
el* Welcome to Phys S98GTC

"Modern Electronie StructureTheory"
Goalsi Understand the foundations of grong theoryInsolid stater physics

& Develop tools to analyze devaluate research
papers on topological materials

② Learn to apply Berry phase techniques to
anglyze electron properties of topologicalmaterial



Rough guide to toposi & Space grong symmetres
② Berry phases and Wanner functions

② Band topology

& Topological crystalline insulators

course website courses.physics . Illinois- edu/phys598gta
course components

: HW (5) - graded on completeness
- Class participation



- Final presentations

Offer hours : TBD via Zoom

Reviewof Intro to Group Theory
Useful · Dresselhaus "Applications of group theory to the
Resources

physics of solids ."

·

Bradley &Cracknell "Mathematical Theory of symetry
in solids



· Serie "Linear representations of finite grands

Starty painti H=V+
-

Schredger Equi H14] :E14/

Find transformations :

*- Y
/
141-14'

Symmetries : transformations that leave the Schrodger Eat



unchanged
H- H= H

This course: mainly interested in transformations of space
Y = R* + 5 R-313 rotation or reflection

i = R Ri-RTc Orthogonal
-translaten vector

Basic Intuitie facts :

① If I have two transformations
,
I

can first do one transformation and the



do the other . This is also a transformation

②T+
Eti

is a transformation - identity
transformati

& We can always unde a transformation
inverse transformations exist

Defer a set G is called a get Pi

① there is a binar, Operation· Spreduct
S
. t. for any 9166 , 9266 ,



9.9.66 and 9 : /193) =Biggs

& there easts EEG s
. t . for all get

E. g = g . Eig E is the identityy element
-

② of get, there exists It site

g . g = g
!
g = E

Examples of grongs : ① Unitary operators on (d-dimensional
Hilbert space Urd) - the set

of dad Matures Verid) Sit.



VE=r
- 1

· Binary operation : Matrix multiplicate
V=V," Vet =Vit

Crive)= +V,
"
=vUV

· E is did idenity matix
inverses by construction

& The groug of rotations in 30

the special orthogonal grong sorstI ↑
detI Transpare s Sobmatres

inverse



& Translations in 3D R
· elements are Vectors vers
· binary operation is vector addition +
· identity : 8 vector

inverse vo or

each ver defines atransformation * *+
"His a subsetof G"

Some important facts about groups
: ~

Given a group o we can consider subsets
such thatIt is also a grong

so subgroup



His a subgroup fi : EeH lit is a subgreg
· His closedunder multiplication of

hel , hel , hinzelt
· It is closed under inverses

helt es hel

Examples : consider Sor and consider : Fix i

Erotations about the axrs is a so
sor sorst

- translation grong =[,8) 14, y,7 ep



G is an subgreuget pick 3 linearly independent rectors Fit
6. IfIt is a subgray
of 6 AND HYG T-Sett/1e/
then we say Hisa

freersubgrag of G I This = subgrands of this form are
HEG-Hisasubgrad

called Breslattices
of G

Hisagregorsubgroup of 6

We can use the subgroups HSG to learn about
the structure of 6.



Given a group
6 and a subgreg H, we can define,

for any get a vaceset of I

Hg = Eh .g/heH)
Exportant Fact : Every element geG is in one and only
one right Coset of H-

Proofi First, we want to show that every ge 6 is on at leas

one right coset . Recall &H

Hg = Shg/hel) Eg =g



to show this us the only one we need to show that

getg ,
and get HgHg)

↓ ↓

g'= hig , g = big2
b I
h, 9
,
= 1292

=> Whighhe92-92
=> hih-929, eH



I is closed under multiplication : H99
Y

Hg= Hg ,
=> every element of G is on exactly one right coset
right cosets of H partition the grong

G = HUHg
, UHs.

-- - UHg , In right
cosets

"coset becomposition"



D
61 : 16 :H Sylow


