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§6. Levi-Civita 1%

Euclid Z¢[E] EDO R 7 P OVIGIZBUCBIBZ ZO DU RO D EART I ENTE 506, ZDM
IO DT D X HIATH) T EWBTESL. TN ZHRE EORT P VEIT LT
LU, # e wIDDEEZD I ENTES. 2 TlE Euclid ZR D %MD Levi-Civita
Bl oW k9.
M % R D m RIL C® BT LK, 1 2 M6 R ~NDEEEHREL, pe M T 5.
CDEZ, pllBIT M T,M IZR" DEDZEE EH—FT 5 L3TE 5. 405, plc
Bl 5 DMy

(dL)p : TpM—> TL(p)Rn

&, T,M % (d), DR EFE—BL, T, R" ZHRICR" LH—HT2DTH 3.
HIZ, R O HEZ VT T,M OESMMERZEZEZ 5 2 LSTE 205, R DELEN T #

R" =T,M & T,"M (x

~—

BEons. bbb EEDve R I
V= V1 + Vg (UleTpM, UQET;M)

E—BIIZRIN, v & vy ZERT 5.
LoE—#Ic X b, X € X(M) & C> H54

X:M—-R"

ERLTIENTES.
ZDEE, X DEBTIE O MBIETH 2006, ABICHET %25 72, X DIMEIT dX ZED
%z &bf“C%Z> dX IZR" ICfE%Z & 5 1 XX TH 3.
I, FoOBELRENSHZHWT,
dX =VX + Ay

LRTIEDTESL. ZEL, Kpe MITBWT VX B T,M IZfliz & 2 1 XM AT, Ax
FTM Itz & 5 1R TH 2.

FRIT, VIZX(M) x X(M) 226 X(M) ~DEBZED L. V3 M D Levi-Civita it T 5. DA
TTRVOMEZHRNTITI ). &8, 2OFERI XY e X(M) ITHLT(VX)(Y)D X9 I
RIRZITHED, HEIHENWVy X ERT. Vy X Z X DY IZBIT 2T E ). £z,
CZTIRFELCIZIBRZ VLS, AZ M OFE AL VI DbDEED S,

B XY, ZcX(M), fecC®(M)ET5E XD (1)~4) 37D 7D
(1) VyizX =Vy X + VX,
(2) Viy X = fVy X.
B) V(X +Y)=VzX + VY.
(4) Vy(fX) = (V)X + fVyX.
SEEA (1), (2), (3): 1FE A EHHS .
(4): £7,
d(fX)=df - X + fdX.

VDOEHELD,
V(fX)=df - X + fVX.
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Vy(fX) = ((d)(Y)X + fVyX
= (Y)X + fVyX.

0
EASTER T (%) 13 M @ Riemann 5l &2 ED 5 2 EICHERL L. g 2 2D Riemann 5 &
ET5. bbb, gldldOIAR K IFHEFETH 5.
X, YexX(M)tlL, Zhoz EDkHIC XY e C°(M,R") EH—HLTEL.
Hpe MICEWT Ay, Ay W TF M IiZ & 5 2 L ICHERT 5 &

d(X,Y) = (dX,Y) + (X,dY)
= (VX,Y) 4 (X,VY).

£oT, R D 7D,
EFE XY, ZeX(M)E¥5sL,

Xg(Y,Z)=qg(VxY,Z)+g(Y,VxZ).

OO L) BMEDOZ 2 VIidgZ2ED, $LEFEIRERNTHIREE V).

62 ICB VT bz, LA LD POV L CRRFEIEE E W) b DEERT L &
TE5. ZITRHIDLEHLIBREY.

X,)Y eX(M) &£§ 5.

(U, p) 2 M DFEESER E L,

o= (1,22,...,Tm)

EERLTEL L, X,V 132 R RE% T

“ 0 “ 0
X:Z;fia—xi, Y:Zm@_xi

=1

LETILNTES.
feC>(M)L¥2E,

N 1 al’j 8332 1 Z@xjaa?i ’
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on; 0 0 0
X(Yf)-Y(Xf)= Z(@azjai ”jaijasi-)'

ij=1

DLEDFHRED, XY —YX € X(M) %

XY -YX = (5] — >
1 jzl 8a:j 81’1

1=

WX DEDS. Chze [ X,V EERL, X LY DFEIEE V).
M EDOXRI PV E O TE L EE, FEENED L ) ICRINEDZTRNTH LY.
i'ﬁ—\,L%J:@EE* lﬁ{%&. R”@fhr(yl yg,...,yn) %Fﬁlﬂ‘(

L($1,$2, e 7:Cm) = (y17y27 v 73/71)

ERLTEL.
ZDLEE,
— Oyp 0
(de). X = ;;&f)mayk
Th 5
[AIfRIC,

(d).Y =3 > () [XY] =) ) (%xj ”ﬂag;j) Ou; Oy,

= on; 96\ Oyx Oye\ _, O (. O
Z_: (gjaxj n]aiﬂj) o Z {@6:@( (9932) " 0a, (&85’3)}

WCHEET 5L,

(X, Y] = (dY)(X) — (dX)(Y)
=VxY + Ay (X) — (Vy X + Ax(Y))
=VxY = Vy X + Ay (X) — Ax(Y).

X,Y] € X(M) 0, Kbz h o

FE X YeX(M)ETsE, XD (1), (2)03%D 7D

(1) [X,Y] =VxY — VyX.

(2) Ay (X) = Ax(Y).

o) DX BWEHEDZ L2 VIFHEASZVREE W),

Levi-Civita #5513 —# D Riemann LRI L THERT LI LB TE S, 2D E LRI
SENTELZ 0w e L TREM T 3.
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BAEEIE 6. Lie 5
Lie 847 & 13— fRICIEZEHEE LD T VY NG E VI EDDRT FIVBIZ L 350 & L TEES
NHHDTHD. ZITERZ PAVEDORT FIUIGIZ L S Lie micownTidR X 5.
M%ZnRILC®REMIEE L, X e X(M) £ T2, i D7, X Z7HTH S ERETS. T
bt TEDOpe MIZH L TR TERINL X OISy c C°R, M) T~(0)=p 7%
2DV EET L. HOMBOERL D EEDtc TITNLT

7/(t) = Xv(t)

ThH 5.

CDEE, X DERT 5 137 A=Y ZWRE{p her DFET S, Thbb EED € RICH
LT ld M5 MADC® T RHELR T, XD (1)~(3) 237 D 722

Q)E%@peﬂfmﬂbfx;:dﬁy) .
t=0

(2) fEED s,t € RITH LT s 001 = 0yt
(3) (t.p) € R X M 25 pi(p) € M ~NDMNIGIFEBEEHAER x M 225 M ~D C™ ik
FREEDD.

FRIZ, oo XTEHEGHRT EEDLe RICNL T o =@t DX bh D
LRI R =B DER LD, & pe M I L TRIBRBIE

(do—t)putp) * ToryM — T,M
WEFS. 22T, X,Y € X(M) ISR LT LyY € X(M) %

d
dt|,

(ﬁXY) (dgp,t)%(p)<y¢t(p)) (p € M)

WCEDEDD. LY DY DX ITX? LietrTh 2.
FEE, Ly Y IFEIRE (X, Y] IS8T 5. 26, X 2 S RE 2 Hv T

B 0
X:;&a_l’z
ERLTELLE, ¢p) 1F Landau DFLE 2 W T

ei(p) = (21 + &)t + O(t?), ma + &)t + OF?), -+ 2y + &u(p)t + O(t?))  (t = 0)

ERINDZZEEZHOTEHET ULV, XoT, Y D X I X2 Lie 0 I35 (X, Y] D%
P ERBLE AT 2 EDITE 3.

LD Lie I DERBIIEOTY Oz —MOT v VY VBIEZF AU, 7 vV VD Lie il
FMfFoNS. BIZIE M LD 1A TEAw D X € X(M)IZX % Liefdir Lxw 2525 &,
Lxwld M LD 1 XA T AEREDY € X(M) 1T LT

(Lxw)(Y) = X(w(Y)) - w([X,Y])

W12 LT 5



