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ABSTRACT

in this paper we study a Riemann-Otsuki space R-0, and one of its
m-dimensional (m<n) subspaces, which is also a Riemann-Otsuki space, {see
(1] and [2]). we denote that subspace by R-0,. Our aim is to determine the
conditions by which the autoparallel curves of R-Om are the autoparallel
curves of R-On. too.

In [4] the author considers the autoparallel curves of
Weyl-Otsuki spaces. Using the fact that the coefficients of the
connection of the covariant and contravariant parts of Otsuki’s
spaces are different, he gives the autoparallel curves of the
covariant and contravariant kind respectively. Following this
way, we shall study autoparallel curves of the covariant kind in pa-
ragraph l,ard in paragraph 2 we shall consider autoparallel cur-
ves of the contravatriant kind. In paragraphs 3 and 4, we shall
observe the above two kinds of autoparallel curves, especialiy
if the subspace has an intrinsic or induced connection respec-
tively.

AMS Mathematics subject classification (1980): Primary 53B065;
Secondary 53B1S5.

Key worde and phrases: Riemann—Otsuki spaces, subspaces,
autoparallel curves.
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PRELIMINARIES

The theory of Weyl-Otsukil spaces was laid down by A.
Modr in Eﬂ. We get R--on spaces fram W—On spaces 1f we suppose

that in the relation ngij =Ykg1j it holds that Yk=0. Namely,

the R—On space is an n-dimensional differentiable manifold with
Riemannian metric tensor gij' det(gij)afo and Otsuki “s connec-

tion. The basic elements of the R-On space are g, and the ten-
sor P:;, det(P:;) #0. As in [3] and [5] the invariant differen-

tial in the spaces of the Otsuki kind with the coordinates xi

is defined by

1  _ i b= a
(0.1) DTj .--PerDTb
where
=nd | _ 8 .8 08 _ wnB o8,k
(0.2) DTb. = (aka + rska rkas)dx .
Tensor P; and the coefficients of connections ‘F;k and 'r;k

satisfy Otsuki“s relation

t
(0.3) g pto -pEplynpl p

k5" TyPet TexPy = 0 -

We suppose that the tensor P§ has an inverse Q; and the rela-
tions

i3 _ .1 . 1 i
(0.4) a) _Pst =6 v b) ijia = quij
hold.
We define the subspace in R-0 by the relation
(0.5) <t = xi(ul,....um) (m<n) .

By our supposition rank(axi)’aua)=xn1/ , and we use the no-
tation

1
(0.6) Bl o=
9.a
u

The mettic tensor of the subspace R—Om is Gefined as usually by

i1/. In thie article Latin indices run from 1 to n and Greek
indicee ®,B,...,A run from 1 to m, but WU,V,...,w run from
(m+1) to n.
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3133

(0.7) GaB: = glj ' .

The basic tensor Pg of the subspace R-Om is defined by

the projection of P; on the subspace and

a _ plgand
(0.8) PB. PjBiBB
where

e _ aBp]
(0.9) By : gijG BB .

we define the inverse tensor of the tensor Pg by 6:, i.e.

aXg _ .
(0.10) PBQY 6Y .
As in the embedding space, in the subspace we define

. * -
the invariant differential D of the tensor Tg defined over
the subspace by

* o a A& vy
0.11 D 1= P P
( ) TB PY BDTA
where
Y _ Y 4 opY o€ _ ap€ 1%y 3.,X
(0.12) Dr; := (axTA + TEXTA FAXTE)du .

We suppose that the tensor G o B is a metric tensor of the Rie-

mannian kind i.e. det(G B) #0 and DG ap = 0. From this condition,

using (0.12), we shall determine anY and by using Otsuki ‘s re-

X *a *o
. T and "T we get T
B By By ¥¢ 9% gy

(see [I]). We can determine the coefficients of the connections

lation analogous to (0.3) for %

of the subspace in other ways, too. This will be seen in para-

graph 4.
Using the tangent vectors Bi we can determine the vec-

tors NE orthogonal to the subspace R—om by the eguations Bth=

= 0 and we get

(0.13) st B + Niuu .
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It is known that if m#¥ n-1 the vectors Nr are not uniquely de-
termined.

1. COVARIANT TYPE OF AUTOPARALLEL CURVES

We shall now consider the subspace R-0, defined by re-
lation (0.5). The curve C:u%(S) is an autoparallel curve of the
subspace 1if the‘tangent vector dua‘/ds /2 is a parallel displa-
ced along C. Applying (0.11) and (0.12) in - (du®/ds) =0, con-

(¢]

*
tracting - by Q. and using (0.10) we get an equation of the

8
autoparallel curve of a contravariant type in ther form
2 a 8 Y
d™u S*a du” du’
(1.1) —_— + FBY_d_B_aE 0o .

ds

We ask under which conditions will the autoparallel curve of

the observed type of the subspace be, at the same time, .the

autoparallel curve of this type in an embedding space,.too.
Let

(1.2) c:xt = xt(uds))

be the autoparallel curve of the subspace R-O_. Using the dif-

ferential quotient of (1.2), applying (0.6) we get

i i

_ ax> du? _ gt du?
ds au® ds a ds
u
and i
(1.3) dzx1 - aBa du® duB T Bi dgu «
dsz aug de ds o dsz

Since, according to our supposition, C is the autoparallel cu-
rve of the covariant type, ellminating dzuuﬁdsz with (1.1) from
(1.3) we get

2/ s always denotes the arc length as parameter.
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R § .
a’xl _ ( aBBV_ Bl-f8 (uis) ) auf aquY
ds 3uY a By ds ds
Hence if C is the autoparallel curve in the space R—On, it must

be
i

3B 8 Y * B Y
g .ol s kidu” du’ _ o4 %a du® du
(1.4) ( - + r'skBBBY)——ds a5 B, FBY——dB v
Now we can formulate.
THEOREM 1. Relation (1.4) i8 a necessary and suffi-

cient condition for curve C to be the autoparallel curve of the con-
travariant type on the subspace R-O,, and in the embedding spa-
ce R—on too.

Proof. - It follows from the above condition,that the
condition is sufficient, Now we shall prove that it is neces -
sary, too. From (1.3) and the supposition that curve C is auto-
parallel in R-O,, it follows that

ploaxd axk 2By qu® au® . pt &
jk ds ds auB ds ds a d§2
or
i
1 d2 a . r JBk . BBa ) Qﬂg QEE
Ba dsz jk a iuB ds ds °

Substituting (1.4) and contracting by Bi, we get (1.1) and

curve C is autoparallel on R-O It is obvious that (1.1),(1.3)

d.
1 axd aX

Ik 35 ds = 0 do not hold at the same time

1f (1.4) does not hold.
After general theorem 1, we shall investigate same spe-

and a?xl/as? + -1

cial cases.

THEOREM 2. If (1.4) holde for curve C of the subspa-
ce R-Op and the vector £1==Bi£° 8 a veetor of the subspace
defined along curve C in ite direction, then along C it holds

(1.5) ;58— = p“laioi—a;—
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Proof. From (1.4) it follows that the considered
curve is autoparallel in the subspace and in the embedding spa-
se, too. Using definitions (0.2) and (0.6), the basic invariant
differential quotient of Ei in R—On is

-1 d(B E ) i B
13 B - 8 o du
ds as— T kBt B]; ds

Multiplying by ging we get

i
N 9B Y

j DE” _ § i B ol s k,,B du
(1.6) gijBa ds gij a.[ B + auY-FFsk BBBY)E ds ]
According to the stipulation of the theorem, vector Ea satis-
fies

a
a _ du
(1.7) E- =t v
and (1.4) holds. Substituting (1.7) and (1.4) we get

pel _

: duX
BJ *B
gi] a ds 13 a B [

(1.8) + EY =1 .

Using definitions (0.7) and (0.12) we get
*
g. .8 pel _ bef
ij By ds aB ds :

Expressing the basic covariant differential quotient D/ds by
the covariant differential quotient D/ds and contracting by GPa
we get

*
Gadot ﬂE =Q

gij
Using definition (0.9) and contracting by Pg according to
(0.10) we finally get (1.5).

Relation (1.5) means that the covariant differential
of the contravariant vector in our subspace does not depend
only on the projection of the covariant differential of the
space R—O , but also on the tensor Pa of subspace R-O and on
tensor Q1 which is the inverse of tensor PJ of the R-On space.
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Instead condition (1.4) it is possible to take a stron-
ger condition and formulate the following

THEOREM 3. If in the subspace R-0p, atong C we suppose
that condition

i
aB . Y

i.%a du”’ B , ..i j k- du

1. — = —_— ¢ . —
(1.9) B, Toyw) g5 = [ -~ Iy (0B8] 55

holde, then (1.5) holds for the optional vector Ea defined alo-

ng C.

Proof, Condition (1.,9) is stronger than conditi-
on (1.4) and it follows from this that curve C is autoparallel
in R-0O and R-on. A calculation analogous to the above gives
(1.6). Using (1.9) we get (1.8). It is not difficult to see
that this id identical to (1.5).

2, COVARIANT TYPE OF AUTOPARALLEL CURVES

Curves satisfying relation
¥
D dax _

(2.1) 3= (gij(x) 75;) =0

will be called autoparallel curves of a covariant type. In Ri-
emannian spaces this equation is equivalent to relation

D ¢ gii
ds  ds
plying definition (0.1) and using the contraction by Qi accor-

) = 0 because Dgij==0 and the Leibniz formula holds. Ap-

ding to (0.4), from (2.1) we get

49 _. 5.3 2.3 J g,k
rj ax d°x on dx- dx -
ds ds + grj ds I'rjk ds ds 0.

Multiplying by gir and using the proposition that in R.—On spa-
ces 5g1j=°’ we get

a2xi i axd axF

(2.2) —d:2—+ "I'jk—d—s—Ts—= 0
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(see [4] (3.2) and (3.2a) with Y =0). This is the equation of
the autoparallel curve of the covatiant type.in R—On. The equ-
ation of the autoparallel curve of the covariant type in sub-

space R-O, is

2 a B guY
d u w¥a du” du' _
(2.3) . rsy ds ds 0,

*
because EGaB==° and s is the arc lenght as parameter. Substitu-
ting d%u®/ds® from(2.3) in (1.3) we get '

i
2.1 3B (V1 8
ax— _ a _ plaXy ,du” du
ds ( au? 2 Pas)ds as °

From this follows the condition of the covariant case, which is
analogous to (1.4). This is

ant &~ .
(2.4) g, owpi pigkydul dut ity du? du
) auf jk"a" B’ ds - ds Y af ds ds °

It is not difficult to see that the following holds.

THEOREM 4. Condition (2.4) ias sufficient and neces-
sary 8o that the autoparallel curve of covariant type of the
subspace should be the autoparallel curve of the embedding

space, too.

Now we shall study whether theorems analogous to theo-
rems 2 and 3 of the first paragraph hold in this case, too.
Applying definition (0.2) on vector E,, which satisfies g, = B:Ea,

and multiplying Bgi/ds by ging ve get

- 4 8
_ dg 3B X
1350 254 | 4350 B, (CPi _ w8 g8 duX
(2.5) g B g “B E-Egﬁ B1+ (3uX rikBsBl;) Eﬁds ] hd

At first, using the definition of Bg we galculate

. 3BB . 3g , aBY
ijoe 774 _ _1j_a 1r,§3t Y8 % Y8 r °”
g “'B, —= =g “B BG & + g,.G +g B _—.] .
3 auX 3 [:axl'E Y aut if Iy auX
D = B (e SN
Using that Dgir 0, the definition of Bs and BrBy GY we get

-
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B b |
B' s 3B o B
giJBC"( ._..']"1k BB) = ("1“_]3(3531: +—X) BC!'GYB + 36 .
I auX x 8 auX  J auX

Substituting it in (2.5) using G“B, which we get from (0.7),we
have

= j
R dg X 0.8 X
150 251 _ Las %5 5Tk 4 2% ) pagv, duX | 2c® du
9By g =6 FH rrkyx+aux)BJG f a8 T, X ‘Fas -

aB..
Finally we add and subtract G BXEX 75; and we get

. D b: ap
1j a i _ .aB B . aG wXB §pk
(2.6) g _Bj -as— G 38 [ FAX +( rjkB B” +
3B1 8 duX
—Y)p%gY cu”
+ auX)BiG ]EB 3 -

Using the property that EB is a vector tangential to the obser-

YB _ .Y _ ‘duY
ved curve C and G EB =¢gl= 5-33 and using the proposition
that condition (2.4) holds, fraom the above equation we get

*
b B X
-2 = G“B-—-B- PR i P S GYB)EB du”

i3
g ds

B2

(2.7
) j ds auX Ax X

It is known, that in Otsuki“s space it is possible to define the
covariant and basic covariant differential with respect only
to one of the coefficients of connections. We denote these dif-
‘ferentials by ‘D and "D or ‘D and "D respectively. Hence we
see that

*
w8 w¥a Y8 dux _ "Bk
(-——T+ I‘ G + FYXG ). 1 .

* *
Since we know that in the observed space DG,g = "DGyg=0 and

*
GmBGBY = 61 , one can see that "DG%P/ds=0. Now from (2.7) it

follows "
. Dt bz
1.0 71 _ 0B
(2.8) g Bj B = Ga -d—sﬁ

Substituting B? from (0.9) and contracting by G_ ., we get

ay
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Olw

B:L DE
Y ds
pectively, the basic invariant differentials D, D can be exp-

g
TTI . Using (0.1) and (0.4) or (0.11) and (0.10) res-

ressed by the differgntials D, B respectively and so

DE DE be £
1 _ 4T r _ Xa a
T -9 —Js and 7§} QY r-rk Finally from (2.8) we get
*
DE Dt
o - pYpisr °r
(2.9) 3 - PaB0 @

and it is possible to formulate

THEOREM 4. If in subspace R—Om, (2.4) holds, vector
Eu 18 a vector defined along curve C in its direction and E, =

= Biga, then along C (2.9) holds.

The above theorem can also possible be formulated along
C for all vectors of subspace R—Om, but with a condition stron-
ger than (2.4). This condition is

X aB:

in dut _ B i ] k

2.10 ra = —F + BJB .
¢ ) (l rBX ds aux er 8 X]

Substituting the right side of (2.10) in (2.6) and using the
= af
fact that in our space ——g— = 0, we get (2.8). So the following

holds.

THEOREM &, From (2.10) it follows that for vector Ea
of the subspace, components of which in the embedding space

(s ]

R—On are £i==Bi£a, along the autoparallel curves of the sub-

gpace, (2.9) holds.

3. SPECIAL CASES WITH AN INTRINSIC CONNECTION OF THE SUBSPACE

In article [1] the author gives the formulae of the

*

coefficients of connectionsg ’rgY and 'rsy. In these formulae
*a

- ” i - “w i L} *a
the coefficients of connections rjk and rBY or rjk and rBY
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respectively are connected in a special way. Indeed, the coef~

ficients of connection rBY and 'rg¥ in this case are the coef-

ficients of intrinsic connection of subspace R-om. Substituting

*, .
’ By and 'F:Y in conditions (1.4) and (2.4) respectively, we

get conditions equivalent to them, which we denote by (lfd)and
*
(2.4) respectively.

At first we observe autoparallel curves of the contra-
vatiant type. From [1] (24) we have that

‘T8 = a8sg [BjEkP TS - 7§ Bjn“ub"

&y rbc Y

J J
-ijN(3N)+936Y'_'|

-

Using transformation u® . u® of the coordinates we see that

'FgY given in the above form change themselves in the follo-
wing way
. 8 .Y g .2 &
.*8 %8 u? u” Ju u- 3’u’ pipa * ug’ Bb
(3.1) r = The o =, —_—t — ‘Q°,B., .
sy Y 3uf 3ud au’ 2w su'ad b"1 6

This is the transformation form of the coefficients of connec-
tion iff

i a, 'B’ - Bl
Bi QG' B:' 66’ .
’ ’
A contraction by P;,B6 gives

pigr’ A8
P By (6 a"?,) = P, B, .

Now it is possible formulate
THEOREN 6. Condition
1.8 -
(3.2) P, 5; Nt: 0
78 neceesary and eufficient for coeffioiants ’;gy

given in{3.1},to be the coefficients of connaction. In thia

» Which are

case the formula

B . - 8 8 a .9 pa
(3.3) TE, chaBbB +as" I holds.



238
Dijerdji F. Nadj

Substituting (3.3) in (1.4) we get

i
9B B Y anB Y
B ol 8 ks du” du’ _ i, ,..a jaboc aa ,du” du
( "W + ToxPeBY) &5 & By rchaBBBy*'BaBBy)ds ds °
Using (0.13) it follows that
(3.4) nvin*(-r2 gPe€ 4+ B2 )QEE au’ _
° a bec By By’ ds ds °

This relation is now stronger than condition (1.4),and
it holds.

THEOREM 7. Condition (3.4) 18 sufficient, but not ne-
cessary for the autoparallel curve of the contravariant type
of subspace R-0, to be at the same time the autoparallel curve
of the contravariant type of the embedding R-O space.

_.Proof£f. Let the curve C:u® =u®(s) be the autopa-

rallel curve of R-qn. Then substituting d2u /ds2 from (1.1) in
{1.3) and using (3.3) we get

i

2.1 9B a g B Y
a%x" _ a du” du” _ i a,..a c a ,du” du .
dsz - . ds ds B“Ba( rch:By'+BBy) ds ds

According to relation (0.13) and Qﬁi,,Bj du? we get
g ° ds a ds g

2.4 3 a.k ' B 1Y
a™x” _ _. 1 dx’ dx i w..a  b.c a .du” du
dsz a I1jk ds ds T NuNa( rchBBy * BBY) ds ds °

Applying (3.4) we get that the observed autoparallel curve of
the subspace is at the same time the autoparallel curve of the
contravariant type in the embedding R—On space.

Now we shall consider the inverse guestion. Let the gi-
ven curve be an autoparallel curve of the contravariant type
in R-0,, i.e.

a%xl L4 @) axk

(3.3 w? P Tikas E T
é Y J R a
. du” du dx- _ .j du
hols. Multiplying (3.3) by 35 ds and using 35 B 35 Ve get
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28 aud au¥ | L a 8 ax® ax®, goa aud au
8§y ds ds bc a ds ds a " 6yds ds

c
Since (3.5) holds we can gliminate‘T:c%ﬁ; %E; and using (1.3)

we finally get (1.1). So we can formulate

COROLLARY 1. The observed autoparallel curve of the
contravariant type of the embedding space B—On without new
conditions is an autoparallel curve of subspace R—Om, if it be-

longs to this subspace.

The stipulation of the above theorem follows directly
from the relation (3.3), too. A contraction of (3.3) by

Bk QEE le accordi to (0.13) gi
B ds ds ng : glves

[ Y [ Y
k.*8 du” du' _ ok c k , _ U, -nd c. .a du” du
Bg Tsy as as - L rch?BY“Bsy) MNLCTR BBl 0 15 B

*
i.,e. if ‘FgY has the form (3.3) it is not sufficient that (1.4)
is satisfied, (3.4) must be satisfied too.
Further we shall consider autoparallel curves of the

*
covariant type. For “F;Y we use the formula

* i.a 5 k aod
3.6 nntt = "r,.,B;B-B + B;B
(3.6) Tey T3x®1%5y 178y
’ *
(see [1] (16)). The coefficients "r:Y construced in this way
satisfy the condition necessary and sufficient for the covari-
ant differential of the metric tensor GaB of the subspace to

be zero. Substituting (3.6) in (2.4), using (0.13) we get

1 n.r L2k r du® auf _
(3.7) NENIJ( rakB&BB + BU-B)_d—S— —d? =0 .

Now we can formulate

THEOREM 8. Condition (3.7) is a suffieient, but not
necessary condition to be the autoparallel curve of the covariant type
of subspace R-0 at the same time the autoparallel curve of

the covariant type of the embedding R-O  space.
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COROLLARY 2. The observed autoparallel curve of em—
bedding space R—On without new conditione i8 an autoparallel

curve of subspace R—Om, if it belongs to this subspace.

The proofs are analogous with the proofs given by the
contravariant type.

Now we use the notation
k

gV .= pEpY(upB gl s §
Hxa : Papc( I‘jkBEBX-I-BEX)Ns

given in [i] (3.5). Contraction by Q:Qg and substitutién of the

term which we got in (3.7) gives

(3.8) nig

We suppose that in our subspace, (3.2) is satisfied and from
this it follows that Nig¥ = N2} (see [Z] (1.8)).
v du® duf _

eqlyan cu_ .
Substituting it in (3.8) we get QaQanlHB€ ds ds 0.

*
As it was proved in [3] Nan;e = "VBBz . It is known that in
. e l.* _a = nl :
Ootsuki “s spaces QaQa VBBe BG||B halds and finally (3.8) has
the form
=1
; DB, ..o
i du® duB _ a du _
Bagds as - % °* @ @ -0

4. SPECIAL CASES OF A SUBSPACE WITH AN INDUCED CONNECTION .
{
The induced connection of the subspace R—Om can be de-
termined in various ways. For example
: A/ If we suppose that for the covariant vectors Ea
of the subspace R—Om satisfying £i==B$ga we can define the in-

variant differential by

(4.1) by, = BiDEi

then the coefficients of connection "FZY have a form like co-

*,
efficients of connection "F;Y of the intrinsic connection which
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are given in (3.6). Using Otsuki“s relation to determine the

coefficients of eonnection ‘ng and substituting ‘EZY and 'EZY

in (1.4) and (2.4) we get results which are the same as in the

former paragraph. With (1.4),(2.4) and (174),(2.4) we shall
quote the equations we get from (1.4),(2.4) if in place of

b d
‘I.U.

& ~ ~ = =
BY; 'rgY we use ‘FgY, 'rgY and ‘PZY, ‘FgY regpectively .

B/ If we suppose that for the contravariant vectors
of the subspace satisfying Ei==BiE“ we define the covariant

differential by
(4.2) pg® := fpgt

then we get the coefficients of comnection ‘ng in the form

P 1 Laniok anl
4.3 a = .. BYB-B" + B®B
(4.3) PBY ) 1 B-Y 17 gy
( [1] (26) and [2] (1.1)). This is equivalent to (3.3), and
the contravariant case coincides with that observed in the for-
mer paragraph. .
The coefficients of connection "f:Y in the form

w30 _ pIpi&A e @ pogk  Ca apy wpS pigk o8 9}
(4.9 1% ijXGB! I‘rkBaB]Yc BrY)+PbBaNt‘J1( rS By B)‘Y)N:QB

we get from Pg and ‘ngusing Otsuki ‘s relation. Now the tensor

Pg and the coefficients of comnections ’P;Y and "ng satisfy

Otsuki“s relation. Since we study the Riemann-Otsuki subspaces

it must be that 5Ga8==°° In [1] it was proved that form (3.6)

Gf the coefficients of connection "T%

By
cient for the metric tensor of the subspace to be a covariant

constant. This means that the coefficients of connection "}g
from (4.4) can be used only in the spectal case in which (4.4)

is necessary and suffi-

reduces on (3.6). But in these cases, for the auroparallel
curves of covariant type the same holds as-in the former para-
graph for the curves of that type.
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c/ If we suppose that for the covariant and contra-
variant vectors of the subspace R—Om satisfying Ei=B:Ea and
E1
(4.1) and (4.2) respectively, we get the coefficients of conne-
ctions defined by (3.6) and (4.3) (see [1](26) and [2] (1.1)).
In this case the coefficients of connection ’r‘gY'and 'f‘gY and
the tensor Pa must satisfy Otsuki ‘s relation, or as was proved
in EZ] it must be

= BiEa respectively the invariant differential is defined by

a 8.k a TR & HiwnS L0 a r _
skBBBY+BBY)Na PbBléN;l.( FrkBsBl:"'Bry)Np = 0.

Relation (4.5) is sufficient for the subspace of the R—On spa-

i a.t,.
(4.5) PrBiNu( r

ce to be a Riemann-Otsuki space with the coefficients of con-

nection ’f“;y and "?‘;Y and the basic tensor Pg. From the above

observation it obviously follows that the autoparallel curves
of the co- or contravariant type of subspace R—Om are at the
same time the autoparallel curves of the embedding sgpace, if
(3.7) and (3.4) are satisfied. Inversely the autoparallel curve
of the co- or contravariant type of the embedding space R-O_
is at the same time the autoparallel curve of the observed ty-
pe of subspace R-O if it belongs to this subspace.
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REZIME

AUTOPARALELNE KRIVE RIEMANN-OTSUKIJEVIH
PROSTORA

U radu su posmatrane autoparalelne krive potprostora
Otsukijevog prostora. Odredjeni su uslovi pod kojima su te kri-
ve autoparalelne krive 1 u okolnom prostoru. Poito su koefici-
jentl koneksije ko- 1 kontravarijantnog dela koneksije posma-
tranih prostora razli&itl posebno ispitujemo autoparalelne kri-
ve kovarijantnog tipa i autoparalele kontravarijantnog tipa.



