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Symmetry group of a square :
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of sSymmetrygroD,D,H,Y Group elements are transformations/functions/mapsmappings/arrows
(not the images/squares on which the group

elements act) .

Virtual symmetries reverse orientation; (eg . reflections)
direct symmetries preserve orientation . Leg. rotations >
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Symmetry group composition : RD = Y HY = R2 Note: Hand V commute (i.e. HV = VH)
of square f= SIRRYR?
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nonabelian because its elements do not all
We say that G is
-

is abelian iff all itscommute with each other. (A group elements cominte with
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The multiplication table of G : of order 8.
G is 181 = numbergroup
of elements in G.

H G has five elements
of order 2 :

two elements of

R R R2 P3 D D order 4 : R, pi
one element of

Ra p R Y H order 1 : I
.
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The (i)-entry (i.e, row i,
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In the multiplication table , each group element appears exactly once in each row and column.

Associativity holds !

folgoh) = (fog)ok) = strew sitw-> sow

f(g(h(x)))
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03 is a group of order 3

having two elements of order 3 : w
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and one element of order ! :
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If G : 51
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a gro,,, se then g:h so G= [1
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G : Eigig" , I, g , gag,, ... 3 2

= 9g : k + 23
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Eg.y
= Eintegers mod 33 = 50
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These twogroups
of orders are essentially the same as seem by their Cayley table

(addition table and multiplication table respectively> &

More precisely , the groups

22/2, +) is isomorphic to KwY
,
x) i

.e. (4/21 +) E Kwy ,* ).

This means there is abjection p : 4132- Lox satisfying blij = Pipps) for
all

i
,je 1/32 ↑ multiplication in I

addition or in <wy.

#inis a in 2/32
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Some infinite groups : is a group.
- 0 Ota = a(R,+ Identityelement

Inverses : inverse of at is -a since at fa) = o

Associativity : (a +b) + c = a + (b + c)

monidentity element(BythewaThisgroupthe identityhas order
i eg
or all abe

(R ,
x) is not a group .

Here the identity element is It H since 19 = a.

In general att does not have an inverse.

If a to them a= t is the inverse of a since ta = 1 = identity.

But O- R has
no multiplicative inverse : To = 1 has no solution in R.

The associative law holds for multiplication in 1 : lab)c = albal for all ab, sip

Fixing the previous example : one idea Multiplication inR
is often written

= EatR : ato3 = fall nonzero realumbash =[te using 'x' or .
'

CY

↓f
"Times" symbol

or e.g.

IR
,

x) is a multiplicative group
2x3 = 6
2 . 3 = 6

identity : 1 ab = axb = aob
inverses : at is the inverse of a+ RY Idot

associativity : (ab)c = albs] for all ab ,+R . juxtaposition times
Symbol

(By the way , this group
is abelian and infinite)

I has order I (as in any group) .
-I has order z

Any at R" other them #I has infinite order.

(10,00) , x) isagrouty Corder 1)
.

All other elements leave infinite order.



(R+) and (10
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