M is obiained by the

[orm w'a (110} where V is a lincar conntection on M and P is the (1.2) fensor
field

(1.1

PN VY=o (Vo) (FY) - }..v{'ff(Y) FN —5°(Y) Vxlot - (Ve )(Y) 2o+

(1.14) T S IE »
4 5 VaZ) 15Y) So— 1 [en" (N ¥)-+dg(FX -FY)]’:..f} i

(- Oy (X, Y.
for any tensor field Q of type (1.2). Thus we can eonclude that there eaists af

feast one adapled connection on any framed manifold (M, F, &, 7).

The proof is similar to the'one given in the case of almoest-contact mani-
[alds [see 41, :

9. Torsion-iree adapted conbeetions on normal iramed manilolds. As
in the a'most-contacl case, there exist several important relations between

the torsion tensor field 7" of an adapted councction ¢ and the tensor field v
ait M, given respectively by

(ERY TX, V)=V Y-V, N—[X, Y]

(221 N(X, Y)=[FX, FY]=F[FX, Y]-F[X, FY ]I X, Y ]|+dn*(X, Y) L.

From the equations (1.8) we eusily obtain the followirng expression for N

(2.3) NX, V) =T(X, )= hT(FX, FY)FFT(X, FY)+FT(FX, Y}
_—E:n“(T(X. Y)) L.

It trivially follows [rom (2.3)

Proposition 2. 1. Let M be a framed manifold. If a forsion-free adapied
connection exists on M, the framed siructure of M is normal.

Oun the other hand, taking into account the formula (2.3) we get
(2.4) pN(X, Y)=20T(X, Y},
(2.0 EN(X, Y)=hT(X. )+ FT(X, FY)+FT(FX, V)= T(FX, FY).
Recalling the formulas (1.12) and (1.13), ufter a long but simple compuiation

{see [D]) we get also

» -

5 — JMatematica



7. MANTZED b

w0

AN(N, Y)Y FANIXN oY) FAN(eNL Y) AN(eXN. 2Y) =
" ARTEX. Y) - (O ©) (T(N,RY)Y R FT(EX, ¥)-- 21N V)
{26

C2T(N, YD) (D -0y (TN, VYR (F PN, FY) =270y Ny
270y, X)),

Thus, from (2.4), we see thal the part from V ol the torsion Tield T depends

only an N, while (2.6) expresses QT as o funetion of the tensor field AN. Then

it M i« o normal [ramed manifold we have

{2.7) e (X, Y)—=0
RT(N. Y)—1/1{h - ©) (T{N. hY) FETUEND Y)Y 42T (X V)
(2.8) LOTN, YN H 1 (- 0) (TN, Y) TN FY) 21 N)=-

L2T(eY, X =0
which imply that the conneetion V defined by the equation

VoY Ve —1/1 (- 0) [T(X, hY)+FT(EX. V)4 2T(N, V)t

(2.9
27(sX, Y]

is a torsion-free adapted connection on M. Thus, we ean conclude with the

following

Theorem 2.2, Let (M. I, E% 0,), ¢=1,2, ... n—"r, be wn n-dimensional
framed manifold. M is normal if and only if a torsion-free adapled conneclion
cxisis on M,

3. F-projective transformations. In ]3] the Lorsion-free adapted con-
neelions 1o normal almost-contacl structures are used to int rocdluce 1he concept
ol C-projective 1ransformetions without any restriction for the stracture.
‘the authors study the relations bitween two torsion-free adapled connection
having the same C-Hot paths and, by a procedure similar to the one adopted
for reat and for complex manifolds [7] they deline a C-projective curvature
tensor field on normal almost-contact manifolds.

Now we intreduce the spme nolions on normal framed munilolds (M, F
£, 1) copsidering torsion-frec adapted connections V an M: hence. by
(1.4). the system (1.8) becomes

i
Vb)) ¥ = Y 1Y) AN+ -~ dn'(F X, Y Es
(3.1 e X{t ) 2 " }
(Far) (V) =1f2 dq*(X. ¥). Va&=FN, - l.2.n-T

Let J be an open interval in IR and let o J— R be a smooth path on M we
call ¥ I*-flaf with respeet to the torsion-free adapled connection V if the cova-
riant derivative with respeet 1o V of the tangent vector field v belongs to Lhe
subspace spanned by - and Fy:in other words. ~ is an #-[lal pathif ¢ fulfills
the equnlion

(3.2) Vyr =0 v+ () Iy
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where 7. and 2 are smocth rcal fundlions o’ong y. We een sce thai, in thi vioe,
the subspoee speaned by ¥ oud Foods nol fransported by poralelism clong

~. hut. due to ihe relation '
e . P [

Ny =iy -mty) e

it is eary to prove that this i o rubspoee of constent dimendion pe-r--1
noro, 2 urOa'erg y [9] To go further i i neceercay "o study ‘b rolat’on
between (wo torsion-free adapied conneciions V., v having the same F-flat
paths ; we chall call these conneclions F-projeclively  relaled. Aller n simple
but tedious computation, simitar to the ore used in [2] we get the following

3 g . g 5 . o

. Proposition 31 Two torsien free edapled connecdions V.V oa ¢ normal
framed manifold (M, I, 2, 5% are F-projective’y related if and oniy if for an
arbitrary 1-forny « sueh that 2(2,) =9 fer eny w=1, 2, .., n—r, we have

{3.4) VeV =V Y- (X, Y)
where
{3.5) PN YY) =2 NG RY e (Y) AN - B(NYFY —B(YVIPXN,

and f=goi’
The equations (3.4) and (3.9) represent «n F-projeciive ransformulion on the
normal fromed manifold M. -

-i.- F-projective enrvature. In oraer Lo define an F-projeclive curvature
tensor field, we must study the tensor fields obtained from the curvaturelenzor
it ol o torsion-frec adapted connection V which are invariant under /*-projec-
tive transformations. .

Befure doing this, it is useful {o give somne formulas on K that we +hall
use futer. Firsi, by a straightforward computation, the system (3.1) gives

L1 (Vedn®) (Y, Z)=(Lyd®) (Y, 2)—dr(Vy X, Z)~dn®(Y, ViZ)
fur any =12, .. p—r; in particular we have
(1.2) (Vydn®) (Y, )=dy*(FX, ¥) a=1 2, .. &—r
Now, recalling the expressionfor the curveiuie tensor field of a conneclion g
Ryy =VyVyd = V3V Z Vi 14,
by (1) and (4.1} we get
RyyZe= X (qH(Y) hX- n¥(X) hY),

1 RyyZ) =1/2(Vzdn®) (X, Y) and ‘r,“(R“ECZ) =1/2 dn*"(FZ. X)
ac=1,2, .. n—r,

a

g . 1 1
(1.3) RyyFZ —FRyyZ = )3{5 (Vrzdn®) (X, V) Eod- —dn®(X, ZyhY —

1, R SR .
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r [-‘- dat (N, EZ) 4 S N) 'r,'iZ)] FY}.
2 b
7 Ry pyly =0 Ry dd— Yo (M ON) da( YL FZ) - Y ) dit (N E7)).

W remark that, dee to the cecond retution in {1.3). the parl i'rmlt v “,f Ry s
depends on Vi noreover. from Lhe other relations, we see thal Bypl. 6" (Rys ),
W (Rpyivé- Ryyps) are Feprojective invariant. . _

}‘:ilxt we can consider the Riced teusor field S of the toision-free :\dll[)t\‘(l
connectivn Ve it is well known Lhat 8 is the 2-times covariant tensor field given
by the trace ol the linear operator N— Iy, 7 where Y, 7 are fixed vector fields
on M. From the cquations (1.3), we gel

r—1 ¢ . . -
4.1 (X, % LN SN Fyyd——==) def(N Y —tr(Z—FRuxY)
(l'l) ‘S(‘\' ":l) r;"; (‘\) ( I ‘ 3 }J i ( ) X zZY

W

Now lel’s suppose that V and ¥ are two torsion-free adapled conneclions
I-projectively related. If B and I are the curvalure lensor fields of V and
V respectively, then (3.4) and (3.5) imply
Ryys o Ry ZA{AXY) - AY, X)) b2 ACN ZhY — AV 2y hN—
— [N FY) =AY, FXPVEZ - A(X, FZ) FY AV, I ARG o

. . . = ] 5 a rooe [/ q - b T |
.y T )y {l) wW(N) dg (Y, £) Lo o 2(Y) AN, Z) Ea—afZ) dnt (NG Y) Lol

i , .
} ]—{5(‘:") " (N, FZ) £ = B{X) de (Y. IF£) ;a} .
2 2
where ' ' e
0 ALY, V) =(V 5 (V) —a(X) o) BB+ EEX) 7°(V) -
4,0

+BY) 45X
in particular
(1.7) AN, 2)=0 Tor any ¢ 1.9, p—r ond  HNCEY) =X .
If we in! roduce the Lensor field D _%. . where § znd S arethe Ricei tensor
liclds of V and V respectively, by considering the trace of the operalor Ryy
in {(1.5). then (£.4) and the fiest Bianchi identity (see [3]in the almost-contact
case) allow us lo prove thal
(1.8) X Yy e=— LN, VLN Y.
where

L(X. V) = —— S(X. h¥) = V(SN V)4 S(RY, XY - SEEX FY)
(4.9 rek-2 el

S(FY.FX)] 4 K} dn (X FY).

where K denotes @ constant which will be determined below. Thus we can
write 1he following I--prejective not trivial invariant depending on the curva-
ture tensor R

P } - co.\"_r\';:c r|o'x.>‘_\-.\1) F-PROJECTIVE CURVATURE TENEOR o6
(o Wy Ay - VLN Y )= LAY N B LN ZAYEY = LY. Z) N

VLN FYY—= Y XA LN A Y LOY. I'7y FX.
Proposition 5.1 The fensor field W given by
W e WipZ & X 0 (X a0 hY -7 (Y) AR
(4

I

1 g S s :
2 ¥, {;d'r,"() VN — ;d'.q"(.\. ZVEY —de(N. 1) f"Z}
is F-projectively invariant. Moreover. ij in (LY K =1/ (-2, then the following
relnfions hold
raee (W =0, trace (FWype) =0, trace (N Wepd) =D ireeed N Wi Ay =0

Proof. In facl. to study 1he F-projeciive Mainsse we ihnsd find an adap-
fed connection V such that L =0, This means (sec (1.6) and {4.8)) that we ook
for o 1-form 2 satisfving
(V) (V)= LANL YN 2(Y ) —8(N1 30)) = B(N) 20" (V) —

- B(Y) Eat (N

d

R PR B3]

The complete integrability condition of this ~vstem of partial differential
equalinps is expresred by

TR I A AU B TR VARSI A ST BN NPAE S G I P2y Xam(N)
AN, FY) LY. FXNY X2y — AN 1) YafY) XD Y)

TRET LAY N)J o) 4 [LAN. Z)- XNy (0 =3 - [LOY. )+
L. 0a) w.h
Sem(V) A0 | (N = [LONC F YV ROV EX) = S TN V) 7)) -

TR

L
1

[L(Y. F7) L Y oy Z)]B(A\')—-- {L‘._,\'. :'-'}f)-‘i---;}- da (N '/Z)‘S(Y).
From his equation together with (1.5) we obtein anew Feprojestive jnvarjant
Censor field WL ogiven just by the formula (L11). which is a len<m field afl
Wevl type if trace (W) Lrace (F7 W) drace (N—= W), irace (N=FWgi Z)
i vanish. Consequentdy, alter long computations in local coordinetes, it resulls
Hiai we must pat in (L)

1 Ko==1/(r 42} .

Therefare we fake K - 1/(r+ 2y in order fo congider W as she Foprojective curva-
ture tepsor field associated to [he torsion-free adapted conpection T on M.
Tn what. Toltows. we shall eall ¥ I7-projectively flaf il its Lensor field W vaniches.

Theorem %2, Lef ¥ be « forsion-free adupled connection on an n-dimen-
sional normal framed manifold (M1 S, 4", a=1. 2 .. on—T. ffr=4V is
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F-projectively flal iff is F-projectively related {o a torsion-free adapied connselion
V whose curvature lensor field satisfies the equction

Y- —%{{n’n“(‘\’. Y)Y F7- Edf,n,x) X Ed'q (N, 7) FY

(1.13)

= Bnm(Y) 922 hX— 3 7(X0.5°(D) hY}.
b I

Prosf. 1 we cuppose W0, from fhe equation (1.11) we obtain

hRyrZ =[L(Y, X)—L(X, V)| hZ —[L(X. Z)+ 3 7°(N) 5" (D [ Y +

3t

LY, Z) 4+ 5 oY) 920 VX [LAX, FY) LY, FX)+

a,h

1.16 ! R
S + VX, V)7 — [L(Y, FZ)+ - S dn'iY. 7) iFI\-,-—[L(,\, F7)--

+ L Napx Z)]f"l',
and, from (4.13) we get that, for W=0, the integrability condition becomes
(X, Y, Z) = (VL) (Y, Z)— (Ve L) (X, Z) —[L(X, FY) —
17 _ Ly, FX) Sa%(2)+L(Y, F2) Za(X) ~ (X, F7) S5*(Y) = 0.
Thus, in order to prove the theorem we need to gef Q=0 for r=4. By

applying the sccond Bianchi identity from (4.16) 2n d (4. ) we obtain, after
a long computation

(X, Y, U)0'Y, U, X)+Q(U, X, V)} hZ4+{QU, X, FY)+
(4.18) +0(Y, U, FX)+Q(X. Y. FU)} FZ+Q(X, Y. F2) FU+Q(Y, U FL) FX+
LOWU, X, FZ) FY—(Y, U. Z) EX—Q(U, X, Z)hY =Q\N, Y, Z) hU =0,

which, teking the troce with respect to Z, velds
—(r+2) [O(X, Y. DY, U, X)+QU, X, V) 1+
(L19) 493 [(UyG(h, Y, BX-47(X) QY. U, Ed40%(Y) Q(U. X, £] =0

-

Next, put Z==%, in (4.18) ihus ebloining
4.20) O(Y, U, 2) IXA40U, X, E)RY + Q(N. Y. &) AU/ =0

for any ¥, a=1, 2, ... n—r, [roin which by tuking ‘he trace with respecet 1o U
and using {he skew-symmetry of § in the first two arguments, we gel

(1.21)  (r=2) (X, YV, Ed =X 2"(X) Q(E,. ¥, Ea)+2w”(3)0(;x, % Ea) =0.

The relation

1 CONNECTIONS AND F-PROIJFECTIVE CURVATURE TENSOR RN

th2n (r - 1) O(N. I L) +N -r MINYO(E, B B =0

i~ in mediate for Y22 in (1. "1) tIn the other houd. from the Tormulas (L)
snd (817) we get Yhat O¢2,0 2,0 2 =00 50 that (1.22) qplins

i1.25) XI5 =0 for any a.r o], 200 n—r.

and (1213 gives the cquation

(12 ON. Y. 20 =0Torrg2 and forony ol 2. on-r.

Takmg inlo account this result (L19) hreomes

(1,20 N, Y. FOCYL UL XN (U N =0,

Now if we zpply the endomorphism F o the velation (1.18) and take the trace
with respect to £ we obtain

{1.26) QN Y FU) QY. UL X)) 200 N YY) =0,

By using (1.26) and (.23) the relation (1.18) gives

.97 QY. U Zy AN QU NCZY Y 0N Y 4 hU =N Y ) 1T
YL COFZY PN DU N FO FY =t

which hecomes

i 1.25) (AN, 2, Z2)=r)( %, N, Zy—(W "N, 2, FY)=)

b putting T =%, and Lhen Leking the trace with respect to Y, The following
fwo equalities

i f.2h MZ,. 2. =0 (r—=D (N5 72 =—QU N 2. B4

follow tmmediaiely Teom (1.28) with N=Z,. If we substiinle &N for Xoang
77 tar Z in fhe secoud equation then

{130 (r DYOX, 2, FAyv——(N.Z.0 7).

Forom (1,29 end (1L.36) we castlyv derive
(1.1 (N, L ) =0 for e 2 end any a=1.20 . n—r,

Thus we see from (L3831 and (L.24) [hat § vanishes il one of ils aorguments is
e fovany a=1.2 onoor Qunthe ather hand. if we again constder the rela-
Hon (L2 taking the troce with respect o O Hhen we have

(1.32) (2 O(N. Y. )+ QPN Y. FZ) 4 QN Y, 1°7) =0,

Adding ¢ 1.32) 1o the relition ohisined after substituting FN for X and FY
for ¥ in the same cquation we have

{135 NN Y Z)F NN Y. Zy =0 for r£2,

By similar computation. we get from the formula (1.26),
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O(X, FY, FZ)+Q(FX. Y. FZ)=Q(Y. Z. N)+ Q(Z. X. Y)

(4.34} —Q(Z, FX. FY)=Q(FY. 7. I'N)

which, by taking into account (1.33) and (1.23) becomes

(1.35) O(X, FY, FZ)-1-Q(PX. V. FZ)=—20(X. Y. 7).
Finolly, (4.35) and (4.32) imply
(1.36) X V. Z)=0 for r=4

which proves the first part of the theorem. The converse follows from a ciral-
ghiforward computaiion.

REFERENCES

1. Biair D, E. — Conlact manifolds in icmannien Geenefr i, Springer Verlag, 1976. o

2 Bokan N —C-hotemer phicalip projeclives ransferpaticrs in o nermal alimost-conlact panifold,
Tersor, N5 33 (1979}, 180 — 1993 . _ .

3. Goldberg S. 1. — Onthe existance of manifelds with an [-slridlure. Tersor, NS 25 (1072
323 — 520 : ) . ) )

4, MatzeuP. — Suunacaraticrizzazione delle varic {e merr ali, BUALYL, VI, 1 (19803, 153
160,

& Matzeu P, Oproiun V. — C-projective curvature of normal almosi-conlact manifolds, to
appear on liend, Sem. Mal. Univ, Polilee, Torjno

¢ O proiuV. — Someremarks on the alniest cocemy lex connexiens, Revue Roum. Math, Pures

' Appl, 1971, 161, 389 - 392, ,

7. Yano K. — Differential Geomelry on complcx and alinest complex spaces, Pergamon Press,
New York, 1965, ) __ o .

8 YVano K., Kon M —Structures on Manifolds, World Scjentific Publishing Co Pt Lid,
Vol. 3, 1984 .

Teced 30, XII, 1987 Diparttmenio di Mafemut_ica
freceed 3 Unipersité di Cagliari

09100 ~Cagliari, Halia

An sto Umiv, LAL T Cuza® Iasi
Alatemaltica, 3o (1980

ON EQUIVAI ENCE OF VATIATIONAL PRORBLEMS AND IS
GEOMETRICAL BACKGROUND IN LAGRANGE SPACES
BY

MAGBALLN 52, KIRKOVITS

L Introduction. In the terminelogy of Carathéodny. {wo identical type

preblems 77- R'J,?*d{ exlr ! ond 1:—&- Ldf —exte! in Abe elassical caleulus
ch o

of variations are seid o be cquivalent it their extremels  are the same, T
their respeetive Legropgicos £y sud Lix. ) differ by a tetal derivative
Lo o ) s Ll ) -d SO dE they ihe variational problems are evidently
eruivalent in the rense of Carathéndory. Ta (his care the Fuler-Lagronge
cquations me identica! Ter bolle nroblems

(1.1) EAL)= (L) =21

where 0, i= the following operaler

P .
(! ,)) I o ¢ [

s Cas e

dit et '

Avihur Modr [2] has intreduced « Lind of the conversion of the
equivalent problen: in Fineler spaces, e considered the following relation

(1.3) E(L N =01) EALG. ) (A0 v edadl

and ohtained a new problem «f equivalenee.

In this puper we give u generelization of Mode's predlem in Lagrange
speeccs, Purther we prove the Pheorems L1 and 5.2 which characterize the
enuivalenee of two varialiona! problents in Lagrange cpaees. Namelv: the
variational problem in Lagrange space L*={ M. £y leads us to (he equations
(2.6) of geodesics. Then two varialiopal problams in L9 =3 £7) and LY —

(M 2) ave equivalent of the relation (3.1 holds identically. This condi
tiop is equivolent Lo the preseevation of geodesies of L7 apd L' and o the
conformal properiy (3.2) (1) of L™ and L* The most important result is
given by the Theerem 4.2 Two variational problems in L™ and L* are equi-
vatent in the cense of Moedr if and only if the tvenslormalion (1L.8)holds.”

Arknewledgemont, The autor wishes 1o express hey geatit ude 1o Professor
Radu Miron for his valuable suggestions and encouragement.

2, The variational problern in Lagrange space, Lel us contider a La-

grange space L7=(M, £ where M s an n-dim. manifold, £(x. i) is a real



