
s÷÷÷÷÷ amps
: ya,

::i①

Deff A gaping (G ,
*) is a set G- , together

with a binary operation * on G

satisfying :

⑥ clojure : if a ,b C- G
,
then a *b E G

( note : follows since * : Gx G → G )
.

① * is associative '
- tf a ,b , c E G-

a * ( b * c) = (a *b) * c

⑦ * has an identity- e E G : Je EG

s - t
. V. a E G

a * e s e * a ⇐ a

③ every element has an inverse :

V. a E G
,
Z a' E G s

-

t
.

a * a
'

s a
'
* a = e

DeS A group ( G
,
*) is called Abelian F
-

'

'tf a ,bEG
, a * b = b * a

( ie : commutative)



i.③
a

'

is usually written a-
'

ie : a-
'

EG
,
at a
"

= a-
'

* a = e
.

Deff Git) is a tegyp if 1Gt ( s # elegans of)
has l GIC X

② IGI is called the cords of CG ,*) .

IGI can be some non- negative number
,

or IGI = no
, G is an infinite group .

E×amp6ZM
-

① ( 7L
,

# ) a closure ✓

• associativity ✓

• e = O Ota = atO = a Va .

• if a C- I
, its inverse is - a

121 = no

It is Abelian ( since atb-btaV-a.be'd)

⑦ ( IR
,
t) is also an Abelian

group

( Ryo , " ) is an Abelian group



a- b EIR
>o

is a.be/BoYefIbwe2o#2@③
associativity ,ten

. .
! :÷÷:÷: "inverse o

③ Let s = set
,

Symes) - { h :S -35 : hb afire}
s ⇐ En]

gn = Sym (En?) .

( Symes)
, composition) is a group :

• closure ✓

• associativity if a ,b,c C- Syncs)

a. (b - c) ! (a. b) oc .

YES ! ( fo all functions)
• e = ids '

- S → S
.

• inverses : if a :S → S is a bijection
,

then a has an inverse a-
'
:S → s

i. Sym ( s )
, Sn are groups .

Isnt = n !

I syncs> I = ( 1st ) ! ( or o if 151=0)
.
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is S
, Abelian? Good question . Lectw④
IS

, I = I ( only the identity)(
think about this : Sz

,
§

, Sy ?

T f
'

Ino, Abelian
{ id , 1121) no.

Abdin

Abelian
-

④ matrices

notation IR
"! set of all nxn matrices

with entries in R
.

( also
him

,
phin,

mixh

regier : • if A
,
B E IR

""

,
then ATB E IR

hxh

H and AB E R

÷:L . " :*::÷÷÷÷
.

def A t o ⇒ A has an inverse A
' '

det (AB ) = det (A ) det CB)
.
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what groups
? Lectw⑤

( pi
'm

,
t ) is an Abelian

group .

what about multiplication?

Def Gln Cpa) = { A E IR
""

: A is invertible }
"general linear

"
( ie : det Ato)

similarly : GHQ) , GLNCE)

theorem ( GLNCR)
,

- ) is a
group .

( similarly for GHQ)
, GLNCG )

is GWR) Abelian?

n =/ : Abelian
n >z : not Abelian

.

Basicpropertiesofgroy.TT
Suppose (G , *) is a

group .

PAPI
① The cancellation law holds : Va ,b,cEG

* if a * b = a * c then b = c .

* if b# a = c * a then b - c



② e EG is theunigneelemYecfIbne29I@60s.t
.
a* e = e# a = a Fae G

ie : if you have e' EG S.t. a* e's e'*a -_ on

then e = e
'

.

Poofo] F a' e G s .f
.

a* a
'

s a' * a = e

the
-

al * ( a * b) = a' * (a * c)

:
- ca

'

* a) * b = (a' * a) * c

e * b s e * c

b = a ⑦
other part is similar

proto have a * e
'

= a * e

cancellation ⇒ else ⑥

③ Given at G
,
I ! a' E G St

.

a *bsbtase
( inverse is unique)

.

i
. we write this inverse as a

' ' (unique) .

④ ( a-
'

5
'
= a Fae G .



Proof of ③ ,④ : do it ! Yb9①

Next time : ( In
,
t )

, subgroups


