
 
LIFTING LEMMAS P E B a covering Spaces

Given f X B when can we find a

lift I X E Huks 2 12
n KID 2 28f t r
p f p ofX f p

BASIC LIFTING LEMMA Let P E B be
a covering space EEE a basepoint
bo pledeB Let f co D Eos B
be a continuous map Then 3 lift

I co.is son E e

e.E
f potp

f
g

be

PROOF The proof is almost exactly the same

as when B S d E 112

Find G to L E L c 4 1 Sat that
f ti ut 3 C hi where Ui is evenly

covered



Define o Eo

Assure I is defined a o ti let
U'i be the component of p Uil that
contains Ilti i
let p't be te inure ot P restricted
to Uni

Define I on Iti i t by

I p Iof



Homotopy Lifting Lemma let p EeoffBisolbe a covering

space f 0.17 10,17 B a continuous

map with flora bo then 3 lift
I o Dx g E with Ico g eo

fr pot
PF Again the proof is the same
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Key corollary if 2 paths have the
same endpoints and are path homotopic
then their lifts have the same endpoint

Cor Let p E B be a covering
space let

f g 0,13 B
be paths win fcolasco FCI SCI
and f Epg If 5,5 1917 E

are lifts of f g with Ica geo
then f 1 5cal
PF Let

F o.axlo.IS B

be the homotopy between tag
Let F o.zxco.is E be the lift
of F with Fcoo7 Tco 56
As F is a homotopy of pairs E is

constant on 903 10.1 13 1913
Also If Csl _F Gutt is a lift of

ft 5 FCS f Since Feco F QE fTo7 5co

by the uniqueness of lifts f o F E 5
Since F is constant as 913 1913 we have
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DEFINITION

If X is path connected
it X x e3 th X is

simply connected

LEMMA Assume that X is simply
connected Then for any parks

f g Lo.D x

with fCa geo f 1kg111
we have fEpg

PROOF f 5 represents an element of

IT X f cos Since X is simply
connected f g Ep const

f 5 g Ip const 9 Epg
But g g p Cust so

f 5 9 Ep f const p f
Therefore ftp.g



ANOTHER LIFTING LEMMA Assure that X
is simply connected and that p E e D s

is a covering space Fix a basepoint
Xo C X Then any nap

f X xd Bebo

has a unique lift
I x CE e

PROOF Given xeX define FCH by
choosing a path

a Lo T X
with Kot Xo LCH X and setting
f XI TCH whee I is the lift
of Fox This is well defined since for

any other path B with fodCol Esco faceface
we have 2 17 54 7 by lemma


