
blank.

Gouvion : G -- Lai - - an Ir 7
= { e , ai , ay . 9h , ai,ai' - n . .

9,92 ,
a , 9.

,
a
, ai
'
. . .}
L

visualization (Cayley diagram) :

-

vertices as elements of G

edges as generators

loops as relatives .

21 -- Lal ) --a÷ ;-7 . . .

In = La / ah -- e ) ah-i

AH
-

I
• /
e e-
7 : → a '

Di La ,blah -- e ,He ,Caskey
a

④ at. b'a Wardrop
I

① Some people
call "Dn"

,

" Bi.
1-
-

y @ Cayley ohajam
⑦I sa .-ay deMpndx.on .



blank.

"" "

t÷i÷÷÷:*
.

<amine."-e '

÷.
°

?Q In Q .
.

.

a o_0
Q "

'

to
Find :

XI at . IT
, (Xo)= G .

y =
Attach to each loopn adisk

to = 41g.
.

9 Cayley dig off
} has IT, ye,



blank.

1.3 Subgnps&Gjgay
Gets .

Cries a subgroup Hc G
H = f h . . . . . ha } n -

- IHI
& h . -- e .

coset of Hbyg , i g. H ⇒g. h . , . . . g.hn)
-

I g.HI -- n
C-G
-

fu gag , -_ either g ,H n gzH = ¢

OR 8 , H = Ga H .

PI tf g , h, -g. ha ⇒ 9=92 !÷,hitkH
⇒ G = g. H U' ohh 09,H . . . Ugh

TT

for some k€21 .

thirlage: IHH -- IGI -
h . 161/141

" index ofsutgp ! Gasset} -- GH
.



blank.

An invariant or normal subgroup H :

g-
' Hg = H tge .

(ie g-
' h g e H ttgff , htt . )
&

"

ugh:p
If His normal

,
% is a group .
=

(gilt)(g; H) = the coset Ent containing
= = =gig; grihigjhj

Pick a representative of each coset

GI hi , gjhj

Gihig ; h ; = gig; gjhigjhj C- Gig;H
^ -

e -- y;gj
'

ahh if Hisnormal

⇐ How tell if Hca is normal ?

G is
. simple if it has no inv 't algroups .

Conjugacy classes : g . .ge G one conjugate
-

if g , = g-
'

gag for some geG .



blank.

Conjugative is an equivalence
( reflexive g ng ,

symmetric 9, -9.⇐ 5591
,

transitive g , -92,9593 → 9 . - 93 )
Egil -- 192) if 9 , -fi

Cg = { kgh
' '

,
keg} . Conjugacy class

of g .

G=CeiCg,iCg
. Ce = Eel
. If C is abelian Cg :{ hgh

" } - Ig )
I

claim : I Cgl = # getts of Cg divides IGI
.

#alizer
("whitfftghi.hu) Zg = { he-G1 high

-
-g ) of g "

- i.e. gh -- kg
Iff KEZG , kgtikg is not anew

lsaddbgoup

→ Kyl = I Glqzg, .
element 8cg .

ga.



blank.

examples : . RCA , ol n Rin
'

,
o ) in SoCs)

-

Rin , o) = g Rin
'

, 07g
' '

wi g = wtahn taking in ' ton .

• conjugacy classes of Su : labelled by
- cycle structure

Pfwne : - any perm is a product of
exchanges Ccj)

a ::÷÷÷÷÷÷÷÷ . .
.

= (jss ) ( i 276 )

A- cycle structure of
at Sh

kj cycles of length ,
- §jkj= n
-

'' park.tn of n
"
.

Young diagram : if Keiichi- cycle ,
order 519.7mg

( Ferrers diagram) top -guilty



blank.

S
,

r

. ( 12345 ) c→ 1¥
I 5- cycle

¥79: as ,⇒⇒ /
(1712713714115) → Ti )
4=5

#of elements of Ekj}
= t.jhf.gl

.

- 1¥,
2-(42713476-7) = ? T D

''E' ! ¥¥:c:o)
pens of
cycles of
same length .



blank.

Group Actins
-

A gap qgfngi, on a fiwtiset X is a

nap G xx → X
( g, x) 1-3 GX = gal = It

that respects the product on G ihg)x - h @x)

groupadzini.rep.tk#9nb6lclassical mech : Q . M .

=

=foposit€
EL G

acts on G ( in nary ways )

Gx G → G is a group action

( g, , ga ) n g ,92 in which g , is

# a pun on

Any Girl → G
IGI elements .

realizes G as a signup of
§m¥



blank.

Orbits : each + Et s
'

part of an w¥

⑥x = { gx , go- G } orbit gx

Gx = { gEG St . gx=x } stabilizersubgnrp,cG

flaim: Corbit-stabilizer them)7×161=16+11Girl txt X .

Pf let Gx =Exi , K - - Xu } tix
-

h -- I Girl .
Ty , gx = Xi for some i

let Gi = { GE GI St - Xi } i=c . - k

G - Gigi . . . iq ( G - G .)

claim: 16×1=1 Gil i -- I . . k .

Pfgn : bijection f : Gx→ Gi

pick he Gi
g thief = 4cg )

i.e . i
FE. because
- high = hix -- Xi



blank.

⇒ 161 = KI Gil = I Gx 11 Girl
.

example : X=G with action by conjugation .

-

GXG → G

,
x ) # gxg

"

orbits Gx = G cnyvgacy classes
are G .

stabilize
svhgrup Gx = Zx centralizer qx

1%+1=16×1 = # of ele'tsay
anygag clan.

Gi ES assets of Zx by ti
elements 7
Cry- gacy class.

Gigantismidentical or disjoint .
{distinct orbits} E NG

' '

* modulo G
"
-

X = off, It
to } .


