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COMETS: GASES, ICES, GRAINS AND PLASMA
" FINAL PROGRAM - SCIENTIFIC SESSTONS

R=Review (15 min.), CsContributed (10 min.)
P=Poster Talk (10 min.), E~Exhibit, T=Title Only

A maximum § minutes discussion is allotted for each R, C, and P paper.
g}scuss}on of related papers may be combined at the session chair's
scretion.

0845

0900

1010
1030

1230

1400

WEDNESDAY

WELCOME and INTRODUCTION A.R. Kassander, Jr. Vice-President

for Research, University of Arizonha
L.L. Wilkening, Chair, Orgarizing
Committee :

NUCLEUS Chair: W. Irvine

Delsemme, A., Zonn,
B. and Rahe, J.
Sekanina, Z.
Whipple, F. L.
BREAK - Gehrels, T.
et al.
Hellmich, R.
and Keller, H.U.
Tedesco, E.F. and
Barker, E.S.

Stauffer, J.R. and
Spinrad, H.
Degewij, J. and
Chapman, C.R.
Degewij, J., Hartmann,
W.K. and Cruikshank
Hartmann, W.K.,
Cruikshank, D.7.
arnd Degewij, J.
A'Hgarn, M.F., Dwek,

(N.1R) ﬁtr?cgure and Ori3in of Cometary
ucle
(N.2R) The Problem of Split Comets in Review
(N.3R) Rotation of Comet Nuclei
(N.26P) Spacewatch Camera

(N.4C) gn %h$ Visibility of Cometary
Nucle

(N.5C) Photometric Function of the Periodic
Comet Tempel-2 During Its 1978-79
Apparition

(N.6C) Behavior of the Red Nuclear Continuum
of P/Comets with Heliocentric Distance

(N.7C) Spectrophotometric imagery of P/
Schwassmann=-Vachmann 2

(N.8C) P/Schwassman-Wachmann 1 and Chiron:

» DeP. Near IR Photometry

(N.9C) Surface Materials on Remote Comets:
Theoretical and Observational
Indications

(N.LT) Where is the Ice in Comets ?

E. and Tokunaga, A.T.

Jamar, C. and
Malaise, b.

HObbS. R-No » Bfandt.
J.C., Maran, S.P.

and Hollis, J.M.

LUNCH
NUCLEUS

Kamgun, P.,
Pettengill, G.H.
#nd Shapiro, I.I.

Weissman, P.R. and
Kieffer, H.H.

(N.10C) Study of the Nuclear Region of Comets
by the Observations of Eclipsed Stars
(N.11C) Millimeter-Wave Radiometry of
Cometary Nuclei
Chair: D. Cruikshank

(N.12C) Radar Detectability of Comets

(N.13C) Thermal Modeling of Cometary Nuclei
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1555

0830

1015

Smoluchowski, R.

Klinger, J.

Fink, U. and
Si]‘n GQ

Hapke, B., Wagner,
d., Wells, E,
and Partlow, W.

Moore, M, and
Donn, B.

Foti, G., Pirronello,
V. and Strazzulla

Johnson, R.E. and

Lanzerotti, L.J.
BREAK - ReVel]e. DOO.

Wetherill, G.W.
ReVzlle, D.O.
Drummond, J.
Williams, I. and
Hughes, D.W
Tedesco, E.F. and

Gradie, J.é.
Wilkening, L.L.

Ponnamperuma, C.

Fechtig, H.

Fraundorf, P.,
Brownlee, D.E.
and Walker, R.

Wagstaff, J. and
King, E.A.

and

(N.14C)
(N.15C)

(N.16R)
(N.17E)

(N.18C)

(N.LT)

Heat Content and Evolutiecsn of

Cometary Nuclei

Some Consequences of a Phase Transition
of Water Ice on the Heat balance of
Comet Nuclei

Infrared Spectra of Condensed

Volatiles 4

Vacuum UV Reflectance of NH3. Hp0, CO,,
and 502 Ices

Proton Irradiation of Cometary Type
Mixtures: Cosmic Ray Effects on Comets
in the Qort Cloud

Experimental Rates of Frozen Gas
Erosion by KeV-MeV Light lons

(N.19E) Charge Particle Erosion of Frozen
Volatiles in Comets
(N.22P) Identification of Meteoritic Fireballs
Using the Theoretical Light Curve
Technique ,
(N.20R) Relationships Between Comets, Large
Meteors, and Meteorites
(N.21C) Earth Orbit Approaching Comnts and
Their Theoretical Radiants
Using the Theoretical Light Curve
Technique 3 B )
(N.LT) The Connection Between Meteor Streams
, and Comets
(N.23C) Compositions of Quter-Belt Asteroids:
Implications for Comets
(N.24C) Composition of the Material Which
Initially Accreted in Comets .
(0.12R) Comet Implicattions for the Origin
of Life
THURSDAY
Chair: J. Burns
(DJ1R) Cometary Dust in Space
(D.2R) Laboratory Studies of Interplanetary
Dust
(D.3C) Search for Possible Cometary Dust

Grin, E., Fechtig, H., (D.4C)

Kissel, J. and
Pailer, N.
Fraundorf, P.,

Freeman, J.J. and

Patel, R.
Ney, E. P.

BREAK - Van Flandern

(D.5C)

(D.6R)
(C.25P)

in Antarctic Ice Cores

Interrelation of Interplanetary and
Cometary Dust as Observed by the

Helios Micrometeroid Experiment
infrared Spectroscopy of Interplanetary
Dust in the Laboratory

The Optical and Infrared (.5 to 20u)
Broad Band Observations of Bright Comets
Do Comets Hgve Sat211ites?
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1400

1630

1550

Campins, W,
Lebofsky, M.
and Rieke, G.

Hanner, M. S.

Michalsky, J«J. Jr.
[sobe, S.

saito, K., Isobe, S.
Kimihiko, N. and
Tatsuro, 1.

Hughes, D.W.

Wallis, M. K.

LUNCH

DUST and RADIO OBSERVATIONS

Schwehm, G,H. and
Kneissel, B.

Consolmagno, G.
Mendis, D.A.

Sekanina, Z.

Gustafson, B. A. S.

and Misconi, N. Y.

Yeomans, D.K.

BREAK =~ Irvine, W.,
Schloerb, P. and
Yngvesson, S.

Singer, S.F.

Stanley, J.E.

Farrell, J.A. and
Sekanina, Z.

Kiselev, N.N.
Chernova, G.P.

Gibson, D.M. and
Hobbs, R.W.
Snyder, L. E.

Bockelee-Morvan, D.,
Crovisier, J.,

(D.7C) The Thermal Properties of Dust in
Periodic Comets

(D.8C) Interpreting the Infrared and Opticeal
~ Emission from Comet Dust
(D.9C) 03%1ca1 Polarimetry of Comet West 1976
(D.10C) Interprevation of the Polarization
Distribution of Comet West
(D.11C) Substances of Cometary Grains Estimated

from Evaporation and Radiation Pressure
Mechanisms

(D+12R) Cometary Dust Models
(D+13R) Dusty Gas Dynamics in Real Comets
Chair: R. Newburn

(D.14C) Dust Production Rates of Comet Halley:
Models for the ESA Giotto Comet Halley
Probe
(D.15C) Diffusion of Cometary Dust by
Electromagnetic Scattering
(D.16C) On the Electrostatic Charging of the
Distant Cometary Nucleus
(D<17C) Mapping of Active Areas on the Nucleus
of the Perseid Comet from Observations
‘ of Dust Phenomena
(D.18C) The Observed Position of the Symmetry
Plane of Interplanetary Dust and
Its Possible Relation to Dust from
Comet Encke
(D.19C) Comet Tempel-Tuttle and the Leonid
Meteors
(M.11P) Direct Detection of the H,0 molecule
in the Coma by Using Submfllimeter
Waves from Spacelab.
(D.20C) Lifetime and Qrigin of Submicron
Particles ,
(D.21C) Submicron Farticles in the Solar
System
(D.22C) Motion of Structures in the Dust Tail
of Comet West 1976 VI
(D.23C) Phase Function of Polarization and
Brightness and the Nature of Cometary
Atmospheres
(D.24C) Microwave Continuum Observations of
the Icy Grain Halo
(C.1T) Outstanding Problems in Radio
Observations of Comets
(C.2C) Observations of the OH Radical in
Comets at 18 cm Wavelength

Gerard, E. and Kaze, I.

Ekelund, L.,
Andersson, C.,

(C.3C) Searches for Millimeter-Wave Emission
from HCN, CS, and CH30H in Comet
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irvine, W.M,,
Schloerb, F.P. and
Robinson, S.E.

Bradfield (1979:2)

FRIDAY
COMA Chair: J.C, Brandt
Meisel, D.D. and (C.4R) Comet Photometry: Past, Present,
Mees, C.E.K. and Future
Neff, J.S. C.ch Filter Photometry of Comets
Millis, R.L., C.6C) Marrowband Photometry of Comet P/

Thompson, D.T. and
A‘Hearn. M.F.

A'Hearn, M.F. (C.7E)
A'Hearn, M.F. (C.8R)
Cochran, W.0D., (C.9C)

Cochran, A.L. and
Barker, E.S. ,
Barker, E.S. (C.10C)

BREAK - Malaise, D. (C.15P)
and Cucchiaro, A.
Larson, S. (C.11C)

Cochran, A.L. and (C.12C)
Barker, E.S.

Johnson, J.R., Turek, (C.13C)
Po, F"nk. U'D
Larson, S., Smith,
B.A. and Reitsema, H.J.
Newburn, R., Jr., (C.14C)
Spinrad, H. and
Stauffer, J.
Feldman, P. D. C.16R)
Festou, M.C., c.17C)
Feldman, P.D. 2and
Weaver, H.A.
Weaver, H.A., (C.18C)
Feldman, P.D.,
Festou, M.C.,
A'Hearn, M.F.,
and Keller, H.U.
LUNCH

Stephan-Oterma

Standa~dized Filters for Cometary
Photometry

Spectroscopy and Spectrophotometry
of Comets at Visible Wavelengths
Spectrometric Observations of Comet
Bradfield (1980t)

Spatially Resolved Observations of

the Inner Coma of Bradfield (1979:)
Detection of the Proper Glow of

Comet Bennett

Recent Spectroscopic Observations of
Comets ,

Spectrometric Observations of Comets
Stephan-Oterma and Encke During Their
1980 Apparitions

Recent Results of CCD Comet Spectroscopy

Spectrophotometric Evidence on the
Origin vf Cometary C2 and CN

Ultraviolet Spectroscopy of Comae
Ultraviolet Bands of co; in Comet
Bradfield (1979¢)

Observations of Faint Comets with IUE

COMA Chair: P. Feldman

Huebner, W.F., (C.19R)
Giguere, P.T.
and Slattery, W.L.
Jackson, W.M. (C.21R)

Huntress, W.T., Jr. (C.22T)

Photochemical Processes in the Inner
Coma

Laboratory Studies of Photochemistry an«
Spectroscopy Applied to Comets
Laboratory Studies of lon Chemistry in
Cometary Atmospheres



1510

1630

2000

Spinrad, H. and
Stauffer, J.R.

Cucciaro, A. and
Malaise, D.

Swift, M.B., and
Mitchell, G.F.

Prasad, S.S.,
Huntress, W.T.,
Neugebauer, M.M.,
and Mitchell, G.F.

BREAK
and A'Hearn, M.F.

ION TAILS

Brandt' ‘JiCo

Ip, W=-H., Axford,
W.l., and
McKenzie, J.F.

Schmidt, H.U. and
Wegman, R.

Mendis, D.A. and
Houpis, H.L.F.

Beard, D.

Krishan, V. and
Sivaraman, K.R.
Jockers, K. K.
Hiller, F.D.
Ershkovich, A. I.

Niedner, M. B., Jr.

Arduini, M. et al.

Delsemme, A.H. and
Degewij, J.
Bender, D.F.

Zerull, R.H.,
Giese, R.H., and
Kneissel, B.
Levassuer-Regourd, A.

(C.23C)
(C.24C)
(C.25¢C)

(C.26C)

(I1.1R)
(I.2R)

(1.3R)
(1.4C)
(1.5C)
(I1.6C)
(1.7¢)
(1.8T)
(1.9C)
(1.10¢)

Chair:

Production Rates of [0I] in Recent
Comets

Dynamical Coma Models for Zomet
Bennett N

Models of the Cometary Coma in Which
Abundances of Observed Species are
Calculated for Various Heliocentric
Distances

Chemical Composition in Cometary Comae

Schleicher, D. (C.20P) OH Filuorescence in Comets

P. Feldman

?b?$rvations and Dynamics of Ion
" a s

Theories of Physical Processes in
Cometary Ion Tails

Plasma Flow and Magnetic Fields in
Comets
The Cometary Ionosphere

Cometary Molecular Densities and
the Production of Type I Tail Rays
Peculiarities in the Ionic Tail of
Comet Ikeya-Seki (1965f)

Plasma Dynamics in Comet Kohoutek
1973 XI1I

Configurations of Evolving Plasma
Tail Rays

On the Folding Phenomenon of Comet
Tail Rays

Connections Between the Solar Wind
and the Large-Scale Properties of
Cometary Plasma Tails - The Role of
iagnetic Reconnection

FRIDAY NIGHT
COMET MISSIONS

(M.1P)
(M.2P)
(M.3P)
(M.4P)

(M.5P)

IR Space Experiment on Soviet
Spaceprobe to Comet Halley.

Physical Observations of Comets with
the Infrared Astronomical Satellite
Observation/Mission Planning Aids for
Pericdic Comets

A Light Scattering Experiment for the
Measurement of Comztary Dust

In-Situ Optical Observations on

Ry T
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0915

1005
1020

C., et. al,

McDonnell, J.A.M.,
Evans, G. and
Grun, E.

Neugebauer, M.,
Goldstein, B.E.
Goldstein, R. and
Clay, D.R.

Curtis, C.C,, Fan, C.
Y. and Hsieh, K.

‘(".7P)

(M.8P)

, (M. 9P)

Dobrovolsky, 0.V. and (M.10P)

Ibadov, S.
"smith, P.L., Black,

(M.12P)

J.H. and Oppenheimer,

Goldstein, B, E.
Buti, B.

Russell, C.T.,
Luhmann, J.G.
and Elphic, R.C.

ORIGIN, EVOLUTION AND

Bhandari, N., Lal, D.
and Rao, H.N.
Greenberg, J.

Irvine, W. M.

BRE AK

Weissman, P. R.

Scholl, H., Cazenave
A. and Brahic, A.

Eveirhart, E.

Fernandez, J. And
Ip, We=H,

Froeschle, C. and
Rickman, H.

Carusi, A., Valsecchi,
G.B. and Kresak, L.

Degewij, J. and
Tedesco, E.

l.evin, B.J. and
Simonenko, A.N.

board Giotto Probe

In-situ Evaluation of a Cometary Dust °
Efflux: DIDSY on board ESA's Comet
Halley Giotto Mission

An lon Mass/Velocity Spectrometer for
a Comet Mission

Soine problems and Some Solutions to

in situ Investigation of Neutral
Atmosphere on a Fast Fly-by Mission
Artificial Meteors in the Atmospheras of
Comets and other Celestial 8Bodies as
Research Tools

Ultraviolet Absorption Studies of

Atoms and Molecules in Comet Halley

with Space Telescope

SATURDAY
ION TAILS (con't)

(1.11C)
(1.12C)
(1.13C)

thajr: M.J.S5. Belton

Constraints on Magnetic Merging and
Particle Acceleration in Cometary Tails
Role of High~-Frequency-Turbulence in
Cometary Plasma Tails

Solar Wind Interaction with Comets:
Lessons from Venus

INTERRELATIONS  Chair: M.J.S. Belton

(0.11C)
(0.1R)
(0.2C)
(0.3R)
(0.4C)
(0.5R)
(0.6C)

Planetary Atmospheres: Cometary
contribution

Evolution of Comets from Interstellar
Mitter to Interplanetary Matter

The Increasing Chemical Complexity

of Cold, Dark Interstellar Clouds

Dynamical History of the Oort Cloud
The Effect of Star Passages on
Cometary Orbits in Oort's Cloud
Evolution of Long and Short

Period Orbits

Dynamical Evolution of a Cometary
Swarm in the Quter Planetary Region

(0.7C) A New Method to Estimate Perturbations

(0.8E)
(0.9R)
(0.10T)

of Jupiter on Cometary Orbits
Orbjtal Patterns at Ciose Planetary
Encounters

Do Comets Evolve into Asteroids or
Satellites? The Physical Evidence

On the Implausibility of Cometary
Origin of Most Apollo-Amor Asteroids
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N.IR THE STRUCTURE AND ORIGIN OF COMETARY NUCLE!

A.H. Delsamme, 8, Donn
and J, Rahe

The primary soncern of this review i the structure of the nucleus,

The reletion betwern origin, structure and composition i algo treesed, ’n
order %o develop # acnsistent model, baiic observationsl properties sre
wummerized. Thrge sre fHees, rodiug, aibedo, comporition, snd behavior both
throughout %he orbit rnd with “egen, Hore detailed discussiont of most of
thete subjecats ere progented by ather guthors, Propoted models for the
nucleus ere degeribed #nd expmined, Some varistion of Ihipple's
ley=conglomernte nucleus appesrs to ha the nmost suibtsble workiny
hypothesis, lie o not attmpt to derive a definitive model as current
knowledge sbout comets L3 not sufficient, Cur aim {2 to pregzent. sn interim
model which will serve as a sound baais for further research.

The origin of the edoptid model by sccumulation in # primerdisl soler
nebulz or interstellar cloud {e dismuseed, The further evolution of
cometary nuclel through thelr residence in the Cort Cloud to their
appearsnce as short period comets and their ultimate demise is also
consicered, ’

N.2R 1.2 PROBLEM OF SPLIT COME?S IN REVIEW
Z., Sekanina

Jat Propulsion Labovatory
California Inatitute of Technology
Pasadena, California 91109

Recent progress in the investigation of cometary splitting is revieved from
the dynamical and physical standpoints. The clue to the understanding of relative
zotions of fragments of a comet 1a the fact thact their rats of separation is deter-
vined by the momentum from outgassing, the net differential force thence being of
the same naure as the noneravitational perturbations detected in the motions of
most short-period costs and some nearly-parabolic ones. The differencial repulsive
acceleration v (assuming that the radial component is dominant) and the time of
splicting are tha only parameters of this simple model, which successfully representcs
the positional observations of nearly all of the 2l known split comets. The time
difference hetwaen splitting and final observation, weighted by heliocentric
distance, is termed the endutance. It provides a lower limit to each fragment's
normalized lifetime and measures its relative mass loss. The endurance is found to
be highly correlated with y and either quantity can serve to classify secondary
nuclei of split comets into three catigoriss: persiscent companions, short-lived
companions, and minor fragments. A test of splitting, bzsed on this model, has
besn devised to establish whether or not an allegedly multiple comet has in fact
split. It turns out that virgsually all reports of unconfirmed obsegvations of comet
multiplicity are srronecus. - The acceleration Y varises betwesn 1077 and several
times 10~3 the solar attraction, the endurance between a few and several hundred
equivalent days. The points of splitting have a random distribution, the record
heliocentric discance being 9 A.U. (!) befora perihelion. Only for the extensively
observed split comets the msodel need incorporate also the initial velacity of
separation, which is never greater than s few metars per second. The incerpretacion
of the separation velocity 1is complicated by the gravilational interactior. of che
fragments for some time after breakup., The calculations show that i{n the absence
of a net differencial nongravitational force (an idealizad case of identical frag-
ments), the existence of grivitationally locked multiple nuclei is at least ramocely
possible. - [n several cases the calculated time of splitting coincides either with
a flare-up in the visual and/or infrared brightruss or with an outbursc desectad as
an isolaced streamer in the dust tail, Comec Westc 1976 VI is the best example uvf
this correlation of events. Although the time of breakup derived from ths observed
motions of the fragments refars probably to the time of termination of ther
appreciable actraction, the coincidence f events suggests that the "dynamical
separation" follows the spiitting with little tine lag. - Light variations of
fragments are unpredictable and their average amplitude appears to be ccrrelated
with the companion cacegory: short-lived fragments display greater amplitudes than
persistent companions and show physical similarities with the behavior of a small
class of comets that have dissipated literally before the eves of observers. - The
identification of the breakup mechanism, the most difficulc part of the invesatigation
of split comets, is briefly addressad and a few proposed candidates (rotational
breakup, radioictive heating) discussed. = This paper presents the results of one
phase of research carried out at the Jet Propulsion Laboratorvy, California Institute
of Technology, under Contract Number NAS 7-100, sponsores by the National Aerocnaucics
and Space Adminiscracion, Planetary Atmospheres Program, Uffice of Space Sciences.
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N.2R Rotation of Qomet Nucled
ed L. Whip

Fr ple
Smithsonian ns:ro~hy:£cax Cbservatory
Cambridge, Mnlsuchuscxt:

The miniscule history of spin-vector “esearch on comet nuclei
is reviewed, Major emphasis is placed on actual determinations of
votation period and of spin-axis orientation. The latter is in-
dicated by asymmetrical comae (Sekanina, Icarug, 37, 420-442, 1979,
and Whipple, Asxron, J., 85, 305-313, 1980) and by tlie directions
of near-nucleus jets (Sekanina, in press, 1981), The spin axis is
known for six short-period coiécs, including P/Encke for which a
rapid precession of the spin axis has been establisbed by Whipple
and Sekarnina (Astron, J., 84, 1894-1909, 1979),

Rotation periods can be measured by photometry (as for asteroids),
by near-nucleus jets and by halo diameters (see Whipple, The Moon
and Planets, 19, 305-315, 1978), The halo method iias been by far
the most prolific, The spin peariods (P) for 45 comets, almost all
new determinatioits, are presented and compared with those of 41
small asteroids of diameter <40 km. The median P for the comets is
15.0 hr, versus 6.8 hr, for these asteroids, The preliminary distri-
bution curve of log P for comets is flatter than gaussian and for
asteroids, Slow accumulation at low relative velociti s is sug-
gested, The shortest period is 4,1 or 4,6 hr, consistent with near
stability for a low mean density, The period increases statistically
with absolute brightness (a: the 2.5 o levgl). No proof of sublima-
tion spin-up is yet established,

N.4 ON THE VISIBILITY OF COMETARY NUCLEI

R. Hellmich, H.U. Keller

Scattered 1ight from dust in the inner coma can deteriorite the
visibility of the cometary nucleus. For a given particle size dis-
tribution and production rate the screening effect depends on the
details of the number distribution of the dvst grains in the very
vicinity of the nuclear surface. Based on the results of a gene-
ralized Probstein gas-dust interaction mode! (Hellmich, 1381) the
contributions of radiation scattered by dust are estimated for
Nowburn's dust models of comet Halley using a single scattering
approach. The degradation of the visibility of the nucleus (par-
ticularly in contrast) can be neglected for Newburn's extrere low
case and reaches complete obscuration for the extreme high case.

Ref.: Hellmich, R.: 1981, The Influence of Radi~*ion Transfer in
Cometary Dust Haloes on the Production Rates of Gas and Dust,
Astron. Astrophys., {n press,
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N.§ Photometric Phase Function of the Periodiu Comet Tempele2
during its 19781979 Apparition

b,
Ed.ard F. Tedesco y Edwin 5. BCrker
Lunar and Planetary Lab.  and McDonald Goservatory
The Unfversity of Ar{zona University of Texas at Austin

Photomstric observations of P/Tempel-2 ware obtained by four differsnt groups
in lata 1978 and early 1979, These dats siive that batwesn 28 October and 29
Dacrzoer 1978 Tempel=2 exhibitad an astaroid:}iXe phase function with & slope of
0.0+ * 0,08 "'/“20 During this time tha heliocentric distanze, r, incressed
from 7,66 to 3.02 AU ana the spparent visial magnitude went from 19,0 to 19.4,
Setween 24 January and 24 February 1979 (3,164 rs 3,31 AU) a sharp fncrease in
brightness was observed, reaching a peak on 29 January at which time the ciwet
was~ 2.7 mag brightar than it was at a similar phase angle 1n late October, Since
the heliocentric distance ct the time of this outburit was~dy AU greater than it
was in October the outburst cannot be attributed to heating of the nucleus as
the comet spproached the svii, Since an uppar 1imit of V(1,« )vib.4 was daduced
from observations made on 24 March the comet had returned o 1ts pre-outburst
br1?htnns by this data. Hence an upper 1imit of 85 days can be placed on tha
pitriod of time during which significant activi‘ was displayed. The fact that the
Vi1,&) on 28 October and 24 March differ by sbout s mag 13 coraistent with the
uncertainties of measurement and the fact that Tempel-2 displays a rotational
amplitude on tha order of i mag [Parker and Rybski (1979, BAAS 12, 436)], If we
assume that the October, De r, and March cbservations were not affected by
cometary activity, 1.e,, that a "bare nucleus” was befing obsarved than tha phase
coafficiant of 0, f1'¢ 0007 mag/day obtained from these data should be consistent
with tiiase observed Tor asteroids. Indeed, within the Yarge uncertainty, such is
the case since astaroid phase cosfficients vary between 0.02 and 0,05 mag/deg with
asteroids of lower albedo havisy larger phase coefficients. The sbsolute magni-
tude, V(1,0), of the bare nucleus 1s therefore 14.5 + 0.5, The spectra obtained
by Spinrad et al. (1979) are similar to those of the low albedo asterofds found
in the outer parts of the asternid belt (Tedesco and Gradie, this conference)
as wel) 4s to the more common S-tyse astercids, Since thass astaroids have
geometric albedos rmging from 0.02 to 0,20 ft {s not unreasonable to suppose that
the albedo of Tamprl-2 aiso Jies in this range. (This, of course, assumes that
the comet's bare nucleus was actually observed,)

Conclusions

1) Photometric observations of faint cazets using different observational
technigues can be successfully combined.

2) Tewpel-2 can undergo outbursts of activity at heliocentric distances
in excess of 3 AU.

3) The atsolute (V) nuclear magnitude of Tampel-2 is 14,5 ¢ 0.5.

4) 1f the bare nucleus was actually obsarved {t may be as la as 15 km
in diametar, If the bare nucleus was not observed then this value
represents a strict upper 1imit on the size of the true nucleus.

N.§  "The Behavior of tha Red Nuclear Continuum of P/Comets with varying
NHeliocentric Distance”

John R. Stauffer .
) Nyron Spinvad
Departmant of Astronomy, Univ. of Califorvia, Berkeley

Our Lick IDS scaile isolate the red continuum from the photometric muclel
of saveral 1980 P/Comats in spectral "vindowz" almost entirely frae of
ulugon (on either side of the red [OI] linas, mostly avoiding the NH3
bands).

The red region continuum msgnitudes of these comats are quite faint;
P/Eacka vas observed at r = 1,89 A.lU. at continuum msg. 19.0; however its
continuum then quits strong compared to the smission lines. As Encke
approached the sun, its continuum did not brighten; if anytling, it faded
slightly. Ve prassent rough power-law descriptions of the reduced continuum
brightness varistion of P/Encke (positive exponent) snd P/Tuttle and ,
P/Stephen-Oterme for their 1980 apparitions. Tuttle and Staphen-Ot:-ma both
show the expected negative exponential dependence upoa the comatary
heliocantric distance.

These changes are cau¢iously inssrted {nto the context of an icy-grain
photometric nuclear wodel. In the case of P/Eacke, no solid body nucleus
exceeding s half-km radius {s photokerrically possible, unless its albedo is
lower than 10_..&_55_! Mote likely t < 0.5 km {f any tcy~grains survive {n the halo
at ¢ 2 0.8 AUy
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Johan Deyewi) (Jet Propulsion Laboratery) ard Clark R, Chapman
(Planetary Sciense Institute; Tucsen).

¥e Are trying to obtain spatially resolved colorimetxry (0.40 = 0,85 us)
of faint comets using the Video Camsxa on the #4~inch telescope uf the
Kitt Peak National Observacery. 7Two filters centexed at the ON(0,0)
and C3(0,0) banis are used plus six filtexs at wavelengths lass
affected by gasecus emismions. 7This approach allows us to obtain
spectral reflectivity poiats foi the central condensation and the
dust/gas cloud, In paxticular for fainc (V213 mag) and distant

F22=3 AU) comets, the coma is relatively faint compered with the

dore, and we uan expect that mi.et of the light may be reflected

from tha suxfagce of the nucleus.

On 10 Jin. 1)1 UT, wa tested our approsch on P/Bclmasmmann~-Machmanr (i
It was at 2,2 AU from the suh and 1.2 AU from the earth, We measus..:
the total integrated magnitude to be Vid¢.8 and the magaitude ¢, b
cencxal condensation to be Vwl3.9, The coloxs of the ceatral .iud
(diametar 2.2 arceec) are similar to that of the §-type asteroid 4JJ
Eros, ‘The annuli further out tend to have 10-20% larger reflectances
neax 0.8 um and also they seem brighter at 0,42 um. The sagnitude of
the central condsnsation at unit distance to Barth and Sun is V(1,0)=
12,7 and this is consistent with an obsexvation at re5.3 AU by Or.

L. Moemex (Xresak 1973) providing B{1,0)Vld.) or V(1,0)%13.3, The
corresponding diameter would be somewh~re between 2 ks py=0.6) and

7 km (py=0.05), Tais photometric diameter estimate and the similarity
of the stellar and comet sseing disk intensity profiles, are consistent
with a major fraction of the light being reflected by a solid body,
not obscured by an optically thick dust cloud. Most of the distant
astezoids in the solar system beyond 4-3 AU, including Chiron, have
neutrally coiored spectxa. P/8-W (2) was captured by Jupiter in

1926 from q=3.55, and it would be a suxprise if this body, with an
origin p: )sumably in tha Oort cioud, had 3-type coloxs, It ls not
excluded, however, that the central condensation ls actually a cloud
of neutral-colored parcicles with a size distribution such that a
reddish S-type spectrum is generated. jore cbssrvations of comets

are needed, vith a variety of magnitudes and distances from the sun.

P/Schua =W son 1 sn n: Nesr=Infrared Photomet

J. Dagewij (Jat Propulsion Lab.), W. K. Hartmsan (Planetary Sciences
Instituce), and D. P, Cruikshank (Inst. for Astronomy, Uziv. Hawaii).

In & program of visible band und near=infrared photomstry of distant
comats aimed at the datection of a comstary nucleus in the absence of

4 coma, ve have obtained VINK photowetry of P/Schwasssan-Wachmann 1
during & pexiod of vary low or absent comatic activity. When plotted
ia a JHK color diagram, P/S=W 1 lies near the field oucupied and
dafined by rocky objects such as asteroids and planetary satellites of
low albado, The V=J color of the comet is'very ved and cowparable to
the RD asteroids. The JUK colors of P/S-W 1 are discincely different
from those of four other comets, most vith extansive comas, neasured

by M. Ahera and A, Tokunags. We have also sessured the JHK colors

of \ateroid 2060 Chirom with “ha goal of ascertaining if it has a
surface of rncky/duscy materisl or of exposurss of water ice. In the
JEK color diagram Chiron falls within the boundaries of the rocky/duscy
objects of low and intermediate albedo. The possibility thac Chirom

is an extinct comezary nucleus remains open dbacause of the growing body
of avidence that extinct or veakly active nuclei, and even vell-
daveloped comae, shov JEK signatures indicative of the spectral
raflectance of dust with no significant gaseous emissions in the speccral
ragion 1<2.3 jm.
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N.9 ~ SURFACE MATERIALS ON REMOTE COMETS: THEORETICAL AND
OBSERVATIONAL INDICATIONS, *.K, Hartmann (Planetary Science
Institute), D,P., Cruikshank (Universicy of Hawail) and J,
Dagewii {(Jet Propulsion Laboratory)

Cruikshank, Degewij, and Hartmann have pursued a program
of infrared JHK photometry of outer solar system (OSS) astexr-
oids and small satellites, showing that JKK colors discriminate
bzizht icy frow dark stony surfaces. Objects in Jupiter's
ragion formed from a mixture of H;0 ice and carbohaqeous stony
material, and developed very dark sucfaces by a cratering
proceis (selective vaporization of ice), Objects further out
may have less initial stony component and may have darkensd
less by cratering. If comets contain a subatantial stony
component of carbonaceous dust or rock,; they may dovclog dark
surfaces in tha 088 either by the cratering process cr by
fallback of stony material as the la>t ices vaporize on the
way toward aphelion. These two procusses would produce dark
soil surfaces on remote, inactive comets if they had a substan~
tial ipitial dust component. These conclusions are lnpzoxtud
by obsexvations since November 1330 by M. A'Hearn and his
colleagues, and by us, A'Nearn et al. obtained JHK colors
of four moderatsly active comets™ at solar distances of 1.2 to
5.6 a.U,, placing all four in the JHK region of dark, stony
suriaces. We cbtained JHK colors of comet Schwassmann-
Wachmann (1) in a quiescent state and object 2060 Chiron, at
solar distances 6,) and 17.1 A.U., respectively, with similar
preliminary results, Reflacting surfaces and comas in these
objects may be primarily dark, carbonaceous, dusty debuis,
Further chservaticns are in progress and will be discussed.
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N. 10  STUDY OF THE NUCLEAR REGION OF COMETS BY THE OBSERVATION
OF ECLIPSED STARS

Jamar, C. and Malaise, O.

The most important part of the comet is the nucleus which was never observed
on account of its small size. In the immediate vicinity ¢f the nucleys, there is
a dense cloud of Just in which takes place the chemiLal transformation of the
nuclear spacies into the radicals observed in the head. It 1s shown that im-
portant propérties of this crucial part of the comet cin be studied by high
speed photometry of stars eciipsed by the central part of the comet. Latest
developments {n photon-counting detectors allows the development of the fnstru-
ment n:-ged for such a study. The instrument and program of observations are
presented.

;
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N1 MILL IMETER-WAVE RADTOMETRY OF COMETARY NUCLE!

Kouert W, iiohhe
John C. R»andt
Stephen 7. Meran
Jan M. Hollis
Laboratory for Astronomy and Solar Physics
Goddard Space Flight Center
Greenbelt, MO 20771

ABSTRACT

Predicted brightness temperatures for a variety of c¢ ‘stary nucieus.
models consisting of homogenous layers comprised of mixtures of water ice and
refractory grains, are presented as a function of wavelength., These spectra
are compisted using simple radiative transfer techniques adapted from modelling
of terrestrial ice and snow fields.

The millimeter wave spectra so computed are sensitive to the values of
pa'gsicmy significant mode] parameters such as crust thickness, the
subsurface temperature gradient, and the boundary temperature of the
subiimating surface., It appears that me-waye sensing of thasc thermal spectra
from an interplanetary spacecraft is & most effective means for dimn?uhhmq
between alternate models of the nucleus and for evaluating the physical state
of substrata; modern theories on the nature of the nucleus fndicate that
sublimation from these substrata provides the gas phase cometary volatiles
that are actually cbserved from ground-based and/or sarth ordit instruments.

In addition, antenna bemm dijution has been a major obstacle Vor
ground-based molecular spectral line radio observations (e.g., water and
amonia) of comets but a suitable millimeter Jave radiometer system in the
near vicinity of the comet is capable of completely circwvmﬂn? this
probiem. Thus, & system with spectral line capability in the mil]imeter
region will allow ynambiquous sesrches for several possible parent innlecules
in the gas phase as well as the investigation of {nner coma jiiysic} which
determines the excitation of any moiecules detected.

N.12 Radar Detectability of Comats

Paul G. Kamoun, Gordon H. Pettengill, Irwin I. Shapiro '
Department of Earth and Planetary Sciences,
Massachusetts Institute of Technolowy

Abstract

Aside from the close encounter of a sy cecraft with a comet
earth~based radar observations appear to offer the only way to
obtain direct data related to the central condensation of a
comet. We evaluate the capability of radar to yield information
on the size, rotation rate arZ albedo of the nucleus, the parti-
¢le density in the coma and the cometary orbit itself. So far
very few attempts with radar to detect cometary nuclei have been
made, mostly because the needed radar capability. in not available.
We treat the general problam of the detectability of a comet
(nucleus,; coma, and tail), considering the backscattering pro-
perties of a comet, as expected from Whipple's model, and the
parvameters Jf tha available radar systems. We also evaluate the
bust opportcunitins for the ground-based radar detection of a
comet in the period 1981-1991; this study is based on the best
estinates of orbital elements; nuclei sizes and rotation rates
available. We discuss in detail comet P/Encke, the first to
return a detectable radar echo, including the experimental pro-
cedure used at the Arecibo Observatory in November 1980 for
th&a detection. The radar echoes are consistent with scattering
by, uniformly bright sphere of limb-tc=-limb bandwidth f 9=7.021.0Kz.
Using the current estimates of rotation period (6 1/2 ﬁrs) and
pole position (A=183°, f==]1l°), we deduce a nuclear radius
Rel.320.2 km. Reception was made in the rotational senss Of
circular polarization opposite to that transmitted and yielded
a rudar cross-section of (0.22:0..2)7R? (with R=1l.3km).
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N.13 THERMAL MODELING OF COMETARY NUCLET

Paul R, Weissman
Jet Propulsion Laboratory
Pasadena, California

Hugh H. Kieffer
U.S, Geological Survey
Ylagecaff, Arizons

A tav model of the sublimation of volatile ices from a cometary nucleus has
been developed which includes the affects of diurnal heating and cooling, rotation
period and pole orisntazion, and thermal properties of the ice and subsurface
layers., The program alwo includes the contribution from coma opacity, scattaring,
and thermal emission, where the properties of the coma ave derived from the
integraced rate of volatile production by the nucleus. The model is based on an
esrline program by Kieffer wt al, (1977) used to interprat data fxom the IRTM
exparimeanc on the Viking Orbicera. Modular software design allows any volatile
ice to be subscituted for water if so desired,

The model is applied to the specific casme of the 1986 apparition of Hilley's
Comet, Newburn's (1979) nominal model for Halley is usad as the baseline fpr the
cases run., It is found chat the guneracion of a cometary dust coma actuall;
increases the total energy veaching the Halley nucleus. This results becaus. of
the significantly grascer geometrical cross-section of the coma as compared wich
the bare nucleus, and because the coma providas an isotropic source of scactered
sunlight and thermal emission over the entire nucleus surface., For Halley the
calculated coman opacity is approximately 0.1 at L AU from tha sun, and 0.7 at
perihelion (0.59 AU). At 1 AU this has lictle effect on dayside temperatures
(maximum v195°K) but raises nightside temparatures by about 20°K. At perihelion
the higher cpacity tesults in a nearly isnthermal nucleus wich only small diurnal
and latitudinal temperature variations. The general surface temperature is 203°X
vith & maximum of 208°K ac local noon on thy equator, Results for volatile
production rates are in good agraement with earlier models and with observations
of Halley.

Input values for the cases run vere: nucleus radius 2,5 km; surface albedo,
0.3; surface thermal inertis, 0.003; rotation period, 10.3 hrs; rotacion pole
obliquity, 20°; dust to gas ratio, 0.5; physical density of coma dust, 1.0 g/cm’;
dust particle radiuas, 1.5Hu. Thia work was supported by tha NASA Tlanecary
Geophysics and Geochemistry Program.
References
Kiaffer, H.H., et al., J. Geophys. Res., 82, 4249, 1977.

Newburn, R.L., in "Comet Halley Micromateroid Hazard Workshop," Fur, Space
Agency SP-1%3, 38, 1979,
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HEAT CONTENT AND EVOLUTION OF COMETARY NUCLEZ
R, SMOLUCHOWSKI, Depts., of Astronomy and Physics, U, of Texas,
Austin, TX 78712

It has been shown veuintly (1) chat new water-ice cometary
nuclei, which are almos? certainly amorphous, begin to crystallize
rapidly at 5,5 AU for a fixed subsolar point and at 2.7 AU in
the so-called "isothermal” case. The ensuing very rapid evapora-
tion of water leads to an outburst which is larger for less
porous ices, [n the present extension of this study the rate
of heat diffusion into the nuclei and their heat content has
been calculated .7 order to Investizace thoir influence on the
subsequent evolu#,on of comets, Tae heat Fiux into the nucleus
turns out to be surprivingly .ivee and, for iero porosity, it
can be of the order of 20 to 30 parcent of the incident solar
flux for heliocentric distances between 3 and 8 AU dropping to
1 to 2 percent for 90 percent porosity which is typical of fresh
non-compacted snows, During subsequen passages near the Sun
the porous ices become compacted ("constructive metamorphism")
and thz bonding strength increases through molecular diffusion;
as 3 result the heat flux into the nuclei increases so that, for
the same heliocentric distances, the temperature and the rate of
eviporation becomes progressively lowar, The considerable heat
Soatent of the nuclel leads to thermal inertia so that, for the
same distances from the Sun, the temperature is lower before
than after the perihelia. The behavior of other ices, of dust
and of more complicated molecules has been also investigaced,

(1) R, Smoluchowski, Astroph. J, Lett., March 1, 1981 (in press).

Supported by NASA grant NSG 7505 Sup. ¢

Some Consequences of a Phase Transition of Water Ice on the Heat
Balance of Comsat Nuclei
(Abstract)

We consider a sphere of water ice of sbout | km in radius orbiting
sufficiently far from thu sun tha: evaporation can be neglected,

Numerical calculations of the surface temperature are doze for two
cases :

1) the sphere is composed of amorphous ice with a heat conduction to
the interior supposed to be negligeable,

2) the sphere j» composed of compact hexagonal ice with a heat con-
duction coefficient given by an empirical law from ref. (1):

;‘sm w

T emK

The variations ¢f the surface temperature during one period are
smoothed in case 2 with respect to case |. The amount of the smoothing
depends on the orbital parameters, The surface temparature of the

hexagonal {ce sphere shows a phase angle of about _=_  with respect to
aphelion and perihelion, The difference between 4  casesland?2
{ixes the upper limit of the Influence of a phase transition {rom amorphous
to crystalline ice in a celestiul body containing H;0 as a major component.

Ref,
{1) J,Klinger i Influence of a Transition of Ice on the Heat and Muss
Balance of Comets, Science, 209, 11 July 1980 pp.271 -272,
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N.16R The Infrared Spectral Propertivs of Frozen Volatiles
Uwe Fink and Godfrey S111, Lunar and PYanetary Lab, University of Arizona

_ Although the nuciei of comets have not been directly observed, {t
13 generally believed that the nuclet contain condensed volatiles,
Vhipple's *dirty snowball* model of comat nuclei depends on the role of
volatile {ces in explaining cometary phenomena. Since most frozen vola-
tiles are white, 1t {s difficult to tdentify an {ce by examining its
visible reflectad 11ght. It {s in the Infrared reflected radiation that
these materials reveal their {dentities, Vidbrational modes unique to
each molecular species modify the spectral anergy reflected.

We have pursued near IR laboratory refleitance studies of molecules
that are patential candidates for frozen volaliles {n the solar system,
viz. solid H 0. €0,, SO » CH ’ Nuau N SQ co, “" HS, and N“J’N 0, We have
also monsurta the R trinsmidsion spc@trl of th’n f1lms of thése ices and
derived optical constants {n tha infrared from | to 100um for most of
these. We present both our own work and that existing in the 1iterature.
We also revisw tae ices that have so far bean datéctad on solar system
bodies: H,0 {ce on Europa, Ganymede and Callisto; the rings of S¢surn,
the satel1ftes of saturn; CO, ice on Mars; SO, {ce on lo. When wi are
able to view the nuclef of c&ms. before thci dwclo? extensive comas,
or at close range, it {s hoped that this data will help to {dentify the
{ces in the "dirty snowball,"
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N.17E  VALUUM UV REFLECTANCE SPECTRA OF Mﬂa. H,0, CO, AND 50, ICES
8. Hapke, J, Yagner, E. Wells and W. Partlow

The reflactance specgys of ices ?t seversl volstiles of interesc for comet
nuclel and outer solar -yfeiﬁ”ésj.eei‘h-v- goc;;hnnou:od over the range 5=10,5eV
(1200-25003). In tais region all the spectra hive distinctive features which
could allow their i{dentification by UV spectroscioic resots scneing. Nﬂa is
bright at energies below abouc 6,0eV, whera the reflectance drops precipitdasly,
and is lov at higher energies, nzo hag & ninisum ac about 7,75aV and a maxiyvum
at 9,5V, Coz hus mimima near 6.0, 7.0 snd 10.0eV and maxima at 6.5, 9.23 and

10,5eV, The spectrum of soz in very black throughout the encirs range maasured,

but has a ainimua at about 6,73eV and a zaximus desr 9.5eV.
N.18 FROTON IRRADIATICN OF CONETARY TYEZ ICE MIXTURES

The infrared atrsorpiion features of cometayy type lce mixtures
are analyzed at low semperatures btefore and affer proton irradiation.
‘he lce pmixtures consist of combinationz of the molecuies: iU, s,
HigN Cljﬁu. ﬁz, ce, COZ. The temperasurs of the ice is maintained
—mear 158 while the incident ! Mev proton fluense ranges from 1012~
1043 39?/cn2<simula:ing 1/:0,000 to 1/10 the astimated cocmic ray
secumulazion in she zop !0 con of a cometary nucleus in 16% years),

All experiments support the idea that new molszcular species are
syniretized jan the solid phase mixture at 135 X, Long chained nydro-
sertons along with nitrogen and carbon oxides are identified spectroscop-
vraliys shelr absorption strengths are proporiional to proton fluence.
~fter lrradlation, the ire is very volatile around 20K as indicaszed
2y pressure tursts., From 20-40K, chemi-luminescence with enhancement
9 volatility is observed and thermal luninescence is olserved around
150k, Ceo chromatographic analysis of volaiiles liberated from the
ice wuring warmeup confirrs the presence of Czﬁé or Caau and CJHE‘ A
eclorad room temperature residue is also produced. treliminary analysis
;& the residue indicates a variety of orgonic compounds,

Yhese experiments gzive direet reculis concerning the expectec,
natire of tometary iceg aftar 167 eare 9 radlation synthesis. 1% ir¢
ruozested raub the albede and volatility o the nueclear ice are afferted
1y vae jresance of gynthizizer produuts., appllcaticn of these exper.ments
1o aomztar; noldels 1o orresented.

darla L Yeore anu Rer-van Donn



(N.LT) Exparimental Rates of Frozen Gas Ercsion by KaV-MaV Light Ions.

(2) (2)

G. ra:i"’, Vv, Pirronelle'“’, G. Strazzulla

(1) Istituto di Struttura della Materia Universitd di Catania
(2) Osservatorio Astrofisico di Catania, Catania, Italy

Laboratory measurements of H,0 ice erosion induced by
energetic ions have been performed at low temperaturs (77K)
using the ion impllntcr of the Catania University.

Ejected particles have been analyzed with a quadrupole
nass spectrometer. This analysis has shown that the particles
lost by the target are substantially molecules: infact,
during steady state erocsion almost only Hz' o2 and Hzo partial
pressures considerably increased.

This fact could be of some relevance in problems
connected with particles release by parsnt molecules in
comets at large distance from the Sun where the effect of UV
photons is less important,
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1
« E. Johanson, University of Virginia, Charlottasville,
Virginia 22901 and L. J, Lanzerotti and W. L. Browm, Bell
Laboratories, Murzay Hill, New Jersey 07974

Racent laboracory deta shows that charged particles very effactively
erode frozea vohuln.l’z Further, the erosion yields for different vola=-
tiles vary enormously with wacer ice having the lowast yiaelds. These re-
sults, therefore, have s beariag on the competition betwesa co)lection and
loss of volatiles by come's at very large discances from the sun, hence
on the 'priscine’ nature of tha surface cowposition, In addition to af=-
facting the » lecilar composition, thers is also evidence that changed par-
ticles changs che nature of the frosen surfaces, as dendritic growth has
been observed on the surface of amorphous vater ica eroded by ions and the
yields for t:o2 depend on the thermal history during ercsion. The evosion
results also are ralevant in sstimating “ifecimes of ice grains produced
as comats spprosch within obssrvationsl distunces of the earth, For in-
stance, vater ice grains of the order of 20um have besn shown to be ercded
more effectively by sclar vind ions then by suolimation ac discancas greacer
than 1.5AU from the uuna. This paper will raview the state of knowladga
and the status of laboratory meassurements on the erosion of volatiles
(uzo. coz. soz. “3' ca,’, Ar and Ne) with application to & few cometary
preblems.

This wvork is supported in part by a grant from cie National Science
Foundation, AST79-12690.

1) W. L, Brown, W. M. Augustyniak, E. Brody, B. Coopar, L. J. Lanzerotti,
A. Ramirez, R, Evatt, and R. E, Johnson, Nuclear Inst. and Mgthods
170, 321 (1980).

2) R. E, Johnson, L. J. Lanzerotti, W. L. Brown, and T. P. Armstrong,
Siience February (1981).

3) L. J. Langerotti, W. L. Brown, J, M. Poate, and W. M. Augustyniak,
Nacure, 272 431 (1978),

N.20R Relationships between comats, large meteors, and mateorites
C.W. Wetherill, DTM, Carnegis Institution of Washington
Washioggon, D.C. 20015
D.O. ReValle, Dapt. of Physics, N. Arizona Univ., Flagstaff, Arizona 86011

The link between comets arid small meteors is wall known. The greater valua of data
from very bright mateors (fireballs brighter than =S Mag,, >100g) is less recognized.
This value i{s a consequence of their desper atmospheric penstration, thus permitting
"aatural experiments"” thac test the properties of the meteoroids under a range of
physical conditions, The longer flight path provides more useful deceleration and
photometric data. In soms cases, survival of atmospheric entry permits a connaction
vith meteorites studied in the laboratory. The heliocentric orbits of large mateors
are more stable, and wore diagvostic of origin, because of the relatively small
importance of nonwgravitational forces, such as Poynting-Robertson effect and radiation
pressure.

The 300 fireballs for which data are available (1-3) exhibit a wide range of
physical and orbital characteristics, classified (4) into three types:

(1) Strong survivable bodies, similar to ordinary chondrites

(I1) Weaker or lass dense objects, tentatively identified as carbonaceous chondrites.

(111) Very waak objects - A L B

Although the statiscical sample is not good, the three types appear to be
comparable in aumber.

In the present work these distinctions bave been explored further and somevhat
modified in a oumber of wvays by use of daceleration daca, izproved entry modelling (S)
and evidence from the recovered Innisfres firsball.
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N,20R (continued)

Yrom this and eariier work the following conclusions can be drawms

(1) Many fireballs (as large as 10 tonn or mors) are associated with metsor
streams and hence comets, despite deliberate selection against such objects in reduction
of Pratrie Tetwork.data.

(2) Steady-state wass balance shows that almost all cosetary firsballs fail to
survive the M10% years requirad to evolve into random orbits, prasumably becauss of
low mechanical integrity. Thess objacts break up completely at aerodynamic pressuces
of 01 to 1 atwosphere, seem to have soms ability to partially penstrate the atmosphers,
but are unlikely to be representsd in museus meteorits collactions, even as Cl chondrites,

(3) rireballs similar to the above are some’imay tzund in orbits with sphelia
<2.5 A.U, Survival of such intangitle objects fox the isv-107 yr rzquired for this
orbital evolution is unlikely, and hence this is good evidesuce for existence of
extince comsts in the inner solar systew.’

(A) Some firsballs with aphelia bayond Jupiter, presumably of cometary
affinity, have sufficient strength to survive psssage through the stmosphere. One
of these is indistinguishable {n mechanical pmperties from ordinary chondrites.

Others sppear wesker, but nevercheless are likely to be represented in mateorite
collections.

(5) The large numbar (VI5%) of firsballs with physical properties similar to
recovarsd meteorites ars less likely to be products of active comsts, but cou’d be
derived from Apollo objects of comstary origin (6).

REFERENCES

(1) McCrosky et al SAO praprinc 665, ileteoririks 37, 44-39 (1978)
(2) McCrosky et al SAO preprint 721, Mateoritika 38, 106-156 (1979)
(3) Caplecha Z, Bull. Astron. Insci. Csech, 28, 328-340 (1977)

(4) Caplacha and McCrosky, J. Geophys. Ras. 81, 6257-6275 (1976)
(5) ReVelle, D.0., J. Atmos. Terr. Phys, 41, 453-473 (1979)

(6) Wetherill, G.W., Geochim. et Cosmochim Acta 40,1297-1317 (1976)

N.2) Earth Orbit Approaching Comets and Their Thecretical Radiants
by Jack Orummond
Abstract

There are sixteen comets which produce recognizable meteor showers
found in Cook's (1973) 1ist. Of these, five are long period, Including one
in a parabolic and one in a hyperbolic orbit. The largest earth-comet
orbit miss distance is 0.20 AU for comet Encke and the daytime 8 Taurids,
Using this as an upper limit for meteor showers from comets, all comets
which approach the earth's orbit to within 0.20 AU wers extracted from "The
Catalogue of Cometary Orbits*, 3rd ed (“arsden 1979), A compiliation of
a1l such comets is presented by date of minimum approach, along with the
distance of closest approach and the theorstica) geocentric radiants and
velacities of possible associated meteor showers., Soth pre- and post-

perihelfon encounters with the earth's orbit are considered,

There are 240 entries for 178 Yong neriod comets, and 36 for 2¢ short
period comets. It is noted that al) short period comets that have
aoproached the earth's orbit to within 9.08 AY have produced netenrs,
except P/Lexell, /%inlay, P/Denning-Fujikawa, and A/Griag-Skie’ lerus.
Other pertinent facts are discussed as an aid for those vho wish to model

meteor production from comets.




N.LT TME CONNECTION BETWEEN METEOR STREAMS AND COMK(S

P 1S d VID W, v

It has long been suggested that the break up of a cometary nucleus

gives use to a meteor stream. However, the gravitational psarturbations
of the planets can considerably modify the mean orbit of the mateor
streamso that the current obssrved steam orbit may bear no obvious
relationship to the original cometary orbit. We have investigated

these perturbations for the quadrantid iatream and obtain excellent
agreement between cbserved parameters and predicted ones (inclyding mass
segragation). Extending the work back ir, time indeed leads to iin orbit
vastly different from the current one. \ similar calculation haas been
carriad out for the Gemenids and an interesting probiem arises. As
expected, the calculations give a retrogression rats for the ascending
node whers observations show a progression. Thug, gravitational
perturbation by the planets is not the dominant perturber of the Geminid
orbit. We will indicate other possibilities.




N.22p
Identification of Meteoritic Fireballs Using the Theoretical Light Curve Technique

D, 0, ReVelle
Department of Physics
Northern Arizona University
Flagstafre, Arizoma 86011
The relative shape of the light curve of fireballs can be used as a diagnostic tool in
combination with othar approaches in order to quantify differences in f{ireball behavior.
Using procedures developed in McKiniey (1961) and Hughes (1978) a theoretical fireball
1ight curve equation has bean derived. In contrast to earlier work the new result allows
for a contribution to the light from fireball deceleration (ReVelle and Rajan; 1979) as
well as from the ablation products directly, [t also incorporates a height variable
velocity 11ito the result. The quantities needed to evaluate the 1ight curve equation
include the observed initial valocity and subsequent values including the value at the
point where the maximum magnitude occurs and the sbserved magnitude values at all points
along the trafl at their corresponding altitudes of occurence. Two additional quantities
ars ajeo needed in order to avaluate the light curve equation. These are &, the average
ablation parameter and n, the constant power law exponent of the velocity in the assumed
luminous efficiency function. Although representative values of 0.02 scczlkmz for ¢
and 7,5 for n are currently being suggested by the author, the results are not very
sensitive to these values. This is especially the case for n such.that the difference
between using n = 1 and 7.5 in tge computed Tight curve is only perceptable at the Towest
altitudes, very near the observed end height. Application of this new equation to the
three photographed and recovered meteorites, Pribram, Lost City and Innisfree yields very
good agreement between the observed and computed 1ight curves., Work is proceeding with
Ceplecha with some additional new razults to apply this equation to the Prairie Network
fireballs photographed through 1976 by McCrosky and co-workers, Although agreement is
good in a number of cases, there are come fireballs which do not follow this new relation
even in an approximate manner, These fireballs are the suspected 'nonmeteoritic" types, a

suspicion which can be tested via other approaches such as dynamical treatments, etc..




N.23 Compositions of OQute” Belt Asteroids:
Implications for Commts

by
Edward F, Tedesce Jonathan C. Gradie
Lurar and Planetary Lab, and Lab, for Planetary Studies
The University of Arizons Cornell University

We report on recent broad band (0,32 to 1.7 um) photometry, and 10 and
20 um radiometry of asteroids in the outarmost parts of the asterofd belt.
Our observations ectablish that these astiroids, bc!onﬁinq to the Hilda
group (semimajor axes, a, netr 4 AU) and Trojan groups /a near 5.2 AU) ferm a
compositionally distinct population compared with main belt asteroids,
In particular there are apparently no C-type asteroids among the Trojans
while no more than 25% of the Hilda asteroids observed to date could be
classified as C-type, This 1s in contrast to the outei’ main belt populatiin
(3182 63.5) 90% of which are believed to be C-type (Zeliner, 1979 in
Astaroids (T. Gehrels, ed.), pp. 783-806). In addition to the ¢ and AD-types
previously recognized smngthe Hilda and Trojan groups there are present
at least one, and perhaps two, new taxinomic tyaos. A1l membars of these
two groups are low albedo objects (p,£0.04). We discuss the suqrstion
by Gradie and Veverka (1980, Azture 583, 840) that the very low afbedos
and red spectrs of these outar belt asteroids Zan ba sxplained by the pre-
sence of kerogen-like organic compounds on their surfaces and that these
compounds may have buen the prine-? rocky condensate in the outer Solar
System and may therefore be iypical of the rocky component of comet nuclel,
We also discuss observations of dusty comets whose reflection spectra
resemble those of outar belt astercids leading us to think that "bare"
cometary nuclei may rarely, {f ever, be observable.

N.24  Composition of the Matarial Which Initially Accreted in Comets
L.L. Wilkening, Univ, of Arizcna

What 1s known about the composition of the siljcatz compenent of the nucleus
has been Tearned from the study of dust tails and interplanetary dust. From
infrare] studies it is known only that the dust in tails bears some resemblence
to ‘nterstellar dust. The best analogs to this material are CI or CM chundrites
or synthetic vapor-derosited amorphous silicates., The study of interplanetary
dust recovered from the stratosphere shows it is diverse and complex in its
mineralogy. If all interplanetary dust is from comets, then comats may be
more complex than in their origin anz evolution than originally suspected.
Altarnatively there may e mare than one source of interplanetary dust.

It has besn clearly demonstrated by several groups that the mineralogy of
Cl and CM chondrites is the recult of the action of 1iquid H,0 upon the original
minerals which constituted the carbonaceous chondrite parent“bodies. Two Smpor-
tant questig1s bear on the origin and evolution of the silicate portion of comets .
{f this mateial resembles CI or CM meteorftes. (1) Are hydrated siiicates
a probable privary accretionary materfal? (2) !f carbonaceous chondrite parent
bgd'lo;?mre comets, could comatary nuclel have ever reached the melting point
of H

2

N.25P DO COMETS HAVE SATELLITES?
T. C. Van Flaadern

U.S.Naval Obsarvatory
Washington, DC 20390

The recent rush of evidence zhat many minor planets may have
satellites, together with the known physical, chemical, and
lightcurve similarities Getween minor planets and comets, lead
naturally to the question, "Might comets have satellites too?"
This paper explores six puzzling features of comets which arze
preseitly poorly understood, but which can be elegantly explained
if it is assumed that comets do indeed have dust, debris, and

satellites in orbit around their nuclei.



N.26P
THE SPACEWATCH CAMERA

T, Gahrels?, £, Shoemakgr®, H, Boeggaard®, J, oczﬂi.‘lb. J» Frecker®, R, Mewittan®,
K. Serkowski®, C. 5toll”, W, Stone”, and P. Strittmatter®,

The Spacewatch Camera s preseatly in . design phase with support Trom NASA's Solar System
Exploration Division (Office of Space Sciences). It is a 1.0 m reflector for the detection
of astarotds and cometary cores t occasionally appi27ih the earth, A CCD arrsy fs used
at prime focus (F/2.2) to scan 20° in right ascension Lad 023 fn daclination Nm\' twio
consecutive scans of five minutes each. A computer system compares the twe scans in real
time in order to find moving objects. The 1imiting magnitude s Vo19.4, The Comers and
computars will be installed in an exfsting dome of the University of Arizona Obsarvatories

on Kftt Peak. A ten=year program of sed;ching should discover a substantis’ fraction of
urth-apgnuhlng asteroids that are larger than A0.6 kn In diameter, Phutometry and radioe
mtry will be done for many of them, with emphasis on the distinction of spectral types and
on the difference betwssn asteroids and extinct cometsry nuclef,

Yuniversity of Arfzona; b.h’t Propulsion Labaratory; SUntvarsity of Hawatt

T g S S T T =




0.1R Cometary Oust in the Solar $stem

Review Paper by H. Yechtig, Max-Planck-Institut fUr Kernphysik,
Reidelberg, Gommany

By two basic methods; namely studies of microcraters on lunar
samples and in situ dust experiments, information has been
obtained on cometary dust in the solar system. The diameter

to dupth ratios of lunar microcraters are primarily determined
by the densities of the projectiles, Up to 254 of ail lunar
microcraters are produced by low denaity projactiles, The
resultit from the HEOS-2 dust experiment showed the existenca
of socalled "swarms", which are bursts of particles produced
shortly before observation, $Since these swarms ars observed
within 10 Earth radili, their production probably results from
electroascatic fragmentation within the auroral plasma region.
The fluxes of the parent bodies are estimated to be roughly 30%
of the fluxes of tliese parent bodies travelling through these
region, However, lass than 50% of the observed dust particles
are of this type. Observational results of the Helios experi-
mant clsarly shew the sxistunce of low densicy partinles, This
could be derived from the differences in events of the two
Hellos~-sensors.

All these informations indicate the existence of low density
particles in the solar system which are most likely of cometary
origin. Only less than 3OV are of this low density type., This
fact in combination with the low dust production rate of comets
either show that there are other dust sources in the solar system
or we do not understand whatcometary dust in particular or

comets in general look like. To explors the nature of cometary
dust particles within the coma of Halley is another important
reason to have a cometary misgion,

f.2R LABORATORY STUDIES OF INTERPLANETARV ousT
Fraundorf, P,), Brownlee, D.E., and Walker, R.}
(1) Washington University, (2) University of Washington: Caltach.

Dust particles in the size range 2u to 50u, collected above 65,000 ft. in the sarth's
atmosphere, fall into savaral categories; some, egi ﬁiM.so;) spherules) are clearly terrestrial
contaminants, others are extraterrestrial in origin, und for sti1] others the {ssue fs not
settled. The extratérrostrial origin of one subset of particles dubbed "chondritic aggregates
has been established by saveral observations. For one, as suggested by their name, the abundan-
ves of major eJements, C, Na, Mg, Al, S1, S, Ca, Fe, and Ni and minor and trace elements Ir, Sc,
Mn, Co and Zn are similar to those found in primitive, carbonaceous chondrites. The particles
have alsn besnfound to confain large concentrations of the noble gases He, Ne and Ar in pro-
portions consistent with % solar wind implantation origin. The sbundance of Ne with respect to
Ar {s close to the photospheric abundance and differs by an order of magnitude from the terres-
trial atmospheric value. The “9Ar/38Ar value is also distinctly lower than the atmospheric
value, This solar type noble gas component could be due to a recent solar wind irradfation of
the particles in space or it could be due, as n gas-rich meteorites, to an ancient solar irradi-
ation of the individual constituents that make up the particles. In spite of thair extraterres-
trial origin and spparently primitive nature, none of the particles so far studied show large
anomslies in the isotopes of Mq although possible deviations from terrestrial standards at the
Tevel of ~ & per mil have been obsarved.Nor do the crystals in the aggregates exhibit solar
flare track densitias that would be expected 1f praviously calculated lifetimes for small par-
ticles were correct. Possibly the particies were once parts of much larger aggregetes prior to
entry; heating during entry may also have erased many of the tracks.



D.2R (continued)

A the particles often contain minersls that are common in seteorites, namely, olivine,
climo;:g: ‘% mdpmn sulfides, the manner in which these mineral asserdlages occur sometimes
appears to be very different than in meteorites, Typically the minerals in a given particle are
vary fine-grained and are covered and cemented together by noncrystalline, prodably carbanaceous,
material. Examination of the particles by electron beam techniques demonstrata that the par-
ticles differ considerably one from the other and reflect & varfety of processes that led to
their formation, One contains some spharical crystals that came together when they were partiai-
ly molten. Some consist mostly of & noncrystalline “chondritic” material, Sti1] other contain
crystals whose morphologies possibly reflect a collision and comminution history, Some
aggregates are clearly not tnermal equilibrium assemblages, and some crystals have spoarently
been quenched from high tempersturs. Optical spectruscopic measurements show the presence
of » prominent 10u absorptinn band and are thus consistent with a cometary origin for the
particles. The friable and fluffy nature of many of the aggregate particles are consistent with
what has buen inferred for the properties of meteors, some of which are known to be associated
with comsts, At this point in tima, a cometary origin for the particles appesrs to be 2
viable working hypothesis,

erplanetary particies much larger than those collectable in the siratosphere have been
movw:drgmm th:y szn floor, These particles range in size from 100wt tn Jom And are of
particular interest tecause tho{ are samoles of the sizes of meteoroids wisich have been
studfed for many years as visua) and radar meteors. These large parii:ius el ted during
atospheric entry but to a Jarge extent their elementa) and isotopic composition mznud
unaltered. Analyses of a large number of these particles has produced what iy probably the
best determination of the composition of cometary solids.

: ¢, P. and Shirek, 1979, Proc. Lunar Planet. Sci. Conf. 10th, p. 951;
References Smm.'n.s.'?gn, Rey. of Geophys, and Space Phys. 17, p. 1736,

0.3 SEARCH FOR POSSIBLE COMETARY DUST IN ANTARCTIC ICE CORES
Jerry Wagstaff end Elbert A, King

ABSTRACT Particles of probable extraterrestrial origin hive been recovered
from Antarctic fce cores in vhich they may occur in concentrations of &s wuch
40 one particle in ten thoussnd. The ice cores offer the possibility for
time-strvacigraphic control, selaction of intervals with low total parcicle
concentrations and preindustrial sge samples, We presently ave searching for
8 distinctive population of particles associsted with the spectscular Laonid
maldor display of 1833, This intervsl of cors ves salected because of its low
total parcicla, hence low terrestrial particle, concentration ind because it is
bracketad by large volcanic ash falls that may be used as stracigraphic markers.
Qur efforts are focused primarily on the less than 3 micimiter sise fraction
as this size class has the possibilicy to enter the Zarch's atwosphere end
settle to the surfa~~ with omly minor perticle slterstion, Particles are imag-
ed vith s Cambridge -+-10 Stersoscen scanning alectron microscope and analyzed
with sn EDAX SW 9160 progrsm on sn EDAX 9100 system. Particles believed to be
extraterrestrisl in origin {nclude Fe~S aud Fea-0 spheres and also {rreguler
particles with various proportions of 3Ji-Mg-Fe=Ni{~S<P-Al-0 and Fe«CroNi=3$-0
with morphologies similar o particles collectad with airborne systems by

other vorkers, In addition, populations of particles cheracterized by en abun-
dance of low atomic rumber elements and minor smounts of Fe-N{-Cu or inhowogen-
eously distributed S{-Ca-Mg-Fe-Zn-Cu-Ni-S gsy be of extraterrestrisl origin,
Work {s continuing to charscterize the particle populstions of various strati-
grapli{sl intervals {n the cores, We will sttewpt to determine vhether or not

it {s fessible to make a stratigraphic/statistical argument for the cowetary
origin of any specific extratertescrial perticle porslation. However, this
vwill require the investigation of many hundreds of thousends of particles,

This research {s supported by the Nationel Science Foundation, Division of
Polar Py grams,



Dust as Ob~
gerved by the Helios Micrometeoroid Expariment.

E. Grin, H. Fechtig, J. Kissel, and N. Pailer, Max-Planc,~
Institut fUr Kernphysik, Heidelberg, W. Germany

The micromataoroid experiment on board Helios observes
interplanetary dust particles ketweuen 0.3 AU and 1 AU distance
from the sun. I% detected several hundreds of micromsteoroids
in the mass range from 10'16q to 10'79. Approximate orbits

are obtained for these particles from the measured impact
speed and flight directions., 1It is shown that many par-
ticles (® 50 %) move on high eccentricity orbits (e 0,5).
From a comparison of the countrates at two sensors - one covered
by a thin entrance film, the other with an open aperturs -
limits for the particle density can be derived. 10 to 30 §

Of all observed micrometecroids have bulk densities g<1g/cm3,
most of them have also high eccentric orbits.

High eccentricities and low bulk densities are known
characteristics of meteor stream particles and sporadic
meteors which are directly related to comets. This similarity
suggests a recent cometary origin of at least 10 to 30 %

of the dust particles detected by Helios.

0.5 INFRARED SPECTROSCOPY OF INTERPLAMETARY OUST IN THE LABORATORY.

P. Fraundorf, J. J, Freeman*, and R. I. Patel, McOonnell Center for the Space
Sciences, Washington University, St. Louis, MO 63120; *Monsanto Co., Corp.
Research Dept., 800 N. Lindbergh 8lvd., St. Louis, MO 63166.

Interplanetary dust is 1ikely to be in part of cometary or{gin, and comets
in turn provide a most promising reservoir for unaltered samples of material
present during the formation of our solar system. The recent availability in
the laboratory of interplanetary dust collected in the stratosphere (1), albeit
n small quantities, represents an important opportunity to relate the optical

roperties of such dust to knowledge of composition and structure only obtainzble
y "hands-on” examination. Transmission electron microscope (TEM) work on
stratosphere-collected interplanetary dust particles (IDPs) with compositions
similar to those of chondritic meteorites has shown that, in spite of outward
similerities (e.g. reentrant structures; "primitive" compositions), they

exhibit a rich variety of internal structures which undoubtedly contain infor-
mation on differences in origin from one particle to the next, as well as signs
of alteration during atmosphere entry (2). In this paper, we report results on
the study of infrared absorption features in such particles,

First, transmission spectra using macroscopic amounts of minerals which
have already been shown to be common in collected IDPs have been obtained to
provide a point of reference in interpreting spectra from microscopic samples.
Of the minerals olivine, pyroxene, magnetite, and pyrrhotite, only the first two
(the silicates) have strong absorption features between 5 and 20um. At Jeast
two common constituents of collected IDPs, a carbonaceous component and a non-
crystalline “chondritic” matertal (2,3,4), remain essentially uncharacterized,
and hence no macroscopic analogs have been examined for them. Secondly, data
from samples only 1 to 10 ng in mass has been obtained: spectra of olivine,
pyroxene, and an improved spectrum from 3 crushed IDPs (8). The dominant
abscrption feature between 9 and 11um in the 10~9 g IDP sample is clearly
different from that of olivine, With these spectra, the ability to obtain
diagnostic spectra from the quantity of material found in large {e.g. 15um)
10Ps will be demonstrated. Subsequent TEM work on these IDP: will be attempted
to relate obsérved optical properties to the underlying I1DP structures.



0.5 (continued)

Finally, initial attempts at expuining subnanogram quantities of material
suspended in carbon films on TEM grids have been made. In particular, two of
elevan [OPs already examined in the TEM consisted mostly of a noncrystalline
“chondritic* material, These particles are 1ntcrcst1n? because they did not
exhibit magnetite decoration, which may be a sign of alteration on atmospheric
entry (6), and because astrophysica) observations of the interstellar feature
near 10um suggest that noncrystalline silicates may be common in dust outside
the solar system (7)., Although signal-to-noise problems are too savere to allow
any inferences about its shape, transmission spectra of mounts made from one of
these I0Ps indicate that this noncrystalline material dows exhibit a 10um
absorption feature,

REFERENCES: (1) 0,E. Brownlee et al. (1976) NASA TM X-73,152; 52) P,
Fraundorf (1980) Geochim. et Cosmochim. Acta, in press; (J) P, éraun orf and
J. Shirck (1979) Eroc Tunar PYanet._Sci. Tonf, l0th, 951-976; (4) P, Fraundorf

1981) Lunar and Planet. Sci. XI1 Abstracts, submitted; (5) P, Fraundorf et al,

ggy;gm@; : )mt.é. MiTlar and W.W. Ouley (1980) Mon. Not. R Tstr—Ssc. Toli
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D.6R Optical and Infrared (.54 to 20u) Obsarvatitas of Bright Comats
E. P. Ney

University of Minnesota
Minneapolis, Minnesota 55455

Since 1965 infrared obsarvations have besn obtained on 7 bright comets
and p. Encke. Five comets werea dusty with pronvunced Type 1I tails. These
vare Bennett 19694, Kohoucek 1971f, Bradfield 1974b, West 1975n, and
Bradfield 1980t. All of these dusty comets showed a silicate signature ac
10 and 18 microns indicating the presence of small (r < 5U) refractory grains
in the comas and tails of these comets. The anti tail of Kohoutek did not have
the silicate feature suggesting the presence of large particles, Comet
Kobayashi-Berger-Milon 1975h and Coemt Ikeya 1965f had Type I tails.

Detailed study of 1975h indicaced thermal eaission from large grains,
Measurement of coms colors from visual to infrared wavelengths allows
determination of the grain temperature and of the albedo and its dependence
on scattering angle. Both 1975n and 1980t passed between the earth and the
sun allowving observations at scactering anglas as small as 30°, Both comets
show strong forvard scattering as expacted for dielectric grains of radius
about & micron. The nacure of the size diltribution can change abruptly om
an individual comet. The visual and infrared brightness of 1974b decreased

in a fev days, the silicate festure disappeared and the visual albedo dropped.
The dependence of the comet brightness on diaphragm diameter (brightness
proportional to diameter) suggescs a model for the dust in vhich the number

of grains satisfies the continuity equativn. Plocs of (Apk)nlx show that

the total energy ridiated by the coma varies as R™™ with an axponent n between
J and 5 vhen R is less than 1 a,u. The infrared obsarvations allow estimates
of the mass riected in silicate grains and thess are consistent with a
quantity comparable to the mass of water ejected (as determined by the OH and

H abundances).



0./ THE THERMAL PROPERTIES OF DUST IN PERIODIC COMETS

HUIBERTO CAMPINS, MARGIA LEBOFSKY ALD GEORGE RIEKE
Univarsity of Arizopa

We prasent nearly similtaneous photometric observations between 1 and
20 um of four perfodic comets including comet Encke. Our cbservations are
the firs. to tnclude the thermal and reflected portions of the infrared
spectrum of any pariodic comet, The properties of the cometary dust as
derived from thexe observations are discussed, as well as the peculiar
behavior of comet Encke relative to that of other periodic and non-periodic

comets.
D.8 INTERPRETING THE INFRARED AND OPTICAL EMISSION

! FROM COMET DUST

Martha S, Hanner*
Jet Fropulsion Laboratory

The infrared emission from cometary dust grains is befng modeled in order to
infer the composition and d‘ominnnt size range of dust emittzd from comets.
The models are based on maasured refractive indices for minerals expected to
be present in cometary material - silicates, magnetite, carbon, ices, The
obrerved shape of the 10 um emission and the relative 10 um/18 um emission
can be fit by amorphous olivine, whereas the underlying therma) emission
requires the presence of hot absorbing grains. Icy grains may also be
present; they can enhance the optical scattering without contributing to

the infrared brightness. The effect of these three dust components on the
optical scattering and derived albedo will be discussed. Desirable

obseryvations of future comets will be suggested.

D.9 OPTICAL POLARIMETRY OF COMET WEST 1976 VI
J.J. Michalsky Jr.
ABSTRACT

The polarization of the continuum of Comet West 1976 VI was measured
in four narrowband filters spanning the wavelength range from 440-850 nm.
The post-perihel fon observations indicated wavelengt)' iiidependent polariza-
tion on each of the three occasions on which it was mzasured. The wavelength
independence is in agreement with other polarization measurements of this
comet from the visible to the near-infrared, but it counters the general
tendency in comets for the polarization to increase with wavelength., The
magnitude ¢ the polarization as a function of scattering angle, the wave-
length independence, and the infrared and optical photometric properties
suggest that dirty silicates (n1 ~ 0.5) smaller than Sum but approaching

this size may be responsible. No circular polarization was detected.



D.10 Intarpretation of the Polarization Oistribution of the Comet West
S, Isobe

Polarization distribution with a high spatial resolution was
obtained in the central 3' region of the Comet West by ISobe et al.
(1978). We interpret this observation in the way that large icy grains
including smal) silicate and graphite grains in it evaporate by the
solar radfation keeping smooth surface in the region of anti-solar

direction but have rough surfscs .
solar direction, gh surfsce by atomic collisfons in the region of

o.N Substances of Cometary Grains Lstieated from Zvaporation
and Radiation Pressurs Mechanisma,.

by Keiji Saito, Syuzo Isobe, Kimihiko Nishioka,
and Tatsuro Ishii. ’
Tokyo Astronomical Observatory

Abstract

Intenmity distridution of tails for seversl big cometa
are estimated on the basis 3¢ grain properties in weh solar
radiation field. The following results are obem"‘o‘d.
1). Yalue of the maxrimum radistion pressure acting on dust
grains in any cometary tails {s found to be less than 2.5
normalised to the uaity for gravitational force. This claims
the condition that grains such as graphite particles of size
Tange Gatveen 0.02 and 0.2 micron did not exist in them,
becauls the particles suffer big forece beyond 2.5,
2% Tail substances supplied arround tLe time of perihelion
pazsage for two sun grasing comets Ikeya-Sekl (1965VIII) and
Seki-Liues (1962 III) were composed of the particular grains
which. hal the values of radistion pressure firce less than
1.0, Therefore, it is concluded that the substance was
composed of silicate grain only, sincep iron greins hed subli-
Z7%4d and there wers no gaphite particles.

D.12R COMETARY CUST MODELS
D.W. Hughes

This paper reviews our knowledge of cometary dust both when it is in the
cometary nucleus and when it has been expelled from that nucleus by gas pres-
sure. The production and break up of the dusty insulating layer that surrounds
the nucleus is considered. The basic properties of the dust, such as density,
mass distribution, index, shape, strength, charge and composition are reviewed.
Special emphasis is given to the way that some of these properties vary as a
function of particle size.

The problems of observational selection are also stressed, Oust can be
detected in the inner coma, in the dust tails and as meteoroids in meteor streams.
The relationships between these three groups of particles are investigated.

The orbits of the dust particles after ejection from the nucleus vary
drastically as a function of particle 51ze, this being due to the relative
importance of solar gravitation, radiation pressure and solar wind. Models
of dust distribution around the nucleus and the dust hazard to spacecraft in
the vicinity of the comet are reviewed.

Consideration 15 also given to the vay the cometary dust decays into the
solar system dust cloud, the effect of nuclear spin on the dust distribution
and evidence for non perihelion emission and the contribution of outbursts to
the dust population.
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0.13R Dusty Gas Dynamics in Rezl Comets (inviied review)

' Max K, Wallis
Department of Applied Mathematics and Astroromy,

University College, Cardiff, Wales, U.K,

Two-phase hydrodynamics {s used to model the corbination of solid grains in
outstreaming cometary gas, Evaporation of tha grains can be included by allowing
mass and enerqy exchanges, In the space environment, radfative heating of
submicron grains {s &lso important,

Radially-symmetric fiow is dascribed by a set of ordinary differential squations
with a singular poiny at Mach number M = 1, Appropriate solutions fo- a single
size of grain (Probstein, 1969), having in gerzial subsonic Mach number fy it the
nucleus, require calculation as a two-point Loundary problem through the X-type
singular point, Values of Ho and the terminal speed v for the adiabatic case
(Probstein) and for heated grains (Shul'man, 1972) depend mainly on the dust-gas
ratio and grain-gas coupling parameters,

In real comets the dust particle size spectrun is also important. To again model
by ordinary differential fluid equations, a number of discrete grain sizes are
chosen. Sampie solutions given show dependince of M and v_ on the size
distribution. Effects of comet gravity, {ce grain subiimation and radiative

exchanges of the gas are modelled by additional source or Joss terms. Qualitatively

it is seen that gravity, increased grain drag and sublimation reduce "o and exterd
the subsonic region, while gas cooling (via collisional excitation of molecular
rotational modes) tends to counteract these changes.,

Visible dust halos would not b produced in steady outgassing, but need describing
by an unsteady source giving outwardly propagatipg shocks. Radial symmetry is
not an appropriate assumption for jet-like gas and dust sources, nor for flows
within a few radii of the nucleus where there is condensation on the shaded side.
difficulty of treating the partial differential equations for 2 or 3 dimensional
flow with a free boundary surface suggests more direct computational approaches.

Probstein, R F, 1963 Problems of Aydrodynamics and contimam mechanics, (ed. ¥ A
Lavrent'ev) p.568, SIAM, Philadelphia.

Shul'man, L M, 1972 Dymamika kometniikh atmosfer - nsltrainii gaz, Ch.3, Kiev,

Wallis, M K, 1979 Cometary ¥issions, Rameis Stermwarte, Bamberg, 12 (132), p.127

’

The



0.14 Dust Production Rates Of Comet Halléy: Models For The ESA GIOTTO
Comet Halley Probe.

G,H.SCHWEHM, B.KNEISSEL (Ruhr=Universitiit Bochum,Bersich Extra~
terrestrische Physik,D=-4630 Bochum,FRG)

The spatial distribution and velocities of dust particles in the
coma of Comet Halley have been derived. For the emission of ice
particles from the comet and their distribution in the coma a
modified fountain-model is used, which takes into account the
finite iifetimes of the ice particles dus to sublimation.Based
on these results we discuss the anticipated flux encountared by
the GIOTTO probe,to get an estimate of the expected count rates
of the Meteoroid Shield Penetration Flash Uetector(MSF),which

is part of the Dust Impact Detection System(D.SDSY).The results
are compared with the count rates derived from the Newburn-
Divine nodsl.

For selectad particle siza ranges the influence of the sublimatior.
of the ices on the measurements of the Particle Impact Analyzer
(PIA) = Expariment on the GIOTTOFS/C will be discussed.
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0,16 0" THE ELECTROSTATIC CHARGING OF THE DISTANT COMETARY NUCLEUS

D. A, Mendis
University of California, San Diego
La Jolla, CA 92093

ABSTRACT

The direct interaction of the solar wind and the ultraviolet
solar radiation with the cometary nucleus, when it is sufficiently distant
from the sun {d = 5AU), is discussed. It fs shown that. while much of the
sunlit hemisphere attains significant positive electrostatic potantials (s 5 V)
8s a result, the dark hemisphere attains numerically Jarge negative potentials
(m =1 kV)s As a result of these jurface potentials and associstedeelectric
fields, any loose, fine dust that may exist on the surface will levitate above
the surface and the smallest grains (Rg £0.7 ) will be completely "bloyn off,”
Consequently at large helfocentric distances a comet could lose a portion of
any dusty mantle 1t may possess without the assistance of any outflowing geasas,

0.17 MAPPING OF AGTIVE AREAS ON THE NUCLEUS OF THE PERSEXD COMET YROM OBSERVATIONS
OF DUST PHENOMENA

Z. Sekanina
Jat Propulsion Laboratory
California Inscitute of Technology
Pasadena, Californ « 91109

Abstract

Because of irs dynamical behavior, dust plays a major role in studies
aimed at large~scale surface mapping of cometary nuclei. In contrast to
gas, dust motions in comets are highly organized and initial impulses the
particles are subjected to are well preserved for some time after ejection.
Quantitative analysis of the dynsmicsl evolution of distinct dust phenomens
(such as jets, anvelopes, etc.) in the coma allows us to trace particle
motions back to the nucleus and thus to identify discrete sources of emission
on or below the suvface. As a byproduct, the analysis also yields information
on the rotational properties of ‘the comet, on the ejected dust itself, and on
the gas flow that gives rise to the dust emission, - The proposed dynamical
approach has been applied to Periodic Comet Swift-Tuttle, the parent comet of
the Perseid metecr stream, The resuilts show that the comet's jet activity
was a product of brief bursts of dust (duration less than 3 hours) from
eight isolated active areas on the nucleus and that 752 of the bursts took
placa in the cometary "aftarnocn’’, Unly one of the eight emission arveas was
demonstrably active throughout the nearly two months of obsarvacion; the
others were short-lived phenomena. Their dfstribution over the nucleus wvay
strongly lopsided in cometocentric longlitude, indicating chat the structure
of the surface layer wvas profoundly heterogensous. Five of the active regions
clustered to form a large ring-shaped festure, perhaps a prominent fault. The
comet's rotation period is found to be 66.5 hours and the obliquity 80°. The
spin axis made an angle of 60° with the dirsction to the sun at the time of
perihalion passage. ~ This paper preserts the results of ona phase of research
carried out at the Jet Propulsion Liborat-~ry, California Institute of Technology,
under Concract Number NAS 7-100, sponsorec by the National Aeronautics and
Space Administration, Planecary Atmospheres Program, Office of Space Sciences.

i ARSI
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4 o8 of the S t pe of Interplan

) The dynamical evolution of dust injected lato the iaterplaneta
medium by comet Incke in its early stages is investigated on mrgu“ o?
both loug-term gravitational perturbations by planets (Vecus, Zarth, Mars
and Jupiter) on the dust and solar vind electromsgaetic forces om the dust.
The preflent location of the dust as deduced from these calculations is

compared to the position of the plane of maximum dust de "synme
plane")or interplanetary dust, ? eatty Coymatry

0,19 Comet Tempal-Tuttle and the Leonid Meteors

0.K. Yeomans

The distribution of dust surrounding periodic comet Tempel-Tuttle has
besn mapped by analyzing the associated Leonid metsor shower data over the
902-1969 fnterval. The majority of dust ejected firom the parent comet evolves
to a position Tagging the comet and outside the comet's orbit. The out-
gassing and dust ejection required to explain the parent comet's daviation from
purs gravitational motion would preferentially place dust in 2 position
leading the comet and inside the comet's orbit. Hence it appears that radiation
cressure and planetary perturbations, rather than ejection processes, control
the dynamic evolution of the Leonid particles. Significant Leonid meteor
showers are possible roughly 2500 days before or afier the parent comet rescias
perihelfon but only if the comet passes closer than 0,025 AU inside or 0.01C AU
outside the earth's orbit. Although the conditions in 1998-99 are optimum for
a significant Leonid meteor shower, the event {s not certain because the dust
particle distribution near the comet s far from uniform. As a by-product of
this study, the orbit of comet Tempel-Tuttle has besn redetermined for the
1366~1966 observed interval.

0.20 Lifetime and Origin of Submicron particles

S. Fred Singer, Univ. Virginia
Submicron particle enhanceméents are observed for meteor

streams associated with Encke but not with Halley's Comat. This
suggests a "lifetime" in the meteor otx."nm orbit of 2=5 years.
Such a value can be roughly calculated if the particles'’
electrostatic potential in interplanetary space is about 3 volts.
To prevent ejection by radiation pressure, B (sradiation pressure/
gravitational force) must not exceed~0.08. This sets close
limits on the physical nature of the particles. An LDEF
experiment during 1984-13986 should reveal the detailed dynamics
of injection due to Halley's Comet, and the subsequent dispersal

of particles.

T T
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0.2 Subx n_pa 1) a atem
John E. Stanley, Univ, of Virginia

Near-earth observations by the Explorer XLVI satellite
have ravealad the existence of particles of mlll!~%0-16 =1
We observe very strong enhancements during certain meteqr streams.
This had not been seen by previcus axperiments, It suggests
that comets are the sourca of these particles. A forthcaming
LDEF expsriment will have a particle event rate 10 times
greater than any previous experiment, and permit better time

resolution, as well as angular resolution.

D.22 THE MOTIONS OF STRUCTURES IN THE DUST TAIL
OF COMET WEST 1976 VI

J. A, Farrell
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

2. Sekanina
Jet Propulsion Laboratory
California Inscicuce of Teclnology
Pasadena, California 91109

Abstract

The dust tails of comets, which are usually smooth and featureless,
occasionally show structures which are caused by the fragmeatation of
relacively large particles. Two types of structures hava been obssrved
in the dust tail of Comet West which have besnexplained by a simple model,
(Sekanina and Farrell, 1978, Astron. J. 33, 1675; 1980, Astron. J, 835,
1538); streamers or synchrones caused by explosive events at the nucleus,
and strise which are caused by particles released from the nucleus during
these explosive events that .ubsequently fragment in the tail. The develop-
meant of these structures {s depicted in a computar~-generated motion picture
using the parameters derived from fitting the observational data. This
work was perforned under the auspices of the U.S, Departmenc of Energy. The
second suthor acknowladges support from NASA Planetary Atmospheres Program
under Contract NAS 7-i00 to the Jet Propulsica Laboratory.
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0.23 PHISE PUNCTION OF POLARIZATION AND
BRIGETHESS AlD THE NATURE OF COMTTARY
ATMOSPHERE FARTICLSS

By N.NeKiselev and G.P.Chernova

Institute of astyophysiocs, Dushanbe, USSR

A good deal of information on dust particles properties may
be geined from studing the cormetary atmosphere brigtneas and po-
larization dependency on the phase angle of . Observations of
such a kind of five comets ~ 1975n Vest, Schwassmann~/achmann 1,
19771 Chernykh, 19778 Asbbrook=-Jackson, 3978¢ lieier - wers per~
formed in 1976-1980.

Our present investigation and an analysis of previous years
observations ensbtle um to nake a conclusion that for a typical
dusty cometary coma the phase dependency of polzarization has a
positive polarization maximun as high as 20-305 at &« =905 an
inversion angle near 20° and a negative polarization branch at
ol & 20° with a polarization minimur several percent deep.

For comets 19773 Ashbrook-Jacknon and 19781 Neler sn opposi=-
tion ¢ffect is found.

The phase dependencies of polarization and the opposition
eZfect of cometary atmospheres showed a atriking -esemdblance to
analogous dependercies for minor planets and Zodiacal light,

lile theory calculsiions show that in general the inversion
of the polarization sign and the opposition effect are characte-
ristic Zor particles of dielectric nature and of dimengions grea=-
ter than & few microns. Taking into account these cirsumstances
it is not surprising that one observe a community of particle
proporti’s in cometary atmospieres, on the surfaces of minor pla-
nets nad’ého Zodiacal cloud as the particle dimensions in the

last tvo partiqcle assemblies are known to be of the order of se-

veral tenz of wmlcrols.



D.24 Microvave Continuum Observations of the Icy Grain Nalo

DM, Gibeon, Nev Maxico Tach
and

R.H. Hobbas, Coddard Space Flight Center

A comparison of microvave continuum data for comats vith
thaoretical models of their icy grain halos (IGHN) raveals both
consistencies and fnconsistancies. FOU example, observations of
the six comets made to date (kvo detectinns and four upper~limits)
can be reconciles with IGH theory provided cthe gas production rate
is alloved to vaxy about its nominally accepted mesn value by
about & fastor of four. MNowevaer, the data for Cowet Xohoutek
(1974f) suggests the-grains may not be clathrates but Lnsteud have
a very substantisal refractory component. The preeant data arve
probably too sparse to give any more than hints as to the true
nature of the IGH., However, future observations with
intarfarometers such as the VLA should nsrovide the most sensitive
ground-based data svailable for studying this rveglon.

C.1R OQutstanding Problems in Radio Observations of Comaets
L.E. Snyder
Astronomy Departuent
. University of Illinois, Urbana

Three general techniques of radioc science have been applied to attempt to
obsarve comets: spectral line, continuum and radar observations. Of these,
only radio spectral line observations have achievad a degrea of success bdut,
even here, the rtesults have been negative more often than positive. Hence a
sumnary of radio observations must take into gccount our underatanding of why
radio searches can fail.

Comatery radio spectroscopy {s raviewed, starting from the earlier wrti~
cle of Snyder (1976), with particular emphasis pla;cd on current searches for
large cometary molecules such as glycinse, the simplest aminc scid. A drief
summary is given of those observational programs which were designed to aid in
discriminating between current theories of terresirial biological evolution
(e.g-, %he Haldane-Oparin theory versus the Hoyle and Wickramasinghe (1977)
interstellar virus-infested cometary debris).

Hoyle, F., and Wickramasinghe, C. 1277. Does epidemic disesase come frou

space? New Scientist 17: 402-404,

Snyder, L.E: 1976, Radio detections of cowetary molecular transitions: a

teviev, In The Study of Comets, Part 1 (IAU Colloa. No. 25), eds, B.

Donn, ¥, } y W. Jackson, M. A'Hearn, and R. Harrington (NASA Special
Publicacions 393), pp. 232-252,
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C.2 Observatione of the OH Radical in Comets at 1B oz Wavelength,

D. Bockelde~jiorran, J, Crovisier, E, Gerard and I, Xazbs
Départeaent de Radioasironozin, Clpervatoirs de Meudon

Abaszegt ¢

Ne present & progress report ot the observations of the OH radical at A 18 o=
in cometa with the Nangay radio telescope, Necent obaervetions inolude comets
Meier (1978 XXI), Bradgield (1979 1), Meier (1980 q) avu 2ncke (1960).

* The analysis of the OR radio line shape is a powerful tool $o study the
kinesatics of the coma. The expanaion velocity of the OH melecules is found

to bey 15 km n" atr = 1 AU and decressing with increasing heliccentric
distance, The line profile is generally asyrmetric, which dezmonstrates the
Greenscein effect on the fluorescent sxcitation mechanism and/or anisotropic
outsasaing of the nucleus, In several cases, and especially for comet Meier
(1978 XXI), #n azymaetry is also fuund in the East-Vest brightness dintribution
of the CH line, showing again Greenstein effect and/or anisotropic cutgassing,

An excitation zodel by UV pumping and fluorsscence of the OH radical
- which agTees with the observations at least in the first order - and the
anplication of Haser's model lead to the production rate of the rarent melsoule
of OH, There is a close correlation betwsen this gas production rate and the
visual brightneszs of ihe cozets, Our extizatas of gus production rates, hovever,
are smaller than or equal to those obtained from UV measursments.

€.3 SEARCHES FOR MILLIMETER-WAVE EMISSIONS FROM
HCN, C5, AND CH,0H IN COMET BRADFIELD (1979 1)

L. Ekelund, Ch, Andersson,
.M. Iryine

and
F.P, Schloerb and S.E. Robinson
Abscract

We have searched for and vot detectad emission in the following
pure rotational tramsitions frow Comet Bradfield (1979 1):

HCN, Je1=0; CS, Je1=0; CHyOM, 14+0s A and 14+0, E,

We also did not detect the unidentified lines U 86247 and U 89010
reported in Comet Kohcutek (1973 £) by Buhl, Huebner and Snyder.
We estimace an upper limit on the NCN production rate considerably
belov that determined for Comet Kohoutek and probably below the
obaseived CN production racte.
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C.4R COMET PHOTOMETRY: PAST, PRESFNT, AND FUTURE

David D, Meisel
Department of Physics and Astronomy
State University College
Geneseo, New York, USA 14454
and
C.E.K. Mess Observatory

University of Rochester
Rochester, New York, USA 14627

Until the last decade, studies of the photometric propertiss of the
comet coma depended heavily on visual or photographic estimates of "total"
brightness. Because of large systematic and random observational errors,
most early investigations of comet brightness were of an empirical or stat-
istical nature with little real physical, chemical, or thermodynamical
theoretical basis. The introduction of photoelectric techniques have greatly
reduced many of the random errors inherent in eariier methods. Althouzh
some systematic effects still remain, it is now becoming possible zo re-
late the photoelectric work to both the "classical” methodologies and to
realistic models of comet comae. Recent developments in image processing
and spectral analysis of time-series data, the greater availability of
sophisricated instrumentation for comet studies, and a coordinated effort
on the part of all observers hold great promise for future studies of comet
brightness and its relationship to the physical and chemical evolution of

the comet coma.

c.5 Filter Photometry of Comets.
J.B. Netf
University of lowa

lowa City, IA $224%

Surface photometry of several comets has been obtained with a
photometric system employing five intermediate bandpass
interference filters. The photometric system was designed for
the physical study of comets and is a preliminary version of
the proposed standard system developed by the filter committee
of Commission 15. The filters were selected to measure the
continuum in the ultraviolet at a wavelength of J650A and in
the blue at a wavelength of 4850A. The other filters wera
centered on the CN band at 3880A, the blend of €3 and CO+ at
4050A, and the C2 band at 3100A.

The filters were used in a computer controlled area scanning
phrtometer. The cbservaticns consisted of a set of one
dimensional scans, one for each filter centered on the apparent
nucleus of the comet. In addition at a few wavelengths two
dimensional maps of surface brightness were cbtained for each
comet. Flux standard stars were observed and extinction
coetficients determined so that the intensity profiles and
contour levels can be calibrated in absolute units.

Data presently are available for P/Comet Encke, F/Comet
Stephan~-Oterma, and P/Comet Tuttle. It is possible that data
will be available for cther comets by the time of the meeting.
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C.6 NARROWBANO PHOTOMETRY OF COMET P/STEPHAN-OTERMA

R, L, Mt1lis and 0. 7. Thompson

Planetary Research Center
Lowell Observatory

and
M. F. A'Hearn

Astronomy Program
University of Maryland

The 1980/81 apparition of Comet P/Stephan-Oterma has provided
an excellent opportunity to study this comet's photometric properties.
Not only was the object wel) placed and moderately bright for more
than six months, but it also covered a wide range of solar phase
angles, reacking a minimum of 2%4 on 14 December 1980, Ia this
paper we present the results of extensive narrowband f{ilter pho-
tometry conducted betwesn September 1980 and March 1981 at Lowel)
Observatory and Mauna Kes Observatory. The production rates of O,
CN, €2, and C3 as a function of heliocentric distance will be dis-
cussed. A pronounced brightening of the continuum observed at
small phase angles wil) be considered in terms of the scattering

characteristics of dust in the coma.

C.7€ Standardized Filters for Cometary Photomatry
Michael F. A'Heamn

The Working Group on Standardized Filtars, appointed by AU
Commission 15 at the last General Assembly, has established a set of
standardized filters for use in comstary photomstry, Funding from the
U.S, Nacionsl Science Foundation has enabled us to order 50 macched
sats of che filcers, Filters vill be available on either a sale
basis or a losn basis depending on the needs of the user. The
charactariscics of che filters ani future activities of the Working

Group will be discussed.



AT T T

C.8R Spectroscopy and Spectrophotomatry of Comets

at Viaible Wavelenyths

Michael ¥, A'Hearn
Astronoay Program
University of Maryland

ABSTRACT

The techniques of apectroscopy and spectrophotometry will be reviewad
with emphanis on reasuremancs of absolute or ralutive incersities as a
tunction of wavelangth. This type of data gives us much information sbout
the physical nature of comets vhich will also be reviewed. Examplus of
tha informacion which can be derived from spéctrophotomatric daca and
which will ba discussed include isotopa ratios, column densities of
varioun speciww, which can then be related to production rates and
vaporization rates, population discributions ameng levels which can be
ralated to production mechanisms and axcitaeion mechanisms of the relavant
spacies, veflectivity cuxves for the solid particles in the coma and tail,

snd aven the velocity discribution of cercain species in the coma.

¢.9 Spectrometric Observations of Comet Bradfleld (1980t)
by

+

W. D. Cochran, A, L. Cochran, E. S. Barker

The passage of the bright comet Bradfield (1980t) afforded
us the opportunity to study at high resolution the P - 'D
transition of {0 I). On 16 January, 1981 UT, we obtained
specetra at U.4A resolution of the 6300 and 6363A [0 I] lines
using the Tigicon detector on the coude spectrograph of the
2,7 m telescope at McDonald Obserwvatory., The spectra were of
u ragion 1.4 arcsec X 1.6 arcsec on the central condensation.
This spectral resolution enabled us to clearly resolve the
cometary (O I} lines from the night sky emission lines.
Independent spectra of the night sky (0 I) emission lines
were also obtained.

On 10 Junuary, 1981 UT, we alsc obtainad lower resolution
111A) specetra on this comet covering the range from 3400 to
6100A using the Intensified Dissector Scanner (IDS) spectro-
graph on the 2,7 m telescope, Spectra were taken on the
central condensation, in various places around the coma, and
300 arcsec north of the central condensation, These IDS
spectra show a very large rdatio of C: to CN emission,

Relative production rates of the various specles will be
prasented.
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¢.10 Spatially Resolved Observations of the
Inner Coma of Bradfield (19791)

E. 8. Barker

During January 1980 Comet Bradfield (19794) pasaed near the aarth
ac a discanca of 0,24 AU sffording high spatial resolution on the inner
coma. The Tull couwdd scanner on the 2,7 = telescope at cDonald Qbserva-
rory was used to obtain speccra in che range 3-6000 X with a RCA 310364A
photomultiplier at 11 X resolution and the 6-11200 { reglon with a Varian
164A photomultiplisr at 16 X cesolucion.

Five different regions, on the central coma condensation of 5 arcsec
(915 km) and regions 12 arcsec away, vera sampled between J000 and 6000 i
using a epeccrograph alot of 7 x 14 arcsac (1280 x 2600 km), The spacial
discribution of the f£lux within tha innar 30 arcsec coma (5500 km) arising
from the variocus molacular emisaion bands (OH, CN, Cz, €3) and the con-
tinuum will ba presentad.

In acdition, spectra of photometric quality and cantered on the
central coms were taken on the 29 and 30th of January in the rad aspectral
vegion, The red system CN bands (0-0) ac 10925 R and (1-0) at 9161 %
wara datacted above the level of tha night sky emission. The red CN
systen band fluxas will be compared to the violet syatem CN band fluxes
from the (0-0) ac 3883 % and (0-1) ac 4215 X,

c.1 Recent Spectroscopic Observations of Comets, S,
M. LARSON, Lunar and Planetary Laboratory, University of
Arizona - The recent 0.30-0,56um spectral characteristics of
several comets are reviewed. Periodic comets Tuttle and
Encke had high gas-dust ratios and well developed emissions
from OH, NH, CN, cs. CH and C3. The coma of comet Tuttle
was symmetric and diffuse, but comet Encke developed a short
dusty sunward fan. Comet Stephan-Oterma (1980g) had a
relatively Jow gas-dust ratio and emissions of OH, NH, CN,
C? and Cs. The changes in relative production rates over
six months centered on perthelion (1.85-1.53AU) are noted.
Comet Bowell (1980b), approaching perinelion next year in

4 hyperbolic orbit has shown only reflected solar zontinuum
from 7.2 to 5.4 AU. P/Schwassmann-wWachmann 1, displaying

CO  emizsions during and between brightness outbursts in
1979 and early 1980 had only a reflection spectrum in mid
and late 1980,
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€. Spectrometric Observations of Comets Stephan=Otesma
and Encke During Their 1980 Apnaritions

A. L. Cochran and E, S, Barker

We obtained Infensified Dissector Scanner (IDS) spactra of tha periodic
comets Stephan-Oterma and Eacke using the 2,7 m telescope of McDonald Observa-
tory, The spectra cover the range from 3400 & to 6100 X at 11 R resolucion.
The spectra of Stephan-Oterma were obtained in the period from July 1980 to
January 1981 and cover a range of heliocentric distances from 2.3 AU pre-
perihelion to 1.64 AU post-perihelion, Extensive study of the spatial dis-
tribution of the gases in the coma was nmade.

The spectra of Encke were obtained from July 1980 to October 1980 with
narrowband filter photometry after this time to supplement the spectrometry.
The spectra cover the heliocentric range from 2.25 AU to 1,20 AU pre-perihelion,
Some spatial study was done,

The spectra were first converted to fluxes using standard spectrophoto-
metric techniques and production rates were determined for the various
molecular species, Some preliminary models for the chemical structure of
these comets have been calculated.

Recent results of CCD comet spectroscopy

J.R. Johnson, P, Turek, Y. Fink, S, Larson, B.A. Smith, and

H,J. Reitsema

Abstract: Spectra of four comets (Tuttle, Bowell, Stephan-Oterma

and Brooks 2) were obtained during November, 1980 using the LPL-CCD
spectrograph at the University of Arizona 61 inch Catalina telescope.
The spectral coverage extended from 5700R to 104008 at ~ 208 resolution.
Molecular band emissions, of NH,, CN, C, and H,0+, are {dentified and
their relative intensities are tabulated. Radial intensity distribu-
tions across the coma are determined for selected em{ssions and con-
tinuum features. Future cbservations utilizing the CCD's high quantum
efficiency, should enable us to obtajn comet spectra at large helfo- -
centric distances possibly revealing information concerning nuclear

composition,

This research was supported by NASA grants NSG 7070, NGL 05-002-003
and NASA contract NASS5-25451, The CCD detector system was built at
Caltech for groundbese training of the Space telescope Wide Field/
Planetary Camera Team,




c.14 SPECTROPHOTOMETRIC EVIDENCE ON THE
SOURCES OF COMETARY Cz AND CN
Ray L, Newburn, Jr.*
Jet Propulsion Laboratory
Pasadens, California
Hyron Spinrad
John R, Stauffer
Department of Astronomy,

University of Calffornta,
Berkeley, Cal{fornia

We have measured the fluxes in the A5165 Swan band of C, and the
23883 violet band sequence of CN {n vomets Kohoutek (1973 XII), Stephan-
Oterma (1980 g) and Tuttle (1980 h) as a function of distance from the
nucleus at various helfocantric distances. These flux prafiles and
comparisons with similar continuum data place significant limits on
the possible sources of the observed radicals.
* Newburn's contribution to this work represents the results of one !
phase of research carried out at the Jet Propulsion Laboratory,
California Institute of Technology, under Contract Number NAS 7-100,
sponsored by the National Aeronautics and Space Administration,

Plapetary Astronomy Program Office, Office of Space Science.

c.is5P DETECTION OF THE PROPER GLOW OF COMET {ENNET
Malaise, U, and Cucchiaro, A.

igh dispersion spectra of comet Bennet, compared with solar high disper-
ston Epggtra g:taincd s:th the same instrument, indicate that, superimposed to
the normal reflected fraunhofer spectrum, there {s a weak but conspicious glow
of the nuclear region on the comet. The nature of this glow, observed for
the first time, is unknown.
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C.16R ULTRAVIOLET SPECTROSCOPY OF COMAE
P. D, Feldman, Physics Department
Johns Hopkine University, Baltimore, Md. 21218
Ultraviolet spectroscopy is a vety powerful tool for the scudy of
cometary atmospherss since the four slemantal), cosmic species, H, C, N, and O,
as vell as several sisple molecules made from these spacies have their strong
vesonance transitions i{n the ultraviolet region of the spectrum, However,
due to the opacity of the atwosphera to ultraviclet, these observations musc
be made from space, and it was not until 1970 that the extensive HI Lywan a
anvalope, produced by the scattaring of solar La photons from hydrogen
resulting from che photodestruction of cometary water solecules, was discovered
in comets Tago~Sato-Kosaka and Bennett. Atomic carbon and oxygen vers dis~
coverad in rocket observations of comet Kchoutak in 1974, but comprehensive,
spectra spanning the wavelength range from 1150-3100 R have been obtained
only for comets West (1976 VI), Seargent (1978 XV) and Bradfield (1979 X), The
ouservations of comet Bradfield, made with the orbiting International
Ultraviolet Explorer, were the first to span a wide range of heliocentric
distance (0.7 to 1.5 a.u.), More recently, several faint comats, including
periodic comats Encke, Tuttle and Stephan-Oterta wata observad by IUE and
thair ultraviolet spectra were found to be remarkably similar to those of the
praviously ocbserved comets, The results of thesa observacions and their
interpratation will be raviawad {4 terms of their contribution to our under=
standing of both the chemistry and physics of the coma and the composition

of tha cometary ice.

C.17  THE ULTRAVIOLET BANDS OF CO,% IN COMET BRADFIELD (19/9L)

2

M. C, Fescou , P, D, Feldman and H. A. Weaver

The ultraviolet spectrs of comec Bradfield in the 2200-33004 region
obtained with the I.U.E, spectrograph reveal thie presence of important
amounts of Coz+ tor. hile COY tons are not detected.

Spatial informatiocn on the ultraviolet doublet at 2883-29063 have been
obtained. New bands of the Fox-Duffenback-Birker band system (sequence
Ave2 of the(v', 0, o) = (v'', o, o) transition) have been identified in the
prasent observations as vell as in earlier spectzra of comets Kotoutek and
West obtained fiom the ground.

The production and loss procasses of coz* long are discussed. The im-

plications for the cozluzo ratic are examined.




c.18 OBSERVATIONS OF FAINT COMETS WITH IUE

H. A, Weaver and ?. 0, Feldman, Physics Dept.
Johns Hopkine University, Baltimore, ¥D 21218

M. C. Festou, University of Michigsn, Ann Arbor, MI 48109
M. F. A'Hearn, University of Maryland, College Park, D 20742

H. U, Keller, Max=Planck Institut fur Aeronomie,
"Katlenburg-Lindau, FRG

The ultraviolet spectra of four faint comets (p/Encke, p/Stephan=Oterna,
p/Tuttle, and Meier (1960q) ) ware obtained using the IVE satellite during
October-December 1980, The spectra are comparad with each other and with
spactra of comet Bradfield (1980 X) which vas observed earlier in the year
with IUE, All spectra arn quite similar vhich may indicate a common coupo-
sition and origin for these comets. Comat p/Stephan-Otaras is distinguished
from the others by a trelatively high dust/gss ratic. Wacer production rates
are derived for all of the observed comets. Brightness maps vere obtained
for comet Encke and c‘o-plud to wodel pradictions. The water produziion
rate derived for comat Encke (Qﬂzo » 8 x 1027 mol/sec for ¥ = 1 a.u.) s
considerably higher than the value derived by Bertaux st al. (1973) from
0GO~5 measuraments of Lyman a emission from p/Encke made in 1970.

CC.I9R Photochemica) Processas inm theé Inner Coms
W. F. Huebner, P. T. Giguere, and W, L, Slattery

Los Alamos National Laborstory, los Alamos, NM ¥7543

Very little evidence exists about the physical structure and
chemical composition of a comet nucleus. Thbus, one purpese of model-
ing the coma {s to characterize the chemical and physical properties
of the gucleus by fitting coms wodel calculations to coms observations,

Models for inner coma chemistry are reviewad. In the sost ad-
vanced, recent modaels over oae hundred species undergo time-depeudi:i
chemical kinetics with many bundreds of chemical and photolytic reactions
in an ocutstresamiag, constaatly diluting coma gus. Solar ultraviolet
radistion and opacity of the coma, fluid dynamic flow--going over into
free particle flov in the outar coma--and chemical kinetics sust be
linked intimately in s realistic model.

The physics releviat to the chesistry in the coma is summarized,
The iateraction of solir radistion with the comsa and the photolytic
and chemical processes are described in .the context of a chemical
reaction network. As specific examples., the formation and destruction
of a few observed species are traced through such a network. Parallel
reaction paths, i.e., different resctions that lead to one and the same
end product are very important: (1) The uncertainty of the final product
abundaace teads to be smaller than would be predicted from the uncertainty
of the rute coefficients from any one of the reaction paths, (2) Differeat
resction paths dominate in different parts of the coma or at different
beliocentric distances of the comet. Tlis second reason also indicates
that it say aot bde possible to greatly simplify reaction networks.

Compositions based on sn origin of comets in the presolar aebula
or ir = companion fragment thereof yield abundances of C,, C., and
CN thit are in good agreesment with observations, both inzhc].?occntn'c
distance of the comet as well &s with respect to distance into the coma.
This is oot the case (with present sodels) if the composition is nearer
to chemical equilibrius as would be expected if the origin of comets
vere in the geighborbood of the giant planets. Comwparisoa of model
results wvith observations also indicstes some severg :u:rigtionl
on the composition of the nucleus. The ratio of CO to H.O0 column
density is still oot in agreement with the only oburvnisn that has
teen reduced. Some alternatives are discussed. A list of physical
a)d chemical processes that vill isprove the models is presented at
tonclusion.
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C.20p OH Fluorescence in Comats

David @ Schleicher and Michael F, A'Hearn
Astronomy Program
University of Maryland

We have carried out calculations of the fluorescence equilibrium
of OH in the solar radiacion field as a function of heliccentric radial
velocity, The fluorescence efficiency for the 0~0 band (Azt - xzn)
varies by a factor of § for radial velocities between -50 and +60 km .-2.
Ralative intensities of the i-l and 1-0 bands also vary with velocity,
Comparison of decailed band profiles with observed, high-resolucion
speccra of all 3 bands in Comec Bradfield (1979¢) showsgood agrasmenc.
In some comats, collisions can modify the populations of levels within
the ground states sufficiently to significancly change boch the band
profile and also the fluorescence afficiency. Comparison of spectra on
and off the nucleus of Comst Seargent (1978m) shows che effect of
collisions in the region nesr the nucleus, We have also calculavad
theorstical spectra for a combinacion of two populacions, one in
collisional equilibrium dnd one im flucrasceat squilibrium, for 5 yariery
of radial velocities, These will enable us to estimste the importance of
collisions in comets for which the radial velocity is such that the
population in fluorescent equilibrium is quite different from that in
collisionsl equilibrium.

C.21R LABORATORY STUDIES OF PHOTOCHEMISTRY AND SPECTRCSCOPY
APPLIED TO COMETS

William M, Jackson

Our basic understanding of comets has been obtained from remote
observations of the electromagnetic radiation emitted by these bodies, These
observactions have consisied of identifying the atom, ions and radicals re-
sponsible for the spectral lines that extend from the vacuum ultraviolet
region to the radio region of the spectra, Once the speciss responsible for
the emissions have been identified, detailed studies can be made of the
intensities of these linas, bocth as a function of the heliocentric distance,
and as & function of the radial distance (from the center of the cometary
nucleus, To incerpret these spatial studies, one needs a detailed knowiedge
of the spectroscopy of the species that have been observed in the cometary
coma, This detailed knowledge can only be obtained from laboratory studies,
The laboratory information that is needed is the lifetime of the appropriate
excited scates and the branching ratios from & given excited state to vari-
ous levels of the lowest state, The first part of the review will cover
these aspects of the spectroscopy of the idencified species in comets and
point out what new additional informstion is required for interprecing
cometary data,

Since most of the species that have baen observed in comets are
unstible radicals, ions, and atoms which cannoc be sctored in the icy comecary
nucleus, we mus’ have scoe mechanism for producing them in the coma, Cur-
vencly, the phatodissociation and photoionization of parent molecules are
the theories ¢hat have had the most success in explaining the observed
species in comets, The second part of this reviaw will cover the details
of these phstodissociation and photoionizacion mechanisms that are pre-
sumed to by responsibleé for the cbserved cometary species. In each
case the dynamics of the photochemical praocesses will be reviewed in
an effore to define how the excess available energy is partitioned becween
the Zragments. This information is impoczant if oy is fo understand che
spatial profiles of the various spectral emissions taht are observed in
comets,
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C.227  LABORATORY STUDIES OF TON CHEYESTRY IN COMETARY ATHOSPUERLS

We have obtained laboratory dats on the product distribucion and race
constancs for cthe following ion-molecule resctions in cometary atmospheres:

1y en®, #,% reaszing with C,, €8, <c,, a0 Syp N9, NCH
2) uuz*, em,“ reacting with 0, CGy, N, N
3) co* reacting vith H,0, CH,, €O,y My, WS, O,, HCY

4) o, reaccing wich H,0, CH,, WM, H,5, 0,, HCN

3
5) cu,* reaccing with Co, co,, HCN

6) N," reaceing vith 1,0, €0, C0,, CH,, ¥y, S, HON
7 o', oW reaceing wich W0, €O, CO,, CH,, MM, N, HON

ALl cha above ions are major products of plotodonization (ov clectron~impact
ionizacion) of suspectad pirenc cometary volatiles, The neutral species on
the righ: together maka up a lisc of potencial parent volaciles. This set
of reactions supplements the daca set of major iloaic reacrions for comets
published earlier [Ascrophys. J. Suppl. Ser. 33, 495 (1977)]. Models of
the cheaistry occurring in a vater~dominated cometary coma inside the
concact surfaca have been constructed using these data {Mii~hell, Prasad
and Huntress, Astrophys, J. 244, in press).

€.23 1« "The Production Rates of [OI] in Recent Comets”

Hyton Spinrad
John R, Stauffer
Dept. of istronomy, Univ. of California, Berkeley

We have wiasured the fluxes of the forbidden red auroral lines of oxygen
in eight comets, to a saximus hellocentric distnace of 2.04 A.U.

Yor all those comets the scale lengeh for the A8300 lines are very shore,
probabl{ under 10 im. I 1980, P/Encke's [OI) 'D production rate went from
2 x 1025 oxygen atome o=/ st £ = 1,89 AU., to ~ 2 x 10 27 atons 9! ac r w
0,83 A.U. This production change corresponds to & power law {index of =2.8 in
Te

The ratio of CN (0,0)/[{0I] at the cometary photomatric nucleus appears to
vary considerably in the ssmple of comets so far scanned at Lick.

We will also discuss the total volatile production rates extrapolated
from the [0I] 'D lines in terms of sbsolute comstary mass~loss.

c.24 DYNAMICAL COMA MODELS FOR COMET BENNET
Cucchiaro, A. and Malaisa, D.

For the first time, we have introduced the effect of time and space
variations of the source function of the gas at the nucleus of comets. These
variations are normally observed as outbursts and jets in many comets, and have
been measured on photometric profiles obtained by the author for comet Hennet.
Several models are given to compare with the observations. Namely: mono-
cinetic with Gaussfan distribution, Maxwellian with cosine distribution, and
monocinetic with cosine distribution. These bursts decay exponentially with
various time constants and are directed towards the sun or towards the tail.
1¢ {s shown that a burst towards the sun modifies the so-called "scale )ength"
on the sun's side of the nucleus, but does not affect the photometric srofile
on the tail's side. The number of malecules contained in a single burst com-
pares with the total content of the head.
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€:25  woDELS OF THE COMETANY COMA IN WHICH ABUNDAMCES OF OBSEAVED
SPECIES ARD CALCULATED FOR VARIOUS HELICCENTRIC DISTANCES

Michael 3, Swift and George F, Mitchell

Department of Astronomy
Saint Mary's University
Halifax, Nova Scotia, Canada

One=dimonsional radial models of the chemistry in
cometary comae have been constructed for heliocentric distances
ranging from 1 AU to 0,25 AU using a network of raactions cune
siating of 1051 gas phase reactions and 11l photolytic reactions,
Thecoma's cpacity to solay radiation is included and photolytic
Zeagtion rates are calculated for solar minimum flux and for
solar maximum flux, Model abundances of czl ‘:_3' CN, CH, tlizo
and OH are compared with abundances derived from observations
of these species, We find that a parent volatile mixture similar
to that found in interstellar molecular clouds gives the most
satisfactory agreement with cbserved coma abundances,

5, .
C.ev CHEMICAL TOMPOSITION IN COMETARY COMAE

Shao S. Prasad, Wesley T. Huntrass, and Marcia M. Neugebauer

Jat Propulsion laborstory, California Instituts of Technology
4800 Oak Gzove Drive, Pasadena, California 91109

and

George F. Mitchell

Departmxat of Astrunomy, Sainc Mary's University
Halifax, Canada

One=iimensional radial modals of the chemical composition of cometary comae
have been constructed in order to infer the composition of volatiles in the nuzleus
using observations of the daughter products. These models coniider both plieto-
chemistry and the cometesolar wind interactions. If the latter is similar to
Venus-solar wind inceractions, then the elecizons may be heated by Joula heating
or by the absorption of whistler vaves gensrated in the plasma sheath. Hot electrons
would affect the chemical composition through the temperature dependence of dis-
sociative recombinations and through increased population of excitsd and rmaciive
species,

The model under devalopment includes the use of a large library of photo-
chemical reactions. The computer code scans the library at frequent incarvals of
distance from the nucleus, and deteraines the important production and loss meche
anisms for individual species from the library of reaction. This approach is useful
for deriving the composition of the nucleus from the obsarved composition of the
comas, because this derivation could involve a large oumbar of trials with various
assumed nuclear compositions,

Early results from this aodel suggest thac a mixture of parent volatiles
darived by assi-aing the comec to oviginate from a gas with composition sizilar to
that found Ir the (ncerstellat madium {s successful in accounting for the obaserved
comae columi abundances of C,, C,, CX, &, 00 and NH, .

: : v - |
This paper prasents the vesults of one phase of research carried cuc at the Jet
Propulsion laboratory, Califorania Instituce of Technology, under Contract Nusber
¥AS7-100, sponsored by the Nacional Aeronautics Space adminiscratiom.
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[.IR OBSERVATIONS AND DYNAMICS OF ION TAILS

John C. Brandt
Laboratory for Astronomy and Solar Physics
NASA-Goddard Space Plight Center
Greenbelt, MD 20771

Abltrqgs

Photographs of comets reveal a constantly chanqtnz array of
structural features such as rays, streamers, knots, kinks,
helices, condensations and disconnected tails., HhLaistorically,
the physical emission of the COY molecule has been used to
indicate the location of tha magnetized cometary plasma, The
observational situation and the suggested phycical explanations
are briefly reviewed, Until recently, however, the general
approach to the structure in cometary plasma tails has not
%ancrllly concentrated on the connection between the various
eatures,

There are signs of maturity in this subject because recent
work on structure and evnlution has tended toward regarding it
as regular phenomena witi (hopefully) a specific physical
cause. A tentative morphology of plasma tail evolution has
been dovnlcgcd, and it can be interpreted as the interaction of
the comet with sector boundaries in the solar wind (utilizing
magnetic reconnection). Thus, there appears to be a regular
*forcing function® which produces the systematic evolution of
the plasma tail.

The study of plasua tall svolution is greatly hampered by
the general lack of ¢ontinuous coverage of one Week or more,
Some extanded coverage was possible in 1908 with comet
Morehouse (because of its high declination) and isolated time
sequences have been obtained., Nevertheless, the foundation of
our morphological view of the plasma tail is based on
fragmentatry data, The appearance of Halley's Comet in 1985-86
presents an unparalleled opportunity to vbtain extensive
coordinated sequences Jf photographs which should place our
understanding of basic cometary plasma morphology ©n a sound
observational footing,

1.2R Theories of Physical Processe’ in the lon Tails
HU-HO lpg Hllo Al’ord. JoFu MCKOHITQ
(Abstract)

Tha solar wind interaction with a cometary atmosphare has many of the physi-
cal ingredients observed in planetary magnetospheres. As far as global dynam-
fcs are concerned, these include the occurrence of a shock in the solar wind
upstream of the comet and the generation of a large-scale current syitem re-
sulting in the formation of a long magnetotail, Some of the activity observed
in fon tails may be interpreted in terms of physical phenomena known to take
place, for example, in the magnetospheric environments of the Earth and Venus
and in laboratory simuiation experiments. Cases in point which will be dis-
cussed are the occurrence of Kelvin-Helmholtz instability in the don tail and

magnetic field reconfiguration as a result of disruption of the tail current

system,




1.2R {continued)

The comat-solar wind interaction is dominated by the penetration of the solar
wind plasma intc the neutral cometary atmosphere and the subseguent pickup of
the cometary fons by the plasma fiow. As a consequence, the solar wind tends to
be heated due to the assimilation of cometary protons from the hydrogen coma;
heavy jons such as ¢*, 0%, OH* and their corresponding parent molecules (uzo’.
co*, and coe‘) would first appear as very energetic, Thermalization of thase
suprathermal fons in the dayside coma is expected to be associated with plasma
fnstabilities. The tailward flow of the cometary plasma is in part affected by
the charge exchange, jonization and ion-neutral reactions in the coma and the
resulting chemical composition of the fon tail will be discussed, In addition
to the large-scale "steady state" configuration (with a langth scale ! > 105 km)
the importance of small-scale spatia) structures (1 ¢ 1ﬂ4 km) as well as
temporal variations of the jon tail will also be stressed. Though theoreti-

cal in nature, the discussions in this review will follow closely morphologi-
ca) studies obtained from observations.

[.3R Plasma Flow and Magnetic Fields in Comaets

H.U, Schmidt and R. Wegmann
Max~Planck-Institut f£lr Astrophysik
Karl=-Schwarzschild=str. 1, Garching b. Minchen

As a comet in the interplanetary medium seeds heavy molecular
ions over an extended asrea the flow of the solar wind is changed
to subsonic at a distance from the nucleus where the mass flow of
cometary lons can compete with the mass flow in the solar wind.
This estimate is confirmed by a hydrodynamic model. For typical
stationary conditions the bow shock can be calculated as a
rotationally symmetric free surface with a standoff distance

of order 10° km for a gas production of order 1030 molecules

per secon( . In the subsonic domain the plasma flow is further
braked and the imbedded transverse magnetic field amplified till
A% about 30 000 km from the nucleus the magnetic stresses en-
force a limited asymmetry in the flow parallel and perpendicular
to the fiald, This asymmetry affects all flow parameters in-
cluding the density of cometary ions. It can be calculated for

a stationary magnetohydrodynamic model with an explicit three-
dimensiocral code for a suitable grid. The total delay of an
interplunetary magnetic field line passing through the cometary
coma comes out to be of order 10 hours. As the transverse inter~
planetary magnetic field changes :its directi~n within hours
abruptly and drastically the asymmetric nature of the flow

should beccme visible as fine structure sgimilar to the observad
envelopes and streamers. A suitable superposition of the stationary
threedimensional models allows a prediction of this fine structure,
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.4 THE_CCETARY 10HOSPHERE

D, A. lendis and Harvy L.F.Houpis
Unfversity of California, Sau Biego
La Jotia, ch 92093

&

The i{nteraction cf the salar wind and solar radiation with 2 comet, &5 the
eomat rmoves arourd she sun, 15 A'scussed. 18 13 showy that tha nature of this
incaraction is nigaly variabla. It {s also shows that the comstary nautrals
play a dominant role in standing-off the solar wind, particularly during "quiet”
conditions in the solar wind, Consaquently the cometary fonosphere is generally
highly incorpressible, although it can be highly inflated subsequedt to fts
interaction with a high speed sqler wind stroam.

The generally prevailing view, that the solar wind is gradually deceleratad
thead of tha guter shock front due to {ts contamination with heavy comatary fons,
is shown to be not universally true, In certain circumstances the ccmetary
nautrals cznnot penctrate the fonopause to interact with the solar wind ahead
of it. Then the solar wind is decelersted via a strong shock (M s 10) rather
than the wesk one (M~ 2) present at other times.

At all tires the outflowing vometary fone are decelerated and divertad
fnto the tai) by 2 strong "inner” shock which is also of & variable nature,
khen the cometary nautrals cannct penetrate the fonopause, this fnner sheck is
of u special type, It becomes a hybrid "fon=neutral" shock, wherein not only
the {ons but also the neutrals are decalerated and divertad fnto the tail.

Strong outer shocks and fon-neutral fnner shocks are present only when
tha comet is sufficiently close to the sun (d s.dc). For an "average” (R, » 1 km)
comet doninated by Hy0 dc » 0,75 AU, whereas for such & comet domipated by

€0z or €0, dg = 2-3 AU,

L5 Cometary Molecular Densities and the
Production of Type 1 Tail Rays
David Beard, U, Kansas

tens of electron volts perfon, (11) highly fonized having observed fon den-
sities of up to 300 jons/cm?, (i{i roduced in a regiongdeduc:d fromnth:n
narrow width of the rays to be less than 1000 km thick. The sharp discon-
tinuity and copfous supply of energetic electrons required for the observed
phencmena can occur only in a strong magnetohydrodynamic shock, This shock
will not occur uniess the gradient of cometary molecular density is steep.
A gradual decrease of density (n ~ r~2) will result in gentle slowing of
the solar wind because of jonization by charge exchanye in the solar wind
and solar photoionization far out in front of the comet. An appropriate
much steeper decrease in density (n - r=*) will result from solar radia-
tion pressure on the CO molecules in the cometary atmosphere. We suggest

a scale Jength of zbout 10“ km due to the unmeasured resonance fluorescence
of CO over the entire solar spectrum and the adiabatic cooling of evapo-
;::’2u§0 molecules in the collision dominated region close to Che comet

Type 1 tail rays are (i) in¢r§ct1c having observed kinetic energies of
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1.6 PECULIARITIES IN THE IONIC TAIL OF COMET IKEYA SEKI
(1965¢)

V.Krishan and K.R. Sivarasan
Tndian Inctitute of Astrophysics, Bangalore 560034, India

Direct photographs of Comet :x'i- Seki (1965¢)
obtained on four conssquetive days fron October 29 to
November 1, 1965 are used for an analysis of the multiple
helical structures in the ionised tail material. The
formation of these structures is explained on the basis of
plasza instabilities excited in tho tail containing twisted
magnetic fields. The growth rate of the modes excited at
the mode rational surface agrees well with the observed
results. This model also accounts for the preseice of

narmonic 4tructures seen in this Comet.

Klaus K, Jockers
Max-Planck-Instituc fiic Aeronomie
3411 Katlenburg-Lindau 3

Abstrace:

Photographs of the tail of Comet Kohoutek 1973 XII, taken betwsen 8 and
24 cf January 1974, were collectsd from all over the world. These pictures
allow to seudy the kinematics of the ion tail of the comet with respect to
solar wind measurements corotated to the location of the comet,
The observations are discussed in vhe light of present theories of ion
tail formation and compared with similar observations of other comets.
Particular attention is dzawn to some large disturbances of the cometary
plasma which partly have already been discussed in the literature. It
appears that we are 3till far from understanding their physical nature.
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1.87 CONFIQUDRATICNS CF EVCLYING PLASMA TATLL 2.¥s
Fraeman D, Miller

Zeormetrical and kinamatical propersiss of systens of plasma tail rays
intermediate between the classical collapsing parabolin envelopes and long
straizht »ays are under stady. For comparison with theoyies ¢f ray evolution,
the forms of "young", relatively shor4, curved rays hive bosn evaluatec, vsing
#ichigan Schmid® plates of Tomets 1565 IX and 1570 IX, Ch four nights, two
or mors platas perrit measurements of changes in ray configurations,

Five examples of outbursts of ray formation resulting in groups of sevaral
closely spaced rays (Comet 1957 ¥, fwo ; Comets 1969 IX, 15970 III, and 1979(,
one 2ach) appear %o be the result of repeatad pulses of plasma sjectione IS
these rays ars ¢ruly tubeeliks in crossesection, the structure ¢f such a group
appears to reguirs that the velocity vectors of successive plasma injections
were ncnfined to very naarly the same plane, A contrary view is that a vay
is, in fact, s %hin plasma sheet lying on a surface ¢f revolution about the
tail axis, and visibles because that rnar% of the surfece ocrupied by plasma
interse. ts, or n2arly intersects, the plane cf the sky, This hypothesis
vglakes the severe zestriction on the sjection velocity vectors implied by

the ray-tube model,
1.9 ON THE FOLDING PHENOMENON OF COMET TAIL RAYS

Alexander [. Ershkovich
Laboratory for Astronomy and Solar Physics
NASA-Goddard Space Flight Center
Greenbelt, MD 20771
and
Department of Geophysics and Planetary Sciences

Tel-Aviv University
Ramat Aviv, Israe)

Abstract

The mechanism of ray closure due to convectionai electric fields is
pr-posed. The ray closure is shown to be described by means of the
Chew-Goldbergrr-Low quasihydrodynamics and obeys the Ferraro’s
isorotation law. Both the magnetic field and the plasma conductivity in
the tail can be obtained by means of the observations of the folding
phenomenun. The magnetic field 8 of about 30-40y in the coma and 1y < 8
& 10y in the distant tail {at | AU) s estimated for a "Venus-1ike"
interaction. If the bow shock is not formed the magnetic field B g 10y

(at 1 AU) §s expected both in the coma and in the tail.
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[.10 CONNECTIONS BETWEEN THE SOLAR WIND AND THE LARGE~-SCALE PROPERTIES
OF CCMETARY PLASMA TAILS~-THE ROLE OF MAGHETIC RECONWECTION

Malcola B. Niedner, Jr.

Laboratory for Assronomy and Solar Physics
NASA-Goddard Space Flight Center
Greenbelt, MD 20771

For nearly 100 years, cometary plasma (type 1) tails have been known to undergo
rezarikable transformations and outburits, comet Morehouss 1908c unquestionably being
the most outstanding and well known example. At the heart of most of these distur-
bances 13 the disconnection of the plasma tail, or disconnection svent (DE). Ja
several inatances, sudden brightness surges in the hsad and plasma tail have been
cbserved at the time a DE was taking place, which implies *hat the disconnection
mechanism i3 alsc capable of enhancing the icnization rate of the cometary neutrals.

A current explanation of these traditionally puzzling phencmena invokes Alfvén's
(1957) theory of plasma tails and the interacticn of comets with the sector structure
of the solar wind, The physical procecs which disconnects the tail and provides’ the
energy for the ionization surge is megnetic reccnnection, which is strongly forced whea
impinging magnetic fields past a sectir boundary are pushed into oppositely-polarized
fields already captured into the head regica from the previcus magnetic sector.

The purpose of the talk is to discuss the fundamental conditions under which
reconnection i3 likely to occur in the heads of comets at interplanetary sector boun-
dary crossings. Specific problems of !anterest are the duration of reconnestion during
the "pre-disconnection phase” of a DE, the reconnecticn rate, the poisible cperation
of plasma microeinstabilities in the neutral shest region, the dimensicns of the
diffusion region, and ionization time scales associated with the reconnection process,

I.N Constraints on Magnetic Merging and

Particle Acceleration in Comstary Tails
Bruce E. Goldstein

Jat Propulsion Laberatory
California Institute of Technology
Passdena, California 91109

Abstract

High energy particles are produced by magnetic merging iu tha tail of the
Esrth's magnetosphere, and the question arises as to whether such a picress might
operate in & cometary tail. For example, Hill and Mendis (1980) have suggessed
that beams of 1 KeV to 10 KeV electrons in cometary iotiospheres might lead to dis~
ruption of dust grzins far down the tail. Also, Ip and Mendis (1976) have suggested
that resistive instabilities in the cometary tail might divert currents through the
inner coma and cause rapid ionizacion in this region. Howaver, in the case of a
cometary tail the high ion density and veak magnetic fields result in low Alfven
speeds and therefore limit the particle acceleration that might be caused by either
transient or time independent electric fields (Tsurutani ec al., 1976). For time
independent merzing the maximum recomnaction electric field {s decermined by the
Alfven velzcity; for transient electric fields due to instabilities the condition
dB/de = curl E results {in a limit for the product B t (vhers t is the duration of
the transient) determined by the width of the region over which magnetic field is
being annihilaced. For a cometary tail of 10° m width, an ion densicy of 100 ca~?,
an average mass of 28 AMU, and a magnecic fieid wichin che comat tail of I gamma
(by theory and analogy to Venus), the maxizum sceady statu merging electric field
is 1.65 x 10™* v/m and the cross tail potential is 165 volts. If trausienc elec-
tris fields are caused by the rapid growth of an instability in the neutral sheet




1.19 (continued)

region, the conditicn that t must be long enough for the parcicle to cross the
langth of the scceleration region and the condition chat che width of the accelera~
tion ragion be no greater than an eisctron gyroradius (che thicikness of the region
over which the electrons are the dominant curremt carriers) leades to the conclusion
that slectron energies can be incressed by no more shan the electron thermal energy;
for mast electrons the energizacion will be wuch less. Alternacively, if an
inscability (for example, én lon drift mode, Hubs et al,, 1978) grovs over an
extandad region in sps:a the heating way be estimated from the fres energy that is
available, In this case, {f all available magnetic field energy density is used fo
heat electrons, the average snergy increass of &r electron would be 0.1 eV. Some
elsctrons sould be heated to much higher energies, but energy consarvation would
requira that the fraction of such electrons be very small. We conclude that magnetic
merging ard/or resistive heating dus to plasms inatabilities {n the tail neutral
sheet cau not lead to significant ionization of comstary material or disruption of
dust,

H{1l, J.R,, and D.A. Mendis, The Sudden Disruption of Dust in Cometary Tails, EOS,
Trans, Amet. Goophys. Ucion, 61, 1022, 1980,

Ip, W.H., and D.A. Mendis, The Generation of Magnatic Fields and Electric Currents
in Comstary Plasma Tails, Icarus, 29, 147, 1976.

Tsurutani, B.T., B.E. Goldstein, and A, Bratenshl, Accelaration of Energetic Particles
of the Outer Regions of Planetary Magnetospheres: Infersnces From Space and
Laboratory Experiments, Planct. Space Sci., 24, 995, 1976,

[.12 roLE OF HIGH-FREQUENCY-TURBULENCE IN COMETARY PLASMA TAILS

B, Buti
Physical Ressarch Laboratory
Ahmedabad 380 009, India.

Thers have been some attempts to explain the wavy structure,
observed in the plasma-tails of some of the comets, in terms of the non-
linear Kelvin-Helmholtz instability which arises due to the interaction
of solar wind with the cometary plasma, These models, howsver, do not
try to explain as to why these structures do not appear throughout the
longth of the tail. This can be easily explained if one considers the
solar wind - cometary tail interaction in thé pressnce of high-frequency
Langmuir turbulence which has been observed in the interplanstary space
by recent satellitss, Nonlinear Langmuir waves with frequencies u < wg
(wp being the plisma frequency) can propagate in a collisionless plasms
column without an spprecisble damping but waves with w > By however are
strongly Landsu<damped. These nonlinear Langmuir waves drastically affect
the growth rate of the Kelvin-Helmholtz Iinstability, so much so that the
latter can even be suppressed. If cne accounts for the density inhomo-
geneity in the tail plasma, one can show that only at a distance greater
than some critical distan;e R. from the comet-head, this instability can
grow. Nonlinear saturation in the growth rates can then reasonably account

for the observed wavy structure in the tail,
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SOLAR WIND INTERACTION WITH COMETS: LESSONS FROM VENUS, C.T. Russell,
J.G. Luhmann and R.C. Elphic, Institute of Geophysics and Planetary Physics,
University of California, Los Angeles, CA 90024,

The in-situ measurenents of the Piuneer Venus orbiter provide some guidance
to our understanding of the interaction of the solar wind intersction with comets.
Although Venus does not possess an intrinsic magnetic field of sufficient strength
to aid in the deflection of the s0lar wind fiow; the upper atmosphere of Venus {s
only weakly coupled to the solar wind, The decoupling occurs because the magnetized
solar wind plasma does not typically penetrate the Venus ionosphere but rather forms
a magnetic shield above the fonosphere which remains free of any large scale field.
The fonosphere t-us forms a "hard" obstacle to the solar wind and & bow shock forms
{n front of Venus to divert the supersonic flow of the solar wind, This bow shock
{s somewhat weaker than the terrestrial shock, presumably due to the removal of
solar wind jons from the flow by charge exchange downstream from the bow shock, A
comet's weaker gravitacional pul) would aliow the same type of charge exchange
process to mich greater distances possibly even upstream from the bow shock.

Venus has a sizeable magnetotail, in part because of mass loading of field lines
draped over the dayside by phatofonization of the neutral upper atmosphere, These
"hung-up" field 1ines move slowly over the dayside ionosphere while their ends are
pulled far behind the planet by the solar wind, For ccmets this mass loading is
expected over a much larger scale and to lead to even more extensive magnetic tails
than at Venus. The orientation of the field in the Venus magnetotail is determined
by the direction of the interplanetary magnetic field, Varfations in the direction
of the IMF lead to the reconstruction of a new magnetic 1311 possibly with
reconnection of magnetic fields playing a role,

Finally, the fonosphere of Venus is not always field free, Occasionally when
the solar wind dynamic pressure is high, part of thé ionosphere becomes highly
magnetized apparently with the geometry of a circumferentiai belt, Even when the
solar wind pressure is low what appear to be thin twisted f{ilamentary magnetic
structures or "flux ropes” occur throughout the joposphere. Similarly the cometary
solar wird interaction should be sensitive to the solar wind pressure varying both
with radial distance and with the azimuthal stream structure of the solar wind.

Evolution Of Comets From Interstellar Matter To Interplanetary Matter

J.M: Greenberg
Huygens Laboratsry
University of Leiden

This paper will present a brief but critical theoretical and observational
evaluation of theories and laboratory studies of interstellar dust as a key
ingrecient of the primordial comet material. This will include among others,
our recint work on ultraviolet processing of grains and the formation of com-
plex organic molecules. Following this I will review recent developmants on
theories of condensation of comets from interstellar clouds. The next section
{s a summary of detailed calculations which are now in progress here on the
therma) evolution of bodies of cometary size. (A preliminary report was
presented by D'Hendecourt at the Garching Comet Workshop in March.) This {s
a study, in depth, of the possible evolutionary tracks of various bodies as a
functian of sizo2 time of formation, initial chemical composition, initial heat
sources such as <6A1. The aim is to predict ultimate surface properties and
to what depth in the comet. They apply albedo, chemical composition, atomic
and molecular abundances are deduced where possible. Inferences will be drawn
of the relationship of surface properties to the formatizn of dust (of what
kind) and how this {is connected with the solid parcicles ditected in the solar
system by zodiacal light, in situ measurements such as those of Fechtig et. al.,
;unarIrock cratering, and particle collections in the upper atmosphere as by

rownlee.




The [ncreasing Chemical Complexity
of Cold, Dark Intirstellar Clouds

Wilifam M, Irvine
ABSTRACT

It has been suggested by several invescigacors that comets may oe frozen
songlomerates .f incerstallar volatiles and graine, formed during the
collapse of the mclecular cloud which ulcimacely formed the sun and
planets. Available data on cometary parent molecules and dusc grains are
corsiscent wich this view, It therefors becomss importint to decermine
the chemical cosposicion of interstellar molecular clouds. The cold,
dark clouds ipn Taurus, which are relatively nearly the solar system,

ace possidle formation sites for solar mass stars., Knowledge of their
chemical complaxity has increased markedly in recent years, with ths
idencificacion of the cyandpolyynes (H (CEC)icN, i @ 1, , 4), which are
chemically celaced to the carbynes which have been found in metsorites
and suggested as constitusnts of interstellar grains,

Righ spatial and spectral resolution studies of Taurus Molecular Clouds
One and Two have been caizied out ia 1979-30 ac the Onsala Space Obser=
vatory, and have resulted in tha firsc deteaction in such tugions of SO
and the radical C)N, We report hera the detection of two additional
organic molecules in TMC-|, for one of which this marks the first detece
cion in the interstellir aedius. Relacive abundancas of possible
precursers to the obsarvad cometary solecules C; and Cy will be tTabulated.

0.3R DYNAMICAL HISTORY OF THE OORT CLOUD

Paul R, Weissman

Jet Propulsion Laboratory
Pasadena, California

The hypothesis of a cloud of comets surrounding the solar system and
extending out to ;nterstellar distanceas as suggesced by Qort (1950) has been
very successful in explaining the observed distribution of orbits ! the long-
period comets. Ourt demonstrated that chy motion of comets in the cloud is
controlled by perturbations from random passing stars. Recent numerical
studies employing Monte Carlo techniques have furcher axpanded our understand-
ing of the dynamics of comets in the Oort cloud. It {s shown that the popula-
tion of the cloud has been depleted ovar the history of the solar syscem, TIf
comets formed in orbits near the outer planets and veve subsequently ejected to
the cloud, then only about 15% of the original population still vemains. How-
ever if comets formed further from the sun i{n satellice fragments of the pri-
mordisl solar nebula, then the depletion is less severe with possibly up to 707
of the initial population surviving. Estimates of the current cloud population
range betveen 1,1 and 2.0 x 10'? comets, roughly an order of magnitude greater
than OQort's original zstimate. Loss mechanisms from the cloud are: diffusion
of cometary perihelia into the planetary region where planetary perturbations
vill eject the comets from the solar svstem; di“fr+ion of cometary aphelia to
distances beyond the Sun's sphere of influence (A2 x 10° AU); and direct ejec-
tion due to close encounters with passing stars,
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The cumerical simulations are used to examine the relacive fraction of
comets going into each end~4tare ov surviving, as a function of che initial
perihelion and aphelion distances of the comet orbits, and the total magnitude
0f the random stellar perturbacions. Weissman (1980) has shown that the r.m.s.
pezturbaction of the comet aphelion velocities by passing scars is V113 m/s ov;r
the history of the solar syscem, equivalent to the escape velocity at 1, 4 x 10¢
AU from the sun, or the circular orbit velocicy ac half thac dincanco. Thus
the limir on the radius of the Oort cloud is on the order of 10° AU, Marsden
&t al, (1978) have showm that the mean lphclion dtn:lncn of new comets antering
the planecary cegion from the cloud is 4,32 % 0,12 x 10" AU, The effect of the
stellar perturbations is largely %o rlndonizn the orbits of comets in the cloud,
leaving litcle evidence of the inicial formation site of the comets.

~ %n addition, the numerical models are used to find the distributions of
parilielia and energy for comets in the present Oort Cloud. This work was
supported by the NASA Planetary Geophysics and Geochemistry Program,
References
Marsden, B.G., Sekanina, Z,, and Everhart, E,, Astron, J., 83, 64, 1978,
Qore, J.H., Bull, Asctron, Inst. Neth,, 11, 91, 1950,

Weissman, P.R., Nature, 288, 242, 1980,

0.4 The Effsct of Star Passayes on Cometary Orbits in Oort's Cloud
by H. Scholl, A. Cazsnave, A, Brahic

ABSTRACT

We investigate with two independent numerical methods the
dynamical svelution of cometary orbits under the gravitational
influence of passing stars in a three-dimensional model Sun-Comet-
Star, where both star and comet move. The parameters of the
model are minimum distance between passing star and comet, re-
lative velocity between star and Sun, and all the orbital elaments
of a cometary orbit,

We particularly investigate dynamical configurations which
yield strong decreases in perihelion distances. The most
favorable cases for the delivery of these "observable" long-
period comets ara ovbtained if the cometary orbital plane is
perpendicular t6 the star's orbital plane and if an additional
particular geometrical configuration is given., After such an
event, the direction of the semi-major axis of the cometary
orbits coincides with the line ©f conjunction Sun-Comet-Star.

The resulpt of our calculations can serve as a basis for
a tentative search for families of lnng-period comets which were
perturbed into their present orbits by the same passing star.
In addition, these rasults provide empirical rules for the
changes of cometary orbits due to a passing star.
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0.5R EVOLUTION OF LONG AND SHORT PERIOD ORBITS

, Edgar Evarhart
Chamberlin Observatory and Deparcment of Physics
University of Denvar

The orbits of shovt period comets belong to the class of
“chaotic" orbits, This type, always of inclinscion less then 35°,
includes near-parabolic orbits with perihelia near Jupiter's orbit
or beyond, near-circular orbits at Jupiter or Saturn's distance,
some uistable Trojan and horseshoe orbits, and the visible short
period comet orbits. Thers are frequent changes from one of these
forms to asother. ~he "long period" orbits, sextending that term to
irclude long period and interwediate period orbits of any inclination
vith small enough perihelia for the comet 7. be visible, do mot
interact vith the chaotic orbits. We trace the separate svolution of
these twc types of orbits from Oort's cloud via stellsr and planetary
perrurbations.

J.A. Fernandez and W.-H. Ipp
Trtle: Sasanical Bvolusion of 2 Cauetary Swaym in the Quter Plansrary Region

Considerasion will be given to the Jynamical evolution of nypothatical
camets originally orbiting in the outer planetary rezicn ( say batween
Uranus ard Weptune ). We will atuempt o reach conclusions about life-
tines of such camets against scattering and tne inclidence of a resicual
canetary swarm as a8 pessible source of intermadiate and shorteperied
canets, This work is a continuation of previcus studies of both authors
related wo tile dynanics .of particles in the outer plasetary region ang
thelr connection with comees | Refs (1) and (2) ,,

References
(1) Ip W=l 1977, On the varly scattering process of the outer planets.

In Comers, Asturolds, Metworites, intervelation, Lyvoluticns and
Origins, { Al Delsonms, od, J, Undv. of Tolado, 485-49Q.

{3) Fernhnlez J.A, 1972, Mass ramoved by the cuter planets in tae early .,

solar systam, Icarus, 34, 173181,

0.7 A NEW METHOD TO ESTIMATE PERTURBATIONS NF JUPITER ON COMETARY ORBITS,

by C. FROESCHLE and H. RICKMAN

A new fast method is developrd and tested to estimate perturbations of
Jupitcr (or planets) on comvitary orbits, This method not only allows fo
maximize the amount of infqrmations in the building of a sample of per-
turbations used in Monte Cjrlo simulation (rejection procedure) but also
vields a good approximatioi, of the perturbation sample. We compare the
perturbations obtained by the nev estimator with the resuits of numeri-
cal integration of regularited equations of motion for the same dymami-~
cal model: the three-dimensional, elliptic restricted three body pro-
blem (Sun - Jupiter = Comet),
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0.88 _ORBITAL PATTERNS AT ZLOSE ENCOUNTERS
A. Carusi and G,B, Valwecchi, Istifiuto Astrofisica Spaziale = CNR,
00185 Roms, Italy; L. Kresdk, Astronomical Institute - SAV, 89930
Bratislava, Caechoslovakia

The poster presents joviceutric tryjectories of 180 objects
sxperiencing low=velogity close (pproaches to Jupiter. The first
group of diagrams represents a vlain of 80 fiotitiou., Hbjects sup-
posed to move along the orbit of X/Oterma before its encownter with
Jupiter iz 1934-1939. The chain covsrs 10° in the mean anomaly of
the initial orbit; except for the wings, a uniform spaving of 0.1°
is adopted. The second group of diagrams refers to a semi-random
sample of 100 fictitious comets with initial orbits nearly tangent
to that of Jupiter. The ocourrsnce rates of soms major events
{temporary satellite captures, change of perihelion inuo aphelion
and vice versa) for these two asamples are also indicated,

Do Comets Ewolve inte Agte

Johan Depewiy {(Jnt Propulsien 1ah,) and Fdward F, Tudieco (Lunar
and Plazetary lab. Tucaen).

Ta this naper we discusn the evidence for the susmected interrelation
between comet nucles, amteroids, and ssall satellites, as inferred

from their ontical asd sear-infrared reflestion speetra, Several teams
have owtained interesting results from snectrophotosatric ohmervations

of faint comets.

At opticil wavelasgths, Chapsan (priv. eoms.) obtaimed an RD-type
spectrun for P/Aread-Rigmux, Spisrad st al. (PASP,9],707) odtained =
reddish (S=type?) spestrum for P/Teapel (2), confirmed by Sarker and
nmith(1980, Melonald Ovs, rennrt to JPL). Derewij and Chapman (this
conf,) obtained am S=type snectrusm for the seeing disk coendonsation

of P/Schwassmann-Wachsann (2), Tedesco (this conf,) obtained PNetyne
colnors for P/Staphan=0tarsa, At neareinfrarsd wavelemgths, A'YNearn nt al,
(19€1, reprint) fall to see any abserption caused by icy perticles ain

the comae of brigbt cosets, Depewij et 81, (this ceaf.) report about
roeky/dusty JHK colors for P/Schwasssans~washmana (1) during very low
.Cti"t,o

Zxtenaive progress has been made wita the acquisition of physical
paraneters of setsreids in the far outer toses (25 AU) of the =ain belt
(Derewil and wvan Routen 1979, “Asiercids™, T.Gehrelz ed, Univ, of Aris,
p.4.7; Tedesco and “radie, this conf,), suswected to be one of the regers
vairs of extinct cametary nuelei. Only very dark objects have been found /
here, having optical spectirs with s neutral and sceetimes very reddish
signature. Degewij, Bartmann, and Creikshank (this conf.) report about
rocky/dusty near-iafrared colors for Chiros. Of iaterest i» the suggestion
by Gradie and Veverim(1980, Nature 283, 240) that the reddish asd dark
surfaces can bYe explained by the prevence of Kerogeae-like orgzanic cose
nounds, possidly typical of the rocky comvonent in cometary cores,

If, 83 has been suggeated, & snipgnificant fraction of the earth approaching
ssteroids are extinet coastary nuclei, thea physisal observatiens suggest
that these cores arv net compositionally distine\ of saia belt asteroids
with ome or two possible exceptions,

The fact that ne aeutrally colored faiat comet continuums has as yet been
observed, may indicate that either the (C-type?) core is partially skielic
by a dustcloud of C-type particles with a size distribution such that
reddish S-type calors ar Ccen.inted, or we indeed observe S-type cores.
More optical and iafrared observations of faint snd distant cometas are
urgently needed.

-



¢.0 On the Implausibi)ity of cometary
origin of most Apollo-Amor asteroids

B.J, Lavin and A.N. Simonenko

As the rate of repienishment of shor:-1ived Apollo-Amor asteroids
from the main belt seems to be ingufficient to compensate their losses,
the idea was put forward that most of them are deactivated comstary
nucled, However observational and theoretical evidance for the pas-
sibi1ity of transformation of cometary nuclel into asteroid-1ike objects
{s inconclusive, This is ~zood evidence that Apollo-Amor asteroids
reprasent 1ast parent bodies or most or aven all meteorites, &ut meteo-
rites cannot be formed within cometary nuclei with a constitution according
Whipple's classical model, while alternative models seem to be unsatisfac-
tory, Therefore is {t concluded that the cometary ariain of most Apello-
Amor asteroids is implausible, and they are genuine asteroids coming
gromhthc main belt., The process of their replenishment must be studied

uirther.

0.1 Planatary Atmosphéres: Cometary Contribution
N. Bhandari, D, Lal, M.N. Rao

The volatile components in the terrestrial atmosphare arc large
due to the late influx of carbonaceoys chondrite (c.c?> - ke mitgr}zis
on the accreting earth's surface, The compositional relation between
comets and the C.C, - type materfals will be discussed with regard to
physicochemical processes operating in the generation of planetary
(terrastrial) atmospheres. Releyant lunar chemical data will be used.
The focus will be on the chemical aspects of planetary atmostiieres.

0.12R COMET IMPLICATIONS FOR THE ORIGIN OF LIFE
C. Ponnamperuma
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M.IF IR Space Experiment on Soviet Spaceprobe to Comet Halley

M. Arduini, J.P. Bibring, S. Cazes, M, Combes, N. Coron, R, Courtin, J.F. Crifo,
J, Crovisier, C. Emerich, T. Encrenaz, £. Gerard, V. Krasnopolski, J.M: Lamarre,
D. Malaise and V, Moz

‘ An infra-read spectrophotometer (waveleéngth rnnz: 4 to 20 microns} will be
flown on the Soviet spaceprobe to Comet Halley to study the molecular coma and

the nucleus, Its scientific objectives are: (I) to measure the siie and tempurature
of the nucleus (I1) the abundance 2nd temperature of the parent molecules and

(I11) the abundance and temperature of the dust particles surrounding the nucleus.

M.2P
PHYSICAL OZSERVATIONS OF COYTTS WITH THE INFRA-RED ASTRONOMICAL SATELLITE

A.H. Delsemme Dept, of Physics and Astronomy University of Toledo
J. Degewij Jet Propulsion Laboratory Pssedena CA 91109

The number of comets observable in 1982-1954 by IRAS, amounts to twn;

a4 7ery favorable signal to noise ratio is however not to De expected

Yor more than one third of thex. This number will probadbly be =zore than
doubled by unexpected long period comets,

Anticipated scientific results are: a) nuclear temperature and albedo;

b) silicate signature of the nuclsus; ¢) presence or absence of a dusty '
baloj d) silicats signature of the dust; e) temperature of the dust; and

£) mass loss rate of the gzrains.

M.3p OCSERVATION/MISSION PLANNING AIOS FOR PERIODIC COMETS
by David F. Bender, Mission Design Section, Jet Propulsion Laboratory
Two forms of presenting future short period comet orbital
position data are given which can be of use to those planning
observing programs or to those interested fn commt missions. The
first is simply an approximate ephemeris for + 200 days around each
expected periheiion for the next ten years (through 1991). The
second is a list of these expected perihelia for the next twenty
years and a plot for each comet showing {ts motion in the Solar system
and its motion relative to the Earth (a bipolar plot). The data are
to be considered only as approximate since in most cases the orbits
used are Keplerian extensions of recent or predicted osculating

elements.
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MAP R,H. Zerull, R.H, Giese, B, Kneissel
Ruhr Universit¥t Bochum, Barefch extraterrestrische Physik, FRG

" A Light ScatteringExpariment for the Measuremant of Cometary Oust *

The scattering properties of cometary dust particles are closaly
related to the physical properties of these particles, It will be
shown, that especially in situ-measurements of single particles

can provide detailed information concerning shape, refractive index,
velocity, size distribution, and spatial discribution of cometary
dust. Appropriste instrumentation will be presented. Furthermore
scattering results of models of cometary dust particles, obtained

in the microwave laborstory, will be compared to the smpirical
scattering functions derived from optical measurements of comets,

- 59~ni:d optical observations on board Glottw probe =

M.5p

A:C. Levasssur~Ragourd (P,I,)
J:L, Bertaux, R, Dusont, M. Festou, R.H., Giese, . Ciovane,
P: Lamy, A, Llabaris, D.W. Schuerman, J,L, Weinberg (Co=I)

The Halley Optical Probe Experiment H.O0.P.E, has recently been
approved by ESA for the cometary probe Glotts,

The Optical Probe technique (see Levasseur-Regourd ct al, Space

Research XXI, 1981) i3 & unique oethoZ for making optical in-situ
observations, It is based on photopolarimetric reasurements made
parallel to cthe direction of motion through the dust and ges coma ;

the rapid motion of the spacezzaft allows messurements to be differenced

such tnat the brightnesses and polarizacions only refer to a small local
voluma, of about 140 km in langth by 7 km in diaseter,

The asessuremants unequivocally determine the spatial distribucion of
the dust number density and of sose gaseous emissions, some changes in
the grains size distribucion, snd the racio of gaseous emisaion / dust

scattering, These parametars forge the link between in-situ and past or
future ramote optical observations,

Qut of the 3 channals of the spectral photopolarimater, 4 will be devotad
to continuum, i.e. dust and 4 to discrete emissions, {.e., gas. Polarization
vill be deterained by the spinning spacecraft rotation of the analyzer.

The net rasult should be an extremely lLight and reliable instrumsant with

no moving parts.
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nae In-situ Evaluation of a Cometary Dust Efflux:
DIDSY+ on board ESA's Comet Halley Glorto Mission

J:AM, McDonneld* G, Evans® E, Griln®
+ Space Sciences Laboratory, University of Kent, Canterbury, U.K.
+ Max-planck Institut fur Kernphysik, HeidelBerg, F.R.G.

An integrated system comrising an array of independent dust Impact
sensors hu.g::n nﬁctod as an experiment on the ESA Comet Halley
Mission. Using the entire front surface of the Halley Prohe Meteorold
Shield, the systea measures the particulate mas- sfflux from a comet
and its mass distriburion cvir the range 10 175 1o 107'g or even larger;
this uppir limit is t only on the maximum mass of particle
intercepied by the probe during fly-by,

 Instmasentation selected for the mission comrises (i) an hmt
plasna, micro-perforation and momentum sensing array which determines
the mass, penetration pr reiss, density and lonisation of u?u:t:lng
particles from 10=47g to 107*%g (IPPM); (ii) a meteoroid shieid
momentium array which determines the ¢t position and momentum
exchange of the entire probe OB} 11} & penstration initiused
capacitor discharge array for detemnining ths impactin f*ux at three
grociscly defined masses which are chosen to be 1077, 107 10~*
imes the critical meteornid shield penetration mass (CPD); and (iv)
a sensor whicl) determines and measurss impact perforations in the Probe
meteoroid shiwld (MSF),

The paper will discuss measurement principles and, in particular,
how in-situ flux measurements will relate to cometary science and the
interplanetary environment.

+ Dust Impact Detection System
CO-INVESTIGATORS

W.M. Alexander E, Igenbergs
Institute for Environmental Studies Technische Universitit Minchen
Baylor University, WACO, Texas, USA Germany

R.J.L, Grard B.A, Lindblad
ESA, ESTEC, Holland Lunds Universitet, Sweden

E. Grin J,C, Mandeville
Max-Planck Institut fur Kernphysik ONERA/CERT-DERTS, Toulouse, France
Heidelberg, Germany

M.S. Hanner G.H. Schwehm
NASA J.P,L., Pasadena, USA fuhr-Universitit Bochum, Germany
Dp". Ru

uuvers‘i’%;sof Sheffield, England  RASX TPLi"Basadens, USA
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M.8P An Ton Mass/Velocity Spectromacer
for A Comec Misaion

M. Neugebauer, B, E, Goldstain, R, Goldscain, D, R, Clav

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, CA 91100

Yor the past two yasrs, ve hava besn developing and tescing a new
type of fon spectrometsr capable of obtaining three-dimensional velocity
distribution fumctions vith unueuslly high mess resolution (i‘—'; " 9-0-9;5@«).
Thi instrument distributss fons on two-dimensional detactors, with one
dimension a msasure of mass/charge and the other dimension a messure of :the
elevation angle of the ion's velocity vector., azimuth angle {s mapped by
the spacecraft spin or sirror scan motion snd the energy distribuction is
daterained by varistion of the voltages applied to the !nstrumenc, The
basic components are; (1) An alectrostatic mirror which can withstand che
expected dust flux and reflects ions into the rest of the instrusent which
1a shielded from dust; (2) A pair of grids with vuriable applied voltage to
accelerate or decalarate the incident ions before they encer the analysis
part of the instrumenc; (3) A sectsnr magnat vhich serves as a somedacus/
charge filter with a very wide sngular acceptance; (4) An electrostatic
deflector vhich spreads the momencum-snaiyzed beam according to #navgy/
charge (equivalent to mass/charge); (5) Two microchannel plate detectors
with position sensitive readout; and (6) The electrouics neaded for signal
processing, inscrument control, and high voltage generation,

M.9P  SOME PROBLEMS AND SOME SOLUTIONS TO IN SITU INVESTICATION
OF NEUTRAL ATMOSPHER?, ON A FAST FLY-BY MISSION

C. Co C'Jl'til.' Ce Yy Fan, K. C. Hsiah
Department of Physics
Universicy of Arizona
Tucscn, AS 05721, U.5.A,

and )
L. Kappler
Max-Planck-Institut fuer Asronomy
3411 Ratlenburg«Lindsu 3 FRC

Plying through a dusty environment at 2 speed 50-70 km s"1, the task
of in situ chemical analysis <[ che niutrul aswosphere with sulfficleut spdsiidl
resoluction becomes & non-trivial one. The positive and negstive features cf
existing techriquas will be discussed. Two complementary ionization schemes

using identical mass snalyzers seems to provide some of the needed solutions.
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MI0P  ARTIFICIAL LEITORS IN TEE ATLICSFHERES OF COMETS
AlD OPEER CZLESTIAL BODJES AS RESEARCH TOOLS

0.V. Dobrovolsky and S. Ibadov
Institute of Astrophysica, Dushanbe, USSR

.

Calculation of comstary coma interactiva with interplanetary
medium solid perticles reveals new poasibilitiecs for studying of
comets on the basis of meteor phencmena (Dobrovolsky and Ibadev,
1980; Ibadov, 1980). However gufficiently bright ( ¢ 0" ) natu-
ral meteors may.appear even in the atmospheres of btright comets

‘at 2 too small rate (<1 nmeteor/hour ) to be used for studying
of comets especially those with retrograde notion like comet
Ealley.

The injection of small bodies fyrom space vehicls into the
atmospheres of comets and othur celestial bodies allows to get
bright metpors, The obgarvation of such artificial meteors from
cpace iz of interest for atudying the gas production reie of the
nucleus and the law of molecule distribution in the cometary com=
es and also for widening the range of registerable electromagne -
tic information from the metsor rezion and for betier uniersian -
ding the proper meteor processes such as the meteor btody fragmen-

tation in the earth’s a2imosphere,

References:

Dobrovelsky, 0.V., and Ibadov, S., 1960, Repor' presented to the
{lorkzshop of the IAU Commission lo. 15, Greenbelt, 1980, oct.22-24.

Ibedoev, S., 1980, Komety i Meteory, USSR, ilo. 29, 49.
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Authors: William M, Irvine', F, Petar Schicerd , and K. Sigfrid Yngvesson

Title: Direct Detaction of Watar Vapor in the Coms Using a New Spacelsd
Suomil!imater Telescope ¢

ABSTRALT:
The direct detaction of H.0 in the come of a comet {s very desirable in order to
put production rates and molecular 1ife-times on a firm basis. Earlier efforts to
use ground-based railio-talescopes for datection of the 22 GHz watar line have not
been successful, excapt for a possible detaction in Comet Bradfiuld,
The SINTOX group at the University of Massachusetts has recently finished its defini=
tion phase study, which shows the feasibility of constructing & telescope which can
oparata it the frequency of the 557 GHz transition of Hy0. The instrument is designed
for operation from Spacelab. It fs  Cassegrain talescope with a main reflector
diametar of 3.3 metars. The half-powi'r beamwidth of the talescope will be sbout
40" a% 587 GHz, corresponding to a region with dismeter of 2.8-10% km at a distance
of 1 AU, {.a. of the same order as the diametar of the Ha0-containing portion of fthe
condi .
We have calculated the expectad :ignal strength and find that production rates of
the 4-der of 1027 molecules per second are detsctable, wheress expected producticn
ratas for Comet Hellay are about two orders of magnitude greatar than this iimit.
Detection of HZD thus 13 assured. Follow-on projects of this type tn detact other :
parent moleculas {HCN, CH4CN) or ‘isotopic species of these also look very attractiva,

M.12P ULTRAVIOLET ABSORPTION STUDIES OF ATOMS AND MOLECULES

IN COMET HALIZY WITH SPACE TELESCOPE
Peter L. Smith, John H. Dlack & Michasl Oppenheiuer
The possilility of studying the ultraviolat absorptiva spectrum of

a comet, by uzing a hot star as a background continuum (iouzce, is examined.

The advent of the Spaca Telescope and the forthcoming apparition of comet

Halley will provide a unique opportunity for observations of this kind. We

have used a Haser model to estimate the molecular column densities and pre-

dicted equivalent widths for lines of Bzo, GH, and OO as functions of tine

and angular distance from the comet. We have considered the cap~bilities

of the High Resolution Spectrograph on the Space Telescope and deterxmined

the minioum detectable equivalent widths and, therefore, the maximum angular

separation from the comet at which 820, OH, and CO could be studied. Be~

cause the ephemeris of coset Halley is, at present (3/81), uncertain by

about one arc ain, it is not possible to demonstrate that Halley will occult

particular, suitable background sources, such as A0 stars of about 9th magni-

twde or brighter. However, a conservative, stacistical estimate shows that

Halley should pass near encugh to 3 i 1.5 such stars, primarily during its

crossing of the galactic plane in April of 1986, and that lines of the C-X

band of H0 (1240 {) and the 4th positive system of CO (1400-1€00 2 coula

be cbserved. Estimated equivalent widths for OH and the resonance lines of

C and O indicate that these species may also be dete¢cted. Such observa-

tions could provide the first optical detection of 320. the fundamental parent
molecule in comet comae, and give direct measures of molecular level populations.
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