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/\/ex/‘ we will Shady the /mm'ﬁéz

Symme/‘ry groups of Objeds 4 Pd/ferm
i te plane, i€ Subgroups of lsom (& ?)
/‘a/e(/y an 055@& or fﬂ/’/efﬂ Ved /’fJ(/‘r(.
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C/m{imé’on of Hhi}e #n@me}rj grogps.
T hesrer / Leonaedo da Vine i ?)

[F C’ 1S a Finite Subjrbulp of lkom(fz)
Fhen G is a cyclic group Cn

( rotakons round foin; lj m/ﬁ'p@ of %/[ )/
or AQ ﬂf%ealra/ ﬂrou p D}’\«
[§jMMéfr(ZI of a regubr n—yon)_

TAe firct Stepr is the ﬁ//owliy
FIXED PoinT THEOREM:

Let G be 2 finite Subgroap of (Som & 7
77'@,1 there is 2 /no/'n/' p m F 2 Which

i fixed by G, ie. 9p)=p Pl geC
Froot: Pick g xelE" ond we
Consider Hhe ‘ME@” or
CM p of i orbit Gex.

Exp/}d//y/ if G- {3\/-"/3'»,21 Hen
P:.z.é—/'z ﬂ(x) ':;'Lz\g,;(x) .
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. o (/'_e, averade /704'!}}% of /e /;o/,{/;
9:(x) i He orbi} of x:>
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Claim: p is fixed by exch g€
W For g€ &, )
gly) = Ay-+b, with Aeok) beR.
kit -75)
- % [7'., ;9"{‘ ”/Jh?\/ -+ )7
= Llpy ot Byt Uinewrity ot )
= L{(Ay:tb) + ot (At
=k (sl8)+ -+ 9(40)
So g faker Hhe centraid o (41,--3)

1’9 Me CQI\IFUI‘JO'F (9(91),"'/ 9(9,‘)),

) 4G={99,,9%3=C, snee
left mulbiplicabion by g plermutes
the dloments of gz

Hénée/ bor each g€ G

9(;7) ‘:-Li“ (Froid of 99,(4), -, 99,x)

& contriid of 9,(2), - Gn ()
7%[5 (Dro«/éj MZ 6xe/ fc/h/ //eorem, //

KQPWI( : TAZ dme argumen/ 5401,4

that Cl/iry Yoy Iaégrwp of
1Som (') fixes a pox’n/ (o ZZJ)

Now we keow that G oic a Linte
group o rotabons and reflechons
Lixing the pomt p- (G i
Subgrou!a of tha clabilizer of p
= 1p D/z)zf;: 2 cwju‘gafe of 0(2),)

M

Case ! Rcume G cont ans on{y rofzhoas,
[f Z—#{éfl Choose a rotapion (E€G
Aj He cmallost Pm'h've wy&/ 129 6.

C_:/a__iﬁ: G is generated éﬂ r, 2nd 5=2F
for Some infegern. S0 (=G
Mr b uppose (e Contauns 2 robbon S
gﬁy& K. [hen we can write

X=RE+E whore Re?
and 0<B<§.

Tl SR G and it a roshe
by o-RO=pR. Hence B=o,
othervice 8 would not b2 the malbs
pusitive M%ZW(Z. So o=A8
and S=". Thuw & i 2 éfté&
ﬂrm(f féﬂér&/‘é&/ Z;j r,
Furthe, et 6 be the mallsy
multiple of & which 5 220 Thon
204 nB<271+6 -
S ince B (s e cra lost /ﬁf///ue soloicn
d/\/éa/ Hhis /)nf//ef n@=2rm.
(ﬂMerwh@ 0< 21-nf <@, and

27t—nf would be 4 cmally ritabon qé/
Thu, 67 %’( for (ome fze- .
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éﬁr_’_e?_a 3 tqﬂame é Conteins & reflecsin m.
L&é H be He :(aéj/‘ougp'of A ééu/}/?y
of rotabons. Thon H is 2 cycé&
grovp ﬂenenf«feg/ %7 @ rofahon »
/%rou% o anf(e -27{/ , for some (Ateger h3 ],

Now M generate a Aihedsr sl
Group Dn, = (r/rn : r"':/,mls/, mrm:r"z
which i a Jaéﬁkoup of G
Clin G=D).

Pol: |F 9€ G 15 a rotatimy fhen
ﬂfl’k ﬁrwmeff/ So gé&,,
,1C e C’ IS 4 ref/edﬂml ten

9*"\ IS 4 rofapfor tn 4] 30

9m = A for come Integer R.

/'/énce g = )’A/M (S mce M—lzm)/
wd g€l
This shows Hat &Qp,} hence (- Dﬁ |

T/\w @l/ery 7[/‘i'|/~/‘e Subﬁmuf of
1£0m (EZ} (s /‘.(omw;péfel‘v C\O’D,,’//

/n 3~dimensions every B fe Group
of isometries s con J'wyaﬁe o &
Sabgrop of O(3).

The Fintte Subyrou/w of S03)
(ie the finire groups of rofapons)
we: (o D, T,0, 1
W}\efe C,\: 636(?6 groap

Dn = df/\edfa,( ym/'p

T": tetrahedeal f”""/’u
O ="octareded gfbu/?"
[ = icosahedral ymup"
ie. rolzporal %/nme/n'e: of a
reyodar Fetrahedeon,
pctanedron (or cube),
icosahedron  (or dodecahedron).

{\_L_o‘/f:@ tT[:lz
10]=2¢
| I1=60

@ The cube and octrhedron are
"dua[" and have /'Jom_or,p/.ic
X(t/mme/fry jrou/x.

( Centres of taces @ (ube

&—> Verhees (n oclahedron

and vice versa )
S //hi/dr/y He dodecahedvon aud
[Cosahedron are dual, so have
}Jafnorlylw'c j(ymme/‘ry groups.
@ T, O/I (orre.(Pohd fo hice
permulahon grodps.

Degmmon : A permutation an Sn
is called an even /Defma/Z/éav if
it can be written as the produc/
0f an even number of 2-cycles.
eg. (1=00(n), (23)={3)(12), (2)34)

are elén




An odd permotakon Can be written ar
He product of an odf number of 2-¢9cdls.
eq (12), (234)=(1803)(12), er<.
Or: given o€ Sy form the makix Wo)
with tolimns sty € o2, - Eatm
L@ [ =t unitveck- o R ) .
TA% U is even (£ dor Mlo) =+
o is odd (€ Aot Mlp)=-1.

/‘L”! not Adfé( b check l%af /4@
Cven Werma/‘a'/éom 74»% a _(aé//bwp

of Sm, (Med Fhe a/femd/u«g g /4,,
With //9/1/ l{n )

b fot, T2py 0%S, Izf ! /
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