
 

Lecture 17

Recalls
Theorem Suppose X UUV U V E X Suppose Xo EUN

open
and Unv is pathconnected Look at i U X J V X
The imagesof the induced homomorphisms

i 8 IT V xD AT Xoxo j 8UT V xD ITI Xiao

generate it X xD

Proof f is a loopbasedatXo
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Subdivision ao a e com of foil s t

fCai E UN Fi and f Cain aiD e U or V

fo13
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fi
Gi Cai i fi ai

ti di is a path in UN fromXo to f ai



do and an is just the constantpath at xo
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IRn IRn Sn is a universal

1T 1121pm xD 2g 2
22

2 fold cover of IRp

Lamina The fundamental group of figureeight is not
abelian

Proof Idea Get a covering spaceof fig 8
Take two elements If Ig E IT 8 xD
Use thepathlifting lemma to show that
f g and g f are not path homotopio
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Forthe coveringmap wrap the x axis around the
circle A wrap the y axis around B

Each circle tangent to the integerpoints on the x axis
is wrapped homeomorphical onto circle B

on the y axis
a circleA

All the integerpoints are mapped to xo

Consider I E Ics s o from10103 toL o

I E gCs Ocs from O.o to
Oil

Let f pff roofs based at xo in fig 8

g tog Xo eis fig 8

f g and g f are loops at Xo

Claim f g ans gaf are not path homotopic

If they were pathhomotopic there from the
section

on the path liftingproperty we know the ends point

of fig and gtf must be the same

But the way we havedescribed to one path ends
at Geo and the other at Oil

D f gXp G f o_0 Ef Ia Eg EgIa Ef



it 8 xD is non abelian
µ

Remorek Later we'llsee that it 8 xo is a freegroup
on two generators

IT TT219109 xD is also non abelian and is a freegroup
on two generators
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surfaceofgenus2

Check T T retracts to fig 8 0 Xo

IT T IT is isomorphic to freegroup ontwo

generatorshas asubgroup
that is isomorphicto freegroupof

two generators

theorem The 2 sphere 82 1121132 TT TI IT are

topologically distinct

IT S2 of IT Rip E Zz

ITI TI E 21 2 Al TT IT freegp
on 2generators



Sigression into Grouptheory a an Inez
L a a a

cyclicgroup A e T Enes
G o

group generatedby a an.am an m

P G H homomorphism j
m CaDm

99 gs 8cg yegg 21 41 C D
2 1 1 213 212 215

H E G if HE G and is a group with
the same

subgroup

operation as in G 212 12

NormalSubgroup A subgroup NEG is a normal subgroup

is F g e G gNg EN i e gng e N

f ne N

any subgroupof an abortion group is a normal
subgroup

Dan dihedral group group ofsymmetries of
a regular n gasA

B

Y
B
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D

subgroup of notations is a normal subgroupofDan

Sn groupof permutation on n letters

f ft 2 in t 2 in 9 bijection



An alternating groups normal subgroupof Sn

N El G ro N is a normal subgroup of G

Costs HE G g H g h l heh9 cosetofIt ina

Gq19 H G H GH

GH will be a group x p HelG
H

G H gatt Cyg H

First Isomorphism Theorem
Let go G H be a homomorphism Denoteby

kerf the kernelof the horn p
Ker y g eG Ng EH

KerCfH G

Varg
im 9 EH

if ee is surjective then G1KerQ E H

DirectSumof abelian groups
G is an abelian and let GaSeg is an indexed
familyof subgroups of a



We say that Ga generate G if every element geG
can be written as a finite sum of elements of Ga

viewing the groupoperation
as addition

X Xy Xyz t 1 Xan s t d dy

X Exa then Xa o for all but finitelymanyurn

J Xa identity
O's

element

o X X o


