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T K 1) 1.

FOoE WMEFAMAGHIL)

Srig R WA D F R BRI, A BN B 90 B R A R e
R, ETEEFETFMA.

0.1 HE.WE.KEXFWHS

0.1.1 #HR.ER.KEREFHRE

WHBERESRERTAGE BRSKE GERAXPMEF N, AF-THERE
BATENEI RN, IRERIRE T = T(r, ) EE p = o(r, ) ¥ RFE . XE r RS HEAME,
t REEIZR BUKRAIEE, CBAERXNDIXEFH, THE—-SHARRH = LiR0 &
REFR, MBENEFEo= v (r,) 0EF e = alr,t) SRR FBPHBARBEKEZRTR,
ZHSEFRH R ERBLA A LR BRBER, MR — QBB P = P(r,t).
BEEE e = e(r,t) FRZHKBE=ZEZEPH I M BEEXRIEER NI NKE, »
KB MBS K I ARBEERHKE (2 = 0), NIBE—HFKR(2 = 1),

MRAELTZ ERIBAYZ HNE— SBNNEYEEN - EE, RiiEX S HE
WE T ZYHEHERN— NG MR EER, ZERAYEERNSE A MIERERE, K
XA REE, NBER EEGHE ORI M EREME, AR B, InEE R nE
Eo% ORI YHERKER, RN KR, Ip 5 RBH%,

B F0 eR BT B o A B B AR B eR B, 1 B % o v B R, T Tk B S0 5k B R o 3
MR T EREYEREASHEME r FIETE: B,  (EASTRACHE, BT ¢ 2%
IR AIHEF PG AR YR X, TABCE LRGN — R A ERRN St

0.1.2 FHYLAHR

(1) BN SEE
EH ¢ %, BiRE o(r,t) BUEARK A BTE R i meR A S Em, Bp
e(r,t) = c(¢) (F—%EELAEH) (0.1.1)
c(¢) BRRMEN M F AR KESEE, E 0. 1. 1 iR SEHEEWMBER TIRRES K
S TEBL
(2) MBS HIMEL%

EBEREXHMME, E LRSS AeHKRR SN TFEANHR e = a,i +aj +a.k ¥l
W EMBERLEE—SAMWUBRARRr = 2i + yj + 2k (BPE 0. 1.2 FOM) Fn , REM
BB, RBMS dr = dxi + dyj + d=k J7[a15 a 87 AR, BR



o #0®m WENRUBL)

drxa=20 (0.1.2)
XM EMBENHS TR EHALREP ERFRNY
%=?=% (0.1.3)

T RAR M B EIK MBRIK B T MBI R ER,

Fo0.1.1 %Hm B0.1.2 FEL

#a AANFHERT .S a, 0,0, BEFEEA—-PERRIFEEN, HBREESHT
EIEGHERNZE, TTEEAMIE, INE0.1.2 Fin B HR o RT3, HEZRLE
ko

0.2 MEAKEWEAZH

0.2.1 EREEFSHAE

(1) ZRHrE (Einstein) KHFES
APFAF P HIAR NS HRNER, FAZENERAAS, CREHE, TRk
Mo B
ae, = ae, +a,e, +ase; = a (0.2.1)
K a;,e; THIRIER a FEIEFCLIRR TR FRES B FAR SR 88 07 7 8 , X 0

kla,‘b,- + kZej g = kl(albl + a2b2 + a3b3) + 3k2

(2) ¥ M5 (Kronecker) 8 5
EERAIES AR R BRI SBH 8, R . WAIEF AR o, B
. _ia=5
ei'ej—aij = 0 i (l,]—1,2,3) (0.2.2)

K i,j BREAER,; TEE
Oy =0p =03 =15 8p =0y = Opp =0y =03 =205 =0
(3) BERFS



& 3.

B IE AT A A B 37 ] B SRR AT R
e, X & = £, (0.2.3)
A ey HHBRFAS , WHFA (Ricc) 5, KEHENT
{0 i,k B 248 3 1A HIEREHER
ex =1 i,5,k =123,231, B E#H (0.2.4)
-1 i,j,k=123,321, , HREHK
Blens = em =€ = Lloep = e = €23 == I,ﬁﬁ:ﬁﬁﬁio&uﬂsﬁlﬁﬂ,ew FEER
/I\ H EE*E‘*/]—‘XTI*&E ,Xjﬁimﬁﬁﬁ*aﬁ““/l\ﬁi%,ﬁu €13 =~ €123 ,ﬁ& €k %ygﬁﬁﬁ%o
BN S ¢ MoFSZHAMTRE
€u€im = OuOim — Oumby (0.2.5)

0.2.2 MHBREEMEARLR

(1) atb=aqe tbe = (a; xb)e

(2) a-b=ae be = abe * e = abd; = ab,

e, e, e
(3) aXb=ae Xbe = abe Xe = abeye, = |a, a; a,
by b, by
M)a-(bxc)=(axb)-c=c-(axb)=(cxa)+b
(5)ax(bxc)=(a-c)b—(a-b)c

(6) (axb)-(cxd)=Ca-c)(b-d)-(b-c)(a-d)

0.2.3 [ERSBHSERER X5

T EWHEHE— A AR R IR 2 — 3 80 07 (i A4
mpMEERRRSBZEANEEER BAARR a5

AR, B B
a=ae =ae,; (0.2.6) 2
Hob o' 0’ Mes, o, SPBIRBE A LA R AT /47/
iy ) B ABPR SR, InE 0.2. 1 iR . BRE L
e, e =e; e, =0; = Loi=j
Y A (N M0.2.1 AFE
(i,7 =1,2,3) (0.2.7)
B embirRpfimB 2 BFETIIXR
e’y = ape +ape;, +ape;
e, = aye; +ane, + (12333]( (0.2.8a)
ey = aye +ape, + azé;

Hepa, = ¢, « o, RFMIR RN FALIRHIEIT AHRTZR(0.2.82) ATHFE 0. 1 AWMFETR,
BEE R
e, = aze; (i,j=1,2,3) (0.2.85)



4 oM WSMAGHSL)

#30(0.2.84) 2hF 0.1 1RARK(0.2.7), LB BT AN RER

ay ey +azyan +azap =0 0.1 HEHEHERE
apa3 t ana; tapan =0 e | e | e
apay + apay + agay =0 €y | ay |ap| es

2 2 2 e (0.2.9) -
ap +ay tay =1 ey | oy | an | ax

2 2 2 _ ,
ap tapn tap =1 e | ay | an | axn

2 2 2
ap tay tah; =1

HEE KR
azaz = O (0.2.10)
FIRRRR BB Z A PFERLRR(0.2.8), TEFHLIFREPHES R RIHE L
E

a’; = ai(elj ce) = Qaaj;
(i’] = 19293) (0-2.11)

a; = a’j(ei ‘ elj) = a,iaij
0.2.4 —HKBREHAEXREH
NP BRERANKEE KR _HKEREA BRI, TRRN

B = ac = aecie; = aciee; = byee; (i,j =1,2,3) (0.2.12a)
At oy BB BELINHMBN TR Re, , e, , e, MIERXBRRTHAN B (EFHATE),
i RERERERATE R

bll b12 blS
bil - bz] bzz bz; (02 12b)
b31 b32 b33

e RUHrKBHOR, HABBANHE ee; # oo

AHHRBN TR, EREFARNOSBARE, B b, = b, , FAZHITHRIKR X0
TRITEXALXHR, BMAEANMLKST R E KB BWELER 6, =- 5, ,
BAZB BRI R X EXNAR L ESBAE, B A= BN’ AE—H
sk B ] LAME— 305 0 — A R B A — B R Rk, B

%=%QN@J+5%-%) (0.2.12¢)

FXANE TR, B TR
(1) ZHrk B REEAZHHN
@ ab + od = (ab; + cid;)ee,
@a-be=(ab)c=(b-a)c=c(b:a)
@ ab-cd =alb-c)d=(b+c)lad = ad(c - b)
@Dc-ab-d=(c-a)b-d)=(d-b)c-a)=(d-b)a-c)
®abxc=a(bxec)
(2) ZHrik B2 TER
KR E L



Wk h % .5 .

B = byee, = b'ije;ie'j _ (0.2.13)
R b, 5o, BRI TR IR NIRRT KRS B P AL R AN B 2ZE R

X FE(0.2.8) ATEX B KRR KR
b’y =€, - (byee) - e, = b;(e, - e)e, - ¢) = bjauay; (k,0=1,2,3)

(0.2.14)
by =€ + (b'ue'ie’) < ¢, = b'yle - e)(e - €')) = blyayay  (i,j =1,2,3)
(0.2.15)
i an
61y = buayay t bpayan + bizanay + byapay + bpapan + buapan
+ byapay + bnagan + bpapan
0.3 HwEHHFTHFHEMBE
0.3.1 HESH
TR BT ¢ WAE—BAM E—514R L, 78 | EI—4BIEM, B3 M(LE0.3.1),iCM,M
M) - o(M, _
- p,%ﬁﬁﬁﬁr’% ( 3"0;;( 5) B, RENE o EM, A4 /
Yﬁﬁrﬁlﬂﬁﬁﬁﬂ?ﬁ,ﬁﬁ%‘f " HEIRBEHEALGRRPRRA /ﬁ
%Szz " = %Eoosa + %oosﬁ + g—gcos)' (0.3.1) M,
i 0.3.
$eh22 22 22 35t 22 M,y BRI, cosaconf cos o8 Hoad

& W RE, BT | KRR e = cosai + cosffi + cos¥ko

0.3.2 HE

(1) BRBEMIE X
B BER X R A ) B, B B K7 1) R IUEL, L 1 Bk () S BT R Y T 140

h(0.3.1) Al
g _ (993,-+%§,'+%fk) - (cosai + cosfl + cos7k)

l z

4

_%,,% ;. 2%
G—axt+a ]+azk

i

%91‘3 =G-+6 =|G|loos(G,e)



6 | %oM F&MIR(HIL)

B ERATR, % o, ARG M 8 —BAt, cos(G L e,) = 1 ﬁmsﬁmm&ﬁjcfﬁﬂ |G| 7
R, 68 G REER o 74T S, T
gradgo:i9i+a—fj+%fk=V<p (0.3.2)

BV = i 57+ 5+ kg BRI (Hamilton) 35T, SE4F Nabla,

Jﬂﬁﬁ?"‘ﬂj ,P%ﬂ’ﬁﬁ?ﬂﬁﬁ%ﬁﬂﬁéﬂﬂiﬁﬁﬁﬁ, CERATERERLIFR,H
EARILIRRFRBL AN AN T AR TIEHE SN E HEEALIRRFEIRE,
U E R FRAEA LR RPHRENBE AN A,

(2) BEERIHEIR

DOBE Ve fiR—Fie LHERE, STHREMERF M LN RS, 0

3
Veo-e =3 (0.3.3)

LR, R UNEYER ¢ #e, HMET d EENHME, B Ve -dl = dp,XE d
= dleo
QOBE Vo EETIRE e WEHEME, HIEE o MARF I & n RN ¢ OS5 0 A4

FBREHA o MANTE, 22 RTF o Wn HEWHHSB A Vo = 28 = | Voln. k%
n an

B s BB AT AR B S A BRI [ = £ 1%{;-[

(3) BEBEBHEARAK

D Ve=0 (cHhHE®

@ V(cg) =cVe (cHFE)

@ V(pty¢g)=Ve+tVy

@ V(py) = Vg + ¢Vop

® Vfle) = f(p)Ve

TEHL YR FEREEFERAT— IR o B, B0 Ve , B NEBRMBE, KNEE—/
ZBiak R,

0.4 HEFHERRYE

0.4.1 &R
HERY a PER—FEMES, n HE S AR, 0E 0.4. 1 FiR, @RS

Q= ﬂ ds—ﬂ -nds=ﬂads (0.4.1)

WAHME o BLHES KER, ﬁﬁ%ﬁ%##ﬁi%ﬁi&ﬁi XEf a iR .



R WAk -7 -

0.4.2 #WHE ~ n

EHEY a FE—RAM WERAE—CEFRANEES a
FdhE AS, BESNER B R n, BB Z EERR AV, E
042 frmo 3 AS UMER T RNEM M S8, HHRR

Jim Qba - ds/AV T, IR H BB o FE M RIIBEE, i2fE ,
AS
diva o BUETE B A AR R AR N | M0.4.1 &R
da, Jda,  da,

diva=ax+7y~+5;=v-a (0.42)

HEXAH, HERE— IR, ERTRUAFAYERELH
REKER A diva > 0, RRYBBEZLSFIIME, FLXSER; As " i

# dive < 0, RAYHEB AT SFAARIK, FRZSELL. | diva | BRHA 25
FEICRBRE . S W EBNBELLEAT, REYERYHILR

%, BENNE B, |
0.4.3 WENEFENAR v

D V(a)=cV-a (cHEE
@V -(axtb)=V-a+Vh m0.4.2 B
@V-(goa)=gov‘a+V<p'a (o HiFE)

0.5 mMEFHFEMEE

0.5.1 i
EHEY o PER—FMHAMR L, LB S
r=da-a (0.5.1)
FAER o HTiR L R E, l
0.5.2 HEBE i
(1) HERERIE X As

HAALABRAFENE X FEMEY o FAER—EM, T M
REEEF R, BL n AEABE—MTEHR As, BB RS KR
ALINEO. 5.1 iR ¥ AS UFEEFREm M S8, HREB

lim ja - dlfAs FEEE, BRI NFIR o TEAM AW 2 HEWHARE S
B BHE g, o BT n BAIEEN, i M SE XS £/ RS,

Al

Ao0.5.1 HEEYE



g - $0W MEWRGHIL)

HeBERE R B, RO A SR BT BB B A, 07 1 0 B TP AR B P f
IrI, A rota oKX H rota - m = lim [a - d1)/As = o, X VL RAGABE, BRI

[5 n HEHTFREEN JEEEEABIRRTRIN

i k
da da da da da da d d a
_ a2 f Y=z — oy . z —_ X ¥y _ 20 W T
rota—t(ay Jz J(ax az)+k(ax ay) Iz ay = =V Xa
a, a, a
(0.5.2)

(2) e HTER
EHP R o WRELLEANT, NGRS a IR, ENAERS . ERGAANT
AR

O 72 ARk -2
X a R V x a = 0, M FHE—TFEEE, B
a=Vo (0.5.3)
o RAME a MEBRPHEW ¢ Wi EXFAET dI = dxi + dyj + d=k FRTEE)
Q= Jg—gdx + aa—ﬁdy + %fdz = Ja,d.z + a,dy + a,dz (0.5.4)
HBR>SBEBEXRRZ , ERFZHUNTHE B Vo = a>V xXa =0,
@ LR LEK MRS E RS

R a b THE, tER Q AT RIFESER ¢, Ha = Ve IR a R AR,V - a
= 0,M#F

. frnad . = az az az _— 2 —
Vea=V-Vp ——anz + —Qayz + _Qaz"- =Vp=0 (0.5.5)
L \ .
Hrp v? = e + 3y + Fye FRADLE DI (Laplace) B F, 324E Laplacian, 58 V2o = 0 B fif

PRI R X B G a FROVIERG, A AL R ¢ B AW R RALE D&
T BB W% SR R I SR B A R A R 3o

(3) EEEHEEAKX

DV Xx(ca)=cVxa {(cHFEEH)

@Vx(axtbhb)=VXxaxtVxb

@ VXx(pa)=9eVXxXa+Vexa (¢hiHzER)

@DV Xx(Ve) =0

®V:e(axb)=b:-(Vxa)-—a-(V Xb)

®V-(Vxa)=0



W ok 7 ¥ g

0.6 BEHARRZIE T AR

0.6.1 BWHT(Gauss) &30

BV A—HHRES FrABRRER, n HRES HRAINELRE R, B 0.6.1 FiR, &
YER a R EV + S E—HrinIEESE, WA LA

J]]v-advzﬁa-nds (0.6.1)
v S
#ERHET BT N REHFAR
[[v9dv = g as 0.6.2) s
[UVXadV=@nXads (0.6.3)

U7 3) BHARHERINERIBRRER, TELRER !

SMERS Z RN LR, ERENEPEERMA.
0.6.1

0.6.2 HFIESE AT (Stokes) 243

#(HHETES A RE, AT, B e ES+ I L
— iR T BESE , M
H(an)-nds=§a-d1 (0.6.4)

WA TEAR KT n AMES KRNV E R, FESTY AL ( O EFE A FRERE
W, 30 0.6. 1 BiR o 1 W, SFFEE AR AT AL RE R SR Z R H L.

0.7 %ERFET HE KX KX REME
EEXHELFRFHRTA

PR HUE EELANBRNEL SARREXR MHACHH T EMNEERALRRTHE
AR, BREFZRBTEEEREXMRBIRTRBERSE, THENEEXHRR
PHRTIBR.

0.7.1 IEZHBLIRER

FEHZRLITE (g1, 925 93) PLESEERE— R M A4 IR M R AR T IE 3T (B4 AL bR
SEZRNMLAEIER), NS4 R m AT ER (&SRl EEXRNESHEE
IEX),INE 0.7.1 iR, ZF AR RBF A ER MK LIRR AL LIRRARLITRE K WAIER
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RHERALIRFR o

FEEX AR PR BRR N

a=ae +ae +ase; (0.7.1)

Hre,,e;,e; HLITRBN AR, a,,0,,a; HRE a
fie ,e,,e; JTH ERAARRIS B

XEEER e, e,,e; MEMLIFRLIRRBNALA
Bi,j,k ZHEKRK e e, ,e; BiR M LTI
B, ERMELIR(q,,q2,9;) BEREL Bl e, = e,(q;,
92:93),€2 = €(q1,92,93) .65 = €3(q,,92,93), M

i’j,k %#%o X
0.7.2 EXHEZLFRDPAEARSMAUABREY A0.7.1 EXHMELIER
BIOME, EALRRPEES E LM NES
ds A
ds = v dz? + dy* + d2? (0.7.2)

FHRAYR (g, q2,9:) EARIR (2, y,2) ZRINERBCH
@ = ¢:1(z,5,2), @2 = q2(x,y,2), g5 = qs(x,¥,2)

R
z=x(¢1,92,93), ¥y = ¥(q1,92,93), z = 2(q1,92,q3)
il
_ 9z dx Iz
dr = aqldQI + aqdeZ + aqsdQJ (073(1)
_ 9y 9y 9y
dy = aqldm + aqdeZ + 3Q3dQ3 (0.7.3b)
=2z 9z 2z
dz = aq'dQI + aqdeZ + aq3dQS (0.7.3¢)

#(0.7.3) RRA(0.7.2) X[ BHHRAEIR(q,,q2,9;) BAMIMS ds.
e, XY ds HBIREHER g, LRI ds, B, HARAREEER ¢, L RE ¢, 4L, q,,
g3 A%, B0 dg, = dg, = 0,X8F3K(0.7.3) WA

3 F F)
dx = ﬁdq, , dy = 5’%‘11‘11, dz = gidq, (0.7.4)
#0.7.4) RALA(0.7.2) RBLIFHE q, LRI ds,
' 3x \2 3y 2 3z \2
ds, =~/(5é7) G2+ (5 dg, (0.7.5)
%Mi&)ﬁ%#ﬁm% gzy943 _tmﬁﬁm& d$2 ,dS3 yg
_ [(8z 2, 9y 9z
ds; —J(aqz) (50 + (5, das (0.7.5b)

= [(2xy2, ¥y, (922
dsy = o[ GEV + (G277 + (32)day (0.7.5¢)



