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[57] ABSTRACT 

A differential refractometer measures the difference of 
refractive index of electromagnetic centimeter Waves of 
samples of gas With high sensitivity, and can be used to 
measure the gradient of refractive index of electromagnetic 
Waves in air, and more particularly, to measure radar ducting 
conditions loW over bodies of Water. The instrument uses 
tWo microWave oscillators, each With its oWn frequency 
controlling cavity, With the frequencies of the oscillators 
differing by a speci?c value. Air from each of tWo intakes, 
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vertically separated a speci?c distance, is directed into each 
cavity, and the difference frequency measured for a short 
time, to provide a ?rst measured difference frequency. Then, 
the air ?oW from the intakes are cross-fed to the cavities, and 
the difference frequency is measured for a short time to 
provide a second measured difference frequency. The dif 
ference of refractive index of the air ?oWing through the 
intakes is proportional to the difference betWeen the mea 
sured difference frequencies. Subsequently, the How of air 
through the cavities is alternated periodically, at a rate of 
about 10 HZ. The drift of the oscillators is mostly eliminated 
by this method since there is very little frequency drift 
Within the short measurement time. 

22 Claims, 3 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or adver 
tisement or the like may use the term patent, or any term 
suggestive of a patent, When referring to a statutory 
invention registration. For more speci?c information on 
the rights associated With a statutory invention registra 
tion see 35 U.S.C. 157. 
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APPARATUS AND PROCESS FOR 
MEASURING THE GRADIENT OF 

REFRACTIVITY OF A GAS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the determina 
tion of the refractive index of a gas, and more particularly to 
an apparatus for measuring such index. More speci?cally, 
the invention relates to an apparatus and process for mea 
suring the refractive index of a gas such as air, and deter 
mining the gradient of the refractivity of the gas. 

2. Background 
It is Well knoWn that energy at microWave frequencies are 

bent by variations in the index of refraction of the atmo 
sphere. This bending is determined by the changes or 
gradients in refractivity along the path of the energy propa 
gation and by the angle of penetration of the energy rays. 
Refractive bending effects are most pronounced at small 
angles to the horiZontal. 

The US. Navy has an interest in predicting ducting 
conditions over the ocean for radar and microWave/ 
millimeter Wave communications purposes. Surface ducts 
over the sea exist When the refractive index for radio Waves 
decreases With height, bending the Waves doWn toWards the 
sea surface. If the refractive index decreases by —1.57 E-7 
per meter height, then the Waves just folloW the curvature of 
the earth and an “evaporation duct” exists over the surface 
of the ocean. Under such condition, ship board radars can 
“see” far beyond the horiZon, and microWave and millimeter 
Wave communications exhibit excessive ranges. Further 
ducting causes elevation tracking errors of radars, Which can 
be accounted for and reduced if the ducting conditions are 
knoWn. 

At present ducting conditions are predicted by measuring 
sea temperature, air temperature and Wind speed over the 
ocean. Since these parameters do not alWays correctly 
describe the gradient of refractivity of the air over the ocean, 
occasionally very Wrong predictions result. 

To measure the index of refractivity versus height over the 
ocean is very dif?cult due to the very small variations of the 
index versus height that need to be measured, and the strong 
?uctuation of that index With time. 

3. Related Art 

In the past, microWave refractometers have been used to 
measure the index of refraction of the atmosphere. The 
resonant frequency of a resonant cavity depends on the 
index of refraction of the gas therein, so that determination 
of this frequency permits determination of the index of 
refraction. AknoWn type of refractometer uses tWo resonant 
cavities, one of Which is sealed to provide a reference cavity 
and the other of Which is open to the atmosphere to be 
sampled. The resonant frequencies of the tWo cavities Were 
compared to determine the index of refraction of the 
sampled gas. Examples of uses of this technique are 
described in US. patents. Thus, in the patents to Everman 
(US. Pat. No. 3,356,941) and Parlanti et al. (US. Pat. No. 
3,323,044), the refractive index of a sample gas in an open 
cavity is measured and compared With a reference gas in a 
closed cavity. The device in Sargent et al. (US. Pat. No. 
2,964,703) measures the change in refractive index to cal 
culate the Water vapor pressure or humidity. In Scho?eld 
(US. Pat. No. 4,104,585), the concentration of impurities in 
liquids is measured, Wherein the output frequencies of the 
resonators are mixed to derive a difference frequency depen 
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2 
dent on the difference in concentration of particles in the test 
and reference samples. 
The prior art also shoWs the use of a single open cavity for 

sampling the gas. Heile (US. Pat. No. 3,601,695) uses tWo 
microWave frequency sources With one sampling cavity, and 
the resonant frequency is converted to a signal representa 
tive of the refractive index of air, and in Heile (US. Pat. No. 
4,027,237), a harmonic of a loW frequency sWeep oscillator 
is phase locked to the microWave sampling cavity, With the 
output providing a direct measurement of refractivity. 
Thompson et al. (US. Pat. No. 3,400,330) uses a single 
multimode resonant cavity in Which a gas sample is placed 
and simultaneously excited at the fundamental and the 
harmonic modes. The difference in phase betWeen the output 
signals of the tWo modes is used to determine the difference 
in refractive index at the tWo frequencies. In Thompson 
(US. Pat. No. 3,898,558), the output signal varies as a linear 
function of the refractive index of the sampled gas. 

HoWever, the same effect Which causes the change in 
frequency also causes the change in propagation conditions 
such as radar ducting loW over the ocean. Also, all these 
schemes have a common problem since the short and long 
term frequency drift of the oscillator during the required 
long time of integration is usually much greater than the 
effect to be measured, thus making measurements With the 
required accuracy dif?cult or impossible. 

Direct measurement of the gradient of refractive index at 
loW altitudes over the ocean in order to predict radar ducting 
conditions traditionally has been dif?cult because the modi 
?ed index of refractivity, M, Which typically is equal to 300, 
has large ?uctuations over time, Whereas a tiny change of 
this factor of —0.16 per meter height is indicative of ducting 
conditions. Therefore, relatively long integration times are 
required in order to average out the ?uctuations and to 
measure small changes of refractive index versus height. 

SUMMARY OF THE INVENTION 

The present invention proceeds from the observation that 
What needs to be measured is not the refractive index versus 
height per se, but only its variation, or the gradient, versus 
height. Thus, samples of air are taken quasi-simultaneously 
at tWo heights Which differ by a small, knoW increment, e. g., 
1 meter, to reduce the effects of random oscillator frequency 
drift. The refractive indices of these tWo samples are mea 
sured and subtracted from each other, resulting in the 
gradient for a one-meter height increment. Many such 
measurements then are taken per second, and the results 
averaged over several seconds in order to average out the 
?uctuations. The result is the gradient at that height. The 
process is repeated at different heights to provide an entire 
pro?le of the gradient for speci?c heights, for example, from 
1 to 20 meters. With these data, the effects of the refractive 
index variation can be determined more accurately and 
predictions of ducting conditions can be made more pre 
cisely. 
An apparatus to measure this gradient of refractivity for 

research and practical use at sea includes tWo air intakes, 
vertically separated by a knoWn distance, each of Which can 
be alternately placed in ?uid communication With one of tWo 
resonant cavities Within the instrument. Air from each intake 
is introduced into each cavity and the difference frequency 
measured for a short, speci?ed time, e.g., 35 ms, resulting in 
a ?rst measured difference frequency ofA. Then, the air 
intakes are cross-coupled With the cavities. That is, if intake 
A had been coupled to cavity 1, is noW coupled to cavity 2, 
and similarly for intake B. Again, the difference frequency 
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is measured for a short, speci?ed time, resulting in a second 
measured difference frequency ofB. The difference of refrac 
tive index of the air ?owing through intake A and intake B 
is proportional to the difference betWeen the measured 
difference frequencies ofA and ofB. Subsequently, the How of 
air through the cavities is alternated periodically, at a rate of 
about 10 HZ. The drift of the oscillators is mostly eliminated 
by this method since there is very little frequency drift 
Within the short measurement time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a block diagram of the gradient air refrac 
tometer according to the present invention. 

FIG. 2 shoWs an embodiment of a valve assembly used 
With the refractometer of FIG. 1. 

FIG. 3 is a vieW along section line I—I in FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shoWs a functional block diagram of an embodi 
ment of a gradient air refractometer, or differential 
refractometer, according to the present invention, indicated 
generally by the reference numeral 10. Apump 12 pulls air 
into the apparatus 10 through intakes A and B, through 
conduits or How passages 14 and 16, and through tWo, 
separate high Q microWave cavities 18 and 20, Which 
function as the frequency controlling elements of the micro 
Wave oscillators. In order to minimiZe frequency drift, the 
oscillator cavities 18 and 20 preferably are made of Invar 
steel Which has a thermal expansion coef?cient close to Zero. 
The interior of each cavity 18 and 20 is plated With silver, 
gold or copper to achieve a high Q-factor. Air intakes A and 
B are at heights that differ by a speci?c increment Ah, eg 
1 meter, With intake A for example being positioned above 
intake B. How through the conduits 14 and 16 is controlled, 
respectively, by valves 22 and 24. The conduits 14 and 16 
are interconnected by cross-?oW conduits or passages 26 
and 28 to permit ?oW through each of the cavities 18 and 20 
alternately from intake A and intake B, by selective opera 
tion of valves 30 and 32 located, respectively, in the cross 
?oW conduits 26 and 28. The air is discharged from the 
apparatus 10 through an exhaust E. MicroWave ampli?ers 34 
and 36, coupled respectively to the cavities 18 and 20, 
provide the gain elements in the oscillator feedback loops in 
knoWn fashion. MicroWave oscillator cavity 18 is tuned to a 
speci?c frequency f1, for example 10.01 GhZ, and oscillator 
cavity 20 is tuned to a frequency f2 very close to that of 
cavity 18, for example, 10 MHZ beloW f1, or 10 GHZ. Both 
frequencies are mixed in a mixer 38, resulting in a 10 MHZ 
difference frequency, Which is measured by a frequency 
counter 40. 

Actuation of the valves 22, 24, 30 and 32 is controlled by 
a valve control means 42. Operation of the refractometer 10 
is controlled by a timing and control means 44 Which also is 
operatively connected to the frequency counter 40, a data 
processor 46 and a display 48. If desired, the data processor 
and the display may be devices separate from the refracto 
meter itself to enhance compactness and portability of the 
apparatus. The output of the refractometer then may be 
coupled to a separate data processor and a display. 
At the beginning of a measuring cycle, valves 22 and 24 

are open and valves 30 and 32 closed. Air from intake Athen 
?oWs through oscillator cavity 18, resulting in a frequency 
change of ofA in the cavity, the change being related to the 
refractive index of the air sample from intake A, and air from 
intake B ?oWs through oscillator cavity 20, resulting in a 
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4 
frequency change in the cavity of ofB Which is related to the 
refractive index of the air sample from intake B. The 
changes in resonance frequency ofA and ofB do not depend 
on f1 or f2. When the air How to cavities 18 and 20 are 
reversed, ofA and ofB remain the same, but are felt in 
opposite cavities. The frequency measured by the frequency 
counter 40 is determined as: 

With the resulting number representing fC1 being stored in 
the data processor 46. 
Then timing and control means 44, through valve control 

means 42, closes the valves 22 and 24 and opens the valves 
30 and 32. NoW air from intake A ?oWs through cavity 20, 
causing a frequency change ofA in the cavity, and air from 
air intake B ?oWs through cavity 18, causing a frequency 
change in the cavity of erg. The frequency measured by the 
frequency counter 40 is determined as: 

With the resulting number representing fC2 being sent to the 
data processor 46 and subtracted from fcl, resulting in a 
frequency difference Af: 

The gradient g is then determined from the folloWing 
expression, and stored in the data processor 46 for averag 
ing: 

The measuring cycle is repeated, With the valves 30 and 
32 being closed and the valves 22 and 24 opened, resulting 
in a neW measured value of g. The closing and opening of 
the valves are reversed, and measurements taken and a neW 
value of g calculated; etc. Many such measured values of g 
are then averaged in the data processor 46 over several 
seconds of measuring time, and the resulting average value 
for the gradient g is displayed on the display 48. 
The cycle time should be as short as possible, typically 

10—100 ms, to minimiZe the effects of oscillator drift. Thus, 
betWeen 10 to 100 values should be taken per second, and 
the values averaged over several seconds of measuring time. 

This large number of measurements over a short period of 
time can cause a problem in the control of the valves 22, 24, 
30 and 32, Which have to react Within milliseconds. In 
principle, an arrangement similar to automotive engine 
valves could be used. HoWever, a better solution is illus 
trated in FIGS. 2 and 3, Which shoW an embodiment of a 
mechanical rotary valve assembly 50 capable of operating as 
a quick-acting ?oW reversal sWitch. Using a 100-series set of 
reference characters to designate similar structural features 
described above for FIG. 1, valve assembly 50 includes a 
cylinder or drum 52 rotationally supported by shaft 84 and 
bearing 86. Near the closed ends of the cylinder 52, on 
diametrically-opposite sides, ori?ces or openings 53 and 60 
are located to communicate With the intake A and intake B, 
respectively, during operation of the rotary valve assembly 
50. As shoWn in FIG. 3, an end Wall 52a of the cylinder 52 
is provided With a set of four openings, spaced approxi 
mately 90° apart around the periphery, and identi?ed clock 
Wise as 62, 64, 66 and 68. A cover plate 70 is located 
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adjacent to the cylinder end Wall 52a, and has diametrically 
disposed bores 72 and 74 through Which coupling conduits 
76 and 78, extend, respectively, to the oscillator cavities 18 
and 20. The air pump 12 is connected to the cavities 18 and 
20, and discharges air from the apparatus through the 
eXhaust E. 
A conduit or How passage 114 inside the cylinder 52 

couples the ori?ce 58 in the side of the cylinder and the 
opening 62 in the end Wall 52a, and similarly a conduit or 
How passage 116 couples the ori?ce 60 and the opening 64. 
A cross-?oW conduit or passage 126 provides ?uid commu 
nication betWeen the ori?ce 58 and the opening 66 in the end 
Wall 52a of the cylinder 52, and cross-?oW conduit or 
passage 128 joins the ori?ce 60 and the opening 68. A 
toroidal shroud 80 is disposed eXteriorly at one end of the 
cylinder 52 and provides constant ?uid communication 
betWeen the air intake A and the ori?ce 58 and the conduit 
114 as the cylinder 52 is rotated. Similarly, a toroidal shroud 
82 eXteriorly surrounds the other end of the cylinder 52 and 
provides constant ?uid communication betWeen the air 
intake B and ori?ce 60 and the conduit 116. A small air gap 
separates each of the toroidal shrouds 80 and 82 from the 
surface of the cylinder 52 to prevent friction, and these gaps 
may be closed by felt or rubber seals to avoid leakage of 
ambient air into the cylinder 52. The toroidal shrouds 
conveniently may be incorporated as part of the cylinder 
supports means 54 and 56 for additional compact packaging 
of the gradient refractometer. 
As shoWn in FIG. 2, the cylinder 52 can be rotated by a 

shaft 84 ?Xed to one end, supported by a bearing 86, and 
driven by a motor 88 through reduction gears 90. The cover 
plate 70, coupling conduits 76 and 78, toroidal shrouds 80 
and 82, and the cavities 18 and 20 remain stationary. 

In operation, the rotary valve assembly 50 functions as a 
very quick-acting air ?oW reversal sWitch, quickly directing 
the sampled air from intake A to either of the cavities 18 or 
20, and from the intake B to either cavity, as determined by 
the timing and control means 44. Operation of the pump 12 
causes a steady supply of sampled air draWn through the 
intake A to remain in the toroidal shroud 80, and a steady 
supply of air from intake B to remain in the shroud 82, 
providing a constant source of sampled air during operation 
of the differential refractometer. Pump 12 causes How of the 
gas through the microWave cavities by suction. The gas can 
also be caused to How through the cavities by positive 
pressure provided by pumps in conduits 14 and 16 in FIG. 
1 (not shoWn). As the cylinder 52 is rotated, clockWise in 
FIG. 3 for eXample, into proper position by the motor 88, the 
opening 62 in the cylinder end Wall 52a is aligned With the 
coupling conduit 76, permitting air to pass to the oscillator 
cavity 18 from the toroidal shroud 80, via the conduit 114. 
At the same time, the ori?ce 64 in the cylinder end Wall 52 
is aligned With the coupling conduit 78, thus permitting air 
to pass from the toroidal shroud 82, through the conduit 116 
to the cavity 20. Also, at the same time, as can be seen from 
FIGS. 2 and 3, air from the shroud 80 is provided by the 
cross-?oW conduit 126 to the ori?ce 66 in the cylinder end 
Wall 52a. LikeWise, air from the shroud 82 is provided to the 
ori?ce 68 by the cross-?oW conduit 128. HoWever, ?oW into 
either of the cavities 18 or 20 is blocked by the cover plate 
70 since the ori?ces 66 and 68 are not in registry With the 
coupling conduits 76 and 78. 
As the cylinder 52 is rotated further clockWise, air from 

the intake A and shroud 80 is passed through the cavity 20, 
and air from the intake B and shroud 82 through the cavity 
18, by respective alignment of the ori?ce 66 With coupling 
conduit 78 and the ori?ce 68 With the coupling 76. With 
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6 
continued rotation of the cylinder 52, this process is 
repeated, providing sampled air from the intakes A and B 
alternately to the oscillator cavities 18 and 20 at a high 
speed. 

Sensor means (not shoWn) of knoWn design provide 
signals of the rotational position of the cylinder 52 to the 
frequency counter 40 and the data processor 46, to provide 
proper synchronism for the data processing. Also, While not 
shoWn or speci?cally described, valves Would be provided 
in the air intakes A and B and operated to shut off further air 
?oW into the apparatus While the pump is operated to purge 
air from the system before the refractometer is moved to a 
different height. 
The above-described instrument is very sensitive and very 

stable. In tests performed With the instrument, the frequency 
drift Was very loW. With the air intakes blocked, and using 
a ?ve-second integration time constant, the drift and noise of 
the refractive indeX Were in the order of 1.0 E-8 over a 
period of 300 seconds. 

Alternatively, instead of rotating the entire cylinder, some 
other provisions can be made to regulate air ?oW alternately 
to the oscillator cavities. For eXample, a circular valve plate 
(not shoWn) having appropriately-con?gured ?oW passages 
can be positioned betWeen the cylinder end Wall and the 
cover plate, and rotated to achieve the How control described 
above. 
The present invention may be embodied in other speci?c 

forms Without departing from the spirit or essential charac 
teristics thereof. Hence, the above disclosure of a preferred 
embodiment of the invention is intended to be illustrative, 
but not limiting, of the scope of the invention set forth in the 
folloWing claims. 

I claim: 
1. An apparatus for measuring the vertical gradient of 

refractivity of a gas, comprising: 
a ?rst source and a second source for providing samples 

of the gas, said sources being vertically separated a 
knoWn distance; 

tWo resonant cavities for receiving samples of said gas, 
said cavities being tuned to different frequencies; 

means for directing samples of gas from each of said 
sources to each of said cavities; 

means for determining the difference frequency for each 
of said cavities, With gas samples from each of said 
sources; and 

processing means for determining the gradient of the 
refractive indeX for said gas for the separation distance 
of said sources. 

2. An apparatus according to claim 1, Wherein the means 
for directing samples of gas includes ?oW control means for 
alternately and intermittently directing gas samples from 
each of said sources to each of said cavities. 

3. An apparatus according to claim 2, Wherein the means 
for directing samples of gas includes ?oW passages inter 
connecting said sources and said cavities, and valve means 
in said How passages Which operate to alternately direct gas 
samples from each of said sources to each of said cavities. 

4. An apparatus according to claim 2, Wherein the means 
for directing samples of gas includes a rotatable member 
having ?oW passages Which can, by rotation of said member, 
be placed in ?uid communication betWeen said sources and 
said cavities, to alternately and intermittently conduct gas 
samples from each of said sources to each of said cavities. 

5. An apparatus according to claim 1, further including 
control means to regulate the overall operation of the 
apparatus. 
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6. A method for determining the vertical gradient of 
refractive index for a gas, comprising 

obtaining samples of the gas substantially simultaneously 
at tWo heights Which differ by a small, knoWn incre 
ment; 

determining the refractive indeX of each of the tWo 
samples, including providing said gas samples to tWo, 
separate microWave oscillators, each of said oscillators 
having its oWn frequency controlling cavity, and deter 
mining the difference betWeen the refractive indices; 
and 

determining the gradient by dividing the difference in 
refractive indices by the height at Which said gas 
samples Were obtained. 

7. Amethod according to claim 6, including repeating the 
steps of claim 9 and averaging the values of refractive indeX 
gradient to average out ?uctuations. 

8. A method according to claim 7, further including 
repeating the method steps of claim 6 at different heights to 
provide a pro?le of the gradient for speci?c heights. 

9. A method according to claim 6, Wherein the step of 
providing the gas samples includes alternately providing gas 
samples from each of said tWo heights, to each of said 
oscillator cavities. 

10. A method according to claim 9, Wherein the step of 
alternately providing the gas samples to the oscillator cavi 
ties includes directing the ?oW of said gas samples through 
?oW passages and selectively operating control valves in 
said ?oW passages. 

11. A method according to claim 9, Wherein the step of 
alternately providing the gas samples includes rotating a 
rotary ?oW sWitching device having ?oW passages Which 
can, by rotation of said device, be placed in ?uid commu 
nication With gas samples from said tWo heights and said 
cavities, to alternately and intermittently sWitch gas samples 
from each of said heights to each of said cavities. 

12. An apparatus for measuring the gradient of refractivity 
of air, comprising: 

tWo microWave oscillators, each having a resonant cavity 
as its frequency determining elements, said cavities 
being tuned to different frequencies; 

tWo intakes spaced a predetermined distance apart, for 
providing sample air to each of said cavities; 

?oW control means connecting said intakes With said 
cavities to direct sample air from each of said intakes 
alternately to each of said cavities; 

frequency miXing means coupled to said oscillators and 
providing as an output the difference betWeen the 
frequencies provided by said oscillators; 

frequency measuring device for receiving the output from 
said frequency miXing means; and 

data processing means for receiving the output from said 
frequency measuring device, and providing as output 
the gradient of refractivity for the air from said intakes. 

13. An apparatus according to claim 12, further compris 
ing timing and control means to control operation of said 
?oW control means, frequency measuring device and data 
processing means. 

14. An apparatus according to claim 13, Wherein said ?oW 
control means comprises a pump, said pump is adapted to 
direct said sample air from each of said intakes alternately 
to each of said cavities either by suction or by pressure. 

15. An apparatus according to claim 12, further compris 
ing means for displaying the output of said data processing 
means. 
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8 
16. An apparatus according to claim 12, Wherein said data 

processing means operates to determine the difference of the 
frequencies interchangeably measured in said cavities and 
provided by said frequency measuring device, average the 
results and dividing the average by the sum of the cavity 
frequencies and the spacing distance of said intakes, to 
provide as output the gradient of refractivity. 

17. An apparatus according to claim 12, Wherein said ?oW 
control means includes ?oW conduits for providing air ?oW 
from each of said intakes to both of said cavities; and valve 
means disposed in said ?oW conduits and operable to 
intermittently interchange connection of said intakes to said 
cavities, such that the air ?oW from each of said intakes is 
alternately directed to each of said cavities. 

18. An apparatus according to claim 12, Wherein said ?oW 
control means includes a rotatable member having ?oW 
passages Which can, by rotation of said member, be placed 
in ?uid communiction betWeen said intakes and said 
cavities, to alternately conduct air samples from each of said 
intakes to each of said cavities. 

19. An apparatus according to claim 18, further including 
motive means to rotate said rotatable member, and timing 
and control means to synchroniZe rotation of said rotatable 
member and to control operation of said frequency measur 
ing device and data processing means. 

20. An apparatus according to claim 18, further including: 
a plenum chamber for each of said intakes, to receive air 

from said intakes; 
a plurality of ori?ces on one end of said rotatable member 
Which can, by rotation of said member, be placed in 
?uid communication With said cavities; and 

obturating means disposed betWeen said rotatable means 
and said cavities, and having conduits for ?uid com 
munication With each of said cavities, 

said ?oW passages are disposed Within said rotatable 
member and interconnect said plenum chambers With 
said ori?ces, Which can, by rotation of said member, be 
aligned With the conduits of said obturating means, to 
alternately and intermittently conduct air samples from 
each of said plenum chambers to each of said cavities. 

21. An apparatus according to claim 12, Wherein each of 
said cavities is made of material having a loW thermal 
expansion coef?cient and the interior of each of said cavities 
is coated With a material having high conductivity to provide 
said cavity With high Q-factors. 

22. An apparatus for measuring the difference of the 
electromagnetic refractivity of tWo gases, comprising: 

a ?rst source and a second source for providing samples 
of the gas, said sources being vertically separated a 
knoWn distance; 

tWo resonant cavities for receiving samples of said gas, 
said cavities being tuned to different frequencies; 

means for directing samples of gas from each of said 
sources to each of said cavities; 

means for determining the difference frequency for each 
of said cavities, With gas samples from each of said 
sources; and 

processing means for determining the gradient of the 
refractive indeX for said gas for the separation distance 
of said sources. 


