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Question If we know that X UIUV U and V open and
we know how tocalculate IT u and IT V howdo we find
IT X

U

es

figure8 space U UV
both have homotopy typeof s

theSeifert van KampenTheoremwhichwe will see later tells us exactly
how to calculate IT X if it's the union of spaces like this
We'll first prove thisweaker version of thetheorem

Then Suppose X UUV where U and V are open UAV is

pathconnected and XocUAV let i U X and j V X be
the inclusion maps Then the images of

i I U xo IT X xo and j IT V xo IT X

generate IT X xo y

Efim I.is n

raminx

O ao sa C Can I sit f ai c UAV
and f Cai ait CU or V UseLebesgue lemma



let fi flea a so f f fu

For each i choose a path di in UAV fwm xo to f ai

yo du constant path at Xo
run dibackwards

Set gi ri i fi Ji gi is a loop at Xo in U or V

Then g g gu f f f f

since Ii hi constantpath D

Co If X UV V U and V open and simplyconnected and
UAV path connected then X is simply connected

Exi let X S Cn2 and U S 0,0 l V S 0,0 D
T 9

NorthPole SouthPole

Then U and V are homeomorphicto IR via the stereographic

projection f U IR

detineate I
exercise check this is a homeo R

o

UAV is thus homeomorphic to 112 minus a point so it's path
connected She is simply connected

Ex Recall the quotient map from HW8 f S syn xn x

We showed is homeomorphic to RIP



In fact this is a covering map since for x c 5 we can

choose ye f x and Esl so that UBely n5 contains no
antipodal points Thus f maps U homeomorphicallyonto its

image and f t f U U U U both homeomorphic to f U

I
the lifting correspondence

4 IT IRIPY xo f xo is bijective
I

2antipodalpoints

so IT IRR Xo has two elements so it's isomorphicto
7 22

Exi Let X be the figure eight space
We can cover it w two open sets that have deformation
retractions onto s Thus we know that a

IT is generatedby the images co

of two maps from 7 but we eo a o
don't know theirrelations
Consider the covering map of X pf
Let eo be the basepoint of the

g
covering space to the base pointof X

A B



let f and g be the paths that wrap once aroundA and B

respectively

The lift f g ends at 1,03 whereas the lift gif ends at
o l Therefore f g t g Cf so IT X xo is not
abelian In fact later we'll show that it is the free gyp
generated by two elements

i e the elements are of the form hi ha hn hi c fog
and die 17 We'll talk moreaboutfree groups later


