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Learning Goats

Defy For X :(×, xo) based , the band path space
of ✗ is PX := Top* (1--1,0) , (Xoxo )) with

compact - open topology .

2 e P2
Give PX base point const,
Define p

: PX → ✗

✓ → yay
.

Then
p
- ' ko / =RX

.

This
map is based ( constans xo ) and a fibration :

z 1-get ) = path in✗ ending at
2- -8s px hlz, 01

"

if ÷
-fi
"

fp starting pt of hlz,-1

Z ✗ I#



Define ñlzt) := path in ✗ with
param

'm

si→ { £4611
+ t )) ifoese ,÷t

hlz,s(Ht) - 1) it #test 1

Then Ñ is a rwparametritation of hlz, -1. aft)
and (cheek) : - Ñ is based
-

- Ñ lifts h
.

Prof PX = *

II. * → px→ a PX→ *→ PX
- -

id* ✓ 8- const
,

Define h :P✗×I→PX

Htlv §
Then ht ,0)=idp✗ , 86+11- s)t)

ht
, 1) = constjiy ,

hlwnstx
.
,t)= const

✗ so
-

Ez Th map p
: R→s

'

their it
is a fibration with

fiber 21 .



Consider ✗ 8- 112

if µ.
✗✗I →h

S
'

Take a- open cover U of S
'

sit . for all UEU ,

p
- '

U =/disjoint opens ink, each -161 .

GYR
since his cts

,

till is an open
⇐ p

"
'll

cover of ✗✗ I
.

For each ✗ex
(
ii.

pt
choose finite suborner Yeti'll

0 ,
,

of 1×1×1
. UEU

8-

'

IR
X-

E 6 {Indulivelyc.
.
.

patch together; eEÉ• ↳ ;
lift in
each Vx

→ Os '

Works on overlaps
bkp is a local

homeomorphism .



Thus get gx lifting h on Uk u@ ✗ 105)
.

Now check - again with the fact that p
is a local homeomorphism- that g× , gy
agree on overlap .

Thus

Ñlx
,
t) = gdx.tl

is well-defined and lifts h .

Goody IS
'
- -⇒z

t t
PS ' - . → R

t t

s
' = 51

If we succeed , IS
' ± 21 ⇒

,
as groups

!

-11,5
'
±
toSLS

'
±
to 21 I 21

.

Thnx Suppose pqfibhs and E f→D commutes
.

plspihq
If f is a htpy equiv ,
then f induces a htpy equiv b/w fibers .



11 The idea is to produce a htpy inverse
to f that preserves fibers .

Then 1- will restrict

to p
- '

b - gib .

By assumption , f has a htpy inverse f
"

henceF h
'

iff
'
⇒ id

;] .

D E check that
I iii.

⇒

f. g. =
hit , 1) preserves

☐ ✗IT'D TB fibers and is a
-

htpy inverse to f ,h -- gli

(omitting some details regarding homologies
preserving fibers . )

cos ans
'
± {
trivial nt 1

I n
-

- 1

TE s
'

is conn 'd and we already argued
it

,
s
'
± 2C

.
For n32, Tins

' E
In-, 5251

±
In#

= t.sn?Z ]
.



Since 5h" is conn 'd for n> 1
,
all based

maps
to I

are trivial
.

Aside : This If n>2
,
then Tin ✗ is Abelian .

Sketchfrnz

=☒A

€1m Tricks ( corollaries of it,S
'

Ez - see 6.6.3)

• Brouwer's fixed pf thin for D
'

• Perron - Frobenius :

every
3×3 matrix with

positive entries has a positive eigenvalue
• Fundamental Thm of Algebra : every nonconstant

complex polynomial has a root in 1C .


