(6.94. The A’wersevxce +theorem

2530 Thw (The dergence theorew)
Le«'\' ? be (s ¥ diq'erew\"(ox\o\e \ICC"DV -(:’(C\A on Q& SQ\"‘A E I{- ""\\Q

bouV\ANrj OC s oviewted (wﬂvwmés hewn

SSBE?-AQ = mr: dw(FHdv

Nove (1) The Aiuergeme theovem (s ex\-rew\e\j usefa)l for
ComputTng the flux over o boundary surkace
* s usage 1§ very Swilar o the usaqe o  Green's

4heorem for le  Tnteqrals .

2) A boundary surfoce s also caled a dosed surface,
€.9. spheres, elltpscids , -

(3) Totuitively, she divergence measures +we net flow
out of eacdh powt -
AW E) 20 D ourflux > flux "o source’
A By =0 o ouwtflux = mblun

A (BY<o 3 outrflux < Tnflux "o sink"

ATV(?) 7?0 ATV(:\Q) =0 A’(v(?)(o



E& Consider the VQC\‘C\V\ﬂu\Ow box B =1(0,\1%f0,2]* Lo 2].
Frad +he outword flux of Foug gy = (x4 2, ¥, X\ -42)
0Cross +he bowf\c\ar~3 2B .

N

AN

L1l

‘Q

SSDB?C\E ? “Sg A’(‘VC‘—:\)AV.
dw - thw
P= ¥4+ 2, Q= e, R=x4z-y2

DduF) = Kk*+@y*Re = 40 +xy-y = %Y.
SSBB?AE = S;S:S: XY d2d4dx = S‘ Sl 254 dydx
el

Note T\r\Is So\uﬁoV\ S Vevs §(M‘>\€ (om‘)areA v a c\?red-

cow\\)u’vo\‘ﬂovx of +he Tw*e?)m\ over eadn fae of B

us‘wQ parametr(totions.



Ex Consider the vector {reld Foq2) = (Yorz, x*-42, 2-1)
Fd SSS?A§ where S {5 the paraboletd 2= -%-y’
WU 220, oriented upward.

T the drsk with Wey £\ and 2-0,

2 2 oiented downwar]

7 E : the Solid bounded by Sond T.

~

1Ea S} 4 D 0B=S+T T¢ oriented outward .

P= ¢'-%2, @=%"-4y2, R=2-|
Sdu(E)= K+QytRe = -2-2122 =0

743 = P03 4 P03

NATNRENEr R
SSDE?-Ag p SSSE c\?v“c?)év =0
div . thwm o

- -
The unit normal vector of T T w=(0.0,7)

SFw=z1mT = oo T

2=0 own

.
a,SSTT:‘.A‘g‘ ={{ 7% Ag:SST 148 = Avea(T)= T-*= T
d

-



Ex Consider +he solid € bounded by the spheres Sy ond Sa
\respec’r(ve\3 e ‘0‘3 )(°‘{—»f+21 2\ ond Xz-(-tjzf = 4) both
ofewted  owasy fowm 4he Ovg . Ror o vettor freld T—} Wit

_ 2 _ —\. - _ _ _). -)
SSSEANCF)AV—\O ond SSS,_F 49 =16, ‘(‘\(V\A SSS\F 4S9
Y=~ 1S. © oriented outward

S (s orfienwted Mward w“(ﬂ\)
(Vesvec‘r  E

N;O\‘e_ This PY°\0\€W\ © very gwmilar fo the " Sm‘(\ej {oce prob\em“
fom  lecture 34 Iatuivively, we have

ney flux = out Clun - mflux
3 SSSEAT\/L?)AV =S& ¥ J3 - SSS .d3

K SSS\_:\A_S‘ =SS 43 - SSSEC\WCF)AV = 6=-10 =6



#Q Consider the Tverse square Lield

Ty = ( a 3 : )
] (%% jzﬁz)slz (e ‘j'z.fl_z)ﬂz (4 jmﬁz)s/z

let S be a \oouv\c\avi) surkoce with  outrward orteniation .

W) Fd SSS?J§ when S does nov eadose +the origia .

E : +he solid enclosed by S
S E=S Ts oriented outward

e

F @ defmed o E.
(E does not contoin +he origin)

S&S ?A-S* = SSEE\—:‘A_S* ,? HSE ATVC?)AV :E

W\
dv. thwm o

Note Taiuitwely, the tyerse squave feld T Was no

Sources  of <Swke ™ the domain.
* The ov\l3 source (5 ot the oriqin

where E s not defwed



(2) F‘W\A SSS?A§ when S endoses +the oﬁs’m.

* We cont consider we solid
bounded bj S sincee ? s nok
defined ot the orgn

S': o sphere Centered of the origi whidh ewncloses S
Witk gufword  oriewtation .

E: the solid bouaded by S ond S'.

S JE=-3+¢S T oriented oufword.

(S 1 orented Tward with vespect o E)

E—

T s defmed on E. (E does nob contoln +he origin)

S
SS T3 = SSSEAT"C‘?)A\’; 0

\

div. thm ©

off 7022l 02 £

*) lecture 37

Note This exuw\?\e s a wmothematicol presentotion & Gouwss's
law o electvomogaetic fe\ds



