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Abstract 
 
 The propagation spreading of improved radial Gaussian-Schell model beam array in the non-Kolmogorov 
turbulence is investigated. Influences of ring radius and generalized exponent on the beam spreading are studied. An 
optimum ring radius for minimum root-mean-square beam width is suggested. 
 

1. Introduction 
 
           It is very important to study the optical propagation in the atmospheric turbulence for many practical applications 
such as the remote sensing, imaging and communication systems. For a long time, the Kolmogorov model has been 
widely accepted and used to investigate the influences of the turbulence on the optical propagation. However, recent 
experimental results have shown great deviation from the predictions of Kolmogorov model. Then, a non-Kolmogorov 
model is presented [1,2], which reduces to Kolmogorov model with the generalized exponent 3.67. In practice the 
laser beam arrays have attracted much attention because of their wide application in the high energy weapons and the 
inertial confinement fusion. The effective radius of curvature of the beam and radial/linear beam array is studied [3-5]. 
In this paper, we present an improved radial beam array and study the effects of the generalized exponent and the ring 
radius on the beam spreading of the improved radial beam array. Moreover, the improved radial beam array is 
compared with the radial beam array by using the minimum root-mean-square (rms) beam width, corresponding to the 
optimum ring radius. 
 

2. Analytical Formulae 
 
         We assume that a radial beam array consists of  equal beams, which are located symmetrically on a ring with 
the radius r  and the separation angle between two adjacent beams is 2 /N, as shown in Fig. 1(a), and an improved 
radial beam array constructed by adding a laser beam in the center of the radial beam array, as shown in Fig. 1(b). 
According to the same procedure [3], for the coherent combination, the rms beam widths of the two beam arrays 
propagating through the non-Kolmogorov turbulence are both expressed as 
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in which cos  , sin    0, 1, , 1  for the radial beam array, and cos  ,
sin    0, 1, , 2 , 0, 0 for the improved radial beam array with  · 2 / . 

Considering the inner-scale and outer-scale effects, the non-Kolmogorov spectrum is expressed as [6] 
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, C · exp / / ,   0 ∞,   3 4, 

where 1 · cos /2 4⁄ , 2 /  and / , in which Γ 5 /2 · ·
2π/3 ⁄ ,  is the inner scale and  is the outer scale. 
 

 
3. The Optimum Ring Radius 

 
In numerical simulations, for simplicity, the parameters 10 km, 850 nm, 0.01 m, σ 0.01 m, 

C 1 10 m , 1 m and 0.01 m are kept fixed. The influences of  on the rms beam width  of the 
radial Gaussian-Schell model (GSM) beam array and the improved GSM radial beam array are depicted in Fig. 2 with 

10 and 3.8. It indicates that for the two beam arrays ( 2 , there is an optimum ring radius  which leads 
to a minimum  and  depends strongly on the beam number . 

 
4. Comparison of the Two Beam Arrays 

 
 Fig. 3 plots the rms beam width  as the function of   for different  with 3.8. The result indicates that 
when  is relatively small, the minimum , corresponding to the optimum ring radius , of the radial GSM beam 
array is smaller than that of the improved radial GSM beam array, such as 4. However, when  is large enough, 
the minimum  of the radial GSM beam array is larger than that of the improved radial GSM beam array, such as 

6. Besides, the influence of the generalized exponent  on  is depicted in Fig. 4 with 10 and 0.01 m. It 
shows that  increases initially and then decreases with the increase in . Further, for 10 and 0.01 m,  of 
the improved radial GSM beam array is always smaller than that of the radial GSM beam array. 

 
Fig. 1. The schematic diagrams of (a) the radial beam array and (b) the improved radial beam array. 

 

Fig. 2. The rms beam width  as the function of  for different  with 3.8 (a) for the radial GSM beam array 
and (b) for the improved radial GSM beam array. 



 
Fig. 3. The rms beam width  as the function of  for different  with 3.8 for the radial GSM beam array (red 

solid line) and the improved radial GSM beam array (black dashed line). 

 
Fig. 4. The rms beam width  as the function of the generalized exponent  with 10,  0.01 . 

 
 

5. Conclusion 
 

 In summary, the influences of the ring radius and the generalized exponent  on the rms beam width  of the 
radial GSM beam array and the improved GSM beam array propagating in non-Kolmogorov turbulence are investigated. 
For the two beam arrays, there is an optimum ring radius which leads to a minimum . Besides, we obtain that when  
is relatively small, the beam quality of the radial GSM beam array is better than that of the improved radial GSM beam 
array and when  is large enough, the beam quality of the improved radial GSM beam array is better than that of the 
radial GSM beam array by comparing the minimum , corresponding to the optimum ring radius . Further,  has 
great dependence on , which indicates that the spreading and focusing ability of the beam array propagating in non-
Kolmogorov turbulence is different from that in Kolmogorov turbulence. Therefore, a specific treatment is required 
when non-Kolmogorov turbulence exists. 
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