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Read a surface S i s closed i f I t has

n o
boundary:

(opposite t o a surface w l boundary, bk

a closed Surf has n o body.)

Non-Ex E - ← disk i s
n o t dozed.

Ex @FE I @ €



Thnx Every closed, orienleable sale i n
1133 Encloses

a volume. Q

"proof": Idea
i s every closed orientable Surf. I n

1123

i s
"similar" to a sphere, donught, o r a donut

H mu l t i. ,
a l l o f the above shapes enclose volumes, s o

the original shape must've enclosed a volume.



Them (Divergence theorem /Gauss' Thm)

Siclosedsurfaemp
Q : volume enclosed by S

F : smooth V-field o n Q .

This flux-f) F r i da =%dwlEIdV
Noki.ssmallsurf.QT.by

f lux a dike) Cp). Ud (Q) p l s a n y port i n Q.



Ez find the flux through the surface of t e

Cubad OEXE2, kyE4, O E Z
E l of fee

V-fed F - 4×442, 4-z , 2*4+273.

don'tdo: s i x separate flux.in/qnls, o n e for each face.'

Instead: appeal to Div.thmi.MX#=2xt3.@-
fluxefffadwlFIdV



flux = ffladuE l du = f)µ#3) dV
=
Jo),"fo

"
&#3)dzdydx

= 30



€ I f F I s a source. free V-field

(dive)Cp)-O for all points p)

then for am% surface S,

the flux of F thrash 5 I s ze ro .

Proofiflux-fff@dwlFIdv-
fHa0dV-O.lbyDw.thm.)



€ I t E V field Wl Constant divergence:

led# ( p ) - K for all points p.

then fluxof F thrash any closed suds.

i s = K . VollQ)

Prod ftux-fffadwfdv-fffkdv-kfffdV-
Q-k.ro#



EI S closed cylinder of height 4 , radius, I

WI bottom fire o n xy-plae
centered

o n Zeex i s

§¥
¥÷µ4

Goal: find flux o f

F = 4×4-27, 42-yz, 3×+2-27

through s '

µ¥due)=yt2y_z+2z=3y# Z = Z

* Vas O

'flux-fffabytzdv dtrdrdodz
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