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The mathematical theory of

wr.IE iIII
length angle invariant after symmetry operation

Cri 5 FT 5 ft Rift Rig 5 IT 5 ftp5

Rift Reg 1 REO 3 R

RES 0131 def 1 proper rotation
REPS 0131 det 1 improper rotation

prop not inversio

Point grus subgroups of rotation group 0131




























































































Dresselhaus 3 9q
symmetrs.IEjnty

Cn rotations of
C E G Cs etc

in crystalline systems
n 1 2 3 4 or 6

T reflection in a plane
on horizontal perp to

not axi

I
ou vertical contains

Od dihedral plane order

bisects the angle between
2 fold axes perp.to
principal axis

i inversion T F

i oct 2

it
sure




























































































Sn 2 rotation On

n odd ict rc.cn r Cincin's fc2 tk

5252k

n even iCnt r caCnk a C k

ic 565 SÉ

ICI SE
ict 55 rCÉ OCI

Above are Schefles notations

often see Hermann Manguin notations

international notations I

Schonflies H M

Cu n

ica ñ

r m

on Nm
or nm

Tv hmm




























































































Examples
Proper improper

S HM S HM

C E 1 5 52 I

C 2 icio 2

CT 3 55 5

C CJ 32 56 32

Cx 4 SI E

CT 4 54 43

6 6 55 6

CJ 65 53 65

9 2 Point groups

proper point groups
P G of the first kind

cyclic groups sym elements only nf d
n Cu

dihedral n sided prism

as
even n

EEE
odd n2 Ae




























































































tetrahedral regular tetrahedron

EIFII.EE i ase

12 E CI Caxly z 12

I 8 3

octahedral group
2fold 6

432 O

fold sixfold

2 fold

E Cytes CystCyst Cyp 24

icosahedral group
I

If
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7 20

E 3

III I 4 6 2 10 15 60




























































































A add in inversion PG PG gt1
i.y

Cn odd n ñ San

even n m Cuh

Dn odd ns

1m Dnd

even naz

1,11 Dan

23 T m Th
4m3

432 O m3m 0h

41m 3 21m

532 2 53m 2n

B P G P has a normal subgroup Q

of index 2

p Q RQ forsome Q

P Q IRI
n aan n odd 2n 25 Cnh
Cna Can

even an In San




























































































n a n 22 or n 22 hmm Cnv
Nz

nz nm
Cn Dn

22 Rna 2n 2m Duh oddu

2 Dud even

T 23 no subgroup of index 2

23 4432 43m Td

t.IE aaa.sin.oaiiesifEA.T2m54 m6m Tammy 5m Hmmm 6 mmn m3 m3m 53m

B In I 5 mm 3m 4mm 6mm x 53mI
sacrystanimpa.mn

ftm ilaodatabase

i
e r r 53 s.rs ps p's
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IS 5 r 513

p's 582

reel r.rs r's

i.IE ari.aiCys r5Cs rstr's
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c

c C DifCi

Lik I D yi

y y yo y

2 y y 28 225
3y y

is
a y y M I

b 4
24

43 28 2 5

y zy y 2y4 2 5 ÉÉ
y y
y
p a y g




























































































I
e y

by y3 zy4 zyt

utcis 11 j 22

Xa Na 1 0 1 0 0

s Nb 1 1 I

xan.cn

insisii.li
2Xp Xp 1 na 2

Nb n c nd he

7 Del 12 4 2 1

1
412 F Ca Z S Ci rs C

Mullikan symbols

A B ID irreps symmetric antisymmetric
wir.t principal rotation

Cn

E 2D irrep




























































































T 3D

G GD

H JD

subscript
Symon antisymm W.r.t vertical

mirror plane

flu A Aig Aiu
E Eg Eu

g gerade even

u ungerade odd

i II
1

sym antisym On

Dx DanExample
422 4 mmm

4
1T
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62 Dol D 4 Do

Do D VOD

Dsn Ds Vir Ds

0

functions

1 linear functions

Rep in 113 span e ez e

x ̅ J I

e 29th aug 2g 2g

7

Rs 3 1 1 11
MA XR Xa 0

nA 1 MI 1



IRs Az E

The rep matrix e

at
x y vector

Rx Rs Ra axial vector
II different

2 quadratic functions

XY XZ YZ y 22

Cya xy Y x L x2 y

7 y z y

yz a 22082
Cy 0

C2 X 2

2

a X 2

Q 1 2A B BPE

I recall P 1dg Mf EXAMI
A x y Z B x2 y B Xy

E YZ XZ


