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T centerof a group
2G g c G gx xg Hse EG OG

Recall ArtCGI 6 Q G 06 automorphism

Inn CG 2g 9 93 whee 2g g g 1

note g e 2 G 2gCA gxg4 ggtx x

ng idg the identity in Inn G
andalso in Ant

trop G zcqE Inn G

Proof let 2 G Inn G
g 2g

This is a surjective homomorphism with Lke

By FTH G Inn G bythe note

It a EI with Ian isomorphismG Da

ISimplegeroups
Def A group is simple if it is nontrivial and

it contains no nontrivial proper normal subgroups
def

G single Gate and GHG Nate orAEG

F quiraleally
G simple f 9 G H hom kerqztef.gr

G has no factorgroups exceptforhandsel



Example l G Zp p prince Zz 2B 2E
is simplereason If Ha G aseeHsG then IHI 112gal P

It _I w lHEPpprime HT

Note The cyclicgroupsof prime order
Hate Hie

are theonly finite abelian groups which are simple
Proof later on

E The smallest non abelian simplegroup isi.e noncyclic
the alternating group of order 6o

this implies that one cuuhotsoeretghaeeo.isquintic equation by radicals

ESy 5

Let Su SgmEnl where EF set
the group of all bijections of the set 43with group operation composition

Simplestexamples S Eid's trivial group
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Def sign of a permutation Given a

permutation of Sn we define its sign to be

sgn o I N0 c If I 212 1 193
I 0

Where
iMCo HyEEnJ2 yanoxy

eg c E Ey Nor 4233 Ctfu II oca
Sgu o l where generally anytransposition

a t es
l h sign i

as 33 Nco Sghcos 4
237 113742

Ddt Permutations with sign 1 Cie oink are

called even
The ones with sign 1 i e l in 2 are

called odds

Remarky It can be shown that
Nco transpositions in a decomposition

of o into a product oftranspositions
7Such a decomposition B not unique but

ex thenpainty of this quantity depends only
Lie N lo wool 2 is welldefined

the above discussion yields a map
Sgn Sin Z sg.no 49 I ET

For u 2 this function is a jeathe since sign I



Furthermore Sgu is a homomorphism since we

are counting the porosity of oftranspositions in
a decomposition so

Nco O Nco NCH Kool 2

Egg
N rot Ncos Not glycol glycol

Sgncrol sguco
Lynam

Problem Show that Leven perms I ludolpermis
5,838

Definition Define the alter Ego on

n elements as the set of eren permutations inSn
Notation An
Kmt Au is a normal subgroup of Sn andhas order mHz
Ttroof An _Ker syn Sn Za

e And Sn
IAnt Yada mad

Corollary fern permutations odd permutations

Prodin d

n HTtofAAn Chan
But IAm I far Ahl thecoset of a subgroup

alwayshavestk esanne
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Ay is a group of order 12

It can be realized as the groupof rotations
of a regular tetrahedron

23

elements 4
wtfEnds edges

identity I
0128rotations through axes joining a vertex to the
barycenter ofthe opposite face 8

023 34 47,424
12 34 B 24 44343 3
A

188rotation through axis joining 427 to 4 edges
you identitynote all elements of Ace are productsofexactly two
thenspostions

Exercise find all the subgroups ofAc
E e Show that Ace EPSLz 2b


