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Chapter 9: Fermi surfaces and metals

Fermi surfaces and metals


FThe Fermi surface is the surface of constant energy  in  space.

The electrical properties of the metal are determined by the shape
k


of the Fermi surface.
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Reduced zone scheme
'

' 'For a Bloch function written as ( ) ( ),  with '

outside the first Brillouin zone, we have ' .
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Periodic zone scheme

kThe energy  of a band is 
periodic function in reciprocal 



lattice: . This is known 
as the periodic zone scheme.

k k G 


  

as the periodic zone scheme.
In a simple cubic lattice, the 
dispersion has form:dispersion has form:

2 (cos
cos cos

k xk a
k k

     

 )cos cosy zk a k ).a
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 Chapter 11: Diamagnetism and paramagnetism
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Chapter 12 Ferromagnetism and Antiferromagnetism

A ferromagnet has a spontaneous 
magnetic moment in zero appliedg pp
magnetic field.

Antiferromagnet

Ferrimagnetic ordering
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Assume the exchange coupling between spin  and  is , Heisenberg i jS S J
 

model has the energy of the system,

2 i jU JS S  
 

Since  is the scalar product of the vector spin operators  and ,  it 

will fa
i jU S S
 

vor parallel spins if  is positive and antiparallel if  is negative.J J
For a system with many spins, the total spin Hamiltonian is simply that
for the two-spin case, summed over all pairs of ions:

spinH  1
1
2      If

N

p p
p

JS S 


 
 

1. All magnetic ions are far enough apart that the overlap of their electronic
wave functions is very small.
2. When the angular momentum of each ion contains an orbital as well as
a spin part, the coupling in the spin Hamiltonian may depend on the absolute
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The approximate connection between the exchange integral  and the J
Curie temperature . For the atom under consideration has  nearest
neighbors, each connected with the central atom by the exchange 

CT z

coupling . For more distance neighbors we take  as zero
3 .B C

J J
k TJ 

2 ( 1)zS S 
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Magnons

A magnon is a quantized spin wave. Consider N spins each of magnitude
 on a line or a ring, with nearest neighbor spins coupled by the HeisenergS g g p p y g

interaction:

2
N

U J S S
 

1
1

2 .

If  are classical vec

p p
p

p

U J S S

S




  


2
1tors, then in the ground state  and p pS S S 

 
p 1

2
0

, g

the exchange energy of the system is 2 .
For an excited state with one particular spin reversed, the total energy

p p

U NJS


 

2
1 0

For an excited state with one particular spin reversed, the total energy
increased by 8 ,  so that JS U U  28 .

For the th spin we have 2 ( )

JS

p JS S S 
  

1 1For the th spin, we have 2 ( ).p p pp JS S S   
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Assuming traveling wave solutions of the form
exp[ ( )]; exp[ ( )].    x y

p pS u i pka t S v i pka tp[ ( )]; p[ ( )]

(2 / )[2 ( )] (4 / )(1 cos ) ;
(2 / )[2 ( )] (4 / )(1 cos ) ;
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  

 

 

p p

ika ika

ika ika

S p S p

i u JS e e v JS ka v
i v JS e e u JS ka u(2 / )[2 ( )] (4 / )(1 cos ) ;

(4 / )(1 cos



       



 



i v JS e e u JS ka u
i JS ka)

0
(4 / )(1 cos ) 


 JS ka i(4 / )(1 cos )
Therefore              4 (1 cos ).
At low momentum transfer and long wave lengths we have




 

 





JS ka i
JS ka

2

At low momentum transfer and long wave lengths, we have
1 (1 cos ) ( )
2

 ka ka

2 2
2

(2 ) .  JSa k
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Chapter 13: Dielectrics and ferroelectrics

PolarizationPolarization
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Dielectric constant and polarizability

The dielectric constant  of an isotropic medium relative
to vacuum is defined as 



4 =1+4E P
E
 



The polarizability  of an atom is defined in terms of the local
electric field at the atom:

localp E
The polarization of a crystal is then

= ( ).j j j j local
j j

P N p N E j 
j j
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The total polarizability can be separated into three parts:
1. electronic: arises from the displacement of the electron shellp
relative to a nucleus.
2. ionic: comes from the displacement of a charged ion with p g
respect to other ions.
3. dipolar: from molecules with a permanent electric dipole p p p
moment that can change orientation in an applied electric field.
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Show that the polarizability of a conducting metallic sphere
3of radius  is .a a 
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