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l_(&} Surface mifjfa\f (Coh‘(‘C\\

Last e we learned how - fo Compele  [fg 45, wham S,

& amesth  swefece. As wilk lne mvegrals e can relax ths b S ber
p\c&w\se—SMw\\n, b‘J aw\?ubfﬁ Fhe 5upfw Tndeqre | oF ol Swmestl prece a'o'f\j
O&ﬁ e reg\t Yogether (asumrj Su a fuile union of Smelh sucfece
Tl Yinkrgect only a.\ij Hhewr  board arves).

EXML Bvaluate .U_, %2 dS, where S O the bb\.U\ij of the region
erclosed by the cylinder y'+2t=9, and the planes x=0 and Xty=5.

Subyon. The surfau S losks rovﬁ\n\j like, where we have rotaded the

9 \ : 3
. JSJ St y?az? =9 mevel  viing ona‘l
" X S‘z-. X=0
k. TS, S3t X4y =5,

Rir S, we paame e ¥(0,x)= < X, 3CesH, 25n0), s O<es$7m,

0 € X< 5y =5-3use
Now T¢ ><0,-3esD, 2507, 1,,=<1,0,0>, and

Yo x Ty =<0, 36059,35ih97 = |6 xTy| = 3.
Thus over S,
S;Y x‘tdS

£ x(35100) |76 = 7 1A
% 5-2s0
S: Io “ dysin® ax e
v
- L 3 (5-%cest)* sin® 4®
o
= 32-_(71!(5’30:56)3]0 =0

Oer S;: x=0, So f;x%c{& H; 0dS =0.

Dver 53'- ?‘(3»2)= <5—3)‘j;2> => ?3 -:(-L I °>,??.—'<°’°’D
= [fyxfal= T<Lnevl= .

2m p 3
ffs X2 d3 = J{%qﬁ(s-y) idA = L L [2(5-cos®) rsmbrdrdB

= ELWJ-: (5"2 ~r3cos® ) 5imb dcdb = r.ﬁn(qg’%lw;BSSir\EdQ

= 0.
So S x24d5 = [ xzdS *QXtdg* [[ x24S- 0+ 010 =0.
S Sh S
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Ociented Sucfacel
Vo defne o Surface m\-c’jra\ of a vechr {yc\o\ we need to qire 5

an orientehion. Fivst o nonexample. Na gl sur S are L
not  all 5ur(fscts @n be given an orentehion. classicel nenexampe 4
™he MBlius Sy,

To construd o Msbius stip, start wik o stip of Peper, pake

¢ Wall sy, then yon the ends hjeﬂvtr. This Surface  can Ve cotained
\’3 the parawetrit  equafvins

x= 26050 * v o5(%)
y= Isine r v es(®2) , 060 ¢ 2m, 3 ersed
22 Y i A)

Whats  dfjorent cbowd  the Mibius shp o et it 4
“um-.srded; in the sense Hat i You were T live on e
Mibiws s ond welk a ht Qall unHi| You retuened

'2«&‘:‘ a'Lob:\;dw + Yowr OY'J]N( \oca:‘Tbh, You would lee u.p.snie doan .
“w. o

What s means 4y Had  the unit nurmal vechr  deesnt Vary Conhnuoul]
on the Mspiws strip. T {v’u’c, TS e} cven we\\-defnul Sine €t
o™t bn e 5urfn skm\& Yowve s unit m.vvml vechy «pm\hnj N
d\‘ﬁm’( Ored TS,

Tor new on, we onsder  snly ovenidle surfees. Tf we have & Sur

S Mt o5 e Yorgemt plare et aery pwmt (except ¥s bwrdauj&, thelc ove
Juse noymal  vechoes fw eack punt; W, and A, -A,.

—If we cBn chosse W Ok every ?m\* o{ Ssuth Yt R varits (onh
over 5, then S cdled an " erentel Surfee; Yhe choea of B gwes S dn
oronietitn., For any orentable Su.q&ce, Yhere are Fwo possible o ACattons |

Tf S 0 guen by 22glxy), Hhen
‘ﬁ:;_.fi <-23,,7%%y,\D
x| x :
T B

gwes —we u%g&gd sventat) on c‘: S e ‘\‘h.T(-aMPoneth, ?o}n‘hvc\-
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nt (\;\*‘c\)
|tuxty |
ond  the o??osﬁ? orenfeho given by -1
A clssed sur Y swfau Fha
’l}) Convertian,  the positive
pm'\‘\ ow wewd «fvw\

TP S U o smeeh orentuble Surfece Qien by Fup), then T U ov‘&r\kdbj

u Yhe bv\u'du.j e Solid Y&gion E.
srentatitn () Y wne  where

nermal verhw s
=

PHitve ¢ renedion

neaahw orenYohion
Banplez The sphen X1‘31 y 2t =at

w pa(cm'\v‘-%cc\ bj
v (R,0)={asin0(esD, aSinPsInG, aces ¥ 7, D£YLT, Deoe2T

Wetve seen Hav \TyxTel 0° 5ind, and Ypxle =K a® sin*§ ces®, A’ PSWE, A’SintPees
Then Yhe oren dahion  induced \oj Tge) v
7= Ty *Te

- e

< 5N es®, sSinPsine, ces¥> = & YT (,0)
\Yp 5T |
Notte  that

e mdueed orientibon ) Hhe pSitve one
Surfee yntegmls of vechy frelds

3f F  a Cotmusks vechr 'P!dtl deﬁ\\ed orn an oremed .Su.rchzs

with  unit neemal vechiy B then The Surfw n&fgrkl F Fow Sy
§#.68= [l ®xes
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alse CA"&‘ The —E’i_et o{: ? acroess S
If S & gven ‘oj Flu,),
- = ﬂ. *(‘v
J;f?} ds {f r: ﬁ:ﬁ—
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Netice “This U spmilar
b b—. - 1]
L B =, PR -FlOd

Example 3 Tind the flux of F acnss S ,f;,
Plga)s <2,9,22, S the heliwd guenby
Fluw) = <ucesy, USiny, VY, 04 ULl 6<¢Vv&T, upward orenihion

S°|U.j Jon

Tu = <Cosv, siav,0 D T, = {-usinv, uctasy, 12 = ¥ xty= <Siny, ~cosy,u?
Alse, F(riw,v))= vV, usinv, ucesy). S

& .8 ={f§-(ﬂx-ﬂ;) dA
S
I e
=f° fo <V, usmv, uces V- £Siny, -cosv, u? dvdu
vV e
'In‘\CSro.ﬂbh = L, L SV -~ UCasysinY 'I'u"CaSV)dVdu
by parts. T -

= fo (S-"\V" VCSV -~ Jiu S\h"\/ + uis'an]vgo du

= L‘-ndu e | 8

Tf T=<P,0R7 and S b o graph of g0y, Phen
Bty = <Rag><-8, 8 1, s

#0358 = 072 -6% «R)dh.
S

v
As be:fm Tloy)  indues  Hhe (psitive) upviard  orremiation.

Example Y Fnd the -Flux of T acress S, where f‘:(x,\j,})=<3,-><,227
ad S v Hu hemisphere XC1gt 42t 24, 220, sviervied  doynward.

Slutbr  Were  glvy) = T4-w*-y*, so by The alae disussion,
[ 245 =93 +x33 v22) dh

where D= {(an) | xt+yt < 43,
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So,
j;f Fods - 'Q[‘:\' 3 (4 o)™ () +xek (o) iay) 122

B A—— - X4 - —_— e 1
J;f(m = 2 (g | dA

([ 27 aA
Y R A T --u)

Examy_\es fnd  the -F\nx oY— ¥ acres S w:nj The ?osﬁ’\w ovientefiy,
whare —

Flxyz) = Cy,y,2*D
Qm\ S :4 The 5?\€r¢ gf radivs p m‘hﬁrd et Hha GYU'H\.

Selutren 7(,,9) = < 2sinPcosd, 2nPSin®, 2¢esd |, < YT, 04 0= 2q,
Fos Exanple 2, T X Ty '=<Lls;h"-0c°se/ 4sintP sind®, Hdsin¢ cs® 7,
Alse, F(F(90o))=<Lsin Ps® 25in Psinb,Y cs? ¢7 '
?(?(‘P,Q))'(ﬁ, V\-"'e)‘ Esin'Pees’® + Fsin®>Ysin'® + |bSin® X3 4
= §510°Y9 + Josin'¥cos3y

{.f-\e.dg [ (8@ + losne ) de do

=S‘oh de f:'fS\nkP( |- s @ + 20539) 4
’211‘3.8\.: (V- ot +2u® Ydu

6w { u U *"'[u"'__]_:

- b (1 4 v - (0 eg )]

= YT
3



