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is orientable itt

1- cont . unit normal nekton field N :M→$m ( i. e. Ncp> c- THE b-pen)

pf= (⇒ ) M orientable ⇐ 1- {filk -1M }✗eA s-t - ¥afH=M , with

detldfptofx) > 0 . Define Vx : Ux→ Sim along f-✗ satisfying

Vaca c-TMfÉ×, & det( 2¥, , - -75*14) > 0
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detlaii ) > 0 where 2¥;p= ai ;
I #
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isomorphism,nmiTPM\ = aij.dk ej
1-
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aij
= dXx" and Det Cai;) >0 fsucebyasmmpb-detcdk.no)
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⇐ ) conversely if Nis 8mn , given a local paran .
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Then 2.11 ( Jordon- Brouwer separation theorem)

$-4M CIRMH m- dim compact connected submanifold

⇒ RmH\M has exactly 2 connected components
A,B

with M
--24=213

,
and thence) M is orientable .
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define 5 : = sup Is> 0 I B.sleep) ) CV

and take
xp :* 4-FM-ly-lcpg-lea.it)

Take pem ⇒

Vp 1M is ditteomenfic to B , Y✗n=og ( Xp is the diffeomorphism)

and hence it her 2 connected components . Let us show that

they belong to different connected components of MMM

them+11
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let P±%Yp"l±Eeu) suppose by contradiction
78 : tail → Ñ'M

such that 8cal -- PI , Rbl =p?

(c) 0 to be chosen)



Wyvill contract a sequence piecewise smooth euros gli)
,
Osier,

S.t.

• rlil goin P! and P? for all i
--0
,
- yn

• 8107 never intersects M

• JIM c Vp
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• # (Vitim) mod2 is the

same for all i
= 0
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This leads to a contradiction
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YPOÑ
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a Caine [a,b] →
Bit {xños

joining Een
and - Een and intersecting



an even number of times ✗n=o !
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Constriction of Hi
)
: for all f. c-

M let

rq
:= sup { r >o I Brlatlcvf }

The fenily of open balls { B ,r¥ G- I / 9- c-MS

covers f , and
- siree Mi> compact - F finite
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Let or := min / distCrY;YVP , my 7¥)



Fix C-tactic -
-
- ath = b such that

184yd
- rlt;) I < or

het D:= dian ( reais])

suppose latter
translation that f-0 and define,

for it 0, 5-1 , - - K,

j
-

- lPE = 84-4
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--2
,
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where Yi" is any point in B , chosen so Thet Jj
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By construction { 118%-4-8%11<-38118¥, - r lie
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Now for each lilt define the cave 844 :[aid → 112h
as follows

Cal It . dstrj
"! M) > 208 let;,tµ ,]

is

the seii yj"
"
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Now let us show that

A- (jillian:| nm) = f- (ji" synth / mod 2

/

for all ill ,
liiey

It is enough to show
it for Ii , e) → lilt

1)

and ( i , K)
- UH , 1)

In such situation only I pointychanges
between

%
"

changes
to Hit

"

yliiel and gli
't' )
,

Hence
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the ditthere in the intersection number
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close
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This completes Stef !

8l④ Let us show that
Rihm has exactly 2 connected

components ( steps shows atleast
2)

Indeed
, given any

two p , f C- M
,
by step 1 ,

Pe 2Apn2Bp & g- c- 2AfnJBf for

connected components Ap =/ Bp and Agt Bf of R
"'M

NOW
,
since M is connected 1- came c :[as] → M from ptof

Let N : Ea ,b)→ $m be a continuous unit
novel to Mateus

the curve 8 .
Now for Ezo smell enoug

the curves

t to cut + ENlt)
are in IÑHM



=) either Ap IAg- and Bp =Bf

on API Bf and Af
-

- Bp

=) ARhim has 2 connected components and

since M
is bdd only one of

them can
be

unbounded .

We call the bdd component

interior and the
unbdd one exterior

Now we define the
exterior hormel

N : M-1$ as

the helmet
such that ✗ TENCH belong to the

exterior .

(resp . interior
newel ) . Then N is ochiuuon

on M

and hence lby Prop .

2.10) M is orientable
Be


