
Ele* Welcome to Phys 567

Geometry & Topology. Modern Electiona
Structure Theory
-

① Understand the foundations of groug theyun
solid state physics

② Develop tools to analyze research papersen topological
materials



③ Learn to apply Berry phase techniques to analyse
electrosc

properties of solvds

Rough guide to togies :

① Space group synretives
& Berry phases & WennerPunction
③ Band topology/topological materials

N
& Topology & quentur geometry"



course website courses . Illinois -edu/phys56 7/92023

course components & HWs

Final presentation

Office Housi TBD

Inew/Introductionto group theory
Useful references: · Serve "Linear representations

of Franke Groups"
· Dresselhaus "Application of Grong Theory



to the Physics ofSolids"

· Bradley &CracknellMathematical Theory
ofSymmetry inSolids

Starting paintH --

Schredger equation HI4X-E14]
X+ Y 140 - 100
g+ g

!

symmetines : transformations that take
H - H'=H



This causes transformations of space

*+ y = RY+ & 313 matrix rotation
or reflection

-g- p = Ri
d-translation

Sover infurther facts

① I can always do nothing x videntity transformatioa

② I can always unde a transformation transformations
havenverses



③ If I have two transformations
,
I sen composethe

to get a thurd

being aset G is a going of

① There's aneperation.product such that

&E6 906 the 9:%66

9: (92 : 93) = 19,96 · gy fassociative)

② there exists EGG such that

E. g =g -Eig for all go G



③ If got then there exists gitG
g .ggigE

Examples of groups : ① Unitary operators ond-dimentional
Hilbert space
-Binary operationi makirx multiplication
- Es ded identity matrix
- Inverse - hermition conjugate

Und)



② The grong of retations
of 3d Space

sors)
& Y
F 343

special orthogonal
det= transpose inverse

③ Translations 3D : M3
- elements - rectors /3
· binary operation-rector addition
· identity :
· = -



Given a grang 6 ,
wecan consider subsets HGG

a special kind of subset is those whereHis itself
agroup - "Subgraps" HSG

HG G is a subgroup if
· EH

·
Hisclosed under : hihzet hiheH

· It is closed under taking inverses helte Wh
S

Example: -Sols) rotation grang pick on as i

& all rotations about 15cSeis)



HSG - Ars sof sor
a subgenp of 6 -

Cincluding 6 itselfI S Id rotation grag
YHCG · Hrs a gregor Trans lation growg

3
=Se

subgrag' of G and

H 6 pick 3nearly independent vectors~

&
E, Ey, te

TEnnitt/1, /)
TIP subgrags of this
form are known as Bravars lattices



We can use subgrads It to learn about the structure

of G

Given HSG we can defer
,
for each gob ,

a

·uncoset Hg = Ehig/heh
Important facti every get is in one andelyee
right cost of I

Proof : First : show that every got is in at least one coret,
Second i show that it is on onlyene coset



& Remember Gett getg

2. Need to show fgtig, and liggy
Hg,z

gHg, geHan
↓ b highe

g= h+ 9 , g= h292
Y b

high high
whig, hihr Sa



9
.
: (hih · Es hibzH

Hg : Ehig , I hel Hgz
If

· Shhh-Gulhel) : Shigathe Hs
rememberi group multiplicatio isnvertible

Heh'= he Chilhi
so gette , and ge hg Hs

, ite
-> right cosets partition the elements of 6



⑳D
G = H(E) UHg, UHg0 ....UHg, "coset

decomposite
number of right cosets 1: 16 :/ index of Hin6

wewill
alwaystheaEG, S ... 9.. 15 - "coset representatives



robet
coset representatives are not unique

Hg, = Eng , llehe

-Ehllhels
gi


