
Every group G is is morphic to a

sulgroup of SG can be embeded in Sa

In particular if IG n then G

is isomorphic to a subgroup of Sn

Proof recall group action let X G define default
Uh Lh G G

f hf

LH ESG as it is one one and onto

and naturally h this Chike

so the map L h Lhl is a homomorphism

L is one one Thus G 1 G C SG

SG Sn with an oft

w w w Sun
Pinatural ordering

Dn Such has no natural order



Example In 1 Mar

n 3

2 12317 1 11237 11321 As Css

1
Nz 1 W w

Example Dg CAB A B AB Is

10 1 8 a subgroup of 58

A Ff F
subgroup

12
12347

of 1

B 1T 1411231

2

4
AB

Ff IF II 124

it
B

How to find the isomorphism

use multiplication table Cayley table



Klein's 4 group V cab a b labs es

22 22

e 0 01
101 4a 11 01

0 11

c 41 11

V im IVI c Sy
anda

de i
Fit

a ate cubs
4a 1c I

121134

0h

131 24

014 133,4 11421231



5 3Transpositions 2 cycles

i j.is are distinct

iijic.sk ij like jki ij jk

ij 72 1 siji ij

ij kl Ckd Lij Ei isnck.es

Theorems Every permutation Esu is

a product of transpositions

Prof Esu has a cycle decomposition

For each cycle

la.ai as caanca.am can Efffft
any permutation can be generatedby
transpositions



Remarks

1 There are other ways to generate Su

o i iti l isn t

elementary generators

ciji ii all citt jici.it it city

generated by 12 n1

1237 112 7112116

Remark transposition decomposition Is not

unique
1123 1131512 237 13

423123114

1
4211123,114712332231

always even number of transpositions



Definitions A permutation desn is even Codd

if it is a product of even ludd

transpositions Parity I

equivalent

Definition If 4 5 of Is a complete factorization

into disjoint cycles

Sgn d g
n t

Signum

cycle decomp is unique syn is

well defined
1231 ES

sgn 4231 4,3 1 1 even

0567 123 45 1231145161

1
Sgn 113 1

transposition 2 ij t n t syna t I

o r cycle n r rodd even perm

sgn t
t145 even odd

syn t 01 ggniestrips actually
syncops a grid synB



We candefine a homomorphism

Sfu Sn 22

sgn

Definition The Alternatinggroup An Csn

is the subgroup of Su of ee
permutations

sgn4 1 V0 An

odd is a subgroup

A 13

Az 1 1237 132 9

An
71237,11321

iii iii I
1214341 11372241

161 237

A is Abelian A 2 Ms



Au is not Abelian

123111261 13 1241

1247 123 1147123

Snandnidenticalparticles.fr
identical particles there is exchange degeneracy

a

final 1K Ike Ikolkis orth if kith

4 α kike piki lks at IPP 1

permutation Piz Piz143 kit Ike Ike

Then Piz Keslkes 147 kas P 1

eigenspectrum It

Consider Hamiltonian

H Ii Én Vari rats Velts Velt

PiaHPit H or Piz H 0

have same eigenstates

construct symmetries antisymmetrizer projectors

AtPiz g s 5 1 1

1 Pm I 5 55 0

idempotent later.ist
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Pics 112 515

piza I Pi 1 I

given anystate

α keslketplka.sk 21k ka β Kalks

21k 1kt β Ike Ike

K Kes kilkes

For more particles n it generalizes into

5 EPs is I EPs
sgn Pa

symmetrization postulate

Pij 14boson 1 4boson

Pij 14fermions 14fermion

I construct ID IR for Sn


