Collcullus, week. 10, Srigg 2035 .
Recall. ac P N
oI £ R =R, thep the de«er\toCQ 1S

TR = 2 w%(@j r Bt

= ( qug) , %CP) §£q§)>

® The dbced:conaQ OQz\—‘uo\h\p OQ 0 aﬁi’ﬂ

p—

a unt veor G 5*13? IS

(v Q) = [, Lehi)- P
hso h

T 7% « @
& Mean \/Q,QM.O. ‘tj'/\m CQYd chain mﬁm

—ﬂ:\m (—W\m 163 \>

let ¥ be a smooth de:on n
van&Be‘»‘ Sven t MRS Q PD'Y\t C

on Ttha lim samat Connectnga & ano\z




CH-{@) = D e (5-3) ®
Q .\.C\‘ E

(L L®=RELD = O )

Agume. A+ 5.
Reaal]. t[m%hm %mar\t

_ N Q+t(G-3
5 - akbd g )
tc'g_a) < C=I

can ke pawmtﬁZQd Joy

SN \\ N
Let S E_a é+ ‘t"E‘Q“&s
AT Tg-al

(Considar H,\g_ ety clion GQ L to CTE :

Qe+ = Q/ﬁ+t 68—3)3 ‘ + ATt ]



W - s s — SOy

= DC O+ tl”;—a" a)

NGIE: N
&‘i Pra~e ) ~ﬁQ‘M P@km--(?@ du
£ ot A

<

= VLR(Z+c£d) I \AGesT) o

_)-Rm(\%xe ( g= t-Ib-al = 8&): Q[GAH—SGI))

_lb-all

/ —<%) ds? B-o
8@‘ XS @ 22 a)

~O

= (vp(af . 1B -all T @> (5]
= R(B+t-TD) e (b-2)

o’

ob

(By the. mean valua, +hm (apply o j@)>/
I toelo, st
[D-8oy = Kt - (1-0)
| 1\
Oy 0R)  OOMRt (B2 o (F-7




T/ VS=s VA \‘W T
let 8= B+ t(b-4). Than
Cy-f@) = R(Bye (5-8) 4

~Jhm
I VR = 0O V<Re @,‘lﬁ\en
G o Vo . . >
‘P s Corsfont. e chbz(l(\‘j) v X’ile(k-
@) I PG = \7§cf) V?eﬁj, e

3 celR s .
Oy = g0 +¢ vRel



@) (onsideor Q 9

vcc—gboc)\ K- VAR = 3 vret
(£-3., By, -9, )
(Qiﬂx G- &80
(S ,“%5 - (8.,9,3

B/u‘), %-8%)= Conkant = QC el

3 VXe
> L =30cC YRR
¥
Chan e
z%ﬂ“ m
Q- «QCxAO Z) — ‘R‘“”IR

e ¥ be Vet vaJuL& QMC‘QM
with one variable. Cavxg&ox\ oQ‘:(:%rer\‘baUe

K2 N
S Los R>IR
(L) = Llvw , ww, %Ba
T = (am, Rw, |@ )

T (Ol e L2 4) A A TEEW) )



p—— VS h |
@@ (s e 5 Ge)

)

T
|

d ({ )
It Plsw, no, EC’@)) (6, S0, Rt
\\

699(m>> g(\jiés‘étb) , %g&m% érct)
= %ﬁ%&;&)) . W€

+ %Cmm,m&x, REY) ¢ B3

+ gg(&ﬁ%&@,@&g ) 25;/6’(')

I

i
B MVT, 3 2-70) betwen SCtth) ond &ce)
st. | -
Q) — P(Fe) D i
= PP o (Bteh) -56@)
> . a

~m \ ~N



{(E ) ~ FED)
h
= ‘T (\7@(6&3) o (SG) - ‘Gi(t\3>

WC@ ( trh) — %‘Ct)y

lac h>0 \L TS

@ﬂﬂ
o =

éz‘ \0‘&4(\4) &)

Gne £ 1 Smwh, 'CQ"PQ‘(ECDV-\CM
> J& -Q(C(J'\)) — Q(/Q‘m CCM) ‘QCF[I)>

k—)o
L C(a(t\)) = ( 50) XWQ@CM - {6
lh>0 90

>, Voo = (R, 66, fad
= VR ()



™ vty - ||, B - 4
4 h

wle)

~ =
(ot « Fom i
OO \/\\l_//'\-—'

- 3
VL (56)) =

E(amF\Q
D Tndl the Yate (9 CMT&G Gp
‘QCX/:P = T)S__(XB_l_ jg)

aﬂov@ he  Cunre o SE )
\?C‘a = (a Cost . b S’)Y\E)
With veed to T,

ol
O%-;QC&%S) = P e v

S



A= (6, §) = g)
L) = (@ests, (b svt))
= (&* s't, Bsitt)
s = (-asint , bast)

= g = ALE) o & CO)

= @Z Cas2t) (-a s i) +& sbolt)(bcbst)
_ oot (B ont - & cxst) %

S—

IR 2f —2 _O
A /N AN L /D0 Aus



b T\ e ) XY I
VL«- % Sh = (2 ) e (G %)
=90 20 « )
= 4U-4C o

)

WL X MY

= (Qr- '13) (s Lt ) + (2 +64)(2t’)
= (lgz,Qnt - Z\-Sti) RN Q"t
+ (0L +u £ o

2U AU 9x . U oM




e — — —,

£ o o Ty X
= (aSht-48t) =
o T
JrC-iS‘,(&tJrl(-@Cé)- (st ¥

D Asuns
u%:%(}() is &-@\&WC&MG

andl
Ul = Y-y el-x- =2
Q: %}% -7
)]
&((ACK/S)) X 4
O= . oW 5%4-013;%;
_ d
= (M&a—\) 1+ (2X—35 ~2) a_é
=) CQ& ~ | - 4-)(%
O 2 6 -34—2 "0y



ke MDy\l< tinvyoe) - N~y
\ If

T 3
ng E> R = (R
?(C(,x«lj,z)\ = C‘ﬁ(—o&lg.a) , % (C(x,j,&) , ﬁ@(&}&)

B%i?j — K(/C'C(X/y/i)). g%(&j&)

D D b
D« Sj >z
/ ( ol )
DK
. 2
s
\ - w (& & £)
5 x3
3y
(QQCD.@.
Il—> R’ * R
>

Lok
(@ = VRS & S

Or

(.A\ C(X/ 'j/Z) (0 560
X'\CO ( l/ /é
X= Xc’c) 5&) Z=2)



- (2 u 2y
Utty= QCx&),(‘jw, 2Ct)) “or Sy /3 (To_l}i)

£

AT X AT oy de | sz dt
ExamE\q
Assum_ &= Zry) . Frd g,% , 9§

® z'+ x*Z +&2-\- 0(23_:2

- MLxl‘j/ Z)




O .

((
W DX, M B 3&
>x (> N )

.2\ 9%
= (g0 L+ (Pe3xd) 55 = O

> or. - (¥
’ 3" 427 =3x &
(Ac’)/(,\j,%)
D s (g t S (Rfed) =0
X _0

(Sl xy - Xyt ox
2 ¥
> 92 Sinlrye) - 2 - NV
ot _ ‘ <
X -Sin(ye) xj ¢ Ry
3;15 can e Computsed smlarly 4



E_(O_mjiﬁ' (Polax Coordinates > | g

Assume_ U=uotcy) s Smoeth

g, uw B)
it X= Yos8
23: snd
Dow -y W_,
v . 50 -
o). B-[rw,@) = (58

/(
- [ 9X\ ¢
‘ar Wl Sx b-4n

= (v€\9> SO

OX % .
2 (ves0) = - Y&nd
(
M _ o @*_ ou (94
- 28 8 A 2 (v$in@)
= Y50
U



Dr 2
ol
By(D/
2
ouy\- L (2
) W (33
2 2
U 2 5B
N CoSp ¢ Y
2
+ —\,.‘T -g—‘; rSihd + 1‘ \"‘&959)

s 2
= %jj(cus’mgm@ w-(%“) (S’ B+s*B)

5 2
= ((a)—;* + @g) (_:AM) #



§ Gradient ardl ﬂO\*maD veCtyr "9{}"&9

_ NV IV
Exarge / v/ A
Q) = ey =| SR e NN

Ko = (2%, 9{9 %J
=9. QX,S) |
et n

A noemal \ﬁeCCDV\h & o Do L i |722

s @ Vector thab is r,)e\«‘])er\d‘lw.lav taL) .
ne(v—w) = O

Y vV, \7)\) € L_ \(;_?L

The norma® L © s the lna thab

T PerPeh&chom ts L.

2
A__ A I N ] s (R s alven by



SSUTL. @ e — 5y
muK b& -C
(a,b)e C%n)
Than™ V. % € L /
(a,bysVv =C
-) (a,b) ey =C
X (0.,b) e (V-n) = c-c=0
So

Ca.b) is @ nocmal vec‘tavcpl__‘

(e, b)

L-ayy bU:'C

S"«nﬁ\a\(\y Q nov’mo& wector & a P‘ay\g
P in [R3 s a vectar thatb is Pe\"Perd)iazJZa\«
o ,P; ad  a noamal) ,Q.‘ruz, o P



C\W(‘\‘wa ~CW; = C

-

= CQ/ID,C) o W

> (ab e (V-w) = O

G)r\S\tdQY‘ Q Cuarve N x&—Flane

C ;. Lex W =C torgent e [/ §'¢od
° , 5

/ Q.
S:A?Pﬁe (e, 3,) & C ancal Xq)=C
- ’ Cij&)
VEx.. uy = O SN L




RO

Suppse, AT Cre.8e), 5T = (wco) , bzee)

C s paramufrized b}/ & dfoertiable
*Qu r\C,JCLOY\ N
() = Qs'. &) K;Lt)>  Flo)= ey

=
ﬂ( ) = Leres, we) = C

= %(QCM&» K;ec)\> 20%&) =0

= VQ Cs;ﬁ')) ° ?2‘&)




o VO Ye) S & r\o\-maj) Ve
G@ the ta\r\ﬁqr\t line OQ C ot (Ko, Ya)

PLoo+ xlty =0 —®

S &
- o T —e\ i BV | L ‘—C——(O) \

~



Sece ¥ € entive, & T ) >\

0 k
L= Z G- X YV xe (—00,00).

k=0
Thm
/ > k-~
L6y = ; kG X Vx e (oo - co)
=

= v 2o k-
> Py= 2 ko a X 2 Vo € Cos 0o)

k=2

D
.Q//CX)\' vty =0

k{é)(k+7\ y

e 2, @ e

00 > ks
Z <|<+g) (k 2) Qaz kaﬂ + ’Z) A, - X (
k= -\ ]

Q ket \
= 2. |-Gy + é((k@&@&m*‘ Gic) X
Remarl<
2 bX =

%52&2 =D D 0x=9 - X
= bk=o 3



L(m)(m) (e +0c = O h-( )l
‘ ¢ v ke 20 b ( )[X_a
aks: — a\k = O [r O =0
k=0 et 2= Y(. ™0
= A o {
s 3.2 )
f=t o
k b= - 73
=2 U=
- — =0
=3
Qs (@ N
Ge=~ 765 = Gras
Ksn = ( BHQH\ (— (Sn-35 (3n-4)
\
(- = Qo
_ l
Canee = (anmcmy @vz)(an-z))



a&mz = O

So
Qe 2 Qs = Zagnmzawfx

k=
-(_/E(@W :C\B
n= =D

oo 1)(3"
— n
C':,o ( é (“) ) (gh (’3y\-l))-([3n‘3)(3’\’4)> i ('3‘2)

® 3N+
: : X
a| <Z C_\)

n=o @M~ ((3n-2) 1)) -~ (4 3)

\&



