



































































































































CORRECTIONL

X xD Xz xD pointedtopgraces s.tn x so havecontactsopennbhds

Let X J X
vXz X be theinclusionmap Tateastarbonected

Then the map Ti X it Xz 1 IT X V Xz

given by C c it X Cj Cc C Ti X vXz
G C Ta Xa ja Ca C IT CX Xz

is an iso of groups

IT Xk a ae ai aE I

ay In particular T.GRP2 TLz
i

i Xz IT K

ab1a25 i3 ae.cl cdc d D
stiff Eld



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

Or f Y l X Xz is uniquely detained by a pair fi Y X Y K
and f p of

Diagrammatically
X
Tp given the amountdiagramgivenbysolidarrows

Y 7k Xix X F map f dashed arrow making the wholediag
1Pa Commutative

Conutativity toolboxtriangles Afearefurgentsf z
In anycategory

Let X Xz beobjects in a category C X EObCC is the categoricalproduct
denoted X xXr if there are morphisms p X 1 X pi.X Xzs.tn
thediagramX F X Xz hasthe property tf YE OKC and fi Xi in z

F f X makingthe diagram P

Y X I commutative
7 f Ipr

Xu
xMee I fact the categoricalproduct Pyn IPis defined up to Caunique isomorphism X X
gXfpz f g ich

byuniquenessfor C SettledGrpTop Top CHfor Y X
thecategorical product Cartesianproduct
withusual projector maps p n X x XM X 1 1,2

Coproducts
motivatingexample disjoint union ofsets
for X Xz sets the disjoint union is the set

X 1 2 x 1 IKE X U Cx 2 I seek c CX UX x11,23



X X LIK Xz Cixi

K 1 7 x 1 Gc2 K

a y nap f X IX Y is completely determinedby restrictions to Xi Xz
Ie by f fo c E fo iz
X fti I
X IX Y

I f
I tXz z

def Let X X be objects in a categoryC X EObCC is calledaoproduct
of Xi Xr notation X 1 2 if there are moralism X X Xa s t this

pairofmaps satisfies the eeniv property expressedby the com diag
X ff41
X f Y janeductsmayfaeltoexistTp Ex C sets with S elements t

Xu f t maps between them

_lEGpreducts in somecategories

setyx.FI
uno

Ved X Xz directsum
Grp X Xz freeproduct
Top X 1 2 dis j un on

Top X v Xr wedge sum XNXEXttkf.ca ii Gabg t



Pushouts motivating example Top
X n Xlet X Xn C X X XNXeethe we have the cnn.amsquareopen ftp.sp if 1k

let f X y Xz X
f X y

G t maps whichagree on X DX k

Then 7 welldefied catmap fi X Y it fly _fi f is glad outofmap
Ia Ee

def In a cat C a Comm diagram of objects morphisms
A X

q
Lyle

is a pushout diagram if it satisfies the uncupreperfy
expressedby

A X

tf Ik f
The object X is called X X F f vke ythe p of thediagram Y
A X f
jth
Xr_
Category pushout Ito

CH

se XI X 1 24Cjcan ringtailA
Top

y
X I X2

Top Xi Xr

Grp X If Xz amalgamatedfreeproduct
Vect I X X4 A



functor
Seifert van Kampen I Top Grp preservespushouts

A X et CA Ti Xi

sud Lk featIT CjD
Xu X
I ri Xd it X

prudent diagram Top LkD

Assuming A connected pushout in Grp

G g spaced
defy A map p I X is a ovenginap if theEX Fan opennbhd
c X at pYU l U TX et Pu U U is a homeomorphism

for each Vi
Sud U is called everlyovereet IT is called a earingspace for X

PropE
eennaca

Uniquepath lifting for covering spaces
Let rn I X a path starting at Xo CX and let Io E P Xo
Then I path T I I sit pot r endf
on.ca ie er

so E

Proof as lemmaCa
PropK lemmaCc unique 6 tong lifting
Let p X X a covering space ft Y X a notary lotnapbony
and E I a

napttgafgjmthyyjhe tryfTAotngutaEteathHsftYxlo3f
X a case Y I L path in X E path Iti SEE Lp lift

Y'I f
X if ft b temperate It to boxofraki i I



Observation hootery It preserves endpoints i ft preserves endpoint
1 obvious ftco pTf o constant

or I or 1
ftCo TEtoD aint pay It o tELTD sorepathin X
or z e X butmustbeconstantbyuniquenessof

561 7 co fakeHey

Proposition

et pi I.E CX xD be a coveringmap Then

i The induced hommephis p etCR Io 1 IT X co isinjective

ii A basedloop 8 n CX represents an elementof theimage of p iff
its que left T I I with867 5 is a loopy i.e Fci To

Proof Use homotopy liftingproperty he Y I it
w b
l let it be a band loop in herp Let fiIxI X be a homotopy frompettoCin E s t n

I fo xo UsingPropCc let I be a lift off with fl o F Ept

ra era III of 4 EE hr nitaoe
FG Jco Xo pbaedatXo

is a homotopy between F and CeoF o

D let r C im p I e I f at Er p TED pot
a bandbandloopin X to leapa X E

let f notory between r and post and I it lift with f It o J

X xo I Ey xT
the lilt I ol s starting at Eoalsoendsat Io
J is a based top

he


