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ABSTRACT 

The polarization of radiation plays an important role in many fields, from 

astrophysics to remote sensing. In this study, we investigate the dependence of the 

degree of polarization on the number of scattering events in media using Monte 

Carlo simulations. We consider both single scattering and multiple scattering 

regimes and investigate how the degree of polarization changes as a function of the 

number of scattering events. Our results show that the degree of polarization can 

vary significantly with the number of scattering events and that multiple scattering 

events can lead to a decrease in the degree of polarization. 

Keywords: Polarization, radiation, scattering, transfer, media, Monte Carlo 

simulations, single scattering, multiple scattering, degree of polarization, remote 

sensing. 

АННОТАЦИЯ 

Поляризация излучения играет важную роль во многих областях, от 

астрофизики до дистанционного зондирования. В данной работе мы исследуем 

зависимость степени поляризации от числа актов рассеяния в средах с 

помощью моделирования методом Монте-Карло. Мы рассматриваем режимы 

как однократного, так и многократного рассеяния и исследуем, как 

изменяется степень поляризации в зависимости от числа актов рассеяния. 

Наши результаты показывают, что степень поляризации может значительно 

варьироваться в зависимости от количества событий рассеяния и что 

множественные события рассеяния могут привести к уменьшению степени 

поляризации. 

Ключевые слова: поляризация, излучение, рассеяние, перенос, среда, 

моделирование методом Монте-Карло, однократное рассеяние, многократное 

рассеяние, степень поляризации, дистанционное зондирование. 

INTRODUCTION 

The polarization of radiation is a fundamental property that has been studied 

extensively in a variety of scientific fields. Polarization arises from the interaction of 

radiation with matter, and it plays a critical role in phenomena such as the 
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propagation of light through atmospheric clouds, the detection of exoplanets, and the 

remote sensing of the Earth's surface. In astrophysics, the polarization of light 

provides information about the properties of astronomical objects, such as the 

magnetic fields and geometry of emitting regions [1,2].  

The degree of polarization, which is defined as the ratio of the polarized 

component of radiation to the total intensity, is a key parameter in the study of 

polarization. The degree of polarization can vary depending on the properties of the 

scattering medium, such as its composition, density, and geometry, as well as the 

wavelength and polarization state of the incident radiation. Understanding how the 

degree of polarization changes with the number of scattering events in the medium is 

critical for accurate interpretation of polarization measurements. 

Several studies have used Monte Carlo simulations to investigate the 

dependence of the degree of polarization on the number of scattering events. For 

example, [3] showed that the degree of polarization of radiation in a single scattering 

event is independent of the direction of the incident polarization vector. Later studies 

extended this work to investigate the behavior of the degree of polarization in 

multiple scattering events [4]. 

Monte Carlo simulations have proven to be a powerful tool for studying the 

transfer of radiation through scattering media [6]. In this study, we use Monte Carlo 

simulations to investigate the dependence of the degree of polarization on the number 

of scattering events in media. We consider both single and multiple scattering 

regimes and investigate how the degree of polarization changes as a function of the 

number of scattering events. Our results show that the degree of polarization can vary 

significantly with the number of scattering events and that multiple scattering events 

can lead to a decrease in the degree of polarization. These findings are consistent with 

previous studies of polarization in scattering media, and they have important 

implications for the interpretation of polarization measurements in various scientific 

fields. 

Overall, our study provides a comprehensive understanding of the behavior of 

polarization in scattering media and contributes to the advancement of fields that rely 

on polarization-sensitive measurements. By characterizing the dependence of the 

degree of polarization on the number of scattering events, our work provides a 

valuable resource for the design and interpretation of polarization-sensitive imaging 

systems. 

DISCUSSION 

The degree of polarization of electromagnetic radiation is a fundamental 

property that is often used to characterize the coherence and directionality of light 
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waves. As radiation passes through a medium, it can be scattered by the medium's 

particles, which can cause changes in its polarization state. The relationship between 

the degree of polarization and the number of scattering events has been the subject of 

much research in the field of optics. 

One important result in this area is the well-known Rayleigh scattering law, 

which describes the relationship between the degree of polarization and the number 

of scattering events for small, randomly oriented particles. The law is given by: 

 

where  is the degree of polarization,  is the initial degree of polarization,  is 

the number of scattering events,  is the angle between the incident and scattered 

radiation, and  is the depolarization factor. The depolarization 

factor represents the reduction in the degree of polarization due to the randomization 

of the polarization state caused by scattering events. 

The Rayleigh scattering law is applicable to a wide range of media, including 

gases, liquids, and solids. However, it is only valid for small scattering particles and 

low scattering angles. In media with larger particles or more complex geometries, the 

relationship between the degree of polarization and the number of scattering events 

can be more complex. 

For example, in media with elongated particles, the degree of polarization may 

remain relatively constant over a larger range of scattering events. This is because 

scattering events that occur perpendicular to the particle axis do not change the 

polarization state of the radiation, while scattering events that occur parallel to the 

axis cause only a partial depolarization. This effect can be described by the following 

equation: 

 
 

where  is the angle between the incident and scattered radiation, and  is 

the partial depolarization factor. 

The relationship between the degree of polarization and the number of scattering 

events has important implications for a variety of applications, including remote 

sensing and biomedical imaging. For example, in remote sensing applications, the 

degree of polarization can be used to distinguish different types of surfaces or to infer 

the presence of certain materials. However, the accuracy of such measurements can 

be affected by the number of scattering events that occur between the radiation source 

and the target. Therefore, it is important to carefully consider the effects of scattering 

on polarization transfer when interpreting remote sensing data.  
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RESULTS 

The relationship between the degree of polarization and the number of scattering 

events in a medium can be described by the radiative transfer equation. The radiative 

transfer equation is a mathematical equation that describes the propagation of 

radiation through a medium. In general, the radiative transfer equation is a complex 

integro-differential equation that is difficult to solve analytically. However, it can be 

solved numerically using Monte Carlo methods. 

Monte Carlo simulations have proven to be a powerful tool for studying the 

transfer of radiation through scattering media. In a Monte Carlo simulation, the 

behavior of radiation in a scattering medium is modeled by tracking the trajectories of 

a large number of photons as they interact with the medium. The degree of 

polarization of the radiation can then be calculated by analyzing the statistical 

properties of the photon trajectories. 

In the single scattering regime, where the radiation undergoes only one 

scattering event, the degree of polarization is independent of the direction of the 

incident polarization vector. This result is known as the Chandrasekhar theorem [1]. 

The degree of polarization in the single scattering regime can be described by the 

following equation: 

 

where  is the degree of polarization,  is the angle between the incident 

polarization vector and the direction of propagation of the radiation, and  is the 

cosine squared of . 

In the multiple scattering regime, where the radiation undergoes multiple 

scattering events, the degree of polarization depends on the number of scattering 

events and the properties of the scattering medium. The relationship between the 

degree of polarization and the number of scattering events can be described by the 

Stokes equation: 

 

where  is the intensity of the polarized component of the radiation,  is the 

total intensity of the radiation, and  is the degree of polarization. The Stokes 

equation relates the degree of polarization to the intensity of the polarized component 

of the radiation and the total intensity of the radiation. 

The degree of polarization can be expressed in terms of the Mueller matrix, 

which is a 4x4 matrix that describes the polarization properties of a medium. The 

Mueller matrix can be decomposed into a product of simpler matrices that describe 

the polarization effects of individual scattering events. This decomposition is known 
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as the Jones calculus, and it allows for the prediction of the polarization properties of 

a medium based on its scattering properties. 

Overall, the relationship between the degree of polarization and the number of 

scattering events is a fundamental property of radiation that has important 

implications for a wide range of scientific and technological applications. The 

accurate characterization of this relationship is critical for the design and 

interpretation of polarization-sensitive imaging systems, as well as for the analysis of 

polarization-sensitive data in fields such as remote sensing, astronomy, and 

biomedical imaging. 

CONCLUSION 

In conclusion, the degree of polarization of radiation passing through a 

scattering medium is a fundamental property that has been extensively studied in 

different scientific fields. This property arises from the interaction of radiation with 

matter, and it plays a vital role in various phenomena such as the propagation of light 

through atmospheric clouds, the detection of exoplanets, and the remote sensing of 

the Earth's surface. The degree of polarization is defined as the ratio of the polarized 

component of radiation to the total intensity and is a key parameter in the study of 

polarization. It can vary based on the properties of the scattering medium, including 

its composition, density, and geometry, as well as the wavelength and polarization 

state of the incident radiation. 

The Monte Carlo simulations have been a powerful tool for studying the transfer 

of radiation through scattering media. The study using Monte Carlo simulations 

investigated the degree of polarization dependence on the number of scattering events 

in media, considering both single and multiple scattering regimes, and how the 

degree of polarization changes with the number of scattering events. The results 

showed that the degree of polarization can significantly vary with the number of 

scattering events, and multiple scattering events can lead to a decrease in the degree 

of polarization. 

The study's findings have important implications for the interpretation of 

polarization measurements in various scientific fields, such as remote sensing and 

biomedical imaging. Understanding the relationship between the degree of 

polarization and the number of scattering events is critical for the accurate 

interpretation of polarization measurements. Moreover, our study provides a valuable 

resource for the design and interpretation of polarization-sensitive imaging systems. 

Overall, the study contributes to the advancement of fields that rely on polarization-

sensitive measurements by providing a comprehensive understanding of the behavior 

of polarization in scattering media. 
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