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The posstbthty of tncreasmg the rate of vartatton of thc opttcal parameters of gaseous focustng systems by 

directing a hght hearn perpendtcular to the gas flow direction ts mvesttgated expcrtmentally. It ts xhown that 

the rate (~./ vartatton of the .h~cal length can reach ccmstdcr:,zble values oh)so to tho,~e ~f adapttvc optics, 

Up to now, many different  types of gaseous optical wavefront cor:~clors for light beams (gaseous lenses,  

prisms, and mirrors)  11-31 have been developed. Thei r  operat ion is based on the creation of a cer tain type of 

d is t r ibut ion of the refractive index in a gaseous medium using dependences  of the refractive index on tempera ture ,  

pressure ,  concentra t ion ,  etc. Most gaseous correctors  are designed to opera te  in a s t eady-s t a t e  regime [ 1 ]. However,  

it is f requent ly  necessary  to use. along with the high beam stabi l i ty  of these elements ,  their  abi l i ty  to vary their  

pa ramete r s  at a ra ther  high rate,  cor responding to that of adapt ive  optics [41, in part icular ,  adapt ive  focusing 

elements .  

The  main factor that governs the rate of variation of the parameters  of a gaseous focusing corrector  is the 

gas renewal  time in the working zone r = l / v ,  where l is the length of the working zone along the gas flow direct ion,  

and v is the mean flow rate of the gas. In most gaseous focusing correctors  [ 1, 2 ] pumping is carr ied  out a long the 

beam axis ,  and  the t ransverse  g rad ien t  of the refractive index is real ized by means of boundary, condi t ions  on the 

channel  walls and  is formed by various t ransfer  processes in gases.  Due to this circumstance,  a cons t ra in t  on the 

max imum flow rate  exis ts  that  is governed by the shaping rate  of the required dis t r ibut ion of the refract ive index.  

In add i t ion ,  due to the need for a ra ther  long (=  1 m) optical path of the ray for the long working zone with length 

I, a high rate  of var ia t ion of optical pa ramete r s  cannot  be achieved (r > [ see). 

In the present  work we investigate a gaseous lens with the gas flow t ransverse  to the light beam. [n this 

case the gas renewal time will be r = 2a/v,  where a is the radius  of the aper ture  of the beam. A d iag ram of the 

model under  invest igat ion is p resented  in Fig. 1. The  rec tangular  channel  1 (500 x 300 ram) is divided into separa te  

sections 2, which are suppl ied by the working medium, and it should be noted that the refractive index in each 

section can vary. independent ly .  At the exit of the channel  a homogeneous  beam 3 with a s tepped re f rac t ive- index  

profile is formed,  which, as a result  of turbulent  t ransfer  processes,  is t ransformed into profile 4. In this zone are 

windows 5 (200 mm in d iameter )  for t ransmiss ion of the light beam 6. If the profile of the refractive index in the 

working zone can be represen ted  in a near ly  parabolic form 

n (y) = n o + An (1 - y2./a2) (1) 

(where An is the difference in the refractive indices at the center  and at the per iphery  of the working zone),  the 

light beam will exper ience an action s imilar  to that of a cyl indrical  condens ing  lens with focal length 
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Fig. 1. Diagram of model of cylindrical gaseous Ions. 

Fig. 2. Temperature  profiles (AT =/~yt) in cross-sections along the z axis: l} 

: = 50 ram; 21 150; 3) 250; 4) 350: 5) 450. y, ram; AT, ~ 

Taking into account the known temperature dependence of the refractive index of gases in terms of the 

Gladstone-Dale  constant  ,g 

To ( 3 ) 
n ( r )  = I + / 3 - f  , 

we find the temperature distr ibution necessary to satisfy condition ( l) :  

T O + AT 
T (y) = T O (4) 

T O + AT (1 - y2/a2) " 

Finding the relationship between An and AT from (3) and substi tut ing it into (2), we obtain 

a 2 (T O + AT) (5) 
F -  
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One type of control of the refractive index can be realized by means of separate heating of the gas in each section 

by electric heaters. The required operation rate is reached if the condition 

r / '  (6) 
rn h < AThC h ' 

is satisfied. Here P is the power of the heater, AT h is the difference of temperatures of the heater and the gas flow, 

Ch is the specfific heat capacity of the material of the heater, and mh is the weight of the heater. The condition can 

be satisfied for values of r of the order of 0. I scc. It should also be noted that, in addition to a high operation rate, 

the given type of focusing element has another  advantage, namely,  the ability to shape virtually any given refractive 

index profile and to correct by this means in a corresponding manner  the wavcfront of the light beam. 

The heater was made from 10 quartz tubes 5 mm in diameter and 500 mm in length with Nichrome wire 

0.6 mm in diameter  coiled around them. Power delivered to the heaters was distributed in the following manner:  

TABLE 1. 

lleater 
number 

I 

10 1 2 3 4 5 6 7 8 9 

Heater 1 power P, W | 540 964 532 244 100 100 244 535 964 1540 
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Fig. 3. Dependence of the focal length F on the y coordinate for: 1 F m c a n  = 

120m; 2) 280; 3) 440. y, mm; F, m. 

The model was placed in the working zone of a wind tunnel and fixed by a three-posttion coordinate spacer. The 

flow rate was measured by a Pitot tube and was maintained at a level of 2 m/sec. The temperature profiles along 

the cross-section of the gaseous lens were measured by a copper-constantan thermocouple, and the focal length 

was calculated by the formula Fy = y / ey ,  where ey is the deviation angle of the light beam at the exit of the lens. 

Several results of the investigations are presented in Figs. 2 and 3. The temperature profiles (Fig. 2) in 

various cross-sections along the z axis are smooth (not stepped), which indicates that the distance along the axis 

from the plane of the heater to the optical axis of the gaseous lens is considerable; in the given case it was equal 

to 1 m. The shape of the temperature profiles in different cross-sections perpendicular to the optical axis of the 

gaseous lens is somewhat changed but still close to parabolic, especially in the vicinity of the axis (50 < y < 170 

mm). Inasmuch as the focusing properties are influenced by the total action over the entire thickness of the optical 

nonhomogeneity, these deformations of the temperature field will manifest themselves only in aberration charac- 

teristics of the gaseous lens. Their magnitude and character can be judged from the dependences of the focal length 

F on the entry, coordinate y of the beam into the lens presented in Fig. 3. For a lens thal is free of spherical 

aberration this dependence should be a straight line parallel to the y axis. Deviations in one direction or another 

indicate the presence of positive or negative spherical aberration. The results presented in Fig. 3 correspond to 

operation regimes of the gaseous lens with F m e a n  = 120, 280, and 440 m. Switching from one regime to another 

which was realized by changing the total voltage supplied to the heating device, took place in 0.08-0.1 sec. Thus, 

with this design, we managed to reach focal-length variation rate A F / A t  -- 200 m/see. 
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