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with the geometrical rotation defined by 
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The unit vector n1 is defined by 
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Another ket 2n  is defined by 
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where the geometrical rotation matrix is given by 
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Note that 
 

























































2

22

22

22

22222

22222

222

cos

sinsin

cossin

1

0

0

cos0sin

sinsincossincos

cossinsincoscos

),(









 zen

 

 
Then we have the inner product as 
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We assume a new ket defined by 
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Note that the matrix ),( 11
1   is given by 
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and 
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Since 
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it is found that 
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In other words,   is the angle between 'n  and ze  and it is also the angle between 1n  and 2n . 
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Fig. Three vectors zen ),( 111  .  zen ),( 222  .  zenn ),(),(' 211
1    . The 

Mathematica is used for this figure.  601 .  452 .  301 .  502 . Without 

Mathematica, it is hard for me to get the line for the unit vector n’. 
 
Using the closure relation, we get 
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where 
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Equation (1) relates spherical harmonics in three different directions. The most useful case is m = 
0; 
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Then we have 
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which leads to the addition theorem for the spherical harmonics 
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(a) 
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Using the closure relation, we get 
 



mlRmlmlmlR
m

,ˆ',',,ˆ
'
  

 
and 
 

mlRmlmlmlR
m

,ˆ',',',ˆ'
'
 nn  
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(b) 
 

'ˆ nn R ,,  R̂'nn  

 
Using the closure relation, we get 
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