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PHY 745 Group Theory
11-11:50 AM  MWF  Olin 102

Plan for Lecture 28:

Time reversal symmetry and 
Magnetic groups
Chap. 16 in DDJ

1. Effects of time reversal symmetry on 
point groups and space groups

2. Effects of magnetic configurations on 
point groups and space groups

Note:   These slides contain materials from an electronic version of the Dresselhaus textbook.
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Time reversal symmetry in physics:
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There are many examples of physical systems in which

the behavior at time  and at time -  are the same.  For

example, in absence of a magnetic field or of internal spin,

the time dependent Schoedinger e
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ˆDenote time reversal operator as T
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Properties of the time-reversal symmetry
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More details
For a wavefunction not involving electron spin

ˆ ˆ    (complex conjugation)T K

For a wavefunction including spin:
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Commutation relations with time reversal:

Coordinates:      

Momenta:          

Spin:                  

T T

T T

T T



 

 σ

r

p p

σ

r

Krammer’s theorem:  All energy levels of a system containing 
an odd number of electrons must be at least doubly 
degenerate (unless magnetic fields remove the degeneracy.
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Effects of time reversal symmetry on point groups
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Wigner’s possibilities:
a. D and D* are equivalent to the same real irreducible 

representation.
b. D and D* are inequivalent.
c. D and D* are equivalent but cannot be made real.
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Example:

Wigner’s possibilities:
a. D and D* are equivalent to the same real irreducible 

representation.
b. D and D* are inequivalent.
c. D and D* are equivalent but cannot be made real.
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Some details:
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Time reversal symmetry effects on the group of the 
wavevector

0
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Suppose   

                 

Note that if inversion is a member of the group, 

then     corresponds to inversion.   Otherwise    may

not be a member of the group of the wavevector.
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Possibilities according to C. Herring:
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Effects of time reversal symmetry on a Bloch state
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Examples:



3/31/2017

5

3/31/2017 PHY 745  Spring 2017 -- Lecture 28 13

Examples:
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Some details
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Magnetic space groups
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Example
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Two types of group elements:

Unitary operators:     

Antiunitary operators:      
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Types of magnetic point groups
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