
¥ & Renew

Groups G
,
* wits associativity , identity & inverses.

Exampled CR ,+) (K+) , ( RT • ) - -
- -

• cyclic groper In
= {o, . . , n -13

= 2%21
* = In

• finite abelian gap,
;
classification
GI 21pm

✗ ZpE ?- _
✗ Zp%
e

prime
'

powers

Pi's not necessary
district 24¥44

° Symmetric group

Sn = { 6 :{ t.sn } → 11
.
- in } bisections }

Cayley's Thm t group
G is isomorphic to a Sibgop
of SG



GI af onto * :GxX → ✗ He _*x=×v- ✗c-✗

2) k*(g*x)=kg)*x
It ✗ c-X 9Mt G

• symmetric group Sn
acts on ✗ = 21, _ in } ( by dehuhoi) .

6 * i : =
. 6.ci )

• G acts on itself in different ways .

We left multiplication 6×6 → G

1g , h) gh
conjugation : Gx G ↳ G

1g , h / ↳ ghaj
'

• K is the splitting field of of irreducible fcx) c- Fox]

F) acts on the set of acres of
fix)

2- = { ri , _ . > rd 3 .



6 c- G(KIF) then 6 Cri )
-

rj
and 6 gives

an element of Sz ≈ Sd .

.

So we can

think of GCKIF ) ≤ Sd -

Question
. Why isn't every permutation of the

contr possible ?

extending
we can

sent any ri
to any rj by an

conjugation isomorphism § : Fcr;) → Fcrj )

bit this may
determine where some of the

other roots go .

the triage
' Exact p - th gdotomic p=5

{ = e2¥ 6 (g)
determines

of all other
extensions . Ex) = ✗4+113+47×+1 orootsofmity



G aching on ✗ 161,1×1 <
'

•
.

Orbit of Of*= { ✗
'
c- ✗ I g×=✗

'

7geG } .≤ ✗

* c- ✗ ?⃝ = Oy ←→ 3- get . gx
-

y .

✗ = U @
i
← partition into disjoint orbits .

Bunk's Formula
#orbits = I / Xgl -1612N .

F-G
"

{ ✗ c- ✗ I gx=x3≤×.

✗ = V0 ;
⇒ 1×1=210*1 .

and 10×1=6 :G×)
where G×={g←Glgx=x}disjoint

orbits stabiliser sibgwp of × .



/

Sbgwpr of groper H≤ G. (Galois correspondence)

hogg's thm_ 16km if H≤ G then IH / divides that

→ ordeal = Ka> I divide 161 it a←G .

⇒ if 161 =p prime no non-trivial sbgnpr .

CosetoofH_ : EH ,
a,H , . .

, any
list disjointlailtt-las.lt/--lHlcoxtrG--WaiHUH

Normal stogropr N≤ Gs.t.gNg-l-NV-gc-G.tv
normal in ⇔ GIN { en , a,N , _ + . . . }

form ← Top
win operation .

G qNazN:=aaN



Review of : G

Centralist ( oblig # 1) A ≤ G

"

CCA ) = { gc-GIgag-t-av-ac.it/
- set Sbgop of G-

Centf G = C.(G) = { ye GI ghg
_ '=L it h←G}

.

Normalizer of H - G NIH ) = { g.c-G I ghoj'eHV-h←H}
- %¥'n¥Ttoi

µ normal in a ⇔ NIH ) - ↳ '

kernel ∅ : G → G
' hohodaphuim.co/lgFgz)--ocgd*okgd

* *
'

Ker (4) = { g.c-G 10/1 g) = e
'

} BAG .

= ∅
_ '
{ e
' }

.

Proposition ∅ : ↳→ G
'
is injective ⇔ Korea- { e3 .

homomorphism



Syd's THIS IG / =p
'm rptm n≥

existence
1) a)G contains a subgroup of order p

"
t

.

/ ≤ i≤~ of sibgps
b) H< G / HI = pi i< n then H<☆H

'

of size

printed

2) If P
, ,Pz are p

- Sylar sbgwpr I =p
") there
related by

P
,
= gpgt for some ge G conjugation .

3) Rp
=
#
¢
- Sylar srbgvops np = 1 mod p and

Np I 161 How many sisgopr
?

/ If np=1 then P ¥7T is named / p
- Sylar



EEE Robbins '

up
to

Ia) Friel all
abelian groper of oder

63 isom .

Determine the Srbgpsr of the Cydia one .

63 = 32×7 . By classification
of finite abeleai gaps

,

G ≈ Zp.mx - -
-

✗ ZpEk
so there 2/3×213×217 or

are the

Iq ✗ 2/7 ≈ 2/63 ← cyclicZn×Zm≈Znm^↓gcdcnme!%<%7<>i<¥Éz



11 let G be non-abelian of order 21 . what are

the possible orders of elts of G ?

Fiel # Sylow p
- subgroups of G k p pnrie .

Determine her many elts
G has of each order

.

>

Does G have any
other

.

proper naval srbgnrps _

Solution
By Lagrange possible orders of Its and srbgnaps
divide 21 hence 1

,
3
,
7- or 21

.

Sylow subgroups are of size 3 or 7.



21=-37 My =L
mod 7- ⇒ n7= 1,8115, . _ _ . -

.

At / 21 → n*= I ⇒ Hz the
main 7-Sylar
sbgvop is

ng
I I need 3 ⇒ nz 4 -1917 -

- normal in G.

and ns ⑧ It
ng =L ⇒ Hg the unique 3-Sylar svbywp

Suppose is normal in G.

Consider V-qbc-Ga.ba- ' b-
' / and show if 11-3,11-7

aienannalaba-lb-l-landaisaloeleart-f-Hene.kz
= 7

.



Rings . R
,
+
,

• (R , +) abelian gap
with nuflnpliahn

If •

commutative → R commutative

It t 1 identity for • → R has unity .

Examples • (Z , + ,
• )
, fkn , +,

• ) ( R , + , • ) , CQ , +, • ) .

matures
, - - -

• Fcx] polynomials wite coefficients in a field F.

ideals
R_I: I ≤R.s.EC I.+) is a group

and

b- re R r ≤ I
.

⇒ RII ring
of coset is

well defined .



Can awheit by ideals to get a new ring.
'

R
,I

is a field ⇔ I is maximal
Rconmtatie I

nig nite unity is an integral to I B prime .

domain

I is a prime idea if wherever ab c- I then

either a or b is in I.

Examine R = Z I = < p>
= { Kp / KER}

.

p prime mnber I is a prime idea ( alsomaximal !)
≥Kp> ≈ Zp

in



I ≤ R is a principal ideal if 3-

ac-RS.CI
= < a> = { ra tr c- R } .

Recall f- Fcx ] then every
ideal I is

principal .

( Proof via division alg . ) .

RxbI3 . 2001 .


