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Lowell Observatory
Flagstaff, Arizona 86002

This report covers the period from 1 July 1981 through 30
June 1982. ‘

I. PERSONNEL

The Lowell Observatory is managed by a Sole Trustee,
Prof. Michael C. J. Putnam, grandnephew of Percival
Lowell and currently professor of classics at Brown Univer-
sity. The scientific staff included W. A. Baum* (Director,
Planetary Research Center), E. L. G. Bowell,* O. G.
Franz,* A. A. Hoag (Director), T. J. Kreidl, G. W. Lock-
wood,* B. L. Lutz,* R. L. Millis* (Secretary-Treasurer), L.
H. Wasserman, and N. M. White. M. Price, K. Lumme, and
B. Thomsen were adjunct scientists. The latter two were in
residence during substantial fractions of the report year.
Although officially retired, H. L. Giclas continued regularly
scheduled scientific work.

Research associates and assistants were W. G. Hoyt, S. E.
Jones, M. L. Kantz, L. J. Martin,* N. G. Thomas, and D. T.
Thompson. Under the auspices of the National Science
Foundation’s Small College Faculty Program, Roger Cul-
ver* of Colorado State University assisted in research for the
lunar occultation program. Graduate assistants were M.
Poutanen of the University of Helsinki, Finland (July—
September), and B. Vaucher* (July and November) and A.
Warnock III* (July-August and June) of Pennsylvania State
University. Undergraduate assistants were Heidi Hammel of
the Massachusetts Institute of Technology (July—August),
who assisted in observations and data reduction for the lunar
occultation program; Thor Dockweiler (November—Jan-

uary), who was involved in the asteroid photometry pro-

gram; and Martin Watt of London, England (January-June),
who worked on asteroid, computer, and photometry pro-
grams. .

The support staff included R. Bertram (instrumentation
specialist), D. Brumbaugh (part-time librarian), C. Capen
(part-time observer), A. Grogan (maintenance), H. Horstman
(administration), J. Kantz (part-time instrument maker), R.
A. Nye (engineering), R. Oliver (electronics), M. A. Pace
(part-time maintenance), H. J. Scheele (business office), G.
O. Simmons (part-time maintenance), and B. A. Skiff (part-
time observer). , :

C. Capen, P. Franz, K. V. Friend, and M. Tyrrell, as well
as several of the Observatory staff, worked in the public
program that accommodated over 16 000 guided visitors.

Ohio State University colleagues in joint operation of the
Perkins reflector were C. Bull, P. Byard, E. Capriotti, S.
Cota, S. Czyzak, C. Foltz, H. Jenker,* D. Lawrie, T. Oswalt,
L. Palmer, B. Peterson,* K. Rumstay, A. Slettebak, R. M.
Wagner, D. Wereb, and R. F. Wing.

Guest investigators, research colleagues, and long-term
visitors in residence included Michael F. A’Hearn, Univer-
sity of Maryland; J. Anthony Tyson, Bell Laboratories;

* Those who gave colloquia.
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David Clarke,* Hugo Schwarz,* and Andrew Brooks,*
Glasgow University, Scotland; Helmut Tiig, Ruhr-Universi-
tiats Bochum, West Germany; William I. Hartkopf, Harold
A. McAlister, and H. Richard Miller, Georgia State Univer-
sity; Kevin Pang, Jet Propulsion Laboratory; Mario Fracas-
torp, Osservatorio Astronomico di Torino, Italy; James
Morton, St. Mary’s University, Halifax, Nova Scotia; Gib-
son Reaves,* University of Southern California; Jan-Erik
Solheim, University of Tromso, Norway; and Harold
Ables,* Conard Dahn,* Harry Guetter,* Anthony Hewitt,*
Fred Vrba,* and Richard Walker* of the U.S. Naval
Observatory Flagstaff Station.

Short-term investigators and scientific visitors included R.
Culver,* Colorado State University; W. K. Ford, Jr., DTM,
Carnegie Institution of Washington; J. A. Eddy,* High
Altitude Observatory; K. Kwitter, Hopkins Observatory,

* Williams College; H. Vine, Imperial College London, Eng-

land; J. C. Dainty,* Institute of Optics, University of
Rochester; J. Geake and M. Geake, Institute of Science and
Technology, University of Manchester, England; C. Allen
and A. Poveda, Instituto de Astronomia, National Univer-
sity of Mexico; A. Harris,* Jet Propulsion Laboratory; H. A.
Abt,* D. Crawford, L. Goldberg, B. T. Lynds,* W. G.
Robinson, and P. C. Schmidtke, Kitt Peak National Obser-
vatory; T. Gehrels and B. Zellner, Lunar and Planetary
Laboratory, University of Arizona; G. Lynga,* Lund Obser-
vatory, Sweden; J. Beckers,* Multiple Mirror Telescope
Observatory; C. Lubarsky* and G. Salova Lubarsky, Mu-
nich, West Germany; K. Weiler,* National Science Founda-
tion; R. Probst, NASA-Ames Research Center; J. V. Lam-
bert, New Mexico State University; A. Odell* and D.
ReVelle,* Northern Arizona University; A. Dollfus, Obser-
vatoire de Paris; R. Danehy, R. F. Knacke,* and M.
Simon,* State University of New York at Stony Brook; D.
Dearborn* and C. Foltz, Steward Observatory; R. Hum-
phreys* and C. Davidson, University of Minnesota; P. B.
James, University of Missouri at St. Louis; J. Cowan,
University of Oklahoma; M. Disney and P. Grimley, Uni-
versity College, Wales; and M. McCarthy,* Vatican Obser-
vatory, Vatican City.

I1. FACILITIES

The Perkins 1.8-m reflector has been used in support of a
number of continuing instrumentation developments. The
Ohio State University group has brought the image dissector
scanner into effective routine use. J. Anthony Tyson of Bell
Laboratories has continued to perfect and apply a CCD
camera; and Baum, Kreidl, and Thomsen, together with
other members of the Space Telescope Wide-Field/Plan-
etary Camera Team, have continued operational testing and
scientific application of that CCD camera system. McAlis-
ter’s group and Franz are routinely collecting data with the
new Georgia State University speckle camera equipment
following a number of test sessions.
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A portable instrument control and data acquisition system
based on an LSI 11/2 microprocessor has been completed by
White and Wasserman and is in routine use for general
photometric work, high-speed photometry (0.0005-s resolu-
tion), and spectrophotometric scanner control and data
collection.

Millis and Nye have now completed three portable tele-
scope systems for high-speed photometry of asteroid occul-
tation events. Together with Oliver, they are developing an
inexpensive photometer to encourage widespread observa-
tions of these events by professional and amateur astrono-
mers.

Kreidl has improved the Observatory’s image processing
equipment by hardware and software changes made in
response to needs of the Space Telescope and Viking proj-
ects.

III. RESEARCH

A. Archival

D. Brumbaugh and M. L. Kantz continued to organize
the post-1916 material in the archives, completing collec-
tions of the correspondence and other papers of V. M.
Slipher and C. O. Lampland. In addition, they have printed,
identified, and cataloged several hundred photographs of
present and former Lowell telescopes and other instruments
and have prepared a computerized index of nearly 1000
slides of photographs of historical or educational interest for
use by scholars and in the Observatory’s public program.
John L. Leiby, doctoral candidate in history at Northern
Arizona University, has organized and cataloged three file
drawers of lecture texts, other writings, and miscellaneous
notes of Percival Lowell relating to a wide variety of both
astronomical and nonastronomical subjects. W. G. Hoyt has
continued his study of V. M. Slipher’s scientific career and
began a book-length study of the history of the development
of meteoritic impact theory and of the controversies that led
to the eventual recognition of Arizona’s Meteor Crater as a

terrestrial impact structure. This latter study has involved

work in the D. M. Barringer and H. N. Russell papers at
Princeton University’s Firestone Library.

B. Laboratory Spectroscopy

/

Lutz continued his work on the three infrared bands of
CH,D between 5000 and 6500 cm ™, using his analysis to
derive rotational constants for the ground state and the three
excited states and which led to a vibrational assignment of
the band near 6425 cm™".

Using the solar FTS at Kitt Peak National Observatory,
Lutz extended this study of CH,D to include the determina-
tion of pressure effects and line intensities needed for the
interpretation of the 6425-cm ™' band which he and collab-
orators detected in Jupiter, Saturn, Titan, and Uranus, and
for the analysis of the Jovian and Saturnian spectra near
2200 cm™ .
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C. Occultations of Stars

1. By the Moon

White and (during July and August) Hammel observed
150 occultations in two colors. At the end of the report
period, observations were being made with increased time
resolution- and reliability by making use of the new LSI
11/2-based data system.

Hammel searched over 1500 occultation data records for
evidence of stellar duplicity, and Culver cataloged candi-
dates for occultation and spectrographic studies of binary
systems. ‘

White and Kreidl have continued to investigate deconvo-
lution techniques applied to occultation reductions. This
approach has been successful in showing the extended Ha-
emitting region surrounding 119 Tau, an M supergiant.
Further, these techniques yielded angular diameter values
for @ Tau in good agreement with results determined by
standard model-fitting methods.

White worked with Deane Peterson of SUNY, Stony
Brook in observing occultations of members of the Praesepe
Cluster with the NASA Infrared Telescope Facility on
Mauna Kea. The object was.to check duplicity of member
stars at high angular resolution not attainable in any other
way.

2. By Asteroids

The 7 October 1981 occultation of SAO 187124 by the
asteroid 88 Thisbe was observed by White and Bertram near
Circleville, Utah, and by Millis and Nye at Otter Creek
Reservoir in central Utah. Franz and Thompson attempted
to record the event from Panguitch, Utah, but were unsuc-
cessful because of clouds. The Circleville and Otter Creek
observations have been combined with those from ten other
sites to provide the basis for a direct determination of the
diameter of Thisbe. :

Wasserman, Bowell, and Millis completed and published
predictions of stellar occultations by asteroids for 1982 and
1983. This work, which was based on a computerized
comparison of asteroid ephemerides with star catalogs,
yielded a total of 77 predicted occultations. Additional
occultations involving stars fainter than catalog limits are
being identified by measuring plates taken along the paths of
certain high-priority asteroids. Franz is assisting with this
latter effort.

3. By Uranus
On 22 April 1982, Millis successfully recorded a stellar
occultation by Uranus and its rings. The observations were
made with the 1.5-m Infrared Flux Collector at Cabézon
Observatory in the Canary Islands. Analysis of the data is in
progress.

D. Solar Variations and Spectrophotometry

Lockwood and Thompson continued long-term photomet-
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ric monitoring of Uranus, Neptune, and satellites of Jupiter
and Saturn using the 0.5-m reflecting telescope on Mars
Hill. The aim is to monitor changes or effects of changes in
solar radiation. ’

Lockwood and White worked with H. Tiig of the Ruhr
Universitidt-Bochum to obtain a direct spectrophotometric
comparison of the Sun and Vega during a day-and-night
observing run throughout May. They used an ingenious
optical system designed by Tiig that was fitted to the
Morgan telescope mount. Continuous spectral scans at 10-A
resolution were made from 3395 to 8500 A.

As a by-product of this timely spectrophotometric work,
Lockwood studied the changing aerosol extinction compo-
nent as a function of wavelength during the passage of the El
Chichon volcanic ash cloud in the stratosphere. During one
interval in May, the visual extinction reached 0.5 mag per
airmass, several times the normal value.

E. Planets and Satellites

Martin, Baum, Lumme, and Wasserman refined their
work on the vertical distribution of scattering particles in the
Martian atmosphere. Tapes of specially processed Viking
orbiter images were obtained from the Jet Propulsion Labo-
ratory so that limb brightness distributions can be derived in
a photometrically accurate way with our image processing
system. The determination of surface limb locations from
crater positions was reformulated and improved. A new
radiative transfer model is being used to translate brightness
distributions more correctly into vertical distributions of
particles. k

Martin reported further on his discovery of Viking orbiter
imaging evidence for possible present-day volcanic venting
on Mars. J. L. Inge (under contract) collaborated with Jones
and Martin in the preparation of a map representing albedo
features on Mars based on Patrol photographs of 1980.

Mars, Jupiter, and Saturn were photographed with Inter-
national Planetary Patrol cameras at Mauna Kea Observa-
tory (Hawaii), Perth Observatory (Australia), and Lowell
Observatory in March, April, and May 1982.

Lockwood, Lutz, and Thompson continued long-term
spectrophotometric monitoring of the outer planets using
the Perkins reflector and the Cassegrain moving-grating
scanner. Together with Warnock, they have completed an
analysis of the 1981 observations of Uranus leading to a
comparison of the geometric albedos with those determined
in 1961-1963 by Younkin. This comparison shows that
there has been an increase in brightness by about 14% over
the interval, along with a significant reddening. The data
were also used to study the Uranus energy balance and
hence the upper limit of an internal heat source.

Franz and Millis completed the reductions and analyses of
UBYV observations of the Saturn satellites Mimas, Enceladus,
Tethys, Dione, and Rhea obtained with the area-scanning
photometer during the interval 1973-1980. Results were
presented at the Saturn Conference in Tucson, 11-15 May
1982.

Baum and Kreidl continued their investigation of Saturn’s
rings, based on CCD imaging observations of March 1980,
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when the Earth passed through the ring plane. Those
observations were obtained jointly with P. K. Seidelmann
and D. Pascu of the U.S. Naval Observatory, using the
Westphal-Gunn CCD camera system built at Caltech for
Space Telescope camera team training. Baum and Kreidl
find the edge-on A + B+ F rings to be brighter than
expected from other data, suggesting that the F ring may be
thicker than the A + B rings. An alternative interpretation
based on radiative transfer theory is being investigated
jointly with Lumme. '

F. Asteroids

Bowell and Skiff, with help from Thomas, Watt, and
Kantz, intensified their program of asteroid astrometry.
During the reporting year, 4838 positions of asteroids were
published in the Minor Planet Circulars and the IAU
Circulars. Orbits of 52 asteroids were calculated and pub-
lished, and 92 asteroid identifications were made. In addi-
tion, 35 asteroids discovered in this program were num-
bered.

Wasserman and Bowell created a machine-readable file of
osculating elements, at 100-day intervals for the next five
years, of all the numbered asteroids together with about 400
unnumbered asteroids. Asteroid ephemerides were supplied
to many observers in the United States and abroad.

The first phase of a generalized theory of radiative
transfer in rough and porous surfaces was completed and
published by Lumme and Bowell. The theory allows calcula-
tion of the brightness of a surface element or of the whole
disk of an atmosphereless solar system object. With K. D.
Pang and others at the Jet Propulsion Laboratory, Lumme
and Bowell used the theory to interpret spacecraft observa-
tions of Phobos, Deimos, Callisto, and Ganymede. Pou-
tanen, Lumme, and Bowell modeled the shapes of the highly
nonspherical asteroids Eros and Hektor, using published
photometric data and the Lumme-Bowell radiative transfer
theory. For both Eros and Hektor it became clear that the
surface-scattering properties greatly affect the estimated

. three-dimensional shape. In Hektor’s case it was shown that

a biaxial model having axial ratio 2.0:1 can explain observa-
tions of the lightcurve amplitude. Thus Hektor may be much
less elongated than previously thought and may be a single
body rather than a contact binary.

Speckle interferometric abservations of 14 asteroids were
made by Bowell, with B. L. Morgan and H. A. Vine,
Imperial College London. Tenuous but intriguing evidence
for the presence of a satellite of at least one asteroid was
noted. Lumme, Wasserman, and Bowell made a start on a
computer program to model speckle interferometric auto-
correlation functions. The aim is to test the accuracy of the
method for asteroid diameter measurements and to establish
confidence limits for observations where a secondary is
suspected.

Franz has begun a systematic high-resolution examination
of selected minor planets using the Georgia State University
speckle camera.
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G. Comets

A photometric study of comets, described in several
previous annual reports, was continued during the past year
by Millis, Thompson, and M. F. A’Hearn of the University
of Maryland. Nine comets were observed using a standard
set of narrowband interference filters. Comet Bowell was
monitored intensively from the ground and was observed
with TUE on two occasions. \

Bowell and collaborators, in the course of their extensive
asteroid astrometry program, measured and published 14
positions of comets in JAU Circulars.

H. Galactic

Lockwood and Thompson observed 36 main-sequence F,
G, and K stars in the Hyades on a weekly basis for three
months in a preliminary survey to look for variability to the
< 1% level. Several stars appear to be variable according to
a statistical analysis being carried out by Warnock.

Lutz analyzed new observations by S. Souza (Williams
College) of interstellar C, in the spectra of VI Cyg No. 12
and HD 147889 in the p Oph cloud, determining both
abundances and rotational temperatures. This analysis,
along with a reanalysis of previously published data, pro-
vided evidence of interstellar ultraviolet pumping as an
important factor in such cloud studies.

An analysis of Copernicus observations of { Oph by Lutz,
T. Snow, and W. H. Smith led to similar conclusions about
interstellar pumping but also emphasized that a fundamental
problem exists in the laboratory f-value data used for the
analysis.

Lockwood and Lutz began a study of the peculiar eclips-
ing binary € Aur by obtaining pre-eclipse baseline spectro-

photometry and high-resolution echellograms of it for a

study of spectral changes during its 11-yr-long eclipse.

Using his photoelectric area scanner, Franz continued a
program of photometry and astrometry of visual double
stars, particularly of pairs containing one component above
the main sequence. Preliminary results of this program were
presented at'IAU Colloquium No. 69 :at Bamberg, West
Germany, 31 August-3 September 1981.

I. Extragalactic

Images of the quasar 3C 273 obtained with the Bell
Laboratories CCD camera of J. A. Tyson were analyzed by
Tyson, Baum, and Kreidl. They found an elliptical nebulo-
sity morphologically similar to NGC 4889, a first-ranked E
galaxy in the Coma Cluster. If it is at the redshift distance of

" the quasar itself (based on Hy~ 100, g,~0), the observed

nebulosity is found to have an absolute magnitude
M, ~ —225. ‘

In a program for investigating stellar populations in the
outskirts of elliptical galaxies, Baum and Thomsen obtained
CCD images of NGC 7385 and NGC 4874 (Coma) in 20-
nm-wide passbands, one centered on the Mg B band (rest
A~517 nm) and the others in the adjacent continuum.
Similar images were obtained of nearby “empty” fields so
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that a special flat-fielding and differencing procedure could
be used to achieve very high differential accuracy in the
strength of the Mg B feature as a function of radius. Baum
and Thomsen used the Westphal-Gunn ground-based cam-
era system of the Space Telescope camera team. Initial
image processing appears to show almost no gradient of Mg
B strength in NGC 7385 out to the region where the surface .
brightness is ~1% of the night-sky level.

Vaucher, Thomas, and Hoag have continued quantitative
evaluation of slitless spectra of faint emission-line QSO’s
found on plates taken with. the CTIO and Mayall 4-m
telescopes. An exposition of techniques and results for fields
centered “on” and “off’ the Coma Cluster of galaxies is in
press. In the Coma study, no significant difference in the
projected density distribution of emission-line QSO’s is
found for the two locations. Selected Area plates taken in
collaboration with Sandage are subjects for further study.

IV. OTHER ACTIVITIES

Baum, assisted by Thomsen and Kreidl, is a member of
the Wide-Field/Planetary Camera Team for Space Tele-
scope. He also continues to serve on the Management
Operations Working Group for the NASA Infrared Tele-
scope Facility located on Mauna Kea in Hawaii.

Franz, aided by Wasserman, is a member of the Space
Telescope Astrometry Team. He also continued to serve as
President of IAU Commission 26 (double stars).

Millis was co-investigator in a program of spectrophoto-
metry of comets using the International Ultraviolet Explorer.

Kreidl took part in a workshop on the Tololo-Vienna
interactive image processing system hosted by W. K. Ford,
Jr., at DTM-CIW. This has led to collaboration among
major TV system users resulting in improvements to the
software package, as well as software exchanges among users
at DTM, KPNO, CTIO, STScl, Vienna, and Lowell.

Hoag served on a number of AAS committees, including
the IAU National Committee (vice chairman, nominations
chairman), the Henry Norris Russell Lectureship Commit-

“tee, the Annie Jump Cannon Advisory to the AAUW, the

Working Group on Photographic Materials, and the Work-
ing Group on Light, Air, and Radio Pollution.

Hoyt coordinated a June meeting of the New National
Telescope Technology Working Group held at Northern
Arizona University, and the Observatory hosted a meeting
of the Steering Committee of that Group.

Dr. John A. Eddy of the High Altitude Observatory,
Boulder, presented a public lecture, “Astronomy and the
American Indian,” jointly sponsored by the Observatory
and Northern Arizona University.

A crew from The Planetarium, Armagh, Northern Ire-
land, visited to film a segment about the history and current
research projects of the Observatory as part of a video
program that will be used in schools and at astronomical
institutions throughout the United Kingdom. '
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