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For every y®eZ,
let T (2.4, 2)€ PR3 be
+the unit vector

+hot's or ﬂ\osama'
to Z, and points outf.




Examp|63 Z, the sF\wet} of

radivs a, centered at 0.
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+hat's or ‘l"'\osaﬂd - =% !

+o I\ and ?oin'l‘s out. 45 \ n

+he unit vector -




Examp|€3 Z, the sF\wef_'f of

radivs a, centered at O.
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o Z.‘ ami Poin'l‘s out. 45 x ;‘,

+he unit vector -

+hot's or +\nosama|

¢ z IS o |3V3| set FOT -F(x,'a,z)-.- x 4.4624. 22.



Exawp'ei Z, the sp\wef} of

radivs a, centered at O.

—

+he unit vector A VA
to Z, and Poin'l's out. d -
Y A

¢ z IS o level set ‘W ‘F(X,‘a,%): x2 .|.qa7-.|. %7"

o VE(32)= (22,24,28) is orthogonal Fo 2,
and Foin‘l“s out.




Exampb: Z, the sP\wef} of

radivs a, centered at O.

—

the unit vector of T &8

that’s or thogamal i~

+o z ond ?oin'l's out. J; g
Y A

¢ z IS o ICV3| set ‘W ‘F(X,z,%): x2 .|.qa7-.|. %7-.

o TH(x,4:2)= (22,2y,22) is orthagonal +o 23,

and ?oin‘fs out.
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Exampb: Z, the ’P"'":f of

radivs a, centered at 0.
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+he unit vector

f S\
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that's or ﬂnosana'
o Z, and ?oin‘l's out.
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¢ 2 IS o leve. set ‘Of ‘F(X,ﬁd,%): x2 +qaz.|. %7-‘

o TH(x,4:2)= (22,2y,22) is orthagonal +o 23,
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; Examplei Z, the spket_'f of

radius a " cen‘l’erecl ot Q.

FO‘T' ever)l (‘-ﬁaai) € z ,
et N (1.3.2)6 R® be
+he unit vector

AR = R T e e L Ve e R R R R R s ARSI 8OV PPV LY P b bl AR v 5 DR B 2

that's or 'l'\nosanal .
to z ond Poin'l‘s out.
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¢ z IS a leve‘ set ‘O't‘ “:(x,‘\d,%): x& .|.qa7-+ 27-‘

® Vs(x,‘z,%) — (21, 23, 2.§) IS or'l"\osona\ To 2 ’
and Poivrl's out.
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Example3 Z, the sF\wef_'f of

radivs a, centered at 0.

. JF

S R

+he unit vector

+hat's or +\n03¢ma|
to z and Poin‘l's out.

@

Ay 2

¢ 2 IS a level set ‘Of ‘F(X,‘\d,i): x2 .|.162-.|. zz‘

o TH(x,4:2)= (22,2y,22) is orthaqonal +o 23,




to 8 and Poin'l's out.

n is called the

outer unit normal to Z,



Fof ever)l (x..'a.i) € 2: ' -E—"—“—'-"-P—'Q-: Z 1"1 e
surface of +he cube

R= {(xl?va) . O .‘.1,1‘,25 '}

et T (1,3,1)6 R3 be
+he unit vector

+hot's or +\r\03ana|
To 2 and foin'l‘s out.




Exaw\ple! Z 1-’.,&
surface of +he cube

R= {(":‘3.1‘-) . O 51,1‘,2 < l}.

+he unit vector

+hot's or -l'\r\osana'
to E and Poin'l‘s out.
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Gauss’s Diverﬁence Theorem:

o Let Z be a (possibly lumpy) sp’merc in R>



Gauss’s Diversence Theorem:

o Let Z be a (possibly lumpy) sPhere in R>

@ Le-l' R be +\1e resion bounded 57 Z,



Gauss’s D'wersence Theorem:

o Let 2, be a (possibly lumpy) s?here In IR”

o lLet R be -l-\'\e resion bounclecl b’ z

ad

o Let F:R>—> R® be a vector Field.




Gauss’s Diverﬁence Theorem:

o Let Z be a (possibly lumpy) sphere in R>

o Let R be -l-\'\e resion bounded b’ z
R>— RS be a vector field.

o Let F:
n

Le the outer unit normal to Z

o Let




Gauss’s D'wersence Theorem:

o Let 2, be a (possiloly lumpy) sPhere In Rs

@ Le‘t R be -I-\'.e resion bounded b’ z
° Let ? : Rs — Rs be a vector Field.
n

be the outer unit normal to Z

o Let

Then,

Sg? -ndS = S“ divF dV
R

Z




Examg |e'
the sfhere os radius a centered ot OG)R3

- i(" ‘J:%) xt+ ‘3'*2 < az}

-

R - K F(x,ia,
ht )= = (1,3.2)

Z

e R
F = (xa,z.rx, x'z)
n




Examg |e:




Examg le:




Examg |e:




Examg |e:




Examg le'
® Z the s?kere oc radius a centered ot O‘ Rz

o R:= i(’l \J.%) 2+ ‘3'*2 < az}
C TR SR, Flayads (g epent)
° n (x4, 2) = (x,u 2)

)
z

E ) A Sz SK (13,%3*1,11'2) . -';(1,3,1)45




Examg le:
® Z: the s?kere os radius a centered ot 3‘ Rz.

o R=§(x,yd): 2t+yt+2*sa’]
¢ ?= R’ - 'Rz , ?(1,3.%) = (13 ,?.3*1, 11?-)
e n (x,-a.z) = — (x,z.e)




Exomgk:
° R ={(x,3.i) - 0fx,4,2¢ l},
@ Z: the exterior o-t ﬂ'ue. cube ,

@ E(lgzo%) ="“'(51 ’ 33 ' z) (00010) ‘ S
(1,9,9) 1,0

(o, l)
(1,01)

(0,0,1)

A



Examg|ei
° R ={(x,1a.vz) - 0fx,y,25 l},
® Z the exterior o} the cube.

o ?("‘J'ﬂ 3(5" : 33 ' E)° (0.0,0)
F'nncl Ss ?f\d S (1,0,9) (1,1,0)

(0,0,1)

(0,,0)
(1,09)

A
Solution:

Sé?-a‘ ds = SSS divF dV

R



Examg|ei
° R :i(""a'i) - 0fx,y,25 l},
® Z: the exterior o} the cube.

@ f(x,‘égi) =(5x ' 33 , 2).

A
Solution:

[F-ds = {{(d

7

R



Examg|ei
° R :i(""a'i) - 0fx,y,25 l},
® Z: the exterior o} the cube.

@ f(x,‘égi) =(5x ' 33 , 2).

A
Solution:

[F-ds = {{(d

7
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Gauss’s D'wersence Theorem:

o Let 2, be a (possiloly lumpy) sPhere In Rs

@ Le‘t R be -I-\'.e resion bounded b’ z
° Let ? : Rs — Rs be a vector Field.
n

be the outer unit normal to Z

o Let

Then,

Sg? -ndS = S“ divF dV
R

Z







Z: ' s 2: 9 concentric srl\eres

R: fes'ton between them



Proof of GDT for cube:




Proof of GDT for cube:

Let:

R — i(x,u,z): O.‘.X,“a.is |},

Zf its suctace.
ad ®
N outer unit normal +o &.

F = (F,5.R)




Proof of GDT for cube:

Let:

R = i(’-ino%) - 0% 1'16’25 |}-

Zf its suctace.
ad ®
" outer unit normal 40 &.

. F = (F,5.R)
>




Proot of GDT for cube:

|et:
R = i(x,\a,z): OSxy,2s l},

Z: its suctace.
(0»0. ') 'ﬁ outer unit normal 40 &.

N i (0.1,0) E = (F.,F'z ors)-
< I
)
(1,0,0)

(olol-.)



Proot of GDT for cube:

é Let:
R

Zf its suctace.
ad ®
" outer unit normal 40 &.

F = (F,5.R)

2<1}.




Proot of GDT for cube:

7. its sucface.
ad O
n outer unit normal +o .

F = (F,5.R)

-Fe' (o,O,I) - (Furz.rz)’ (°:°o')'-' Fg




Proot of GDT for cube:

Let:
R = i(x.,\a,z) : O£ X, 4,28 l},

Zf its suctace.
ad ®
" outer unit normal 40 &.

F = (F,5.R)




Proot of GDT for cube:

Let:
R = i(x.,\a,z) : O£ X, 4,28 l},

Zf its suctace.
ad ®
" outer unit normal 40 &.

F = (F,5.R)




Proof of GDT for cube:

s

F‘ ?\‘ - (F.,F,,F,)'ﬁ .




Proot of GDT for cube:

s

F‘ ;\‘ - (F‘.,F,,F,)'ﬁ .

Last lecture we
3
colled F:7 , P‘f




Proot of GDT for cube:

.

Fen=(F.RG)D:

Last lecture we
b
colled -7, P‘p" ’

and showed

({F.nds={(r ds
Z

= S“ AN? aV.
R

Z




Proot of GDT for cube:

.

Fen=(F.RG)D:

Last lecture we
b
colled -7, P‘p" ’

and showed
({F.nds={(r ds







T oPsiAe / Underside







Tnside / Outside




Tnside /Outside




Tnside /Ou‘rside




One - sided




One - sided






















