ICARUS 47, 449-463 (1981)

IUE Observations of Faint Comets
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Ultraviolet spectra of seven comets taken with the same instrument are presented. Comets
P/Encke (1980), P/Tuttle (1980 h), P/Stephan—Oterma (1980 g), and Meier (1980 q) were observed
during November-December 1980 with the International Ultraviolet Explorer (IUE) satellite
observatory, while comets P/Borrelly (1980 i) and Panther (1980 u) were observed with IUE on 6
March 1981. The spectra of these comets are compared with those of comet Bradfield (1979 X),
studied extensively earlier in 1980 with IUE, as well as with each other. In order to simplify the
interpretation of the data and to minimize the dependence upon a specific model, the spectra are
compared at approximately the same value of heliocentric distance whenever possible. Effects due
to heliocentric velocity, geocentric distance, and optical depth are also discussed. All of the
cometary spectra are remarkably similar, which suggests that these comets may have a common

composition and origin.

I. INTRODUCTION

The capability of the International Ultra-
violet Explorer (IUE) satellite observatory
to obtain useful ultraviolet spectra of
comets with visual magnitude as faint as 10
has enabled us to observe comets P/Encke
(1980), P/Tuttle (1980 h), P/Stephan—
Oterma (1980 g), and Meier (1980 q) during
November-December 1980 and comets
P/Borrelly (1980 i) and Panther (1980 u) on
6 March 1981. The spectra of these comets

Paper presented at IAU Colloquium 61, ‘‘Comets:
Gases, Ices, Grains, and Plasma,”’ Tucson, Arizona,
March 11-14, 1981.

1 On leave from Service d’Aéronomie du CNRS,
Verriéres-le-Buisson, France.

are compared with those of comet Bradfield
(1979 X), studied extensively earlier in 1980
with IUE, as well as with each other. (In
the following text, all letter and numerical
designations for these comets will be
dropped.) However, simple comparisons of
cometary spectra are sometimes mislead-
ing, as the relative intensities of the ob-
served emissions depend critically upon a
variety of physical and observational pa-
rameters. By comparing spectra at approxi-
mately the same value of heliocentric dis-
tance (r), we eliminate most of the
problems associated with the heliocentric
dependence of the spectra. If, in addition,
we take into account effects due to helio-
centric velocity (*) and geocentric distance
(A), then we can make model-independent
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conclusions concerning the ‘‘intrinsic’’
similarities and differences in these comets.

II. SPECTRA

The IUE covers the entire spectral range
from 1150 to 3400 A by employing two sep-
arate spectrographs. For all of the observa-
tions discussed here, each spectrograph
was used in the low-dispersion mode with
the center of brightness of the comet placed
in the center of the large aperture. This
aperture is ~10 x 20" and is roughly ellipti-
cal in shape. Used in this manner, the
short-wavelength spectrograph has a reso-
lution of ~12 A and covers the spectral
range 1150-1950 A, while the long-wave-
length spectrograph covers the range 1900-
3400 A at a resolution of ~18 A. Further
details concerning the instrument have
been given by Boggess et al. (1978). All
spectra presented here have been pro-
cessed using the procedure described by
Weaver et al. (1981), and all results given
refer to averages of emission brightness
over a 10" x 15" area of the center of the
aperture.

At first glance, all of the comets we ob-
served with IUE display strikingly similar
spectra. Because it was observed over a
wide range of heliocentric distance with
IUE (0.71 AU = r =< 1.55 AU; Weaver et
al., 1981) and since it displayed all (except
CO%) previously known ultraviolet features
(Feldman et al., 1980), comet Bradfield will
serve as our ‘‘prototype’’ comet. Compari-
sons among the ‘‘faint’’ comets can be con-
veniently made by referring all observa-
tions to this standard.

Figure 1 shows a composite spectrum of
comet Bradfield in the wavelength range
1150-3200 A from four IUE images taken
whenr = 0.71 AU. It is representative of all
comet Bradfield spectra in this wavelength
range in the sense that no emissions, other
than those displayed here, appear in any
spectra taken on other dates. Hydrogen
(H), oxygen (O), and hydroxyl (OH) are
products of water photodissociation, and
their ultraviolet emissions are clearly evi-
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dent in the spectrum of comet Bradfield.
Minor species detected by their ultraviolet
emission are C, S, C,, CS, and CO,*. Two
bands of the CO fourth positive system
were originally identified in the spectrum of
comet Bradfield (Feldman et al., 1980), but
the observed emissions are weak and their
identification is not conclusive. By compar-
ison, Figs. 2-7 show spectra obtained re-
cently for the ‘‘faint’”’ comets discussed in
this paper. The OH(0,0) band and the HIL«
line are the strongest emissions detected in
all of the cometary spectra. In addition, two
other OH bands, the (1,0) band at 2811 A
and the (1,1) band at 3122 A, are clearly
identified in all of these cometary spectra
(wavelengths given are band heads).

H and OH are the only positively
identified species in comets Meier,
Stephan-Oterma, and Panther. Spectra
taken with the short-wavelength spectro-
graph are not shown for these three comets
since in each case only the HLa line is seen
with the relatively short exposure times
used (30 min or less). However, longer ex-
posures (ranging from 60 to 120 min) were
made with the long-wavelength spectro-
graph, and some weaker emissions appear
above the noise. The CS(0,0) band at 2576
A and a CO,* emission at 2890 A may be
present in the spectra of comets Meier (Fig.
4) and Panther (Fig. 7). The CS(0,0) band
may also be present in comet Stephan—
Oterma (Fig. 5). An unusual feature in the
comet Stephan—-Oterma spectrum (Fig. 3) is
the unidentified emission at ~2470 A which
seems real. It should be noted that features
in the long-wavelength spectrograph falling
in the wavelength range below ~2400 A or
above ~3150 A must be closely scrutinized
as to their authenticity due to the increase
in noise in this range.

A short-wavelength spectrum is also not
shown for comet Borrelly since only HLa
is present in the 15-min exposure. How-
ever, in the 120-min exposure in the long-
wavelength spectrograph (Fig. 6), the
CS(0,0) band is clearly visible, while the
less conspicuous feature at ~2430 A is at
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F1G. 4. Spectrum for comet Meier (1980 q) from the IUE long-wavelength (LWR) spectrograph when
r = 1.52 AU. The comet was centered in the aperture and the average surface brightness (overa 10" x
15" portion of the aperture) is plotted against wavelength.

least partially due to second order HL«
signal.

Since we were not able to take long
enough exposures on comets Meier,
Stephan—-Oterma, Panther, and Borrelly to
reveal the weaker emissions at the same
relative level seen in comet Bradfield, the
absence of other atomic or molecular emis-
sions in these comets is not surprising. The
long exposures (with both the short- and
long-wavelength spectrographs) taken on
comets Encke and Tuttle show almost all
the features seen in the comet Bradfield
spectrum. Besides the H and OH emis-
sions, the spectra of comets Encke and
Tuttle show emissions from O, C, S, and
CS (Figs. 2 and 3). It also appears that CO,*
can be distingiushed from the noise, leaving
C, as the only molecule or atom identified
in comet Bradfield but not in either comets
Encke or Tuttle. Once again, however, this
appears to be merely a sensitivity problem

since we would not expect to see C, emis-
sion in our spectra if it appears at the same
relative level as seen in comet Bradfield (in
fact, C, emission could not be positively
identified in our spectra of comet Bradfield
at 1 AU). The C, molecule is definitely
present in these comets as it is identified by
its Swan band emission in their visible
spectra (A’Hearn, 1[981). Furthermore,
based on these ground-based measure-
ments and a calculated ratio of Mulliken
band to Swan band emission, we verify that
the C, emission should be at or below the
detection limit in our ultraviolet spectra.
The structure evident in the spectra of
comets Encke and Tuttle in the wavelength
region 1400-1600 A is almost certainly in-
strumental noise, although, as noted earlier
for comet Bradfield, this is a region where
CO and C might contribute weak emis-
sions.

Finally, strong continuum emission ap-
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F1G. 5. Same as Fig. 4 except for comet P/Stephan—-Oterma when r = 1.58 AU. Note the strong
continuum emission indicative of a high dust to gas ratio for this comet. For comparison purposes, the
solar spectrum has been plotted on top of the cometary spectrum. Also shown is the region around
2600 A taken from another LWR image of comet Stephan-Oterma when r = 1.62 AU. Since the
continuum is weaker relative to the gas emission in this image, emission from the CS(0,0) band at 2576

A is more evident.

pears in the range 2900-3000 A in the spec-
tra of comets Stephan-Oterma, Panther,
and Borrelly which is indicative of a higher
dust-to-gas ratio for these comets. The
complicated structure evident in this wave-
length region is a combination of noise and
features which are characteristic of a
reflected solar spectrum. For these comets,
cometary emission, if present, might be
difficult to separate from the solar features.

III. WATER PRODUCTION RATES

A Haser model (Festou, 1981a) is used to
relate the observed OH(0,0) band bright-
ness to the water production rate. This
model assumes that H,O flows radially out-
ward from the nucleus into the coma where
it is subsequently photodissociated, primar-

ily (~90%) into OH and H. We also assume
that water is the only source of OH. Under
these circumstances, it has been shown
(Festou, 1981a) that the Haser model accu-
rately predicts the OH column density
profile and the water production rate (to
within ~20%). The principal uncertainty in
this procedure is not the inaccuracy of the
model but the uncertainty in the values of
the model input parameters. These values
are chosen to be the same for all the comets
studied here. Since the OH scalelength is
known to be a function of the comet’s helio-
centric velocity (Jackson, 1980), this as-
sumption may introduce some error in the
derived water production rates. However,
the exact dependence is not known, and
our choice of a single OH scalelength for all
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Fi1G. 6. Same as Fig. 4 except for comet P/Borrelly (1980 i) when r = 1.33 AU. Continuum emission
is present and the solar spectrum is plotted on top of the cometary spectrum.

the comets is simply for the sake of conven-
ience. The value you(1 AU) = 5.75 x 10*
km gives a good fit to the comet Bradfield
data (Weaver et al., 1981), and this value is
adopted here. The H,O scalelength and OH
velocity used are yg,o (1 AU) = 8.2 x 10*
km and voy = 1.15 km sec™, respectively
(Festou, 1981b).

Table I gives the measured OH(0,0) band
brightness (Boy) and the water production
rate (Qu,o) derived from it for each of the
comets studied. The OH brightness and wa-
ter production rate for comet Bradfield at r
= 1.7 AU have been extrapolated from the
curves given in Fig. 4 by Weaver et al.
(1981). The table is divided into sections
according to the heliocentric distance (r) of
the comet. Other observational parameters
listed in Table I are the observation dates,
the geocentric distance (A), and the radial
component of the heliocentric velocity (%)
for each comet. The excitation factor, or ‘‘g

factor’’, for the OH emission is strongly
dependent upon heliocentric velocity (Sch-
leicher and A’Hearn, 1981), and its value at
1 AU is given in Table I for each comet. We
also derive average OH column densities
within a 10" x 15" aperture (the OH(0,0)
band emission is optically thin) for each
comet and these are given in Table 1.

It is apparent from Table I that comet
Encke is significantly less active than the
other comets. However, there is some
question as to whether or not P/Encke is
significantly more active now than it was
during its 1970 apparition. Bertaux et al.
(1973), using HL« isophotes obtained from
OGO-5 photometer data to derive a hydro-
gen production rate for comet Encke, found
a water production rate (assuming Oy, =
Oy, since Bertaux et al. observed essen-
tially only one of the two hydrogen compo-
nents) approximately a factor of 5 less than
that reported here. They admit, though,
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F16. 7. Same as Fig. 4 except for comet Panther (1980 u) when r = 1.73 AU. Strong continuum
emission is present and the solar spectrum is plotted on top of the cometary spectrum.

that their data were not of sufficient quality
to allow a detailed comparison with their
model. Since estimates of the visual magni-
tude (at the same heliocentric distance and
reduced to unit geocentric distance) of
comet Encke during the 1970 and 1980 ap-
paritions show differences of no more than
one magnitude, it is unlikely that the gas
production rate was more than a factor of 2
or 3 higher during the 1980 apparition com-
pared to 1970.

The effect of a velocity-dependent g fac-
tor is clearly illustrated by comparing the
observed brightnesses to the derived pro-
duction rates for comets Bradfield and Tut-
tle. Although the OH(0,0) band brightness
for comet Bradfield is about a factor of 4
greater than that for comet Tuttle, the
comets have nearly identical water produc-
tion rates, both being about a factor of 6
larger than that for comet Encke. Finally,
an important point to note is the relatively

high activity shown by comets Borrelly,
Meier, Stephan—-Oterma, and Panther de-
spite their large distance from the Sun. In
fact, comet Meier at r = 1.52 AU and comet
Panther at r = 1.73 AU have larger water
production rates than comets Bradfield and
Tuttle atr = 1 AU.

IV. OXYGEN AND HYDROGEN

Due to the long exposure times required,
the oxygen triplet at 1304 A was observed
only in comets Encke, Bradfield, and Tut-
tle, and these brightnesses are recorded in
Table II. Comparison of oxygen bright-
nesses from comet to comet requires cau-
tion as the excitation factor for oxygen
emission is even more sensitive to heliocen-
tric velocity (Feldman et al., 1976) than the
OH g factor. This effect is illustrated by the
data in Table II. While comets Bradfield
and Tuttle have virtually identical water
production rates and HLa intensities, the
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TABLE II

COMPARISONS OF COMETS: HYDROGEN AND OXYGEN

Comet Date r P A By, Ny B, N
(AU) (kmsec™) (AU) (kR) (10¥cm™®» (R) (10®cm™)

Encke (1980) 5 Nov 1980 0.81 -30.7 0.32 28.1 0.70 15 0.40
Bradfield (1979 X) 16 Jan 1980  0.80 26.4 0.40 93 3.2 105 2.5
Encke (1980) 24 Oct 1980 1.01 —28.4 0.29 6.6 0.25 — —
Bradfield (1979 X) 31 Jan 1980 1.03 28.1 0.29 337 1.5 25 0.8
Tuttle (1980 h) 7 Dec 1980 1.02 -3.0 0.50 24.7 1.1 125 1.2
Borrelly (1980 i) 6 Mar 1981 1.33 2.7 1.61 7.1 0.48 — —_
Bradfield (1979 X) 20 Feb 1980  1.37 27.6 1.02 3.6 0.25 — —
Stephan—-Oterma (1980 g) 7 Dec 1980 1.58 —-1.2 0.59 2.8 0.26 — —
Bradfield (1979 X) 3 Mar 1980 1.55 26.9 1.45 1.5 0.13 — —
Meier (1980 q) 6 Dec 1980 1.52 -0.6 1.89 6.2 0.55 — —
Panther (1980 u) 6 Mar 1981 1.73 6.7 1.39 39 0.45 — —
Bradfield (1979 X) — 1.7 26.3 1.8 0.6¢ 0.06 — —

¢ Estimated (see text).

oxygen brightness for comet Tuttle is ap-
proximately five times that for comet
Bradfield (the estimated O7 brightness for
comet Bradfield should be quite good as it
is an extrapolation of the O/ measurements
at 0.71, 0.80, and 0.93 AU; evenatr = 0.93
AU comet Bradfield had an O! brightness
of only 45 R). The reason is that the absorp-
tion wavelength for comet Tuttle is approx-
imately at the peak of the solar oxygen line
while the absorption for comet Bradfield
falls on the steeply sloped wing. Because
the relative values of the excitation factors
depend critically upon the shape of the so-
lar line, and since this shape is not very well
known, it is difficult to compare oxygen
production from comet to comet in a pre-
cise manner. However, the brightness of
the oxygen emission in P/Tuttle, observed
when 7 was small, is consistent with a pre-
dominently water source of oxygen in the
coma. The oxygen column densities listed
in Table II are derived assuming that all
oxygen atoms are in the lowest fine-struc-
ture level of the ground state, and that the
exciting solar flux is 4.0, 5.1, and 18 (units
: 10° photons cm™2 sec™! A1) for comets
Encke, Bradfield, and Tuttle, respectively.
These solar fluxes were determined using

the line integrated flux from Mount et al.
(1980) and the line shape from recent
Solar Maximum Mission measurements
(Woodgate, 1981). Since in all cases the
optical depth is not negligible, an approxi-
mate radiative transfer formalism (Festou
et al., 1979) is used to relate the measured
surface brightness to the column density.
On the other hand, the hydrogen L«
emission is not as sensitive to heliocentric
velocity as the oxygen emission, since the
solar HL« line is much broader (Vidal-
Madjar, 1975) than the solar OI line. The
HLa« brightness was measured for all the
comets discussed here (except that the
comet Bradfield La brightness at r 1.7
AU is an extrapolation), and the values are
listed in Table II. As expected for a water
source, the La brightnesses scale approxi-
mately as the water production rates de-
rived from the OH observations. Smal! de-
viations from this scaling are expected for
three reasons. The different comets were
observed at different geocentric distances
so that the IUE aperture subtended differ-
ent fractions of the total coma. Also, the H
excitation factor is slightly dependent upon
heliocentric velocity since the solar HLa
line is not strictly a constant over the entire
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wavelength interval within which the differ-
ent cometary absorptions take place. Fi-
nally, the comets were not observed on the
same dates (also listed in Table II), so that
the absolute value of the HLa flux was
probably different for each cometary obser-
vation. As variations in the solar HL« flux
of 20-30% over a solar rotation period are
not unusual, we would expect the H excita-
tion factors to show a similar variation. The
comparison of comets Encke and Bradfield
at 0.8 AU shows the largest departure from
what is expected if H,O is the dominant
source of H and OH in both comets. In this
case the La brightness of comet Bradfield is
about a factor of 3 greater than that of
comet Encke whereas the ratios of water
production rates suggest a factor of approx-
imately 6. However, this discrepancy is al-
most certainly an optical depth effect, since
the discrepancy is greatly reduced when we
compare the hydrogen column densities de-
rived from the observations and also shown
in Table II. When the HI emission becomes
optically thick, the column densities are
calculated in the same manner described
above for oxygen (in all cases the exciting
solar flux is taken to be 5.14 x 10 photons

WEAVER ET AL.

cm™2 sec™! A1 see Weaver et al., 1981).
Also, it should be pointed out that for an
HLa brightness less than about 10 kR,
some uncertainty in the measured cometary
emission is introduced by the subtraction of
geocoronal L, although a careful subtrac-
tion was made based on observations of the
geocorona 2° away from the comet taken
nearly simultaneously.

V. MINOR SPECIES

Table III gives the measured CS(0,0)
band intensities and the derived CS column
densities, as well as the ratios of derived CS
production rates to water production rates.
Remember, however, that the CS emission
was only marginally detected in comets
Meier, Stephan-Oterma, and Panther so
that the derived column densities and pro-
duction rates for these comets are probably
upper limits. It is also important to note
that although the same excitation factor is
used in deriving all CS production rates.
(gcs(1 AU) = 7 X 1074 photons sec™ mol™!
from Jackson et al. (1981)), the CS(0,0)
band emission most likely shows a strong
dependence with heliocentric velocity simi-
lar to that of the OH(0,0) band emission.

TABLE III

COMPARISONS OF COMETS: CS PRODUCTION RATES

Comet Date r r A Bes  Qcs/Pnyo Nes
(AU) (km sec™?) (AU) (kR) (10-%) (102 cm™?)
Bradfield (1979 X) 10 Jan 1980 0.71 24.0 0.62 2.2 5 1.6
16 Jan 1980 0.80 26.4 0.40 1.2 4 1.1
24 Jan 1980 0.93 27.8 0.20 0.64 2 0.79
7 Feb 1980 1.15 28.2 0.54 0.09 3 0.17
Encke (1980) 5 Nov 1980 0.81 -30.7 0.32 0.67 1t 0.63
4 Nov 1980 0.83 -30.5 0.31 0.61 11 0.60
3 Nov 1980 0.84 -30.3 0.30 0.35 8 0.35
24 Oct 1980 1.01 —28.4 0.29 0.08 4 0.12
Tuttle (1980 h) 7 Dec 1980 1.02 -3.0 0.50 0.30 4 0.45
Borrelly (1980 i) 6 Mar 1981 1.33 2.7 1.61 0.07 5 0.18
Meier (1980 q) 6 Dec 1980 1.52 -0.57 1.89 0.05 =4 =0.17
Stephan—Oterma (1980 g) 7 Dec 1980 1.58 -1.2 0.59 0.04 =3 =0.14
Panther (1980 u) 6 Mar 1981 1.73 6.7 1.39 0.04 =3 =0.17
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Nevertheless, two conclusions may be
drawn from the data presented in Table III.
First, although CS appears very promi-
nently in many of the uv cometary spectra,
it is clearly only a minor constituent of the
coma, never comprising more than about
0.1% of the coma. Also, the data for both
comets Bradfield and Encke seem to indi-
cate a heliocentric variation in the CS pro-
duction rate which is different than that for
H;O (both comets were observed during
periods when 7, and consequently the g
factor, remained roughly constant). This
behavior in comet Bradfield has been noted
by Jackson et al. (1981).

Measurements of carbon and sulfur emis-
sion were obtained only for comets
Bradfield, Encke, and Tuttle, and the
brightnesses and derived column densities
are given in Table IV. The brightnesses for
comet Bradfield at 1 AU are estimated from
the brightness curves for these emissions
and should be fairly reliable (certainly
within a factor of 2). The g factor for carbon
is relatively insensitive to heliocentric ve-
locity varying by about a factor of 2 in the
range —40 km sec™ = 7 = 40 km sec™!.
Using the integrated flux in the solar CI
(1657 A) multiplet from Mount et al. (1980)
and lineshapes from Solar Maximum Mis-
sion measurements (Woodgate, 1981), we
derive gc; (1 AU) = 3.7, 7.0, and 5.1 (units:
1075 photons sec™ atom™) for comets
Encke, Bradfield, and Tuttle, respectively.
A comparison of the carbon brightness (or
column densities) indicate that carbon pro-
duction in all three comets scales roughly
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as the water production rate. The sulfur
emission observed in these comets is the
partially resolved triplet near 1812 A. Like
the oxygen emission, the observed transi-
tions are 3P, , —3S, with the lines excited
by the corresponding solar sulfur lines.
However, unlike the case for oxygen, the
sulfur excitation factor is not as strongly
dependent upon heliocentric velocity be-
cause of the weakness of the solar feature
and the presence of the underlysing solar
continuum. We choose gg; (1 AU) = 6.7 x
10~® photons sec™ atom™!, independent of
heliocentric velocity. This corresponds to a
continuum solar flux in this region of 1.94 x
10 photons cm™2 sec™! A~! (Mount et al.,
1980). Also unlike oxygen, the sulfur emis-
sion is strongly peaked near the nucleus of
the comet (the spatial brightness profile is
similar to that of the CS(0,0) band) so that
the geocentric distance is an important con-
sideration in comparing sulfur emission
among the comets. Keeping all of these ef-
fects in mind, it appears that the ratio of
sulfur production to water production is ap-
proximately the same (within a factor of 2)
for the comets at the same heliocentric dis-
tance.

VI. CONCLUSION

Ultraviolet spectra of seven comets are
presented in this paper, and all have been
observed with the same instruments on
IUE. The obvious impression one gets from
a first look at these spectra is their remark-
able similarity, which suggests that these
comets may have a common composition

TABLE IV

CARBON AND SULFUR: COMPARISONS OF COMETS ENCKE, BRADFIELD, AND TUTTLE

Comet Date r F A B¢, N¢ Bg, Ng
(AU) (kmsec™®) (AU) ([R) (102cm™®) (R) (10%cm™)
Encke (1980) 5 Nov 1980  0.81 -30.7 0.32 15 0.27 60 0.59
Bradfield (1979 X) 16 Jan 1980 0.80 26.4 0.40 185 1.7 180 1.7
Bradfield (1979 X) 31 Jan 1980 1.03 28.1 0.29 45¢ 0.682 902 1.4°
Tuttle (1980 h) 7 Dec 1980 1.02 -3.0 0.50 50 1.0 85 1.3

¢ Estimated (see text).
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and origin. The strongest emissions, those
of the atoms and molecules most abundant
in the comae, are the same in all of the
comets observed with IUE to date. The
presence of the weaker emissions, those of
the minor species, apparently depends
solely upon the instrument sensitivity and
the comet’s heliocentric velocity. The
weaker emissions will become visible if we
simply take long enough exposures, unless
the comet’s heliocentric velocity is such
that the excitation factor for the emission
becomes vanishingly small (e.g., the case of
the OI 1304 A triplet when 7 is large).

The similarities among the comets be-
come even more remarkable when we ex-
amine their spectra in detail. By comparing
comets at approximately the same helio-
centric distance and taking into account ef-
fects due to heliocentric velocity, geocen-
tric distance, and optical depth, we find the
observed hydrogen and hydroxyl emissions
in all of the comets studied to be consistent
with a common water source for these spe-
cies. Although there is more uncertainty in
the analysis of the oxygen emission, it too
appears to be derived from water. While CS
emission appears fairly prominently in
many of the spectra, it is clearly only a
minor species in all of these comets, in ap-
proximately the same abundance relative to
H,O. Finally, emissions from carbon and
sulfur are positively identified in three of
the comets (Bradfield, Encke, and Tuttle),
also appearing in approximately the same
abundance relative to water.

Apparently the only distinguishing char-
acteristic among the comets studied with
IUE is the dust to gas ratio, as determined
from the relative strength of the continuum
emission in the cometary spectra. Comets
Stephan—-Oterma, Panther, and Borrelly are
‘‘dustier”’ than comets Bradfield, Encke,
Tuttle, and Meier.

A final note concerns the gas production
rate of comets at large heliocentric dis-
tances. Comets Panther and Meier may ap-
pear to be ‘‘faint,”’” but they are certainly
not inactive as indicated by their large wa-

WEAVER ET AL.

ter production rates. Indeed, comets Pan-
ther and Meier must be very large since
they are producing gas at a rate comparable
to that of other comets which are much
closer to the Sun and which appear more
“‘bright.”’
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