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IR
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1. 87

BEHENREEFEC MERRE
5 ey EHFRRERATZREASEMEN
HERER, TH, BH, EE=ZERANHE,
BHER, BRZEE, WTABENRRR
GILRERBEEN MR, EERXERM
1 DUE BRY £ R 1 5% ] B2 2R A R RE 2R 5T 3
Green EH,

MRS ERERRE MBI KEEN
fa SR —, MARE R —HERE IR, K
B RS B G B HEPHIRE R

]

“ran-EF455 (double in-

tegral) Z B4 BfT?”
HEZXZEEN—Green EH:

B EH M G RO R A T AL
BCHERER R X—%EEM

X (@A),

18 e # AR T R R B B R E
YIEEE R George Green (1793- 1841)

1 1828 FEHHFREE  (electricity) BRI
(magnetism) Fr#EIRE, ERBRESH

25

Gauss) EAMBFERF R, Green HFHER
ERMBEGHE CHE, WEERG AT

—~

|

0

jaf

HETIFEFRR B RGBS,

BB E— YRR (1K) A=
NG REEINE,

Green EHRHEDNTHREENTE
Hz—, MESHEEESHECHER —
Stokes EHEFE EH (Divergence The-
orem) R T FE F BRI ERE,

2. WREDENEE:

o EE ORI RERMESN FEF
faf, B LEERAHERANEZHME
DREBENER, Z@EEEEMSR
HEAREH (fundamental theorem of cal-
culus), HMHAEMSEEDER ERAR
—HBemIE, R A AR (inverse).

WIEDEARER: [ : [a,b) - R B—
R EE F = f B
/ " ) = / " H(@)de = F(b) — Fla)

(1)
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EEHEEREMEF RS E
Jof () da BEBRIGHY [ 2 BHHES (prim-
itive, B¢ antiderivative) F' BIA], o130
HTETZEE:

A R B Z A AR A S A%
B i B8 £

g AR (1) EBEMENES HER
BHE“FEH” (zero dimension) R Z LR
‘B (FHAED BRI E) HEEER,
B EHER) B TR M E RS o B2 b,

MiEDEATCEMIETE:

AR (1) BTSN T : MEFx,
B —RERNE THEERER A ZEE
B, BREENREBERERL (v), 55t
M BE T e 2 B PR M AR BE Y I [RI s th
KBA (BBH), HEMZHB ARE
LM (RERKRE IR ER 1) B
—B [z, v+ Ax] HFE, HEARFHAEAZ
ERETHRBLHAFEMNE TR HE
K EEFER KR =

(Fz4+Az)—F(z)) x A (& x EHEH)

(2)

Feb. 20. 2014

KB ERAKEBAZRE

L (Flz+Ax)—F(x)A (k&
/(@) _AIQIUIEO Az - A <‘§%f§)
_ lim F(x + Az) — F(x)
Az—0 Ax
= F'(x) (3)

EHRBEEEM o, b RIZMBAENZIKER
b b
/f(x)dx:/ F'(z)dx

a

1

/ab f(z)dz = /ab F'(z)dz = F(b) — F(a)

UL Bz i Al SR D A B B 2 )
HAEHZ TR (conservation law),

a z /J T\ z+ldzx b

3. IRFEDDERE:

—E B % —Bry I 1E TS — S A
WEE), TREMERD) (work), BLHAE
BATREAURRE D

FHEEERE F = (v,v), T
HIBZMRTAE (cosT,sinT), WHAE
cosv,sinv) &SRR

F,=F-(cosT,sinT)=wucosT+uvsint
F,=F -(cosv,sinv)=ucosv+uvsinv

(4)
W 7, v RAER

cosT = —sinv, sinT =sinv  (5)
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MEAYIAE. BkmER

( in 7) = (dx dy)
cosT,sinT) =, -

. dy dz
(cosv,sinv) = (E’ —£> (6)

ARG I R TI AR S

j{ F.ds = j{ udz + vdy (7)
c c
(J1x fLr=11)

IR BEERZEY (work) HRZEHH F
REBEREE (current density) B8 H
FE Rl 5>

j{ F,ds = j{ udy — vdx (8)
c c
(B x (IB=EE8)

FIRENERNEERE (lux) BIRERE
MERRC R, FMERELE &8t B B M fE
BIFEEAZT,

F = (u,v)

F, T F,

dy ds = /dz? + dy?

dz

4. GreenFi2

Green FEEAR FEHEESEHERES Z
Rk, EELREMESEREEZHE,

Feb. 20. 2014

Green FHEHER 27

Green T8: 42CEF@mE—HBTFEY
HEwemLMEERE R, BEIK
P(z,y), Q(z,y) A& H—RimEEbid
STEEVE

j{Pd:HQdy // @—a—P

y
-I/1%
HENABE:

B C BB LA KR/ N—fi% 1
B AEHENS2HA, KIHEREZ KR
Mo, AR M &R (approxima-
tion) WEES R EH, EIEEHELHES T
(analysis) )£ EETT,

o By dA  (9)

RAK — %&F — R
L. RE—KAF
(aU:bl) C; (ahbl)

RZBH C=C+Cy+ Cs+ Cy
Ci: ag<z<a,y=hb
Cy: z=a,by<y<b
Cs: ap<w<a,y=b
Ci: w=ag,by<y<b
A g S B A E HE AT 1S
72 Fdi= 72 P(z,y)de+Q(z, y)dy
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_/ xboda:+/@ay
+/ xbldx+/ano,ydy
b1 1

:/ ay—
+/ .Tb(]

a b

= lana:dy //18—P;1:dy

bo Jao bo ay
b
bo

IL{RE R "AI&RF

(a0, y)ldy

P(z,by)]dx

R={(z,y)|la<x<b, g1(z)<y<gs(x)},
C=0R

KM HERE P(z,y), Q(z,y)

P d

§ Pla.y)da

= ¢ P(z,y)ds+
C1

+¢ P(x,y)dr+
C3

:/bP (2, g1(2) dx+/bP($,g2($))dx
:_/ /91(96)

P d
A (z,y)dx

P d
. (z,y)dx

(x,y)dy dx

Feb. 20. 2014

[FIE A5

§ Q.y)dy =

g2() 8@
W& & HF

dea:jLQdy // 8_@_8_P

A

EMZ Green EH, T HRMEARL
MR B Z B AR, (BEEEL T ER
MERR HEEE AR C LAR B REMR (recti-
fiable curve), T Hi&2 % HE—Z0ka (uni-
formly convergent) FIRE ¥ 15 — A1
B Green EH{HARHN, HEEEEMME
SRR, EEREBT2F MR H
HIE

B8 1: A Green &3+ F44H4

82: By

# 2oy —a%)dz + (2 + y)dy
L O Raidih oy — o RAE%
y = x FTE BR g7

EEFTEGESBLER C 1L
FB28E, AMAA Green FEHH

P(z,y) =2zy — 2%, Qz,y) =z +y°

ES)la4
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1,1)

Green EHRA—FHEAMBCZIEE
SECHERERCHES (EERS) 2B
R, AMEREFREREZ T, BB R AEE

% TN : BIATEL
0@ _op
or Oy

HIf Green EIMA]
7{ de+Qdy:/ 1dA = |R|
c R
BHEAEP, Q WF:
pP—o,
P = Y,
H: BRR bR e C BT
Bk, E@mia A

1
|R|:—]{ —ydx + xdy
2 Jc

—]{ ydx:]{xdy (10)

PISE2: BRME =+ L& — 1 ZHEM,
. BREERSHR

T =acosb, y = bsinb,

0<6<2m,

Feb. 20. 2014

Green THEHER 29

FAR R

A:j{xdy
c

2
= / (acosB)(bcos b db)
0

1 27
— —2ab/ (1 + cos260) df = mab
0

BEFEEALE Green EH, HMIHEET
H—lEprE R E PSR B R,

BIEE3: EM C RIEEHAFEHAR,
A RIRESD

% —ydx + xdy
c

e (0,0) & Cbs

7 BB
AR, Al

(0,0) LREETE C 2

P - =
(@9) r? +y? @ x? + y?

9Q 0P

or Oy
K H Green EHA]

—ydx+xdy
7{} 2?2 + y? // 0dA=0.
HR, #% (0,0) &£ C 2R, IEE (0,0) B
—‘ﬁﬁ%ﬁ (singularity), FLfRiE BRI 7 3 HL
= “HEE”, F—EPERp, BL(0,0) BE

LOE B, B
R'=R-B,  OR =C+0B,

HPRREAEE (0,0), FIEF HNTHEHE

24,
5ii

7{ —ydz +xdy 0
oR! B

$2+y2
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BOR =C+0B,, #&
7{ —ydx+xdy _j{ —ydx+xdy
c w2+y2  Jap, a2+y?

_ ( psinf)(—psin 9d0+(p cos 6)(p cos 6d6)
(pcos@)2+(psin 0)2

= 1d6’:27r
0

21 WEBSMES2rRRHRC BTHE
—@, TEMEERORIER

0), EFTHERIFEREEX
BRI EE (winding number), 7

% (0,0)
HEE (0,

B E2RIRER (circulation),

5t2: EWRAREPHEMERGER C

WREDEMNEER 0B, 2D, &

AR B A E 2 A R B R (homo—
topy theory), R Green &2 ] H &
F|BEEEE (simply connected re-
gion), T3&E 1E2 4 % K Bam i 72/ — =
R, R ER AR R AR

C

(0,0)

BH=1

BEH=0

Feb. 20. 2014

7 AL B AT R R 2 KR EE S (BIA0E]
FARIRRIESY ), BB BERR R
AR R A L 1 T B Y T

D E O, Oy RIEZBRAHER 2 B

BFPA R R I ELATRER R (0, 0), A
—ydx + xdy
xr2 + y2
ERR T FEfmERmI, EROERLZ
FZEESHPH# (deformation) =2
TEE, HHONRMTERBER (po

lar coordinate) 2KE&; &

jé —ydx +zdy
C1 %+ y2 B C2

0 = tan* 4
x

A& B (integrand) 5
—ydz + xdy
22 + o2
KRIESE (R E R LRt B
HARC (B S 17) AEZBLE, B
wEem T —BHIEBLER 2n, &
elRE s A T —EAEECER
=27, & {2 A2 W TE AL 6 B

(winding number),

df =

o

BH= -1
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MIENBE:

Green & A]Z @Y A B
%, TRETELHFEM C FrE S B
BEE, % CAIRSr = 2(t),y = y(t)
2YA, MAE

F(z,y) = (P(z,y), Qz,y))  (11)

FrTLERHEE, RAER RS @a RO
ZEE (flux), (IREEI IR C 2R
AT/NERMERT—E, Bl v EER
As; ZBE (RREDZHME) R

Pi(x,y)As;cos o HF o BEIINERE v
Bl o Wz KA, AR 25 e sk
A Riemann Al x #2222

740 P(z,y)cos(v,z)ds  (12)
Iy 5 B

f Q@.y)cosvy)ds  (13)
R 2 B RS
ﬁP(w, y) cos(v, 7)+Q(x, ) cos(v, y)]ds

:ﬁ[P(x,y)%—Q(x,y)z—i] ds

Feb. 20. 2014

Green FHHER 31

= § Pley)dy=Qay)dr  (14)

dy dx
=¢ F-vd ==, ——
740 vas, v (ds’ ds)

B—AEERME/NER, HPEEEREM
FE S EATEES P(r,y), HIE AR A
B P(x,y)Ay BZREA, TR —EEAKE
P(x + Az, y) ANy BZKGEH, BTbiGe Bh
M2 BRI E S

[Pl + Ac,y) — Pla
AxAy

,y)|Ay

& Ar — 0, BER OP/0x FIEN y #
2 BAPRER 0Q/0y RIS E B
80+ 52 T EEREES R L 2MERRA

// <8—P + @) dxdy (15)

RR AR AT ERHE (fRakry), [Fl—HRFfRyZk
BOARERC WitiE (EESIE), %

fpdy—Qda;
_// (a_P+a—Q) drdy  (16)

BRI Green EHZYHERR “FIL
B

P(z,y) —| Ay — P(z+Az,y)

x Ax z+Azx
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5. @2 Green FIE

B (9) &
HE[F ERIRES:

(16) MR, RMEATIRS

(&)

(i) a7

(EAYIA &)

(3-5%)
ds’ ds

(BAIEMEAE)

T

14

SANARE F AT (curl) 5

curlFF =V x F =

N Bl s
Q v =y
o Qv =y

_ (99 _oF
S \or Oy
BUE (divergence) RIS

_ 9P 0Q

At Green EH ((9), (16)) AIAEE

]{CF-dF:]{CF-Tds://RVxF-de
(20)

éF-yds:/RVFdA (21)
SRR RYIEEHEERZEE RN Green &
HOmEYHERS R Y7 (work) B¢ E
&7 (flux), (20), (21) WA HEEZE S
Bz, w2 BB Stokes E P ELHE E

(Divergence Theorem),

N———
El
—~
—
09]
~—

Feb. 20. 2014

M curlF, VI S50 5 e B B Al
e EMFEBEHROIER R 2L (20, 10)
REND, FE2 r (E, HIEE N

V x F(xo, o) —hm—ng Tds

r—0 7'('7"2

VF(xo,y) = llmoﬁ 7{F vds (22)

it LA B R B R N iz R RER T (circula-
tion), MEEHIREMLEEAZEE (Fig
Z B, EET AR KT ZEE
2.1 (18), (19) W=, MHEZE® (22) K
(BN Green ) FffrI 3 0A e B FIEL
JE 2 B AT A A
HE1 AR F =Vo = (¢, 0y), A& (vec-
tor) F Bffi& (scalar) ¢ ZBE (gra-
dient) A (21) RATXER

o ,
ads—%chb-yds

:/C/RVngdA://RAgbdA (23)

KB PME R 1At R (potential func-

tion) T
0? 0?
A=V V=gotos (24)
R 48 Laplace BT, &= RS
FEPREENE T,

2 BRF = uVo, AIRARZEHES
V-F=V-(uVv)=u(V-VorVov-Vu
it (21) A Green H—%FH

c Ov
:// [uAv + V- Vo] dA (25)
R
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#ou,v A BRAMERAI S Green
E_ER

u v

ANCES AN

Oou Ov
v ov

Au Av

(26)
EEFAERED TETIEE IR E
HE A,

. Green EHEI &I EEFEEH A

X (differencial forms), A& EER
BAAOT: RS

fpm+Q@
C

B (integrand) R—FEHMSTE
A (first order differential form)

L =P(z,y)dz+ Q(z,y)dy (27)
Lz 24 (total differential) £
dL = dPdz + dQdy
= (P,dx + P,dy)dx
+(Q.dx + Q,dy)dy
= (Qs — Py)dxdy

Kt Green EEWUEHEBBIER

(differential form)

(28)

%PM+Q@
://R <g—§_68—§> dxdy
= fL:/ dL (29)

& AN R HHRAER R ED K
HBRZEDWE 2Bk, TEE L5

Feb. 20. 2014

Green FHEER 33

MESEAEHZHE, & ARHAE
A2 — &S (integration by
part)o

6. HRIED RIS D ENEE

58 ALET MG [ T RENBL (poten-
tial function)F = Vo &, BIE LA
H2ZM45 (total differential) ZREEfE

{FwW:PM+Q@

dp = padx + pydy
= F-dr=V¢-drf=do

ESise
P = ¢a: Q - gbyv
WEMS HENESHIZE “E& (eX&Ct) K

(30)

= FP,=0Q,

ﬁ%ﬁ@ﬁ%ﬁ%$ﬁﬁ%&ﬂ
TR, AEBE Vo ik
a,b MEZAEE WL, B

¢ B—
LT By iR

[ Vo dr=o(6) - o(a)

EEENYHEESR (E2NARK): BF
B LR T — i R EE S AT TR T R W B
EALZE, B Green EEUHE F = Vo,
Cy,C, B 3, b 2B

waW: Fdif—
C Cq

(31)

F-dr
Co

:/AVX(V@~@M@:ﬂ
At
F-di= [ F-dr
C1 Co

BfRAE > ELRR R R (path-independent),
BuasEs, B—mE (SUER) BHAE B
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BIE b LY (EE) FRENT, R
B (L) EEE R IERR, M
EEN SRR E B R ISR, BRI
23 F BRSFH (conservative), MoHITE
BEFZAIREREL, 3& B A R B

i =[£v¢-df=[fF-df
' 32

I REEK BRI 76 PR ST TRIARE D T 150

7 b
a
C b
C=0C + C,
a Cs
EJ[=EEREER
(1) = (x(t),y(t)) I RBALE R &R

8, PR EE B FE 43 Al

- & (da dy
=G = <dt’ dt)
. _dQF_ >z d*y
0= = (G ) 69
HUWBOHER m, HFZIANINENR F
AR AR E A
d*7

F = = m— 34
ma = mdt2 (34)

Feb. 20. 2014

RISt F TS 7(t) B 7(t,) FfefIsns
W= /m q
:tlpwm)dgﬁﬁ
_ mm@fawm
:_m/ ﬁ‘vwﬁ

1
= mli(t) P~ S [5()[? (35)

e Jm|i(t)|* A
it (35) Rt “BhheEE, HyEE

b IR BATHE H A DR R E

(kinetic energy)

MR F B—RTN%, F = -V, RIE#k#
PR BRI D A E EAN:

W= olt) () (30
B (32) RKES
8(tr) + Zmli(en)
= o(tz) + gl (37)

He ¢ RBALA
(37) Apt2nt
energy)o

€ (potential energy), K
FFI2E 4 (conservation of

AECNERE:

BETHEENEM 2%, RMEGERRE
TFRIR BRI RS (divergence) HY¥73E
BEE, HMTLLGEREG: B IELEBmYE
K IBEIARA, &V ERNERE Q, T
BREERRHEMARES Q, Bk, HAL
EBEEES (2(t),y() = (&), HERS
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dt’ dt

% Q, EiE Q, RMEEBNIMER Q
B O, MECEHEEVEM? (BE L4E
NBRGHE—EEEEH) HMEHF—
IR (dVy — dVy) MERRE
d(z,y)

(&, m)
= J(t)d¢dn = J(H)dV,  (38)

() = (%,%) = (u,v), B8 ¢ KL

dVy = dxdy = d&dn

Hrf J(t) B2 Jacobian

Coy)| %S dVe
0= |55 - oo =av, )

WL Qo — Q ZBEHER, FRERES
J(t) W8k, ®MMBER J, 7 £ 0, BZ
ARILAER (AT 0 < J < oco): HZM
43 (total differential) %

d(or)_ 0 (d
dt \o¢ ) o¢ \ dt
_8u_8u8_:c

ou _ Ou Ou 9y
T 06 Ox0f

Dy O¢
[E] PR R] 15

d(@:p) Oou Ox
=——+

4 (9x) _0udr  Oudy
dt \on) 0xon

Ay on

Feb. 20. 2014

Green FHEER 35

()i oy
dt \ 0§ oxr 0§ Oy O&
d (Oy\ Ovdx 0Ovdy
%@ﬁ‘%%+@%

J(t) ¥ t A AT EE TS

d oz doa oz ox
y _ | dt 9 dt On o€ an
dt 9y 9y d 0y ddy
o6 on dt 9¢ dt on
@@+@% @@+@%
— | 0z O¢ Oy 0 Ox In Oy In
9y dy
0g on
Ox oz

Ou 9z Ou Oz 9z Oz
_ | Oz 8¢ Oz On & on
dy By v 9y dv By
o€ on Oy 0§ Oy On
_Ou g_ﬁg_n} ov | % 5
dy O dy
2 g 51| o g
ou Ov
=—+=1Jt) =V -0J(¢
(Ge+50) s =9 700
FrLA J(t) W —FEes /7E;
EulerBHEATN:
dJ dlnJ
A v A —V-7 (4
o (V-7)] <~ p V-7 (40)

EEAXBEE Euler BEAR (Euler ex-
pansion formula), EH#5 /T2

J(t) = 'V J(0) (41)
WA TS
V-7>0&J(t) > J(0) & @afgEx
V-i=0&J(t) =J(0) & @a g
V- 7<0& J(t) < J(0) & afgsl

WA It A1 78 — o 8 1% 1 ] R A

pressible) HEEER :

(incom-
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T BY 43 SBATA B 4 e B K B R
BT, A2 Lamtn (M) Hrds

HARKE T

RECMIERE
H B 3 RIS B HIHRAE 7>

%F-d?zj{udaﬁtvdy
c

-l

BEES F = (u,v) BEHEE C 28

i, FIFER

||
<
X
R
ol

Uy — U, = curlF -

-l
l

S-S
=i

g Pl o~
O Qo 1 owy

BRI — AL

fF dr—// o — uy)d

EERRAEEE Po<:co,yo) I, A
7 72 F.dr
SR BLE R B, HI

curlF-E:VxF-lg

. 1 .
:%%O@jiy}?d’r

FrlAES F ZiEE V x F (£ (20, o)
ZIEE) MR mEELRARERNER
HGAEER R

Feb. 20. 2014

7. GreenEIEBETEE NS R
FER -

fER—:

Cauchy ©I2: R B #Fm L2 Bk
i 3% (simply connected domain), f &
T &M REZBAE (single value) 24T
HAgbTeg R, B

ff@mz:o (42)

2 C BEeASE R AEESD
dan 4%,

B FiEZ Jor-

B BERf =u+tiv,z =a+iaiy BIE
#ES (B ERERES) B

(ﬁf@ﬂz=%&ﬁ%@d@+w)
:j{ ud:c—vdy—i—ij{vd:c—l—udy
C C

B f AsHE

, u ,82}
Fe) =4 D
oo

ox Z@y

FE uo ZIREESER, FILTH A
Grreen SEERAFI/F BB 405 e 515

ji(udfc—vdy) - //R (—2—2—2—5) du dy
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jéc(vderudy)://R (%—g—;) dx dy

B Cauchy-Riemann A& (f SENTEKE)
du Ov du v

or oy’ dy T oat
1 ETERERD R, BT

72 F(2)dz = 0.

BEBESWYEEEHEZE
iM%, 1 Cauchy T & FHH:

[RICLE
= fc(u —w)d(z + iy)
:j{ udx+vdy+ij£ —vdz + udy
c c
= Ifj(work) + iB& (flux) (43)

EIRFILIFIA Green EE (LB ERS
(Fe#e (9),(16))

ffz )dz
I (5 - 5
+z// <8u 61})

- / /R(curlFJriV L F)dA (F=(u, v) (44)
[ 2 ERRYECBRAES F = (u,v) ZiE
BHEHEN _EES, UESR, ZafmE
% F = (u,v) BiEEEBENRERTE
FMBEEE f B f WFEHR, HIE_E Cauchy
- Riemann 72 HUE BEEERHEE:

R

(45)

curl ' =v, —u, =0

{V - F=uy+v,=0

Feb. 20. 2014

Green FHEEHER 37

ol &R AR T s
% (compensated compactness method)
ZAE TR R AN 5 (7] 235 2 B B e R R A
AR, R [ &35 0] DU B 58 47 A B
M (ELERTEEN BEARZ 5] (div-curl

lemma)),
EAR:
(40) A AR BEETZ ZHT Green EH:
BCEREREEE: (v,y) — (2,2)
_ - _1 _
{Z_x“y :>{“T_ 22 g

Z=1x—1y y=(2—2)

&0 BEEERE (chain rule) A%

oy z 0z
= 4-1( 8
- {85 %:%(a%ﬂaﬁ?j) (47

At Laplace EFr]ES
A = Oy + 0y = 400

WMAEE B AT S (differentiable func-
tion), f =u —iv , Hl

= (vp — uy) + i(uy +vy)
=curlF+iV - F (F=(u,v)) (48)

FH—HEA RS (differential form)
AHXAE

of af

dfdz] = adz Ndz+ gdé Ndz
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_of

=5 —=dz Ndz
= %(dw —idy) A (dx + idy)
Of
= 2%—= 4
zazd:vdy (49)

BEHT B GreenEI2: f = f(2,2) A
384 B AR R BT B 4 A

%Cf(z)dz:Qi/Ag—J;dxdy
:// Z—]jdz/\dz (50)
jé 2—22//7€—dxdy

://R SSdzndz (51)
HF O =0R, R HZ Green THEZZK,

ME f BEAEE (analytic func-
tion) HI

af
82'

73 Bl B B B i B 5 2 3
Cauchy - Riemann ﬁﬁiﬁ:

= (—ve —uy) +iug —vy) =0

& wl e AR

Up =V Uy = —Ty (52)

H—XHEE| Cauchy EH

jgcf(z)dz:%//R%dazdy
:21'//R5fdxdy20

R AT LARR: Green & #3#t,Z Cauchy
ERiRNEIY

FER=:
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Cauchy DA & f e CY(R),

! Malz

% R 2z — &
8f/8z )
— //72 dzAdz  (53)

z_
SRR

f(&) =

EREAXBEARE—BARE
Himz Cauchy BOARZHE,

A2, -

=09 I RIE 2 I 33 S
2 hEE R
R, =R — B,(€)

OR, = 0OR — 0B, = C — OB,
DA

F<Z):zf(—2)§
oF _of 1

0z  0zz— 19
AIEH Green EH (50) %I

727% F(2)dz = //R g—gdi Adz

At
fz) . f(z)
cz—&dz aB,,z—gdz
= e 8zz— dz N\dz (54)
T p— 0 BREERHEE
f(z)

dz — 2mif(§) (55)

OB, 2 —
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F4— 73 TH] F AR EE AR AT

dz N\ dz = 2idx dy = 2irdr df

1
dz N dz = 2idr do 56
P (56)

FiLL (55) & Cauchy AR (Bp
0)

Jiom

27rz cz—¢&

2m //R azfiaZd Ndz

g 1: Caucly EHARXE[E G B EENE
R, BEBFIRE ZHERE, ERRHE
e, ARTIEE e AR 1978 AR
H Kerzman B2 Stein fEH 9% E B K
# (Several Complex Variables) Ff
IR, AR, HMBE Kerzman-
Stein AR, HEBEZHE T2 E HEA
&kt

52 AN f R AR AT 0 BE
tion), %J; =0, AIEZA =k E EEHAY
Caucly BoAR, EHEFEM, HRA
T8 ¢ € Q, WBUES(S), THRE
B C = OR RS, THEERI:
FEH (representation theorem) 1
f#t7 Cauchy-Riemann /712 % =
R A 2o

f(&) =

(analytic func-

==t

A B 712 (DR

af

5o =h (57)
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Cauchy AR (53) HHFEHEMAEEE—RX
AREHE XM (homogeneous solution), T
FEZARBIEHEXE (nonhomogeneous
solution), E It Cauchy BEHAR (53) [

FEEEROME (58) wfifE
_ 1 I
IO =50 Jom 2=
1 h _
+2—7Ti//7az— dz N dz (58)
O-B%: B3 f € C°(R), BlgEEk
Cauchy—Riemann o7 2
o 13)
X R
_ f(z _
u() =l 27rz // d Nz
(59)

v(§) BfEZeMITHE (analytic func-

tion)

BR: ERER MR R B R
iz, ERMLEBREE ARG RS,
B Cauchy B A, BEENE, HMAFE
LSNPS

9 _1 9
0z z — zg
SRV A
i L =0 Vz # 2o
0z z — 29
R LB mT LA 3%
0 1 o
PEPE cd(z—20)0(Z—2p)

= cd(z—20)0(y—o)
¢ B—HRZEH, NER—MBMERT 2o =0 Al

— =lim e>0

2z  e-0 27 4 g2’
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40 HEBEE 21848 E86FE12H

BEEBIE
g z - 1 B \z|2
0z zz+¢e2  [224e2 (|2 +£2)2
(|2]* + €2)2
ALt
0 /1 B
C—/R2£(;)dz/\dz
_ J _
P R2 0% zzgkez)dz/\dz

2
:hm[/ S _d:ndz
e—0JJR2 (‘Z| +52)2

A g2
—thm/oo Zrdr o
Ce0 o (r2+1)2

HuEaE
g 1
0z z — 2
FiA 5 = i—HEA# (fundamental so-
lution) # O FIEZ fEE

ul :v(§)+2m//f—zd N dz
= (BRHE) + (FREK)

=270 (2 — 20)0(Z — Zo)

ERA:

FEERH BRI BRRE R, BEE
HEFFREEVICRR, R _#EE, ©
A, R, RERMENE (steady
two-dimensional flow of an incompress-
ible, irrotational, inviscid fluid) HH &3
ZH)7E Bernoulli EE, & EEFRHA T HRE
TRATHIJRBE, B2 50 56— S E R E

Feb. 20. 2014

BernoulliEf:
P+ %p|w|2 = constant
(B71+ Bie=5%) (60)
BREx Q F wy 2P bR — [ B
i (simply connected domain) T
C={z=z(s)=x(s)+iy(s), 0<s < L}

AR Q h—FRERED BT RNEARE
i, By ¢ RE—BhZ B EEE
ESMEAER

de  dy ,
= / = — ) — = 26(3)
T=2(s) ds—l—zds_e
dy dx B i0(s)
p=os i = —ie (61)
FBIMBR IR E E
w=u+1 (62)

BilE (43) shAT4N

7{ wdz

—%udx+vdy+z7{ —vdx + udy

—fw Tds—l-sz vds

= B (circulation)
+i {5k (expansion) (63)
BifRRiBthig C 2RI, EERRIRRIE
MAERZ LR, HREMTH RN RR

R (R, A B, Mhek, AR
FEM) EEEREEFREMERR C RAfE—E
REIREBHNZREAFNES ERER
) ABERTERCY BB (momentun
flux), Fik

/C[Pl/ + pw(w - v)]ds =0 (64)
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p Rrlifec BE, PREES, FRARARR

dz = e¥%ds, v =e?

w-v = %(’Jjew + we’w)
AL (65) ER
1 9 1 9.
740(P+§p|w| )dz+§72pw dz=0 (65)

mERMEBERAELZE I (homogene-
ous) Wity =H8, B w SHTEE, Fr
DL w? t2fEie, #il Cauchy EHA]
il

/u‘;2dz:() = /w2d,§:()
c c

BB (66) RALH
1
Liw+5MM)@_o (66)

M Morera EHAFEmMEETHBELP +
Lplw|* BEATES, Hi Green FHE (51)
X, FIHIME—TFIRERY EERETINE (real-
valued analytic function) &% &K%,
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LR A

1
P+ §p|w\2 = HHo
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