
(free electron model E=p  /2m)

2

V(r)





R



(see problem 1 in HW#5)



nk





periodic BCs as done in chapter 6

each lattice point represents a unit cell

over one unit cell, 

x

x

k

k

x

x

e      =1,

ik  L

x

M

1

M -1

1



x

x

x

x

x

x

( or LPs)

direct crystal lattice

or cos(k  L  ) = 1

x

1



This question should be discussed after next section (Fourier analysis)



where, 

K, K

'

K, K

'

'

(see problem 2 in HW#5)



0

q, K+q'
q, q'



Schrodinger eqn in reciprocal space



practically, eqn 2 is truncated to finite number of terms

see page 8 in lecture notes
of chapter 3...



or   U   =  U

*

K1

-K1

U      =    U

2K1

-2K1

*



for 1D lattice

RZ

( ELA )



to plot energy bands of ELA, see page 22 of this lecture notes

parabolas centered at 

where n=0,+1,-1,...

Reduced
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here n is density 
not band index

The number of allowed k-states in each band, n, of the FBZ for 1D lattice is N 
(to be shown latter in page 22 of this lecture notes)

calculated over one unit cell

n=+1



area of circle = half area of square
 of side 2Pi/a 

(no gaps)

n = N/A

n = 1/a

2

= N/V

The number of allowed k-states in each band, n, of the FBZ for 2D square lattice is N (to be shown latter in page 23 of this lecture notes)



 

 

 

 

  

Empty Lattice model for n=0,±1,±2 Reduced zone

3 2 1 0 1 2 3

0

20

40

60

80

100

120

k a

E
²

2
m
a²

Empty Lattice Model Dispersion Relation

n 2

n 1

n 0

n 1

n 2

to make this plot, just change the 
range of k above as

= -

= -

= +

= +

=

n = -1

n = -2

n = +1

n = +2

n = 0

n = 0

n = +1

n = +2

n = -1

n = -2

Mathematica code for band structure calculation of the Empty Lattice Model (ELM)

Reduced zone

Extended Zone









n=+2

n=-1

= U

K

= U

K2- K1









, n









at RT, Fermi level is shifted up to conduction ban by thermal energy k_B T

valence band

valence band

valence band

conduction band

conduction band

conduction band

typical size of band gap in semiconductors is around 1 eV





A

B

concave down

concave up

- k

k





d=3



d=2

d=1





x

using





2



, and for

U = -0.1 ,-10.0

0

poles occur at 1, 4, 9, .....



first band

second band

third band

fourth band
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