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Question What B the counterexample in a =3 , Top ?
Angry : Recursive construction of the Alexander
horned sphere . x -

- -
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:
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i:
pick two disks Add two horns - www.

pick four disks Add four horns and

④ The blue loop is null
pick 8 disks go on .

homotoprc on complement
of any finite stage but not
in complement of the limit .



④ colliers : manifold on with boundary 0M
has a collar NE0MXICM is correct

way
use this to prove

propa.jo.MS#BEMF&mEIYm
.

④ EEopyand-amhoarliftopn.fi suppose XCY
is a subspace . A map f :XxI→Y is called

an isotope if I define ft :X→Y by teak flat) )
④ for all t ,

ft is an embedding and % :X→ Y
is the inclusion ⑧

'ft
YE D' homeoPicture : ¥④•× ← anisotropy ml endpoints

Definition ; A ¢soapy④f:YxI→Y is called an

ang isrhpy of X when applied to XCY

⑦I A¥gTheocm , suppose sass is a
CPL or smooth ) eeub . two sphere. Then I -S
has two components DIE and

(Dvs
,
s) E- (Evs

,
s) = ( IB? 5) .

Equiv : There is an amb . Botopy of S to the rounds ?
proof : pick xe , off of S . 5%43=-112? Fix

f- a foliation of IRS say by horiz . planes §
More Cisrope) S to be transverse to 7 . ⇒
We now use a doable induction

.
The finest measure

of complexity is in = of 5 writ of

n=#Then there is exactly one Imax and are men .



• eat S into small

§
anneli land two disks)

-
lo) using Htt :) = plane at

• height ti and apply
JCT (and work] to annulus

2.
between HELD

,
Htix

,
)

Exercise : Ai bounds DiEDxI . Apply proper .

HF1 suppose there is one max and two mins .

Tother case is similar
pictures ⑨÷ it:

sideviewNearthes-adde.iq
E*¥E¥¥E

In both cases there is a disk D in E
the feud 441 of the saddle that

,
with a disk of

5 bounds a three ball by the n=o case .
Isotope E across B to cancel1 a min

.
with the

saddle . Thus the new position of S bonds a ball in
Cartoon ← n=o here .

f¥÷



¥47 Pick any level H=H④ which is regular
(misses oil points) and has > A saddle above.

and below . By transversely sat is a collection of
m embedded

, disjoint closed curves
.

We take on = # of comes to be the
innermost

.

second measure of complexity . Im finite bk Sept and {Is}
!m is impossible as S is ann .

and 4 separates.
¥7 Pick a c soH an innermost FEVTI
-

. let DCH becomponent of snttcmnennost.in H )
the disk bounded by d. let E1E

"
be the disks

of s -d . Set s
'
⇒uE

'
,
s
''=DoE "

cartoon :J i

µ
' Note that

in trial

S4S" has

5 ✓ 5
"
one new

max. and one new min . CTHB procedure is called

surgery or oom¥n of S alongDI .

Casely : Both S
' and S

"
have saddles . Induct and

find three - balls B' and B" bounded by s:S
"
.

Casely : B 'sB"=0 .
Then ( prop 2.21

B. ' v xI)uB
"
I 133 and we are done .

CuEeb : BKB
"
. Then (Prop 2.27

B" - CB' KDXID is a three ball .Done. ①⑦q
,Caserta : B"a B ' similar.



case-2.co Suppose s
'
has no saddles. By n=o

case s
' bounds

. Isotope El across 3 -ball and
past D. ( as in n= 1 caseI

.

So we reduce

m by one .

Casey : suppose S
" has no saddles

. - DAIex .
Exu : prove the following theorem ,

also due to Alexander .
2.3

Theremin suppose Tess is a CPL or smooth) onto
two - torus . Then T bounds a solid tones (DIS')
on at least one side .

µExcuse : what about genus
?

two CPL or smooth) ?

0¥
- n-

⑦ .IM#ity :
Lemmy : suppose M is 3-mfd . suppose dcm is

an emb. loop . Suppose A
, B. e are disks on M
C SA B

III.E: ⇐a

If any two of SA.SB.sc bound
three balls then so does the §
third.

Proof :#pposesa.se bound balls DAIDBA If
DanDB =C them DAUDB is a threeball fprop 227



Suppose DBCDA . This so CDA and so
, by Alex -1hm

bounds a three bill . If DACDB the proof is similar.µ
Definition : call M

's irreducible if every s
-
am

>

bounds a three ball .

Examples : S7B? IR?
Execrate ? Suppose NT→ M is the univ cover .

If at is irned then so is M .
Deduce Is is irred

.

Lemay : M¥8= M
. It : Alex thin and Alexander tricky

AIex.tw# I Suppose if:B
>
→ B3 is homeo and

f- 10133 = Id . Then f- is isotopic to Id . ef :Thurston]
Definition : call M prime if MEN#p

m smooth setting
implies NE8or PE8.

Lenny :

4) Erred ⇒ prime
② prime ⇒ irred Cor MISES or ME8Is ')
I①Tude# sphere systems
Definition : M three -onfd .

S= u si a collection of
emb

. spheres in M . Call S h¥ . if no component
of M-S is a

"

punctured three-sphere
"

lie .
8 - U BB 's )

Leg : suppose Sam is indep . suppose
D is a disk in M st . Dns = OD . Then one of
s
'
or S

" ( obtained by comp . s along D) B ihdep .

¥.

€! II. ¥:[7.



Question : In dim 4 is there a prime decamp .

theorem ?
Answer : well probably first we need the Satinflies
conjecture [ in locally flat category we need the

surgery theory . - I .

Question : How does compactness plus transversal ity
produce finis ?

Answers , transversely implies the intersections (for

neg leaves) are submanifolds . Now use compactness.
-

[ Hirsch's book . Diff Topology I
Question : Do people care about analytic mfds ?
Answers % Yes ! Hodge conjecture !

Qichen : Another definition of lens species ?


