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

Plan for Lecture 27:
Topics involving angular momentum

Chap. 14 in DDJ

1. “Addition” of angular momenta
2. Rotation of angular momenta
3. Double group representations
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Addition of angular momenta
J=1J,+J,
Eigenstates: | jm),

j]ml>, j2m2>,
where J?| jm)=h*j(j+1)|jm) and I |jm)=hm|jm)
32 jm) =1 .G+ D] jomy) and T,

Clebsch-Gordon coefficients:

|]m> = z C(j1j2j§m1m2m)|j1m1>|j2m2>

|j1m1>|jzmz> = ZC(J1J2Jam1mzm)|]m>
J
m=m, +m, |j1_jz|5j3j1+jz
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jlm,> = hm, ‘jlml> etc.

For more information on the Clebsch-Gordon coefficients:
http://dimf.nist.gov/34

For the case of coupling of orbit and spin angular momentum:
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Rotations of angular momentum

Irreducible representations in terms of angular momentum-
spin eigenfunctions

0, (a,z) = o/
= sin(a /2
Note that: 3/ (a +27) = (-1)* y/ ()

1 (a+4r)= 1 (@)
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2(@=Y (jmlOy(a, 2)| jm)= Z’:‘eﬂvam _sin[a(j+3)]

)
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Octahedral symmetry
E 8Cy 3C,=3C] 60, 60,
r, |1 1 1 1 1
r, |! 1 1 -1 -1
2 -1 2 ] 0
1—‘IZ
r, |3 0 1 —1 1
T |3 0 =2, |
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character table for O x R
sin[a(j + %)J
sin(a /2)

Special cases for j =

2/ (a)=

L
2

7' (m)=x'(C,)=0 = R does not change C,

Introduce rotation by 277 = R and construct direct product
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_ +3R _ +6R
E 8Cy 3C,=3C; 6C, 6Cy p 8RC, 6RC,
|1 1 1 ER VA |
r |1 1 1 -1 -1 ~
> e =1 2 o o ! 1 !
Iy 2 -1 0
r.|3 0 -1 -1 1 5 1
|3 0 —1 1 -1 3 0 -1
Note that complete group is now of order 48
and there are 8 classes and 8 representations
=>need to find three more representations
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_ +3R __ +6
E 8Cy 3C,=3C 'f 6C% 6Cy R SRC 6RC,
|1 1 1 ER VA |
r |1 1 1 -1 -1 ~
P e =1 2 o o ! 1 !
Iy 2 -1 0
r.|s 0 -1 -1 | 1
I3 0 —1 1 -1 3 0 -1
T 2 0 02 2 1 2
r, 2 0 0.2 2 1 2
r, 4 - 0 0 0 -4 1 0
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Summary of results
O || E| R |3C7+3RC3] 60, | 6RC, | 6C:+ 6RC, | 8C, | SRC,
Iy 1 1 1 1 1 1 1 1
Iy 1 1 1 -1 -1 -1 1 I
Tiz || 2] 2 2 0 0 ] 1| =1
T [[3] 3 -1 1 1 —1 0 0
[og 3 3 -1 -1 -1 1 1] 0
I 21-2 0 /2 / i} 1 —1
r, [2]-2 0 / 0 1 [ -1
r, [4]-4 0 i) i] 0 -1 1
C valid double group representations
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Double group band structure of Ge
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PHYSICAL REVIEW B VOLUME 3, NUMBER 10 15 MAY 1971
C i of the Energy-Band of Ge-Si with Those of Si and Ge
D. J. Stukel
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FIG. 5. Self-consistent OPW energy-band structure
of Ge obtained using Slater’s exchange. The solid dots
denote SCOPW energy levels. The solid lines were ob-
tained by fitting a pseudopotential-type interpolation
scheme to the SCOPW energy levels.
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Crystal field splitting of atom in octahedral field

0 E| R |30 +3RCT | 6C | 6RC, | 6C, + 6ROy | 80, | 8RC,
1] 1 I I 1 I 1 1
'SR | ~-1 -] —1 1 1
212 2 ( 4] i -1 -1
3 3 =1 1 1 =1 0 4]
NEE] -1 -1 -1 L 0 0
2|2 ( V2 | =2 ] 1 —1
2| =2 0 —v2 | 2 0 1 =
1| —4 ] 1] 0 0 -1 1
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Crystal field splitting of atom in octahedral field
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O | E| R |3C2+3RC2]| 6C, | 6RC, | 6C;+6RC, | 8C; | SRC;
1] 1 1 I 1 I 1 1
[ 1 | =L | =1 -1 1 I
2 2 2 ] 1] L] —1 —1
3 3 -1 1 1 -1 0 0
3] 3 -1 = I 0 0
2 2 L] Ve 0 1 —1
2 [ =2 i 2 0 1| -1
4|1 —4 [} 0 0 -1 1
4 4 0 0 -1 1
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Spin-Orbit Coupling in Band Theory—Character Tables for Some
“Double” Space Groups

R. J. Eruiorr
Department of Physics, University of California, Berkeley, California
(Received May 26, 1954)

To take account of the electron spin in band theory, a method is outlined which allows us to construct
character tables for the double space groups of the simple, face-centered, and body-centered cubic, diamond,
and hexagonal close packed lattices. The effects of time reversal are also considered. Particular attention
s given to the splitting of otherwise degenerate bands by the spin-orbit coupling
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