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With the vectors ¢¥ and é)‘ a nonholono-

1. Introduction . A
mic frame of ¥V, defined in the following way

Let ¥, be andimensional Riemannian L. - are holonomic components of
space referred to a real coordinate system xV a tensor, then its nonholonomic components
and defined by a fundamental metric tensor are defined by
T, ,,, whose determinant , def .

A e T =Ty P
def . ... H
(L.1) T = Det ((T)\u))#:o' From (1.3) and (1.4)
. . . def ; 1

According to (1.1) there is a unique tensor as - =g eve[

TAW=T¥A defined by Ao Fooont BN
def ., .
(12) Ty, ™V = 8 IL Preliminary results

Let le" (i=1,2, ..., n) be a set of n linearly In this section, for our further discussion,
independent vectors. Then there is a unique results obtained in our previous paper will be
reciprocal set of n linearly independent covariant introduced without proof.
vectors é')‘ (#=1,2, ..., n) satisfying

] Theorem 2.1, We have
(13) & &=0§*

AL g
7Ty

2. Tk"l'=ek Tq "= l " j
(PA)Y)] ¢ ]€ e, T,’ e,

(»+) Throughout the present paper, Greek indices take values 1,2, -, n unles expli-
citly stated otherwise and follow the summation convention, while Roman indices are
used for the nonholonomic componts of a tensor and run from 1 to n, Roman indices

also follow the summation convention,
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Theorem 2.2. The derivative of é‘ is negative
self-adjoint. That is

j _ . J
(22) ox(ey je“——dk(ié"}e)\_

Theorem 2.3. The nonholonomic com-
ponents of the christoffel symbols of the second
kind may be expressed as

(2.3) { ]."k }=

, where Vk is the symbol of the covariant deriva-
tive with respect to {;k}

i M LAV N i
e, ek(V#f) fi(V#e"}

Theorem 2.4. The holonomic components
of the christoffel symbols, as follows;

@ap Duwl =liml & &7 va 0. d) e

vo_Jiy ko, v
(2'4)b{)\uf {ik}f Qen 054

Theorem 2.5. The holonomic components
of the christoffel symbols of the second kind
may be expressed as

j
¢ 7, </

Ik v, _ ok
€\ e“(Vk 7}‘9#1

e () =

II1. Covariant Derivatives of the Nonholonomic
Covariant ana Contravariant Vectors in Vn

We see the partial derivatives of the holono-
mic components of a vector is not components
of a tensor in Vn-

In this paper, reconstruct and invastigate
the relationships between the partial derivative
of the holonomic and nonholonomic com-
ponents of a vector.

Take a coordinate system y¢ for which we
have at a point pof V,

(3.1 ﬂ _ a_-’_‘_ v
N Y A
We have
Theorem 3.1. The covariant derivative of

the holonomic covariant vector, is given by

aq; j i

05 {' hie

32 pray [ayk ot 1% e
= I, 14 )

. Proof. By means of the covariant derivative
of holonomic vector

aa)‘ v
@3 ffayi= 52 a,{}

Using (1.5) and (2.4)b,
(34) pay= e,y a4 dil]
- _— 3 e p— I e
ol "[{ik}
v j ok i v
f' JA e, * 3# (e)\}je ]
By virtiue of (1.3) and

(35) g e(d e} )e"=a( id e*
: : w 7\)

Hence we obtain

(36) [ (ay = ra w aj}e —ai{],i}é\ :
Txly Zel
oa; j
, where l;(a].)= a—]le s {jtk}
y 8

Theorem 3.2, We have the covariant deriva-
tive of the nonholonomic covariant vector is

a”{;:} g ze')\

= HoA
‘Z(‘z)\) : ]e

- equivalent to

: _ 3(1}
(3.7 Vple)= [a_x# -
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Proof. Multiplying e to both sides of
(3.2) and using (2.1) and (3 é) we obtain (3.7).

Corollary 3.3. We have
da J
(3.8)&(;1)\):;1 _aj( me}‘)

Proof. Using (1.4), (2.4) and (3.3)

da ¢’
(3.9 o= 5 —ale ([ F e )e
_ da)\
i 7‘)'

Corollary 3.4. We have
9a; ;
_ 07 k J
(3.10) %(a)\}— oy e ep+a].( p"leﬁ}.

Proof. From (3.2) and (2.3),

(34

@G.11) [ 2 d
. [L(a)\} d;‘;‘ )\e#—ai( 7“5‘}

ir k
akeu“J)\

Making use of (1.3) and (2.2), we have
(3.10).

Theorem 3.5. The covariant derivative of
the holonomic contravariant vector may be
expressed as following relation

3.12 =0 () e
( )(V,’lay} l7k_(a)i €,
Proof. by means of the covariant derivative

of the holonomic contravariant vector
Y

LAV
u*a {M}
From (1.5) and (2.4)b
V)= 0 iy
(G14) Rul&')= —— (')

(3.13) Z/av) =

v

+a ] { }?’e e *(d e)\}]e

Using (2.2) and (3.1)

odt k i v Kk
3.15 a¥) = — ¥V e e
( )Z{) yk,ee#+a{1}i

ﬂ"al'/*a e & _alro e)

apk ¥ TuT K

By virtiue of (1.3)
9 .
3.16) d' { — qv)ek =a/ (2 e).
ayk i M #,
We obtain
vy &

DN TILY UMY,

Oykl M M

[‘7‘(a}/€yeu

i, _od i i
, where == 4+ }
ALY apk a {ik
Theorem 3.6. We have the covariant deriva-

tive of the nonholonomic contravariant vector,
as follows

- .
3.18) 7 (d)= V”(av} e’v;»“

2 Proof. ' In order to prove (3.18), Multiplying
e, e K 0 both sides of (3.18) and using (1.3).

(3.19) ffa Y) e e“ Ffa?).
Replacing j by i and ¢ by %, we have (3.18).
Corollary 3.7. We have

v
(3.20) V(a)-—- Ze )

Proof.  Making use of (2.5) and (3.13),
(3.20) may be written in the form

G321 V(”/-—+a';}‘%é,1)e:f”
8 y
=2 ).
oxH “f V"‘Je
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Replacing i by j, we obtain (3.20).
Corollary 3.8. We have

G2 f, (a”)=—;—; f" e”+a‘i( L)

Proof. (3.23) can be also obtained from
(3.17) by making use of (2.3) as follows

ad k
»

~
L 4

By means of (1.3) and the properties of the

Kronecker deltas, obtained (3.22).

Literature citea

[1] C.E. Weatherburn. 1957. An Introduction
to Riemannian Goometry and the Tensor
calculus, Cambridge University Press

[2] J.C.H. Gerretsen. 1962. Lectures on Tensor
calculus and Differential Geometry. P.
Noordhoff N.V. Groningen.

[3] Chung K.T. & Hyun J.0. 1976, On the
Nonholonomic Frames of V, ~ Yonsei
Nonchong. Vol. 13.

(4] Hyun J.0. & Kim H.G. 1981. On the
Christoffel Symbols of the Nonholonomic
Frames in V.

[5] Hyun J.O. & Bang ES. 1981. On the
Nonholonomic Components of the Christof-

. fel Symbolsin V| (1).

[6] Hyun J.O. & Kang T.C. 1983. A note on

the Nonholonomic Self-Adjoint in V.

X # &%

Nonholonomic vector5©| derivativeo| gt 432 oju] uEghu} ek & wiel4E No-

nholonomic Tensor 59| 42& Nonhnlonomic vector 2 Nonholonomic A2 ¥ Holonomic

Tensor S¢| 44 ol &3tel Bt A 2¢ AnEE 92224 n- AU Riemann $2 Vod o
£ Ao FANT ATFE F YE A2 2L FA2A ok

— 202 —



	I. Introduction
	II. Preliminary results
	III. Covariant Derivatives of the Nonholonomic Covariant and Contravariant Vectors in Vn
	Literature cited
	국문초록

