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I. PERSONNEL

This report covers the period January-June 1982. Scientific personnel

engaged in planetary research who were supported fully or in part by this

grant during the period Are as followsa.

W. M. Sinton.	 D. Morrison	 C. B. Pilcher

U. P. Cruikshank	 J. Goguen	 R. R. Howell

In addition, graduate students D. Backman, J. F. Morgan, and M. Pierce

received salary support on research assistantships. A summer student, G. S.

Aldering, was also supported through this grant.
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II. THE RESEARCH PROGRAMS

A

A.	 HIGHLIGHTS

1. Discovery ti"iA t directional features in the Jovian sodium torus originate

not from a specific point on Io ' s surface, but are Instead related to a

more general, source of high-speed sodium and the; effects of the

electron-impact ionization sink provided by the plasma torus.

2. Acquisition of high-quality CCD images of the major planets, including

ima$es of Neptune in the 8900 A methane absorption band showing bright

polar regions.
w

3. Discovery that the methane bands in the spectrum of Triton are variableo.

suggesting that they are caused by solid methane in a nonuniform distri-

bution on the satellite's surface.

4. Precise determination of the central wavelength of the S02 absorption

band on lo, indicating that the band arises from solid 802 rather than

adsorbed gas.

5. Confirmation of a dark, spectrally neutral component on the otherwise

icy surfaces of the satellites of Uranus.

6. Discovery that Io'a volcanic radiation at 4.8 µm may fluctuate on a time

scale of at least a year. The mean brightness of Io at 4.8 µm from this

year ' s observations is 20% less than either of the two previous years

and leads to the conclusion of ;long -period fluctuations.

7. inception of a program, to improve substantial ly the number and accuracy

of 3.8- and 4.8-4m standard stars. Revision of the standards is neces-

sary to improve the accuracy of the lo fluctuation measurements.

8. Detection for the first time of thermal radiation from the four bright

eat satellites of Uranus; from these data diameters and albedos have

been determined.

^f
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B. THE MAJOR PLANETS

1. Jovian Magnetospheric Studies

Although we had planned to begin the next observational phase of our Io

torus studies using the CCD in 1982, the combination of the atmospheric

effects of the E1 Chichon volcanic eruption and the time required to reduce

and analyze data already in hand led us to postpone additional observing until

1983. Since El Chichon is at essentially the same latitude as Hawaii, the

initial spreading of the high-altitude cloud to the west resulted in the rapid

covering of Mauna Kea by a substantial atmospheric scattering layer. Low

atmospheri scattering is important for observations of the faint torus emis-

sions in the glare of nearby Jupiter, so it is likely that data acquired dur-

ing 1982 would have been substantially inferior to those that will be obtained

after the cloud has had some time for dissipation. In combination with our

substantial backlog of image-tube data, this fact induced us to concentrate on

the reduction and analysis of data already in hand.

As part of this effort, Pilcher and Research Associate J. Fertel have

essentially completed the reduction of images acquired in 1980 and 1981 that

show directional features in Io's sodium cloud. With the full data set now

available in quantitative form, it has become possible to discern systematic

variations that point strongly toward one of two alternate theories for direc-

tional feature formation. We had previously noted that the majority of the

features are directed away from Jupiter and to the north of Io's orbital

plane. However, all such observations were obtained when Io was between 1,70°

and 330° magnetic longitude. In the few observations we have at other longi-

tudes, the features are generally directed away from Jupiter and toward the

south, and are sometimes associated with a morphologically distinct, narrow

feature directed toward Jupiter and slightly to the north. In one particular-

;r
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ly diagnostic sequence (Figs. 1-3), the symmetry axis of a directional feature

was observed to shift from south to north during a four-hour interval as Io

traversed an apparent magnetic boundary region centered near 150° longitude.

This behavior indicates that the features are not associated with any

region on Io's solid surface, but rather are the result of a balance between

a more general sodium source and the electron-impact-ionization sink provided

by the plasma torus.	 Pilcher and W. H. Smyth of AER, Inc. (Cambridge, MA)

will collaborate on the development of a model to account for the observed

feature characteristics.

Pilcher and Fertel have also completed much of the reduction of images of

the SII component of the plasma torus acquired in 1981.	 In addition to the

9
-data presented in the Io torus movie, we acquired data on five other nights in

1981.	 These data include images on two nights immediately preceding that of

the movie, as well as a second lengthy sequence (32 images in 8 hours)

obtained a month later with images on two surrounding nights.	 The additional

data show substantial differences from those presented in the movie.	 The

field-aligned feature (FAF) in the movie data is much more prominent than the

images acquired a. month later, although the variation in the FAF relative
a

intensity with magnetic longitude is similar in both groups of data.	 In the
i

movie, the FAF is 0.3-0.4 RJ closer to Jupiter than it was on the preceding

night.	 A portion of these and otherwariations among our data may be due to

temporal changes, but we suspect that systematic spatial variations may also

be involved.	 The completion of the reduction of the remainder of our 1981

plasma images and their detailed analysis should shed light on this question.

For his dissertation, Morgan has been reducing and analyzing low-resolu-

tion spectra of the Io torus.	 From a brief review of the literature, it is

easy to see that there is a wide range of intensities reported for the [SII]
t
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j 6716, 6731 emissions.	 Some of this variation results from observers using

apertures that were not completely filled by the torus iu.age. 	 The remainder

is often attributed to intrinsic variations in the torus. 	 The absolute value

of the emission intensities is important because the ratios of optical to
k

u

extreme ultraviolet (EUV) intensities are often used to determine plasma tem-

peratures and densities. 	 Such ratios are also used in arguments concerning

energy transfer between ionic species.	 Since the optical and EUV lines are

never measured with the same instrument, the absolute calibrations are very

" important.	 Also, the emission intensities are the only remote information

about the total abundance of a particular ionic species.	 Morgan can make

meaningful comparisons of his data with measurements from other studies

because he has a large data base (1000 measurements of the torus taken over a

four-month period in 1981),	 The significance of spatial and temporal varia--

tions may be tested by looking at fluctuations from the mean in his data.

Many of his measurements were taken within a few days of the measurements of
i

Brown and Shemansky (Ap. J. 263, 433, 1982). 	 He has also acquired measure-

ments of the Ring Nebula that may be'directly compared with previous observa-

tions (Hawley and Miller, AR. J. 212, 94, 1977). 	 There is good agreement with

these earlier data, but Morgan has concluded that some of the variations in

the Io torus intensities are due to calibration errors, since there seem to be

inconsistencies between the average and peak intensities that he measures and

those reported by Brown and Shemans',,.

` Morgan has shown, however, that there are real temporal variations in
Y

ry
both the line ratios and intensities. 	 As evidenced by the [SII] line ratios,

^

the nebula can change significantly within a week. 	 Daily variations were not

detected but may exist.	 These results confirm and extend the indications of

temporal variations reported in our earlier studies.
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No correlation has been found between the [5111 sine ratios and the [SII]

intensity. This is unusual because the [SII] doublet ratio is sensitive to
t
C	 electron density and fairly insensitive to electron temperature. High

densities should produce bright emissions. Brown and Shnmansky observed that

the [SII] intensity was highly variable although they 4Jetected no line ratio

variations in their data. They concluded that the intensity variations were

caused by variations in the SII mixing ratio. It is unlikely that this could

be causing the intensity variations in Morgan's data because he observed

regions of the torus that were measured to be mostly SII by the Voyager plasma

science experiments. It is hoped that a comparison of the other emissions

observed will shed further light on this problem.

2. Major Planet Atmospheres

a. CCD Studies

In August 1981, we obtained very limited and somewhat marginal images of

Uranus and Neptune at the 2.24-m telescope during the first observing run with

the CCD. These have been superceded by much higher quality data for all four

major planets obtained by Pilcher and Rowell on the same telescope during

March and June of this report period. Images were obtained in the three

methane bands at 6190, 7250, and 8900 A, and in the continuum at 6300 and

8200 A. The methane-band Jovian images generally show a bright south polar

hood, a fainter north polar hood, and a considerable amount of structure at

equatorial and temperate latitudes including a bright GRS. The methane--band

Saturn images show two bright mid-latitude bands that are faintly discernible
l

as dark features in the continuum data. Since the previous imaging study of

Saturn at these wavelengths was conducted in 1979 a few months before ring-

g
plane crossing (West et al., Icarus 51, 51, 1982), our data show a hemisphere

of the planet never before clearly observed by means of these techniques. The
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Uranus and Neptune image,n? like those of Jupiter and Saturn, were obtained in

a	
1-2 aresecond seelag. Since these planets have diameters of only 4 and 2 arc

seconds, respectively, the detail discernible on their disks is faint. The

Uranus images in the 8900 A methane band show a flat intensity distribution
a

over the central three—fourths of the disk's diameter. When the seeing is

i
	 taken into account, this indicates extreme limb brightening as expected from

earlier studies by us and others. The Neptune images at the same wavelength

show faintly the polar, brightening seen in 1979 by investigators at the

University of Arizona. Since both the Uranus and Neptune frames contain

images of pdint sources (the Uranian satellites and Milky Way stars within the

Neptune fields), Pilcher and Howell intend to investigate the application of

image restoration techniques to bring out detail on these planets.

b. Spectrophotometry of the Jovian Red Spot

Cruikshank used the IRTF in May 1982 to obtain spectrophotometrtc obser -

vations of the Great Red Spot of Jupiter in the region 0.82-2.57 4m using the

new 3% passband CVF and the 5% passband CVF acquired earlier. In these obser -

vations, in which Morrison and (then) student R. H. Brown participated, he
	 r

used an aperture of 2 areseconds in order to isolate the GRS. Observations of

1
	 adjacent regions in the Jovian clouds were also made for comparison. The

results show that in the spectral region covered there is little if any per

ceptible difference in the color of the GRS and the surrounding clouds, that

is, the GRS is grey in the near infrared. At the resolution and signal preci-

sion achieved, theate . is apparently no spectral signature that will give a

definitive identification of a coloring species in the GRS. This work was

undertaken to search for spectral signatures of the sort found by B. Khare and

C. Sagan in their laboratory studies of tholin compounds. The Jupiter data
	 t

are plottci in Figure 4 for comparison with the laboratory spectra of the

,1
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tholins provided by Drs. Hare and Sagan. Additional analysis of the problem

is in progress with these two colleagues.

C. SATELLITES AND PLUTO	
ORIGINAL PAGE 19

1. Spectroscopy of Triton	 OF POOR QUALITY

Spectrophotometric observations of Triton were made by Cruikshank in May

1982 with the IRTF and a new circular variable filter (CVF) having a passband

of 3-4% in the region 0.8-1.6 µm. This work was undertaken to explore for the

first time the spectrum of Triton in this spectral region, thus augmenting the

earlier spectral data obtained by Cruikshank from 1.5-2.5 µm. The combined

spectrum, a composite from several different'observing runs in different

years, is shown in Figure 5. Shova for comparison are a laboratory spectrum

of methane ice and a syn thetic spectrum (courtesy of Dr. J. Apt) of methane

gas computed for the low temperature and low pressure appropriate to Triton

eonditions. The Triton spectrum shows six absorption bands attributed to

methane, probably in the solid state, plus an additional absorption band

centered near 2x,15 µm that is . presently unidentified. The original discovery

of methane on Triton (Cruikshank and Silvaggio, Ap•. J. 233, 1016, 1979) is

thus confirmed, as is the presence of the 2.15-µm feature reported by Lebofsky

et al. The unidentified feature is seen in several of the individual spectra

as well as in the coadded composite shown in the figure.

Although the new observations in Figure 5 appear to show the 0.89-11m

methane band rather clearly, some other observers, notably the Arizona group,

have been unable to see it at higher resolution. The strength of the 2.3-µm

band of methane indicates that the 0.89-4m feature should be visible, but

prior to the work reported here, it had not been detected. To help settle

this outstanding controversy, which bears on the identification of methane as

the absorbing molecule, Pilcher and Cruikshank obtained spectra at substan-



West-

ORIGINAL PACE ig

OF POOR OUALIlY

'v 1.0

ca

as

0.5
cr.

CD
0

1.0

1.0

0.5

0

1.0

If

0.5

ti

1.5	 2.0	 12.5

(pm),.

Figs. 5

South
I

C H4gas

ll

#

Triton

IrCH4 ice

^0.

^i -



, ___ _

-14-
ORIGINAL- PAGE

OF POOR QUALITY

tially higher resolution with a transmission grating spectrometer using the

CCD as a detector. The spectrometer and detector system were fashioned with

the considerable help of Dr. Alan Stockton, who uses the system for spectro-

scopy of faint extragalactic objects.

Triton spectra were obtained with the CCD spectrometer on the 2.24—m

telescope on three successive nights in June 1982. When compared with

synthetic spectra provided by Dr. J. Apt, a weak absorption at 0.89 µm may

appear in the data of at least one of the nights.

In studying the Triton spectra obtained with CVF spectrometers over the

past five years, Cruikshank noted that the absorption bands are variable in

strength. The data set is not entirely homogeneous, thus obscuring the pat -

tern of variability, but a pattern in fact emerges when the data are arranged

according to orbital phase angle of the satellite. The orbital period of

Triton is 5.88 days, and the satellite is expected to be in locked synchronous

rotation. The satellite thus displays different portions of its surface at

different positions in the orbit. The methane bands are strongest when Triton

is in the southern and western portions of the orbit, and weakest when it is

in the northern and eastern sectors. This distribution is derived on the

basis of the infrared CVF spectra; the weak absorption shown in the CCD

spectrometer data on one and possibly two nights is consistent with thiG

distribution.

The variability of absorption strengthens the conclusion derived from the

spectral data that the methane is in the solid state and that it is

distributed nonuniformly over the surface. Figure 6 (see p. 13) shows the

distribution of the data acquired so far. This conclusion requires further

verification from a more homogeneous set of observations. This is the goal of

an observational program planned with the IRTF in 1983.

i,

k
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The confit-nation of methane on Triton and the identification of the solid

state bears on the comparison of Pluto and Triton and on studies of their

i	
atmospheres. Methane gas must coexist with methane ice on both bodies, and

studies of the atmospheres are in progress by Cruikshank and colleagues.

2. Spectroscopy al Pluto

Cruikshank also obtained spectra of Pluto with the new CVF in the region

0.8-1.6 µm. The methane absorptions found on Triton in this region are also

found on Pluto, where they are significantly stronger. Taken together with

other spectra out to 2.5 µm, the composite spectra.,:: of Pluto once again

confirms the presence of methane in significant abundance. Some investigators

have argued that the absorption is chiefly gaseous in nature, but the strength

.of the bands, particularly at 1.7 and 2.3 µm, argues in favor of a substantial

frost component on the surface. Further, the fact that Pluto has a strong

lightcurve would support the precept that methane frost is distributed

nonuniformly on the planet's surface, as in the case of Triton.

Further observations are planned for 1983 to help resolve the question of

Pluto's surface and atmosphere. The spectra obtained in 1982 will be combined

with the anticipated new data to present a more satisfactory combined spectrum

in the 0.8-2.5 4m region taken at specific points in the (rotational)

lightcurve.

3. Io Thermal Studies

Using the 2.24-m telescope, Sinton has continued his monitoring of the

near-infrared thermal emission from the volcanoes. The aims of this program

have been to study the time history

correlation of activity with magnet:

two years of data, and to study the

t	 detail. Disappointment came in one

of an outburst, to confirm the tentative

Le longitude that was found in the first

"flickering" of the volcanoes in more

sense when, beginning with the January
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observations and continuing through the opposition, it was found that Io's

4.8-gym flux was substantially less than for the previous two oppositions. No

outburst that met the outburst criterion of a "geometric albedo" > 1.2 at 4.8

µm was found. Only one minor flux elevation was found after adoption of a

criterion based on 1982 mean albedos. Studies of the rapid flickering were

made, and some periods of significant flickering were found.

But in a broader sense, we have seen more of the variability of Io's

volcanism, and we now realize that decreases have as much significance as

inct:gases. The mean geometric albedo at 4.8 µm was -20% less than either of

the previous year's means. 'Thus it was found that Io varies over relatively

long periods of time as well as short periods.

The single mild flux elevation, on 4 February 1982, could be analyzed in

regard to color temperature by subtracting 1982 mean 3.8- and 4.8 -µm fluxes

from those observed during the event. At the start of observations, the color

temperature was 650 + 30 K and remained sensibly constant for an hour with a

20-km diameter for the equivalent circular area. During the next hour, the

temperature dropped to -520 K and the area expanded to a -35-km diameter and

again seemed to remain constant until the end of observing more than an hour

later. The largest expansion velocity was -7 km h- 1 ,  very slow compared to

the -100 km h` 1 velocities found in previous outbursts (Sinton et al., Icarus,

1983, in press). This is one of the best observed events with seven color

temperatures and apparent areas determined during the 3 h 20 m period of

observation that was restricted by the late hour at which Jupiter rose.

Sinton and Charles Kaminski (IRTF telescope operator) are collaborating

on a program to observe eclipses of Io at seven wavelengths between 3.5 and

30 µm. Only one eclipse could be observed this spring; weather marred about

four others that were attempted. The one observed, an eclipse disappearance
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on 19 March 1982, furnished good data on the eclipse cooling part of the

curve. These are the first observations of the cooling part of the curve, and

they will help to define the thermal models that are required to separate

volcanic radiation from the radiation of the eclipse —chilled surface.

4. Io 4—µm Spectroscopy

During the first half of 1982, Howell continued the observations of the

4—µm region of Io's spectrum. At this wavelength, the satellite exhibits a

deep absorption band believed to be caused by S02. Two outstanding questions

concerning the band are its exact wavelength and the possibility of temporal

variations in its strength.

The wavelength of the band may be diagnostic of the form of the S0 2 on

Io, but reports of the observed band center have ranged from 4.03 to 4.08 µm.

Those discrepancies apparently result fi om ,small systematic errors in the

calibration of the CVF spectrometers that have been used. However, some

researchers have suggested that the band position actually varies with the

longitude we see due to varying relative amounts of adsorbed S02 and S02

frost.

To determine accurately the wavelength of the band, we observed Brackett

a emission objects (typically compact planetary nebulae) on the same nights

we observed Io. The Br a line at 4.052 4m is nearly coincident with the S02

band and allows one to remove the systematic calibration errors. Our

observations show that the band on Io is centered at 4.055 ± 0.050 µm and

there are no wavelength shifts with longitude greater than 0.01 µm. Figure 7

shows the superposed Br a and Io spectra.

A comparison of the 1981 spectra with those of 1976 suggested the

possibility of temporal variations in the band strength. However, the 1981

observations did not precisely match the longitude of the earlier ones and the

h
s

a
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effect may have been due to a sharp longitudinal variation. 	 To distinguish

^
between these two cases, we obtained spectra this spring that did match the

r

longitude of the 1976 ones. They show that the effect is in fact due to the

longitudinal variations. Any temporal changes in band strength must be less

than 20%.	 This supports the conclusion of Morrison et al. ( Nature	 280, 725,

1979) is that the global albedo pattern of Io is stable over long periods of

time.	 However, the much smaller albedo changes seen by Lockwood et al.

(Icarus 44, 240, 1980) are below our detection limit.

Finally, we attempted to observe'Io at these S02 wavelengths during

{
eclipses.	 Most of those attempts were foiled by poor weather, but one

somewhat unfavorable eclipse reappearance was observed. 	 It showed that the
f

Y

thermal emission at 4 4m is weak enough that our measurements of band strength

and position will not be affected except during major outbursts. 	 Our work

during the second half of 1982 concentrated on obtaining laboratory spectra of

S02 and on analyzing the Io data in light of those lab spectra.

5. Spectrophotometry of the Satellites of Uranus and of Hyperion

In work supported partially by this grant, new reflectance spectra at 3%

resolution were obtained with the new CVF for Ariel, Titania, Oberon, and

Hyperion in the 0.8-1.6 µm spectral region. This work was performed largely

by R. H. Brown as a portion of his Ph.D. thesis work, in continuation of spec-

trophotometry done at longer wavelengths in the previous year by Brown and

Cruikshank. The new spectra show no absorptions other than the 1.5-4m water-

ice feature and demonstrate again the spectral similarity of Ariel to Hyperion

noted in earlier work by Brown and Cruikshank. The new data confirm the

presence of a dark, spectrally neutral component in or on the water-ice sur-

faces of the Uranian satellites. Brown has compared the spectrophotometric
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and various dark components such as charcoal, lampblack, and mixtures of

charcoal and water ice. The results set broad limits on the amounts of areal

coverage of a possible charcoallike component on the water surfaces of the

satellites. Good spectral matches for Hyperion, Ariel, Umbriel, Titania, and

Oberon were produced from additive spectral mixtures of fine-grained frost and

an intimate mixture of 70% charcoal and 30% water ice by weight, but the data

are not sufficiently precise to permit a determination of the nature of the

contamination.

The IR photometty by Brown and Cruikshank shows the four large satellites

of Uranus have enormous opposition effects, increasing in brightness by as

much as 0.7 magnitudes in 3° of phase angle. Goguen and Brown tried to

confirm these observations with v photometry during 1962, but weather

conditions resulted in.an •incomplete data set. The data obtained suggest that

the large opposition effect is real and of a similar amplitude in the V as in

the IR. Completion of the necessary observations is planned in 1983. Brown

used this work in his Ph.D. dissertation, which was satisfactorily defended on

12 November 1982.

6. Spectrophotometric Studies of the Dark Hemisphere of Iapetus

-z	 In a coordinated effort to obtain new and improved spectrophotometric
za

data on the dark hemisphere of Saturn's satellite Iapetus, Cruikshank and
i

e'	 Howell, together with graduate student J. Bell, received telescope time on the

UKIRT 3.8-m,.the IRTF 3.0-m, and the UH 2.24-m telescopes at the end of March

1982. The intent was to cover with the various telescopes three overlapping

spectral regions ranging from 0.3 to 4.1 µm. The well-laid plans were

thwarted by cloudy weather throughout the three-night apparition of the dark

hemisphere of the satellite, and no new data resulted.

Plans have been made for another attempt with the same three telescopes

at a favorable opportunity in mid-February 1983.
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7. Hyperion

S. Peale (in Planetary Satellites, Burns, Ed.) has shown that Saturn's

satellite Hyperion is perhaps the only major satellite that may not be locked

in synchronous rotation about its primary. Voyager observations show

Hyperion's nonspherical shape and are consistent with nonsynchrortous rotation

states. Due to its elongated shape, Hyperion is expected to exhibit large

brightness variations with rotation. Photometry of Hyperion to determine its

rotation period was undertaken with the 2.24-m and 0.6-v, telescopes. However,

due to its faintness (V - 14.6) and proximity to Saturn, the numerous 0.6-m

measurements are of insufficient accuracy. the 2.24-m data are of high

quality, but too sparse. A concentrated effort with the 2.24-m telescope is

planned in 1983. When our 1982 data are combined with observations by D.

Tholen and W. Wisnieski, a sizable opposition surge is suggested.

D. ASTEROIDS

1. The Figures and Rotation Periods of Trojan Asteroids

Studies of the dynamics of asteroids and their rotation periods (chiefly

by Weidenschilling, Burns, and Harris) show that for plausible internal com-

positions the periods cannot be shorter than about three to four hours; this

is in agreement with the shortest rotation periods found from observations.

The Trojan families of asteroids are a special case where the dynamical (col-

lisional) evolution with consequent fragmentation and spin-up is modeled in

terms of very low-energy collisions. Cruikshank and W. K. Hartmann (PSI,

Tucson) have studied the shape and rotation of 624 Hektor in considerable

detail and conclude that it may be contact binary object resulting from a low-

energy collision, other similar objects may exist, and the frequency of their

occurrence is an important observational input to the modeling of the mutual

interactions of the Trojans.
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Hartmann and Cruikshank (with the assistance of Coguen) have begun a

photometric study of the lightcurves of other Trojan asteroids in order to

explore the systematics of their shapes (via the lightcurve amplitudes) and

rotation periods. This work is in progress with the 2.24-m telescope and the

refurbished Tinsley photometer. The improvements on the photometer have been

made with funds from this grant in previous years and include automation for

operation from the control room of the 2.24-m telescope, a new cold box, and a

GaAs phototube. Preliminary results (obtained in February 1982) show that the

photometer is very sensitive and has low noise characteristics. When fully

operational'with complete remote control, the photometer will permit efficient

and precise observations of faint solar system and stellar objects, giving us

n capability that we did not formerly have at the 2.24-m telescope. The

photometer can also be used at the 0.6-m telescopes using a portable data

system built around an Apple II computer, also purchased with this grant in an

earlier year for this purpose.

The observations already obtained for Trojan 884 Priamus (my - 17) show

that it has a lightcurve of amplitude 0.3 mag and a period between six and

eight hours. Precise determination of the period will result from a more

detailed analysis of the observations already in hand, but even a rough number

is useful for the modeling studies. The amplitude of 0.3 mag indicates an

irregular shape, and this can a

developed.

Additional work on the 617

lightcurve, indicating that its

or near-spherical shape is thus

collisions during its lifetime.

Lso be modeled using techniques already

Patroclus (also mV - 17) shows no appreciable

amplitude is less than 0.1 mag. A spherical

supposed, indicative of few or no major

We will work more on Patroclus to refine the

F

observational limit on the amplitude and possibly to measure the period.
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Each of the Trojan clouds contains about six to eight objects for which
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photoelectric photometry can be obtained with the 2.24-m telescope, though the

work is relatively slow because of the fainniess of these bodies. We have

made a good start and propose to continue th±a work until the periods and

lightcurve amplitudes of the total of 12 to 14 brightest Trojans have been

observed.

Y
	 2. 3-4m Spectra of Selected Asteroids

The spectral region 2.3-4.2 4m contains important information on the

chemical compositions of asteroid surfaces. In this region, the water of

hydration present in some minerals (e.g., the clays) shows a strong and

characteristic absorption. Water ice in very small concentrations also shows

distinguishable features, and carbonaceous material reveals its presence

through the C-H absorption at about 3.4µm. Indeed, L. A. Lebofsky and

colleagues have reported on their observations of the hydrated mineral band

and also identify a small feature at 3.Y'5 4m as due to water ice in small

amounts on the surface of 1 Ceres. Our data for Ceres also show the water

hydration and the 3.05-1im feature, but we are rather cautious about the ice

interpretation. We are not 4.onvinced that the wavelength is exactly correct

(the water ice feature reported by Lebofsky and colleagues lies at 3.10 µm

y	 while the Ceres feature is at 3.05 µm), and the implausibility of stable water
a

ice at Ceres' distance from the sun (2.77 AU) reinforces our suspicion. The

spectral feature is present, however, and we wish to study other asteroids in

the same region in search for other occurrences.

The same spectral region includes the C-H stretch absorption band found

in the spectra of several canbonaceous meteorites (Allende, Felix, Lance,

Orgueil). The identification of this feature in the spectrum of an asteroid

would add to our understanding of the origin of certain classes of meteorites
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and the chemical and dynamical evolution of the asteroids anA the material

liberated from them by impact events.

The NASA-IRTF and UKIRT telescopes are particularly suited to this

spectroscopic work because they have sensitive 3-µm systems (InSb detectors)

and good circular variable interference filters. Our work to date (Cruikshank

and Howell) has been done mostly with the UKIRT 3.8-m telescope because the

extra aperture is needed for work in this spectral region on the relatively

faint asteroids. We propose to continue with this work concentrating on the

brightest asteroids of various taxonomic types. The detection of the C-H band

requires the highest signal-to-noise ratio obtainable--on'the order of 0.5

%--and this can be accomplished on only a few of the asteroids of the C or U

types which appear to contain the bound water band.

3. Apollo

The earth-crossing asteroid 1862 Apollo had a favorable ,apparition during

May, brightening to V —14. The 0.6-m telescope was used to measure at least

partial V filter rotational lightcurves on seven nights over a range of phase

angle ar from 15° to 90°. Such large phase angles can only occur for earth-

approaching asteroids; main belt asteroids rarely exceed a -25°. A. Harris

(JPQ and colleagues observed Apollo from opposition to a -15°. Goguen,

Hammel, and Harris are collaborating to produce a phase curve for Apollo

including the opposition effect and complete to a -90 °0 This phase curve will

be used to determine the phase integral and Bond albedo of Apollo and to

characterize the photometric function of its surfaces layer for comparison to

scattering by other solar system surfaces.

E. OTHER RESEARCH

a

k'

1. 3.8- and 4.8-µm Standard Stars

Sinton began a program of establishing an enlarged set of standard stars
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for 3.8 and 4.8 µm. The need for a revised set of standards became apparent

{	 when the year-to-year variation of Io was discovered. The California

Institute of Technology (CIT) list of standards has only 18 stars with 4.8-1im
P

1

magnitudes. Of these, only four are fainter than zeroth magnitude. Sinton

already has numerous observations of CIT stars to 5th and 6th magnitude as a

{ result of their use as comparison objects for Io flickering measurements. A

set of 45 stars has been selected from the CIT list of JHK photometry that
i

gives an ample number of reliable standards at all right ascensions. With the

completion of the coverage of the sky, expected next year, the nightly and

yearly mean albedos of Io will become more accurate, and long-term

measurements of the variability of Io will be more reliable. There have been

few observations of standards at 3.8 µm; the measurements have mostly been

made at 3.4 µm. Yet, the atmospheric transparency is higher at 3.8 The use

of 3.4-µm magnitudes for standards observed at 3.8 introduces an additional

uncertainty which will be avoided by establishing 3.8-4m standard magnitudes.
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III, OTHER TOPICS

1. In a historical study of observations of the rings of Saturn,

Cruikshank, in collaboration with D. E. Osterbrock (Lick Observatory),

determined that J. E. Keeler was the first to observe a ,gap in the outer

portion of the A ring in 1888. Osterbrock, and Cruikshank published

their work in an article in which the case was made for naming the

division in the A ring after Keeler.

2. Cruikshank published his historical study of E. E. Barnard's discovery

of the fifth satellite of Jupiter. This work is expected to form a part

of an eventual book-length biographical study of the life and work of

Barnard by Cruikshank.

3. Cruikshank completed a chapter for the book Venus (D. ii. Hunten and

L. Colin, Eds.) on the history of the development of Venus.

4. Morrison served as a member of the NASA Solar System Exploration

Committee.

5. Morrison was the Chairman of the Division for Planetary Sciences of the

American Astronomical Society during this period.

6. Pilcher a►a CCD engineer R. Hlivak attended the Instrumentation in

Astronomy IV meeting in Tucson in March 1982 to present the results of

their CCD development work.

7. Pilcher continued to serve on the Galileo Imaging Team and as an elected

Committee member of the AAS/DPS.

8. Morrison continued to serve on the Voyager Imaging Team and as an

Interdisciplinary Scientist on Galileo.

9. Morrison was olected a Councilor of the American Astronomical Society,

to take office in 1983.

10. Morrison published his book Voyages to Saturn (NASA SP-451) and has

t
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completed editorial work on the 1,000-page volume Satellites of Jupiter

C

	 to be published by the University of Arizona Press.
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IV. BOOKS AND PAPERS PUBLISHED OR SUBMITTED IN 1982

A. PUBLISHED

R. H. Brown, D. P. Cruikshank, and D. Morrison. Diameters and Albedos of the
Satellites of Uranus. Nature 300:423-425.

R. H. Brown, D. Morrison, C. M. Telesco, and W. Brunk. 1982. Calibration of
the Radiometric Asteroid Scale Using Occultation Diameters. Icarus
52:188-195.

D. P. Cruikshank. 1982. Barnard's Satellite of Jupiter. Sky Telesc.
64.220-224.

D. P. Cruikshank„ 1982. The Satellites of Uranus. In Uranus and Outer
Planets, G. E. Hunt, ed. (London: Cambridge University Press), pp.
193-210.

D. P. Cruikshank and R. H. Brown. 1982. Surface Composition and Radius of
Hyperion. Icarus 50:82-7.	 '

D. P. Cruikshank. 1982. Spectroscopy of Triton and Pluto: Status and
Prospects. In Vibrational-Rotational Spectroscopy for Planetary
Atmospheres, M. J. Mumma et al., eds. NASA Conference Publication
2223, pp. 699-706.

R. A. Hanel + 12 other authors (including D. P. Cruikshank) . . .1982. Infrared
Observations of the Saturnian System from Voyager 2. Science 215:544-
548.

R. J. Hlivak, C. B. Pilcher, R. R. Howell, A. J. Colucci, and J. P. Henry.
1982. The Galileo/Institute for Astronomy Charge-Coupled Device System.
Instrumentation in Astronomy IV, S.P.I.E. Proceedings, vol. 331, pp.
96-103.

J. S. Morgan and C. B. Pilcher. 1982. Plasma Characteristics of the lo
Torus. Astrophys. J. 253:406-421.

D. Morrison. 1982. Introduction to the Satellites of Jupiter.
In Satellites of Jupiter, D. Morrison, ed. (Tucson: University of
Arizona Press), pp. 3-43.

D. Morrison, ed. 1982. Satellites of Jupiter. (Tucson: University of
Arizona Press), 972 pp.

D. Morrison. 1982. The Satellites of Jupiter and Saturn. Ann. Rev. of
Astron. and Astrophys. 20:469-495.

D. Morrison. 1982. Voyages to Saturn. NASA SP-451, 227 pp.

D. Morrison and D. P. Cruikshank. 1982. The Outer Solar System. In The New
Solar System. 2nd ed., J. K. Beatty, B. O'Leary, and A. Chaikin, eds.
Cambridge, MA: Sky Publishing Corp.), pp. 167-176.
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Triton and Pluto.

D. E. Osterbrock and D.
Ring. Sky Telesc.

J. C. Pearl and Sinton,
Jupiter, D. Morris
724-755.

C. B. Pilcher and D. F. Strobel. 1982. Emissions from Neutrals and Ions in
the Jovian Magnetosphere. In Satellites of Jupiter, D. Morrison, ed.,
(Tucson: University of Arizona Press), pp. 807-845.

W. M. Sinton. 1982. Io: A Volcanic Flow Model for the Hot Spot Emission
Spectrum and a Thermostatic Mechanism. Icarus 51:563-573.

W. M. Sinton. 1982. Telescope. McGraw-Hill Encylopedia of Science and
Technology, vol. 13, 5th ed., pp. 533-535.

B. A. Smith et al. (including D. Morrison). 1982. A New Look at the Saturn
System: The Voyager 2 Images. Science 215:504-537.

B. IN PRESS

R. A. Brown, C. B. Pilcher, and D. F. Strobel. 1983. Spectroscopic Stud1jes
of the Io Torus. In Physics of the Jovian Magnetosphere, A. J. Dressler,
ed. (Cambridge: Cambridge University Press), in press.

R. H. Brown and D. P. Cruikshank. 1982. The Uranian Satellites: Surface
Compositions and Opposition Surge.. Icarus, submitted.

D. P. Cruikshank, J. F. Bell, M. J. Gaffey, R. H. Brown, R. Howell,
C. Beerman, and M. Rognstad. 1982. The Dark Side of Iapetus. Icarus,
in press.

D. P. Cruikshank'. 1982. The Development of Studies of Venus. In Venus,
D. M. Hunten, and L. Colin, eds. (Tucson: University of Arizona Press),
in press.

W. K. Hartmann, D. P. Cruikshank, and J. Degewi3. 1982. Remote Comets and
Related Bodies: VJHK Colorimetry and Surface Materials. Icarus, in
press.

D. Morrison. 1983. Outer Planet Satellites. Rev. Geophys. Space Phys.,
in press.

E. J. Shaya and C. B. Pilcher. 1983. Polar Cap Formation on Ganymede.
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W. M. Sinton, F. C. Cheigh, D. Lindwall, and W. Tittemore. 1983. The Io
Near-Infrared Monitoring Program, 1979-1981. Icarus, in press.

Nature 300:425-427.

P. Cruikshank. 1982. Keeler's Gap in Saturn's A
64:123-126.

W. M. 1982. Hot Spots of Io. In Satellites of
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V. OPERATION OF T114 2.24-M TELESCOPE

A. TELESCOPE UTILIZATION

Statistics relating to the usage of the 2.24-m telescope are presented in

the accompanying tablet. During 1962, the telescope was used on all clear

nights, with a negligible amount of time lost to failure of the telescope,

data acquisition computers, or other systems maintained by observatory staff.

This high level of reliability is particularly noteworthy since electronics

technicians area normally not available during nights or weekends to make

repairs.

During , 1982, slightly 42% of the observing time was devoted to planetary

programs. Half of those observations were carried by members of the institute

for Astronomy staff. Thu remaining planetary time was used by members of

T. B. McCord's group at the University of llawaii's institute for Geophysics

and by visitors.

B. MOGRESS RE-PORT--2.24-It TELESCOPE

During they past year, we have continued to make progress in developing

electronic detector systems for the 2.24-m telescope. An intensified Reticon

system., which is well suited for spectroscopy of faint objects, is now in reg-

ular use. This system was constructed at the institute for Astronomy with

support from NSV and the State of Hawaii. There have been several observing

runs with the Galileo CCD system, and subaresecond images have been obtained

of objects as faint as R(mng)-25. The testing and operation of this detector

are supported jointly by NASA and the State of Hawaii. Finally, we use the

multianode microchannel array detectors developed by Gethyn Timothy with NASA

support.

We haves. continued to develop software for the 2.24-m telescope control

system and to upgrade the data acquisition system. Support scientist; W.

ileacox has taken responsibility for the development of software. We have
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improved the computer slew, raster scanning, offset, and beamswitch capabil-

ities of the 2.24-m telescope. We now have a CAMAC-based data acquisition

system with software that appears to the user to be identical to that in use

at the IRTF. With NSF support, we have acquired a tape drive and a

Winchester-type fixed disk for the data acquisition system. We hope soon to

replace the LSI 11 in the data acquisition system with an LSI 11/23. The

expansion in memory from 28 K to 256 K that this change would permit is essen-

tial to allow on-line processing of data obtained with array detectors.

i
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2.24-M TELESCOPE USAGE - 1982

No. of Nights	 No. of Nights
Observer (Planetary)	 (Nonplanetary)

Backman 19.1
Boesgaard 1.0
Bonsack 5.5
Christian 3.5
Cruikshank 18.5
Dyck 8.0
Goguen 14.5
Heasley 11.2
Henry 21.3

Howell 6.5
Impey 18.5
Morgan 2.5
Morrison 5.0
Pilcher 11.8
Rose 21.0
Simon 4.3'

Sinton 22.0
Stockton 16.8
Telesco 2.0

-Thompson 8.7
Tully 5.0
Wolff

J

Visitors 15.0 57.6

BIG 34.1

Total 149.0 (42X) 202.0 (56X)

Engineering:	 8.0 (2%)
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