The 2-4 Millimeter-Wavelength Opacity of Ammonia
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Abstract Measurement System

A millimeter-wavelength planetary atmospheric simulatod measurement system have been de- The measurement system consists of the following subsgstem
veloped at the Georgia Tech Planetary Atmospheres Labgradaaccurately measure the prop-
agation properties of gases under simulated planetaryspimeoic conditions. The measurement
system operates in the 2-4 millimeter-wavelength rangevatitstands up to 3 bars of pressure.
Over 1000 laboratory measurements of the 2-4 millimetareiangth opacity of ammonia have

been made under simulated Jovian atmospheric conditiong tee new laboratory system. These
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P=1.036 bars, T=221.8 K, NH3=11.38%, He=12.05%, H2=76.57% P=1.919 bars, T=221.4 K, NH3=6.14%, He=12.76%, H2=81.09% P=3.009 bars, T=296.3 K, NH3=4%, He=13.06%, H2=82.94%

* The planetary atmospheric simulator controls and monttoesenvironment experienced by the | | | | | | | | | | * | | | | |
measurement system. The temperature, pressure, and gantaton are carefully controlled * |
to simulate the desired planetary conditions. The simuladasists of

—Glass pressure vessel enclosing the Fabry-Perot resaaguable of handling up to 3 bars

laboratory measurements were made of various gas mixtfitegloogen &77.5-85.5%), helium —Pressure gauges, temperature gauge, vacuum pump, anagsvgam bottles g g
(~12.5-13.5%), and ammonia (1-10%) at pressures between anoBB bars and temperatures « Millimeter-wavelength measurement system consists of $wasystems: the W-band system 2 =
between 200 K and 300 K. Laboratory measurements were alde ofahe opacity of pure am- operates in 3-4 mm-wavelength range and the F-band systenatep in 2-3 mm-wavelength g g
monia at pressures between 50 mbar and 1 bar and temperaginessen 200K and 300K. Using range. e e T e T T e T e T TR
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these mea_lsurements,_a_l new model is bemg c!eveloped to a_la:t;zlﬂ_iz?aracterlze the absorptlon of _Swept S|gna| generator (HP 836508) and frequency tnpjgvkammnp“er chain ---Joiner—Stefff; L T T ! ---Joiner—Stefff; e T —---Joiner—SteffE:; ;
ammonia in the 2-4 millimeter-wavelength region under dowonditions. L L ponammen Stffes e _ _pohammed: Steffes _ _pohammed Steffes
— A near-confocal Fabry-Perot resonator with high Q and losgés ~ soher |- 2 spilker 7 |- 2 epiker
. . . | = = =Hanley et al. i - = =Hanley et al. - = -Hanley et al.
—Harmonic mixers, local oscillator, and a spectrum analy#ét 8564E) — Tris Work | | | | | | —This Work | | | | | * — This Work | | | | |
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I\/I t Th * Data handllngdSUbSyStem ICO”S'StS Of a CompUter ColnneCtbd:DeCtLum anﬂlyzer’ Swept Slgnal P=1.943 bars, T=207.7 K, I?IH3=5}./O6%, He=12.91%, H2=82.03% P=2.855 bars, T=207.7 K,?\IH3=3¥.36%, He=13.14%, H2=83.5% P=0.157 bars, T=220.;4 K, NI}-/|3=1OO%, He=0%, H2=O%
easuremen eOry generator, and CW signal generator via a general purposdane bus. The instruments are \ \ \ \ \ : \ \ \ \ \ : \ \ \ \ \
o | | controlled via Matlal§ and the Standard Commands for Programmable InstrumenBYSC ’ ’
The reduction in the quality factor (Q) of a resonant mode @sdnator in the presence of a low-
loss gas is used to measure the absorption of the gas (se¢lB.d is defined as ([2])
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where f; Is the frequency of the resonance. The absorption at a pantirequency is computed g g
as given below by measuring the Q of the resonator in the pcesef the lossy gas\(H3 with H» 1 I 0 e O L R EE L E UL EE P S S
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Ammonia is one of the most predominant millimeter-wavetbrgpsorbers in the Jovian planets,  (EPL) Is defined as [4] )
due to the presence of a series of inversion lines arouncch2,. Several strong rotational lines in the EPL=— . I ;
 the p ersion fin {rong . o Jupiter Millimeter-Wavelength Conclusions
submillimeter, and a strong roto-vibrational line at 2.16mrlhe opacity from gaseous ammonia herel is th enath of th .
: - : : where is the wavelength of the resonance. o _
N the Jovian plaHEtS should be aCCUrat.ely known. b@f-C)re dihenpal effects of other abSOrblng Brlghtness Temperature e The |ab0ratory measurements have led to an accurate ola@zatbn of the 2-4 mm_Wa\/e|ength Opac|ty of a
constituents can be assessed. Ammonia absorption ITMI'B_HOO GHz range shown here T S 10— . . . . . . o monia under simulated Jovian conditions. The broadenimgrpeters of the 140 GHz, roto-vibrational line
strongly contribute to the 2-4 millimeter-wavelength aipsion, although rotational lines at higher o | | ; of ammonia which has thus far only been theoretically prtedi¢5] has been measured for the first time in t
frequencies also contribute to the continuum opacity imtiemeter-wavelegnth. » A | _ e laboratory.
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[+ nversion Lines i CL A | . - * The preliminary millimeter-wavelength ammonia opacitydabfits the laboratory measurements better than t@e
Tk Rt e IR _ 0 ¢ o | < 1mp . existing opacity models [6; 7; 8; 9; 10]. The model uses a fediBen-Reuven lineshape [11] to fit the inversio
60 E 5 . . . . . . . .
e = o o g rotation, ana, roto-vibrational lines, and the old JPL line catalog [12]JoN/is In progress to develop an opacit
_ 0l | 5 model incorporating the latest JPL line catalog [3] andedédht lineshapes that would yield a better fit to t
S 10 7 0} e resonator at vacuum an = = I 7 )
; é?‘ e resonaere e : | oy 4 o o - laboratory measurements.
E 120 T c + % . . . . .
E A "5 C Famgann @t or o, +  * % 5 195) \/ -  The radiative transfer model shows that the 140 GHz lineszaatat least 1K darker than the continuum. Futu
S ol .- ] g o, * °° work will involve searching for this line with IRAM.
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