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N7 bILERDO AT

MERLER

3

Einstein D#EMIEEIE © a:b; = Zaibi = a1by + agby +agby (FCIRFZOVWTIEME L %)

i=1

— 1 (i=1j)
Kronecker DFILE : 0;; =

Eddington @1 720> : €, =4 —1

41 ((i,j, k) = (1,2,3),(2,3,1), (3, 1,2))
(G, k) = (1,3,2), (2.1,9),(3.2,1))

0  (otherwise)

2. BANGEHE

(1) dija; = a;

€ijk = €jki = €kij = —€ikj = —€jik = —€kji

5 a-bzéijaibj :aibi =b-a (W*ﬁ)

(2)

3)

(4) €kij€kmn = 6im6jn - 6in6jm

(5)

(6) (a X b)i = eijkajbk = —eikjbkaj = —(b X a)i (ﬂ%)

3. RV MIILEERDO T

31 R MLORH

(bxe)=b-(cxa)=c-(axb)=detlabc] (AHT7—=HH)

x(bxc)=(a-c)b—(a-b)c (N7 FV=HFHMH)
(@xb)-(cxd)=(a-c)(b-d)—(a-d)(b-c)=a-(bx (cxd)) (A%7—PEH)
(axb)x(exd)=(a-(bxd)c—(a-(bxc)d=(a-(cxd)b—(b-(cxd))a (X7 bLIUEH)
ax(bxe)+bx(exa)+ex(axb)=0 (Jacobi [EZEN)

r

arad £ () = V1 (r) = /'(r) "
3) div(fv) = V- (fo) = (V) -0+ (V)
4) rot(fv) =V x (fv) = (Vf) xv+ f(V xv)
grad(v-w) =V(v-w) = (v-V)w+ (w-V)v+v X (Vxw)+wx (Vxwv)
)= (vxw) (Vxv) - w—v-(Vxw)

(v X(vxw)=v(V-w)—wV-v)+(w-V)v—(v-V)w
rot(grad f) =V x Vf=0 (HEDEERIZER)
div(rot v) =V - (Vxv)=0 (EEZOFHIIER)

)
)
)
)
6) div(v x w
)
)
)
) rot(rot v) =V x (V x v) = V(V -v) — Vv

3.3 XY MILZORB RN

(1) /V(V cv)dV = j{?f@v v-dS (Gauss OFEHUEHE)
(2) /S(V X v)-dS = fg_asv -ds  (Stokes DEH)
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N7 b ILEER DRI DEERR

31 RTMILORT
(1) ZAZ—=FFE a - (bxec)=b-(cxa)=c-(axb)=det|abc]

a-(bxc)=ua;(bxc)=a;e; bjcy = €jrabjc, =det[abel .

Q)RIFIL=EFR ax(bxc)=(a-c)b—(a-b)c

(a x (bx c))l = €1a;j (b X €)= €ka; (€kmnbmcn)

= €;jk€kmn AjbmCy

= €kij€kmn GjbmCy
= (0im0jn — 6indjm) @;bmcn
ajbic; — ajzbjc;
=(a-¢)b;j—(a-b)¢

=((a-c)b—(a-b)c)

i

(3) AAZ—MERE (axb) - (cxd)=(a-c)(b-d)—(a-d)(b-c)=a-(bx (cxd))

(a X b) . (C X d) = (eijkajbk)(eimncmdn) = eijkeimnajbkcmdn = (6jm6kn — (5jn5km)ajbkcmdn
= ajcjbkdk — ajdjbkck = (a . C)(b . d) — (Cl, . d)(b . C)
= a;(cibrdy — djbrer) =a- (b-d)c—(b-c)d) =a- (bx (cxd)) .

FZ, c=a ,d=b 2B &, Lagrange DIEHEX %25 3.

la x b]* = |al*[b]* — (a - b)* .

(A RIPMILEERE (axb)x(cxd)=(a-(bxd)c—(a-(bxc))d=(a-(cxd)b—(b-(cxd))a

(@axb)x(cxd)=((axb)-dc—((axb)-c)d
=(d-(axb))c—(c-(axb)d
=(a-(bxd)c—(a-(bxc)d.

(axb)x(exd)=—(ecxd)x(axb)

(5) JacobifEFHX ax (bxc)+bx(cxa)+cx(axb)=0

ax(bxe)+bx(exa)+ex(axb)
=((a-c0)b—(a-b)c)+ ((b-a)c—(b-c)a) + ((c-b)a— (c-a)b)
=0.



3.2 RY FIBOWSBRR
(1) gradr = Vr = ;

B B _81‘(7"3‘7"]‘) _ 251']'7“j A
(V’f‘)z—aﬂ”—azm_ QW _2\/7%_ r _( )L

(2) grad f(r) = Vf(r) = f’(r);

(VI0), = 0uf (1) = 570y = ') = (0%

(3) div(fv) =V - (fv) = (Vf) v+ f(V-v)
V- (fv) = 0i(fv)i = 0i(fvi) = (0if)vi + f(Oivi) = (V)i + f(Oivi) = (Vf) v+ f(V-v) .

(4) rot(fv) =V x (fv) = (Vf) x v+ f(V x v)

(V x (fv)), = €ir0;(fv)r = €ijud;(for) = €ijn(0;5.f)vr + €ijuf (9j0x)
= eijk(v‘f)j’l)k- + fEijkaj’Uk = ((Vf) X ’U)i -+ f(V X ’1))1' = ((Vf) X v+ f(V X ’U))i .

(5) grad(v-w) =V(v-w) = (v-V)w+ (w-V)v+v x (Vxw)+wx (Vxv)

(v x (Vxw)+wx (Vxv)), =ejr(v;(Vxw) +wi(V xv))
= ekijekmn(vjamwn + wjamvn) = (5im5jn - 5zn5]m)(v]6mwn + wjam,vn)

= vjaiwj — ’Uj@jwi + wj&vj — wj(’)jvi
D,

(v-Vw+ (w-V)v+vx (Vxw)+wx (Vxwv))
= vjajwi =+ wjﬁjvi + ’Ujaiw]‘ — vjajwi =+ wj(')ivj — wjajvi

= vj&»wj + wj&»vj = 8i(vjwj) = (V(U . UJ)>

i

F

(6) divivxw)=V- (v xw)=(Vxv) w—v - (Vxw)
V- (’U X w) = Bi(eijkvjwk) = (EkijaﬂJj)wk — vje]-ik(‘?iwk
= (Vxv)pw, —vj(Vxw);=(Vxv) w—-—v-(Vxw).
(M rot(vxw)=Vx (vxw)=v(V -w)—wV-v)+(w-V)v—(v-V)w

(rot(v X w))z = €,j10;(V X W)k = €10 (€kmnUmWn) = €ik€kmn (Vm 0wy + wr0;Um)
= (6im6jn — 6m(5jm)(vm(’“)jwn + wn(?jvm) = viajwj — vjajwi + wjajvi — wiﬁjvj
=(W(V-w)— (v-Vw+ (w-V)v—w(V-v))

i

(8) rot(grad /) =V xVf=0

(V X (Vf))z = éijkaj(Vf)k = Eijkajakf =0.

(9) div(rot v) =V - (Vxv)=0

V- (V X ’U) = 81(V X ’U)i = 8i€ijkaj1}k = Gijkai({)jvk =0.

(10) rot(rot v) =V x (V xv) =V(V-v) — Vv
(V X (V X ’U))Z = Eijkﬁj (V X ’U)k = Gij]gaj(vskmnamvn) = €kij€kmnajamvn = (5im6jn — (5m5jm)(9j8mvn
= 8j8ivj — 8]'8]‘1)1' = 81(V . ’U) - Vzﬂi = (V(V . ’U) — V2v)

i



3.3 XY MLZORA RN

(1) Gauss DRMEE / (V-v)dV = % v-dS
v S=ov

IRV BMNESERYV = (2,2 +dx) x (y,y+dy) X (2,2 +dz) I B L,

/ (V-v)dV = (V- v)dedydz
1%
= (Oyvg + Oyvy + 0,0, )dxdydz

Um($+dl‘;y7z>*vx($,yaz) vy(x,erdy,Z)—Uy(x,y,z) UZ(.T,y7Z+dZ)7’UZ(l‘,y,Z)
= + +
dx dy dz
v (T + dx,y, 2)dydz — vy (z,y, 2)dydz + vy (z,y + dy, 2)dzdx — vy (z,y, 2)dzdx
+ UZ(ZE, Y,z + dZ)dl‘dy - Uz(xa Y, Z)dll?dy
vz +dz,y, 2) - egdydz + v(z,y, 2) - (—exdydz) +v(z,y + dy, 2) - eydzde + v(x,y, 2) - (—eydzdx)
+ ’U(l‘7 Y,z + dZ) e drdy + ’U(l’7 Y, Z) ’ (—ezdgcdy)

) dxdydz

= Z v-dS = v-dS .
S—av S=8V

—HRDME V IZoWTiE, V BM/NESERER V 198 LT, &V, X EofREEH T UL X,

/V(v-v)dv—Z:/Vi(v.v)dv—zi:}ii_awv.ds—ji_avv-ds.

RERDESE, AWV LM NEBTIREHOERRS ML (dS) DR EHRRINTH 2205 REBDVPELVIITBHLA
W, V OKME S =0V TOMARZIHIKRS Z & z2HW.

(2) Stokes DEE /(V X v)-dS = v-ds
s c=0s

FEI (BT S MU NRATE S = (v,2 4+ dx) X (y,y +dy) &b, dS=dSe, =dzdye, £T 3L,

/(va)-dSZ (V xv) - e, dzdy
5

= (V xv), dzdy

= (Opvy — Oyvg) dady

_ vy($+d$7yaz)_vy(xay7z) _ vw(x7y+dyaz)_vw<m7y’2) d(Edy
dx dy

=vy(z +dx,y, 2)dy — vy(z,y, 2)dy — vz (z,y + dy, z)dx + vy (2, y, z)dx

=v(z,y,2) - exde +v(z+de,y,2) - ey,dy +v(z,y+ dy, 2) - (—ezdx) +v(z,y, 2) - (—eydy)

:quds:]{ v-ds.

c=05 =05

Z ORERIZEEZR OB D H IR S R WM EN SR TH 2 Z 2 ICHEE. —ROMEE S 12owTid, S 2MNEFEE
S, ICHEILT, &S I LoEREBHATIZ L.

/S(V><'v)~dS:Zi:/Si(V><v)~dS:2i:7{Ci_asiv-ds:7{C_asv.dg_

RZEOEFERIE, AWVIZE L B/MEBRTIIBRERY ML (ds) DR E DRI TH 20 BBEABPEWVIITBHELEY, S
DR C = 0S TOMDRZI»ERS Z 2.



