
 

1 
 

The Hermitian operator and the rotation operator for photon polarization 
Masatsugu Sei Suzuki, Department of Physics,  
State University of New York at Binghamton 

(Date: September 08, 2014) 
 

Here we discuss the Hermitian operator for photon polarization. These operators are derived from 
the projection operators. These operators are closely related to the Pauli matrices for spin 1/2 electron. 
The rotation operator for the photon polarization will be also discussed. 
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The projection operator is defined by 
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It should be noted that this probability RP  is independent of  . 
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If we apply the rotation operator )ˆexp( yi  to the ket vectors of the { x  and y } basis, we get the 

rotated vectors  and  . 

 

  yxxixS y sincos)ˆsincos1̂()(ˆ  

 

  yxyiyS y cossin)ˆsincos1̂()(ˆ  

 
since 
 

yixy ̂ ,  xiyy ̂ . 

 
We also note that 
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Re

yixe

yiixi

yxiyx

i

yixS

RSR

i

i





































][
2

1

)sin(cos
2

1
)sin(cos

2

1

]cossin[
2

1
]sin[cos

2

1

][
2

1

])[(ˆ
2

1

)(ˆ

 

 

Le

yixe

yiixi

yxiyx

i

yixS

LSL

i

i

































][
2

1

)sin(cos
2

1
)sin(cos

2

1

]cossin[
2

1
]sin[cos

2

1

][
2

1

])[(ˆ
2

1

)(ˆ

 

 

Thus the ket vectors R  and L  differ from R  and L  by a phase factor only and they represent 

the same physical states.  
 
6. Summary 

In summary we show a list of basis which is based on the basis { x  and y }. 

 

)(
2

1
1

1

2

1

4
yx 










  (45°) 
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)(
2

1
1

1

2

1

4
yx 











 , (-45°) 

 

)(
2

1
1

1

2

1

4

3
yx 










 , (135°) 

 

)(
2

1
yixR  , (RHC photon) 

 

)(
2

1
yixL  . (LHC photon) 

 
The rotation operator is given by 
 

yiS 






 
 ˆsincos1̂

cossin

sincos
)(ˆ 




 . 
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