
 
words in a a b b 3 na f

nuE TL I T Xi Xu either xi axi b.xz

a.E.aia.a.az El ii a bib 3 or et
U 13

Ca b free group withtwo generators a b

Iz Ez e.g is it a finite groupp Lb162 17
ias take L a lot 17 22 22 La b l a2 i 5 17

quotientby Guenter Tekke
YErenalsubgroupgeneratedby 92 relations

Universal property if G E'sH G H are group homomorphisms
for some H

then F group him f G Gz H sk
Gl fyt

diagram G Gz f D H is commutative f fo e fz fo iz
if gGu 2 Lproof homework

Amalgamated free product
clef Let Gn Gr A be groups ji A Gi ji At Gz b morphs

Then G i Gz G Gz formalsubgroup wordsofelencntsofG.GL

p A generatedbyelements as before plus
amalgamatedfree product j.ca jf2F FLEA j.CL n r je

V 2 CA

G X Gz G G usual free product
1
Atriogroup

Kai saul relations b be 1relations toputonly
thegenerators

of
A here

L a sane b be relations relations j 2 jzG
x CA



It I if jib ak
a

1 jz b I

Real ak s II a a sak 3 Iha threefmYId k
notice that it does depend on themangaAia k

2 1 I ab a b
T Il Ica b T
Cc

Ca b I ab a b I 1 2 22
or ab ba

Using Seifert vankampen to compute it X examples
Reca open

Suk I X Ti X IT Xz if X X U Xr
C I Txt 7 X nxz I.IE effed

w.at a
ja YcsXa

E 1 X X Xz wedge sum of
i Cheated spaces X

X IX
a no

x 4,0 By ft T.CI xe Ti X xo Ti Xz.xo
xdx3 Xz

freeproduct
E g i S vs e It ca b

b aXo
opendesk

2 it 5 it Ut it V I I L trivial
Tian sixese Tt



U o Ete V t e cost
azimuthalangle

W U nu i Iz ee 0C E

similarly I 5 T U I V i I L
h 32 T Ticuru forextendedupperhemisphere n 3 n 2an open disk

IT torus via van Kampen already hear it as art of aproduct
a Xr

IF T f.uk.t x.nx.xsixc i.is
T n s

y
nbhdofthe dishuptbasedloops a b

wedgeoftwocircles fatXo
so I T I Xi it 12 2 2 I

Tq It
with c ab a b et X cc's

4 1 ET Xn Cais lab a b D

It
similarly I Ig

a
t eaknnas.bg abiaibi agbgasj

c

with e a b aibi agbyajbj
jet
1



Products products pushouts
mum

Deducts X xXzrecall for X Xz topspaces p y p projections

f Y X xXz is cont if Xi Xu

6 resent maps f p of Y X and fz pzof Y Xz are cont
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