

























































































Recep

1 4 G H

kere Ek LEG 1 618 1m C G

im 9 661 a
subgroups

iso Ker y IGY

Imp H
G 1H

2 Sua 5013

R U H RM

s.t.uk.ru Ru 7 if

uexir.int Rui X TI HIER

Uria Rufo
recall U S no Ro Sp spin rotation

Rius Reus 2 to 1 mapping

sun is a double cover of 50131

Ker R 17 22

uin.fi exp c in 87 sua u in 221 1 Usa 421 1

5412153

50131 Rp s with antipodes identified




























































































Example GLU and GL n KI

Let GLU V V be the group of
invertible linear transformations with a finite
dimensional vector space V

Given an ordered basis D é _In

Define a homomorphism

Yb G LIU GL n k

T Tb 21

we

w̅ a victeil I f Tactigiri

t.kz 5 Tiett The jibi

In Ek Tbltilytsctzz.io
In EIIIn.vn
E Tz

Indue Tb Titel ki Vi

T.ee a Tree




























































































surjective

injective Zcell ei 2 id

The An

isomorphism Us ec.it

TITI G be a group then a finite dimensional

representaon of G is a finite dimensional

vector space V with a group homomorphism

4 G GL U

V carrier space

A matrix representation of G is a

homomorphism

4 G GL M K K R C

g It
V8 8 EG 7 18,8 1 1810780

an ordered basis GL V GL n K1




























































































matrix rep is basis dependent

E Z Sie
p 8 ST 185

Definition equivalent representation P P are

n dim reps of G
T T are equivalent T P if SEGLCU.ie

Sit 8 EG 7 if STDS

Example 2 R G a

Ta di
Tata d lab

Example So e o r e

52 M2 1 22

ices TM

7103 Th TH T1




























































































Example us CW w3 17

Tie 13

Tui

Tiwi

Example Dy c a b 1 a b cab I s

I Do 8

A

c AB t

T Da 511 IA IB ICG

isomorphism faithful representation
not faithful TAI TBI 1




























































































Moore Sec 5

a set the set of
permutations FEB3 Bet'k

Sx x x f 1 1 onto invertible

is a group under composition
m If 2 f of

II X
IIII

f
Definitions A cleft group action of G

it a homomorphism

I G Sx 018 7

1 ifg in 418.1

1 GXX X IS DEX EX

8 82 x 0 If x

1a 1 X EX

8 ft x 8 8 x 1a x

simplified notation g x S x

9 182 x f h xEX




























































































Definition If a set X has a group action by G
we say that X is a net

Examples 1 G

group action by multiplications
E X G

g 2x fax 8,82 x

group action by conjugation

g x 9 8 G X

a f fix g 182 821 g92 859

GG x

b e x exet

Abelian group f gxgt LEG

2 G n K aces on K

A I AijU

e In

a rep of G group action on

carrier space V




























































































3 Space group astrom on E eifz.gs origi

8 T JE 0131

T E T translation

s Rg I I Rgt Rg 0131

Ekg.T Rites Rafter
R Rif E I

8 112.32 8

matrix rep

sales t t

rilasir.la 2 e i

rlete rire
R R Rett




























































































Definitions orbits Let X be a G set

the orbit of G through a point XEX.is

The Set

Of 1 1 f gEG

YEX 8 5 x Y f

This defines an equivalence relation

x x x y y x x y y z tea

0 1 are equivalence classes ex under

group action

Distinct orbits of G partition X

EX OGLY

If Oelx.tn Of a Oaki Oak

x fix 82 x 1 878212

X is covered by disjoint orbits

The set of orbits is denoted as




























































































Examples

1 G 5012 121 on R

s 1 pan ax
80 yarp

s

IR soa 0 b

2 G C Rio R 273 26473 5 12

CSO 2 RI

eq lat triangle

iffii.it




























































































Example spacegroup acts on a 2D square lattice

pumm 9177 GEDu.iq i y fsxgroup presentations R R E I
CR.mx TxTy

Consider positions

1a o.o 6mm

1b t.IT 4mm MA
orbit types2 C 1 10 o t m

Gd I IX 0 10,1 7 M

Ge IX Ix m

of IX IX m

88 IX y 1

Wyckoff positions




























































































Consider wavefunction Y R 4 R

Tax
ID

x
y luxide Sa a 141

d

9,14 x aside

4 x e 417 a

4 x as

Induced group actions on associated function spaces

f theetffuntonsfrometX
to set 4 Let be the left group action

0 Gx X X

Then there is also a group action of on F

Fif F x F 01ft x FEL

f 0182F x Fifa F 0 8,4 x

F 4 87 018,4 x

F fat a

f.fr F x

f F x F Cft x




























































































4.3 equivariant maps

Definition Let X x be two G sycee

A egeriantmaj.fi
satisfies

f g x f f x xEX USEG

x
1181 1 1 181

x

fi 48 x I 18 fix

f is also called a morphism of
G spaces

Example

G 2 acts on IR

n x A n

orbits

1
Riz 0 1 is

equivariant map

f R R




























































































faith fixthR to R
fxi the f x ma

I x ni
fetal fltha n

fix α















