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Abstract:  The goal of the present work is to study the regulations of the changes of the characteristics of high frequency 
optical signals using both quantitative and qualitative terms, on the basis of changes statistical parameters of turbulent 
media on the random phase screen model. There is an analytical assessment of statistical moments of laser radiation via 
random phase screen by numerical modelling and comparison with known experimental results. The object of the study 
is a random inhomogeneous atmosphere with weak turbulence, as well as optically dense turbulent media. The model of 
a random phase screen is discussed and the distribution of the statistical moments of scattered laser radiation is studied. 
The dependence of the effective size of the laser beam and the scintillation index on the correlation radius of the phase 
screen in the plane of the detector for a random phase screen is estimated. 

1. Introduction 
In this paper, we will, based on the Rytov weak fluctuation method [1] and the thin phase screen model 

[2], research the statistical property of Gaussian beam propagation through an arbitrary thickness phase screen 
[3], establish the mathematic models of involving statistical quantities, and develop the analytical results. The 
application scope of our results will be discussed based on the comparison between the thin phase screen 
models and arbitrary thickness models.  

2. Formulation of the problem 
The case when the laser beam incident perpendicularly to the phase screen was studded in the work [4]. 

The phase screen is of a small thickness, scattered radiation is registered in the distant zone through the photo 
detector. The photo detector axis makes angle of the laser beam (fig. 1). Let’s consider the case when phase 
screen model is with arbitrary thickness. Optical system detects the signal passing through a random phase 
screen (fig.2).  

If it is known the statistics of deterministic coherent Gaussian laser beams, it is possible to calculate the 
scintillation index on the detector plane on the basis of averaging over the ensemble of intensity incident on 
the detector partially coherent beam. 
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Fig 1. An experimental device scheme for studying 
partially coherent laser beam in the free space or in the 

turbulent media 

 
 

 

 
Fig.2. Propagation of a laser beam located at a distance 
𝐿= from the optically dense medium (diffuser) with the 
arbitrary thick 𝐿> = 𝑑 to the detector (optical system) 

located at a distance 𝐿@ from the diffuser. 

Laser 
LN-100

L1 L3

L2=d
y

x

z
DetectorSouser

Diffusor 



JAPMED’11                                                                                                                                    ORAL PRESENTATIONS 

- 52 - 
 

3. Results of numerical experiments 
The dependence of the effective normal radius  (  cm) of the laser beam on the correlation 

radius  via diffuser is shown on the Fig. 3. Fig.4 provides an effective scintillation index as the function of 
the correlation radius for different length from diffusor ( m – red line, m – green line).  Fig.5 
shows impact of the detector area on the fluctuation intensity spectrum and on the Doppler spectrum for the 
Gaussian laser beam.  

Conclusion  
• The effective function of mutual coherence, consequently, the laser beam size, intensity, correlation radius 

and the expressions of the angle of fluctuations are obtained in the plane of the detector. It is shown that 
the laser beam size, the correlation radius and the average intensity of the radiation coincide with the 
results of Riklin’s or other’s works. However, the results obtained in the turbulence of the atmosphere 
somewhat differ from the classical results. The results obtained for the coherence radius are in good 
standing with the results obtained in Belenk’s and other’s works.  

• In case of fast detectors, the scintillation index is obtained in the free space of laser beam, as well as in the 
weak turbulence atmosphere. In case of a strong diffuser, the model shows that the index is close to 1 and 
agrees with Akhmanov’s and other’s works. While considering the atmospheric effects, the influence of 
diffuser on the effect of scintillation in the receiving detector space is in compliance with the results 
obtained in Andrius’ and other’s works.  

• The correlation function of the intensity is calculated which shows that the doppler spectrum dominance 
in the expression of the correlation function of intensity increases the value of the signal/noise ratio to the 
detector's outlet. 
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Fig.3. Dependence of the effective 

normal radius 𝑊A/𝑊C vs correlation 
radius 𝑙$, when: 𝑊C = 2.5 cm, 𝐿 = 500 

m. 

 

 
Fig.4. Effective scintillation index vs 

correlation radius 𝑙$, for different 
distant from diffusor   

(𝐿 = 200 m – red line, 𝐿 = 500 m – 
green line), when: 𝑊C = 2.5 cm. 

 

 

Fig.5. Influence of the detector 
surface on the intensity spectrum of 

the fluctuation 𝑓(𝑆) (dot line) and on 
the Doppler’s spectrum 𝑓I(𝑆) (line) 

for the Gaussian laser beam. 
 


