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1.1 E# FAE %K
(1) (a+b)*+ (aXb) = a*b
(2) (a+b)+ [(a+c) Xb]=—a-(bXc)
3)aX(bXe)+bX(cXa)t+eX@Xb) =0
(4) (aXb) X (eXd) =c[des(@aXb]—d[c+(aXb]
=bla-(cXd)]—alb: (cXd)]
(iERRY 1. A REMAS R
(a+b)+ (aXb) = (abcos®)’ + (absind)* = a’b* (cos’@+ sin’f) = a°b*
HRENFETHERADIEE,
1. FREW AR
(a+b)»[(at+c)Xb]=C(a+b)+(axXb)+ (at+b)-+ (cXb)
=a-(@aXb)+b-(aXb)+
a+(cXb)+b-(cXb
K
a-(@axXb)=0, b(axXb)=0, be(cXb) =0
B EA
(a+b)+[(at+ec)Xb]=a+(Xb) =—a-+ (bXc)
TRENFTHBRAN AR,
. m#EeZEH R
aX (bXe)+bX(cXa)+cX(aXbhb)
= [bla-c)+blc-a) —cla-b)—cb- a) ]+
[ebea)+cCasb)—albec)—alceb)]+
las(c+b)+a(bec)—b(cea)—bla-c)] =0
HTRENFTHRAN B,
N.BE-ITFEREN K& BREXBRBEAKXMR 1 XA 1D, FRE
ik
(@aXb) X (eXd) =c[d-(aXb)]—d[c+ (aXb)]
BEAENER K&, FEE
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(aXb) X(cXd) =bla+(cXd)]—alb- (cxXd)]
HRAENFTHBRAD EE.
1.2 WEBEMFVHHMSESKEEIER T4
(1) V(A+B) =BX (VXA)+ (B+-V)A+AX (VXB)}+ (A-V)B
1

(2) AX(VXA)= 5 VA" — (A- V)A
EERAY 1. R AR
V(A+B) = V,(A+B)+Vs(A+B) (1

HWHEAX axX (bXe) =blca)—cla=-b),H
b(cea) =aX (bXe)+cla-b)
HEV,—>b,A—>c.B—a,|F
Vi(A«B) = BX (VXA +(B-+V)A (2)
[m) 34
Vs(A«B) = AX (VXB)t+ (A-V)B (3)
#(2) A LA X5
V(A*B) =BX (VXA +B-+V)A+AX(VXB)+(A-V)B (4)
TRWAHE T RGN, UEE,
I.7&M@ X4 A=B,IH
VA* = AX(VXA)+(A+ V)A+AX (VXA + (A VA
= 2A X (VX A)+2(A.V)A (5)
B

AX(VXA)z%VAZ—(A-V)A (6)

iﬂzglg‘o
1.3 ﬁu%?ﬂ’lﬁ]é&bﬁf,y,zﬂg@ﬁ9iﬂzaﬂ:

W Vi@ =L @v-aw =ve- By @) vxaw = vux B,
[iERAY 1. FEMELA
Ifw,  IfG, | Afw, _ df du df du _f_

V) = e Ty T g T G T Tl & T du &

_df(du, | du,  du df ¢

= GGt ge o+ g )=
HRRWMANSE T RN AL, IR,
. AR LN R

P Al = (%e ¥ %ey + aize) [A e, +A, (w)e, + A ade, ]

_9A, (w) | A, (w) | IA.(w)
- Az + dy + dz
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_ dA, () du | dA,(u) du dA. (w) du _ dA ()
== T du dy' du de @
FTRMENEFETHRAHUEE.
M. m M AN N
e e, e
d d J
VX A(uw) = 7z ) 7
A.(w) Ay(w) A.(w)
: IA, _ 9A. IA, _9A.
I:ay ] +[3z dx ]ey+|:3:c dy :|ez
. du _ dA, du dA; du  dA. du
]: du dy du dz] +|: du dz du dz:|ey+
[ , du  dA, du:|
du dz du dy
HRRBAN N
e, e, e,
du du du
vexB & & &
dA, dA, da,
du du du

g S [ g b

[dAy du dA, du:l

TR ENET I RNA L EE.

1.4 Hr=VG@—2) P+ G-y )+ (z—2) B x BFHax WEEE,r
B ) B E IR A M .

(1) TR FRILER IERLATRERORIE (V' = e 577 e, 577 e 57 ) 53

4 ) 3 P
SRBORME (V= e -+ e 5o e 3 | HXFR.

Vr=—V'r= L,Vi =—V'% =L, vxL=0,v. L =—V".

i
r r® re e
(r#0) (BFE—XEr=08F D).
(2) 3RKVr,Ver,VXr,(a+V)r,V(a-r),Vs[E,sin(k « r)] VX [E;sin(k -
Nl Kb ak RE, HHERE.
(%1 1.iEBAWT.
M Er=((x—zDe,+(y—y)e,+ (z—z2e., M

:O’



(4) [ ¥

4 e bkt 3k
r=[(z—2)+(y—y )+ (z—2)2 ]2
Bt A
_ ar ar ar (:c—r/)n (y—y')ﬂ (z—z')n _r
¥ = EP +3yey +Bzez N ro * ro 7 T r r
i
;o dr dr ar
Vr—grel—f—ay,ey—f—ge,
_ Cx—2y _(y—~¥) _fz—=) __ ¥
r . r K r o r
BT LA
Vr=—V'r
(2) [
vi—— 1l —2)e +2(y—ye, +2(z—2)e.]=— L
r 2 r r
1ii]
v i1l os—ie —25— Ve, — 2z —2"e,]= L
r 2 r
LA
Vi =_V’L=_L3
r r r
(3) [F3
r_ (gl 1
Vx5 = (Vr3>><r—1—r3 VX r
e, e, €.
__3r 1 2 K 9 |- =
— ¥t 2] 2 5 2 0+0
(z—x) (y—3y) (z—2N
i
v xL = (V'L)Xr—l—LV'Xr
r$ r3 r3
e, e, e
3 1| 2 a | _
Rl B 2y |~ 010
(z—zx) (y—y) (z—2")
YEE]
r ’ r
VXL ==V x5 =0
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Ve b= (v)erd S ver=—2. 43 0
]
# r— ’_.. L /. =3—r. —i=
V-;B——(V 3) r+r3V r=>5.r—3 0
prbA A
r r
V‘r-_3=—vl.7._3=0

UEEE DL EUEBAFE Y, KRB B VR X 35 BOR MG, B X 3 A AL bR
(xyy,2) HEATRUAMER, TV 2 X 05 28 BOR A » BIHIR s A8 5 (25 oy 5 27 AT I
SHER L RMIERME RS,

I.i8mF.

D &Er=(x—x))e, +(y—y)e, + (z— 2z)e., M

r=[(x—x)2+ (y— )+ (z—zn)z:]%
Y]

VT:QB_,+QCV+&C,: (1—1‘0)6_1_*_(y—yo)ey_’_(z—zo)ez =L
dx dy ~  dz r r ’ r r

(2)
Ver= Lie— i+ 2ty — 9+ 2l —m) = 1E141=3
r——aI.r o ayy y() azz 20 == =i

(3) o] 28

e. e, e.
J d d

(x—x5) (v=19w) (z—2zp)

_[9(z—2) d(y— ) dx—x)  3I(z—2)
_[ e 9z ]e-’+[ 2z Iz ]e“L

Iy—y) 3I(z—=2) -
[ ar ay ]e,—o

(4) (a+Vir=<(a,V,+a, V,+a. V.)(ze, + ye, + ze.)

=a.e, tae,‘ae. =a

9
(a-V)r=a-+Vr=a+J=a
) Vaer) = (V,+V,+V.(a,x+ay+2x2)
= a,e, tae,tae. =a
(6) Ve [E;sin(k « 1)] = (V,+V,+V.) « [(Ege, +E,e,+E.e.)
sin(k,xr + k,y + k.2)]
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= (V.E,. +V,Eq, + V.Eo.)sin(k,x + &,y + k.z)]
= (Eok, + Eo kb, + Eo.k.)cos(k,x + kyy + k.2)
= (E, « k)cos(k » r)
519
Ve [E;sin(k « r) J= (Ve Ey)sin(k « r) + [ Vsin(k » r) ]« E,
=0+cos(k+r)V(ke+r)-E,
= cos(k » r)V(zk, +yk, +2k.) E,
= cos(k »r)(ke.+ke,+ke.)s E
= (E, » k)cos(k « r)
e, e, e.
(7) VX [Egsin(k « r) |= V. v, V.
E,.sin(k «r) Esin(kr) E,.sin(k+r)
= [(V,E,. — V.E,,)sin(k  r)Je, +
[(V.E,, —V.E,)sin(k « r)]Je, +
[(V.E,, — V,Eo.)sin(k « r) Je.
= (Epk, — Eg k. )cos(k « r)e, +
(Eo.k. — Eg.k,)cos(k » e, +
(Eok, — Eg .k )cos(k » e,
=— (E; Xk)cos(k «r) = k X Eycos(k *» r)
1.5 HRTFIEX:

v-(i) VX (r'r) Ve (Fr) (r#£0)
r
[R] (D&Er=(x—x)e,+(y—y)e,+ (z—=z)e.,UFH

- (5= (Fre ()= L ore (7)o
mole(-g)mat-teed

(2) A, r=(x—x))e. +(y—yo)e, + (z—=zp)e., M
r=[(z—x)* + (y— ) + (2 —2)*]F
nA
VX (r'r) =V, X 'r) + VX G'r)
="V, Xr+ (Vsr*) Xr= (Var") Xr
= %[(r—xo)z 4 (y— o) + (2 —2)2 7!
2[(x—xp)e, +(y—y)e,+ (z—z)e, ] Xr

=nr"L2><r=0
r
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) MHE, & r=(x—x)e. +(y—yo)e, + (z— zo)e., MM
r=[a—2)" + (y— 3" + (2 — 2)? ]
WA
Ve (r'r) =V, (r'r) +V,oe (r'r) = r"(V,oer) +(Var") or
= 3r"+mw" = (3+n)r"
1.6 #aNHEREEHARr=088LAE:
o[22 = (42)
(EBRY Ak
V(%)= v () v (T ) v ()
=y (“r'3’)+v (“r;’)z (v%)(a o)+ (%V,)(a .
e (s bk (oo
o (Foxeje (oo 1)
—0+(a- Vo )r+o+ (a5 V)
- (a v %)r-l—(a };V )f
FRAHRRN
o (£260) ¢ (£260) 0 (5
=—V,3r1—3><(a><r)—rl3V,X (aXr)
(oo (s oh ]
[(Fo o (3]
(1 f e (o vt e (o o)
:(a VS%-)r—F a %V)r
HRENFTFHDNIEE.

1.7 #HchHEXE.r HUBREBITETFISEA:
(1) VX (e X 7);(2) Vi ;(3) vz(%)(r¢ 0.
[#&] (O¥KcHfrERHTER
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¢c=c.e,+ce,+ce.

r=(x—xy)e.+ (y—ye,+ (z—z)e.

AT LA
e, ey e,
cXr= |¢ €y 6:|= (cz—cy)e.+ (ccx—c.2)e,+(C.y —c,x)e,
z ¥y =2
e, e, e.
d d d
VX (eXr) = oz a—y 72
(2 —=cy) Cex—=icz) Lo y—cx)
= 2(c.e, +ce, t+ce.) = 2¢
(2) [
v = ir2 = 2re, = 2r
dr
(3) [
(1) _ 1 _of—T Vel g, ol
¥ (r)_vovr - ( rs)_ r3V ¥ V(ra) %
——3 43 Lowr=10
r r
1.8 HEEHR Ex) = LJ LACRLVET TR
4d7e, r
(1) v+ B = 2p(0);
(2) VX E(x) =0,
Hh x s ts,x HRALE.
N o 1 ’ L ’ 1 ’ (= i ’
[ERIY LV- E(x) = 4K€0Jp(x)v (r3 Jav 4msoj,o(x)v (—v—)av
1 oy Lge(L)gv
= EJ"(")%V (r)dV (1)
& A
vzrl2 —=— fubl— &) (2)
R &K
EGo = Lpthotx—xav — X2 (3)
0 0
jEEE,
1 / r N | ’ o l ’
I. VXEQx) = 4m0Jp(x)VX (F)av = 4mojp(x)VX( V) @
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A A
VX (—v—):o (5)

L) R
VX E(x) =0 (6)
EEE
1.9 VipiE XAz MR R e BB EE, BIVie= V. (Vo). ik iRIE
XANESHEFHAEERZMELIRRETV o WRAXIFHHE NV o ZEHLIRR
MERABIRR P RHRAR.
(&) M 1L3IWHVe MV ANREIREV o EXL A

2, L [ 3 (hehs 9@\, 3 (hihi dp)\, 3 (hihy 3¢
¥ ¢ hlh2h3 [aul( h; (’)ul )+ auz( hz 3u2 )+ ( }l3 au3 )}
MR R ER T . =02 in BN =K N
U =Ty = ¢yl = 2
h] o 1!h2 — r,h3 =],
e — €,,6; — e¢’ea =€,
B LA
179 (. 9¢\, (1 3dg\, 2 ( dp
Vgo— [ar(rar)+9¢(r 9¢>+E)z(raz)}
_ 19,9\, 12 3¢
o ar(r ar’)+ r’ d¢’ +3z2
TEERABFRREPHIRERF . =R RER =R H
Uy — sy — 09u3 == 95
hi = 1shs = ryhy = rsinf
€] — €,,€6; — €gs€3 — e¢
BT LAE
2,1 [3 _@ doy, d (1 d¢
Ve rsmﬁ[ar(r — )+90<S e >+ 95( sinf 995)}
=139 do a_se
72 E)r( 37’) r s1n0 35(5”10 0)+ r*sin’@ 9(}5

1.10 7 & 2 =CIE B
[Lavvx =4 dsxs
GERRY # e W EFHEEFRE Hc EATRTBNENA
c-JVdVVszLdV[c- VX ] D

H R B A
Ve (AXB) = (VXA +B—A+ (VXB)
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L XM f=A.c=B,F
Ve (fXe)=(VXflec—f+(VXe)=c+ (VX[
Ei (D XA KR

| avie cox 1= JvdV Ve (f X )
MR E A H
JVdVv- (fX o) :3§S(f><c> . dszﬂgs(fxf) - ndS
zggsc-(nxf)ds:c.ﬂ@SdSXf 2)
g1 (D) A2 XA
c-ﬂgvdvvxjfzc-f}@sdsxjf
HHh e HIEZWERFRE, LIS
| avoxy—§asxs
WEE,
111 N AT s i A =CHE B
) [ dsx Vg —§ pd;
@ § @xr) - di=2f a-ds. Ak a N R
GERAY 1.&%c HEFHEEFERE. S B= o AABITERFT AKX
LVXB-dSzﬂgLB-dl Sh
Bzl MR ES I AKX A
[ vx ) -ds = [ [Vpxatgvxa]-ds

ZJSV¢Xa~dS=—JSaXV¢-dS

=—Ja-Vgo><dS=Ja-dS><V</;
S s

—a- | dsxve @)
D XWHAH |
$gadi—a-§od (3)
B (2) A XA, D KT BROPDAESE, E
a+[] dsxVp—§ pdi] =0 )

H a HEFWERERE, S
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| asxve=¢ pai (5)
S L
ks,
I.RERXESHALXE
VX@Xr)= (- V)a—(a+V)r+ (Ver)a— (Vea)r
=—a-+3a = 2a (6)
4 B=aXr, RE\EHITEHARK
J’VXB-dS=§B-dI (7
S 3
E};aXr-dl,:JVX(aXr)-dSszaodS (8)
E S S

IEEE
1.12 B —1THARSENEEREE LR
P(t) = va(x’,t)x/dV'

AU FHERY- T+ 22 = 0,3ED] P LY

dp
de
[iERAY o {0+ Xf B ) ) AR fb ok

d—f, — ij 4 / 4 — J’ i ’ / 4
s s Vp(r r dV ) at[p(r Or 1dV

= J J(x',0)dv’
v

ZJ 3Q(r ,t)r/dV/ :J‘ [__ V/ . J]r/dV/
v at v

=—J (V' « Dx'dVe, —j (V' « Dy'dVie, —J (V' « D2'dV'e, (D
\'2 v A\

HH g —Ti R

_[V(V' «Da'dV’ = va'(V' DAV’ = JV[V' < (J)— (V') - JldV’

=3§I’J . dS'—J J.dv’
S \'4

AP A T S D R AT ARG 5 T R O A B OAL a3 R T R b

LI'J «dS" =0
BBl |
Jv(v’ « Da'dv’ =—ij,dv’
[ 28, AT 45 (1) Kb B A =T R
Jvcv’ e Dy dV’ =—ijde’

(2)

(3

4

(5)
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J (V' « DAV’ :—j J.dv’ (6)
v v
TR
—J (V' « Dr'dv’ =—J Jdv’ €D
14 v
B (7)) KACA D) K EITE
dp . 14 &
T JVJ(r ,1)dV (8)
iF b
1.13 %m%ﬁ%ﬁ.iﬂawg@ho,ﬁLxﬁr,geﬁA='"R>§Rmnw%?ﬁ§

"'R',R F 6 BE £ 70415 , B

VXA =—Vp (R#0)
Horh R A b Jt i 3 3% s B9 BE RS L R T () R JRCRUHR 1) 37

GEM]  BAVL =— 5 LA

o=

VXA = VX (”’RX.JR)z— VX [mX (Vi):\: VX [(v%)x m]

FIAREAXRBER®Q. 28] F

=

VXA = (Vom) V(5 )+ (m e V) V& — v (vl)}m— [(v%)- v |m

R R R
L 1_ Zl
= (m-V) Vg [VR:I"' 0
(1) K
1 Sl S 1 JR LAz
2 . " 1 _ ar_1aR7__ a2
VF_;‘aIzR Eax[ R 1,} §7r[R’:|
3
N 2[? Rt R O 2)
#(2) XRAD XA
XA Ky

o= 9% 2)=—5[n- (7]

:_mx[vx (V—)]—(Vﬁ)X(VXm)—(m-V)V%—[(V%)o V}m

1
—— . S 4)
(m V)VR (
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e (3) L A4) ig

VXA=—Vg (R#0) (5)
IS,
114 SiE BT 5 0 S P 0 A0 A AR T v 7 25 o, SR S T FI g LT 9 BE 6

— (1=},

€

(EEAY HH
pp =— Ve P 1
P:)CﬁuE 2)
Fir LA
pp =— Ve P ==V (yeE) =— V- [(e —&)E]
. E_O— ° = 6—0_ == _ﬂ
_(s I)VD (E 1)p (l e)p (3)
.

115 EFR G VAL IE R 44559 A R P VR, MRS T
ol L E g (£ — 1) .
Mo

[iERAY [HA
H=38 1)
Mo
Fir LA 7 il BUE FE A
V><H=V><(§-M)=—1—V><B—V><M (2)
Ko Ho
AR
J, = VXM (4)
BT LA B (3) A1) KA ) XEH
J, =L VXH—]J,=4%J,—1. (5)
Ho Ho
Hh
Jn = (ﬁ—l)J, (6)
Mo
iIEEF“o

L16 A —WAMEART R r Flr, 92504 R A TR AR RN e 0 R
P ) R AR B e e AR BE N o 10K

(1) 23 ] % mi i L 353 5

(2) A A H fi AR A 1T R 767 50 A



