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-Gros4) is

a set G with a binary

operation * such that

four properties hold :

O(closure) If a
,

bEG ,

then a * bEG .

② (associativity) If a
,

b
,

ceG ,

then a * (bxc) = (a+b) X

③ Cidentity element) There

exists an identify element

eeG such that

a and exa = a

axe =

for all at G.



⑪ (inverses) If a EG ,

then there exists bef

where a * b = e

and b x a = e

-use
-

Ex: < E
,
+) is a group

where

2 = S . . .)
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is the set of integers .
-

~Fa
,
beI, ↑

herI



the nat=
+

And O + a = a = a + 00
allat 2

⑪ Let aeX
. *

Then
,

-ae and

a + (- a) = 0 = (- a) + a

-

#I,



Ex: < M
,

+ ) is a group

where IR is the set of

real numbers .
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Qu
②
③ e = 0

& a ER
,

the inverse is - a



# Is <IR
,
·) a group ?
t

multipNation

① If a ,
belR ,

then a . beR
.

I

② If a
,
b

,
ceIR

, I
then albc) = (ab) <

③ Set e = 1 .

Then a . l = a = 1 . a
X

for all a EIR

& O EIR but there is no S
bel where O . b = 1 .

identity e

No,
IR is not a group

under multiplication.



Ex: < IRY,o) is a group

where R
*

= IR-Go]

IR
*

#Il
g

① Let a
,
bEIR*

Then ,
a,

beR and a 0
,
b 0.

So
,

abE and abo

Thus ,
ab ER*

② Let a
,

b
,
cER

* then

a(bc) = (ab)

③ Let e = 1
.



Then etIR
* and

ac IR
*&

easier

Then ,
a -IR and a 0.

Let b = ta

Then
,

bER
* becaused 0.

And ab = a - ta = 1

ba = y a = 1.

By D-
S

IR* is a group

under multiplication.
-



Let: A group <G, * ) is

called abelian if
-

a x b = ba for every

+a + b = b + a

< IR, *
ab = ba

< I*,][

The above are all abelian .



Ex: The set of rational

numbers

a= [5(a,
b = 2

,
b + 03

is an abelian group

under+

isintegers module n

Lef: Let a
,
beX.

We say
that acicides b

if there exists REX



where b = ak.

If this is so ,
then

we write alb .
-

E31/ead
: "a divides

~

Because
- 12 = (3)


