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7 B 3% path independent e e F AN P g - B F S ILfEAPF o do %k vector
function f - T % % D ¥_path independent » P|¥t>* D ¥ T £ eh— B3 HF & 2 (closed
curve) C» AP v U A C P A8 PO M CHM PQ A Fd Ko N — B P 7
Qs G T - RALQE PR Cod SUEA BT (23 5.0) £ [of(r)-dr =
Jo, f(r) -dr+ [ f(r) -dr o d % G 5 »d Q3 P> Ha —C ey 250 7| P &
iz path independent K 25 [o f(r)-dr= [ . f(r)-dr=— [ f(r)-dr> Flpdg i f &
ERHFYRC DRFBEA [ f(r)-dr=0-
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Theorem 5.4.3. ¥ g T & % & D 91— B wvector function £ ] £ & D ¥ 5 path
independent & 2 FEF ¥ D ¢ hE R HFRIEC ¢ F [ Af(r)-dr=0-

BT ok A g3t B 4k ¢ vector function f ¢ &_path independent - 3k f &_ conser-
vative » T 3% - B scaler function f i {# f=Vfo i * = wenfFa, k28 K
= [31’89];73];] c A REE C 5t S x(t) = (n(0),n2(t),r3(1)  AEES () ¥ B
r(r) e A kg £ C A S RHF Sficnfi A5 ¢ 0 A A ehddic (integrand )
(r(r) - ©/(r) § LEHE il » #ip i S eend 735 & 0+ AP H(E() ©(r) § %%

;xf(rl(f)arz(f%rs(f))ri(t)+aayf(rl(f)arz(t) ra(t))ra(t) + af(rl() 2(t),r3(1))r3(t)

1% % % #icS #eeo chain rule » i%%ﬁ{f(rl(t),rz(t),m(t)) ot oajies o ,Tk{i f(x(r)) 7*1-
L A(r(r) r'(t) oF F 3t & F [ f(r)-dr = [PE(x(t)) v/ (t)dr = f(x(n))) — f(r(tg)). 3
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Theorem 5.4.4. 3K vector function f &% 3% D # & scaler function f &1 gradient »
f=VfeRI$ D it PgsAcs Q%“ BB Co %Y

1) -dr = £(Q) — (P,

d pg @A P A > F — B vector function & conservative b v ffb{ path independent
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Example 5.4.5 (3x# 10.2.1). 4 & f(x,y,2) = [2x,2y,4z] > %% % 5 v & f(x,y2) =
X2 +y? +27% ¢ gradient o F]pt $ix P 428 5 (0,0,0) ¥ 25 (2,2,2) 1 path Co % F
Jef(r)-dr = £(2,2,2) - £(0,0,0) = 16 -
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AP AEE S B path C,C & » 4 g C P58 5 r(t) = (1,1,1) PIA28 5 1(0) ¥
2L r(2) 5 C 5N 5 ora(r) = (26,262,263) PlAeEE S 1p(0) H 2L ra(l) o A

2 2
/f(r)-dr = /[2t,2t,4t]-[1,1,1]dt:/ 8tdt = 16,
Ci 0 0

1 1
f(r)-dr = /[4t,4t2,8t3]-[2,4t,6t2]dt:/ (8¢ + 161> +-48t5) dr = 16.
G 0 0
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Question 5.18. gk ¥ 4L 10.2.4, 10.2.8° F# P 4 f » £ S8 i conservative > 35 11 2
potential function ¥ FHFF A o

ApL 4d o EFfA- % D 5 pathindependent » » ¥ 3818 f & D 5 conservative °
TEIFEG . FF AP S I - B E&RE A D Hscaler function f # ¥ & D - g
Q%3 VAQ)=fQ) s FLHAILD P - %P R DY EZ-8Q  APFEED? - B
AvgLL P M ELL QRIS C 2 4 f(Q) 5 f & C ensfg A 0 ¥ f(Q) = [f(r)dr o } PFF
f & path independent > f(Q) HE LI E M » £ - B EDE if%ffij‘ﬁ? IR v Y
ATILEP f DY RERE V=1 FP - Bliwm& G BAF ,véﬁﬂ—lﬁ&“%ﬁ"l °

drimFrin— % vector function f #_F % conservative ¥t ? w & % :F % £ §_conserva-
tive ¥ f % # potential function > ¥ £=Vf > BIFlcurl(Vf) =0> 2 ¢ 5 curlf=0 o #714
NiEw A E curlf £.F ; Tk 2 E FEw & ¥ Bl- 27 &_conservative ;
mEEESE S N lr"JI" ka—g‘ it & 3% 3] scaler function f & {F f=Vf o st iy —ﬁ LT i)
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Example 5.4.6 (ik+ 10.2.3). ¥ & £=[f1, /2, 5] = [2xyz2,x*22 +zcos(yz), 2x%yz + ycos(yz)] °
7] &

o OB R, Of Af L o, Of
F = 2x%z+ cos(yz) — ysin(yz) = 2% 9= dxyz = 5 ox 2x7% 3y
Apsecurlf =0 B f=Vf 7
af o 9df s of o
I =2xyz", R = x"z" +zcos(yz), 9 = 2x“yz+ycos(yz).

J )
# F“’Maff frEFL o dxz m Ay HAE fx,yz) =x2Py+sin(yz) +g(x,z) £ ¥

g(x,z) 5 &5 x,z 7 ¥ ¥ehscaler function o £ #- f(x,y,z) ¥ x At 2xyz —1—3 = fi(x,y,2)
il B =00 7T g(n,z) =h(z) 3oz b REHF e TR M fvyz) $ oz Bk
2xyz+ycos(yz) +h'(z) = f5(x,3,2) » FI B W () =0 d AP E RS- B fx,y,2) & &
Vi=f i w g g(xz) =h(z) =0 FI# f(x,y,2) =22y +sin(yz) °

Frig f & conservative #§ » %% d Theorem 5.4.4 % f &_path independent ° 7z C 3
- B2 (0,0,1) 7| (1,7/4,2) ¢ path » 2% %% r2 8 U A

/nyz dx+ (¥*z% +zcos(yz)) dy + (2x°yz + ycos(yz))dz = f(1,m/4,2) — £(0,0,1) = w4 1.
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Question 5.19. gk ¥ 4 10.2.15, 10.2.18 -

A Reg B AT curlf=0 ,T*u%i 7 f & conservative ? ¥ % & F T A g T

R

. Y x e
Example 5.4.7 (F* 10.24). ¥ g f(x,y,2) = [—m,m’ IEE:

TRExy Ta P"'”—ﬁ'!!i%?» Eﬂumﬁ R AT, 3 P RS C H 8 5 r(r) =
(cost,smt,O), 0<r<2m- Bl f 2y P RIS DRF AL 5

27 27
/ [—sint,cost,0] - [—sint,cost,0]dr = / (sin’z +cos®t)dt = 2m # 0.
0 0

#7149 Theorem 5.4.4 5= f 7 §_conservative e £ F + £ ehI_ K FF ¢ 2 8F R z bt
B f bix e B phehH PR SFA T 5 0o f

KB o)+ APy d curlf=0 A7 38 f { conservative ¢ # 4% ¢ o f A
- B simply connected N E ¢ % L curlf =0 P] & i f ,T} ¢ &_conservative o 73}
simply connected 1% % » 4p mf]-h%'\;z T TR rn—*fg? o %ﬂ*‘%’&"’ DRSS R & 1 4
N — Bho GldeIk G )’Ihg ¢ simply connected ; fe 7 # B (& 2 B ) & torus » )T* * E_
simply connected o * Gl4ck]| 4 t]F > F R FHEY - B R ?”3#‘1 2 g - B AT
" » 7 §_simply connected o 12 {82 & ¥ 5 “Stokes’ theorem” & ,T*‘u? MIBfR G PR curlf
- # simply connected % ¥ % 5 Fw & 0> B £ At % 5 conservative °
5.4.1. Green’s Theorem. % 3\ &d? - B 7 & L £T F ¥ ch— B3P % - 4 vector
function fpt %3 i B B S hsfE A 0 ¥ 04 Green’s Theorem #-2_ & it = - 5 B %
&W?&%ibﬁﬁmﬁﬁﬁﬁo AREEARRTAFAVEER A TP
FHERAAS P FAILE > A s ¥ 4% Green’s Theorem #-2 & & M 4 % AJL 42 >
Green’s Theorem &7 MHEAFArEEHR A A FHFFE 5 * 1 & o

Green’s Theorem ¥ £ * chdnficd Jf & - IF @ F 7 fieendnde > @ 4 % B & Jf &
HhED FRUIBITFY RS PHPFFRE 273 AL AT EYEF
ﬁﬁ%@%&%ﬁ’ﬁnﬁﬁﬁﬁom{ﬁﬁ?%ﬁR’ﬁgﬂﬁﬁﬁ%ééRﬁm
AR BRI R L RRE P AR L Co B f(xy) = [filx,y), Hxy)] d 3
EfrBEfr - A T EERFAL BRI WG &E dody P AT 0 T
$cf(r) -dr = $c(fi(x,y)dx+ fa(x,y)dy) = 5 # 5Lt BB &3 L HF % & DRf A~ o
Green’s Theorem 3.1z I 4 4f » € fr scaler function <9fz - afl) (x,y) & R iz} %3

dx dy
RE A L s L

// <8f2 _ &];1) (x,y)dxdy = %C(fl(x,y)dxﬂsz(x’y)dy)-

ﬁ%iﬂﬁ%mﬁﬁﬁﬁ"ﬁmf%ﬁﬁﬁ mﬁiﬁﬁﬁPTﬂiw?u%y:ﬂﬂ
S lcR 0 T T R R A B - - B T A A A U AST o B
&ﬂ’5“ﬂﬁ7$&)°
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Example 5.4.8 (k+ 10.4.1). ¥ & fi(x,y) =y> =Ty, fo(x,y) =2xy+2x » 1 % 1 f 8L 5 [F]
e H ] R PR AE T e BT C o AR REAE A f(P —Ty)dx+ (2xy+2x)dy © F
L4 g C %8S r(t) = (cost,sint) ¥ 4 A2 5 r=0pF > B85 1 =21 &

2
]{(yz—7y)dx+(2xy+2x)dy = / —(sin*z — 7sinz)sint + (2cost sint +2cost) cost dt.
c 0

2n
/ 2cos’tsint 4 2cos® +7sin’t —sin’ ¢ dr. (5.2)

B iR WPIRIL - L= & S d A F RIS (B TAPL AL R Y - T
P A~ ) e d 3% a{c_a];] (x,y)=2y+2)—(2y—7) =9 2 # 24| * Green’s Theorem
@] s A R [[9dxdy T 9 & B 5 A Om -

FAEA P w I b A DRHE A B E I e ff A 0 FER Green’s Theorem 72§ 1 31| 7
AR EL WA - TAoP AR AR S Xk Eadce § EARZ OIS S kP
Nipw R - B dr £ B RHERE e b4

. 3 ) 2 cos*t
/sm‘ tdt = —/sm tdcost = —/(1 —cos”t)dcost = —cost + +C,
) cos’t
/cos tsintdt = /cos tdcost = — +C.

GOk BB T AT B A 2R P sindr = I_CTOS% cos?t = % C AT o Blde

1 2t 42t 1 2t —sin2t
/cosztdt: 7/(c052t+1)d %—FC /sm tdt = /(l—cos2t)dt: et

2 4 2 4
Arrd 383 (5.2) Ay

2 —5sin*t 9 3t
]{(y2—7y) dx+ (2xy+2x)dy = (—gcos3t+ Zm +§t+cost— %) (2)” =9m.
c

f

Question 5.20. 72 &% Rfg A3 B kA VA 10.4.2, 10.4.8 (BJE C 5 R et Flis g pe
)

Question 5.21. §|* Green’s Theorem 3+ 3% 3 % 48 10.4.2, 10.4.3 (%7 4_F &2 Question
5.20 — 3% )
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