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tasting : . Connect sums
• classification ofmanifolds .

• Overview of Thurston geometries
• 8

geometry .

⑦ 5Iusu
Take G Isom LX) E IsomCS9X Isom ( IR)

The manifolds with CG ,X ) structures are exactly
non-compete 8×112

,
PH1R

,
P
'
- Gpt }

compact : 52×8 ' , SIS
'

,
P4S! P3#P3 FP2-1RP

']
Ended bond Is! " connects on

Exercise : Find all covering maps among theses .

t-F.AE
Define MA = I4T-1CQ , )nCA×,o) .

Then

ma has geometry { III } off At { FIahe⇒d }
Proposition : If M has E? Nil, ar solo geom then
M B (at most fourfold ) covered by such a torus
bundle . IM compact]



*⇒ ⇒n¥:EE÷÷:
Exercise

SL42 ) I
-

: Find the last

orientable E3 mfd .

Example : set HC1R)={ ( { I 1) / x.g. eek}
Define HC2) similarly .

Then HARUHI = Mio:)
Bnmk : solve IR2Y IR is 3-dim tie group. Nil .

t.ca
,g) = let × , e-

+

y)
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I④¥pkwtE : €€Suppose F=Sf B a
hyperbolic surface with fin volume F-Si

genus g
and punctures p . Suppose f :F→F is a

homeomorphism .

Then :

Mf ,
IH4R geom period ,

I:¥mI*"¥:{
.

These are respectively exercise
,
exercise

. Thurston's
double limit theorem . Lehman

,
otal

,
Perelman - - -I

--- .

Exercise : Any closed arm Hex IR geom manifold is

(at most fourfold ) covered by a bundle as above
.



Tenet (Agd ,
Kaka Markovic

, Manning ,
wise .

.]

Any closed arm At' geom mfd is coveredby a
surface bundle as above .

Rink ! work of Lee Mosher, Tao Li on copulated 3-mfds .
--

⑦ Seifert tabooed spaces .

-
a

Definition : suppose M is conn
, cpf COMA0 attuned) .

A §YfbEd space structure on M is a one-din't
foliation 8 where all leaves LEF are circles .

Warning E I need not be unique when it exists !

Examples : The Hopf fibrin s'→ s'→5
so

"

→ sing → icpi
Think : ③ a02 and the fibers are intersections of
S
> with " lines " in 0? Exercise : Fix conventions and

draw the Hopf f.brahim in IR'

⇐ it right handed or left handed ?]
G) FX a Room metric on a surface F then

S' → UTCFI→ F is a SFS sir .

This still works even if FB an arbifdd .

-

Excise : suppose F) is SFS . Fix in a leaf . prove
that there are p.ge I Cgedlp,g) =P , p> gal)
and a foliated neighbourhood 4cm of L so that
④FH7E 1DH

n¥¥× ,
,

" I1)
corollary :
MIKI is

% . *
ill a



Reinach : A SFS CM7) is determined by the
bank orbited B = CM8H ,

the sect .ihavanimrslpi.ggahvnt cut . fibers ( i.e. when p#1) and
the outer class .
511--

txercise-e.FR if) a SFS . Fix L a leaf .
47 prove p is determined by L ( as is qe TYPE)
G) prove p=q=t for all but finitely many fibers .
- 11- - -

¥0 ESTEY geometry : Fix F got conn closed

surface with constant cow ( +1,0 ,

- 1) Then
53

* has {¥11 gem as a ¥! }
EERIE PS42 , IR) ⇐ Isom'T It) = UT1H

'

Rink : ESTER) =
E84 s' fopafofofsid ]

Exampled: suppose Tcttt is a regular tessellation .
Let I be the symmetries of T . Then PSLCZIR)f¢ is

a PI manifold .
Quillan: SLKRYsuz.pe, ⇐

8 - trefoil .

###§¥ SLHEIEA.is
,
a triangle group

# I sym of modular tiling.



@Ifttfs-geomerwy_o.kw.mpdeaf ,Thurston? F=€ ,
fi F→F

The "

punctured
"

fit ) map then Mf Ess -

Re¥ finds reps 54 (8-K)→ Isomtclffs) fig . 8 knot.

⇐ PS44

Exercise ! Isom+GH9⇒score)
-

IH3 = so IP5H4QI
Than CRiheyI : The fig 8 complement is a 12- fold cover
of Its us,acwD

W21-0XI -0

Except : IH31Psicosis) is covered by 5-④Iµ%µ
-11- -

Question : What is a Thurston geometry
?

fiery
Answers : Fix X a 3-dimensional manifold with metric
let GEISOMLX) . we call (G.X) a t#geon
If ④) G acts transitively
4) there is some tag acting "nicely

"

with Xfp compact .←
③ 5447=1 .

Def :X is horizon off 4)
× is isotropic iff Gx-stab, contains a copy of80131 .

Question : where are the "Thor
. geom

"

in dim 4 ?

Answers ' ??
7-

Question: Do these geometries
'

stuffed
"

or are they
"

all
"

?
Answer : They are all .



⑨ transversely : A pair of transverse on b. surfaces
in a e- oufd intersect in one - manifold

¥¥fTPef¥ : chapter 1 of Hempel EPL)
chapertter 2 of Hirsch foi s

more over
__

: A surface S transverse to a two -devil

fdoetin 8 is transverse to the leaves except at

tenthly many points Which are modelled on the

following dated critical pets
'

'I

R¥wI side view

⑧ §¥¥ birdseye

cup H cap +1 saddle ⇒ name IX.
--④⇒ AWandwbtheoreffsordan-sch-onfl.is Then]
aim : suppose Sas

's B a LPL or smooth) embedded
euro sphere . Then S separates 8 ,

with say
⑨ - S- DUE and DVSEIZVSELB!

Ruby , n - 2 This is true in Top category fggn
- I

^=3
" " false " " "

as
"

Question :

n - 4 " "

open in PL category . Florea?
M75 "

" true in PL category /A¥T¥?
Def : suppose m.nl are mtd with boundary . suppose
DC0M

, EC0N we eenb
.
disks

.
Fix 9 :D→E mi rev .

Define M#oN= MUN 14
. OF if



proposition 2d : Ms# ④ ' ⇐ M>

?EIm
.

then! use a collar OMXICMy


