Cfeen/s Theovenm in the Plane

e Recall Hhal if }? is o cosevvahve vecky [eld, Hien
F=Vf for a dff ,CMCA‘O,.\ {. Thvs, we calculate He
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F\ow ((_ow\r)ressfuc)a,s H'ej

curve C ia hHie p\cu\a when He

We Foc.us on Veloc;
ﬂou (nof wmpmssiblﬂ) and 0%

Ore easy Lo Visuoldize -

Divergence: . . ("/_Hf‘ifd)) 1 ) |
—» . : F‘\) |
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e The smal/ rch3\c A ho¢ sfa’ec DX oncd Déj pm’al/cj lo Hie
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DX
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Flux acvoss fec’—mg\c )OOqua«fj ~ (Mx + Na)DX DY
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TC“/ Hhe YCCL)Mg\Q, we divcle loJ DX Ay to 3d‘ .
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Hhen  lines of )C’mo would Au\/a/gg theve and
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a\oou'} (Xo,‘jo) ;,Jm‘dr\ makes div l?(xo, ‘jo) bl
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oc\ (XWCo) e

A

>Z<7 Sevvce
‘L >
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the c"wcdl&l‘\\e"‘ densi™y 4
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@ chj }L’/?e Ci\Y‘CUICu/‘\‘Gm C}em:‘}?j (wilft\ !"/)I’%VPVQ"@\'I”\‘(J\A) @
fo/ Ye VQJUJ p\“e\JS descv{'loeJ fn Exf'.’
CS) Unfﬁ;nrm ex pansion ‘_:)(x,u}) - Cx ‘,Ta* cy T ;:;\: C X
—-’
(CUY) )?)K = Nx ‘M;j - 6-6=0

o The 905 1S I‘IO} C\‘Y'Cdlq_/{'\\nj 4{’ VWJ sw:au SCOJQJ"

Um‘,ﬁgvm {c‘iu}'\‘o'w E(x,u_\); ,_cj{' :\-ch M=-cy
(cor) F) K = Mg - My =creznc N = ex
d‘ ‘H‘?B/e

.-n\e C{rcu\a'\-{ow deﬂs'l_"'j I consl—cw\* om

is o rototion al every po:‘n{' o
e T c>o then Hhe v’ol—al'!'an 'S coun fer cloclews

¢ cco then the voluhlow is clockuise
-.—-9
- _ "
@ 5)”6&'\/\\'\5 fjlau) F(xX)Yy) = H \ M= Y
=y = - = - N = o ,
((_urlF)-K:NX‘M3~ c-| ) | N
o The civevlation st,‘ﬁ-j s Con;}-n:m!( ond mega}\n (CJockw;se) |
. Tk averaqe QFCCC—(’ of He ﬁ(u;'ol F’ow is ‘I‘_:);—’ ?: —> _?
e Pus“ flovd clockwise ovomd each of @ :’;: z }
Fhe small circles g 2 :, £

. The vale of volakion s e same al each point.

e

Recall thak o the curve C s simple if i} does nol cvoss f*selﬂ(’lfl?)
age /|

o jhe oviward ﬂux o? ? o.cvoss C 1¢ (;ee alse page 14%)
Mdy- Ndx = ; ;’ ds
prdy- M |

.\ c
e He Ci‘r’Cula\,l”‘OVl GY‘OW\J H'e_ cUrve C }*ha} S)‘q/}‘s aw.J CMJS o.f
Soume ,oofa{ s the £l r'n}LegroJ JE’ ?d! (sec page 145)
c
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*ﬂﬂ { &Vﬁ&ﬂ/s nw(em)
Le+ C be & fI\CC&“’"SC smooth ard Sfmf’e clesed cuvve enclosing
ave‘jhm R tn The f\ane.

= {: \c’ wi
| et ?- M7+ N be a vector he
‘aJ ale)f\'va.“\le,s h on o’)ey. V‘cafan Con}m.“{“‘j R
\J'O.LJ He dcwt:le

th M mc] N )'\Wlbﬂ

Con Fnuovs Fn‘rs} Pa/}l -
Then o the ou*wmrcl £lux of F acvess C eg
inkjfa.l of div ? over the Yegon R enclosed bj L

Normal @F.:Jszgﬁﬂab'l\}dx:fg(HK+N3>dXA3 E'L
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o
Divergence \‘V"lfﬁm’{

oot ward Flux

o the counter clockwise C\‘rcu}oulw‘on of ? Qfouch C e?vds
the Oloula)e z‘n;{ejroJ o{ (cur\ ?) K over R:

;:\?Z"* ?}?7—:0’5 :éﬁdx + Ncb 5 JJ‘(NX-M»AXGB ¥

o R
Comter clec kwise Cor! W kﬂﬂp’

C\‘V’cu\a}\\on
: . ;
",’i}-‘-’-" e %' and %t are eguu‘\/qﬂeu’r- Thad 15, o\ﬁ)ljm(j ai fo e
ri " 1 ‘
Feld G = NT-M3 gves % and aplying ® b the
-> - . \ |
Ffe_\A G\tz—Ni + M) gwes x |

Waversa/ m fwo cll'fec_J\'cns: |
|

® —n'\C I?mple CIOSCA curve C can bQ.
ﬂ] The curve C is )‘VR\/CVSEGI Coumkt/(,\Oc,K wise (Md cal(ed
OY;MILCCI) \“F ML Yegl‘OV\ C MC[OS&; s GIWGyS

Posih‘velj |
Lt of an olo)'ecjf as [} moves a’owj Hre palth.

lo the e
2) Otherwise, C is Paversed clockwise (omd called
V)CJ OuL\‘Ve.\lj OY{M{{A ) .
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_E/‘f’ Vc/s’!rj de" 7@”""5 Of aVc’e_ns 71)@0»’6”1 ﬁ Hie

164
Vech p:elo' r = “le '*'Xy () ond Mhe regyoun
RiS Fhe e/a‘sk Xl.‘_a < Yy bomcjec/ bd Hie cvvele
C - F:(Qwst)l % zsm‘t)_; , 0o <t <2T.
¢ R= 2 cost and y:zsin% =) dx = ~25in ¢ dt
dn_—; 2. Cos ‘t df
e M = _xg—--gcosfsw\‘t
N - %a 8 COSt $\V\t
% N, = X
X" ~2XY ) M(j / M=d s T J
s 3 ‘g{;)cl'(:
o Flux Fdwv* & d:j"Nd" :j('!e Costsit +]6 cost 5
C (o] 2w

= Ecosqt +Y S""qt] =

(o]

U(M"+ Ny)oh dy - H (raxyr1x3) dely = o
: R

. cwcu[a}»‘on (Form %2) :
T t+|6605£5\nf)d{
é’MdHNc’a f(“""“‘” T
S 3 cos t Sin t dt ‘J|
ym

m‘z"‘] - B AU

6 sin ‘Zfdf

-
-

LfJ S\nb\cn*’\ "1[-—"

-

2T 2

Sj'(r\’x—l"\a)d)xd(j: §§(9+x)dXJj jfv*()dfd@
\ R

_ S'Z\TL{C)@ _ 8"“'

o
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éf Use &Yhen} Theorem o [\mc/ He cow,)erc lock wise
C\(CblCJ'\U"\ cvnd oul'u.cwcj Flux ﬁ;/ He Vedor Freld
F = (X+'=lH) 7 T+ (x+y ) J ond He cwrve

* tHe S?ua,v \coumﬂed \93 x=0 Xx=| , g'— y §:1 .
°M:x’+wg = N =2x  ad Hy=1
N=x+4" = Ng =\ ad Nyz2y

e Flux = SS(Mx"'NJ)d"O"d :”-(zx—k'vj)olx c[a

R C
j (2x +2Y) a\xoln = j (xz+zx3)olj :5(|+23)ol3:7_
ch‘c\)]u"l‘ovx = jg(l\fx"Mj)dx dj - (S(\_q>dxd3
R R
= (o dedy = -3

p Evelvabe e inkegral ) (sgk v erely)
. ppp)j Green’s Theovem form #°
e M=3y = Hy=3
Nz2x D Ny =2
” 9f(3ac@x +2X dﬁ) - “MO\"*N‘J&: g (Nx—Mj)clx Glj
- R

- SS(—L-Z)olx d;j

g i SMX

= o dedy

o

- ‘
J Sin X Jx = -2 {
o

[
|
|
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rmo{ O'F Green’s Pﬂ)eov'&m 'Fcr SPGC‘\\CJ ’?Eﬁs‘ov,g \6€

. ).c?L C be smooth sim,a)e closed curve i XY~ plane as given hese:

Le\L R be, Hne Yegfon enc'oSed )°J £ 3'?
Given F2Mi 4+ N§ with M,N ad
Pheay ff/s‘ Fa()l\‘uj c”er\\fajr\'vefs owe

Ca' 8= g_’L(X)

ConL\‘nuous ol we/J POl‘n‘} I seme —
open \(ej\‘on ConHCn{ns ¢ «d R.

W n@@o| I prove e C\\rcula/‘“'bv\-cur, 'Form %
é.

Mdx+ N dgj = S§<N,<" Mt;)dx dy
$

R
Nole Hat the curve C consisks of Ywo als‘(‘ec[‘ed PN"!'S-

Cl:gz,("(x) : szg\o gl

(st 3= C‘LU‘) ;()a 2 X &b 0 W
e ¥V x e[ab) = 1M du = MN0Y) \ :M(x,ﬁ(x))—l‘*(x;f‘(x))

o £ ) 5
— JH{x{(x))alx—SM(x,f(x)dx
o o
X - Ax - A
——J;Q_Md JC\M SQCM .
e, HHdes [[LN didy - ©

Uploaded By: Jibreel Bornat

STUDENTS-HUB.com



oo we derive the ot hlflyinlegraking N, |

st X P wrt g g .

° {\‘o\l Hlaj' H\e curve C CQ\AS\S)—x
oF o A\reoLcJ fﬁflrs

C,‘LX"%\(g) ; c<9<c\ N
C/‘l"'g&ﬁ) C—:‘Sé o Xz 9\4) |
Vyel[ed] 2 jN dx = N(m)} = N(9,19),9)-NOE, 3)3
9,() 2= 9,4) 5

d 9, d ’

=> S JNX d x C[j JE(aw), ‘M))‘ﬁ—)‘{'} }

C ( . |

3\3) ] A ;

= J,\/(g\%),ﬂ)alj *SN(%,“”"» J |

2 d

’ |

kK gdy

2 J N ala % JI\/ 43, —ﬁ“" J ‘

C; <, L |

Mowe, frdyz ([ Rededy - @ \,
/) 7, X

o Thus, QAA,‘AS O+ gves -

' X &”A
ﬁ;mo‘mél\/o!a,&)r’\d y N
(5 (i M)

R
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