ProE: Given o parametrization X with T?S = Span {X“v, X“zS,

+we shape opevator S =-dnN, : TS — TS
S gtvem b\g ‘e wmatrix:

-
S = (%) Ay (#)
Proo'l:: 8\3 definition ,
S(2y=-dv(X)= -3 = a2 +b2
ou, u, ou, ou, U,
2.\ - 3 . _ 2 _ .2 >
S (auz) = -d (ﬁz) - ou, - ¢ 5:1.+ daz

Written 05 w atrices ,
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(Ay) (93)
Mm\‘hpn\,cns ( :5)-| yields (#).




(0(0 Carmo § 32)

§ Normeal curvatuves

V\,e now wawrt to 7vn+er?re+ +he 2“é ‘f'f A as
evalua‘f:nﬁ +he Cuwature of certai Plav\e Cuvves

'9‘“3 am S.

EQCQ”’ ”
3 k=< N>
\,Jy
T with orientetion {T’ ))

o
pb.a.l.

Le+t S = ﬂ?g be a surface Oviewted by

Fix Pé S ond a unit faV\S@w(- vector V € T?S

Consider #he oviewted ?\om& 3
P
P, = span{v, Pl
v —
e—— —|

o v
Pos. ovteutetion P

which cuts S alou3 Sowme regulay | L ——u

Cunve (why?) plb.a.lL.
o: (-£,6) — S st olleryzp , olor=v

which coan also be fesaréee' as a P"’W\? cune on Py

wit  curvasture kv =< o("(O), p?2 | —(#)
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ok v Ow +he othar hand, smee o € S

= ots)eT T, S ,Vs

o (3)

S A, N(ous)dP=so VS

DiHerewtrate " , ,
wrt. S => <, N> + <X, dN (A @)>=0
\ _— s —
ot S=0 - -
i.e. A(V,v) = kv (m)mm! cunveture alony v )

Ba +he variatiowal chavecterization of etgenvalues,

+he Pf"'ﬂc/!‘pa\ curetures (ot p) ave

IKI = min k\l IKz = mayx k\l
VGT‘,S g veT‘,s
V=4 Vel
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§ TO‘I'tha Umbilic Surfaces (0(0 Carmo §3.2)

Thm: S < fRs Covmmected = S is covtained in -

+o+a".a umbilic Qa P'ane oy SPhere .

Prwf: Reca\l #het +°+a“3 umbilic wmeans

K (p) = Ka(p) at every p €S
ie. 3 function -+ : S — MR st

S =-dNp = F(p) Id : T,S =TS
EL‘- Show +nat £ is Simooth !

For oy ?ammtv\‘zk\'\‘ow X(“N) on S R

°oX -2t - - X
[S(a_u)=‘?§-§ = oun ‘F?‘; (5¢)
%) _ ¢ 2% N _ . 9%

S(a")°{'a_\; '57‘{ oV
>N of X 2 X
> -‘avau = 53!44—‘? a\:_au
T 2wv - u ov oudv
of X g_-Faz
= 'a;\(;a—u - Ju ov
X 2K
-— %:% =0 (~{a-—‘i’$.$ (%) wu:‘ep)

i-e. ‘F is (localua) constant ( S covmected)
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= N = cmst. Pplane!

Case 1: £
+

Case 2:

C*0

\c\

Clajm : S 'S covtaived wn a Sphere of vodius

T+ sufpices to show:

X ¢ = cewst. P o Conter of dio gphere
— { = ° o
Note #at
D \ _ 3 Lan®
au(X+_:P_N) = 2a ' £ ou =0 .

S')'milarka ,

(e n)=0

This proves +he claim Siwee S s counected .







Bta SPeC'tY&[ Theorem |, +we Qeldf adjox‘vd' o?erd‘fw

S = - dNP : TPS —— TPS dv‘agonal.'zaue

et‘Squa(u.zS T X, X, principal curvatures

. (at e)
e'seuvedm: : Vi , Vs Pn‘ncf pal diwvections
(uwit)

"
%‘ P€E S ic an umbilic potnt <¢=> at p

S is 1-0-{-@([‘0 umbilie <= eveny o € S is uwbilic.

ExamEhS :
Plave Sphere Cylinder
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