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REMOTE MEASUREMENT OF POLARIZED RADIATION PARAMETERS 
 

In this work a method for measuring the polarized radiation parameters by determining its ellipticity angle and azimuth of 
polarization ellipse is describes. It is proposed to additionally mechanically modulate the polarization plane of the analyzed radiation, 
pre-calculating the modulation amplitude. This method allows measuring relative Stokes vector components of radiation with highly 
accuracy in the entire optical range. 

Keywords: polarized radiation, Stokes vector components, remote measurement 
 

Introduction. Polarization is a fundamental physical 
characteristic of the radiation, which is conditioned by 
electromagnetic nature of light. Its measurement, followed 
by a theoretical analysis is a powerful diagnostic tool. The 
polarization state of light carries information not just about 
the characteristics of separate particles but also about the 
surface of the objects. Polarization methods of analysis 
have been used particularly in medicine [1, 2, 5], during 
studying material surface [4], in aerospace remote sensing 
[3, 8]. Increasing the accuracy of determining the Stokes 
vector components of the polarized radiation is an 
important and urgent problem. 

In [6] authors proposed a photopolarimetric method for 
determining the polarized radiation parameters. The basis 
of this method is the measurement of the ellipticity angle 
and the azimuth of the polarization ellipse of optical 
radiation by Stokes polarimeter with the modulation of the 
polarization plane of analyzed radiation by Faraday cell. 
The active element of a Faraday cell is transparent in the 
near-infrared range yttrium iron garnet. Additional 
modulation of the polarization plane of the radiation 
increased the accuracy of the ellipticity angle and the 
azimuth of the polarization ellipse measurement, and, 
consequently, the relative values of the Stokes vector 
components. However, using the yttrium iron garnet as an 
active element of Faraday cell limits the application of the 
proposed Stokes polarimeter by IR range. Additionally, the 
domain structure of yttrium iron garnet partially depolarizes 
passing light radiation that reduces the accuracy of the 
determination of the Stokes vector components. 

In this work the Stokes polarimeter is described, in 
which instead of a magneto-optical Faraday cell is 
proposed to use a mechanical modulation of the 
polarization plane. This Stokes polarimeter will allow to 
provide studies of radiation in the entire optical range 
without significantly reducing the accuracy and sensitivity 
of measurements. 

Description. Block diagram of proposed Stokes 
polarimeter is shown in Fig. 1. To determine the azimuth of 
the polarization ellipse �  and the ellipticity angle �  one 
needs to make two measurements. 

While measuring the azimuth of the polarization ellipse 
�  the most transmission plane azimuths of analyzers 1 
and 2 are set to � � �  and � � �  angles respectively 

(Fig. 1, a). The angle �  is pre-calculated so that the signal-
to-noise ratio at the output of photodetector was maximal 
[7]. The switch 5 converts the voltage into an alternating 
electric signal by passing signals in turn from the two 
photodetectors 3 and 4. 
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Fig. 1. Block diagram of Stokes polarimeter: 
1 – J/4 phase plate; 2, 3 – analyzers; 4, 5 – photodetectors;  

6 – switch; 7 – amplifier; 8 – synchronous detector;  
9 – ammeter (indicator) 

 
Intensities of radiation at the output of the analyzers will 

be given by: 

� 	 � 	 � 	
2OUT 1 2 1 1 2 cos2 cos2 ;

2
II k k Gd p
 �� �  � � � � �� � �� �  

� 	 � 	 � 	
3OUT 1 2 1 1 2 cos2 cos2 ,

2
II k k Gd p
 �� �  � � � � �� � �� �  

where I  is the total intensity of the incident radiation; 1k , 

2k  are the principle transmittances of polarizing prisms; 
Gd  is polarization defect of prism, p  is the polarization 
degree of the analyzed radiation. 
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By setting up the photopolarimeter to minimum signal at 
the photodetector output, measuring the most transmission 
plane azimuths of analyzers, one determines the 
parameter �  by the following equation: 

min2
�

� � �� � � , 

where min�  is the most transmission plane azimuth of 
analyzer at which the intensity of radiation at its output is 
minimum; �  is the measurement error. 

To determine the ellipticity angle �  4�  phase plate is 
putted in front of the analyzers. Most speed plane azimuth of 
phase plate � is set in the direction of a large (or small) axis 
of the polarization ellipse of the light �  (Fig. 1, b). In this 
case, the equations for intensities of the radiation at the 
analyzers output will be as following: 

� 	 � 	 � 	
2OUT 1 2 1 1 2 cos2 ,

2
II k k Gd p
 �� �  � � ��� � � � �� �

� 	 � 	 � 	
3OUT 1 2 1 1 2 cos2 .

2
II k k Gd p
 �� �  � � ��� � � � �� �  

By setting up the photopolarimeter to minimum signal at 
the photodetector output, the angle of ellipticity �  is found 
from the following equation: 

min2
�

� � � � � � � � . 

The expressions for determining the Stokes vector 
components are following: 
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Conclusions. 1. Proposed Stokes polarimeter with a 

mechanical modulation will allow to provide high-precision 
measurement of polarized radiation parameters in the 
entire optical range. 

2. It should be noted that the described Stokes 
polarimeter has two channels, which negatively affect the 
measurement accuracy due to the fact that it is difficult to 
achieve an absolute equivalence between the 
characteristics of two channels. 

3. Furthermore, the performance of this Stokes 
polarimeter is low due to the mechanical type of modulation. 
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