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- CG
- 73 i 38
- symbols have the farm Cletter[ptsje

Nonsymmorghre
- -6
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at heast one di must be a fractional
translation



- 6 tygreally catains screw retations
or glide mirrors

- 15331

- H-M symbols have subscripts to
denoter screws

,
and letters to deneteglites
-

Aside: Chiral crystals
crystal structure has a handedness : given a chiral

crystal, we can neverse orientation to get a different crystal
Ex
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-
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The key point : Chiral materials have no erventation

reversing symmetries
Orientation for a crystal es

, Eses primitive lattice
rectors

sende, rixen : E Right-handed word system
left handed zoordinate system



- All rotations preserve orientation

r - Ref 343 retation matrix

Rite, Rates Rates det Rate, faires
det= +1 for rotations

- Spatial inversion reverses erventation Iei--e :
jej ~ /Teter= - res
·

mirror symmetres reverse ormentation (I twofold rekatren



=> Chiral materials crystallize in space grongs w/ translations,
rotations

, and screw retations

65 of these Snche space groups

Erangle in 2 -

inversion : AM symbol
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Lets use space grongs to study band structurer
HITk = Ein /4

Wel4- I
block's theorem

what about other symmetries gle 6
let Usgla be the unitary operator that implants
Egld on eur Albert spacer

SUssI ,H = 0

Caster (F(5/(51) = (g(E +2)



= Egl8

Us UsgY UsssElgin
I

(518y = gi+8 · Ussis /karg)(>↳

Eldk
·ErgWiggast=

e

k (g) = 15kg



-k : I

We[ssir/Yr= eski [Usgis/
↳

=> Usgirli transfers the gt representation

of I

Usstar/Y Ign TgUsin



As IYggd
↑

Sewing matrix" for the
symmetry gld

If gk =+B for to a recopresal lattre vecter
-jkot -ikb/tHer e -e

-> e
> -I
it-A

- erk geri

Then 15915 is a may
between

-

states at the Samy k



Given E we can define

G = [5g/d/-6/gE : E fabulo recigrecal lattre
nectors I

GE's called the A grong of E

39 192G form a representation
of the little group

Schur's lemmai States /Yu transformin

representations of G- and States in the same irrey



of Gr are degenerate -

Lets look at an example : &432
Anoctahedral It group

primitive
cubrc Bravous lattr el

ei= a ecogrocal lattice rectors B, *

es: af -> E
I

Cz = az i

① lets take= known as I
* (51566gk = k =&



every clement of C heaves ↑ evervant

6y
= 6

② k= 15,b* (ii): ·:* P432 : [T,Grz ,C,i

X -> I : (,,
y -- - 1

z - 7 Gre, -(,) : (i, -be
6R= 6



③ I = k ,b, kibtib kitketks each render retrea
numbers

Get labelled as G /general position

All info can be found in kuew on the Bilbao

Server

Representations af little greugs :
↑ Gk for every

- little grongs are

isomorphic to space groups
Two cases



① GK is a symmorghie Space grang

E& Gr is a nonsymmarg
he space grong Er

⑪

Easy 9 G can be written 99(glo
of I is a representation of Gu

ersw = erseeser5glo prsfi)
kit

=9
given a representation I of Gr we get a

-

representation y of Gr= Gr/t-



g(= 0(5g(2))
given a representation if of En we can construct a

representation of Gr

For Symmephie little groups Sy representations of Gr
are determined by point grong equeantations of

EGw/T /little cograug

& Ganonsymmorghe gildi where dis
a fractional lattice translate



/2) :/ si

: Gelder Gala : Ele
I & is a representation of Gu

-tot
e /5515,/ = e

this defines argesenior i a~usedeie e

e
,

5
,

>Example : 25
Ca 52



=c Bu

Eczzler
① T garntik = 8 Gy = P25

e is an reg e Gt /sell)=e
& /Ga :/s

-

-> at I irreps of the little : +/5fs)/ -

grong can always be determed from 6



i Pr(Gas)) = -

What about =By reduced coordinates (o,0 , 2) [E
9/5E/2)) = ebget-its62= 6 =2
Z

> >

where I tie, test sty

-iPe/3af) = /Se = - / e

Ebgies- /if:



SeeSee i
Extended grong E

, G , I

Y= E

C=


