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overviemofta.lk
Detailed 1st example

Special group 1

Special group
2

Combine work for results




















































































Before trying to solve the 2 2 2

try to solve the 1 1 1

wow
I

ta da

aye

behold




















































































Questions How many symmetries
of cube

are there

FIFIIIII.it
t

FEII






















































































Firsttypeofrotation

T.EE

dEiiNt

I

FFed.FIv FEFIIIIFiFIIIIIii

FEIF.fiI FETTIFFIN






















































































If you do it 4 times

EEIiEFdd ItFIIIi
iI

FEI.FIi FeIINx
l l




















































































Secondtypeofrotation

E.EEEiqiiE EEIT.FIfFairIIEIit

It.IEIIIIIIII

EkIIiiii EEIIIFt.FItiIIF.If




















































































Thirdtypeatrotation.FI

eItIEE
t.EEEIIIIIII EFETITIFITE

FIITIIII.iti ntIIEIII FEIEIIIt




















































































1st type 3 axes of symmetry Http
6 axes of

1
IF

FFI iiiI iFiiIii I.EE iitiItti

ifI3rdtype
4 axes of symmetry

1st type 13 axes 3 non trivial 9

YT1 f
2nd type 6 axes le non trivial 6

3rd type 4 axes 2 non trieral 8

É Éjig a

4thhritothtyamnetsumme.ie




















































































Is that all What about

EEIIIF.at iFEEeI Fine

Let G all possible symmetriesfrom rotating the cube

Function G Faces of Cube

fly color
g
sends blue fae to

Observation Certainly G Faes of cube

I 61 g
sends blue to blue g

sends blue to red

g
sends blue to purple

4 4 4 6 24 symmetries




















































































the symmetries of the cube have
obseriffes.me
1 Given the symmetries you can tombine them to get

another

2 Given any symmetry you
can always undo it

3 Theres a symmetry
that does nothing

4 Given any ordered list of symmetries
it doesn't matter

how you choose to
reduce it e

g

EFI EFI FIE

EFI EFI EFI




















































































An object that satisfies these rules is

called a group Groups are everywhere

ex non ex Z

2 1 1 0

2 1 11 2

ex I multiple of 90 rotation s

ex 0 any rotation ex any rotation

of reflection

ex FII rotations ex invertible linear mapsfrom

1122 to 1122




















































































Returning to FII we found 24 symmetries that

could be specified by what they do to face

FFEI.li Itt.FI IEIEIfIE

e
1

can
4

0 8 56 8




















































































Fired.ITeI ftp.IEIEII
e

iÉÉIIIIIiII FÉÉIEIII

ieIIIIiIIIII.AEneEIisiiiiii
iii IIIIEEE.EEiIit

I




















































































Heres another
group All rearrangements of 1,2 3,4 5,6

1 12 12 B 2 2 careful order

α 1237 451

it B 1127134567
56

β α 4211345611231145α B 8
112463 8

Denote this group by 56 Readily generalize to Sn for

my n 21 Called the symmetric group on n letters

So we have a way to realize G 56 We say that

G embeds in 56 or G is a subgroup of Sa




















































































The2x2x2Groupriii.I.ttie.FI

S.IEIei FIiItIiIFIt.it
iiiii FtiIIII.IIIiIt

FFI.FIEiIIFiiIiIii IIIIII.itIIiitttiIiii
Call this group G




















































































FIFI EFFIE mm

EFFIE EFFI
mn

1432 7 12651112341 116541

FFIE.IT




















































































Quotient

Faveafunction G So that pretty much just
forgets

colors and only remembers cubes Funation has spelial property

Function is called a homomorphism

Fact G Ss is onto surjective

We call such homomorphisms quotients




















































































specialsubgr.pt
Consider our G 58 The subgroup k G so that

0 k id has a nice description

EFFEFIT FIFTIETH

it.ie iitao ii

EIIE.FI eIIeEe EIIE.FII
Each twist an element of 3 0 120 240

0 1,2




















































































So have embedding k a 38 Is every twist combination

possible
Examplees fix everythingbut one and twist 120 cc

Feith.itiiitttii IFEititi.itiiItitxii

For every cube let's assign an up or a

Lferintations
gang orientation Pretty much just
where Z pointing away

from cube I
8




















































































1 78 spelify Z you'veexempt
assman

Specified them all Right
hand rule

I

I
I

IIIII
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F.EfiFIIt

or O




















































































Picture

IIFI.IE Ft
i

where you
4

i

or bring load orientation

Is
1

t.fi




















































































I 1

I if

FEETI
y I total orientations

is preserved and equal to

a multiple of 2N




















































































Upshots
Not possible because does not preserve sum of lead orientations

IIiititii.EEittiE IFrititiitititettitii

to to
to to to

Fct Pretty much everything else is legit Sterifially

is equal to IX X2 8 so that

it at t x g
5 mod 3




















































































SpecialsubgraptI.my
tone and orientations on cube

Let H Subgroup of 6 that preserves
I.tt FIit anmtaaasm

III.IT
fi EEiFIfi

t
t t 4




















































































Cervation If you're in H as soon as you say which

cubes goes where you've specified
the move

I.IE Fttii EIEIIti
T t t

1 15
Righthand rule sorta deal

Thus H 88 Fact H

ine
1m 0

K 6 58




















































































P.tt

I tI eot2ne
H Group of total orientation preserving symmetries

subgroup of symmetries 58

K Group of symmetries that keep all cubes in place
but mess around with local orientations

subgroup of 38 1 1 X2 78 satisfying

it at 5 med 37

HNK 1 if you don't move cubes and presence orientation

You didnt do much

this means H

in I
H is injective

and surjective which we

call an isomorphism Tm o groups
6 58 admit an isomorphism called isomorphic

Denoteby So H 58




















































































In H multiplication is understandable

fi iiitii
aaef

III fit.IE FfiIf f fif
F.FI Eiti EFItftt I.EEt

4

f
FFFEFFETT

T.fiIIlFfIIiiiiIfIl
LIFELIKE.FIIFfiIsfiiiI

geease
1




















































































a a so that there exists a H 6

Satisfying HMk 1 and 014 H Q is an isomorphism

Then every element

of
EG may be decomposed uniquely as

g Kh for kt k and he H

Call G a semi direct product of K and H
Denoted by G K HoH




















































































Example fk et k G 58

gg While n't LEE's
hh k o ie

H
arises P it

E 14324 of

Fittest.ittiti.i IEtsiIitititii
1112 2 1 0 0 0 07

IIIIFtFIFItFiiiiiitiiiiii
IIIIiiii.FIiiii.FiIiiiiii

1 1 2 2 0 0 0 112341 112 2 1 0 0 0 07 12341




















































































Ingenerf

k 1 2 0 2 0 1 2 0

h 135 2411781

1 2 0 2 0 1 2 0

new.to tiEo ti
Note this induces an action of 58 on K
That is for each h So we get an isomorphism

of K to itself automorphism The assignment of
automorphisms respects group structure of 58

Sg Aut k is a homomorphism

hts k penate k




















































































Groupstrutures

G K Xp 58 where K 237

so I 61 1411581 37 8

88,179,840 possible arrangements

so if you just mess
around randomly you'll prell never solve

the thing




















































































fi tiI uvisualize a group so large

Does it have some other interpretation outside the puzzle

How to relate to 3 3 3 What is subgroup structure

Minimal of moves to solve cube

IIIII.IEiiIIiIIIL.fiiIIIiIiiIIiI.IiiIIIII

iin.IEIEIIIEIiiTi
initiation

FIFTIES.fiIifitiItii
M

let G be groupof double mores I
Determine G upto isomorphism
















































hank You
Folks
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