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000000 (ByCs — BsCy, BsCy — B1Cs, B1C, — B,C,) D00000,000000 (BxC)OO i00O
(BxC);0 i000000000000000
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O00,0100 B.C3—-B3Co, 000000 10000000000 10000000DO00O00ODOOO
oooboz200,0300000000000000000000DO0OO00OO00OD s0000D00OD 00O
00000000000 (BxC); 000 «0000000000O000O0O0OODOOOOOOOOOOODO
O000O00Levi-CivitaOOOOOOOOOO0OOOOOO ;b 0000000000000000

000000000000000000(BxC), =¢,;;B;C, 0000 ¢=10000

(B x C)1 = €11B;Cy
= €11k B1Ck + €121 B2Cy + €131 B3Cy
= €121 820 + €122B2C5 + €123 82C3 + €131 B3C + €132B3C5 + €133 83C3 (3.30)
= €123B2C3 + €132 B3Cs
= ByC3 — B3Cy

000,000000 exB:1Cx 0 k000000000000000 Levi-CivitaDOOOO OO0 €115 = 0
ooooooo

02, 03000000000000000000000C 2000030000000000000000
0000000000000000

00000000,000000000000300 A-(BxC)0O0000000O000A-(BxC)O
BxC=DOOOO,

A- (B X C) =A-D= AZDZ = AieijkBjCk = EijkAiBjCk (331)

gboooboobo 3booboobooooboobo

A Ay Az
Ci Cy Cs

00000000 (3.32)000000 (3.21)0 (3.22)0000000000
00,0000000000000 38.1)-39 000000000000
00000000000 300 (3.1)000000000D 3000000000 BxC=DbOOOO,
Ax (BxC)=AxDOOOOO,

[Ax (B xC)];=[Ax D],
= €k A; Dy,
= €ijkAj€rmBICr,
= €jkerimA; BiICp, (3.33)
= €ijk€mkA; B1Cr
= (0i10m — 0im0;1)A; BiCp,
~B,(A-C)-Ci(4-B)
ooooo,
Ax(BxC)=B(A-C)-C(A-B) (3.1)
000000000000 00000O0O00 backcabOO0O ((3.1)0000)000000O0OOO
00000 (3.2)0000000 AxB=E,CxD=FO000,(AxB)-(CxD)=E-FOOOOO

(AxB)- (CxD)=E-F
= EF;
= €A Br€imnCmDnp
= €ijk€imnAjBrCm Dy,
= (8jmOkn — 0jnOkm)A; BrCrn Dy,
=(A-C)(B-D)-(A-D)B-C)

(3.34)
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ooooo,
(AxB)-(CxD)=(A-C)B-D)- (A -D)B-C) (3.2)

ooogo,booooog

C-[Dx(AxB)=(AxB)-(CxD) (3.3)
00000000000 00o0000 AxB=FEOQOOO,000030000000000000000
goooboooboobuoobuoob 3gbobooboog,

C- [Dx(AxB)=C-(DxE)
—E-(CxD) (3.35)
=(Ax B)-(CxD)

gboooboobooo,ooon

C-[Dx(AxB)=C-[Dx E]
= Cieij DBy,
= Ci€ijrDjerimAiBm (3.36)
= €m A1 BmerijCiD;
=(AxB)-(C x D)

ooooOoO0O00030000400000000, ¢4x=€; DO0O0O0OODOOOO
0000 (33)00000000000 (32)00000000 Levi-CivitaODODOOOODOOOOOOOO
oooooo

(AxB)-(CxD)=C-[Dx (A x B)]
=C-[A(B-D)—- B(A- D) (3.37)
~(A-C)(B-D)~(A-D)(B-C)
obooooobooog
00000 (34)000000AxB=ECxD=FO0000,[(AxB)x(CxD)=ExFO00O

oo,

[(Ax B) x (C x D)]; = [E x Fl;
= €k B Py
= €ijk€jim A1 BmerpgCpDy
= —€ik€jim A1 Bm€kpgCpDy
= —(640km — OimOk1) A1 Bm€rpeCpDy
= —(A;By — B;Ak)ekpCpDy
= BieppgArCpDy — Ai€rpqBrCpDy
— Bi[A-(C x D)~ A[B-(C x D)

(3.38)

goo

[(Ax B) x (C x D)]; = €1€jim A1 BmérpgCpDy
= EkijekpqejlmAleCqu
= (0ip0jq — GiqOjp)€jim A1BmCpDy
= (C;D; — D;C;)€jimAi B,
= Ci€imjAi1BmDj — Di€im; A1 B C
= CiA- (B x D)]—D;]A- (B x C)]

(3.39)
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gooooooog,

(AxB)x(CxD)=C|A-(BxD)|—D[A-(BxC)]
=B[A-(C x D)]— A[B - (C x D)] (3.4)

0oooooo
000000000000000000000000000000000000000 AxB=EQOOO
0000030000000000,CxD=FO0000000030000000000,00000 (4)
000000000000

00 (35)00000BxC=E CxA=F, AxB=GOO0O0O,(35 0000 (BxC)-[(CxA)x
(AxB)=E-(FxG)0ooooo,

(BxC) - [(CxA)x(AxB)|=E-(FxGQG)
= Eie;j F5Gy
= €itm BiCme€iji€jpqCpAqerrs Ar Bs
= €ijk€itm BiCm€jpqCp Agerrs Ar Bs
— (8,10km — 0jm0k) BiCrm€ipgCrpAyeirs Ay By
= (B;Ck — BrC;)€jpgCpAq€irs Ar B
= €jpgBiCpAqerrsCrArBs
=[A-(BxC)]?

(3.40)

D000D00000,00060000 200 €,,0;C,4,=0000000000000
ooooo,
(BxC)-[([CxA)x(AxB)|=[A-(BxCO)? (3.5)
0000000o00ooooooo, 36)-(3.90000U0oooon
0000 (3.6)0 VxA=HODOOO, (Vx Ay = Hy = egmVid, 0000000

[rotrotA]; = [V x (V x A)];
=[V x H|;
= €1V Hg
= €1V (€ximVidm)
= €ijk€kim Vi Vidm (3.41)
= €ik€mk Vi ViAm
= (0i10jm — 0im0;j1)V;ViAnm
—V,(V-A) - V24,
= [grad(divA)]; — (AA);

000, OO000O00 V; 000000000000O000O00O000O0O0O0O0O0O0OO0O0OO0O0OGCO0O
ooooo,
rotrotA = grad(divA) — (AA) (3.6)
gooooo
00000 (3.7)0VxA=HOOOO, H =e;V;4,00000

divrotA =V - (V x A)
-V-H
=V,H,;
= Vi(eijxV; Ax)
= €k ViVjAg
=0

(3.42)
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0000000000 ¢4 000« 00000000000, V,V,;000¢ 0000000000000
gooooooo,
divrotA =0 (3.7)
gooooad
00 (38)0 Vé=GOOOO,Vx(Ve)=VxGOOO,00 Vip=G, 00000,

[rot grad¢]; = [V x (V@)
=[VxGJ;
= €1 V;Gy (3.43)
= €k Vi (Vi)
=0

0000000000 ;000 j40000000000000 V4V,000 7400000000000
oooooooooo,

rotgrad¢ =0 (3-8)
0000000000 3990 ExH=G0000,G;=¢;4FE;H, 00000,

div(ExH)=V-(E x H)
=V -G
= V,G;
= Vi(eijuEjHy)
= €ijk(ViE;)Hy + €1 E; (Vi Hy,)
= Hierij(ViEj) — Ejejin(ViHy)
=H - (VXE)-—E-(VxH)
=H -rotE — E -rotH

(3.44)

gooooboobooboodgd,
div(Ex H)=H -rotE — E -rotH O (3.9)

gbooood

3.6 UUOO

OO000000000 Levi-Civita O OO OOOODOOCOOOODOOOOODODOLevi-CivitaOODOOO
000 (3.25)0000000000000000000O0O0OOO (3.25)00000000000O0DO0ODOODO
gboobooooobob,0cb00ooobooboboboboobooboobobooobooobooboOobooon
obooobOoooobooboooog

Levi-Civita OO OODOOOO0OODOCOOOO,0000000C00000DOO0O0O0ODODOOOO0OODO
000000000000000000000000000000000000000O000 (60D DO0D
oboboobOobooooboobooooooboooobooooooobooooobooboooboooon

(2006.7.18) (2010.4.300)
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