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ENCOMPLEXESARE GREAT

ERCISES CHATCHER ,
PAGES29]

() SUPPOSE X IS CW-COMPLEX · SUPPOSE p : X -X IS COVERING MAP,

THEN THERE IS A CW-COMPLEX STR ONY So THAT p"(e) =Yes
THAT IS "CW-COMPLEX STRUCTURES LEFT TO COVERS"

3) Suppose X IS CW . THE X IS PATH CONN IF AND ONLY

IF X") IS PATH-CONNECTED ,

TREMPAGE97 ,
SORTOFJ .

SUPPOSE X IS CW . SUPPOSE

XoE X1 THEN 1 : (Xxo)-> (X ,
Xo) INDUCES

AN ESOMORPHISM :, (Xxo)Es D ,
(X

,
Yol

.

WE'LL RETURN TO THE PROOF .

GNERATORS AND RELATIONS

DF : Suppose S IS A SET .
Suppose Fs= IS

THE FREE GROUD "GENERATED BY S" .

TURACAL ELEMENT : Stest's'S'

SHORTHAND : StSt"s2

SUPPOSE RCFs .
RECALL <RIT IS THE NORMAL CLOSURE

of R : <RX = 1 N.

RCN4Fs
NOTATION : <SIRT= Fs/RY) THIS IS THE GROUP

NERATEDYSARELATETES A



RESENTATION of G .
IF S IS FINITE SAY

G IS FINITELY GENERATED . IF S AND R ARE
---

FINITE SAY G IS ENITELYPRESENTED.

= 1
.

G (a)7= I ALL FIN . PRES
<ala" = Int

( <9 ,b17E Fr

3) [a ,blaba'b+=
2

EXERCISE:L GROUPS HAVE PRESENTATIONS.
-

GIVE A PRESENTATION of (Q ,
+)

PROVE (Q ,
+) IS NOT FIN

.GEN .

--

CSINGSvK :

THEROSE : RECALL THAT R2 IS THE CW -COMPLEX

·11]
u

↳WE COVERYWE *ABi
A

NOTE P
, (ABI I

Y
·

Anis

T, (A) = So D
, (Rz) =A(A)*/B) /N

T, (B) = It WITH N=<M3) .
BUT U=

BECAUSE P, /AnBI=1 .
SO T ,(R2)eFz

E(a, b 17 .



THETORUS : RECALL TT
,CT1 = H, LS'xS') =E

TAKINGXTZ

& ya= (p+)· Yer
Xk) = X=I?

LET A Be A SMALL NEIGHof X') IN X.

LET B = 2 THE OPEN TWO-CELL , CIM : AlBEs'x (0 ,1) .

-] soAFeXi
E (a

,
b 1).

T Y
SO B= X-X' E OPEN TWO-DISK EIR

?

so D
,
(B)1 ·

FINALLY ALBESX (0
,1) is

So T, (ALB)Eit

REIALL U= G (able(w)·-Twep , (A1)]
↑

BECAUSE
=((s)a(w)(w- M

, (nB)] P(B) .

RECALL P
, (AnB) = P

, (s) = E(Wn] /neis
CLAIM : (B)+ (w,)= b. a .ba ·
r An



EXERCISE : La0ABow ,
=BoBaow , -e

/CAREFUL : BASEPT LES IN AlB So IS NO No I

CAIM : (13) [Wn] = (b . a .baln

EXAMPLE (iaBla[W=j = 6 : 9 · b c"b . a · b:a

Soi (t)=
b> <9 , b /babia7 :Iti.

baba-

TPROJECTIVE MANE RPES/X--X .

HAS CWSTR

DOES NOT EMBED IN IRS SO CANNOT

e DRAW A PICTURE !

BTCAN COMPUTED : A= NEIGH ofX'YMOBESSI
B=e IR?

So AlBESX 10
, 1) AND P, CAB) : [IS GEN BY Cr ,J.

So w
, GIVES

D
so (ar)g(w,T= a. a = a?

THUS
-

D IRP2) = <aln27 =LIII
.

PoF2 : q : S-> RIP2 IS ACNERING MAP
,
THUS

, 151 :1 IS INDEX TWO IN D,IRPY .

So /D,
IRDY=2 AND NIR)E 1121·



OLD VERSIO of DISCUSSION of TORUS /DID NOT USEI

F-#torus
SO TAKING X=#2

x q) =Spt3 ,
X
* ER2

.
LET A BEA SMALL

NEIGHBORHOOD of X'INX .

SET B= D2- OD" = e THE⑪OPEN TWO-CELL
.
So An

IS AN OPEN ANNULVS ES'x(0, 1).

PICTURE-

T
, (A) T

, IR2EFre
9)

, (B)ET,
(DTE· N , (A1B)=p,(s'x(0,1)

Do =D
, (S) e't,

soT , N=UT)·

WITH =E(B)w)(iBa(1"3.
But liBA IS TRIVIAL BECAUSE T,(Bl

so n= [(AB) +(w)/wET ,
(A-B)].



NOTE

(WiTLAN)WEST
·Ka-b . a. b"3)

(B(w) = abab


