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BB fiE 7 Fs, IELLERES, 3 B
B EH P EEER (3¢,0) BiESE, REH
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WE:
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Q
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£ (15).(16).(19) £ (20) W&k, 320
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Z. RIBmER
V.-F#YxF (@ (17) &
X)) AR Y ERE?
B Green 2AFE N — L ARIEF A
7Y L & B AR AR, FTLL V- FLV x
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SHGEREES THRE, HEES
B v(z) = v(2)i, BES p(r). FEES

-

F(a) = pleyola)i = f(2)i
SELN O L OBER AT
field of the flow), At f(z) FnE AR E
EERE o« BEEEEER (lux), B8
i RAGCEMAE, E f(r) > 08, &
T HEREA A o BRI E f(x) <0
I, FRTREEMA VA o« BRA B, Bt
RIBH (global) BRIEHKE, f(b) — f(a) Fw
TEERR [a, b, BARFHETEBAED &, B
BAFHERETRE [q, 0] KRR,

H—7H, ®#FEEE (local) RXXKE

(the flux vector

G B, BRIEM [o, 8] C [a,b] B
z € (a,p), ME f(B) — fla) RAEE

B |a, ]EPEMHTF’EEJ(AL‘&@E’J()@R’); e, 4

(o ﬁ L R B B R R B
MJﬂ¢WWM$ﬁM9§,I%ﬁ%

(2) = tim 1P =T

flo) =, B—a 2

FR BB R EREE « BRI
&, JRENTE o BREAIRF B ALR B WA Y
&, FIEE (divergence), HEHETH
EHETH, [0 f(r)de Fom BRI
la,b] FHED &, SHREIGEPLESR,
WAGHEEE, Ll N — LA
£(6) — fla) = [ f/(a)d
BRHAL, ER— M EEH,
RARESHYERES, HEE BRI HET S 1
WitE Green EHE (20) AFERE. BTH
HREMHE, TMuaiRE (21) X

£ (21) R, SRS MR,
1Hm§}¥f”§ﬁ?ﬁﬁ" TEAERHEL, FHFEH
E— T SRREN T = (o, 6]
IR, na% u| Mo+ f(6) - f(a)
WE
2
F(B) = fla) = > (=1)"f(r:)

1

Hf mi=a, r=p0 % I {ERE, 5
(—1)" FRELImBEASE, GInBEEESE,
ERFFEMREBWRL I = (o, 5] WER, A
£ 1 MimFiisser s, #52, &
BRI T F s 2, B
£(2)im > f(rs) - (FEBL ry ZFISMER)

I1{z} 1]

<.
Il

(22)
Hep S 28 T #:8 BRI, &#EiE
BRERR, (22) AT HEHEER SHEZM,
B F(z,y) = P(z,y)i+ Q(z,y)] 5
RUMET T B — &Y, BESREERNE
BARS, 4 S C R? BFHE E S,
(x,y) € S, ¥ (22) KRR > hBEH
B 0S 1Ry, FlES:

= (divF x,
S1{(z.)} |S]| ( )(@y)

(23)

MRS F E (o,y) BEHE (diver-

gence), HH |S| £x S WHEME,7T R

EHRE 0S AN EAAE, ER—HEEH
(22) REVEHELEHEE,

BIBES, (divF)(z,y) REE (1)

B i (7 I O B R B D M SR A

ERPEELE, BEAES F H—E9%
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HMEEINESR, [[o(divF)dA #
BER W Q SRS S ES
SHE 13, PR (divF)dA Fr BT
B dA BEBR, REHEE Q SR
i, BERES, BEE [fo(divF)dA . B
RAEREIER, FEQEHRFEY, &
TGS AR TR R 00 KB, Fit,
[fo(divF)dA HREEGEEFEERL 00
HER, B, EERERREERE
ﬁ%ﬁﬁmﬁ4ma%uTﬁ@%&ﬁ:

Fids = / (divE)dA  (24)
oN
Q

R (20) @ H — Bk, EEMR L
i
divF =V - ﬁ_g—J;Jrg—g (25)
A (24) XABEREA A Green 2K T
S—7H, fE it (23) XWEREF, H
DFRIEER 05 WRSEERERED,
BB GS e Ry T 1FRs, FIfE
EH&E (Circulation) AFZ#EZE (flux), ®E
FfE®E (Curl 2 rotation) HJEZ:
Jog F-Tds

lim 28— " (rotF)(x

) : ];
SH{(z.)} |S] v)

(26)

TEEE AR mEMESEA 13

WmEZ, rotF (BWHWES CurlF) B
EF &5, B » MNREBEFRRRERE
(v,y) BhiREMRFHEEMEENEERR,
HERHELE, BARE F R %
VA e

Y

"\fl

nilll

o

o

bty

~
\
N

E14

HERMSRIEE, [ o(rotF) - kdA K17
£2 W O SEREHSROBE/IL, 2
RE 14, BE (rotF)- kdA FREARRR
B dA EEE, REHBME Q FRHME
5 [[o(rotF) - FdA o HRBREIERY
EERRSIFARE IS, S E A5 R T
BR 00 WEER, B—HE, EEEER
i%%%ﬁ%ﬁ%ﬁf&f-ﬁm,%ﬂ?
RERKA

P Tds = / / (rotF) - KdA  (27)
Q

BRI LARER

A (27) XRBEEIYIAHA Green 2K T



14 HEEE 214628 ES6%E6H

Y

(z,y)

B 15

THEBRMREER (25) # (28) M.

BTEEAELR, RFAFE—-EE, U
(z,y) BEHFL, BIEEE S, I BIHER
v HEC y BT, 2RE 15, & AB =
Az, BC = Ay, B’/\IEIEHITEEEE’J:LTE?%

1

1 1
B = —Aux, —A

1 1
C=(z+ §Ax,y + aAy),

1 1
D=(x—=A —A

BMEENA (25) X Rk, LAMKE
e S zHEE, WERdER AB,
CD,AD ¥ BC ny@=57 A5

1
—Q(r,y — 5Ay) - Ar,
Qlr,y + 5) - Ar,
P(r+ %Aw,y) - Ay,

H e BT 2 89 B E G (EH &R
I, Wl S BEENS

1
P (fv—gAx, y) Ay

HO, y+09) Qe y— Ay

1

M2 EH (Mean value theorem), 3
ERAER

2

fﬁu[l

883 (z,y +nAy)|AzAy
(29)
Hb o< &< 1o BB, B Ax B Ay
SR/INEE, ST AU T BL B BRAS
S (29) HERLL |S| = AzAy, FHiE
Az B Ay #8:am 0, Bl

JosF - ids 9P 0Q
Sl{(:v,y)} ‘8‘ - ax (xvy)+ 8y (Jf,y)

JRAN

r+EAT, y)+

(divEF)(w,y) = (V- F)(z,y)

AR (25) AfFE.

HREH (28) R, A2 RE 15, &
MEAERELER 0S5 WIEEE, B F &
AB.BC.CD.DA {85, AN

[P({L‘,y—%Ay)—P(ZL‘,y+%Ay)]AT
HQr+ A, ) ~Qla— sAr, )1y

0
= (52 + gz, y)

O (wy+ ndy)Asy (30)

Hb0<&n<lo
# (29) RBREL S| = AzAy, FHiE
Az B Ay #3170, /55

. F.Tds 0 oP
fjm Jost Tds_0Q W)= @)

CIRTER") S Ox
IN:

(rotF)(z,y) = (V x F)(z,y)



fem (28) Aig#E.

6. HEERI=#M2ZE:Gauss TIEM
Stokes EIE

MUET Green AR REEAN B, BEHE
R =R T, 5hS

— — —

F(z,y,2)=P(z,y, 2)i+Q(x,y, 2)J
+ R(z,y, 2)k

FRZEH R —{E [ 245 (Vector field), Al
EHRAZEPERBN—ERRERE. &

DRI RS F OB S,

HREMEEER], PEEE Q AW
AR —ERZ=HEPRRER (Ori-
entable) #iEl S(Mobius #FEAZ R EA
ihim), 2 RIE 16; FZ—E= 22 M P —5iL
fEEE V, 2RE 17,

TR BRI MEMESEA 15

B 16

B17

7 (19) Kb, k £ Q Wil Bk
B8 Q WSEMEE S B,k RESSRS
S MEAN B E 7.

BATRILIBH V- F 81 V x F R
BB BN - F(r,y,2) #rH
(R EA A TER (v,y,2) € V Y
THBEE (V x F)(2,y, 2)- 7 FREERE
BTSSR ASTEE: (2, y, 2) € S WIEERE,
T (19) B (20) A HERE

T2 4: (Gauss® I, X HMHE T2,
1839%) BAES F WHE P,Q,R kH
—[E RS B B, A

F-fidA = (V-F)dv (31)
Jf 7 w1
Hep oV BER V ZHHE,JV FrE
55/ RIS TR T

EIB5: (StokesT 3, LM g T 3
1854 ) FEEEE B A MHRIAVRER T, TME

| FTds = /S/(v x F)-fidA (32)

2 FIE 16,

76 bl (31) SR (32) R4 B
ER SRS, S S R
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R, HRAEALERREE, EMo R

s

/ Pdydz + Qdzdx + Rdxdy
/// or @+6—R)d dydz

PR /‘ﬂm+Q@+Rw

/ a—R—a—Q)dydz (a—P—a—R)dzdx
F 0z

oQ 0P
+(0—:c — a—y)dxdy (33)

SE—YIAT DUHHEEE S| R™ BRI EA k #E
MO TFHRE M C R, BN FE S 6
N80 Eim, AR BERERN Stokes EH:

/de:/aMw (34)

Herw £ k-1 B, ERMED SR
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HIEBHERT, REEH Green EH, BHEE
YT, P, HER S ZEEN

Gauss THE Stokes EH,
#M Stokes EH,
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BB ERR (B8 ERElaE T
MR FTE R HERH, ] (The art of do-

ing mathematics consists in finding that

REMATRE

special case which contains all the germs
of generality,) = AHHBEAXMENG
Hilbert Frafthy THSERFBI). A SCELFRITE
£ Hilbert ;2745 Mz,
FAFEHEE, TELE; &E 68
BEAR RIS IR, R TR, (BRI IAEI G E
ek b, ARGER, AAHE S EER, #A
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