


Densityof States & Greus Factions

- Consider a system described by a Hamiltonian

H/Pm> = Em 14m) Eigenalves ofH
↑

- Demity of States : D() = [S(t-En)
· Projected densityof states for an orbital I

n
.
(t) = [K1Ym> S(t -(m)
↑"Eigenfinc. of Hsome basis function

- Define The (staded) Greistn :

↑6(t + ic)=E- He ven matrix

infinitesimal e.NxN identity matrix
· Since It is a matrix

,
so is 6



· Consider The upper left element :

G
..
(E + :2)= 19.

2

- 1 m>Ymst 19. 3 :

· KPIYm e. Em (s)
EKYm? is

Et- Em)2 + E2

60 (E+ id) :[1.

14m>R-is
(t-tm)2+ g2

E
& Uring:Imnot it my + 22

= J(t - tm)

We can define The PDOS : n
. (t) = -)lim ImGig

↳ Summ in over diagonal
given

Total DOS PC)-1him Im Tr G(tig



- Can also get DOS from soming dispersion over k

D() = [S[z-20 vs (ha)]
-

1D TB Hamiltonian
E(k) =Eo - 20 Cos (a) with to o

* Cert To continuous :

- k Cl
-He

- : D() 9
%

y(t-2000 t
27

-Ha

bring
:

((f()=
Zerosoff(x)

D(t)= sin(a)
to arcos

D()= (20a sinfar]] v
= N . n(t) (2001(2101)
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Dynamical aspects of -

in bands

- What ele does hand structure tell ve about how e

behave ?

·
Fee :W()*E)

- Plane Waves are sign fr of momentum :

PIN) = -i w = /Wr)

- Now consider e in a periodic potential
· For band En (K) , WF : Ynnk) = U

,
(x)e

"*

↑ 14an) =kY) - ike*()
↓
Block wr in not em zigenfe of p
Bak , vanifitie not the real momentum instill
refill . Ak = crystal or grasi momention



* Consider The "saniclassical's velocity :

(h)=Yan 14,
·We can

relate this to E(K) : (x in1D
Fin 3D

ikx (
Ensu =[YallYn] with Man = 2 Wan()

<Paul ( =<Un 15
we did
This im

Hwz

< Yun /VH (4)= < UnuIV (Unn>

NowTake derivative& Fr is hamiltonian for
- all-periodic part

&) /V

②
- (a) +Wardde

-cont-
② (Un(pt)(Und)



Return To fel p:

divinative of bands gives semiclanial
vof i

What does remiclassical mean ?: Takes some espects to

· Q : Bands be quantum and others clasical.

· C : e dynamics considers a
classical particle in

a classical field.

-> NoteThis is all for intraband dynamics framei
How about interband dynamics ?

im Brad Kef

a[m (ptv] (Vn>= [En(]
= (pth)(Unk) +Held +Ea

=> Now multiply on left by (Uma) men



[Um, (pt) (Unt) + umale)
=Somalda (Uny +Euromad
=>[Ump(Una) =En-Emi)Tumal
· We can compare

Their to the expectation value of CH,x]
which is a more general way of writtin Velocity

:

Why ? Heisenberg eq
. of motion do--- parator
dE Ch,x]

< Ym(CH,] (4) = (Ema-Ent)<Yma)r(4na]
But Ch, r] =[V , ] =-i

Se [Umn/r/Un = iUmlUn]
↑

intraband dipole matrix elemente, importan for exfor
optical excitations



What does tik
, crystal momania Tells vo

·
Consider Theeffect of a uniform I field
#- Ne

↓ electrix field, Breath periodicity !
· At to prepare Block state

·Time evolution will bei initich Black

Y(x, + : f) = exp(Ht)4 , e)
Tate

·
Now Translate variable X+ x + a

Y(x + 2 ,
t ; 5)= exp(t)expeFax)S

J Blocksix(t)a Now periodic Theore
=eP(x,

+ ,f) part of th
I

Y(t) = - eft
+ ko

·The time volved we is Black Type withR

changing linearly withTime



dint] =-eF
-> Force on t in peridia potential

It from I field is consistent with

p = -k !!

·
Consider a single band : semiclassical acceleration :

&
· Newton like expression : Femamm

Y

effective mass from
band curvature

* Conductivity in Bands :

· Consider a
hand totally filled .

What isthe arrantI
spin

F= =-
Ed=

becauseE() =EEt



· Remove an e at state kn

Fn =-fe
L

↓ effective arrantof "hole" looks like positively
charged e

=> Only materials with partially filled bands
andect electricit
I

Blockvullations
- What will happen if we continue to apply afield?

- (t) = Ko-eft Cfha↓
magnitude increases linearly
E

~
Free

Periodic potentiel

W·-7

- "&

7

k -

Ma %
-

Y Ne



* Funstead of I increasing in Time (free e , auptig
lattice) e motion will be esillefrang
=>Back illations

· Time To ,
= frequencyTo complete - oscillation :

= Wha
· frillates in space

also
.
Ex consider aTB band

~Ct) = -sin(ko-
x (t) = Xo- 20(-]

u

* But in reality(real materials) we have

scattering
·

No system has perfect periodicity
· more on scattering later
· Parametrized by scatteringTime I
Can only obser B .

0 18 WB[> 1 (many
orillations

-

before scattering)Not true in may materials,


