
↳ Naaz Na-G, nomal subse

Is
anormal? Yep

↳
a ging -> Na since neNa, Ya.

Given If Go, a set, maybe not even a substant

we can constructthe smallest normal subgrop contains 2.

Itis the intersection ofall normal subgraps contains 2.

It's called the normal closure of2, 5,



X open setsUU UUV=X
pathconnected.

PEUAV (X is pathconnected

Goal: describe i,(X,p) interns ofit (U,p) and

x,(,p)

woopo π,(UWV,0) =I⑧
V T,(0, p) is findsince 5 is honed to a disk.

i,(V, p) is trivial,



⑰)
Key Inpothesis:UAV is path connected

U inil,
UnV X 4(Unv,p) 4,(X,p)
iu ji,(p) ex
0

⑧D



⑰,(u,p)

↓ *
*π,(V,p)7 i,(X,ph

i
[U,][Ve]... ... [unbr -> [W,], -... [Un]x

We willshow thatIis subjective,

From thefirst 150 theeen



i,(X,p) - i,(0,p)* π,(V,p)/kerI

*
EllardH

ilup)
*

isri
i, (x,p)ii)0,p) *4, IVP/le-
A iso.



int HiloR
,lUnV,p) 4lU,H,Irp)Ei,(X,p)

↳-
IH 4,(V,ph &

[ubun in[UJur=[UJu

i*[UJar =[U]r

:xErJor=[UJ:



[rJo[UJ-i, l, +i,(V,p)

#([U]r[UJv) =I([r]) EKU)
-[V3x I(EJr"
=[r3x/20]x)"
=

[8]x



C =E [UJu [UJr':W is a loop in UNV
withbase pointp3

kor E = => kn= I

SiefertVon Kampen Thema:

&is sorjectre and Karl = E

so H,(X,p) =T(U,p)*π, IV, D) /Is



G
U:Da
v: (i)

UIV: (*=

4,(0,p) =I T(X,p) =i,(0,n) +π(V,p))I

T,(V,p) = I e =E [r], [u5!:brn
4,(UV, p) is trivial, [Jun



2 =Elop
identify in thefree protect,

=2 1.3

i,(X,p) = x +1

Whenever it, (ONV, ph is trivial,
T,(x,y) =i,p)*p)



b hab =a

⑧ ↳2
b

~ via ⑤

·n a· un:T
⑧ < ⑧

5-1 vi.

:

↓
:

H,(U,1q) = AL



i,(0,p) =i,(U,q)

+, (On,p) = I

Because it, (V, p) is trial

H(X,p) =π(u,n)/ie)
↓ -

1*1
↳ a5mic↳ Bea

I*L, Quatentthatis abolize.



<SIR) <S>/R

4, (0,p) - (s, 1R,7
T,(,p) - (S2/R2)

π,(UV, p) - (55/Res]

+,(0,p) *i,(V,0)!- (5,USa(RURaOR
stS3 write s =s, in H(0,p)

S =S2 inH(V,p)



R' consists of 5, SI


