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Introduction:  Microwave remote sensing of the 

outer planets can give a unique insight into the tem-

perature, pressure, and composition of the upper, mid-

dle, and deep tropospheres. Radio absorptivity data for 

planetary atmospheres obtained from both active and 

passive remote sensing is often used to infer abun-

dances of microwave absorbing constituents in those 

atmospheres. To enable accurate retrievals, precise 

knowledge of the the microwave absorbing properties 

of potential constituents is necessary. Hence, a high 

precision laboratory measurement system has been 

built at Georgia Tech for measuring the properties of 

gases under simulated planetary atmospheric condi-

tions [1][2]. Measurements are currently being made of 

the microwave properties of ammonia under deep 

Jovian atmospheric conditions. These measurements 

will directly improve our understanding of microwave 

absorption by ammonia at Jupiter, and improve retriev-

als from the Juno microwave radiometer (MWR). 

These measurements will also improve our understand-

ing of the centimeter wavelength ammonia absorption 

in all of the outer planets and can be used for ground-

based and space-craft based retrievals.  

 

The Georgia Tech Measurement System:  A high 

pressure measurement system that is capable of meas-

uring the microwave properties of gases in the 1.5-6 

GHz range, at temperatures from 300K to 600K, and 

pressures from 10 mbars to 100 bars has been built at 

Georgia Tech [1][2]. The measurement system consists 

of a planetary atmospheric simulator (Fig. 1), a micro-

wave measurement sub-system, and a data handling 

sub-system. A high pressure vessel placed inside a 

temperature-controlled oven, forms the integral part of 

the planetary atmospheric simulator. The temperature, 

pressure, and gas mixture are carefully controlled to 

simulate the desired planetary conditions. The micro-

wave measurement sub-system consists of a cavity 

resonator placed inside the high pressure vessel con-

nected to a network analyzer through high-pressure 

microwave feed-throughs and microwave cables. 

Measurements of the changes in the quality factor of 

the resonances of the resonator induced by the presence 

of a lossy gas are used to estimate the microwave opac-

ity of the gas. The data handling subsystem consist of 

various computers that monitor and control the network 

analyzer and also monitor the temperature and pressure 

of the system. 

The measurements from this system form the basis 

for accurately modeling the microwave properties of 

gases under various planetary conditions, which are 

essential in determining the presence and concentration 

of such gases through various microwave remote sens-

ing techniques. This system exhibits a maximum 2-σ 

sensitivities in the opacity ranging from 0.01 dB/km at 

1.5 GHz to 0.1 dB/km at 6 GHz. 

 
Figure 1: The Georgia Tech Measurement System 

(Planetary Atmospheric Simulator [2]). 

 

Ammonia Opacity Measurements:  Over 500 

measurements of the microwave properties of ammonia 

have been made with the measurement system in the 

375-450K temperature range at pressures ranging from 

0.05-96 bars and mixing ratios from 0.05-100% in a 

hydrogen-helium atmosphere. This is in addition to 

over  2000 measurements made by Hanley et al. at 

pressures up to 12 bars and at temperatures down to 

184K. A dry Jovian adiabatic temperature-pressure 

overlayed with the pressure-temperature measurement 

points are shown in Fig 2. 
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Figure 2: Planned and Completed Ammonia Meas-

urements. 
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Fig. 3 shows a plot of the measured ammonia opac-

ity overlayed with the Hanley et al. model [3] at 375K, 

96 bars, and 0.06% NH3, 14.5% He and 85.4% H2. It 

can be seen that the measured opacity is slightly higher 

than the modeled opacity. Measurements of microwave 

ammonia opacity made at various other mixing ratios, 

pressures, and temperatures showed that although the 

Hanley et al. model characterizes the opacity very ac-

curately at pressures less than 25 bars, it does not char-

acterize the opacity accurately at very high pressures.  

This could be because the Hanley et al. model does not 

include the contribution to the microwave opacity from 

the rotational and the ν2 roto-vibrational lines of am-

monia and also does not include the compressibility of 

gases under high pressure conditions. 

 

 
Figure 3: Measured Opacity of Ammonia under 

Simulated Jovian Conditions. 

 

Conclusions and Future Work:  Based on the lat-

est results, we see that even  the most accurate micro-

wave ammonia opacity model to date, the Hanley et al. 

model does not fit all the measurements at very high 

pressures. An accurate ammonia opacity model that 

works even at very high pressure conditions is neces-

sary for Juno MWR to successfully retrieve the deep 

abundance profile of Jupiter. Current and future meas-

urements of the properties of ammonia under simulated 

deep Jovian atmospheric conditions, and   an estima-

tion of compressibility of ammonia under the same 

conditions will be used to either modify the Hanley et 

al. model or create a new model that more accurately 

characterizes the microwave properties of ammonia in 

support of the Juno MWR.  

There is also a necessity to understand the en-

hancement of pressure broadening of ammonia due to 

the presence of water vapor. At least one laboratory 

measurement study has indicated that water vapor can 

efficiently broaden the 572GHz line of ammonia [4], 

and this could be true of other ammonia lines as well. 

Future work will also involve laboratory measurements 

of the opacity of mixtures of ammonia and water vapor 

using the high pressure measurement system. 
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