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A commumcatmns system using a carrier at llght frequencies requmes a guldmg medium to as-

sure llght propagation from transmitter to recewer. A perlodlc sequence of lenses can act as a

wavegulde If the lenses are properly spaced (Reference 1). Lenses made of a sol,d dielectric such as

glass not only absorb some of the llght in the allele ctrlc me d,um d self but also mevltably scatter some

of the llght out of the beam at the interface between am and allele ctmc. Since many closely spaced

lenses are requme d to guide the beam around mtentlonal and accidental bends (Reference 2) of the

transmlssmn path the loss of a lens -wavegulde can become cpmte high. These losses can be avoided

If instead of solld dielectrics gasses are used as lens mate rk%l.

Gas lenses have recently been described m the literature (References 3 and 4). The present

paper presents the theory of the ray optics of a gas lens. Figure 1 shows the geometry of the gas

lens. The lens M formed by blowing a cool gas mto a round tube vnth a higher but constant wall tem-

perature. As the gas heats up in tbe tube a temperature gradzent M established since the gas becomes

warm close to the wall and remains cool m the center of the tube.
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Figure 1. Geometry of Gas Lens

The theory of the temperature distrlbutmn M well known (Reference 5) provided that one neglects

the temperature dependence of the beat conductivity and density of the gas. The known temperature

dmtrlbutlon T can then be used to calculate the density distmbutmn throughout the lens. Gas density

pand index of refraction n are related by

T

n-l =(no-l)&=(no-l) -#. (1)

The index o refers to the properties of the cool gas at the input.
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The ray optics of the lens M described by the paraxlal ray equat~on (Reference 6),

&. _,1 dn

dz2
~ dr

(2)

with r du%ance of the ray from the tube axm and z d,stance measured along the a.x~s.

The ray Equation (2) cannot be solved exactly d“e to the complicated form of the functmn describ-

ing the temperature distribution. An approxmmte de scmptmn was used wh~ch treats tbe solutmn of

Equatmn (2) m two ranges. The gas enters the warm tube at a constant temperature. Close to the

input the temperature dlstrlbutmn IS given by an mfmlte seines. Since the ray does not change posi.

tmn very rapidly m the lens a good approximation M ohtame d by taking $ = f(z) and ne glectmg the

change of $ as a functmn of r.

However, the temperature distribution T(r, z) can be descr~bed by the fu-st term of the above men-

tmned serles a short distance from the gas input. Thm frost term can be approximated by a function

of the form

Tw . T(r, z) = (a + brz + cr4) e-y= , (3)

where

Tw = temperature of hot tube,

With ths form of the temperature d~strlbutlon Equation (2) can be solved for rays close to the axis

(r << a, a = tube rad,us). For rays at arbitrary distance from the tube axis the solution can be given

by a Taylor series expansmn.

The ray trajectory can be used to compute the focal length and tbe prmc,pal plane of the gas lens.

Figure 2 shows the focal length (meaeured from the prmclpal plane) as a functmn of gas velocity

nornml, zed with respect to the tube length L for rays close to tbe tube axm. The gas veloclty IS

normalized wltb respect to a velocity V given by

where

k=

CP :

v-kL

azP Cp

heat conductnnty

epe c~f,c heat at constant pressure.

The parameter AL labeling the curves of Figure 2 1s given by

TW -TO L

AL = 5.35 (n. - 1) ~ ~ ,

0

(4)

(5)

where

To = temperature of cool gas at tube input.

Fu&re 2 shows that an optimum flow rate exists minlmlzmg the focal length of the gae lens.
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Figure 2.. Focal Length D]v~ded by Length of Lens as a Functmn of Normal~zed

Gas Veloc,ty

Figure 3 shows the posltlon of the prmc,pal plane for rays close to the tube ax,s. (For de fimt,on

of p see Figure 1.) The prmclpal planes of rays movmg m OPFJO.S.+. dmect.on.s .omc.de closely as long

as AL < 2. This means that the gas lens behaves llke a thm lens m spite of Its appearance.

The focal length as a function of the rays input position r. IS plotted m F,gure 4 for two values of

~othe gas veloclty. At ~ = 10 the fOcal length depends On the pOsltlOn Of the rW in the lens, the lens

Vo
distorts For y = 6.5 there IS hardly any dependence of focal length on ray posltlon. It ,S a lucky

coincidence that thm occurs at the same fiow veloclty wh,ch mmlmlzes the focal length. 4 plot of the

posltlon of the prmclpal plane as a function of the ray$fi input pos,tmn (Figure 5) reveals that the pru-

cipal plane is not independent of the rayy s positron even though the focal length 1s The prmclpal

plane is somewhat warped.

It can be said m conclusion that the gas lens can be descmbed by a nearly distortion-free thm

lens which IS warped to flt tbe principal plane of Figure 5 If operated at values ~ = 6.5.
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FI$gure 3. Pus~twn of Prmclpal Plane as a IWnctlon of Normallzcd Gas Veloc~ty
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F,gure 4. Focal Length Dlmded by Tube Length as a

Function of tbe Ray, s Input Fos~tmn
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Figure 5. Posltlon of Prmclpal Plane as a Function

of the Ray’ s Input Positron
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