
LP1 Technical Report 92 -06 19

6 Arc Minutes
I

7
Ragged
shadow

i erminalcr

Moon

Fig. 3. The ragged edges at the lunar terminator provide suitable ref-
erences for stabilizing the image. Using the configuration shown in
Fig. 2 permits diffraction-limited imaging at 1R wavelengths of a strip
adjacent to the terminator several arcminutes wide.

tracking these abrupt intensity changes using two edges that are
roughly at right angles to one another, image stabilization can
be obtained to diffraction-limited accuracy. Suitable edges are
found on the lunar terminator and at obliquely illuminated crater
and basin edges (Fig. 3). Because the edges must lie within the
isoplanatic angle of the region being imaged, it is only possible
to image a strip a few arcminutes wide. Over the course of the
lunar day (two weeks), however, a complete image of the lunar
surface can be compiled using successive strips. With an infrared
spectrometer mounted to this system, accurate compositional data
will also be obtained.

The objective of this project is to conduct a lunar resource
survey using image stabilization hardware of the sort shown in
Fig. 2, in combination with a suitable edge-tracking algorithm.
When the arrangement is used with existing 4-5-m class telescopes,
0.1-arcsec resolution (150 m) is expected at 2.2 um. However,
if the new 8-m (NOAO) telescopes are built to appropriate optical
standards, diffraction-limited images should be obtained routinely
at 1 fim. At this wavelength, 0.03-arcsec resolution is expected
that, on the lunar surface, will result in imaging and spectroscopy
being possible down to a 50-m spatial resolution element. With
these resolutions, accurate geological and compositional maps may
be constructed of the resource-rich regional pyroclastic deposits
at a resolution currently not obtainable from Earth-based systems.
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1GOTE UASIR tftASS'SPBC^ROMETEtf FOR LUNAR
RESOURCE ASSESSMENT. R. J. De Young and M. D. Wil-
liams, NASA Langley Research Center, Hampton VA 23665-5225,
USA.

The use of lasers as a source of excitation for surface mass
spectroscopy has been investigated for some time [1]. Since the
laser can be focused to a small spot with high intensity, it can
vaporize and accelerate atoms of material. Using this phenomenon
with a time-of-flight mass spectrometer allows a surface elemental
mass analysis of a small region with each laser pulse. While the
technique has been well developed for Earth applications, space
applications are less developed. The Soviet Union attempted to
use a pulsed Nd:YAG laser to analyze the surface of the Mars
moon, Phobos, using an instrument called "LIMA-D" [2]. Laser-
induced ions would have returned to spacecraft hovering 50 m
above the Phobos surface. Unfortunately, the mission was unsuc-
cessful for reasons unrelated to the instrument.

NASA Langley recently began a research program to investigate
the use of a laser to create ions from the lunar surface and to
analyze the ions at an orbiting spacecraft. A multijoule, Q-switched
Nd:YAG laser would be focused to a small spot on the lunar surface,
creating a dense plasma. This plasma would eject high-energy ions,
as well as neutrals, electrons, and photons, as shown in Fig. 1.
Such a system is shown in schematic form in Fig. 2. Here the
spacecraft is 10 km above the lunar surface, and for the parameters
shown, would detect 10' ions per laser shot. The travel time and
velocity of the elemental ions created is shown in Fig. 3, assuming
a 10-eV equilibrium plasma. Detection of ions at large distance
requires that the flight path be a larger than the collision mean-
free path as shown in Fig. 4 where the mean-free path (km) is
shown for various regions of space. The lunar environment pro-
vides very long collision mean-free paths for the detection of laser-
produced ions.

Fig. 1.
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An experiment is now being set up (Fig. 5) to determine the
characteristics of such a laser mass spectrometer at long flight
distances. This experiment will determine the character of a future
flight instrument for lunar resource assessment. Such an instru-
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ment could determine the surface composition on a centimeter-
scale in one laser shot. Regions of high interest could be analyzed
with fine spatial resolution. Since the plasma also generates phot-
ons and neucra! particles, these could also be analyzed, providing
additional information. The laser-produced plasma will have suf-
ficient energy to create a shock wave in the lunar surface, which
could derive information on the lunar subsurface.

This instrument could provide substantial benefits to planetary
surface analysis, allowing smaller spatial resolution and faster anal-
ysis than other remote methods.
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AN a-p-x ANALYTICAL INSTRUMENT FOR LUNAR
RESOURCE INVESTIGATIONS. T. E. Economou and A. L.
Turkevich, Enrico Fermi Institute, University of Chicago, Chicago
IL 60637, USA.

An instrument using alpha backscattering, alpha-proton nuclear
reactions, and X-ray production by alpha particles and other
auxiliary sources can be used on lunar landers to provide detailed




