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Objective: The goals of this research include high resolution

spectroscopic studies of planetary atmospheres and comets. Laser

heterodyne and Fourier transform spectrometers are utilized in order

to obtain high spectral and spatial resolution. This makes it

possible to study localized, non-thermal, phenomena in low temperature

and low density regions and to detect trace constituents. Ultrahigh

spectral resolution and stability also enables the study of dynamical

phenomena such as winds in planetary atmospheres, thermal tides, and

the outflow of material in cometary comae.

Accomplishments: The C02 laser heterodyne spectrometer was used at
the 3-m IRTF on Mauna Kea to make measurements of Mars during the 1984

opposition. Analysis of the observations of the mesospheric non-

thermal emission demonstrated the existence of a warming of the Mars

polar mesosphere, similar to the seasonal effects which are well known

to occur at the Earth's mesopause.

A new laser heterodyne system was established at the McMath telescope

on Kitt Peak. This system will be complimentary to the system at the

IRTF, and will be used for observations of a more synoptic nature. A

search for C0_ and NH_ on Comet Halley was done with the new Kitt Peak

system (ii/85_ as wel_ as with the IRTF heterodyne system (12/85,
4/86).

A Lamb-dip absorption cell was designed and constructed. Its use will

allow extreme frequency stabilization of the laser local oscillator,

which will greatly facilitate measurements of winds and dynamical

phenomena. The Lamb-dip cell was used at Kitt Peak to study zonal and

meridional winds in the atmosphere of Venus.

Water vapor was detected in Comet Halley using Fourier transform

spectrometer on the Kuiper Airborne Observatory. The 2.65 _m _ band
was seen in emission, confirming non-thermal-equilibrium excitation
models for comets.

A study was made of the variability of Jovian Ethane emission. The

average volume mixing ratio of Ethane in the Jovian stratosphere was
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found to be 3x10 -6, with the greatest variability seen in the auroral

regions.

Proposed Research: Analysis of Fourier transform and laser heterodyne

spectroscopic data will be completed, to determine the relative

abundance of candidate parent molecular species (H.0, CO_, NH., etc.)
and to refine radiative transfer and excitation mo_els f_r cometary

comae. Measurement of winds in the atmosphere of Venus will continue

using Lamb-dlp stabilized laser heterodyne spectroscopy. These wind

measurements will be extended to the atmosphere of Mars during the
1986 opposition; this effort will provide scientific support for the

forthcoming Mars Orbiter Mission. The nature of variability in the

Jovian Ethane emission will be clarified by making observations at

higher spatial resolution using the IRTF.

Figure: Example of laser heterodyne observations of an individual

llne in the 9 band of Ethane, seen in emission from the stratosphere
of Jupiter. _ model atmosphere fit to the data is also shown.
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