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ON THE NON.RI EMANNIAN SPACES 

By OM. P. Singh 

~ 1. Introd uction. 

ln an n.dimensional non.Riemannian space A. the theory of normal ten잉rs 

based on thc system of normal coordina tes introd uccd by O. Yeblen [IJ" . have 

been developed by O. Veblen and T . Y. Thomas [2J . III the present paper. 

considering thc spac야c A까. CIT뼈1 

establish s잉Ome t야the∞or대e밍ms On the space and s야ha매lld야ea떠l ‘w씨‘‘니~I j t야th the affinc motion in aπ 

A.. 、wνν1e s허sh띠꾀1 a외Is잉o dctcrmine the necessary and 5U띠l“fπf“Iπ띠c디1en띠t condition5 for the equa

tions of the paths admitting homogeneou5 LFl and QFl. and for the existence of 

thc infinitesimal proiectivc ∞llineation in the space A". 

The symbolism employed in the prcsent paper is esscnt ia lly thc same a5 the5e 

used in [IJ. [외 and by Eise띠1art [41. 

§ 2 The f leld of norma1 tensors A;kt and the space A”. 

Considering the 5ymme안tr띠nκc ftωunc 

nne야c야ctio띠lOn cαoeff짜f“Iπ1C1디1e해n띠t“s m 내e ()디(∞X)f，띠d이jnates x's and it떠t야s norma1 co∞oαr찌d비ina따lαte않s y" s respec. -
tiv、v’잉센e마lyι. the normal tensors A;kl, ... I, are given by 

(2. 1) 
‘ ifc' . 

A".“ ’ =(--. -'ε~， 
JRl, ••• f ‘ ôy" ’ .. . ay'- /0' 

wherc the lower suff ix zerO indicates thc valuc of thc f unction evaluated at the 

point P o as origin of thc normal coördinates ,s. From (2. 1) . it is qui te obvious 

뼈t the components of the normal tensors A;k/, ... I, are symmetric in j and k. and 

in last r indices. Veblen and Thomas have alreHdy shown that a11)' point in the 
space can bc chosen as origin. so the components of U1esc tensors are defined at 

each point throughout the space and in every coordinate system. 
Now for lhe sake of convenience in our very purpose of present discussion .. 

1). Numbcrs in brackcts rcfcr lo the rcfcrcnces at thc cnd of thc papcr. 
2). Eiscnhart [4]. pp. 68-74 
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、ve take the 4th order mixed normal tensOrs A' ... in ∞nsidera tion and assumc that jkl 

.each point 01 the spacc An is defined by the tensors A;k1 . So that the space An 

is now embodie<l with a lield 01 normal tensors A' . .,. This idca has motivated the ìkl 
author to discuss the various problems in thîs charactcristic space. 

T he components 01 the normal tenSOrs A~kl in tem:s 01 tl:e connection coelfi. 

cient 다 are defin떠 by the expression 

ar'. ’ D D 

(2. 2) A‘ =--'ε-r‘ -r‘ 「μ 「‘ π ax' . jkl ' ßk ~ jl ' jþ‘ '1' 

、.vhere

’ , ar‘, 
(2. 잉 r/;kl르숱P(τ듀-rγr1 -「;ftll

‘ ox ι ν • . , 

’ I ôr l

,. ’ ‘ 
=+P(τ퓨-2「r 다) 

(fX 

ln above rela tion P belore an expression indicate5 the sum of terms obta in어 

by permu ting the subscripts cyclically. 

We also notice that the tensors A ;.' I satisly the follo뻐 

(2.4) A;kl+A;까A;Jk =0. 

The Curvature tensor B;'I of the 5pace A r. i5 g iven by 

òr’ ar‘ 
(2. 5) 려kl=고다1.... _펴~+낀 r;* -끼k 「;l

Since r;". as defined by (2.3) i5 symrnetric in k and 1. 50 it follows from 

( 2. 2) and (2.5) that 

(2. 6) 합=A싸-A;kl 
Now in accordance with the definition of fla t spaces. if the space An be flat 

., 
one. i. e. Bj" = 0. then we have Æ;I. = A;.r Applying tbis fact to the identity 

(2. 4) . we get A'jkl = O. Hence we have the 

THEORE~.t1 1. If a 1lO1t-Rienzalllzion sþace An be a ησt 찌ce， i. e. B~kl = O. lhere 
z 

does nol exisl a field of 110""ιa/ te1lS0rs Ajkl in an AII' and cOllverscly zf tke 5}씨ace 
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A'I embodies a fiβw쩌ld of ηorn’”…na씨l“tenso 

sþαCC. 

45 

Further wc remark at this point that a fla t space is neccssarily a Riemann ian 

spacc ([4) . p.81). which asser ts that the norrnal coördinates of a fJ a t A" are nOW" 

the par tic비ar c1ass of Riernannian coördinates in a generaJ Riemannian space. 

Hence it follows 

THEOREM 2. T he-re does 1wl c.rist a f ield 따 1zor，씨 te1lS07S 씌kl 1.Il a ge…al 

R‘'emalltlian space V,z’ 
~ 3. A non-Ricmannian spacc of recurrent curvature and the affine motionÞ 

Due to Y. C. Wong [3) . an 1I.dimensional analytic non-Riernannia n space A" of 

recurren t curvature, for a syrnrne 

tbc chara:::ter istic relation 

(3.1 ) 려kl;m=KmB;kl， (Kr낯이， 
where a semi-colon followed by an index denotes the covariant differentia tion 

‘ 、‘ ith respect to x’ s. SlIch a space A" is caIled an A K ,,- space. 

On the other hancl. let us consiclcr a field of normaJ tensors A‘ characterized jkl 
by a similar type of relation 

(3.2) A’ = K_ .. A', jkl:m - ... ~ m~~jkl’ 

、‘ here K m is a non-zero covariant vector. We shall CaIl such a field. a field of 

recurrent norrna1 tensors. 

Differentia ting the reJation (2. 6) ∞variantly with respect to xm. we obtain 

(3. 3) B’ = A’ - A: jkl;m .-jlk:m 4Þ}kl õm' 

If wc iotroduce the reJation (3. 2) in (3.3). then. On applying the relation (2. 6) 

in the so obtained result. \Ve can get at once the relation (3. 1) . COilsequentJy. 

wc have the 

THEOREM 3. When a 1I01l-R ùmumllía’‘ space An em.bodies a ηeld of 1Iormal lellsors 

AL . the ψace A ,. 상 Ilccessarily a spaα 01 recurrcJtt curva/ure tf the η앙d po• 

ssesses t1te recurrellce property. 

Further. we have an useful relation ( [4) . p. 72) 

A‘ = A1 ... -A~ jkl:'tK - ... .. jklm H (jkl)… ’ 
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、、 herc

oιι P. Sùrgh 

ALKJ)”‘= (èC;，，18잉O ' 
111 conscq uence of this. rclation (3. 3) is changed into the form 

B:,. =A’ - A’ jkl: n: U }lkm . &jklm’ (Becausc 싸=C;lk) ' 

'rVe now remember that a space An 、I' ith thc property that thc curvature tensor 

of A'I are covariant constant. i. e. , B;k! :m =O. is said to be symm 

sense of Cartan. In such a case. from above rclation. we have the result A‘ jlkm 

=씩tkl찌 . which shows that the tensor A;lkm is s)!mmctric in the n빼Ie two indi 

ces 1 and k. But. it has already been pointed out that a normal tcnsor A’ IS jkl1 ••• { 

symrnetric in first two indices j and k and in last r indices. 50 , in the case when 

A" is symmetric. the ten잉r A~k1m is throughout sy…r 
ce잉s. Ho까we아ver，’ ‘\"‘，V깅c h띠avc thc fo애u뻐0\‘w씨VIn명g ‘we허래n known 떠de印n따t디ity ( [μ때4쇠l ’ p.70) satisfied 

by thc tensors A‘ jklm 

A'" • .+A‘ + A' , .+A’ + A‘ +A‘ = 0. jJtlm' 'Jlmk . '~jn:kl . "kt'mj . " kmjl . '~lmjk 

ln our present case. from thc above facts and this idcntity. we concludc that 

A'" • . = O. Hencc. 、，vc can state thc ;k/"; 

THEOREM 4. W heJI a 1I01l-RiemßχηiaJl sþace A" is a sy11l11letric st잉'ce. Ihere does 
l 

110t e:ûsl a field 01 1lOrmal te1tSOT5 A: .. ,_ Ùl a1Z A... and conversely. if there does jklm ... _ .. ~ ~ .11 

1101 erisl a f ield of normal le.‘tsors A’ t’t an An' lhe space An is 1zecessarily a 
'jkl1t‘ 

.symmclric sþace 

COROLLARY 1. Jf an A, eα’까뼈’샤‘ 
4ιre a 1lon.sym’”…'11씨’m’'"αelric sjXlC!κeι . 

N cxt. in thc space A"’ lct us consider an infinitesimal transformation. 

(3.4) x’ = 셔 H‘( X)ÕT, 

wherc ~‘ is a contravariant vector. and Ò, is 2 0 infinitesimal constant. 

Then we havc a dcformcd space with an affine conncclion 
dcf 

r~k =r~k+(i2r;k)ð7:. wherc r~k is the affine connection of the deformed spacc. 

In case of thc above transformation. if the original space and the deformed 

spacc have the samc conncction. the transformation (3.4) is callcd an affine 

motion of thc spacc A". In ordcr that it be the case. it is necessaryand sufficient 
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that wc havc 

(3.5) ær ;k=o1l• 

whcre the notation æ denotcs the opcrator of the so call떠 Lie differentia tion 

process. 

The Lic der iva tive of the curvature tensor B;kl is given by æB;kl= (æ끼시 ， k 

- (æ다) ,1' so, due to the com띠떼l(띠d띠씨1il뼈lμt 

Ss<앓an비i1y y 

(3. 6) æB’ = 0. jk/ 

Now, opcrating æ on both the sidcs of (2. 6) a nd applying thc condition (3.6) in 

thc resuJt, we obtain 

(3. 7) 

Thus, it concludes thc 

æA~ .. =æA~ jfk ~~~jkr 

THEOREM 5. WheJl a 1ZolZ .Riemamιfan ψace An embodies a f ield o[ tzormal tensors 

짜l ' ，π order /ha/ Ihe Irmψrmatio1Z (3. 4) be 011 affille 1찌01l o[ A,.. it is nece 

.ssaηI and suJficient that we have 

æA' ... = æA’ jlk - "",o]kr 

Further we see that for any general tensor 지“’ the following relation" holds 

good 

(ω3 히 (æT끼;싸*“h ，“;，'κ- (æ웰Tπlμ; 

1n the presen t 띠se. em찌n끼l[빼l 

from (떠3. 5잉) and (3. 6) 

(3. 9) 

- (￡rZI)T;ah- (￡Itl)껴ka' 

æ(B;kl",,) =0 

l ntroducing the relation (3. 3) in (3. 9) and using (3.2) and (3. 7), we obtain 

.after SOme simple calcu la lion 

(껴 lk - A:k) <EK m= O. 

"Since 이r s띠CC IS n아 f1at one, i. e, B싸=A;lk- 셰，1 "，" 0， therefore æ Km= O 

NOW. if we again use the relation (3. 8) for the tensor 사 and apply the relat 

3) . Sec Yano (5] . relation (2.21) , page 8 
4). Yano (5). page 16‘ 
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ion (3.2) and the condition <EKm =O in the result. then. under an affinc motio l1. 

we get a req뻐te con삐 

THEOREM 6. When an AK: 쩌'ce enψodies a field 01 recurreηt 1wymal teJl. 

50rs 싫. ,…1l order tJj찌Jza씨al I씨he 까앙d 11…'11쩌t 

i“I i“s nαccessaη a찌 잉￠따fiκ떠c“l“e찌11씨z“t I샤ha띠t C<E셰망:k/시)시ηm=Kκmμ잭.(<E셰망k시ι . 

~ 1. The equations of the paths admitting indepcndent homogeneous Iincar 

first integrals and quadra tic first intcgrals. 

In an n.dimensiol1al sjlace An' le t: us consider the equations of the raths 

(4. 1) ; x“ dx' d.i 
~+r di -' ~ jk 강s dS -

V

' 

lf each integral of the equations of the above paths satisfies the condition 

dx'" d 'Xt'‘ d r •• -----_ ... ... -뜯-=C; (C: a constant). 
’ r~ ... r. ds ds ds 

the equations (4.1) are said to admit a homogeneous first integral of the 1/Ith 

degree. But for the sake of brevitl'. here on one hand we sh띠1 consider the 

integral of t he first degree. that is an independent homogeneous linear first 

integral (LFI) 

(4.2) • • 
익 응좋=Cj ; (Cj : a constant) 

lf the equations of the paths (4.1) admit a homogeneous LFI (4. 2). it is nece

ssarv that 

(4.3) a,. ,+ a" = 0. ‘;J . - };I 

Differentiating this relation covariantIl' with respect to 상. we have 

(4.4) 깐;jk+a.ι 1k= O. 

Row- we consider that T;: ;: and t;: ;; are the m lnponents of a tensor ln the 

coordinate system x' and its normal coordinates ; respectively. then the general 

rclation ([4J. p. 74) connecting covariant derivatives of the tensor T’l L and 
), "'J . 

its extensions of the second order can be given as follows; 
1, ...• T ..: ‘ 1. .... s 

(4· 5) Tl: ; ,kl= Tl::J: kl+ F Tjr ; Int·+l A샤「 F Tl: :; ‘hj.’ ‘ J.A샤，. 

w-here T;: ;; Kt are the second order extensions of the tensor T;; ;? 〔lcfi뼈 by 
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(4 .6) 
/ a2tt; l? 

TIll싸[= \냥J」) ‘ a/a/ 10 

Thc cûlon followed by the indices åenoles the extension process of the tensors of 

the same order as the Sum of the given number of indices following a co]on. and 

the lower suffix zerO indicatcs the value of the function eval uated at the point 

Po as origin. Since any point can be chosen as PO' 80 thc relation (4.5) holds 

good for any point throughout the space, 

Similarly if we assume that a, and a i are the components of a tensor of order 

onc 1D X’ coordinates and its normal coordinates y' respectively, then, with Ule 

help of (4.5) and (4. 6) the covariant derivatives of ai in terms of tbe second ordcr 

extension can be given by 

(4.7) , 

• 

r 

1 

O 

k ” 
‘
」
/

A 

-* 

h 

; 

f 

% 

·
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ι
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l 

”” 

”“ where 

Now, adding the relation (4.4) 、vith the first of the follow ing. 

a .. _. _.+ a~ .. ， =α a. ~+a. ,,=0 k;ij I "i;kj 'J, ~j; Jri I "'k;j 

and subtracting the other, then, on making the use of the relation (4. 7) and the 

identity (2. 4), we shall get at once 

(4.8) ai lk= -%(AL+A:lt) 

Making the cyclic change in the indices i , j , k , of the relation (4.8) and adding 
the so obtained two rclations with that of (4. 8), wc get at last 

(4. 9) ai ,jk +aj, ... + ak η=0， 

where we have 야ed the identity (2. 4) again. Hel1cc we have the 

THEOREM 7. Whell a 110π Rz:ema1t1zian sμzce Ar. el，ιbodies a /ield 01 tlorma! ieJlsors 

A;kl’ i1l order Ilzal Ilze equaliolls 01 Ilze þalks (4. 1) 01 Ihe ψ따eA’‘ admit h01Jlog

elleous LFI (4. 2) , ;1 is llecessm'y alld sμψαCJlI Ihal Ihe idenlity (4. 9) tlccessarily 

ιolds good. 

Next, we considcr the integral of the second degree, that is an il1dependen t

homogeneous quadratic first integral (QFl) 

dx‘ tx' (4.10) a •• •;:: = C, ; (C?' a const:.1nt). 
l} ds ds ι 

-

lf the equations of the paths (4.1) adntit a homogeneous QFl ( 4.10) , it is 
necessarγ that 
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(4. 11) 
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a" <+o ,. '+ a<" ,= O. ijõk I U jk:i L "Jd:j 

Now, for the sufficiency that thc equations of the paths (4. 1) admit a homog' 

eneous QFI (4. 10) , we determine a concrete condition. For th is purpose, firs t, 
differentiating (4. 11) covariantly, 、，ve obtain 

(4. 12) aij'k!+ajk,i, + aki,j'= O. 

Next, by making the use of the formula (4.5) , one may easily have the 

(4 l3) a!l kI =atl kl-%AL alAAtkl· 

Similarly, for thc other terms in (4., 12) , consecutive expressions are obtained as 

(4.14) 앙써=앙; 11 -0μAL 잉AL. 
(4.l5) %i;fah:jI - ahALI-%AL. 

Here we notice that the second extension aij μ of the tensor Oij is symmetic in 

j and j , and in k and 1. M뾰Iso th따h야e no삐orm뼈a이1 t때e밍ns에o아rA감?Lμ IS S야)rmrηI 

lov、w、i\'cr ind떠ice않:잉s. so adding (4.13), (4.14), (4. 15) and using (4.12), we can get 
、，vith ease 

αα. 1뼈6히) Gij‘ij: k.μ짜lβ+ajk샤k : i/야+aki시써j， =2짜(ahjA짜;lβ+ah때며때tz“선，+ahi쐐i채싸4짜l시끼J) 
Ma따짜k‘“ωing the c야ycl래lic c마ha없ng양e 0아f the i nc띠lC띠cl띠lices iι’ jι’ k and 1 in (“4 . 16이)， three other 

exp마re잉ssions will be obtained successively. Adding these three with that of (4.16) 

and using the identity (2. 4) , and on arranging the terms, we get finally 

(4. 17) (aij'k,+akJ,ij) +(ajk ,/i +ali ,j.)+ (oki ,lj+aJj ,ki) = 0. 

Frorn which, obviously we see that, if aij ,kJ= -a.Uj' thc rela tion (4. 17) is id 

entically satisfied. Hencc we have the 

THEOREM 8. When a 1zon-R-iemonniall Sρace An embodies a ρ'cld o[ 1101'’”이 tensors 

A~k/' i1l order thaf fhc equafions o[ fhc þafhs (4. 1) o[ fhc sþacc A. admit ho끼ogen

COUS QFI (4.10) , il is 1Iccessary alui SI，짜icient thal Oij:H= - o/:[:ij' that is 10 say. 

the second extcnsioll Oij:kl 01 the tellsOT aij bc OlltiSY l1Z1.“elric ù, tlS pair 01 i1tdices i j 

olld kl. 

~ 5. Condi tions for the existenec of infinitesimal eollineations in an 

aff incly connccted space 

lf some point transformations t ransform the points of an affinely connected 

manifold into points of the manifold such that thc paths are transformed into 

paths. The transformations arc callcd collineations. 
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Let us consider an infini tcsirnal point transformation 

(5. 1) :;;' = x‘+ç'(x)δ~， 

where ~‘ are the function of x's and δ .. is an infinitesimal. If (5. 1) be the col
lineation in an AII' the necessary conditions for this are 

(f.2) 

and 

(5.3) 

t~(낙kB;k+껴씨+석꺼 

f?f양 B;k 

When a set of functions t are a solution of (5.2), where 찌움0， the collineation 
preserves the pr이ective properti않 and is called an infinitesimal projective col
linea디on . On the other hand, when the set of functions f ' are a solution of (5. 3) 
and the collineation (5. 1) preseπes the affine properties of the space, the col
lineation (5.1) is called an infinitesirnal affine collineation in the space An' 

The second order covariant derivative of a vector ~l and its second extension 
may be connected by the relation 

(5.4) 앙1' -찌+삼A:ll· 
lntroducing this relation on the left of (5.2) and taking help of (2. 6) , the 
relation (5.2) may be rewritten in the form 

(5. 6) t~ij+담AL=상(AL-A;*)+껴 '1' ，+치꺼· 
lnterchanging the indices i and j in this relations, and adding the rcsulting equa 

tion with (5. 6) , we get 

5?”+한!十얀(AZJ+AL)=상(AL A;k+AL‘ -A~;k)+2(지 ψ‘+치꺼) 
Or ‘ h . ... h ~" .h .h . .h "h "h .h ‘ h . 

"" (5. 7) t~;j+(j;=nA야l-A‘lk+Alb-Al，*-Ahl -Akll)+2(ol찌+야 'I'j) ' 

Since the tensoπ A~jk a.rc symmetric in thc first two lower indices i and j. 50 

h . h 
bccause of the condition r;;;=r;", from (5.7) we ,hall obtain lJ ~:J 

. h • k .h ‘ h (5. 8) C ,= -f" A;'" 十fφi+ψ，9，.
‘’'} --'JR J't '1 

Contracting the rclation (5. 8) with respect to the indices h and ι 、.vc find that 
.J< ,h 、

O= -sA~j， +(，，+ 1)κ 
I'rom which 、.ve conclude that 

(5. 9) 1 J>.k.h 
ψ'j=고후T' ""j“’ 

(Because A:lk=AL). 
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Hence, we can summarizc the above resuJt as follows 

THEOREM 9. A llOn~ Riemannian ψace A þZ embodied with a field 0/ lt.07mal tCJlsors 

A' ’ admits αη ùzßnitesimal projective co!/illeatioiZ zf Gud only tf fhe covariaμ ijk 
vector ψj sa!isfies t1ze relation 

Next, \ve remark tha(, whcn rpj is zero, the projectivc collineation becomcs an 
r-k ,Jt 

aff illc collilleation. In such a case. we conclude that Ç'Aj"k = O. Consequently, it 

follows 

COROLLARY 2. Wlzen a 1lOJZ-Rieml1’'lluan sμue An e1Jwodies a fie!d 01 lt.Orη，al 

teasors AL, 써 order I찌 찌 때nitesi1，씨 Pγ'roψ'jec디f“t“we’ψ'e cO이씨II따싸li.ηnea띠ωt“tOi;ωi샤‘ adm’”씨t 
beκcome장s aαallιt znηjη?’”…tμzμles잉m…1샤zal a깐'fJηi써ne co이11μtnη'1eatμ10α011“l tn tμheκe 5þ<ι?χce’ it is llecessary atui suffi

r- k .h 
dent that we assume CA';,.,.= O. "> " jhk 

Furthermore. wc shaJl detcrmine a concretc result for thc ex1stence of the 

infinitesima1 collineation ill the space A“. For 앙니s vcry purpose. first we have to 

‘, , aSSWlle ~: i =끼 • 

lntroducillg this concept in (5. 2) alld using the rela tions (2.6) and (5.9) , we 

find that 

치j=F (At -Ak )÷→느 [δh.Ç' A;., +앙r A;r,J. ν ijl ~ 1 1l+ 1 

Differentiating this re1ation covariantly with respect to l , then ‘Vitll the he1p of 

relation 하‘=야 , wc obtain 

(5. 10) 서 jk=마 (찌←ACl) +F(AL k-시"，)+달r[야 (η센+FALI μ 

÷적(셔A;rl+5IA;rl， k)l • 
Also, 、ve have the following relation connccting the second order covariant de 

rivative 깨lk Of a tensor n: and its second extenslOIl ημ， 
-'1 h .1 

(5.11) 껴;jk ~η? jk+끼 A;j, -η，; A'ijk" 

Introducing thc relation (5. 11) on the 1eft of (5. 10) , we have 
I"h _h ,, 1 _' ,. .. h .. h " .. /". "h 

끼 jk +끼 A;j, -11; A‘}k二η'.cA;Ij -A‘}，Ht(A;'j ，， -A‘~-"，)

+ 냥l [야 (η;AL+5lAL.k)+껴 (η썩.，+r A;d,,)J . 
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Now, if we interchangc the indices j and k in this relation, then on subtracting 

the later equation 、，vith thc former one, 、"，e get at ' last 

꺼AL-껴A，5* η;AL+η?A싸=η;(ACl-ACl) 
{/ ~ h ηl (AIlk AL)+e (A싸-A';jU)- t(A싸-AW) 

+놔l[껴야AL+5IA:，l k)+치(마A;”+FA;끼 ,) ] 

1 . O;J! 1" _-' Ar 섣 아 ， . ， μ -강후l[야 (ηlA，까f A;" ， jHδ; (PlAbI+FALl:l)1 . 

where we have us영 ηtfη~:kr The contraction of h = l in this eq빼 

(5. 13) 
Iη;A사-η;A샤-η;A;껴;A;” 

=η4AL+FAL;*-서 A샤-r A~/k :t 
., 

Next, we put '1', =f , and use the notation η A;.t.三6" in (5.13) , we find that ’ T 111' ‘ 

arkAL十fA“’，=친씌.+행사"’ 
‘,vhich yields the result 

(~'A ;lj)， k =(f A;" ) ,r 

I-Ience, we have the 

THEOREM 10. WheJ! a 1I0J!.Rie.…amuan εþace An eη，òodies a [ ield o[ normal lensors 

A~k' ÙZ order tlzal t1ze space An adm“씨…t“따t“s an n…，ψψηm때lμle.찌S잉It.…씨111싸'11싸l씨찌 proj，μ찌ie 
e t“s 1lecessarη'Y Q1’11찌ds잉l(짜ffiκ…cα‘'Ïe/l싸'lI 1““haιt 1ω:oe Izave 1. 

((A“) .. =(( A;，.)υ· 
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