



































































Last time Ilux integral
Flux integral is a surface integral of a vector field

1 F d's 1 Feds If tmall.ir xF tg
rectorfield unit normal in uvplane
Fixy 21 vefforsfield

defines an orientation
1 default orientation

at A induced by parametrization

Su
y z

2k If S is agraph of some function glx.gl then
ix g ax.y.glx.gl

xrj c ga gy.es
5 di 151 Pgx Qgy R dA

Toto
assuming upward orientation of S






































































Physical interpretation
2n

yF gÑ
S oriented surface with unit normal

ventor

Imagine a fluid with

y density glx.g.tlaudueluityfieldpy.fi
flowing through S

Then the rate of flow mass per
unit time

per unit area is given by gÑ
I go ñ Als p mass of fluid per unit time

crossing Sip in the dirention of 11

1 g ads rate of flow through s






































































Find a parametrization Rail and an equation of the plane
through Po containing non parallel vectors a and B

L x X ply yo f Z Zo 0 scalar equation of theplane
through Po XoYo Zo with normal

vector ñ t B f
5

Zn

E mail.E.es EiiFabubiss
y

on to ua tub

k.IE 3






































































Po 2,2 31 07 21 0,3 Po 11 3,41 07 40,3 2

2,3 0 D 1 0,2

Po 17,3 91 2 3,97 Po 6 4,7 1 1,17
5 40,1 07 5 40,2 3






































































a Po 2,2 31 07 21 0,3 Ibl Po 11 3,41 07 40,3 2

2 3,0 D 1 0,2

x5 L 9,6 3 0 5 6,2 3

9 X 2 Gly 21 3 2 3 0 61 11 2 y 3 3 2 41 0

Flu v1 42,2 3 4 1,0 3 v42 3,0 Flu u1 41 3,4 4 0,3 2 1,92

on EEE c

Ic Po 17,3 91 2 3,9 Idl Po 6 4,7 1 1,17
5 40,1 07 5 40,2 3

x5
Pp
3
9 49,0 27 xD 3 2 3,27

9 X 7 212 91 0 1 6 3 y 41 2 2 71 0

Flu v 7,3 9 442,3 9 v40 1,0 Flu v1 46,4 7 441,1 1 V40 2,37

or Ear or

Z 9 94






































































Stoke's theorem

as S oriented surface choice of ñ

bounded by a closed curve C

C has an induced orientation

L walking along C with your head in the

direction of ñ you should see S on

your left

Steele line integral of Hangental component
F dñ curl F Is of along the boundary equals

the flux of curl through the surface

Notation C 05






































































Curl For ix y Z L P Q R veitor field If I is conservativ

cure oxE 0 8 Even.EE Imnemonic

if curl D then
curl of for any funition f

is conservative

Diverge di p 8 It div cure F 0

arsmnemoni for any
vector field F

For F Play Qlx.gl as one has Gr there

care El F dñ f fegdAF care F tn

divof v of If If
neuref

Laplace operator L

t



Special se
g is flat and lies in

xyplane
ñ K we get
di felids

i

It we recovered

Green's theorem



Ex C intersection of plane y z 2 and cylinder xty 1

Find F dñ for FixyZl k y x Z 7

f c Sol Use Stoke's Thm

I RIX 1 curl P Ex 0,0 1 zy
y 22

2 s Fixyl x.y.z yslglx.gl 2 y

YED x y'eel
xrj C gx.gg 17 40 1,17

3 F di 1 curl d's
1 0,0,1 zy 20,1,17dA ffle zyldA

FLI.ieff E iaodo taiolt tt

sinD



EI s part of the sphere x y z 4 inside the cylinder xhy 1

above xyplane
Find 5 curl F d5 where x y z xz yz xy

5

X y z 4 Sl 1 The boundary of S is the curve C

y tighten
hy

2 5

x y live

2 Parametrize C P f cost sint B
TEZI

3 1 curl as É.dñ

feeifiijet.eeetedt
F scostl sint is sintcost to dt 0



B The answer depends only on values
of F on the boundary curve

We could have taken another surface s

with same boundary C and

S cane d's would be the same
c



Interpretation of curl
Evelocity field

of a fluid

Stoke's thm

Ifcnet.ndsfqr.deEvelocity Tulation of
around C

tiny dis about Po tatcureplp.IR
tendency of fluidof radius Q to move around C

cure ftp.l bing.to oJ.di
Ca

The curl of a vector field measures the tendency
of that field to rotate around a given point


