
 

ASSOCIATIVITY Need to show
A g h Ep f hi
Y ly k k y y

fool GD X

How do these differ F
repararehire

path connected

How does IT CX xd
it X x I compare



Basepoint dependence How does it XXo compare IT X X

For our example S clearly IT s ios is isomorphic to IT S CH for any
point Hes

What if X S k et That is X is the disjoint union of a circle and a point

Then IT Xcos ITCsl lek but it x.pt it Cpt.pt 2 e3

I Hid only depends on the path component of X that contains X

What if xo x are in the same path component

Then IT 4 1 17 xx 4 every path 4 on X with 261 4 acnex

determines an explicit isomorphism

I IT Xxd IT Xx

To define 2 we first need togeneralize the concatenation operation Let

s an X B o.B X

be paths with 8117Bca Then

y sea 8124 t t
But 1 t 42

X

u
r B



Back to

Define 2 e NI t I ITCXxd IT X X by
2 63 2 1 2

We need to check

1 I is well defined If foepf then I fo xEpI f x

2 is a homomorphism 2 61 43 2 Cfd Idf 3

3 I is a isomorphism Let BCt7 ICE Then Iori id 5 I id

A p
doo id

Dad _id
x parebijeekas1 EXERCISE

2 2 Lfo f3 I f f x but Ltd I a f x a f

General fact 7 2 2 0 p 7 0 PF is similar to the existence of

inverses

3 Use general fact again fCIT X xo then B ICED BYE f xD
a 2 1 2 0

2 1 2 2

f



FACTS ABOUT CONCATENATION

4 xz n Xu

1 order of concatenation isn't important
Order doesn't path homotopy class

2 If Limpdi th

L X Xcx a Xp x a

di
grxwo e.no

W
i

3 If xi ai ther
th k Xi Lie X p di i hits 4

another
If p B

3 D
B

a



INDUCED HOMOMORPHISMS Let h XXo 7 Ygo be continuous

We define a homomorphism h ITCxxd IT Kiso by
h Lf hot

Again need to check that h is a well defined map and that h is a

homomorphism Again use a general fact If foepf

hot phot This implies that h is a well defined map
To see that h is a homomorphism we observe that

fo ft Koto hot LhoGo f h fo If

LEMMA Given h X xd Yayo g Yy 2 zo we have

g oh Goh
PROOF The proof is formal

g oh HD g thots gohot oh EFI Ba

Bbdefy 9 1
or If h X xd Y yo is a homeomorphism then h is an

isomorphism
PRoot Since h is a homomorphism there is a continuous inverse

h Y yo Xoxo

In particular h oh id hoh idy
For the identity Map the induced map on IT is also the identity since
id Lf idiot If

Therefore hY oh id similarly h oHl id h is an

isomorphism
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