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Ground

Def A set G with a binary operation o is called
group if

1 Roy G G if X Y E G

2 Xo Yaz I Gloy o z for any X Y Z E G

3 F e f G sit no ease X for all X EG

4 LEG Fx E G sit xox a ox e

o e is called the identity element of G
x is called the inverse

exercise show that the identity element is unique
show that for each X the inverse of x is unique

EI IR t 2 t IRI 01 o



general linear group Gln IR invertible nxn real
matrices

symmetricgroup Sn I l G i in 7 Er in

G is bijective
dihedral group Dn 1 se se sent y och y ay I

x y I sens y ay 2 1 y
Set of reflections and rotations
of the regular n gon

Def subgroup Let Gro be a group and HE G

If h o is a group then we call H a subgroup

of G and denote by the G

Def Abeliangroup A commutative group G o

i.e Roy you for all say E G is called
an abelian group

e.g dit is an abelian group and
Z E Q E IR E A

Zn E t X X n sent acne 1

kn I Dn

Def cyclic group A cyclicgroup is a group



generated by a single element i.e G o is

cyclic if

G x son I ne z

for some X E G

Def Corder The order of a group G is the

cardinality of G and denoted by 161
If X EG the order of x is the order Loc and

denoted by loot

Prep Subgroup test ME G o H is a subgroup if

1 C EM
2 soy G H for X Y E M

Prot If G is a cyclic group then all subgroups of
G are cyclic
If lat en the order of Cem is n godcmon

Thm Lagrange Let G be the finite group order
n and see G order m Then m I n



Thm Sylow Let G be the finite group order
n pkm where p is prime and ptm Then there
exists a subgroup H EG of order pi for
It is K

Def homo isomorphism Let G o 4 be

groups 0 G s H is a homomorphism if
Koy 0 x OCY

A homomorphism is called an isomorphism if

0 is bijective

exercise 4 G in homomorphism Show that

1 Eg em
2 121 1012
3 LOL pox 1

4 10 G I l 1h1 10cal I 1Gt
5 G'S G Oca E H
a Herp E G

Goat Classify group up to isomorphism



Thy suppose G is an abelian group of finite order

GE
isomorphic I

2Pt'd X Zpaten

Pr Pn not necessarily distinct prime numbers

Cig KEG YEH lock m 141in
x y E GxM I Cray I dem Olay

Knx Zm 2mn if god Min 1

EI How many abelian groups have order 12

12 2 2 3

22 3

G E 72 22 23 or 222 423
E 72 26 E 242

Rings

Def A ring R t is a set w two binary

operations such that



1 Rit is an abelian group w id 0 and

inverse x for X

2 Rio is associative
3 X Gtz Nyt XZ Pty Z XZ Y Z

If I has multiplicative identity it is
denoted by 1 E R and R is called a ring
unity

If CR is commutative R is called a comitative
ring

Def let CR t be a ring w unity 1 Then

an element KEG w X GG sit a at at 2 1
is called a quit of R
An element X EG w non zero LEG sit

XY O or ya O is called zerodivisor

Def A commutative ring w unity and no Zero
divisors is called an inte gradomain

Def A field F T is a ring sit Rico

is an abelian group


