
C: generate i,DDiri), and let to be an expression for

(9) x(ci) < π. (X.,v) in terms of 98.3. Then

<pic....on 10i, rich.
23. .22

=surfaces)
then let it be a space with polygonal presentation (a,... an (wh
with one face and one ux (after realization).Then

x, (M) = 1a, ..., an IW)
If under these hypothuses, it is a Idia) CWopx with tskeletor
M. = VS'. Thus x, (n)

=Sa,..., an 18. The single 2-cell
is attached via W, so i (M) =π, (M2) = (a,..., an IW>



Co.π,(5Y =10/8) = 0
· i,((πY#n) = <b,0, .... PacOn/B,U,pi'U.".PrUnBiOn"=e]
· i((RIP4Hn) =<p, .... pr 1p,.p=0)

If standard presentations I
Hte+,(πY =(p,V)u =(p) =x +y

· i,(RPY =<p(p =0) =2/23.

God Distinguish surfaces via their fundamental groups.
tAbelianization

Given a spa, the commutator subgroup of his
(G,6): =(xpx")x,p(G) =G



Facts - (2,6) G

· (G,2] = e if G Abelian

· Gab:=G/16,2) is Abelian CITM writes Ab(u)

· A hom Y:->H induces gab: 6"-Habcompatible with

quotient maps. 6 Is H

&ab--jabt tab
the For a a group. If an Abelian gp, 4:

G-H
any hour. It ham 5: 696->H

st. GI commutes.

a
ab.... G

Note U:Ab=ap:(/* is an adjoint pair:papsStinAb (296, H) = GpCG, UH)
Yg +1y



↑op.π,(sYab=e
ab

· i)(TY
=n) =x2n

· i((RP2)#n(ab zyn x F/2

&S: W

(2#N: Let G: = (p,U,...,BusUn) M(pi,Vi] =1) be the standard
ii)

presentation of . ((T*#N) and define 4:a" -> Fan ithe
L

pi+ei = (0,0,...,0,1,0..

V; Lx eith 8)

linemake this defer on F(p,U., .... Pn.(n) and note (pi8:] 2 0
so get induced map 4 on Gab( (x,y) =xy,y
Since* is Abelian, get 4:696 - so

f(x)f(y)f(x)f(y)



Now define tox -> gab (This extends to a horn

b/ Z is free Abelian.
e:-+ ((pi) Kien,

iv) n + 12i <2n

Legit classes in Gab

Then Y, are inverse hors.

(R2)#N: Let Hi=<0, .,On) pi=) be the standard presentation
#i) (RPY#N). Write (f) = 2(2x (i..f = 1 +27) +*(2x).

Define Y: A*->T""**122. (Since YCMpi) = 0 this is well-definedon

It and then descends to Ha.
bire; IiEnt n

-

px-f - (n-1-... -e y(πp?) = 12i+2f-2n
-... -2e,

iO



Define o: ****/2*-> Hab. then 4, are inverse homes.
e.vc(pi)

-> -(p,.Pn]

the (Classification of compact surfaces, Part #) Every nonempty
compact coun'd zimfld is homeomorphic to exactly one of 5",
CπY#N, or (RIP2)En

of Rank and torsion distinguish it,(Cab

Cor Orientability and Enter characteristic are topological invariants of
compact surfaces. (RPY is not orientable.



E consider X = IRP -((0.0,z) (7045 -3(1,0;z) (ECS)
Y: R3-(linked circles
- R- (5'x0v0x((10) +s)) -A

* S'x5'

S what are the hipy types ofX.,
#x,(X),(y) =y

- 5x51
112 17)

*** EXI
I
why?


