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S=ax t+ayx, + Fax, = Ea’x"

i=1

(Einstein)
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izla 29 39
S=ax, t+ax, +a;x;
, 1.,:19 2, 3
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A=a;x,x;, 9
A;X;x; = a1 +a121112 "‘alaflxs +
an X221 + a2 20 + azs x5 +

anxsxy tapx;x, +asasa;

dpdyg*tdi, X
Az1 Az " Azy L2

Yy = ana +a12xz —|—a1313
Y2 = A X +a2212 +a2313
Vs = A3 X, T a3 2, —’_aggxg(
, T,=A,B,,
T, =A.,B.,, =A.B, +A:B,+A;:B;
T, =A,,B,;, =A B, +A,B,, +A]3B231

Ty = As,Bs, = A3 By + A By +A33B33{

b

@y ,
Ajxx; Apx Xy

(2 ) , o
a;, +b, = ¢ a; +b, = ¢
A; = By, l A; = B; l
Dy = Byc,, J Dy = Byc, {
a; +bic;, = d, a; + bje;c; = d;

(3 ,

A= a bic; +ab,c, + asbscs
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i—1



€9 ,

5

: a,»]»kb;]k 32 =27
(6)

D, =B,
b;=DBa;
b;=DBa;
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’ aibjckmeijlxm
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(D] = [B]
(6] = [B] [a]
(v] = [B]" [a]
[S] = [a]" [B]
(D] = [B] [C]
(D] = [B] [C]

3'=81

[a]

A; =QuQ, B, [A] = [Q] [B] [@Q]"

N (Kronecker)
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[8{/] - 821822823 = |0 1 0
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ajx; —Ar; = ajx; —Aia; = (ay — A0;)x;
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e e =0, (10-2)

u=ue +ue +ue = ue;

v=ve tuve + vie; = ve,;

U-*vV—ue,;:- "Uje] - u,-"Uje, . e]' - u;vj6;j — U;0;
IC ) i (10-3)
d x;
( ) )
o i Qw2
PR A T A o R
6w | ooy | 90w
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dx dy - dz
d oy, d oy, do,.
=0
dx * Jy dz
d 0. do., do.
= =0
Jx T dy dz
X=Xy Tp=Ys XT3=—X, s
O1j.j = Ol
02j,j — OJ
03j.j — 0
Oij,j 0
€ijk ’
1 ijk ¢ 123.231.312)
ey =<1—1 ijk ( 321.213.132) (10-4)
0 ijk ( )
€125 = €331 = €313 = 1
€321 = €215 — €135 —— 1

ey = ey = ey = o= ey = 0



Cijk = Cjki — Cpij T €k T T €ipj T €y
€, €, € s
elxez = é; e, Xeg il 2T

e; X €, — €€,

a=uae; b=be,

aXb= (qe;) X (bje;) = ab;(e; X e;) = abje;.e,

aXb= a,‘bje,-jkek

b

an daiz ais
a = |dy (227} Az
asy Az Aaszs
b
A = €;;;,A1;A2jA 3, = €5pA 1 Ajap3
’
a4 T €Az,

€213A = €;pA2A A3

1, 2, 3 L, m, n,
A€y — AgQ j QA € ijk
’
a; Aim Ay
aeijke/mn = ajl aj/n ain
457 Apm Ay

o = O

61’[ é\im 6{7:
€iik€ lmn — 311 &m 8};1
akl 8}3171 6&71
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1=, j=m,
€iik€ijn — 26&;1
, 1=1l, j=m, k=n,

€iir€ij — 28}:/4 =6

a; = A;b; (a)
b; = Bjc; (b)
, i (b i

Js (b J 9 Bjc;
o (b

b, = Bjc, ()

() (a),
a; = A;Bjic, (d)

(d) ) 9

p=ab;s q=cd;,
rq = aibicjd]

, pg=abicd,;, 4
19 (Gauss) . (Riemann) .
(Christoffel) , (Ricel)
- (Levi-Civita) . 1916
R 20 30 , s
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e *e =0y (10-9)
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OP = xe; = x;e;
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By =€ e B =e e (10-10)
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e; Bi reij
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