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PHY 752 Solid State Physics
11-11:50 AM  MWF  Olin 107

Plan for Lecture 4:

Reading: Chapter 1 & 2 in MPM;

Continued brief introduction to group 
theory

1. The “great” orthogonality theorem

2. Character tables

3. Examples
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The great orthogonality theorem
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Results from last time --
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Results from last time -- continued
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Character orthogonality theorem:
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Note that all members of the same class have the same character

Justification:    Suppose that for group elements , , and ,

( ) ( )

 hence  and  are in the same class.

( ) (

jl

j j

j j

R S T

T R

R R

R

SR T S

T




c

c c







 

 





1 ) ( )jSR Sc

1/23/2015 PHY 7r2  Spring 2015 -- Lecture 4 5

Example:
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A two-dimensional  representation is
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E A,B,C D,F

c1 1 1 1

c2 1 -1 1

c3 2 0 -1

Character table for this group:

Use of character table for analyzing matrix elements:
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Suppose that it is necessary to evaluate a matrix element
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Matrix element example -- continued
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E A,B,C D,F

c1 1 1 1

c2 1 -1 1

c3 2 0 -1

Matrix element example -- continued
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         Non-trivial matrix elements:

                      Initial state      Final state
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Some crystal symmetries
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Some crystal symmetries  -- cubic symmetry

     

                            

                        

..........etc.   (48 operations in all)    

xyz xyz xyz xyz xyz xyz xyz xyz

yxz yxz yxz yxz yxz yxz yxzyxz

Point groups  -- 32 in all
Space groups (point groups + translations) – 230 in all
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Bravais lattice                Reciprocal lattice

2

3

Marder's notation
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Symmetry associated with wavevector k

Electronic wavefunctio
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Wigner-Seitz cell of the 
reciprocal lattice exhibits 
the symmetry of the 
wavevectors k

Brillouin zone for fcc lattice
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Brillouin zone for simple cubic lattice
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Band structure diagram for fcc Cu (Burdick, PR 129 138-159 (1963))


