
Recall What isAn & X ? CR3
S
L

#: (U ,VER-> (X(4 ,v), 414,2, z(4,r) a parametrization

around*(0,Vo)= p = S

Then := :=
OV

=> we see that the domain for is n-r plane , so

one should write (n ,v) to represent the rector

in R3
,
because (n ,r) : = (iv), M, 1)

However
,
what we usually do, is to write XuCp) , where

PES is a point on S ! So what this notation **<)

means , is really (no,vo) if p=*(o,) !

so for a curve on the U-V plane :

&:I R
~ n-V plane'

the < (f)= (U (t) ,v()(

With <(0)= (u(0) , v(01) =\Uo ,Vo)
,
*(*201)=*(0,Vo) = PES

The tangent rector to the curve on S at P

*(a() : 1-> SCIR3
,
tHY(ucs ,v(l)

[i.e . **(H),viti) = ( X(U(t),v(t)), y (u(t),v(ti) , z(u(t),v(t))]]
-> ->

**H=(v) U+v O
V

& Recall UCol=No , V(0)=vo)



This is why we wrote : for VETpS , by definition

= d :-& St . *(*(01) = P,
Then in parametrizationV can be rewritten as

↑
~= =OuCVO

TpS
and for convenience , write as <p · ul)+< . V'COL

Now let's look at the proof we did in the class :

claim : <dN(*n) ,*> = < n
,dr>

The left hand side < dN(X),Xi > means

< d(c) , Yup where Yuck & xicps are
explained above .which is really

>d(X340, vos) , Tv(no, vo)>, where p=* o
,
vo)

we (so Yul4o,VoleTpS

↑ and ↑(40,vol cTpS)
Now recall how do we
calculate differential :



If we have amap between two smooth surfaces

Lin
Sa

and VETpS1 , then dfp(r) E Tea So
is

defined as i pick a curveV(t) : -> S

such that v(0)=p , r'(o)= v

2 If
,
(v) := f(

is
, sending the curve from the
domain to the image , then take

the derivative.

Le
E

so to calculate dNp(Yu(no ,Vol , we need to
find a curve onS such that the tangent
rector to this curve at the pt is Co,Vo) ·



so what is this curve ?

Recall :

coordinate

curred

ele */-> Image

and Co,vo) := Mo ,vol = (
Where <(t)= (U(t) ,V(H) = (Uo+ t , Vo]

is n-curve passing (No ,Vo

so TY(uo ,vo)= Cott , V

=> O
,vo) U,) ·d

->

= (o ,Vol . 1 + U, v0) - 0

so dN((Uo ,Vol=I~curve on S

= (Nott,V



For simplicite , X↳>Ho+t ,VolS I

denote the compositionLenovode
I N(p)

i..e. again , we abuse the notation Nicp) to

mean (NoY)y (40 ,No) if *(o ,vo)= p .

So to compute <N+ (M) , >
,
it's really

<d (Co ,vo)
,

100 ,vol]

=) ,
To * Hott ,vo)

=N(H), ↑
↑ ->(*(2011) ,Ii v

= 0- < Nip, ) · Mo+ D -V(0))
Y -

=->ip , pic =-a ,Fin



similarly , to compute <& , dNXvi , we start

with Trcp) , which is really (U0
,Vo

and define B(t): It1R2 , + H> (Ust) ,VH)forEno,vo)

Then B(o)
= (U0 ,Vo)

, Bl=(4o, Vott) , Biol = e,

ye and <() :=TP10vo) = Co,VO)
140 ,Vo)
-> e

, =

If also denote B(t) = (U(t), VC+1) , then
UH)= No

and V(t) =Vo+t

so

=UO0) .Vs
-7

= (Ur,vo) . I

so < < , dN(Yi) <p> ↓
curve on S

:=</Mo ,Vol ,E II
P

= ,
*(no,Vol

- ], D



=O-M(0,v(01) · UC)+ (u,v81) : VC) ,Ep
***

=- (p) ,N > because for PH) , [U
== >ur() , Nip>

Now * is 20
,
so Yur = You ,

thus

<urcp) , Nip >= <p , Trucks >

=>> > < ,d)= > dini <p , Yicp >

and since [Ticp ,<3 form a basis for TpS,

we conclude that

> dNIV) ,Wy = <V, dNpIwly , F v,WeTpS
is
, dN is a self-abjoint linear map ↑

#

↓(Also as in the textbook

Notice that, by abusing the notation (as we did inclass)

the proof can be simplified as follows :

<d()(p) ,*(> : =< NoY) Covd ,Yo,Vol>



denote No** by = < NCUo,Vo) , NECUO,Vol

=, > 100,vo)

- > #Co,VO) , Mo
,
Vo >

again , abuserotations-= 0-><p ,Xu <p >

and << ,an> (p) >:= <XCUo,Vo) ,G(NY) (10,Val

denote <X(o ,) , NrCo ,vol
->

=, > (0,vo) - <*CUO,vo), No,S

== >r< , N<pl >
->

so by is = Xur(p) = Xu <p
*

so youcan
seethat they are really the same thing,

except that one looks simpler by directly taking

derivative for U and for V


