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Wandering of thin laser beams is a useful tool for investigating atmospheric turbulence and refractive index 
gradient.  It can be used, not only in homogeneous and stationary conditions, as shown in previous years, 
but also in transient conditions and anisotropy. Experimental results are presented in these two last cases. 

 

1 Introduction 

Wandering of thin beams is a sensitive tool for 
investigating the atmospheric turbulence and its 
parameters, locally, because the wandering vari-
ance increases as the third power of the beam 
path.  

By thin beam we mean a beam whose lateral di-
mension is not larger than the smallest dimension, 
the inner scale, of the atmospheric inhomogenei-
ties. Locally means short distances in the atmos-
phere: in practical situations, in summer over hori-
zontal paths, few meters up to some ten or so me-
ters.   

In the past, we applied thin beam wandering to test 
the propagation theory in stationary conditions, to 
obtain information on the turbulence strength and 
to measure its parameters, inner scale and outer 
scale. See e.g. Ref 1-8 and 10, 11. 

Subsequently, we developed a method to measure 
the gradient of the refractive index, transverse to 
the beam and averaged over the path, which also 
allows one to measure the evolution and anisot-
ropy of the gradient. Ref 9, 12 and 13. 

Here, after a short description of the phenomenon, 
some examples of experimental results are pre-
sented. First, results obtained in our laboratory 
under sudden transient conditions are shown. 
Then results of horizontal propagation in the open 
air, showing anisotropy are presented. 

2 Wandering 

When a thin beam impinges on a screen, after a 
short path in the atmosphere, it produces a small 
spot, whose position randomly and rapidly fluctu-
ates around a mean position. On its turn the aver-
age position can slowly vary in time. The variance 
of the position fluctuations, evaluated over a given 
time, is a measure of the turbulence intensity dur-

ing that time. The variation of the average position 
is related to the gradient of the refractive index 
along the path. Very often both are present. 

For a beam propagating in the atmosphere, it is 
useful to consider the two components y and z of 
the fluctuations in the horizontal and vertical plane, 
respectively. 

3 Laboratory experiments and outside meas-
urements of wandering variances 

As an example Fig 1 shows the onset of turbu-
lence. Horizontal and vertical fluctuation variances 
are reported versus time for a 300 s measurement. 
Here each point is obtained by averaging the data 
taken in 10 s, at a rate of 300 data/s and the error 
bars are evaluated by dividing each interval of 10 s 
in 10 sub-intervals of 1 s each. They clearly show 
the time transition from no-turbulence to turbulence 
regime, when the heater system producing turbu-
lence is turned on after the first 90 s of measure-
ments with the heaters off. 
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Fig. 1 Onset of turbulence in the laboratory. 
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Fig. 2  Example of anisotropy in the open air 

 Figure 2 represents an example of anisotropy 
measured on a summer day after 5 m horizontal 
path in the open air over a paved ground. The 
horizontal axis denotes the measurement time, not 
a linear time scale.  

4 Evolution of the refractive index gradient in 
the open air 

In Fig3 an example is reported of the time evolu-
tion of the vertical components of refractive index 
gradients, average over the path, of two parallel 
beams, spaced by 11.5 cm, in the open air at a 
height of about 1.5m over grass, in a summer day.   
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Fig. 3 Example of time evolution of the vertical compo-
nents of refractive index gradient. Gradient scale on the 
right 

 

5 Conclusions 

We have shown some examples of measurements 
of thin beam wandering. From beam wandering  
measurements and by using suitable theoretical 
models one can also obtain information on the 
atmosphere. For instance from the data of Fig2 
and by using a simple model of turbulence anisot-
ropy it is possible to shown that the horizontal 
component of the turbulent inhomogeneities is 
larger than the vertical one, which indicates that 
the turbulence is horizontaly stratified.  
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