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Comet Shoemaker-Levy 9 (1993e) to smash into Jupiter during third week of July!

THE NINTH comet to be discovered by
the team of Eugene and Carolyn Shoe-
maker and David Levy is in orbit around
Jupiter with a massive smasb to take place
between July 16-22. Or rather a series of
impacts since the comet, also named 1993e,
was broken up by Jupiter's gravitational
pull during its last close approach to the
planet in mid-1992 and now comprises at
least twenty-one parts stretching over a
million k. Their appearance has been
likened to a 'string of beads’ (see image
below).

The sizes of the cometary fragments are
not well known, but estimates based on
various models—from detailed structural
analysis to simple orbital mechanics—
gives a few hundred metres to a few km.
The actual sizes, and therefore masses,
will determine the nature of the impacts
and the effects which may be seen from
Earth and satellites including Hubble,
Voyager 2 and Galileo.

The fragments will "'m”i;;;:w"m"""”"”m"‘m"m"" have implications for
plunge into the Jovian K the origins of other
atmosphere at around “'..\'*\__ planetary ring
60 km/s at an approach \.Q\ systems.

Jul1
angle of 45°. Atan 1 k
altitude of about 100 : ‘\\\ The comet will act as
km above the visible S a probe of Jupiter's
clouds, each fragment N '} atmosphere which
will be torn apart. AP, 1 may then throw light
Smaller fragments will § "% 19931 on the extinction of
create only ‘'ripples’ but ",“9"91 “\.’ﬁr "% the dinosaurs on Earth
the larger ones may : o2 TJu14  some 65 Myr ago.
give rise to huge Dt h ot b bbbt m o€ Ao
plumes of hot gas,a  The orbit of SL9 relative to Jupiter: note - This is the first time
fireball which may the high inclination and large eccentricity that such an event
illuminate the Galilean will be observed, but

moons and a shock wave that may create
long-lasting weather systems on the
planet.

The dust sheet also impacts the planet, but
its fate may be less drastic: it may en-
hance the dust ring around Jupiter or even
create a new ring of its own. This may

there have been at least two other occa-
sions when comets have split, notably
Biela's comet.

For more information on observing the
planet, contact John Rogers of the Jupiter
Section.

James Lancashire

Hubble Space Telescope image of SL9: the fragments are lettered officially from left to right as A-W: this means that impacts
occur from left to right. North is at the top. Note the dust sheet to the NW blown away from the Sun by radiation pressure.
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Comet section contacts

Director: Jonathan Shanklin, 11 City Road, CAMBRIDGE, CB1 1DP, England.
Phone: +44 223 571250 Fax: +44 223 62616
E-Mail: IDS @ MAIL.AST.CAM.AC.UK or J.SHANKLIN @ BAS.AC.UK

Youmay geta reply from U_JDS @ VC.NBS.AC.UK or JDSH @ PCMAIL.NBS.AC.UK, but you should use either of the above
in mail alias or distribution lists.

Assistant Director (Observations): Guy Hurst, 16 Westminster Close, Kempshott Rise, BASINGSTOKE, Hants RG22 4PP, England.

(and also Editor of Phone & Fax: +44 256 471074
The Astronomer magazine) E-Mail: GMH @ AST.STAR.RL.AC.UK or GMH @ GXVG.AST.CAM.AC.UK
Assistant Director (Newsletter):  James Lancashire, 21 Warkworth Street, CAMBRIDGE, CB1 1EG, England.
(and also any general Phone: +44 223 329031
(correspondence) E-Mail: JALAN @ MAIL.AST.CAM.AC.UK
Imaging Co-ordinator: to be announced
Editorial Halley halfway out
Readers will have noticed immediately As is the wont of any editor, I ask you, o
that their newsletter has a new look: I the readers, for support. I ask for articles
hope that there is a unified feel to the on any subject of relevance to cometary

whole publication and that all my efforts astronomy, and also illustrations, be they
in beating the computer typesetting prog- photographs or CCD images, or simply

ram into some sort of shape will reap drawings or sketches.
rewards.
I can receive ‘hard copy’ at my home
My first thought on being asked to address, but electronic files are preferable,
become editor was to entitle the newslet- which I can receive at my home address
ter 'nucleus’, picking a good cometary then load directly into the publishing
term. Further thoughts and editorial program.
development, however, made this evolve:
I hope to attract articles on all aspects of | Files on computer disc, in a simple ascii The record-breaking CCD image above
cometary astronomy from history through | format please, sent to my home address captures Comet Halley at magnitude 26.5
current observations to future prospects, can also be used. and at a solar distance of 18.8 AU (about
and so I set before you The Comet's Tale as far away as Uranus).
which I hope will encompass all these. Typed manuscripts or illustrations on
paper can be read or scanned onto The remarkable CCD imaging was done
Observers have had something of a computer, but do need much longer to in January at ESO's 3.5m New Technol-
plethora of objects to view recently, and format correctly. ogy Telescope.
there are currently four comets reasonably
placed around midnight when the sky is I should appreciate comment, preferably Since perihelion in 1986, the comet has
dark, Look in the observing supplement constructive, on your new-look newslet- traveled more than halfway to its aphe-
for ephemerides on these objects and ter, and suggestions for future ideas, lion which it will reach in thirty years'
charts with positions. Do tell me your articles of formats. I shall be happy to time.
views on the content and format. A copy publish correspondence, and hope to
of the new report form is also included. update readers on developments in The image shows no coma, suggesting
software and technology. that the comet's surface is frozen.
Current economic conditions dictate that a
small subscription charge be levied: this is | Finally, I mention that I aim to publish Imaging of the comet all round its orbit
£3 for those who contribute to the section | the next issue of The Comet's Tale in should be possible; when it tums sunward
(observations, articles, data entry, etc.) 1994 November, so the deadline for again, Halley will be three magnitudes
and £5 for those who don't. This covers contributions is the end of October. fainter.
two years (four issues at present) and
cheques made payable to the BAA should | Read, subscribe and contribute! Mankind has reached a little further out.

be sent to the Director.

James Lancashire From Sky & Telescope 1994 June
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Dear Section member,

You will see from the list of section
officers that there have been a few
changes recently. Sadly Harold Ridley’s
health is failing him and he feels unable to
continue to coordinate the photographic
work. Atthe moment he is in hospital
with a chest infection, but hopes to be out
soon. He plans to move to Colchester,
where he will be close to Michael
Hendrie. I know that all section members
wish him well. I have not yet appointed
someone to take over from Harold but the
new position will include the co-ordina-
tion of CCD observations as well as
photographic observations.

Whilst on the subject of photographic
observations, the comet section is partici-
pating in the International Comet Watch
in support of the Ulysses spacecraft. If
you take any photographs which show a
gas tail, particularly if the tail shows any
features or disconnection events, please
send me a copy (until the new co-
ordinator is appointed). For this work it is
important that the precise start and stop
time of the exposure is recorded, as very
rapid motions have been recorded on
occasion.

Denis Buczynski has found it difficult to
combine the editorial duties with his
heavy observational program and I have
asked James Lancashire to take over.
James is relatively new to comet observ-
ing—he is a former observations secretary
and chairman of the Cambridge Univer-
sity Astronomical Society (posts which I
also held) and his observing interests also
include Jupiter and meteors. As you will
have noticed from this newsletter desk top
publishing is another of his skills! Please
send him articles or information for the
newsletter.

Our thanks go to Harold and Denis for all
their efforts on behalf of the section over
the years. Another section stalwart has
also been contributing—Michael Hendrie
has been working on a report on comet
Arend-Roland 1956 h and this is nearing
completion.

Since I last wrote to you I have spent two
months in the Antarctic and South Africa.

Section news from the Director

Those who attended the BAA Winchester
weekend (a very worthwhile event at
which everybody can learn something)
had the chance to see some of my latest
slides, and to see something of what I do
down there. This trip we were stuck in
the ice for a week, giving me extra time
for entering archival data. Altogether I
entered around 1000 observations and was
able to do some formatting of observa-
tions published in TA, including many of
comet Levy 1990 c. Hopefully you will
see some tangible results soon as I have
completed the report on this comet and am
awaiting referees' comments. Analysis of
the observations shows that an aperture
correction is needed and that the observed
coma size makes a difference to the
reported magnitude (generally observers
in poor conditions see less coma and
report fainter magnitudes).

A month after I returned to the UK I was
travelling again, this time to the Interna-
tional Workshop on Cometary Astronomy
at Selvino, Italy. A full report appears
elsewhere in this issue. I am pleased to
say that I have been asked to organise the
next IWCA and this will provisionally be
held in Cambridge in 1999 after the total
solar eclipse. Another upcoming meeting,
not quite so far in the future, is a joint
meeting of the comet and Jupiter sections
which is scheduled for February or March
1995. It goes without saying that the topic
for discussion will be comet P/Shoe-
maker-Levy (9) and the effects of its
impact on Jupiter.

I have recently enhanced my home
computer and now have a CD-ROM drive
which gives me access to the GSC. This
should enable me to reduce more of the
archival observations and has already
helped with several enquiries from section
members,

The exhibition meeting in June is an
opportunity to display some of your
observations, so if you have any nice
drawings or photographs that you would
like to exhibit please send me a copy. I
will be putting on a display to encourage
beginner observers and some light curve
analyses.

In the past six months observations or

contributions have been received from the
following BAA members:

Sally Beaumont, Denis Buczynski, Paul
Howarth, Guy Hurst, Graham Keitch,
James Lancashire, Brian Manning, Glyn
Marsh, Martin Mobberley, Roy Panther,
Jonathan Shanklin, Melvyn Taylor

and also from:

John Bortle, Paul Camilleri, Vidican Dan,
Alfons Diepvens, Bjorn Granslo, Wemer
Hasubick, Atilla Kosa-Kiss, Omulf
Midtskogen, Herman Mikuz, Alfredo
Pereira, Richard Schmude, David
Seargent, Tonny Vanmunster and Vittorio
Zanotta;

of comets:

P/Encke, P/Schwassmann-Wachmann (1),
P/Schwassmann-Wachmann (2), Mueller
1993 a, P/Tempel (1) 1993c, P/Hartley(3)
1993 m, P/West-Kohoutek-Ikemura
19930, Mueller 1993 p, P/Spitaler 1993 r,
P/McNaught-Russell 1993 v, P/Kushida
1994 a and Takamizawa-Levy 1994 f.

At the moment there are four comets
which are relatively easy to observe:

P/Tempel (1) 1993 c, P/McNaught-
Russell 1993 v, Takimazawa-Levy 1994 f
and Takamizawa 1994 i.

Ephemerides for each of these comets are
published in the observing supplement.

A preliminary analysis of P/McNaught-
Russell 1993 v using section data shows
that its brightness is varying as:

m=88+5logd+58logr

An interesting conjunction of comets
McNaught-Russell and Takamizawa-Levy
was drawn to my attention by MrP A
Morris: on the evening of June 8th they
will be close together some three degrees
north of alpha Draconis at around 10m.

Please use the new report form to record
observations of these comets (though by
all means complete any old forms first).
I have combined the previous three report
forms into one, removing some of the
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columns, so it should be easier to complete.
The most important things to record are the
date, total magnitude, coma dia-meter and

- telescope aperture, and these are high-
lighted on the form. The method for the
observation (MM), the source of comp-
arison star magnitudes (ref), the telescope
type, f number and magnification are less
important, and the degree of condensation,
tail length and position angle, sky condi-
tions and reliability of the observation are
of least importance.

In view of the discussions at the IWCA
you could put N after the DC if there is a
nucleus and C if there is a distinct central

condensation. There is also a bit more
space for comments to put down any amp-
lification of the basic details. If you see
any features in the coma or significant tail
detail, make a separate drawing, putting
your name, the comet name and the date
on the drawing.

Finally a couple of reminders: I haven’t
had any nominations for the Keedy
award— this is an annual award so you
can submit nominations at any time. I
have re-ceived a number of cheques for
the newsletter, but by no means from all
section members—if you think that the
newsletters are worthwhile send me

(Jonathan) a cheque made payable to the
BAA. The rate is £3.00 for two years for
those that contribute to the work of the
section (observations, articles, data entry
or whatever) and £5.00 for two years for
those that don’t.

If you have any comments on the section
or suggestions for improvements do write
and let me know. Without your input I'll
never know if you want changes.

Best wishes,

Jonathan Shanklin

Recent comet news and thoughts regarding observing techniques

One of the most remarkable events in
terms of comet observation in recent
months relates to the obscure Periodic
Comet Spitaler (1993r) which was
recovered by J.V.Scotti with the Space-
watch telescope on 1993 Oct 24. It had
not been seen since its discovery in 1890.
Nakano had published a prediction with
T=1993 Oct 4.0 and when found the
comet was within a few arc minutes of
the line of variation at AT = +108.7 days.

However although the recovery was
unusual, it was the follow-up amateur
astronomer contribution by Martin
Mobberley that qualified for the ‘remark-
able’ claim. On 1993 Nov 11 Martin,
using the 0.47-m reflector at
Galleywood, Chelmsford recorded an
image of this comet with CCD equip-
ment. [See image on facing page—ed.]
The estimated total magnitude of the
comet was m = 17-18, surely making
this one of the faintest comets ever to
have been recorded from this country by
an amateur astronomer? It was an
outstanding achievement and clearly
illustrates one of the valuable uses of
CCDs in the comet field, i.e. using the
extended range to record comets which
have hitherto been far too faint for visual
or photographic work.

The result in itself was exceptional in
merely recording such a faint comet but
not content with merely ‘storing’ the
computer file, it was arranged that Nick

James undertake an astrometric measure.
Noticeably this involved the use of stars
from the Guide Star Catalogue which has
recently been released by NASA on
compact disk and is now widely used by
those with a suitable ‘CD’ drive. The
main advantage of this new ‘star field’
option is that it contains stars as faint as
magnitude 15-16 and critically, in the
vast majority of cases, enough stars
within even the small field of the CCD
system to enable an accurate position to
be measured.

The ‘old days’ when amateurs first
became interested in astrometry were
full of problems of which the usual cry
was there were just not enough stars in
the field with reliable positions to make
a proper reduction possible. At one point
the SAO Catalogue was used and I can
remember some fields of one degree
which only contained one catalogued
star but then the limiting magnitude of
the catalogue was only about 9!

Astrometry will now become common
place and Nick James has developed other
software which assists in taking measure-
ments and the GSC data to almost automate
fully the reduction process.

But baving illustrated the important
developments supported by the new
technology, I would not wish observers
to think that the days of the visual comet
observer are numbered.

To illustrate this we can turn to Periodic
Comet Schwassmann-Wachmann 1
which is often listed with an ephemeris
mentioning its magnitude as 18. This is
clearly enough to put the visual observer
off even having a look! However the
comet undergoes outbursts which are far
more regular than originally thought and
as recently as 1994 Feb 1, one of our
[TA] observers Omulf Midtskogen in
Norway visually observed it atm, = 11.0.
The result was actually obtained by him
during a visit to the OSA (Observatorio
Scandinavos de Axarquia in Malaga,
Spain). It was seen with a 0.203-m
Schmidt Cassegrain telescope.

Of course there are other easier options
from time to time for the visual observer
as is being afforded currently by Comet
McNaught-Russell (1993v). Again there
is a remarkable background to this
comet. According to S.Nakano and
I.Hasegawa in Japan this object is the
same comet as that seen in the year 574!
There is a suggestion of a revolutionary
period of about 1,440 years! I presume
that the comet may have been magnit-
ude 4 or brighter to be discovered that
long ago or were the darker skies and
more acute eyesight of those observers of
long ago capable of finding even fainter
fuzzy objects?

Observations are already streaming in
suggesting the comet did brighten to
around magnitude 6 this time, However
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results to the end of March, although
placing the comet near magnitude 7 by
month end, also depict a rather poorly
condensed object.

This brings me to another important
point. Many telephone calls received
relate to observers inability to see certain
comets which according to their magni-
tude should be visible. It is however a
combination of magnitude, diameter and
degree of condensation (DC) which
determines visibility. Comet 1993v is
certainly bright but it is not so prominent
as other comets of magnitude 6-7 I have
seen since I started observing them in
1971, and it is the poorly condensed
aspect which ‘mars’ the view.

This is just a short article illustrating
notes on recent comets and how all
disciplines, whether CCD, photographic
or visual can play their part. My role is to
collate and help the visual observer. If
you need guidance do write but do not be
afraid to send in results even if you are a
beginner as it is easier for me to help by
seeing your work than discussing it in
merely general terms.

For rapid feedback we are publishing
preliminary data from your reports in the
monthly magazine The Astronomer [TA]
and the Director, Jonathan Shanklin, is
undertaking follow-up analyses to be
presented in the BAA Journal.

In addition computer files of your
observations are being sent for inclusion
in the archive of the International Comet
Quarterly [ICQ]. This database is made
available for access by professional
astronomers so by including observations
in all these places we are maximising
your contribution of visual comet notes.

Keep sending them in, we need your
help!

Guy M Hurst

STOP PRESS: the latest analysis is the
lightcurve of 1993v shows a decline in
brightness from about ten days after
perihelion, with the magnitude now
following

m=91+50logd+17.0logr.

Period Comet Spitaler 1993r

Martin Mobbeﬂey‘s CCD image of P/Spitaler 1993r at mag 17-18 on 1993 Nov 11.84.

The imaging is done with a 0.49m /4.5 Newtonian for 320 sec with Starlite Xpress.

The International Workshop on Cometary Astronomy

A workshop on comet observing was
organised at Selvino, Italy, on 1994 Feb-
ruary 18-19, in conjunction with the Inter-
national Comet Quarterly, by the Circolo
Astrofili Bergamaschi and the Circolo
Aswrofili di Milano under the pasronage
of the Unione Astrofili Italiani and the
Comune di Selvino. Dan Green chaired
the proceedings; other well known
observers present included John Bortle,
Herman Mikuz, Charles Morris and
Vittorio Zanotta who was in charge of the
local organisation. Selvino is a small
village in the foothills of the alps, and
“there was plenty of snow on the ground.
These are my excerpted notes from the
meeting and as such will inevitably be
liable to subjective interpretation (i.e.
spelling, errors etc !); the formal proceed-
ings will be published in the July issue
of ICQ.

Dan Green started the proceedings by
giving a history of the ICQ and the phil-
osophy behind it. The archive holds little
data prior to the 1910 apparition of comet
Halley, and little between then and the
1930s. Data is included for over 75% of
all comets after 1931. The archive is

available on 9-track tape and in limited
amounts by e-mail. Some 20,000 observ-
ations have been added in the last three
years. Local co-ordinators ease the task
of data entry by sending in observations
by e-mail. There are 2,500 observations
of long-period comets (LP) between
1932-59, 3000 from 1960-69, 6000 from
1970-79, 13,000 from 198089 and
10,000 from 1990-94! There are 25,000
observations of short-period comets (SP,
with P < 20 years) from 1909 to the pres-
ent. ICQ will be publishing magnitude
parameters for short-period comets in

the near future. SP comets typically
brighten as 15-20 log R and sometimes
as 20-30 log R; LP comets usually
brighten as 7-8 log R.

The US DoD is planning a Clementine II
mission to fly past Phaethon (the Geminid
parent and possibly an extinct comet) and
some other comet. Six trans-Neptunian
objects, each about 100 km in diameter,
have been discovered in the last 2 years.
Only one has a good orbit (the first one),
which is near circular at 40 AU. Some are
in the Trojan area of Neptune and may
actually be Trojans. None of the latest
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four have been re-observed since their
discovery last September. Fred Whipple
is still working on comet magnitudes.
Japan has the largest population of comet
observers. CCD observations are now
going to mag 18 and tie in well with
visual observations. Unfiltered CCD
total magnitudes are usually within
0.1-0.3 mag of the visual magnitude
(depending on the chip), however the use
of a V-band filter is preferred. Some
comets,discovered with large telescopes
are assigned visual magnitudes that are
far too faint; comet McNaught-Russell
1993 v is a case in point. It is worth
attempting observation of some of these
fainter comets just in case they are
brighter than predicted.

The ICQ recommends observing proce-
dures and reduction practices (e.g. the
calculation of extinction). Observers are
requested to submit their observations
promptly, because they are often used by
professionals planning observing sessions
on large telescopes. You should include
as much detail as possible in your per-
sonal log, even if this isn’t submitted to
the BAA or ICQ. It is possible to include
aline for comments in the ICQ format,
though these shouldn’t be too verbose.
Some observers go rather over the top
with their descriptions!

Observing techniques

A discussion forum, led by John Bortle and
Charles Morris went through observing
techniques. The observed visual mag-
nitude is dependent on how much defoc-
ussing is used (rack inwards on reflectors
if possible to avoid vignetting), the tel-
escope aperture, focal length and magnifi-
cation: the smallest aperture and shortest
focal length that clearly shows the comet
should be used where possible (aiming for
a Smm exit pupil); comet filters should not
be used for magnitude estimates.

A dark site helps you to make good est-
imates: if you can’t see a mag 7 comet in
7x50B then you should try and find a
darker site, the higher the better. The
coma diameter is regarded as being
diagnostic of the site by the ICQ, so that
better sites report larger diameters (I will
be dropping the limiting magnitude
information from the BAA forms).

The use of good comparison sequences is
important; these include the AAVSO atlas
(AA), the North Polar Sequence (NP),
Variable star charts (AC, V, VB) which
use photoelectric sequences, the Yale
Bright Star Catalogue (Y), the Hubble
Guide Star Catalogue (the printed one
(GA), not the CD astrometric catalogue
(HS)), Ever-hart’s sequences published in
Sky & Tel (E); of these the NPS is
perhaps best as it can be used for most
comets (unless you have a telescope with
an English equatorial mount!). Beware of
using some older VS charts which often
use ‘guesstimated’ magnitudes; it is
always a good idea to check several stars
in the sequence and to use several differ-
ent comparison stars.

To encourage proper methodology the
ICQ is planning a project to observe
selected Messier objects; these will prob-
ably include M78 and M53 for binoculars
and M66, M84, M86, M81, NGC 3640
and NGC 4147 for telescopes. Compari-
son star charts for these fields will be
issued as part of the project. It is worth
comparing your observations with those
made by experienced observers: they
should vary in the same way, though it is
quite common to have a systematic
difference; equally don’t force your
observations to agree with the ephemeris
magnitude, which can often be out by
several magnitudes. As the total magni-
tude depends on the surface brightness
and size an apparently faint, large diffuse
comet can actually be quite bright.

The BAA recommends the use of the
Sidgwick (S) technique for magnitude
estimates, which is good for diffuse or
faint comets and poor skies. The Bob-
rovnikoff (B) or Morris (M) methods
are better for well condensed comets
(DC >6); in the B method you may have
to defocus to 2 or 3 times the coma dia-
meter so it is poor for large comae. In
the Beyer (E) method you defocus until
the comet disappears, which is good for
bright comets. The M method is a com-
bination of S and B where you just
defocus the coma enough to flatten the
peak brightness of the coma.

When reducing comet magnitudes for
analysis of the light curve an aperture
correction can be applied, which will vary

according to instrument, observer, sky
conditions, DC etc. The published raw
data must never include this, though an
extinction correction should be applied
when necessary.

There was some confusion over the
reporting of DC when the comet has a
central condensation or false nucleus,
which presents a step in the brightness
distribution. The DC should be estimated
as if these were not present.

A comet which is completely diffuse with
no apparent change in intensity across the
coma has a DC of 0. A comet which
appears as a nearly star-like point or disc
has a DC of 9. By contrast a comet which
brightens a little towards the centre, but
which also has a star-like false nucleus
might only have a DC of 3. The Dutch
group take DC 5 as being when 50% of
the total light lies within the half maxi-
mum. Ihope to publish illustrative
figures in the near future.

A true central condensation is rarely
seen and is possibly caused by an out-
burst; if so its diameter should increase
from night to night, and should be meas-
ured. The magnitude of this condensa-
tion (or the nuclear magnitude) can be
recorded, but generally is only of indica-
tive use.

Tails come in two sorts. Type I are gas
tails, straight, blue and filamentary, with
the possibility of disconnection events.
Type II are curved, yellow dust tails. The
visual observation of comet tails is
generally not important to professional
astronomers and their observation is best
left to photographers and CCD observers.
The position angle should be measured
near the head where the feature first
appears. The end of the tail should not be
used, unless this is to indicate the curva-
ture. Only record the longest tail in the
tabulated data, others can be included
with descriptive comments.

The coma diameter can be measured by
timing the passage across a micrometer
wire (d = t/4 cos 8 ). This works well up
to 60° declination, and a variation of the
technique is to time a nearby pair.of stars
aligned east-west and estimate relative to
this. Altemnatively a known pair can be

BAA COMET SECTION NEWSLETTER

n



1994 MAY

used—the maths is easier if they are
aligned north-south. A bifilar micrometer
could be used, but few people have access
to one.

The Lumicon comet filter is based on the
C2 Swan band and enhances a gassy
comet (but don’t use them for a magni-
tude estimate). Some may actually be too
thick for a faint comet. The DC etc may
change when viewed through the filter.

National observing programmes

Presentations were given by a number of
national groups describing their observa-
tional programs. I started by describing
the BAA comet section and its history.

A Nakamura (Japan) said that fewer
discoveries were now made from Japan
owing to light pollution. The average age
of Japanese observers was also increas-
ing, with no young observers coming in,
possibly because of the light pollution.

Karastori (Hungary) described their
young group, which is just starting a
research program.

Guiseppe Canonoco (Belgium) described
the interesting discovery of observations
of a comet seen off the Cape of Good
Hope in 1733 and recorded in old ship’s
logs which were good enough to obtain a
new orbit.

Stephane Gareau (France) said that his
country had many enthusiasts, but few
observers.

Andreas Kammerer (Germany) said that
his group had been founded in 1984. It
issued a bi-monthly newsletter and used
e-mail communication. Observations
included astrometry and spectroscopy and
were published in Sterne und Weltram
and PCM. They hold an annual meeting
in Violau, Bavaria. He also presented a
new analysis of comet tail lengths, as he
had wanted to derive a formula to predict
likely tail lengths. He used 2,500 obser-
vations from ICQ and found that he could
correlate the tail length with heliocentric
magnitude and found that

length = 2.25 x 106 - 0.26 (H) km.
A further poster paper showed the use of
3-day running means to produce light

curves, though it was necessary to weed
out ‘bad’ observers.

Diego Garcia (Spain) said that their group
was founded in 1975 following the app-
arition of Comet West. They had partici-
pated in the IHW. He commented that
only bright comets were being observed,
so that they had around 30 observers for
bright comets, but only 4 or 5 for faint
ones. They set up projects on specific
comets, especially if they are bright
enough for beginners. They try to get
daily observations, and find a correlation
between solar activity (using a jam-jar
magnetometer) and comet magnitude.
The same observers observe many things
and there are probably only 13 regular
observers in the whole of Spain. They
provide information for the public and
have some open observing evenings.

A Milani (Italy) said that their group was
also founded after Comet West in 1976.
They have just a few active observers.

Bem Brinkman (Germany: Ruhr) des-
cribed their observatory in the Eifel region,
used by five people in their group. It was
at an altitude of 550 m and had a 34/50 cm
Schmidt and several other telescopes.

Alex Scholten (Holland) said that the
Dutch group was also formed in 1976 after
the appearance of Comet West. They have
about 20 active observers, but only three or
four observe faint comets; last year they
totalled around 100 observations. They
only have low altitude observing sites
(some below sea level!). They issue a
newsletter and also have an instruction
book (I am in the process of preparing one
for the BAA).

Vittorio Zanotta (Italy) had a comet
hunting program, planned on the basis of
the solar rising azimuth. He had found 3
comets with his homemade 15 cm reflector
(though only one is named after him), but
none with expensive 25x150B.

Herman Mikuz (Slovenia) spoke on CCD
photometry. He can reach mag 15 comets
with a 20 cm telescope. It needs a good
site—he is at 800 m in rural Slovenia
which has around 100 clear nights a year.
He uses an ST6 camera which is red
sensitive and therefore uses a v filter. He

doesn’t observe when the airmass is more
than 2. He uses the YBS catalogue for
comparison stars, along with the AAVSO
atlas. A five minute exposure is needed to
record the comet, but often only 10-30
seconds for the comparison (he uses sep-
arate exposures). He processes the images
in five steps:

(a) remove dark current. (b) take mean.
(c) flat field. (d) clip stars firom within the
coma. (e) do photometry (may need to
calculate extinction).

He has observed 16 comets and made
102 observations in the range mag 9-15
in the past 18 months. P/Schwassmann-
Wachmann 1 has many outbursts and
seems to be more often bright than faint.
He showed images of many of the com-
ets. Typical magnitude error is less than
0.05 mag for a mag 15 comet and less
than 0.01 mag for a mag 10 comet, the
former reducing to 0.1 mag when other
errors (seeing, atmosphere etc) are taken
into account. He also uses a 400mum /2
telephoto lens which givesa 1.3° x 1°
field; this is too short for astrometry,
though this can be done with an 800mm
lens. ,

Andrea Boatini (Italy) showed some pre-
recovery images of P/Swift-Tuttle taken
with the professional Schmidt camera at
Asiago (this is similar in size to the Cam-
bridge Schmidt, but is in a much better
location). He had taken several search
plates in January 1992, but was only able
to find the very faint near stellar image
when the orbit was known.

Peter Bus (Holland) showed CCD images
of P/Swift-Tuttle which had been pro-
cessed using the technique of Larsen

& Sekanina. He had used the 1.04 m

(f= 3.672 m) reflector at Puimichel and

a 208 x 384 pixel CCD camera, giving a
field of 8' x 6'. These showed details in
the coma on a scale of 2', with strong jets
being visible, even in the unprocessed
images.

John Bortle gave a talk on the ‘Art of
Drawing Comets’. Very few comets
show features in the coma. He proposed
a classification scheme for features.

H: hoods or envelopes: only seen in bright
comets near perihelion and more often
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photographed. They are the largest
features to be seen. R: rays of the ion tail:
they rarely extend all the way to the false
nucleus, usually ending a few minutes out.
They are blue, can be seen with the
Lumicon comet filter and are quite
common. S: shadow of the nucleus: rare
and needs a 40 cm or larger to be seen
easily. F: fountains: around 1' high in the
sunward direction, suppressed by a Swan
band filter. They are diffuse features,
subtending a few to 100 degrees angle
and are more common than jets. J: jets:
are the rarest feature, very fine and
delicate, always curving and possibly
spiral, rapidly changing and less than

60" high. Again they need a large
aperture to be seen,

There are a number of techniques that can
be used for drawing:

(a) pseudo isophotes —a good technique
for beginners.

(b) negative shading (the normal tech-
nique)—rub a pencil on a sheet, then use a
finger or tissue to transfer the graphite to
the sketch pad; a paper stump can be used
to add tone or a rubber to subtract it.

(c) stipple: the best method for a non
artist.

Remember to put a scale bar (e.g. 1°) and
the mark the north point. He commented
that there are no good ‘landscape’ artists
at work today. It is best to make a sketch
and notes at the eyepiece then complete
the drawing indoors. Beware of bias and
drawing what you expect to see. White
on black drawings are very difficult to do.

Charles Morris discussed lessons from
the recent apparision of P/Halley. He
presented a lightcurve using data from
7 selected observers (5 American!) and
compared it with infra red observations
giving the dust production rates. All show
real variations on a background steady
state, but you need nightly observations
from a single observer to show the short
term variation. The magnitude doesn’t
correlate well with dust production rate
prior to perihelion, but is much better
after perihelion. He suggested that prior
to perihelion the coma is freely growing,
but is eventually constrained in size by
solar wind pressure.

Jonathan Shanklin

Periodic Comet Schwassmann-Wachmann 2

Martin Mobberley's 320 sec CCD image of P/Schwassmann-Wachmann 2 at mag 10
on 1994 Feb 7. Martin used a 0.49m 1/4.5 Newtonian with Starlite Xpress CCD.

Short note on computer information

E-mail circulars

Readers will no doubt be aware of the
circulars issued by the IAU, BAA and
The Astronomer (TA), some available by
e-mail. TA has organised a competitive
subscription for access to e-mail for its
members—see page 237 of Vol. 30
(1994 Feb) or contact Nick James. The
Royal Greenwich Observatory offers
access to the latest IAU Circulars; see the
BAA Newsletter of 1993 Oct for details.

News on Internet

For those with access to the Intemet
newsgroups through programs like m or
news, sci.astro provides some interest-
ing observational news, in particular a
weekly posting of ephemerides for comets
by Jost Jahn (although the Cambridge
news server seems rather unreliable—ed);
the major problem is that one has to wade
selectively through much junk and many
stupid debates for the useful information
— a newsreader like trn simplifies this
process greatly.

WWW: the world-wide web
This is a fantastic information network
described as a 'global hypermedia system'

but needs an advanced terminal for dis-
play. Of most relevance are the ‘home
pages’ of major astronomical establish-
ments; the one for Cambridge is at

http://cast0.ast.cam.ac.uk/
with a user guide, local informasion and
pointers to other observatories.

FTP: file transfer protocol
In addition to what are interactive ses-
sions, one can access files in public areas
on observatory computers. Using the ftp
command on certain network login prog-
rams, one can download files like text
informasion files, archival data or the
latest HST images. Retuning to one’s
home machine, one can print the text,
manipulate the data or display the images.
Images and programmes may be com-
pressed and in binary format, so uncom-
pression routines are needed. Shareware
and freeware programs, in particular
ephemeris and sky-plotling programs, are
available by ftp, but one needs the address
of the host system and the file location on
that system; this may be ad-vertised on the
Internet News or can be found using
archie.

James Lancashire
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Cometary collisions at the Royal Astronomical Society

The RAS held a discussion meeting on
Cometary Collisions on March 11th. This
was attended by James Lancashire and
myself and these notes summarise the
proceedings.

Ian Gilmore (Open University): Carbon
Chemistry of the KT boundary. The
impact event was probably a C1 chond-
rite impacting into carbonate rock. The
impact layer is thin, with ejecta only
present in North America. Various forms
of carbon are present, including diamond
and C60. The diamonds are not meteor-
itic or terrestrial. The presence of lots of
soot implies fire, and the k13C of -26%%
implies biomass combustion, with the
possibility of extinctions being caused by
darkness, cold, poisons, mutagens or green-
house warming. The impact is proven,
though the mechanism for extinction or
even if it occurred is not.

Max Wallis (Cardiff): The comet hypoth-
esis for the KT boundary. There is a sharp
iridium peak, but a broad peak in AIB
(exwra-terrestrial amino acid) over perhaps
100,000 years. He proposes the fragmen-
tation of a giant comet, with one impact
over this period. There is a low probabil-
ity of keeping graphite and mineral grains
from the fragmentation within the solar
system owing to radiation pressure, but
organic grains (< 0.1 pm) may remain.
He expects that climate fluctuation incl-
uding ice ages may have occurred. [There
were many inconsistencies in this talk,
which was difficult to follow and I am
rather sceptical. JDS].

David Hughes (Sheffield): Influx of
comets and asteroids to Earth. Look at
cratering records on earth and find that
N varies as D% Considerable extrapola-
tion was used, with much uncertainty in
the basic measurements and he brought
out several inconsistencies. Impact: either
energy had to be proportional to D?,
though experiment suggested it was pro-
portional to D*5; or the mass index had to
be around 1.57, though observation sug-
gested 2.0; or the measured diameters are
wrong (possible). Asteroids are more
likely to hit than comets. [Well presented,
with hand waving arguments, based on
severe extrapolation and assuming a
single population of objects. JDS]

Mark Bailey (Liverpool): Comets from the
Oort cloud and Kuiper belt. Large comets
dominate the mass and perhaps one per
century come inside Jupiter’s orbit (e.g. the
Kreutz group, and Comet Sarabat 1729 as
long-period comet examples, Chiron,
Pholus as shor-period comets and 92 QB1,
93 FW in the outer solar system: all are of
order 200 km dia-meter). Orbital study
shows that Chiron could have been earth
crossing (P =5 yr, g=0.5 AU) 15 ky ago
for around 5 ky, during which time it would
have emitted around 1500 times the mass of
comet Halley into the inner solar system.
Evi-dence for such events occurring is
supported by the Encke/Taurid complex.
He presented simulations showing that
comet Machholz could eventually impact
the sun, and that asteroid 5335 Damocles
could become a sungrazer. Even for comet
Halley, q is secularly decreasing and it
could become a sun-grazer within a million
years. Comet Encke could become a
sungrazer in 80,000 years. Giant comets
are perhaps 0.1% of the comet population,
with one captured into the inner solar
system every 100,000 years (c.f. climate
cycles and asteroid impact frequency).
Orbits are chaotic and can switch from
large to small q in as little as 100 years,
with a secular trend towards sungrazing
being common. This would give rise to
disintegration and is consistent with catast-
rophism. Perturbation of comets into sub
Jovian orbits is a secular process and is
more common than indicated by Monte-
Carlo simulations.

Bill Napier (Oxford): Climatic effects of
comets. The presence of giant comets in
the inner solar system would give rise to
terrestrial effects, probably within the period
of civilisation on earth. The Encke/Taurid
complex could input 10% g /century into the
inner solar system over a lifetime of per-
haps 3000 years for a Chiron-sized parent
body. Most of the mass resides in large
particles, though most of the surface area
is in small ones. Such a disintegration
could continuously input 1.5 tons/km?/y
onto the eartb, giving an atmospheric
loading of 6 x 10"g (c.f. the largest erup-
tion in history, Toba, which put around
10" g into the atmosphere). This would
give an optical depth 0.05<t<03,a
decrease in temperature of around 5° and
probably an ice age.

Victor Clube (Oxford): Giant comets and
short term catastrophes. Long term obser-
vations of fireballs by the Chinese show
periods of enhanced activity (in the autumn
months) in the tenth and fifteenth centuries.
This may be illustrated in some historic
woodcuts. The Spacewatch and DoD
observations show an enhanced flux of
small bodies compared to the extrapola-
tion, which implies a non-homogenous
population. He suggested that Tunguska
was a partially devolatilised comet core.
He would expect 10* similar events per
10° years per giant comet, but the rates
would be higher for short periods, giving
perbaps one impact per country per century,
which would be noticed! He thought that
the Dark Ages and decline of the Roman
empire around AD 500 and the Sumerian
collapse of around 2000 BC may have
been triggered by such events and pre-
dicted that the next series would occur
around AD 3000. Deserted lands in the
Roman empire (e.g. England in the fifth
century) had posed a problem to the admin-
istration, and millenananism (fear of the
end of the world) was rife. A search
through Chinese records had found several
descriptions which might of Tunguska like
events, starting in 193 AD.

Chris Traynor (Leeds): The Tunguska
event. This was caused by a comet or
asteroid airbust at 5-10 km altitude, giving
a 10-15 MT explosion. He showed several
slides of the site, which is in a mix of Taiga,
swamp and sandy heath. Observed effects
included air pressure waves, seismic traces,
haloes, bright nights and poor astronomical
seeing. Local effects included flattened
trees for 1025 km, fires and dead reindeer.
It may have changed the swamp and left
ripples in it. Residues include spherules,
trace element perturbation and two possible
‘craters’, about 20 cm across in the wall of
Churgym canyon, which were probably
caused by hyper-velocity impact, though no
macroscopic fragments have ever been
found.

Neil McBride (Kent): Comet debris
measured by LDEF. An asymmetry in
the large particle impacts between the
north and south pointing faces of the
spacecraft may be due to the Taurid
complex and could represent 1/3 of all
particles seen.
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Alan Fitzsimmons (Belfast): Near Earth
Objects. Four programs are searching for
them: two at Palomar (Gene Shoemaker
and Elenor Helin) and the AANEAS in
Aust-ralia using Schmidt plates, and the
Space-watch telescope using a CCD
which can record objects fainter than

mag 22. 43 new NEOs had been discov-
ered in 1993 alone. Toutatis and 1989 PB
were double. The origin of these bodies is
uncertain. Some NEOs are asteroids,
some are sus-pected of being dormant
comets, e.g. because of the orbit, associa-
tion with meteor streams or D type spec-
tra. Asteroid 4015 = 1979 VA = Comet
Wilson-Harrington 1949 III, though it has
a C type spectrum, There are not enough
C or D type NEOs to be extinct comets or
comets don’t tum into C or D type
asteroids.

Iwan Williams (London): P/Shoemaker-
Levy 9 (SL9) is in a near-circular orbit at
SAU, viewed alternatively it is in a high
inclination, high eccenwricity Jovian orbit
which is evolving rapidly due to solar per-

turbation. The ‘string of pearls’ is caused
by the differing orbital periods given by
the differing gravitation potential energy
of the fragments when the comet broke
up. Itis possible to calculate a likely size
from the spread of the fragments, which
gives the difference in perijove of around
1.5 km and hence a minimum diameter
of 3 km. If the breakup occurred after
perijove this would increase to around
10km. Calculations also suggest that the
density cannot be more than 2.5 g/cc. The
comet is fading, implying a one-off dust
ejection and no gas emission has been
detected; this could imply that the comet
is actually an asteroid. Some of the
emitted dust won’t impact the planet.

Galileo will be well placed to view the
impacts, but can’t send back many images.
Good astrometric positions are required in
order to get the absolute timing to better
than 10 minutes; the relative timing is
already quite good. The estimated energy
of the impacts is 10**J (10’ MT). The
brightness of the events depends on the

penetration depth: if 300 km there would
be a faint flash, followed by a hot plume
ejection and a second flash over a minute
or so, with most energy in the infra-red.
If the impact is high in the atmosphere
there would just be one flash. Thermal
waves are likely to be seen in the atmos-
phere after each impact. It might be poss-
ible to see reflections off satellites in
eclipse—this particularly applies to frag-
ments K and W (fragment A = 21 hits
first). Spectroscopy will show atmos-
pheric mixing. Seismic waves may probe
the internal structure. Enhancement of
the Jovian ring may occur from the impact
of parts of the dust trail which miss the
planet.

Cranks are having a field day with
prognostications of doom, and he hoped
that the media would only remember the
prophets getting it wrong if the event
turned out to be a complete flop.

Jonathan Shanklin
James Lancashire

Osculating heliocentric orbital elements for Shoemaker-Levy 9 fragments

These are orbit solutions as of 1994 February 22 and computed by D.K. Yeomans and P.W. Chodas of JPL.This not an ephemeris, but
the orbital elements and shows what a drastic perturbing effect that Jupiter has.

Jonathan Shanklin
Fragment Q = 7 Reference solution = Q16 (Component Ql=7a)
Date e a Node w i Tp

94 Feb 25 .11009438 5.37534900 223.696493 .073339475 3.565411 94 Jul 1.899777
94 Mar 11 .12375044 5.37769454 222.838881 358.922947 3.900170 94 Jun 7.250287
94 Mar 25 .13923847 5.37928070 222.150194 357.887673 4.271623 94 May 17.285271
94 Apr 8 .15707305 5.38015645 221.612719 356.930617 4.689901 94 Apr 29.360581
94 Apr 22 .17803981 5.38031659 221.214729 356.019958 5.170020 94 Apr 13.984427
94 May 6 .20340099 5.37968764 220.950624 355.125679 5.735388 94 Mar 31.791274
94 May 20 .23533615 5.37809014 220.822273 354.215852 6.425179 94 Mar 20.537446
94 Jun 3 .27803727 5.37513991 220.842902 353.248833 7.311964 94 Mar 11.112895
94 Jun 17 .34106656 5.36996058 221.048089 352.157863 8.552852 94 Mar 3.658438
94 Jul 2 .46612102 5.35899586 221.586198 350.683798 10.80459 94 Feb 26.953039
94 Jul 4 .49334066 5.35665082 221.698857 350.441529 11.26190 94 Feb 26.790379
94 Jul 6 .52547396 5.35393082 221.826437 350.181519 11.78813 94 Feb 26.820303
94 Jul 8 .56432286 5.35072285 221.972254 349.899489 12.40563 94 Feb 27.102691
94 Jul 10 .61279643 5.34685560 222.141119 349.589314 13.14915 94 Feb 27.731712
94 Jul 12 .67598463 5.34205177 222.340460 349.241710 14.07674 94 Feb 28.866429
94 Jul 14 .76387032 5.33581996 222.582778 348.841469 15.29592 94 Mar 2.804052
94 Jul 16 .89981292 5.32716262 222.892134 348.360681 17.03970 94 Mar 6.192874
94 Jul 18 1.1589738 5.31353081 223.327159 347.738006 19.97625 94 Mar 12.893127
94 Jul 20 2.1242032 5.28423789 224.149781 346.809232 28.12403 94 Apr 2.793963
94 Jul 22 .64892979 1.30757058 46.6824041 336.798307 58.66176 96 Sep 13.903716
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Research notes from selected journals

Comet formation

In Nature of 1994 April 21 (Vol. 368,

pp 721-723) Weidenschilling considers
the formation of comets from the solar
nebula and suggests a two-stage process,
each stage of which is a current theory.
After icy grains have settled in the
central plane, planetesimals form by
collision and are carried round with the
nebular gas. There is a shear, however,
which causes turbulence so that the
particle layer cannot become gravita-
tionally unstable. The collisional accre-
tion continues until the bodies are large
enough (tens of metres) to decouple from
the gas. Then gravitational instability of
the layer produces macroscopic bodies.
This happens preferentially further from
the Sun, The outer parts of the solar
nebula experience a lower tidal effect of
the Sun, have greater solid: gas ratio
owing to condensation of ices, and
produce less drag owing to lower gas
density. The paper suggests bodies of
size of order 10 km (i.e. typically
cometary). The composition and size
have implications for the Kuiper belt.

Short-period comets from the
outer solar system

Holman & Wisdom in the Astronomical
Journal of 1993 May (Vol. 105, pp
1987-1999) perform numerical integra-
tion over 20--800 Myr. The test particles
comprise orbits initially near Lagrange
L4 and L5 points of the Jovian planets
(i.e. ‘Tro-jans’), and those with circular
ecliptic orbits with radii 5-50 AU (i.e.
Kuiper belt objects). The Trojan-like
objects exhibit some considerable wand-
ering around their Lagrange point but are
essentially stable over the timescale
investigated. Asteroid-like objects
between Jupiter and Neptune are cleared
from the region within 10 Myr. For
objects between Neptune and about

43 AU, survival is rather longer, up to
100 Myr; these objects cross Neptune’s
orbit and maintain their semi-major axes
although their eccentricity varies irregu-
larly. The flux of these objects from this
model of the Kuiper belt decays slowly,
only inversely with time. Taking a reas-
onable flux of new short-period comets
of one per century, the authors assume
that 17% of these comets become visible

and estimate that nearly 10 billion comets
formed the Kuiper belt, with roughly half
this number remaining; they find a
similar mass of 0.2 Earth masses in the
current Kuiper belt to that previously
estimated by modeling perturbations of
Halley’s orbit.

Cometary apparent brightness

In Monthly Notices of the RAS Vol. 263
pp 247-255 (1993), Hughes et al.
investigate the A-effect which is simply
the effect of the Earth-comet distance on
the comet’s brightness. An inverse-
square law is usually assumed, but this
has been questioned. The actual value of
the exponent (-2 in the usual case) can
vary with the size of cometary coma and
the apparent magnitude. Hughes et al.
consider the method used by most
observers in making visual estimates,
i.e. comparison with defocussed stars,
and point out traps for the inexperienced
observer faced with a large comet. They
use a CCD to find the true luminosity
relationship and apply this to P/Halley
and P/Encke but conclude that for comets
further than about 0.03 AU from Earth
the inverse-square law holds, This is the
same relationship, of course, as for point -
sources.

Source of Jupiter family comets

Pittich & Rickman in Astronomy &
Astrophysics Vol. 281 pp 579-587 (1994)
simulate the breakup of giant comets and
integrate the fragments. The fragments
encounter Jupiter and as a result lose their
‘memory’ of previous orbital similarity,
even down to the quasi-constant Tisserand
parameter. The authors conclude that the
observed Jupiter family cannot be used to
distinguish a common origin for a sub-
stantial part of the family. This means
that nor can the family be used to rule out
its formation from cometary splitting.

Search for Jupiter family comets

In Icarus Vol 107 (2) pp 311-321 (1994),
Tancredi & Lindgren give the results of
the first search for comets in the vicinity
of Jupiter. 36 ESO Schmidt plates taken
during 1992 March & April were searched
but no comets were found. The limiting
magnitude for stellar objects is estimated

to be around mag 20, with the correspond-
ing comet nuclear (absolute) magnitude
around mag 14. Compared to asteroids at
the same distance, comets near Jupiter have
a lower relative velocity and thus leave
different trails on the plates. The distribu-
tion of Jovian family comets is signifi-
cantly higher nearer to Jupiter, so the search
was limited to this region. The authors
extrapolate an upper limit of 210 comets
brighter than mag 14 in the Jupiter family,
which means that only about half are
currently known. The plates did not detect
Comet 1993e before its assumed breakup
in 1992 July, but its absolute magnitude is
assumed to be fainter than the survey limit
anyway.

Origin of craterchains on Ganymede
and Callisto, and models of SL9

Melosh and Schenk write in Nature of
1993 Oct (Vol 365 pp 731-733) that the
long, straight crater chains on Ganymede
and Callisto were formed by the impact
of a fragmented comet, similar to Comet
1993e. After the retum of data from
Voyager 1, the craters were initially
thought to be secondary craters produced
by debris from a larger primary impact,
but the search for these source craters
had proved unsuccessful. The authors
point out that if the chains were indeed
the remnants of an extended impact by

a comet or asteroid then the (usually)
hyperbolic nature of the orbits should
place the impacts, and therefore the
chains, on the Jupiter-facing side of the
tidally-locked satellites. 11 out of 13 of
the crater chains on Callisto satisfy this
requiremnt. Ganymede's chains also fit
this bill, but they are fewer in number
owing to the moon's closer distance to
the parent body. Melosh & Schenk then
model the splitting of a comet and invest-
igate the separation of the fragments
when parameters like the initial comet
size and approach conditions to Jupiter
are varied. The tidal breakup of the
comet is assumed to take place at peri-
jove, and the resulting fragments form a
line, although this is not the case if the
comet is initially rotating. The authors
compare these results with images of
SL9 and state 'excellent agreement',

James Lancashire
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5 Mount Pleasant, Tuffley Overbury, LU3 1HE
Off Framfield Road, GLOUCESTER 33 Lexden Road, G F Johnstone
Uckfield, GL4 OQT West Bergholt, Tudor Cottage Brian Manning,
East Sussex. COLCHESTER, Stoneleigh Road Moonrakers,
TN22 5AY James Fraser, Essex. Blackdown Stakenbridge,

23a Averon Road, CO6 3BX LEAMINGTON SPA Churchill,
Robert Bullen, Alness, CV36QR KIDDERMINSTER,
4 Laurel Grove, Ross-shire, Miss Mary C A Hilsden, Worcs.
BONOR REGIS, Scotland. 23 Shaw Green Lane, Albert Jones, DY103LS
West Sussex. IV170SJ Prestbury, 31 Ranui Road,
PO22 9JR CHELTENHAM, Stoke, G Marriott,

David Frydman, Glos. Nelson, 121 Sidegate Lane,
J Coates, 6 Berkeley Court, GL52 3BS New Zealand. Ipswich,
81 Marsden Road, Ravenscroft Avenue, Suffolk.
BURNLEY, LONDON. IP4 4B)
Lancs. NW11 8BG
BB10 2BT
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1994 MAY 13
Addresses of comet section section members (contd)
Brian Marsden, Roy Mitchell, Jonatban D Shanklin, Barry K Vince, Jorgen Daniellsson,
Smithsonian Astro- 25 Mill Path, 11 City Road, 30 Nicholls Avenue, Hasselstigen 2D,
physical Observatory, [Eglinton CAMBRIDGE. Leuchars, 386 00 Farjestaden,
Cambridge, Co Londonderry. CB1 1DP St Andrews, Sweden.
MA 02138, BT47 3PP Fife.
US.A. Dr J H Shears, KY16 OLQ Mieczyslaw Paradowski,
Martin Mobberley, Allee Des Grillons, 4 Dabrowa,
Glyn Marsh, Old Hall Lane, B1410 Waterloo, Mr CL Vince, PL-21-114 Ludwin,
1 South View, Cockfield, Belgium. 8 Kent Road, Poland.
School Lane, Bury St Edmunds, SWINDON,
Catforth, Suffolk, John W Smith, Wiltshire. Andreas Kammerer,
PRESTON, Lancashire. | IP30 0LQ 27 Forest Road, SN1 3NJ Schutzenstr. 87,
PR4 OHL Winford, 7500 Karlsrube 1,
R C Moseley, SANDOWN, Alex Vincent, Germany.
John W Mason, 70 Stanley Road, Isle of Wight. Flat 4, 15 Shelley Road,
‘Olympus Mons’, Earlsdon, PO36 0JY Worthing. Attila Kosa-Kiss,
51 Orchard Way, COVENTRY, Sussex. R0-3560 SALONTA,
West Barnbam, West Midlands. Philip J E Smith, EN114BS Str Vidrec 3.
West Sussex. CVS5 6FF Rose Cottage, Jud. Bihor,
PO22 OHX 2 Butts Lane, Dr Fiona Vincent, ROMANIA.
Dr Robert J Neville Tibthorpe, Mills Observatory,
Dave McAdam, 18 Bradden Way DRIFFIELD, Balgay Park, Alex Scholten,
33 Wrekin View, Greens Norton E Yorkshire. Glamis Road, Horsterdijk 6a,
Madeley, TOWCESTER YO259LE DUNDEE. 6961 KP Eerbeek
TELFORD, Northants DD2 2UB Netherland.
SALOP. NN12 8BY David Storey,
TF7 SHZ 59 Lowell Place, CM Ward, And of course, our
Brian O’Halloran, Witney, 109 Loom Lane, 'home’ address:—
Dr Neil McBride, 22 Marian Avenue, Oxon. RADLETT,
Unit for Space Sciences, | Carrick-on-Suir, 0OX8 7DX Herts. British Astronomical
Physics Laboratory, Co. Tipperary, WD7 8NY Association,
University of Kent, Eire. Tony Tanti, Burlington House,
Canterbury, ‘Carmen’, P D Wroath Piccadilly,
CT27NR Roy Panther, Buzjett Street, 29 Sutoon Road LONDON.
51 Old Road, Naxxar, Speen W1V 9AG
DrRichard J McKim, Walgrave, Malta, NEWBURY
S Ashton Road, NORTHAMPTON. Berks
Oundle, NN6 9QW Melvyn D Taylor,
PETERBOROUGH. 17 Cross Lane, Johann Reifberger,
PES 4BY Andrew Pearce, WAKEFIELD, Himmelreichstr 30,
Flat B, W. Yorks. A-5071 Wals,
Paul Mettam, 133 Bedford Road, WF2 8DA Ausiria.
21 Stone Meadows, Clapham,
Long Eaton, LONDON. Frank Ventura, Foreign contacts:—
Notts. SW47RA ‘Urania’
NG10 1EX 4 Triq It-Trincetta, Astronamical Observatary,
Harold B Ridley, Ta’Milit, PO Box 120,
~ Stan Milbourn, Eastfield Lane, Mosta, Veselka Radeva,
... 15 Cam Green East Chinnock, Malta, Vama,
DURSLEY YEOVL, Bulgaria,
Gloucs Somerset. Vidican Dan,
GL11 5SHL BA22 9EP Str Dumitru, Giuseppe Canonaco,
Zosimanr. 78, Europlanetarium,
Raymond Minty, Dr John H Rogers Bucharest, sector 1, Kattevennen 19,
Gellyhill Cottage, 10 The Woodlands Cod 78227, 3600 Genk,
Banff, Linton . Romania. Belgium.
Scotland. CAMBRIDGE
AB45 3LB CB1 6UF
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14 THE COMET'S TALE

Comet McNaught-Russell 1993 v

m=88+5logd+58logr
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STOP PRESS: The brightness of 1993v has declined since aboutten days after perihe-
lion, with the magnitude now following: ,

m=9.1+50logd+17.0logr
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OBSERVING SUPPLEMENT: 1994 MAY

Review of comet observations for 1994 Jan—Apr

In addition to the Director’s report and

. lightcurves based on observations from

BAA members, I present a review of
comets so far in 1994, with information
gleaned from IAU circulars and TA. Note
that the figures quoted have been rounded
off from their original published accuracy.
Full reports of some comets will appear
elsewhere in due course.

Comets withnames printed in bold italic
type have ephemerides and charts printed
later in this newsletter. Please use the new
comet report form for your observations!

1986111 (P/Halley): recorded atmag 26 at
solar distance of nearly 19 AU, making
Halley the faintest comet ever observed.

P/Schwassmann-Wachmann 1: nuclear
magnitude given as mag 17 but frequent
outbursts: mag 13 in early Jan, mag 11 in
mid Jan, mag 13 by end Jan, mag 11 in
early Feb. :

CO emission from P/SW1 was detected
using the JCMT on 1993 Oct 22, Nov 11,
12; the production rate of 2000 kg/s is
sufficient to drive dust activity. First
direct evidence that activity in comets
beyond the orbit of Jupiter can be pow-
ered by CO. IAUC 5929)

P/Schwassmann-Wachmann 2: mag 12 in
early Jan, mag 10 by end Jan and mid Feb,
mag 12 in mid Mar.

P/Encke: mag 10 in early Jan, mag 6 in
mid Feb, mag 9 in mid Mar.

1993a (Mueller): peribelion on 1994 Jan
13, hyperdbolic orbit (e = 1.002), inclina-
tion 125°; mag 9 from Dec to Feb.

1993c (P/Tempel 1): mag 15 in early Feb,
mag 13 by mid Feb, mag 12 by early Mar.

1993p (Mueller): peribelion on 1994 Mar
29, inclination of 105°. Closest appr-oach
of 0.90 AU to Earth on May 8. Mag 11 in
early Jan, mag 10 in mid Jan, mag 9 in
late Jan, mag 11 in early Feb.

1993s (P/Mueller 5): perihelion on 1994
Sept 20; inclination 16°, eccentricity 0.26,
period of 13.8 yr.

1993t (Kushida-Muramatsu): perihelion
on 1993 Dec 6, inclination 2.4°, eccentric-
ity 0.27, period 7.4 yr.

1993y (McNaught-Russell): discovered
before its perihelion on 1994 Mar 31.
Inclined at 51°. Eccentricity 0.99. Closest
approach of 0.46 AU to Earth on Apr 3.
Magnitude prediction 4 mags too faint as
comet brightened to mag 9 in mid Feb and
mag 6 in late Mar.

STOP PRESS: the magnitude started to
decline about ten days after perihelion.
New mags in ephemeris. (1994 May 17).

Nakano suggests that 1993v is identical
with comet of 574 for which there is an
earlier similar given orbit. This gives a
period of 1430 £ 30 yr with residuals of
up to 1.6° in 574, and is compatible with
the eccentricity. JAUC 5943)

1994a (Kushida): discovered after its peri-
helion date of 1993 Dec 13. Low inclin-
ation of 4°. Orbit of eccentricity 0.63,
therefore a short period of 7.4 yr. Mag 11
in early Jan, mag 10 in mid Feb, mag 9 in
early Mar, mag 11 in late Mar.

1994b (P/Wild 3): recovered with Space-
watch Telescope at mag 20.

1994c (Mueller): discovered at mag 17.
Perihelion on 1993 Dec 1, inclination
145°. Closest approach of 1.4 AU to Earth
on Apr 3 atmag 16.

1994d (Shoemaker-Levy): mag 13 in early
Mar, mag 14/15 in early Apr but bright-
ened to mag 13 in mid Apr.

1994e (P/Russell 2): recovered at mag 22,
1994f (Takamizawa-Levy): discovered
around mag 10 in mid Apr. Inclination of
132°, Perihelion on 1994 May 22, closest
approach of 0.9 AU on May 24.

1994g (P/Harrington): recovered at mag
18.

1994h (P/Maury): recovered at mag 18.
1994i (Takamizawa): discovered at mag
11/12 with peribelion on Jul 8, inclination
of 135°. Closest approach of 1.0 AU on
May 23,

1994j (P/Brooks 2): recovered at mag 18.

James Lancashire

Comet ephemerides for 1993c, 1993v, 1994f & 1994i

Computed by Jonathan Shanklin

Comet ephemerides give the following
information for an arbitrary location in the
UK (long. 0°, lat. 53°).—

* Name of comet
¢ Orbital elements (1950)
» Magnitude formula

Conditions for the comet to be observable.
This is a rough indication only. The sun
must be 13° or more below the horizon
(i.e. sky is dark) and the comet a distance
above the horizon depending on its .
predicted brightness. A bright comet may
be visible outside these limits.

Equally afaint comet in poor skies may
be invisible!

* Month, year. All times are in Green-
wich Mean Astronomical Time
(GMAT) i.e. the day is the day on which
the night starts. To convert to UT (GMT)
add 12 hours. If the value is then greater
than 24, add 1 to the day and subtract 24
fromthehour. If necessary convert to
local time. Strictly ephemeris time is
used, this is currently some 55 seconds
ahead of UT.

¢ Column headings.
a) Day and time in GMAT.
b) Right ascension in hours and minutes

Declination in degrees and minutes
(These are for epoch 1950 which is the
epoch most often used in star atlases)

¢) Magnitude of comet. This is an indica-
tion only and may be several magnitudes
out. A comet appears much fainter in a
large telescope than in binoculars.

d) Distance from the Earth in AU.

e) Distance from the Sun in AU.

f) Time of transit, i.e. when the comet is
highest in the sky.

g) Period of observability subject to the
constraints in line 7. The comet may be
visible outside this period.

h) Elongation from the sun in degrees.

Ephemerides follow
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THE COMET'S TALE

Ephemeris for Comet P/Tempel 1 1993 c

Omega=178.8679 OMEGA= 68.3203 i= 10.5500 qgq= 1.494152 a= 3.114471
e=0.520255 P= 5.496 T= 1994 July 3.3085
Magnitudes calculated from m= 5.0+5.0*Log(d)+25.0*Log(r)+0.000*Beta

May 1994 ' Times in GMAT Positions for Epoch 1950
Day Time R.A. Dec Mag D R Trans Observable Elong
16 12.0 12 54.7 7.44 9.1 0.69 1.57 9.19 9.53 to 13.60 133
17 12.0 12 54.6 7.27 9.1 0.70 1.57 9.15 9.56 to 13.57 132
18 12.0 12 54.6 7.10 9.1 0.70 1.56 9.11 9.59 to 13.54 131
19 12.0 12 54.7 6.52 9.0 0.70 1.56 9.07 10.02 to 13.51 131
20 12.0 12 54.8 6.33 9.0 0.70 1.56 9.03 10.05 to 13.48 130
21 12.0 12 54.9 6.15 9.0 0.70 1.55 8.60 10.08 to 13.45 129
22 12.0 12 55.1 5.56 9.0 0.70 1.55 8.56 10.11 to 13.43 128
23 12.0 12 55.3 5.37 9.0 0.71 1.55 8.52 10.14 to 13.40 128
24 12.0 12 55.5 5.17 9.0 0.71 1.55 8.48 10.17 to 13.37 127
25 12.0 12 55.8 4.57 9.0 0.71 1.54 8.45 10.20 to 13.34 126
26 12.0 12 56.2 4.37 9.0 0.71 1.54 8.41 10.23 to 13.32 126
27 12.0 12 56.6 4.16 8.9 0.71 1.54 8.38 10.26 to 13.29 125
28 12.0 12 57.0 3.56 8.9 0.72 1.54 8.34 10.28 to 13.26 124
29 12.0 12 57.5 3.35 8.9 0.72 1.53 8.31 10.31 to 13.23 124
30 12.0 12 58.0 3.14 8.9 0.72 1.53 8.27 10.34 to 13.21 123
31 12.0 12 58.6 2.52 8.9 0.72 1.53 8.24 10.37 to 13.18 122
June 1994 Times in GMAT Positions for Epoch 1950
Day Time R.A. Dec Mag D R Trans Observable Elong
1 12.0 12 59.2 2.31 8.9 0.73 1.53 8.21 10.40 to 13.15 122
2 12.0 12 59.8 2.09 8.9 0.73 1.53 8.17 10.43 to 13.09 121
3 12.0 13 0.5 1.47 8.9 0.73 1.52 8.14 10.46 to 13.04 120
4 12.0 13 1.2 1.25 8.9 0.74 1.52 8.11 10.49 to 12.59 120
5 12.0 13 2.0 1.02 8.9 0.74 1.52 8.08 10.51 to 12.54 119
6 12.0 13 2.8 0.39 8.9 0.74 1.52 8.04 10.54 to 12.49 119
7 12.0 13 3.7 0.17 8.9 0.75 1.52 8.01 10.57 to 12.43 118
8 12.0 13 4.6 -0.06 8.9 0.75 1.51 7.58 10.59 to 12.38 117
9 12.0 13 5.5 -0.29 8.9 0.75 1.51 7.55 11.02 to 12.33 117
10 12.0 13 6.5 -0.53 8.9 0.76 1.51 7.52 11.04 to 12.28 116
11 12.0 13 7.5 -1.16 8.9 0.76 1.51 7.49 11.06 to 12.23 116
12 12.0 13 8.6 -1.39 8.9 0.76 1.51 7.47 11.08 to 12.18 115
13 12.0 13 9.7 -2.03 8.9 0.77 1.51 7.44 11.10 to 12.13 115
14 12.0 13 10.9 -2.27 8.9 0.77 1.51 7.41 11.12 to 12.07 114
15 12.0 13 12.0 -2.51 8.9 0.78 1.50 7.38 11.14 to 12.02 114
16 12.0 13 13.3 -3.14 8.9 0.78 1.50 7.35 11.15 to 11.57 113
17 12.0 13 14.5 -3.38 8.9 0.78 1.50 7.33 11.17 to 11.52 113
18 12.0 13 15.8 -4.02 8.9 0.79 1.50 7.30 11.18 to 11.47 112
19 12.0 13 17.1 -4.27 8.9 0.79 1.50 7.28 11.18 .to 11.42 112
20 12.0 13 18.5 -4.51 8.9 0.80 1.50 7.25 11.19 to 11.37 111
21 12.0 13 19.9 -5.15 8.9 0.80 1.50 7.22 11.19 to 11.32 111
22 12.0 13 21.3 -5.39 8.9 0.80 1.50 7.20 11.19 to 11.26 110
23 12.0 13 22.8 -6.03 8.9 0.81 1.50 7.17 11.19 to 11.21 110
24 12.0 13 24.3 -6.28 8.9 0.81 1.50 7.15 Not Observable 109
25 12.0 13 25.8 -6.52 8.9 0.82 1.50 7.13 Not Observable 109
26 12.0 13 27.4 -7.16 8.9 0.82 1.50 7.10 Not Observable 108
27 12.0 13 29.0 -7.41 9.0 0.83 1.50 7.08 Not Observable 108
28 12.0 13 30.7 -8.05 9.0 0.83 1.49 7.06 Not Observable 108
29 12.0 13 32.3 -8.29 9.0 0.84 1.49 7.03 Not Observable 107
30 12.0 13 34.0 -8.53 9.0 0.84 1.49 7.01 Not Observable 107
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Ephemeris for Comet P/McNaught-Russell 1993 v

Omega=353.4724 OMEGA=165.6601 i= 51.5944 g= 0.867609 a=136.530300

e=0.993645 P= 1595.304 T=

1994 March 31.

0990

Magnitudes calculated from m= 9.1+5.0*Log(d)+17.0*Log(r)+0.000*Beta

May
Day Time

16 12.0
17 12.0
18 12.0
19 12.0
20 12.0
21 12.0
22 12.0
23 12.0
24 12.0
25 12.0
26 12.0
27 12.0
28 12.0
29 12.0
30 12.0
31 12.0

June

12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
10 12.0
11 12.0
12 12.0
13 12.0
14 12.0
15 12.0
16 12.0
17 12.0
18 12.0
19 12.0
20 12.0
21 12.0
22 12.0
23 12.0
24 12.0
25 12.0
26 12.0
27 12.0
28 12.0
29 12.0

30 12.0

ook wNhR

1994
R.A.

11 24.0
11 36.2
11 47.7
11 58.6
12 8.9
12 18.7
12 27.8
12 36.5
12 44.6
12 52.2
12 59.4
13 6.1
13 12.5
13 18.5
13 24.2
13 29.6

1994

13 34.7
13 39.5
13 44.1
13 48.5
13 52.6
13 56.6
14 0.4
14 4.0
14 7.5
14 10.8
14 14.0
14 17.1
14 20.1
14 22.9
14 25.7
14 28.4
14 31.0
14 33.5
14 36.0
14 38.3
14 40.7
14 42.9
14 45.1
14 47.3
14 49.4
14 51.4
14 53.4
14 55.4
14 57.3

14 59.2

Dec

76.33
76.21
76.07
75.52
75.34
75.16
74.56
74.35
74.13
73.50
73.27
73.03
72.38
72.13
71.48
71.22

*70.56

70.29
70.03
69.36
69.08
68.41
68.14
67.46
67.18
66.51
66.23
65.55
65.27
64.59
64.30
64.02
63.34
63.06
62.38
62.09
61.41
61.13
60.45
60.16
59.48
59.20
58.52
58.24
57.56

57.28

Times in GMAT Positions for Epoch 1950

Mag D R

10.3 0.91 1.20
10.4 0.92 1.22
10.5 0.93 1.23
10.6 0.95 1.24
10.7 0.96 1.25
10.8 0.97 1.26
10.9 0.99 1.28
11.0 1.00 1.29
11.1 1.01 1.30
11.2 1.03 1.31
11.3 1.04 1.32
11.4 1.05 1.34
11.5 1.07 1.35
11.5 1.08 1.36
11.6 1.09 1.37
11.7 1.11 1.39

Times in GMAT

11.8 1.12 1.40
11.9 1.13 1.41
12.0 1.15 1.43
12.1 1.16 1.44
12.2 1.17 1.45
12.3 1.18 1.46
12.4 1.20 1.48
12.5 1.21 1.49
12.5 1.22 1.50
12.6 1.24 1.51
12.7 1.25 1.53
12.8 1.26 1.54
12.9 1.28 1.55
13.0 1.29 1.57
13.0 1.30 1.58
13.1 1.31 1.59
13.2 1.33 1.61
13.3 1.34 1.62
13.4 1.35 1.63
13.4 1.37 1.64
13.5 1.38 1.66
13.6 1.39 1.67
13.7 1.41 1.68
13.8 1.42 1.70
13.8 1.43 1.71
13.9 1.45 1.72
14.0 1.46 1.73
14.1 1.47 1.75
14.1 1.48 1.76

14.2 1.50 1.77

Trans

7.49
7.57
8.04
8.11
8.17
8.23
8.28
8.33
8.37
8.40
8.44
8.46
8.49
8.51
8.52
8.54

Positions for

8.55
8.56
8.56
8.57
8.57
8.57
8.57
8.57
8.56
8.55
8.55
8.54
8.53
8.52
8.51
8.49
8.48
8.47
8.45
8.44
8.42
8.40
8.39
8.37
8.35
8.33
8.31
8.29
8.27

8.25

Observable Elong
9.53 to 13.60 78
9.56 to 13.57 78
9.59 to 13.54 78

10.02 to 13.51 78
10.05 to 13.48 79
10.08 to 13.45 79
10.11 to 13.43 79
10.14 to 13.40 80
10.17 to 13.37 80
10.20 to 13.34 80
10.23 to 13.32 80
10.26 to 13.29 81
10.28 to 13.26 81
10.31 to 13.23 81
10.34 to 13.21 81
10.37 to 13.18 82
Epoch 1950
10.40 to 13.16 82
10.43 to 13.13 82
10.46 to 13.11 82
10.49 to 13.08 83
10.51 to 13.06 83
10.54 to 13.03 83
10.57 to 13.01 83
10.59 to 12.59 83
11.02 to 12.57 84
11.04 to 12.55 84
11.06 to 12.53 84
11.08 to 12.51 84
11.10 to 12.50 85
11.12 to 12.48 85
11.14 to 12.47 85
11.15 to 12.46 85
11.17 to 12.45 85
11.18 to 12.45 86
11.18 to 12.44 86
11.19 to 12.44 86
11.19 to 12.44 86
11.19 to 12.45 86
11.19 to 12.46 86
11.18 to 12.47 87
11.18 to 12.48 87
11.17 to 12.49 87
11.15 to 12.51 87
11.14 to 12.53 87
11.13 to 12.54 87
11.11 to 12.57 88
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Ephemeris for Comet Takamizawa-Levy 1994 £

Omega= 61.6416 OMEGA=306.1751 i=132.8646 g= 1.359320 a=*****kkkk*
e=1.000000 P=*¥**¥*¥%** T= 1994 May 22.5420
Magnitudes calculated from m= 8.0+5.0*Log(d)+10.0*Log(r)+0.000*Beta

May 1994 Times in GMAT Positions for Epoch 1950
Day Time R.A. Dec Mag D R Trans Observable Elong

0.95 1.36 16.47 9.53 to 13.60 88
0.94 1.36 16.37 9.56 to 13.57 88
0.93 1.36 16.27 9.59 to 13.54 89
0.92 1.36 16.16 10.02 to 13.51 89
0.92 1.36 16.04 10.05 to 13.48 89
0.91 1.36 15.52 10.08 to 13.45 90
0.91 1.36 15.38 10.11 to 13.43 90
0.91 1.36 15.23 10.14 to 13.40 90
0.91 1.36 15.07 10.17 to 13.37 90
0.91 1.36 14.49 10.20 to 13.34 90
0.91 1.36 14.30 10.23 to 13.32 90
0.92 1.36 14.09 10.26 to 13.29 90
0.92 1.36 13.47 10.28 to 13.26 89
0.93 1.36 13.23 10.31 to 13.23 89
0.94 © 1.37 12.57 10.34 to 13.21 89
0.95 1.37 12.30 10.37 to 13.18 88

16 12.0 20 23.3 45.16
17 12.0 20 17.6 47.13
18 12.0 20 11.4 49.10
19 12.0 20 4.5 51.08
20 12.0 19 56.7 53.05
21 12.0 19 48.1 55.02
22 12.0 19 38.5 56.56
23 12.0 19 27.8 58.47
24 12.0 19 15.7 60.35
25 12.0 19 2.3 62.17
26 12.0 18 47.3 63.53
27 12.0 18 30.5 65.21
28 12.0 18 12.1 66.40
29 12.0 17 51.9 67.49
30 12.0 17 30.2 68.47
31 12.0 17 7.1 69.31

O YV wVwwWwwWWwWLVWWWYWWYVWVYVWYVVVLOL
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June 1994 Times in GMAT Positions for Epoch 1950

Day Time R.A. Dec Mag D R Trans Observable Elong
1 12.0 16 43.1 70.02 0.96 1.37 12.02 10.40 to 13.16 88
2 12.0 16 18.7 70.20 . 0.97 1.37 11.34 10.43 to 13.13 87
3 12.0 15 54.5 70.25 . 0.98 1.37 11.06 10.46 to 13.11 87
4 12.0 15 31.0 70.17 0.99 1.37 10.38 10.49 to 13.08 86
5 12.0 15 8.8 69.58 . 1.01 1.38 10.12 10.51 to 13.06 86
6 12.0 14 48.0 69.29 . 1.02 1.38 9.48 10.54 to 13.03 85
7 12.0 14 28.9 68.53 . 1.04 1.38 9.25 10.57 to 13.01 84
8 12.0 14 11.6 68.10 . 1.06 1.38 9.04 10.59 to 12.59 84
9 12.0 13 56.0 67.22 1.08 1.39 8.45 11.02 to 12.57 83

1.10 1.39 8.27 11.04 to 12.55 82
1.12 1.39 8.11 11.06 to 12.53 81
1.14 1.40 7.56 11.08 to 12.51 81
1.16 1.40 7.42 11.10 to 12.50 80
1.18 1.40 7.29 11.12 to 12.48 79
1.20 1.41 7.17 11.14 to 12.47 78
16 12.0 12 44.2 60.50 1.22 1.41 7.06 11.15 to 12.46 77
17 12.0 12 37.8 59.53 10. 1.25 1.41 6.56 11.17 to 12.45 77
18 12.0 12 31.9 58.57 10.0 1.27 1.42 -6.46 11.18 to 12.45 76
19 12.0 12 26.7 58.02 10.1 1.30 1.42 6.37 11.18 to 12.44 75
20 12.0 12 21.9 57.08 10.1 1.32 1.43 6.28 11.19 to 12.44 74
21 12.0 12 17.6 56.16 10.2 1.34 1.43 6.20 11.19 to 12.44 73
22 12.0 12 13.6 55.24 10.3 1.37 1.44 6.12 11.19 to 12.45 72
23 12.0 12 10.0 54.34 10.3 1.39 1.44 6.05 11.19 to 12.46 71

10 12.0 13 42.0 66.30
11 12.0 13 29.5 65.36
12 12.0 13 18.3 64.40
13 12.0 13 8.3 63.43
14 12.0 12 59.4 62.45
15 12.0 12 51.4 61.47

© LV WVWWYWWWWWWWWWWVVWWWVL
o o . . B
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24 12.0 12 . 53.46 10.4 1.42 1.45 5.57 11.18 to 12.47 71
25 12.0 12 52.58 10.4 1.44 1.45 5.50 11.18 to 12.48 70
26 12.0 12 . 52.12 10.5 1.47 1.46 5.44 11.17 to 12.49 69

27 12.0 11

5
28 12.0 115 50.44 10.6 1.52 1.47 5.31 11.14 to 12.53 67

5

5

50.01 10.6 1.55 1.47 5.25 11.13 to 12.54 66
49.20 10.7 1.57 1.48 5.19 11.11 to 12.57 66

29 12.0 11

6.7
3.7
1.0
8.4 51.27 10.5 1.49 1.46 5.37 11.15 to 12.51 68
6.1
4.0
30 12.0 11 52.0

BAA COMET SECTION NEWSLETTER



OBSERVING SUPPLEMENT: 1994 MAY

Ephemeris for Comet Takamizawa-Levy 1994 f (contd)
Times in GMAT Positions for Epoch 1950

July
Day Time

WOk whERE

Ephemeris

Omega=191.

12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0

1994
R.A.

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

50.2
48.5
46.9
45.5
44.2
43.0
41.8
40.8
39.8
38.9
38.1
37.3
36.6
36.0
35.4
34.8
34.3
33.9
33.4
33.1
32.7
32.4
32.1
31.9
31.6
31.4
31.3
31.1
31.0
30.9
30.8

Dec

48.40
48.01
47.23
46.46
46.10
45.36
45.02
44.29
43.57
43.26
42.56
42.26
41.57
41.29
41.02
40.35
40.10
39.44
39.20
38.55
38.32
38.09
37.47
37.25
-37.03
36.42
36.22
36.02
35.42
35.23
35.04

Mag

10.7
10.8
10.8
10.9
10.9
11.0
11.0
11.1
11.1
11.2
11.2
11.3
11.3
11.4
11.4
11.5
11.5
11.6
11.6
11.7
11.7
11.7
11.8
11.8
11.9
11.9
12.0
12.0
12.1
12.1
12.1

D

1.60
1.62
1.65
1.67
1.70
1.73
1.75
1.78
1.80
1.83
1.85
1.88
1.90
1.93
1.95
1.98
2.00
2.03
2.05
2.08
2.10
2.12
2.15
2.17
2.19
2.22
2.24
2.26
2.28
2.31
2.33

for Comet Takamizawa 1994 i

R

1.48
1.49
1.49
1.50
1.51
1.51
1.52
1.53
1.53
1.54
1.55
1.55
1.56
1.57
1.57
1.58
1.59
1.60
1.60
l.61
1.62
1.63
1.63
1.64
1.65
1.66
1.67
1.67
1.68
1.69
1.70

Trans

5.13
5.08
5.02
4.57
4.52
4.46
4.41
4.36
4.31
4.27
4.22
4.17
4.12
4.08
4.03
3.59
3.54
3.50
3.46
3.41
3.37
3.33
3.29
3.24
3.20
3.16
3.12
3.08
3.04
2.60
2.56

Observable

11.09
11.07
11.05
11.03
11.01
10.58
10.56
10.53
10.51
10.48
10.46
10.43
10.41
10.38
10.35
10.32
10.30
10.27
10.24
10.21
10.19

10.16

10.13

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

12.59
13.01
13.04
13.06
13.09
13.08
12.56
12.43
12.32
12.20
12.09
11.59
11.49
11.39
11.29
11.19
11.10
11.01
10.52
10.43
10.34
10.26
10.17

Not Observable
Not Observable
Not Observable
Not Observable
Not Observable
Not Observable
Not Observable
Not Observable

6850 OMEGA= 50.4120 i=135.9980 g= 1.952140 a=**¥**%*kkw¥*
1994 June

e=1.000000 P=¥¥**kkkkwx
Magnitudes calculated from m= 7.0+5.0*Log(d)+10.0*Log(r)+0.000*Beta

May

Day Time

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0

1994
R.A.

16
15
15
15
15
15
15
15
15
14
14
14
14
14
14
14

1.2
54.3
47.2
40.1
33.0
25.8
18.7
11.5

4.4
57.3
50.3
43.3
36.5
29.7
23.1
l6.7

Dec
-7.01
-7.16
-7.31
-7.47
-8.02
-8.16
-8.31
-8.45
-8.59
-9.12
-9.25
-9.37
-9.49

-10.01
-10.12
-10.22

28.8770

Elong

65
64
63
62
61
61
60
59
58
57
56
56
55
54
53
52
52
51
50
49
49
48
47
46
45
45
- 44
43
42
42
41

Times in GMAT Positions for Epoch 1950
Observable

Mag
10.1
10.1
10.1
10.1
10.1
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
10.1
10.1
10.1

D
.03
.02
.02
.01
.01

1.01

1.01

1.01

1.01

1.02

1.02

1.03

1.03

1.04

1.05

1.06

PRRRR

R
2.02
2.02

2.02

2.01
2.01
2.01
2.00
2.00
2.00
2.00
1.99
1.99
1.99
1.99
1.98
1.98

Trans
12.26
12.15
12.04
11.53
11.42
11.31
11.20
11.08
10.57
10.46
10.35
10.24
10.14
10.03

9.52

9.42

9.53

9.56

9.59
10.02
10.05
10.08
10.11
10.14
10.17
10.20
10.23
10.26
10.28
10.31
10.34
10.37

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

13.60
13.57
13.54
13.51
13.48
13.45
13.43
13.40
13.37
13.34
13.32
13.29
13.23
13.11
12.58
12.46

Elong
166
167
168
168
168
167
165
163
161
159
157
155
153
150
148
146
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Ephemeris for Comet Takamizawa 1994 i (contd)
June 1994 Times in GMAT Positions for Epoch 1950
Day Time R.A. Dec Mag D R Trans Observable Elong

12.0 14 10.4 -10.32 10.1 1.07 1.98 9.32 10.40 to 12.34 143
12.0 14 4.2 -10.42 10.1 1.08 1.98 9.22 10.43 to 12.21 141
12.0 13 58.2 -10.51 10.2 1.10 1.98 9.12 10.46 to 12.10 139
12.0 13 52.4 -10.59 10.2 1.11 1.97 9.02 10.49 to 11.58 136
12.0 13 46.7 -11.07 10.2 1.13 1.97 8.52 10.51 to 11.46 134
12.0 13 41.3 -11.15 10.2 1.14 1.97 8.43 10.54 to 11.35 132
12.0 13 36.0 -11.22 10.3 1.16 1.97 8.34 10.57 to 11.23 130
12.0 13 30.9 -11.29 10.3 1.17 1.97 8.25 10.59 to 11.12 128
12.0 13 25.9 -11.36 10.3 1.19 1.97 8.16 Not Observable 126
10 12.0 13 21.2 -11.42 10.3 1.21 1.96 8.07 Not Observable 124
11 12.0 13 16.6 -11.49 10.4 1.23 1.96 7.59 Not Observable 122
12 12.0 13 12.2 -11.54 10.4 1.25 1.96 7.50 Not Observable 120

WO W

13 12.0 13 . -12.00 10.4 1.27 1.96 7.42 Not Observable 118
14 12.0 13 -12.06 10.5 1.29 1.96 7.34 Not Observable 116
15 12.0 12 -12.11 10.5 1.31 1.96 7.26 Not Observable 114

16 12.0 12 -12.16 10.5 1.33 1.96 7.18 Not Observable 113
17 12.0 12 -12.21 10.6 1.35 1.96 7.11 Not Observable 111
18 12.0 12 49.2 -12.26 10.6 1.37 1.96 7.04 Not Observable 109
19 12.0 12 45.9 -12.30 10.6 1.39 1.96 6.56 Not Observable 107
20 12.0 12 42.7 -12.35 10.7 1.42 1.95 6.49 Not Observable 106
21 12.0 12 39.6 -12.40 10.7 1.44 1.95 6.42 Not Observable 104
22 12.0 12 36.7 -12.44 10.7 1.46 1.95 6.35 Not Observable 103
23 12.0 12 33.9 -12.49 10.8 1.48 1.95 6.29 Not Observable 101
24 12.0 12 31.3 -12.53 10.8 1.51 1.95 6.22 Not Observable 100
25 12.0 12 28.7 -12.58 10.8 1.53 1.95 6.15 Not Observable 98
26 12.0 12 26.3 -13.02 10.9 1.55 1.95 6.09 Not Observable 97
27 12.0 12 23.9 -13.06 10.9 1.58 1.95 6.03 Not Observable 95
28 12.0 12 21.7 -13.11 10.9 1.60 1.95 5.57 Not Observable 94
29 12.0 12 19.6 -13.15 11.0 1.62 1.95 5.51 Not Observable 92
30 12.0 12 17.5 -13.19 11.0 1.65 1.95 5.45 Not Observable 91

Comet charts for 1993¢c, 1993v, 1994f & 1994i

[SAREANN )
Noyo w
. .« .
Ao wvuv

The charts opposite are produced using Voyager II (Carina Software). They show the paths of the four comets which appear conven-
iently as pairs in two parts of the sky. The paths start in mid May and end in early July, with marks (W) every five days and dates
every ten. : :

1993v & 1994f: The comets come within 20' near noon on June9.

1993c & 1994i: 1994i is about 2° from Jupiter (marked ) on June 1 & 2.

STOP PRESS: Comet McNaught-Russell (1993v) has declined in brightness since about ten days after perihelion, the magnitude

now following:
m=9.1+50logd+17.0logr

which means that the comet will probably not be seen after the end of May.

There is a copy of the new report form following the charts, By all means use up copies of the old form, but do photocopy the new
form for you own use later.
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Comets 1993v & 1994f
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Newsletter of the Comet Section of the British Astronomical Association 1994 Nov

The collision between Shoemaker-Levy 9 and Jupiter

David W. Hughes, Department of Physics, The University, Sheffield

NEVER before in the history of astron-
omy have we been able to predict when
two solar system bodies would collide
and then sit back and witness the event
nearly a year and a half later. During
1994 July 16-22 twenty or so fragments
of the Jovian cometary satellite
Shoemaker-Levy 9 hit Jupiter. The
comet came of f worse.

Last days of the comet! ESO's view
of the gravitationally-elongated dust
comae (lower right) against scattered
light from Jupiter.

A global network of ground-based
observatories and a small armada of
spacecraft (Hubble Space Telescope,
Galileo, Voyager-2 and Ulysses) obs-
erved the event. It was the largest
concerted observational programme ever
embarked upon in the history of astron-
omy. Before July astronomers see-sawed
between predicting that little would be

seen and foretelling a celestial
spectacular.

In fact much was seen, but very little
was learnt. If you want to learn about
comets it is clear that smashing them to
smithereens with a planetary hammer
moving at 60 km s! and then violently
stirring the bits into a swirling cloudy
atmosphere, is not a good experimental
plan. And if you want to do cosmic
physics, by inputting a specific amount
of material and energy into the Jovian
atmosphere it helps if you have a good
idea as to the amounts in question.

This, unfortunately, was not the case.
Such fundamental quantities as fragment
size, density and mass were unknown.

Cometary nuclei are dirty snowballs and
not rocky ice-balls. Cometary experts
guess that their densities are around
200 kg m3. An analysis of the way in
which the comet split apart as it passed
inside Jupiter’s Roche limit indicated
that the diameter of the precursor was
about 1 km. So the biggest fragment was
probably about 0.25 to 0.5 km across.
Thus the maximum fragment impact was
between about 3 x 10'8 and 2 x 1019
(36,000 to 300,000 “Hiroshima”
bombs).

In mid-July it was soon realised that the
intensity of the impact phenomena was
only roughly related to the pre-impact

brightness of the incoming cometary
fragment. The cometary string consisted
of fragments A, C, D, E, G, H, K, L, Q,
R, S, U, V and W which were on a
straight line and fragments B, F, N, P,
and T which were off this axis.
Fragments G, H, K, Q and S were very
bright, E, L and R were bright, A, B, C,
F and T were of medium intensity and
D, N, M, U and V were faint. Fragment
A produced a bright impact signature
whereas fragment B’s impact resulted in

Hubble image of impact site G
(with earlier site D to left) on July 18.

an almost undetectable blemish. Frag-
ments that were off the axis of the main
“string of pearls” were complete flops.
They were probably dust clouds not
solid fragments.

All the impacts occurred at a Jovian
latitude of -44°. They also hit the side of
Jupiter that was facing away from both
the Earth and the Sun. The comet path
was inclined at 45° to the Jovian cloud
layers. continued on page 3
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Director:

Comet Section contacts

Phone: +44 1223 571250 Fax: +44 1223 62616
E-Mail: IDS @ MAIL.AST.CAM.AC.UK or J.SHANKLIN @ BAS.AC.UK

Assistant Director (Observations):
(and also Editor of
The Astronomer magazine)

Jonathan Shanklin, 11 City Road, CAMBRIDGE, CB1 1DP, England.

Guy Hurst, 16 Westminster Close, Kempshott Rise, BASINGSTOKE, Hampshire,
RG22 4PP, England.
Phone & Fax: +44 1256 471074

E-Mail: GMH @ AST.STARRL.AC.UK or GMH @ GXVG.AST.CAM.AC.UK

Assistant Director (Newsletter):
(and also any general
correspondence)

CCD Adpvisor:

Phone: +44 1245 354366
E-mail: NDJ @ GEC-MRC.CO.UK or NDJ @ ASTRO1.DEMON.CO.UK

Photographic Advisor:

Phone: +44 1983 865451

James Lancashire, 21 Warkworth Street, CAMBRIDGE, CB1 1EG, England.
Phone: +44 1223 329031
E-Mail: JALAN @ MAIL.AST.CAM.AC.UK

Nick James, 11 Tavistock Road, CHELMSFORD, Essex, CM1 SJL, England.

John W Smith, 27 Forest Road, Winford, SANDOWN, Isle of Wight, PO36 0JY, England.

Many thanks for your kind comments
relating your satisfaction with your new-
look newsletter. Do keep in touch by
letter or e-mail with any. thoughts and, in
particular, any articles or observing
notes, or general illustrative material!

Computer technology changes so
guickly that not only is it hard for one to
keep up-to-date, but that very dynamism
forces one to continually adapt. Owing
to this, I have had to use a different
desk-top publishing package to produce
this issue. I hope this program (if not
the version number!) will be around for
some time. So there are necessarily
some (hopefully) minor changes in
design and layout.

[ have consequently been rather busy at
the production stages, and I must thank
all the contributors. Those articles and
images (mostly arriving in electronic
form) have saved me hours at the
keyboard and also many trips to libraries
in search of content for this issue. I have
been able to devote my time to actually
editing the newsletter!

On to observational matters. No sooner
had my charts appeared in May showing
the prospect of four comets over the
summer than some of these comets
started to fade and become more diffuse.
[ can accept responsibilty only for
terrestrial matters I'm afraid!

The summer, though, was notable for
split comets: in addition to Shoemaker-
Levy 9, comets 19940 and 1994g

Editorial

displayed several components. I saw
two of the components of 19940 — how
many did you see?

I have avoided any mention thus far of
the great comet crash, when SL9’s
fragments impacted Jupiter during the
third week of July. This is for numerous
reasons.

First, amateurs were rewarded by an
amazing sight of Jupiter’s southern
hemisphere pock-marked with dark
impact scars, but this newsletter is not
the place to discuss those.

Secondly, the leading article by Dr
David Hughes is on this very subject,
and he is more competent that I to deal
with the theoretics involved.

And thirdly, much analysis of the vast
amounts of data from every observatory
on Earth remains uncompleted, after
which the interpretation will no doubt
change drastically our perspectives on
comets and on planetary atmospheres.
But this process will take months, if not
years to complete. So we are now in
transit, a knowledge interregnum if you
like, from one set of models to the next,
and I believe that unfounded speculation
during this period is undesirable.

Having said that, some professional
astronomers have met already at
conferences, notably at the International
Astronomical Union, at the Hyper-
velocity Impact Symposium and at the
Division of Planetary Sciences of the

Association of Lunar and Planetary
Observers. ESO will hold a meeting in
the New Year.

For amateur astronomers, particularly in
Europe, the Planetary Observers in
Germany invite you to MEPCO '95 - see
details elsewhere.

The comet and Jupiter sections of the
BAA are meeting on Saturday, 1995
March 18 in Cambridge for a full day’s
discussion of the SL9 event. Again,
details are given elsewhere and I hope
that you will be able to attend.

The UK weather since the summer has
been rather autumnal(!), with frontal
systems following each other across the
Atlantic and hardly any clear observing
sky in between. There have been odd
clear nights but these seem to have
occured around Full Moons, so the few
comets have simply been drowned out.

The prospects for 1995 aren’t too good
at the moment — see Jonathan’s article.
Observers with a CCD should try to
follow P/Schwassmann-Wachmann |
and note any outbursts.

Finally, if you haven’t sent any sub to
Jonathan then this will be your last issue
until he has your £3 (for those active) or
£5 (for others) to cover two years.

Once again, may I urge you to read,
subscribe and contribute!

James Lancashire
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The collision between Shoemaker-Levy 9 and Jupiter

continued from page 1

Meteors and fireballs provide the best
clue to the impact process. In the Earth’s
atmosphere a meteoroid starts ablating at
a pressure of 107 bar. The lower
molecular weight of the hydrogen and
helium in Jupiter’s atmosphere causes
ablation to start at around 106 bar. The
only “observed” Earth-comet impact
was Tunguska. Here the comet blew up
8.5 km above the Earth’s surface, where
the pressure was 0.1 bar. In the Jovian
case we multiply by a factor of ten
(owing to the atmospheric constituents)
and by another factor of ten for the
additional mass of the impactors. The
comet explosion thus occurs at a
pressure of 10 bar, i.e. above Jupiter’s
clouds.

Each bit of Shoemaker-Levy 9 was
expected to break up when the
differential dynamic pressure across the
fragment exceeded the tensile strength.
When this happened the surface area of
the ablating comet increased by a huge
amount, the deceleration increased
enormously and the comet dumped all
its remaining energy more or less
instantaneously. This produced a
“hydrogen bomb” type explosion.
Material was blown way above the
Jovian cloud layers, and then fell back
under gravity after a few minutes. The
observation of this short-lived material
plume signalled “friable comet”. A
stronger asteroidal fragment would not
have undergone this explosive
deceleration process.

What was seen

(1) The fireball flash at the instance of
impact was only imaged by the Galileo
Spacecraft. Impacts L and W were
spectacular. All the impacts occurred on
the Jovian face pointing away from
Earth, but as Jupiter rotates every 10
hours the site soon came into view.

Galileo's direct view of impact W
over 7 s on 1994 July 22: the impact
occurs just round the limb as seen
from Earth, on Jupiter's 'dark side’,
at latitude 44° south (top here)

(2) The plume, the short-
lived “H bomb like” cloud
that rose and then fell
back, was seen by the
Hubble Space Telescope.
In the case of the G
impact the gas went up to
a height of at least 3000
km (remember that Jupiter
has a radius of 71,300 km)

and fell back in about 18
minutes.

(3) The expanding meteor
train was easily observed
(much more easily than
expected). Here the highly
energetic cometary material mixes with,
excites, and warms up the jovian
material. Dilution occurs extremely
rapidly. As the cometary atoms and ions
have an initial velocity of 60 km s,
their random walk away from the impact
track means that within minutes they
have mixed with many thousand times
their own mass of Jovian material. A
comet moving at 60 km s°! has an equiv-
alent “temperature” of 2,500,000 K.
Within tens of minutes this has dropped
to temperatures that are best detected in
the near and far infra-red.

The expanding meteor train could be
seen as a scar in the Jovian south-south
temperate zone at latitude near 44°
south. On average there was a hit every
7 hour and after a time this zone became
a confused battle-field. For example F
hit the E impact site; D, G and S
ploughed into the same region; and W
merged with K.

The spectral signature from the cooling
impact region was dominated by
methane. Visually the scars were dark
whereas in the infrared they were bright.
At visual wavelengths the train cloud
region had a reflectivity that was lower
than the underlying Jovian clouds. As
time passed the train clouds sank,
became assimilated by the normal
clouds and disappeared from view. In
the infrared K band at 2.2 microns the
impact site shone like a beacon against
the dark cold surface of Jupiter.

The Kuiper Airborne Observatory
detected C,H, (acetylene), C,Hg (ethane)
and water vapour. The JCMT on Hawaii
observed CO and HCN. S, and CS, and
NH; have been seen in the UV. These

A remarkable amateur view of SL9: David
Strange's image on 1994 March 17 taken with a
Starlite Xpress CCD attached to a 20-inch f/4
Newtonian using ten 80 s exposures. The galaxy
IC 4476 is tto the bottom left

molecules and radicals came from both
the disruption of the comet and the
Jovian ammonium hydrosulphide and
ammonium clouds.

(4) cometary remnants. The pre-impact
comet was a dirty snow-ball with an
internal temperature of typically 140 K.
Its 60 km s ! impact with Jupiter
released sufficient energy to completely
atomise the material and excite the
atoms. Any dust left over was expected
to be a very small fraction of the initial
dust content. The vast majority of the
dust mass was smashed into excited
atoms of Ca, Na, Fe, Mg, Si and O. The
Intermediate Dispersion Spectrograph
on the Isaac Newton Telescope showed
a profusion of metal lines when the fresh
meteor trains were observed.

Needless to say it is very difficult to
vapourise all the dust. A cometary
fragment of 0.5 km diameter contains
about 4 x 10° kg of dust. If only one part
in a million remains you are still
sprinkling 4 tonnes of dust into the
Jovian cloud layer, and this dark dust
could produce a dark expanding cloud.

The cometary snow is mainly H,O. For
every twenty water molecules there is
one carbon dioxide. Again only a small
percentage of the cometary molecules
survive the impact. Just try hitting water
and carbon dioxide with a 60 km s’
hammer. The usual end-product is very
excited H, O and C.

The plasma in the meteor train contained
many electrons. Some of these spiralled
off along Jovian field lines. Their
subsequent deceleration produced
decimetric radio emissions.
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Dear Section member,

Comet Shoemaker-Levy 9 has now
killed off the Jovian dinosaurs, but we’re
still not sure if it was really an icy comet
or a pulverised asteroid. What is clear is
that there is a wide range of different
types of bodies in the outer solar system,
some of which turn into fully fledged
comets. In many cases it will be amateur
observations that will help to elucidate
their nature, so keep sending in your
observations. As you will see elsewhere
in the newsletter we are going to have a
meeting to discuss the comet next
March, by which time some of the
scientific results should have been
announced. The MEPCO meeting also
promises to be a worthwhile forum for
discussion, with the star attraction of
Gene Shoemaker.

[n the past six months observations or
contributions have been received from
the following BAA members:

Sally Beaumont, Denis Buczynski,
Werner Hasubick, Paul Howarth, Guy
Hurst, Nick James, David Keedy, James
Lancashire, Brian Manning, Glyn
Marsh, Oernulf Midtskogen, Martin
Mobberley, Bob Neville, Roy Panther,
Jonathan Shanklin, Melvyn Taylor and
Alex Vincent

and also from:

John Bortle, Eric Broens, Paul Camilleri,
Matyas Csukas, Vidican Dan, Alfons
Diepvens, Bjorn Granslo, Roberto
Haver, Graham Keitch, Atilla Kosa-
Kiss, Martin Lehky, Antonio Milani,
Herman Mikuz, Alfredo Pereira, Richard
Schmude, David Seargent, Chris Spratt,
Tonny Vanmunster and Vittorio Zanotta;

and of comets:

P/Encke, P/Schwassmann-Wachmann 1,
P/SchwassmannWachmann 2, Mueller
1993a, P/Tempel 1 1993c, P/Shoe-
maker-Levy 9 1993e, P/Reinmuth 2
1993g, P/Hartley 3 1993m, P/West-
Kohoutek-Ikemura 19930, Mueller
1993p, P/McNaughtRussell 1993v,
P/Kushida 1994a, Takamizawa-Levy
1994f, Takamizawa 1994i, P/Brooks 2
1994j, P/Borrelly 19941, Nakamura-
Nishimura-Machholz 1994m, Mach-
holz 2 19940 and Machholz 1994r.

Briefly looking at the comets observed
since the last newsletter came out:

Section news from the Director

1993v faded rapidly after mid May and
was last seen in mid June when it was
12™. 1994f reached a peak brightness of
8™ in early June. Observations contin-
ued until mid July by which time it had
faded to nearly 11™. 1994i reached
9.5m, though observations are rather
scattered. The last observations put it
near 12™ in early July. Comet Borrelly,
1994}, is not quite living up to initial
expectations and has only reached 8.5™,
which is consistent with H;s = 7.0™,
similar to that recorded at the last
apparition in 1987, suggesting that the
high r coefficient used elsewhere may be
an artifact. It has shown an interesting
anti-tail as it crosses through the nodal
plane. If it continues with a 15 log r
behaviour it should be 8™ throughout
November, and will then slowly fade
into the new year.

1994m was well observed and a full
report will appear in the Journal in due
course. It was around 9.5™ when
discovered in early July and peaked at
around 8™. It became steadily more
diffuse and was last seen in mid
September at 10™. 19940 was a curious
object which split into several comp-
onents, though it seems likely that the
ma jor components (A and D) separated
some time ago. Its position in the
morning sky discouraged many
observers, though it was interesting to
see two comets in the same field. It
peaked at around 7™ in early September
and it was around 9.5™ in mid October
after which it was too far south for UK
observation. 1994r was the third Mach-
holz discovery of the year which puts
him ahead of David Levy with nine
visual discoveries, but still behind Anton
Mrkos (11) and Bill Bradfield (16). Itis
a diffuse 11™ object and is unlikely to
become any better.

I have completed reports on:

* The Analysis of Comets,
* Comet Levy 1990c, and
* Comet Shoemaker-Levy 1991a,

which have been accepted for
publication in the Journal and also on
the comets of 1990 which has just been
submitted to the Papers Secretary.

Prospects for comets in 1995 appear
elsewhere in the newsletter, and will
also appear in the Journal as the reader-
ship of the two publications is slightly
different. Further papers on the history

of the BAA comet section and on the
measurement of DC have been sub-
mitted to the ICQ; the former appeared
in the October issue and the latter will
appear in January. The measurement of
DC is not at all consistent, despite the
apparent consensus reported in the last
issue. It turns out that Charles Morris,
John Bortle and myself are all using
different interpretations. For the moment
continue to use the interpretation given
in the last issue and I hope to report the
final word next time.

Whilst preparing the report on the
comets of 1990 I found a distinct lack of
drawings and photographs in the section
archives. Please make sure that you
submit copies of any worthwile photo-
graphs and drawings directly to me, so
that I can illustrate future articles. If you
have material from 1950-1990 which
has never been submitted, do send it in
to me, as sooner or later I hope to do
reports on the archival observations.
The priority will be to complete reports
on periodic comets that have been obser-
ved several times by section members.

The comet section Keedy award for
1993 has been awarded to Atilla Kosa-
Kiss from Romania, who has been
contributing comet observations to the
section for several years. He lives in a
small town on the border with Hungary
and has been an observer for over 24
years. He graduated from a hydro-
meteorological college in 1975 and is a
technologist in a water treatment works.
He has published about 200 papers on
his observations in various magazines
and journals. The 1994 award goes to
James Lancashire for his excellent
work in producing this newsletter. This
is an annual award and you can submit
nominations at any time; if anyone has
suggestions for the 1995 award please
let me know.

As a new service I can obtain copies of
two American publications for BAA
members. The CBAT 9th Catalogue of
Cometary Orbits is available for £21 in
book form, £35 by e-mail and £75 on
floppy disc. Subscription to the Inter-
national Comet Quarterly (comet
observations, occasional articles, charts,
predictions and an annual handbook
which gives elements and ephemerides
for all comets due to return during the
year) costs £25 for 4 issues (or £15 by
surface mail); if enough members want
to subscribe it will be possible to offer a
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reduction on this to £21 (£12 by surface
mail). Group subscription has to have at
least five subscribers and they must all
subscribe at the same time. The hand-
book by itself costs £12. Please contact
me if you are interested in subscribing;
if there is sufficient interest I will send
in a group subscription in April.

I will be away visiting the Antarctic
again from mid-December to late-March
(and will probably miss the section
meeting). During this time any urgent
correspondence should be sent to James
Lancashire, and observations should go
to Guy Hurst as usual. I hope to con-
tinue with data entry from the archives
whilst I'm away and will also complete
formatting the data from 1991 and 1992
which I’ve had scanned from TA. This
should enable me to complete reports on
all the comets from these years, so you
may find rather a glut of comet papers in
the Journal!

Best wishes,

Jonathan Shanklin

Michael Philip Candy M.Sc, FRAS (1928—1994)

MEMBERS will be sorry to hear that
Mike Candy died on 1994 November 2.
He collapsed at work in Perth, Australia,
with a brain haemorrhage and never
regained consciousness. We offer our
sympathy to his family and friends.

Michael Candy was born on 1928
December 23 and elected to the BAA on
1950 November 29. His main interest
was in comets and meteors and as well
as being an active observer he was adept
in computing ephemerides and orbits for
newly-discovered comets. Before elec-
tronic calculating was available, log
tables or hand-cranked calculating mach-
ines had to be used and this involved the
‘burning of much midnight oil.

Dr Gerald Merton was Director of the
BAA Comet Section when the first few
observations of comet Arend-Roland
came to hand in 1956 November. Candy
quickly computed a preliminary orbit.
This was followed by an accurate orbit
which he described at the Association's
meeting on 1957 March 27. Candy was
the first to see the comet after perihelion
from this country, on the evening of
April 20. He was appointed Assistant
Director of the Section four days later.

Mike Candy was a professional
astronomer at the Royal Greenwich
Observatory, then at Herstmonceux

—

acknowledged observ-
ations, usually by
postcard, in his own
clear hand, adding
useful bits of inform-
ation or an extended
ephemeris.

On 1960 December
28 Candy was testing
an eyepiece in his
5-inch short focus
refractor (a comet-
seeker made for him
by Horace Dall).
Observing from an
upstairs window at his
home in Hailsham he
discovered comet
Candy 1961 1II, then
about 8th magnitude
and in Cepheus.
Although he under-
took searches for new
comets after that, this
was to be his only
discovery.

In addition to his
observational work
Candy also did much

Mike Candy and his comet-seeker taken shortly after
the discovery of comet Candy (photograph 78 in

work on periodic

comet orbits and on
the orbits of meteor
streams.

BAA Memoir Vol 42 part 2 The Second Fifty Years)

Castle, Hailsham, Sussex and amongst
other things observed double stars with
the 28-inch refractor. He also worked
with the 13-inch astrographic telescope
on occasion.

Upon Gerald Merton’s retirement from
the directorship in 1958 April, Candy
was appointed to run the Section and
edit the BAA Circulars, which he did
with great enthusiasm until the end of
1967 when he left the RGO to take up an
appointment at the Perth Observatory,
Bickley, Western Australia. He rem-
ained in Australia and continued to take
an active part in study of the smaller
bodies of the Solar System for the rest of
his life.

During his term as Director, Mike
Candy greatly encouraged both
established Section members and new-
comers. He had a friendly manner and
was always approachable. He found
time to reply to all letters and

In later years Mike
Candy was much involved in the world-
wide effort to obtain accurate
astrometric data for the 1986 return of
Halley’s Comet. The official IHW
records show that Perth Observatory
reported the highest number of positions
of any station, 538 in number, of
which Candy was personally involved in
obtaining 412.

Many of us had not seen Mike for nearly
thirty years but we can remember the
time when he was active in the BAA
Comet Section with pleasure. He was
enthusiastic, energetic, helpful and had a
good sense of humour. He made us feel

“that a foot or two of snow was no excuse

for missing an observation. There were
some good comets around and their
study had yet to become quite
respectable amongst professional astron-
omers. Mike Candy personally did
much to make it a memorable time for
us to be observing comets.

Mike Hendrie
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APART from the main asteroid belt
between the orbits of Mars and Jupiter
which contains many minor planets,
there are hundreds of small bodies
orbiting the Sun farther in and away.
Some come near to the Earth and are
known as Near Earth Objects (NEOs).

There are three classes of NEO: Amor,
Apollo and Aten. The orbits of Ameor
asteroids cross the orbit of Mars, but do
not come inside that of the Earth; Apollo
asteroids come inside the orbit of the
Earth; and the Aten asteroids stay
mainly inside the orbit of the Earth.

- Near Earth Objects

When some comets (for example
P/Schwassmann - Wachmann 1) are
quiescent, they have the colour and
brightness of RD asteroids, whilst other
comets such as Arend-Rigaux resemble
S-type asteroids when quiescent. When
these comets have used up all their
volatiles, they will not be distinguishable
from asteroids. Comet Arend-Rigaux is
on its way to becoming an asteroid.

Asteroid No 3200 “Phaethon”, discov-
ered in 1983, approaches the Sun at a
distance of only 21,000,000 km
(0.14 AU) at perihelion and goes out to

295,000,000 km

Apollo

(1.97 AU) at aph-
elion. 1tis 5 km in
diameter and has a
revolution period
of 522 days. It
shares the orbit of
the Geminid meteor
stream which peaks
in December every
year.

Orbit of:

Earth

It has always been
known that meteor
streams are assoc-
iated with comets,
for example the
Perseids  with
comet Swift-Tuttle,
but the Geminids
seem to be assoc-
iated with an

Typical orbits of three classes of Near Earth Objects

Some of these objects are no more than
about 6 or 9 m in diameter and one of
them known as 1991 BA flew past the
Earth on 1991 January 18 at a distance
of only 171,000 km — less than half the
Moon’s distance. It is quite likely that
some of the large meteorites on Earth
may well have been one of these smaller
Near Earth Objects before plunging into
our atmosphere.

[t is possible that these Near Earth
Objects are the nuclei of extinct comets
which have used up all their volatiles. A
comet is a mixture of ice and dust and
on each orbit it loses a vast amount of
material, particularly as it passes through
perihelion. Eventually, once its volatiles
are gone, only the nucleus will be left.
Thus nothing remains of the comet but a
large lump of rock.

asteroid. This may
explain why the
Geminid meteor-
oids are more dense than those
associated with comets which are more
fluffy in nature. It could be due to the
asteroid crumbling away or even the
crumbling nucleus of an extinct comet.
The Geminids may have been more
fluffy in the past.

Some of the sporadic meteors which are
not members of any showers may be
associated with NEOs. A large stream
of these objects may be orbiting the Sun
in the inner Solar system

Asteroid No 4015 discovered by Eleanor
Helin in 1979 is identical with Comet
Wilson-Harrington which was discov-
ered in 1949. The period of this comet
is now calculated to be 4.3 years, but it
was cometary only at its discovery. So
it seems that some of these near Earth
objects are the nuclei of dead comets

and the author suggests that they be
termed “cometoids”.

Some of the NEOs may be fragments of
a comet or comets which broke up, as in
the case of Comet Biela. Some comets
may have fragmented, which may have
occurred at (or near) their perihelion
passage or during a close encounter with
a planet like Jupiter. Some asteroids
orbit the sun in a comet-like fashion, for
example Icarus, Adonis, Hidalgo and
Oljato, and are probably ex-comets.

The spacecraft Clementine which has
been photographing the Moon is due to
fly past and photograph a Near Earth
object called Geographos. This would
have been the first to be looked at close
range but the spacecraft’s motors failed.
Clementine would have approached
Geographos to within 100 km on 1994
August 31. Geographos lies 122,000,000
km from the Sun at perihelion and
243,000,00 km at aphelion.

Plans have been made for spacecraft to
visit other near Earth objects in the near
future. If these NEOs are extinct or dor-
mant comets then the probes may reveal
a dark object resembling a cometary
nucleus. The probes may also reveal
some other cometary material such as
ice, gases, dust and other volatiles which
these near Earth objects may still retain.

Alex Vincent

Galileo's view of Ida with Dactyl
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IAU resolution on the designation of comets

THE FOLLOWING resolution concerning designations and names of comets was adopted by the International Astronomical
Union at its General Assembly in The Hague on Aug. 24:

1. Commission 20 of the IAU, consid-
ering that:

(a) there is essentially a 1:1 corres-
pondence between the provisional (year/
letter) and definitive (year/Roman
numeral) designation systems for
comets;

(b) the procedure for interpolating old
discoveries of comets into the existing
designation systems is unsatisfactory,
particularly when orbit determinations
are not available;

(c) the application of a new desig-
nation at each return of a periodic comet
to perihelion is an unnecessary complic-
ation, particularly when the comet’s
recovery can be described as “routine”,
or for the rapidly increasing number of
periodic comets that are followed all
around their orbits; and

(d) there can be confusion whether a
newly-discovered object is a comet or a
minor planet,

proposes to replace the present
designation systems for comets with a
system that closely resembles, but is not
identical to, the designation system for
minor planets.

2. Specifically, it is resolved that the
year/letter and year/Roman numeral
systems be replaced by one in which
each cometary discovery is given a
designation consisting of the year of
observation, the upper-case code letter
identifying the halfmonth of observation
during that year according to the
procedure used for minor planets, and a
consecutive numeral to indicate the
order of discovery announcement during
that halfmonth. Each new designation
shall be supplied by the IAU Central
Bureau for Astronomical Telegrams
when the discovery is announced in one
of its Circulars. For example, the third
comet reported as discovered during the
second half of February 1995 would be
designated 1995 D3.

3. The nature of an object can further be
indicated by an initial prefix. In partic-
ular, such prefixes should be applied in
cases where comets have possibly been
mis-designated as minor planets, or vice

versa. If necessary, the prefix A/ would
precede a comet designation that
actually refers to a minor planet (or
asteroid). For comets the acceptable
prefixes are P/ for a periodic comet
(defined to have a revolution period of
less than 200 years or confirmed
observations at more than one perihelion
passage) and C/ for a comet that is not
periodic (in this sense), with the addition
of X/ for a comet for which a
meaningful orbit can not be computed
and D/ for a periodic comet that no
longer exists or is deemed to have
disappeared.

4. If a comet is observed to return (or
have its periodicity established by
observation through aphelion or from
identifications), the P/ (or D/) shall be
preceded by an official sequential
number (e.g., 1P/1682 Q1 = Halley), the
list to be maintained by the Minor Planet
Center and published in the Minor
Planet Circulars. Subsequent recoveries
shall be acknowledged with further
designations only when the predictions
are particularly uncertain.

5. The practice of providing future
predictions for the returns to perihelion
of all periodic comets for which there is
a reasonable chance of future observ-
ations will continue. While this currently
means, for example, the publication of
predictions for the comets for the year n
in the batch of Minor Planet Circulars
for May of the year n — 3, the elements
being for the 40-day date closest to
perihelion passage, it is to be expected
that this process will be supplemented —
and perhaps eventually supplanted — by
one that provides the orbital elements for
these comets routinely at epochs 200
days apart, as in the case of minor
planets.

6. In the case of a comet that has
separated into discrete components,
those components should be disting-
uished by appending -A, -B, etc., to the
designation (or to the P/ or D/ periodic
comet number).

7. Noting that some redundancy of
nomenclature is desirable, it is proposed
to retain in general terms the tradition of
naming comets for their discoverers. In
this framework, a committee has been

formed to establish more precise
procedures to ensure fairness and
simplicity.

8. It is proposed that comet names be
announced in the IAU Circulars only
following consultation between the
Central Bureau for Astronomical Tele-
grams and the Commission 20 Small
Bodies Names Committee.

9. Whereas the new designation system
for comets implies the possibility of
confusion (if incorrect spacing is used)
with that for new planetary satellites, it
is proposed to indicate satellites with the
prefix S/.

10. It is proposed that the new
designation system for comets be
introduced at the beginning of the year
1995. In the interests of avoiding con-
fusion and maintaining continuity,
Roman numeral designations will be
published in the Minor Planet Circulars
for pre-1995 comet discoveries/
recoveries passing perihelion in 1993
and 1994, and new-style designations
will be supplied for pre-1995 comets,
together with lists of correlations with
both the year/letter and the year/Roman
numeral systems.

Brian Marsden

Central Bureau for
Astronomical Telegrams

Jonathan Shanklin adds:

Following the above statement, comet
Halley, which was recovered on 1982
October 16 at its last apparition, would
have been designated comet 1982 Ul
under the new scheme. Periodic comets
which are observed to return, or
observed through aphelion, are also
numbered in order of the computation of
the orbit, so the full designation of
comet Halley would be 1P/1982 U1.

The tradition is to continue of naming
comets after their discoverers, rather than
after the person who first computed the
orbit (like Halley, Encke or Crommelin).

The prefix D/ would now give
D/Shoemaker-Levy 9 !
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THE PROSPECTS for observing comets
in 1995 can easily be summed up: they
are not good! None of the 1994 comets
discovered up to the end of September
will be visible by 1995, and those
periodic comets predicted to return are
all relatively faint.

Ephemerides for currently observable
comets are published in the Circulars
and comet section Newsletter and
instructions on comet observing may be
obtained from the Director of the comet
section.

P/Schwassmann-Wachmann 1 1989 XV

This annual comet has frequent
outbursts and seems to be more often
active than not, though it rarely gets
brighter than 12™. It is at opposition in
early February and should be observable
until late May. It is then in conjunction
until early October, when it will be
observable for the rest of the year. This
comet is an ideal target for those
equipped with CCDs and it should be
observed at every opportunity. Orbital
clements for the comet are given in
Table 1.

P/d’Arrest 1989 11

This comet will be making its 17th
observed return and may be briefly
visible from July until mid August. It
was first observed by La Hire in 1678
and only three other periodic comets
(Halley, Swift-Tuttle and Tempel-Tuttle)
have a longer observational interval. At
a good return it can reach naked-eye
brightness, but orbital perturbations have
increased its perihelion distance over the
past few returns and it is unlikely to get
brighter than 11™, though it can flare
post perihelion which is in late July.

Table 1. Orbital elements for comet
P/Schwassmann-Wachmann 1989 XV
from 661 observations 1902-1991.

Epoch 1989 Nov 10

T 1989 Oct. 26.7238
g 5.771764
e 0.044661

2000 1950
© 49.8702 49.8974
Q 312.8479 312.1226
i 9.3722 9.3674

Prospects for 1995

P/Jackson-Neujmin 1987 VIII

This comet will be making its Sth
observed return having been missed
between discovery in 1936 and 1970. It
should be observable from August to
September, and at a reasonable elong-
ation from the sun, but is not predicted
to get brighter than 11™, The circum-
stances are similar to the discovery
apparition when it reached a photo-
graphic magnitude of 12, so it is quite
possible that it will appear brighter than
the predictions to visual observers.

P/Perrine-Mrkos 1968 VII

This comet will be making its 6th
observed return, though it has not been
seen since 1968. When discovered in
1896 it was 8™, the next return was
unfavourable but it was only 13™ in
1909. It was then lost between 1909 and
1955 when it was rediscovered at 9™, It
only reached 17™ in 1962 and 13™ in
1968, and was fainter than 19™ in 1975.
It seems that the comet is subject to
occasional outbursts, so it would be
worth keeping an eye on and near the
predicted ephemeris position. If an
outburst does occur the comet is well-
placed in the evening sky during the
later part of the year.

P/Churymov-Gerasimenko 1989 VI

This comet will be making its Sth return
since discovery in 1969. At a good
apparition, such as in 1982, when it was
well observed by the comet section, it
canreach 9™, This time it gets no closer
than 0.9 AU, and may be observable
from December until February 1996 in
the evening sky, though it is unlikely to
get brighter than 12™,

P/Honda-Mrkos-Pajdusakova 1990 XIV

This comet will be making its 9th
observed return since discovery in 1948
(it was missed in 1959). The comet is at
perihelion on Christmas Day, in
conjunction 20 days later and won’t be
visible from the northern hemisphere
until late January 1996, when it may be
picked up in binoculars in the morning
sky as it fades rapidly from 8™.

Other comets in 1995

Several other comets return to perihelion
during 1995, however they are unlikely
to become bright enough to observe.

P/de Vico-Swift was 7™ when discov-
ered in 1844, but has been severely
perturbed by Jupiter and in its present
orbit won’t get brighter than 17™,

P/Finlay is having a very unfavourable
apparition with closest approach being
justunder 2 AU. At a favourable appar-
ition it may reach 7™, but this time the
best it does is 14™.

P/Clark has a relatively favourable
apparition and may reach 12™, but is too
far south for observation from the UK.

P/Tuttle-Giacobini-Kresak has an unfav-
ourable apparition; at a good one it
normally reaches 10™, though in 1973 it
experienced an outburst to 4™.

P/Reinmuth 1 was 12™ when discovered
in 1928, but has also been severely
perturbed by Jupiter and in its present
orbit won’t get brighter than 15™,

P/Schwassmann-Wachmann 3 has an
unfavourable apparition this time round,
being too close to the sun to observe; at
the discovery apparition it reached 7™,
though at the past few apparitions it has
only reached 12™,

P/Longmore is an intrinsically faint,
distant comet and won’t get brighter
than 17™.

Many of the magnitude parameters
given in the BAA 1995 Handbook are m,
(for the nucleus) rather than m; (for the
coma) or vice versa, and some comets
are brighter than these predictions. This
affects in particular comets Clark,
d’ Arrest and Honda-Mrkos-Pajdusakova.

Updated values for H, and K, are given
in Table 2, where:

m;=H;+50logd+ K;log r

1996 promises to be a little better, with a
good return for P/Kopff and the possib-
ility of a return of P/de Vico, though this
was missed at its last return and hasn't
been seen since its discovery in 1846.

Thanks are due to Harold Ridley for
starting this series of prospects for
comets, and without whose notes writing
them would be much harder.

Jonathan Shanklin
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Table 2. Comets in 1995

Comet

P/de Vico-Swift Apr
P/Finlay May
P/Clark May
P/d'Arrest Jul
P/Tuttle-Giacobini-Kresak Jul
P/Reinmuth 1 Sep
P/Schwassmann-Wachmann 3 Sep
P/Jackson-Neujmin Oct
P/Longmore Oct
P/Perrine-Mrkos Dec
P/Honda-Mrkos-Pajdusakova Dec

T aq P(yr) N H; K;
09.5 2.15 7.32 3 10.0 15
05.0 1.04 6.76 11 12.0 10
31.2 1.55 5.51 4 10.5 15
27.4 1.35 6.51 16 7.5 40
28.6 1.07 5.46 7 10.0 40
03.3 1.87 17.31 8 9.0 15
22.8 0.93 5.34 3 12.0 15
06.6 1.38 8.24 4 11.0 15
09.3 2.40 6.98 3 11.0 10
06.0 1.29 6.77 5 11.5 20
25.9 0.53 5.27 8 13.5 20

Elements for all these comets except P/Schwassmann-Wachmann 1 are given

in the BAA Handbook.

Gene Shoemaker is coming ...

.. as the guest of honor and keynote
speaker of the 2nd Meeting of European
(and International) Planetary and
Cometary Observers

MEPCO '95

in Violau, Germany (Bavaria), March
24-217, 1995

For more than ten years we, the Working
Group of Planetary Observers of
Germany, have been arranging the
Planeten- und Kometen-Tagung (meet-
ing of Planetary and Cometary Observ-
ers), which brings together more than
100 dedicated amateur observers from
German-speaking regions every year.

Already for the second time, in the
spring of 1995 we happily invite
planetary and cometary observers from
all over Europe and also the rest of the
world, to continue our fruitful
discussions from MEPCO'92, witness
the progress in observing techniques and
hear about the latest results — with
emphasis, of course, on the comet
collision with Jupiter. This meeting is
THE chance to exchange observations
of this remarkable event. (Other topics
are permitted, too! Be they Saturn’s
recent white spots; past and coming
Mars oppositions; observing and data
analysis techniques — anything.)

We are especially proud to have among
our guests one of the discoverers of

Meetings in 1995

comet P/Shoemaker-Levy 9, eminent
geologist Eugene Shoemaker, who
among many other things is being
credited with the science behind the
Apollo program and the discovery that
the Noerdlinger Ries is indeed a major
impact crater.

Official language will be English. We
offer once again:

—a unique meeting atmosphere in a
beautiful countryside, conference,
accomodation and catering in one
building, the Bruder-Klaus- Heim with
the famous Violau Observatory, which is
again expanding this year,

— discussions and workshops to foster
Europe-wide contacts and collaboration,
— papers and posters on observational

work and results in different countries,

— (new) a field trip to the Noerdlinger
Ries crater, guided by Gene himself,

- and Proceedings included in the fee,
which is only DEM 270.

To obtain further information, please
contact:
Wolfgang Meyer, Martinstr. 1,
D-12167 Berlin, Germany.

Urgent questions can also be directed to
Daniel Fischer:

by fax (xx49-2244-80298) or

e-mail (p515dfi@mpifr-bonn.mpg.de).

P.S.: Copies of the Proceedings of MEP-
CO'92 can still be ordered from Daniel
Fischer for just DEM 10 plus postage.

Daniel Fischer
for the Organizing Committee

BAA/CUAS meeting at Cambridge
Saturday 1995 March 18
The Comet-Jupiter Collision

The annual Cambridge meeting will be a
joint meeting of the BAA Jupiter and
Comet Sections hosted by Cambridge
University Astronomical Society. It will
be on Saturday March 18, 10.30-18.30,
at the Cavendish Lab, Madingley Rd,
Cambridge. This is a full-day meeting
about the comet impacts on Jupiter.
Anyone interested is welcome.

Speakers will include:

— Mark Bailey (Liverpool) : Comet
origins and dynamics

— Steven Miller (UCL, London):
Fireball observations from Hawaii

— Peter Andrews (RGO, Cambridge):
Fireball observations from La Palma

— Mark Kidger (Tenerife): Fireball
observations from Tenerife

— Niel Brandt (IoA, Cambridge):
ROSAT observations

— John Rogers (BA A, Cambridge):
Visible impact sites

— Chris Trayner (Leeds): The Tunguska
impact

There will also be an opportunity for
BAA members to show slides or posters.
Cars can be parked at the Cavendish.
Tickets are £4 for entry or £6 (including
buffet lunch). Please make cheques
payable to C.U. Astronomical Society
and send an s.a.e. after January 5 to:

Paul McLaughlin, Trinity College,
Cambridge, CBI ITQ

BAA COMET SECTION NEWSLETTER
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Mueller (1993a)

J. Danielsson's photgraph on 1993
October 16.80 from SE Sweden. He
used a 200 mm telephoto lens piggy-
backed to an 8-inch Celestron. The
exposure was 10 min at f/4 on I1SO
400 Tri-X film. [Reverse video - ed.]

McNaught-Russell (1993v)

Left: J. Danielsson's photgraph on
1994 April 05.81 from SE Sweden.
Camera details as above. The expos-
ure was 10 min at /3.5 on hypered
TP 2415 film. [Reverse video - ed.]
Right: His sketch of features which
are hard to reproduce here.

P/Machholz 2 (19940)

CCD image by Erich Meyer and Raab
Herbert on 1994 August 08.09 from
Linz, Austria. They used an ST-6
attached to a 288 mm /5.2 Schmidt-
Cassegrain. The image is a comp-
osite of three 20 s exposures taken
for astrometric purposes. The field
of view is 15' x 20" and there appears
to be a faint component 5' NE of the
main object. [Reverse video —ed.]

The rate of cometary splitting

In Icarus of 1994 April (Vol. 108, pp
265-271) Chen & Jewitt state that 21
comets have split during 1846-1976,
with equal likelihood for both short- and
long-period comets, and for both pre-
and post-perihelion splitting. They have
examined 49 comets with a CCD since
1986 and found that 3 (or about 6%)
have split, namely P/Chernykh, P/Ciff-
reo & Wilson. They find the separation
velocity tobe 0.5 m sl

The lifetime of the secondary is
determined by the timescale for the loss
of volatiles by sublimation due to solar
heating, which in turn depends on
heliocentric distance, size of secondary
and orbital characteristics. They suggest
that ‘a body of 10 m diameter and of
water ice could endure for order 1 year
for sublimation at 1 AU. Given the
small field of view, they estimate a
lower limit for the splitting rate of order
0.01 yr! comet-l. Although the sample
is rather small, the authors suggest that,
although observed rarely, splitting is
statistically common among comets.
This in turn suggests that each secondary
is only a minor fraction (<0.1%) of the
primary mass.

With the deduced rate of splitting
applied to the thousand known short-
period comets of 400 000 yr lifetime, the
authors conclude that there are 4 million
secondaries in a swarm related to the
orbits of their parents. Where are these
objects? The Spacewatch telescope has
shown that Earth-approachers smaller
than 100 m are over-abundant with
respect to the magnitude-frequency dist-
ribution extrapolated from larger objects
(for example, by two orders of
magnitude for size 10 m). The authors
state that spectral measurements suggest
these small objects are debris from
extinct short-period comets.

‘Rubble piles’ and the density of SL9

Asphaug & Benz in Nature of July 14
(Vol. 370, pp 120-124) state that interp-
retation of observations of the comet
crash will depend on parameters such as
mass and density of the fragments. They
simulate the passage of the parent comet
across the Roche zone of Jupiter over a
few hours in 1992 July, with closest
approach of 1.31 jovian radii resulting in
a captured orbit of eccentricity 0.996.

Research notes from

Simple fracture mechanics show that a
uniform body of low but non-zero
strength and any realistic density
(>50 kg m-3) cannot form a ‘string of
pearls’, rather it must fracture into two
similarly-sized components (which may
then themselves split). The authors
assume that the parent comet is already
broken, as a strengthless aggregate of
numerous grains — a ‘rubble pile’ — and
find that the tidally-disrupted body
condenses rapidly into clumps, driven by
self-gravity.

A fragment chain occurs only for density
in the range 300-700 kg m-3. About 20
similar-sized objects are formed for a
non-rotating parent of 1.5 km diameter
and bulk density 500 kg m-3, suggesting
that each has an impact energy of 1020 J,
A slightly larger initial density leads to
significant mass variation among the
clusters and raises the possibility of a
few 102! J events.

For rotating comets, prograde rotation
gives a longer fragment chain for the
same initial size (for example, a 1.0 km
diameter parent with a rapid 9 hr
prograde rotation and bulk density 1000
kg m-3, although this mass is only half
that of the non-rotating example),
whereas retrograde rotation leads to a
massive central clump not seen in SL9
(this is also seen for non-rotating comets
of density 1000 kg m-3).

Gravitational instability condenses the
clumps over a few hours after perijove.
For density 500 kg m3, the authors find
the same number of clumps for parents
of diameter 600 m, 1.5 km and 4 km.
The final mass distribution is determined
quite early and the clumps continue on
independent orbits.

The authors speculate finally on whether
all comets are rubble piles. They
estimate by scaling laws that a 1.5 km
diameter ice body can be destroyed by
impact with a single 1.5 m particle
traveling at 50 km s'! (and one such
impact is likely during passage through
Jupiter’s ring) or by millions of hyper-
velocity impacts with smaller grains.
Hence, a rubble pile could be created in
situ since Jupiter’s ring contains such
objects. So the passage through the
Roche zone of a giant planet is
hazardous in more ways than one.

BAA COMET SECTION NEWSLETTER
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selected journals
Orbital history of P/Swift-Tuttle

Yau, Yeomans and Weissman write in
Monthly Notices of the RAS Vol. 266 pp
305-316 (1994) of their long-term
integration forwards to AD 2392 and
backwards to 703 BC of the orbit of
comet P/Swift-Tuttle. They use two
‘trial orbits’: one linking the 1862 and
1992 observations and using no non-
gravitational effects; and another linking
those of 1737 (by Kegler), 1862 and
1992 using non-gravitational effects.
The observations for 1862 October from
the Cape of Good Hope are discordant
(by over 10 arcsec in RA and dec in
some cases) with others from that
apparition and are not included. A
search through Chinese records yields
(pre-telescopic) returns in AD 188 and
69 BC, and the two orbits are adjusted
slightly (remaining always within the
formal error) to achieve best fit. The
non-gravitation solution is not compat-
ible over this longer timespan, so these
effects appear to be negligible.

The authors discuss the observed returns
of AD 1737, AD 188 and 69 BC, and
conclude a naked-eye limit for the comet
of 3.4™. They find three returns during
AD 188-1737 when the comet would
have been on the borderline of visibility
and two much earlier 2™ returns, but
state that very few records have survived
from before 200 BC. These unobserved
returns fix the comet’s absolute magnit-
ude which appears not to have changed
significantly (<0.5™) over 2000 years.
The authors make a comparison with
P/Halley, which becomes a naked-eye
object at mag 3.5—4.0™ and which is
about 1™ fainter pre-perihelion. They
state that P/Halley outgasses more post-
perihelion leading to a brighter object
and an increase in period of 4 days at
each return. They estimate that P/Swift-
Tuttle would return about 12 days late
on each return if it had the same mass
and outgassing as P/Halley, and
conclude that it probably has a much
larger mass. A similar conclusion was
drawn in an earlier study based on
comparison of the comets’ meteor
streams.

The authors finally state that the next
return in AD 2126 will be well away
from the Earth at nodal crossing so there
is no danger of collision!

Gamma-ray bursts from the Oort cloud?

In the Astronomical Journal of 1994
May (Vol. 107 (5), pp 1873-1878)
Clarke, Blaes and Tremaine examine the
possibility that gamma-ray bursts
originate in the Oort cloud. They state
that gamma-ray bursts are isotropic on
the sky but not in space, suggesting a
situation in an extended halo around our
Galaxy. The subject gives three major
problems. First, there is no known
mechanism for the rate and energy of the
bursts without violating other observ-
ational constraints. Secondly, the bright
source counts do not fit the models for
the distribution of Oort objects. And
thirdly, the isotropy of the data does not
fit the expected angular distribution of
Oort sources. The authors conclude that
Oort cloud models of gamma-ray bursts
are extremely implausible.

CO emission driving coma formation

In Nature of September 15 (Vol. 371, pp
229-231) Senay & Jewitt give the first
direct evidence for the mechanism
whereby distant comets are sometimes
observed to undergo outbursts that
generate a surrounding coma. They
studied P/Schwassmann-Wachmann 1 in
its near-circular but beyond-Jupiter orbit
and detected CO with the JCMT on
1993 October 22, November 11 & 12.
In all cases, the CO line was blue-shifted
(by 0.4 km s°!) from its anticipated geo-
centric velocity, indicating sublimation
of CO near the sub-solar point of the
illuminated hemisphere and implying a
jet of gas and dust approximately Sun-
ward with this excess velocity. The
authors estimate a lower limit to the CO
production rate of 1500 kg s!.

The authors consider the dust production
rate derived in this work and that of
others to estimate a much lower value,
assuming sub-mm sizes are dominant.
This indicates that it is CO, and not dust,
that drives the optical dust coma.

Finally, the authors consider the likely
local, rather than uniform, nature of sites
emitting CO on the comet and estimate
the total sublimating area to occupy 0.3—
2.2 % of the surface area of the nucleus
(depending on the comet’s size) — this
agrees well with estimates for other
comets.

James Lancashire

P/Borrelly (19941)

Nick James used a Sony ICX027BL
CCD attached to a 0.3 m f/5.25 Newt-
onian for the first two images below.

.’,‘*

-3y,

This is a composite of six 60s frames
taken between 2355 and 2416 on
October 31. The frames have been
offset to compensate for the comet's
motion and co-added after dark
frame subtraction. ’
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This is the result of processing the
first frame to empasize radial detail.
It shows the anti-tail quite clearly.

COMEY BORELLY 02:00:35 UT 01/11/71994
*

Another view later the same night!
David Strange's image at 02:00:35
with a Starlite Xpress CCD attached
to a 20-inch /4 Newtonian and 40 s
exposure.

S (11'x6'] - \

\Plﬂouzliy. 1994 Dec 12 2310-2320. Radisl enhanced.

A recent image by Nick James on
December 3.96 (despite frame date).
The tail is in pA 260° and the anti-tail
in pA 110° (S at top). The geometry
has changed since the second image.
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BAA Comet Section Visual Observation Report Form
Observer Comet
Year Location
Month Day .dd Coma
uT Diam
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OBSERVING SUPPLEMENT : 1997 MAY Xiii

Observer Comet Observer Comet

Date: 19 / / Time (UT) Date:19 / / Time (UT)

Location Conditions Location Conditions

Instrument Aperture | Insument Aperture

Evyepiece Magnification Eyepiece Magnification -

Field of view Star diagonal ? Field of view Star diagonal ?
Please indicate north point on the drawing Please indicate north point on the drawing

Description Description
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Review of comet observations for 1994 May-October

In addition to the Director’s report and
lightcurves based on observations from
BAA members, I present a review of
comets over the summer, with
information gleaned from IAU circulars
5988-6105 and The Astronomer (1994
June-October). Note that the figures
quoted are rounded off from their
original published accuracy. Full reports
on some comets will appear elsewhere in
due course.

Comets with names printed in bold italic
type have ephemerides and charts
printed later in this supplement. Please
use the new comet report form for your
observations!

Four bright comets were binocular
objects in mid-May: these were
P/Tempel 1 1993c, P/McNaught-Russell
1993v, Takamizawa-Levy 1994f and
Takamizawa 1994i.

P/Schwassmann - Wachmann 1: CCD
mag 12.7 in early May.

Further CO emission from P/SW1 was
detected at IRAM on 1994 May 10-11:
a very sharp component blue-shifted and
superimposed on a broader feature. The
blue-shift of the sharp peak is due to
outgassing from the illuminated side of
nucleus, but its size is larger than
expected from sublimation of pure CO
ice. There is a good agreement with the
previous report (on IAUC 5929), and the
production rate is 1028 molecule s.
(IAUC 5994)

P/Schwassmann - Wachmann 2: mag 12
in June.

1993a (Mueller): mag 11 in May-June,
mag 12 to mid July.

1993c (P/Tempel 1): mag 9 in May and
to mid June; mag 11 in early September.

1993g (P/Reinmuth 2): CCD mag 15 in
Aug; visual mag 13-14 in Aug-Sept.

1993p (Mueller): fainter than expected:
mag 10 in early May, mag 11 in mid
May.

1993v (McNaught-Russell): mag 8 in
mid May, then quickly fading to mag 12
by mid June.

19%4f (Takamizawa-Levy): mag 9 in
early May, mag 8 in late May, mag 9 in
mid June, mag 10 by mid July.

1994¢ (P/Harrington): on Oct 4 Scotti
observed two faint (mag 20) close (9")
companion nuclei about 23' from the
main nucleus, which had brightened in
mid Sept.

1994i (Takamizawa): mag 10 in early
May, mag 9 in mid May, mag 10 to mid
July.

1994 (P/Brooks 2): mag 13—14 in Aug—
Sept.

1994k (P/Shoemaker): discovered at
mag 17 in mid May with period of 15 yr,
inclination 25° and perihelion on Oct 31.

19941 (P/Borrelly): recovered at mag 16
in mid June; mag 11 in early Sept, mag
10 from mid-Sept, mag 9 in early Oct,
mag 8 by end Oct, with fan-shaped anti-
tail in mid Nov.

1994m (Nakamura - Nishimura -
Machholz): discovered just before its
perihelion on Jul 13 with inclination 94°
and closest approach to Earth of 0.4 AU

on Aug 31. Mag 9 in early July, mag 8
by late July and through Aug, mag 9 in
mid Sept and mag 10 by late Sept.

1994n (McNaught-Hartley): discovered
at mag 16 in early July with period of
18 yr, inclination 18° and perihelion on
Nov 11.

19940 (P/Machholz 2): discovered at
mag 10 in early Aug well after closest
approach to Earth of 0.3 AU on July 6
but well before perihelion on Sep 18
with period 5.2 yr and inclination 13°,

Brightened to mag 7 by end Aug, when
second component (B) discovered at
mag 11, fading to mag 12 in mid Sept.
Third component (C) discovered near B
at mag 13 in early Sept, then fourth (D)
found at mag 12 near A and fifth (E) at
mag 13 near B, the arrangement being:
A D CB E
stretching 1° NE from A.

A faded from mag 7 in mid Sept to mag
9 in late Sept and mag 10 by mid Oct,
becoming also more diffuse. D became
more condensed and brightened from
mag 10 in early Sept to mag 8 in mid
Sept then faded to mag 9 by late Sept,
but developed two bright areas within its
coma in early Oct.

1994p (P/Reinmuth 1): rec’d at mag 19.
1994q (P/Longmore): rec’d at mag 20.

1994r (Machholz): discovered at mag
11 just after perihelion on Oct 5 with
inclination 102° and closest approach to
Earth of 0.9 AU on Nov 29. Mag 10 to

mid Nov.

James Lancashire

Comet ephemerides for 1994l, 1994r and P/SW1 (CCD)

Comet ephemerides are for an arbit-
rary location in the UK (long. 0°, lat.
53°) and give the following:—

* Name of comet
* Orbital elements (epoch 2000)
¢ Magnitude formula

Conditions for the comet to be
'observable. This is a rough indic-
ation only. The sun must be 13° or
more below the horizon (i.e. sky is
dark) and the comet a distance above

the horizon depending on its pre-
dicted brightness. A bright comet
may be visible outside these limits.
Equally a faint comet in poor skies
may be invisible!

* Column headings:

a) Double-date format.

b) Right ascension in hours and
minutes. Declination in degrees and
minutes. (These are for epoch 1950).
¢) Magnitude of comet. This is an
indication only and may be several

magnitudes out. A comet appears
much fainter in a large telescope than
in binoculars.
d) Distance from the Earth in AU.
e) Distance from the Sun in AU.
f) Time of transit, i.e. when the
comet is highest in the sky.
g) Period of observability subject to
the constraints in line 7. The comet
may be visible outside this period.
h) Elongation from the sun in
degrees.

Ephemerides follow
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Ephemeris for P/Borrelly (19941)

Omega=353.3590 OMEGA= 75.4240 i= 30.2710 gq= 1.365120 a= 3.619088
e=0.622800 P= 6.885 T= 1994 November 1.4920 Epoch= 2000
Magnitudes calculated from m= 6.9+5.0*Log(d)+15.0*Log(r)

December 1994 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 8 55.4 37.38 8.1 0.62 1.41 16.16 7.29 to 18.19 121
2/ 3 12.0 8 57.7 38.28 8.1 0.62 1.41 16.14 7.20 to 18.20 122
3/ 4 12.0 8 60.0 39.17 8.1 0.62 1.42 16.13 7.10 to 18.22 122
4/ 5 12.0 9 2.2 40.06 8.1 0.62 1.42 16.11 6.59 to 18.23 123
5/ 6 12.0 9 4.4 40.55 8.1 0.62 1.42 16.09 6.48 to 18.24 123
6/ 7 12.0 9 6.6 41.44 8.2 0.62 1.43 16.07 6.36 to 18.25 124
7/ 8 12.0 9 8.8 42.33 8.2 0.62 1.43 16.06 6.24 to 18.26 124
8/ 9 12.0 9 10.9 43.21 8.2 0.62 1.43 16.04 6.10 to 18.27 125
9/10 12.0 9 13.0 44.10 8.2 0.62 1.44 16.02 5.55 to 18.28 125
10/11 12.0 9 15.1 44.57 8.2 0.62 1.44 16.00 5.38 to 18.29 126
11712 12.0 9 17.1 45.45 8.3 0.62 1.44 15.58 5.19 to 18.30 126
12/13 12.0 9 19.1 46.32 8.3 0.62 1.45 15.56 5.17 to 18.31 127
13714 12.0 9 21.0 47.19 8.3 0.63 1.45 15.54 5.17 to 18.32 127
14/15 12.0 9 22.9 48.05 8.3 0.63 1.45 15.52 5.17 to 18.32 127
15716 12.0 9 24.8 48.50 8.4 0.63 1.46 15.50 5.18 to 18.33 128
16/17 12.0 9 26.6 49.35 8.4 0.63 1.46 15.48 5.18 to 18.34 128
17/18 12.0 9 28.3 50.20 8.4 0.64 1.47 15.46 5.18 to 18.35 128
18/19 12.0 9 30.0 51.04 8.4 0.64 1.47 15.44 5.18 to 18.35 129
19/20 12.0 9 31.6 51.47 8.5 0.64 1.47 15.41 5.19 to 18.36 129
20/21 12.0 9 33.2 52.30 8.5 0.64 1.48 15.39 5.19 to 18.36 129
21/22 12.0 9 34.7 53.12 8.5 0.65 1.48 15.37 5.20 to 18.37 130
22/23 12.0 9 36.2 53.53 8.6 0.65 1.49 15.34 5.20 to 18.37 130
23/24 12.0 9 37.6 54.33 8.6 0.65 1.49 15.31 5.21 to 18.38 130
24/25 12.0 9 38.9 55.13 8.6 0.66 1.50 15.29 5.21 to 18.38 130
25/26 12.0 9 40.1 55.52 8.7 0.66 1.50 15.26 5.22 to 18.39 131
26/27 12.0 9 41.3 56.30 8.7 0.67 1.51 15.23 5.23 to 18.39 131
27/28 12.0 9 42.4 57.07 8.7 0.67 1.51 15.21 5.23 to 18.39 131
28/29 12.0 9 43.4 57.44 8.8 0.68 1.52 15.18 5.24 to 18.39 131
29/30 12.0 9 44.4 58.19 8.8 0.68 1.52 15.15 5.25 to 18.40 131
30/31 12.0 9 45.2 58.54 8.8 0.69 1.53 15.12 5.26 to 18.40 131
31/32 12.0 9 46.0 59.28 8.9 0.69 1.53 15.09 5.27 to 18.40 131
January 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 9 46.7 60.01 8.9 0.70 1.54 15.05 5.28 to 18.40 131
2/ 3 12.0 9 47.3 60.33 8.9 0.70 1.54 15.02 5.29 to 18.40 132
3/ 4 12.0 9 47.8 61.04 9.0 0.71 1.55 14.59 5.30 to 18.40 132
4/ 5 12.0 9 48.3 61.34 9.0 0.71 1.55 14.55 5.31 to 18.39 132
5/ 6 12.0 9 48.6 62.03 9.1 0.72 1.56 14.51 5.32 to 18.39 132
6/ 7 12.0 9 48.9 62.31 9.1 0.72 1.56 14.48 5.33 to 18.39 132
7/ 8 12.0 9 49.0 62.58 9.1 0.73 1.57 14.44 5.34 to 18.39 132
8/ 9 12.0 9 49.1 63.25 9.2 0.74 1.57 14.40 5.35 to 18.38 132
9/10 12.0 9 49.1 63.50 9.2 0.74 1.58 14.36 5.36 to 18.38 132
10/11 12.0 9 49.0 64.14 9.3 0.75 1.58 14.32 5.38 to 18.38 132
11/12 12.0 9 48.8 64.38 9.3 0.76 1.59 14.28 5.39 to 18.37 132
12/13 12.0 9 48.5 65.00 9.3 0.76 1.59 14.24 5.40 to 18.37 131
13714 12.0 9 48.1 65.22 9.4 0.77 1.60 14.20 5.41 to 18.36 131
14/15 12.0 9 47.6 65.42 9.4 0.78 1.61 14.15 5.43 to 18.36 131
15/16 12.0 9 47.1 66.02 9.5 0.78 1.61 14.11 5.44 to 18.35 131
16/17 12.0 9 46.5 66.20 9.5 0.79 1.62 14.06 5.46 to 18.34 131
17/18 12.0 9 45.7 66.38 9.6 0.80 1.62 14.02 5.47 to 18.33 131
18/19 12.0 9 44.9 66.54 9.6 0.81 1.63 13.57 5.48 to 18.33 131
19/20 12.0 9 44.1 67.10 9.7 0.81 1.63 13.52 5.50 to 18.32 131
20/21 12.0 9 43.2 67.25 9.7 0.82 1.64 13.47 5.51 to 18.31 130
21/22 12.0 9 42.1 67.39 9.7 0.83 1.65 13.42 5.53 to 18.30 130
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Ephemeris for P/Borrelly (19941) (contd)

January 1995 (contd)
Day Time R.A. B1950 Dec
22/23 12.0 9 41.1 67.51
23/24 12.0 9 40.0 68.03
24/25 12.0 9 38.8 68.14
25/26 12.0 9 37.6 68.24
26/27 12.0 9 36.3 68.33
27/28 12.0 9 35.0 68.42
28/29 12.0 9 33.6 68.49
29/30 12.0 9 32.3 68.55
30/31 12.0 9 30.9 69.01
31/32 12.0 9 29.5 69.05
February 1995
Day Time R.A. B1950 Dec
1/ 2 12.0 9 28.1 69.09
2/ 3 12.0 9 26.7 69.12
3/ 4 12.0 9 25.3 69.14
4/ 5 12.0 9 23.9 69.16
5/ 6 12.0 9 22.5 69.16
6/ 7 12.0 9 21.2 69.16
7/ 8 12.0 9 19.9 69.15
8/ 9 12.0 9 18.6 69.14
9/10 12.0 9 17.3 69.11
10/11 12.0 9 16.1 69.08
11712 12.0 9 14.9 69.05
12/13 12.0 9 13.8 69.00
13/14 12.0 9 12.7 68.55
14715 12.0 9 11.7 68.50
15716 12.0 9 10.7 68.44
16/17 12.0 9 9.8 68.37
17/18 12.0 9 8.9 68.30
18/19 12.0 9 8.1 68.22
19/20 12.0 9 7.4 68.14
20/21 12.0 9 6.7 68.05
21/22 12.0 9 6.1 67.56
22/23 12.0 9 5.5 67.46
23/24 12.0 9 5.0 67.36
24/25 12.0 9 4.5 67.26
25/26 12.0 9 4.1 67.15
26/27 12.0 9 3.8 67.04
27/28 12.0 9 3.6 66.52
28/29 12.0 9 3.4 66.40
March 1995
Day Time R.A. B1950 Dec
1/ 2 12.0 9 3.2 66.28
2/ 3 12.0 9 3.1 66.15
3/ 4 12.0 9 3.1 66.03
4/ 5 12.0 9 3.1 65.49
5/ 6 12.0 9 3.2 65.36
6/ 7 12.0 9 3.3 65.22
7/ 8 12.0 9 3.5 65.08
8/ 9 12.0 9 3.7 64.54
9/10 12.0 9 4.0 64.39
10/11 12.0 9 4.3 64.25
11712 12.0 9 4.7 64.10
12/13 12.0 9 5.1 63.55
13/14 12.0 9 5.6 63.40
14/15 12.0 9 6.1 63.24
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THE COMET'S TALE

Ephemeris for P/Borrelly (19941) (contd)

March 1995 (contd) Times in GMAT

Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
15/16 12.0 9 6.6 63.08 12.1 1.39 2.00 9.38 7.25 to 16.53 113
16/17 12.0 9 7.2 62.53 12.2 1.40 2.01 9.34 7.27 to 16.50 113
17/18 12.0 9 7.8 62.37 12.2 1.42 2.01 9.31 7.29 to 16.48 112
18/19 12.0 9 8.5 62.21 12.3 1.43 2.02 9.28 7.31 to 16.45 112
19/20 12.0 9 9.2 62.05 12.3 1.44 2.03 9.25 7.33 to 16.42 111
20/21 12.0 9 9.9 61.48 12.3 1.46 2.04 9.21 7.35 to 16.40 111
21/22 12.0 9 10.6 61.32 12.4 1.47 2.04 9.18 7.37 to 16.37 110
22/23 12.0 9 11.4 61.15 12.4 1.48 2.05 9.15 7.39 to 16.35 110
23/24 12.0 9 12.2 60.59 12.5 1.50 2.06 9.12 7.41 to 16.32 110
24/25 12.0 9 13.1 60.42 12.5 1.51 2.06 9.09 7.43 to 16.30 109
25/26 12.0 9 13.9 60.25 12.6 1.52 2.07 9.06 7.45 to 16.27 109
26/27 12.0 9 14.8 60.08 12.6 1.54 2.08 9.02 7.47 to 16.24 108
27/28 12.0 9 15.7 59.51 12.6 1.55 2.09 8.59 7.49 to 16.22 108
28/29 12.0 9 16.7 59.34 12.7 1.56 2.09 8.56 7.51 to 16.19 107
29/30 12.0 9 17.6 59.17 12.7 1.58 2.10 8.53 7.53 to 16.16 107
30/31 12.0 9 18.6 58.60 12.8 1.59 2.11 8.50 7.55 to 16.14 107
31/32 12.0 9 19.6 58.42 12.8 1.61 2.11 8.47 7.57 to 16.11 106

Ephemeris for Machholz (1994r)

Omega=143.2610 OMEGA=249.8530 i=101.8260 g= 1.844360 a=*****x***x*x*
e=1.000000 P=********* T= 1994 October 3.4290 Epoch= 2000
Magnitudes calculated from m= 8.0+5.0*Log(d)+10.0*Log(r)

December 1994 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 4 33.4 32.13 11.0 1.01 1.99 11.54 5.19 to 18.19 170
2/ 3 12.0 4 28.6 31.07 11.0 1.02 2.00 11.45 5.19 to 18.20 171
3/ 4 12.0 4 23.9 30.00 11.1 1.02 2.00 11.36 5.18 to 18.08 172
4/ 5 12.0 4 19.4 28.54 11.1 1.03 2.01 11.28 5.18 to 17.53 172
5/ 6 12.0 4 15.0 27.47 11.1 1.03 2.01 11.20 5.18 to 17.38 171
6/ 7 12.0 4 10.7 26.41 11.1 1.04 2.02 11.11 5.18 to 17.23 170
7/ 8 12.0 4 6.7 25.35 11.1 1.05 2.02 11.03 5.17 to 17.08 169
8/ 9 12.0 4 2.7 24.29 11.2 1.05 2.03 10.55 5.17 to 16.54 167
9/10 12.0 3 58.9 23.25 11.2 1.06 2.03 10.48 5.17 to 16.39 165
10/11 12.0 3 55.3 22.21 11.2 1.07 2.04 10.40 5.17 to 16.25 163
11/12 12.0 3 51.8 21.18 11.3 1.08 2.04 10.33 5.17 to 16.11 161
12/13 12.0 3 48.4 20.16 11.3 1.10 2.05 10.25 5.17 to 15.57 159
13714 12.0 3 45.2 19.16 11.3 1.11 2.05 10.18 5.17 to 15.44 157
14/15 12.0 3 42.1 18.16 11.4 1.12 2.06 10.11 5.17 to 15.31 155
15716 12.0 3 39.1 17.18 11.4 1.14 2.06 10.04 5.18 to 15.17 153
16/17 12.0 3 36.3 16.22 11.5 1.15 2.07 9.57 5.18 to 15.05 151
17/18 12.0 3 33.6 15.27 11.5 1.16 2.07 9.51 5.18 to 14.52 149
18/19 12.0 3 31.0 14.33 11.5 1.18 2.08 9.44 5.18 to 14.39 148
19/20 12.0 3 28.5 13.41 11.6 1.20 2.08 9.38 5.19 to 14.27 146
20/21 12.0 3 26.2 12.50 11.6 1.21 2.09 9.31 5.19 to 14.15 144
21/22 12.0 3 23.9 12.01 11.7 1.23 2.10 9.25 5.20 to 14.03 142
22/23 12.0 3 21.8 11.13 11.7 1.25 2.10 9.19 5.20 to 13.51 140
23/24 12.0 3 19.7 10.27 11.8 1.27 2.11 9.13 5.21 to 13.39 138
24/25 12.0 3 17.8 9.43 11.8 1.29 2.11 9.07 5.21 to 13.28 137
25/26 12.0 3 15.9 8.60 11.8 1.31 2.12 9.01 5.22 to 13.16 135
26/27 12.0 3 14.2 8.18 11.9 1.33 2.13 8.56 5.23 to 13.05 133
27/28 12.0 3 12.5 7.38 11.9 1.35 2.13 8.50 5.23 to 12.54 132
28/29 12.0 3 11.0 6.59 12.0 1.37 2.14 8.44 5.24 to 12.43 130
29/30 12.0 3 9.5 6.21 12.0 1.39 2.14 8.39 5.25 to 12.32 128
30/31 12.0 3 8.0 5.45 12.1 1.41 2.15 8.34 5.26 to 12.21 127
31/32 12.0 3 6.7 5.10 12.1 1.43 2.16 8.28 5.27 to 12.10 125
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OBSERVING SUPPLEMENT: 1994 NOV

Ephemeris for Machholz (1994r) (contd)

January 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 3 5.5 4.37 12.2 1.46 2.16 8.23 5.28 to 11.60 124
2/ 3 12.0 3 4.3 4.05 12.2 1.48 2.17 8.18 5.29 to 11.49 122
3/ 4 12.0 3 3.2 3.34 12.3 1.50 2.18 8.13 5.30 to 11.39 121
4/ 5 12.0 3 2.1 3.04 12.3 1.52 2.18 8.08 5.31 to 11.28 120
5/ 6 12.0 3 1.1 2.35 12.3 1.55 2.19 8.03 5.32 to 11.18 118
6/ 7 12.0 3 0.2 2.07 12.4 1.57 2.20 7.58 5.33 to 11.08 117
7/ 8 12.0 2 59.3 1.40 12.4 1.59 2.20 7.53 5.34 to 10.57 115
8/ 9 12.0 2 58.5 1.15 12.5 1.62 2.21 7.49 5.35 to 10.47 114
9/10 12.0 2 57.8 0.50 12.5 1.64 2.22 7.44 5.36 to 10.37 113
10/11 12.0 2 57.1 0.26 12.6 1.67 2.22 7.39 5.38 to 10.27 111
11/12 12.0 2 56.5 0.03 12.6 1.69 2.23 7.35 5.39 to 10.17 110
12/13 12.0 2 55.9 -0.19 12.7 1.71 2.24 7.30 5.40 to 10.06 109
13/14 12.0 2 55.3 -0.40 12.7 1.74 2.24 7.26 5.41 to 9.56 108
14/15 12.0 2 54.8 -1.01 12.8 1.76 2.25 7.21 5.43 to 9.46 106
15/16 12.0 2 54.4 -1.21 12.8 1.79 2.26 7.17 5.44 to 9.36 105
16/17 12.0 2 54.0 -1.39 12.8 1.81 2.26 7.12 5.46 to 9.25 104
17/18 12.0 2 53.6 -1.58 12.9 1.84 2.27 7.08 5.47 to 9.15 103
18/19 12.0 2 53.3 -2.15 12.9 1.86 2.28 7.04 5.48 to 9.04 102
19/20 12.0 2 53.0 -2.32 13.0 1.89 2.28 6.60 5.50 to 8.53 101
20/21 12.0 2 52.8 -2.49 13.0 1.91 2.29 6.56 5.51 to 8.42 99
21/22 12.0 2 52.6 -3.04 13.1 1.94 2.30 6.51 5.53 to 8.31 98
22/23 12.0 2 52.4 -3.19 13.1 1.96 2.31 6.47 5.54 to 8.19 97
23/24 12.0 2 52.3 -3.34 13.1 1.99 2.31 6.43 5.56 to 8.07 96
24/25 12.0 2 52.2 -3.48 13.2 2.01 2.32 6.39 5.57 to 7.54 95
25/26 12.0 2 52.1 -4.02 13.2 2.04 2.33 6.35 5.59 to 7.41 94
26/27 12.0 2 52.0 -4.15 13.3 2.06 2.33 6.31 6.00 to 7.26 93
27/28 12.0 2 52.0 -4.27 13.3 2.09 2.34 6.27 6.02 to 7.08 92
28/29 12.0 2 52.1 -4.39 13.3 2.12 2.35 6.23 6.04 to 6.43 91
29/30 12.0 2 52.1 -4.51 13.4 2.14 2.36 6.19 Not Observable 90
30/31 12.0 2 52.2 -5.02 13.4 2.17 2.36 6.15 Not Observable 89
31/32 12.0 2 52.3 -5.13 13.5 2.19 2.37 6.12 Not Observable 88
Ephemeris for P/Schwassmann-Wachmann 1 (1989 ) ... £for CCD observers!

Omega= 49.8700 OMEGA=312.8480 i= 9.3720 g= 5.771770 a= 6.041587
e=0.044660 P= 14.850 T= 1989 October 24.8500 Epoch= 2000
Magnitudes calculated from m= 6.0+5.0*Log(d)+10.0*Log(r)+0.000*Beta

[ Editor's note: A correction of AT = -1.87 d has been applied here to the
elements for P/SW1l. This is to account for planetary perturbations since 1989
and gives positions in fair agreement with ICQ, and within the 'error box' of
a CCD field. 1In doing so, however, the comet's solar distance is wrong. ]

Observing constraints: Sun below -13. deg Object above 20. deg

December 1994 Times in GMAT

Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 9 24.1 15.40 17.7 5.79 6.20 16.44 11.36 to 18.19 110
2/ 3 12.0 9 24.1 15.40 17.7 5.77 6.20 16.40 11.32 to 18.20 111
3/ 4 12.0 9 24.1 15.39 17.7 5.76 6.20 16.36 11.28 to 18.22 113
4/ 5 12.0 9 24.1 15.38 17.7 5.74 6.20 16.32 11.24 to 18.23 114
5/ 6 12.0 9 24.0 15.38 17.7 5.73 6.20 16.28 11.20 to 18.24 115
6/ 7 12.0 9 24.0 15.38 17.7 5.71 6.20 16.24 11.16 to 18.25 116
7/ 8 12.0 9 23.9 15.37 17.7 5.70 6.20 16.20 11.12 to 18.26 117
8/ 9 12.0 9 23.9 15.37 17.7 5.68 6.20 16.16 11.08 to 18.27 118
9/10 12.0 9 23.8 15.37 17.7 5.67 6.20 16.12 11.04 to 18.28 119
10/11 12.0 9 23.7 15.36 17.7 5.65 6.20 16.08 10.60 to 18.29 120
11712 12.0 9 23.6 15.36 17.7 5.64 6.20 16.04 10.56 to 18.30 121
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THE COMET'S TALE

Vi
Ephemeris for P/Schwassmann-Wachmann 1 (1989 ) (contd)
December 1994 (contd) Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
12/13 12.0 9 23.5 15.36 17.7 5.63 6.20 16.00 10.52 to 18.31 122
13/14 12.0 9 23.3 15.36 17.7 5.61 6.20 15.56 10.48 to 18.32 123
14715 12.0 9 23.2 15.36 17.7 5.60 6.20 15.52 10.44 to 18.32 124
15716 12.0 9 23.1 15.36 17.7 5.59 6.20 15.48 10.40 to 18.33 125
16/17 12.0 9 22.9 15.36 17.7 5.57 6.20 15.44 10.36 to 18.34 126
17/18 12.0 9 22.7 15.36 17.7 5.56 6.20 15.40 10.31 to 18.35 127
18/19 12.0 9 22.5 15.36 17.6 5.55 6.20 15.36 10.27 to 18.35 128
19/20 12.0 9 22.4 15.37 17.6 5.54 6.20 15.31 10.23 to 18.36 129
20/21 12.0 9 22.1 15.37 17.6 5.52 6.20 15.27 10.19 to 18.36 130
21/22 12.0 9 21.9 15.37 17.6 5.51 6.20 15.23 10.15 to 18.37 131
22/23 12.0 9 21.7 15.37 17.6 5.50 6.20 15.19 10.11 to 18.37 132
23/24 12.0 9 21.5 15.38 17.6 5.49 6.20 15.15 10.06 to 18.38 133
24/25 12.0 9 21.2 15.38 17.6 5.48 6.21 15.11 10.02 to 18.38 135
25/26 12.0 9 21.0 15.39 17.6 5.46 6.21 15.06 9.58 to 18.39 136
26/27 12.0 9 20.7 15.39 17.6 5.45 6.21 15.02 9.54 to 18.39 137
27/28 12.0 9 20.5 15.40 17.6 5.44 6.21 14.58 9.49 to 18.39 138
28/29 12.0 9 20.2 15.40 17.6 5.43 6.21 14.54 9.45 to 18.39 139
29/30 12.0 9 19.9 15.41 17.6 5.42 6.21 14.50 9.41 to 18.40 140
30/31 12.0 9 19.6 15.42 17.6 5.41 6.21 14.45 9.37 to 18.40 141
31/32 12.0 9 19.3 15.42 17.6 5.40 6.21 14.41 9.32 to 18.40 142
January 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 9 18.9 15.43 17.6 5.39 6.21 14.37 9.28 to 18.40 143
2/ 3 12.0 9 18.6 15.44 17.6 5.38 6.21 14.33 9.24 to 18.40 144
3/ 4 12.0 9 18.3 15.45 17.6 5.37 6.21 14.28 9.19 to 18.40 145
4/ 5 12.0 9 17.9 15.45 17.6 5.36 6.21 14.24 9.15 to 18.39 147
5/ 6 12.0 9 17.6 15.46 17.6 5.36 6.21 14.20 9.10 to 18.39 148
6/ 7 12.0 9 17.2 15.47 17.6 5.35 6.21 14.15 9.06 to 18.39 149
7/ 8 12.0 9 16.8 15.48 17.6 5.34 6.21 14.11 9.02 to 18.39 150
8/ 9 12.0 9 16.5 15.49 17.6 5.33 6.21 14.07 8.57 to 18.38 151
9/10 12.0 9 16.1 15.50 17.6 5.32 6.21 14.02 8.53 to 18.38 152
10/11 12.0 9 15.7 15.51 17.6 5.32 6.21 13.58 8.48 to 18.38 153
11/12 12.0 9 15.3 15.52 17.6 5.31 6.21 13.54 8.44 to 18.37 154
12/13 12.0 9 14.9 15.53 17.6 5.30 6.21 13.49 8.40 to 18.37 155
13714 12.0 9 14.5 15.54 17.6 5.30 6.21 13.45 8.35 to 18.36 157
14/15 12.0 9 14.1 15.56 17.5 5.29 6.21 13.41 8.31 to 18.36 158
15716 12.0 9 13.6 15.57 17.5 5.28 6.21 13.36 8.26 to 18.35 159
16/17 12.0 9 13.2 15.58 17.5 5.28 6.21 13.32 8.22 to 18.34 160
17/18 12.0 9 12.8 15.59 17.5 5.27 6.21 13.28 8.17 to 18.33 161
18/19 12.0 9 12.3 16.00 17.5 5.27 6.21 13.23 8.13 to 18.33 162
19/20 12.0 9 11.9 16.02 17.5 5.26 6.21 13.19 8.08 to 18.29 163
20/21 12.0 9 11.4 16.03 17.5 5.26 6.21 13.14 8.04 to 18.25 164
21/22 12.0 9 11.0 16.04 17.5 5.25 6.21 13.10 7.59 to 18.21 166
22/23 12.0 9 10.5 16.05 17.5 5.25 6.21 13.06 7.55 to 18.16 167
23/24 12.0 9 10.0 16.07 17.5 5.25 6.21 13.01 7.50 to 18.12 168
24/25 12.0 9 9.6 16.08 17.5 5.24 6.21 12.57 7.46 to 18.08 169
25/26 12.0 9 9.1 16.09 17.5 5.24 6.21 12.52 7.41 to 18.04 170
26/27 12.0 9 8.6 16.10 17.5 5.24 6.21 12.48 7.37 to 17.59 171
27/28 12.0 9 8.2 16.12 17.5 5.24 6.21 12.44 7.32 to 17.55 172
28/29 12.0 9 7.7 16.13 17.5 5.23 6.21 12.39 7.28 to 17.51 173
29/30 12.0 9 7.2 16.14 17.5 5.23 6.21 12.35 7.23 to 17.46 175
30/31 12.0 9 6.7 16.16 17.5 5.23 6.21 12.30 7.18 to 17.42 176
31/32 12.0 9 6.2 16.17 17.5 5.23 6.21 12.26 7.14 to 17.38 177
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OBSERVING SUPPLEMENT: 1994 NOV

Vii

Ephemeris for P/Schwassmann-Wachmann 1 (1989 )

February 1995
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16.
.20
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16.
16.
.34
16.

16
16
16
16

16
16

16
16
16
16
16
16
16

16
16

R.A. B1950 Dec

18

25

29
30
32
33

35

.36
.38
.39
16.
16.
.42
16.
.44
16.

40
41

43

45

.47
.48
.48
16.
16.

49
50

B1950 Dec
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16.
16.
.53
16.
16.
16.
.56
16.
.57
16.
16.
16.

16

16

16

16
16
17
17
17
17

17
17

17
17
17

51
52

54
54
55

57
58

58
59

.59
.60
.00
.01
.01
.01
17.
17.
17.

02
02
02

.02
.02
17.
17.
.03
.03
.03

03
03

(contd)
Times in GMAT
Mag D - R Trans
17.5 5.23 6.21 12.21
17.5 5.23 6.21 12.17
17.5 5.23 6.21 12.13
17.5 5.23 6.22 12.08
17.5 5.23 6.22 12.04
17.5 5.23 6.22 11.59
17.5 5.23 6.22 11.55
17.5 5.23 6.22 11.50
17.5 5.24 6.22 11.46
17.5 5.24 6.22 11.42
17.5 5.24 6.22 11.37
17.5 5.24 6.22 11.33
17.5 5.25 6.22 11.28
17.5 5.25 6.22 11.24
17.5 5.25 6.22 11.20
17.5 5.26 6.22 11.15
17.5 5.26 6.22 11.11
17.5 5.27 6.22 11.06
17.5 5.27 6.22 11.02
17.5 5.28 6.22 10.58
17.6 5.28 6.22 10.53
17.6 5.29 6.22 10.49
17.6 5.29 6.22 10.44
17.6 5.30 6.22 10.40
17.6 5.31 6.22 10.36
17.6 5.31 6.22 10.31
17.6 5.32 6.22 10.27
17.6 5.33 6.22 10.23
Times in GMAT
Mag D R Trans
17.6 5.34 6.22 10.18
17.6 5.35 6.22 10.14
17.6 5.35 6.22 10.10
17.6 5.36 6.22 10.05
17.6 5.37 6.22 10.01
17.6 5.38 6.22 9.57
17.6 5.39 6.22 9.53
17.6 5.40 6.22 9.48
17.6 5.41 6.22 9.44
17.6 5.42 6.22 9.40
17.6 5.43 6.22 9.36
17.6 5.44 6.22 9.31
17.6 5.45 6.22 9.27
17.6 5.46 6.22 9.23
17.6 5.47 6.22 9.19
17.6 5.49 6.22 9.14
17.6 5.50 6.22 9.10
17.6 5.51 6.22 9.06
17.7 5.52 6.22 9.02
17.7 5.53 6.23 8.58
17.7 5.55 6.23 8.54
17.7 5.56 6.23 8.49
17.7 5.57 6.23 8.45
17.7 5.58 6.23 8.41
17.7 5.60 6.23 8.37
17.7 5.61 6.23 8.33
17.7 5.62 6.23 8.29
17.7 5.64 6.23 8.25
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15.
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.34
.30
.26
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14.
14.
.09
14.
14.
13.
.53
13.
13.
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16
12
08
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59
55
51
47
43
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14
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vili
Ephemeris for P/Schwassmann-Wachmann 1 (1989 ) (contd)
March 1995 (contd) Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
29/30 12.0 8 46.0 17.02 17.7 5.65 6.23 8.21 7.53 to 13.37 121
30/31 12.0 8 45.9 17.02 17.7 5.67 6.23 8.17 7.55 to 13.33 120
31/32 12.0 8 45.8 17.02 17.7 5.68 6.23 8.13 7.57 to 13.29 119
April 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 8 45.7 17.02 17.7 5.69 6.23 8.09 7.59 to 13.25 118
2/ 3 12.0 8 45.6 17.02 17.7 5.71 6.23 8.05 8.02 to 13.21 117
3/ 4 12.0 8 45.5 17.01 17.7 5.72 6.23 8.01 8.04 to 13.16 116
4/ 5 12.0 8 45.5 17.01 17.7 5.74 6.23 7.57 8.06 to 13.12 115
5/ 6 12.0 8 45.4 17.01 17.7 5.75 6.23 7.53 8.08 to 13.08 114
6/ 7 12.0 8 45.4 17.00 17.7 5.77 6.23 7.49 8.10 to 13.04 113
7/ 8 12.0 8 45.4 16.60 17.8 5.78 6.23 7.45 8.12 to 13.00 112
8/ 9 12.0 8 45.4 16.59 17.8 5.80 6.23 7.41 8.15 to 12.56 111
9/10 12.0 8 45.4 16.59 17.8 5.81 6.23 7.37 8.17 to 12.52 110
10/11 12.0 8 45.4 16.58 17.8 5.83 6.23 7.33 8.19 to 12.49 109
11/12 12.0 8 45.4 16.58 17.8 5.84 6.23 7.29 8.21 to 12.45 108
12/13 12.0 8 45.5 16.57 17.8 5.86 6.23 7.25 8.24 to 12.41 107
13/14 12.0 8 45.5 16.56 17.8 5.87 6.23 7.21 8.26 to 12.37 106
14/15 12.0 8 45.6 16.56 17.8 5.89 6.23 7.17 8.28 to 12.33 105
15/16 12.0 8 45.7 16.55 17.8 5.91 6.23 7.14 8.31 to 12.29 104
16/17 12.0 8 45.7 16.54 17.8 5.92 6.23 7.10 8.33 to 12.25 103
17/18 12.0 8 45.8 16.53 17.8 5.94 6.23 7.06 8.35 to 12.21 102
18/19 12.0 8 45.9 16.52 17.8 5.95 6.23 7.02 8.38 to 12.17 101
19/20 12.0 8 46.0 16.51 17.8 5.97 6.23 6.58 8.40 to 12.13 101
20/21 12.0 8 46.2 16.50 17.8 5.99 6.23 6.54 8.42 to 12.09 100
21/22 12.0 8 46.3 16.49 17.8 6.00 6.23 6.51 8.45 to 12.05 99
22/23 12.0 8 46.4 16.48 17.8 6.02 6.23 6.47 8.47 to 12.01 98
23/24 12.0 8 46.6 16.47 17.8 6.03 6.23 6.43 8.50 to 11.57 97
24/25 12.0 8 46.7 16.46 17.9 6.05 6.23 6.39 8.52 to 11.54 96
25/26 12.0 8 46.9 16.45 17.9 6.07 6.23 6.35 8.55 to 11.50 95
26/27 12.0 8 47.1 16.44 17.9 6.08 6.23 6.32 8.57 to 11.46 94
27/28 12.0 8 47.3 16.43 17.9 6.10 6.23 6.28 9.00 to 11.42 93
28/29 12.0 8 47.5 16.41 17.9 6.11 6.23 6.24 9.03 to 11.38 92
29/30 12.0 8 47.7 16.40 17.9 6.13 6.23 6.20 9.05 to 11.34 91
30/31 12.0 8 47.9 16.39 17.9 6.15 6.23 6.17 9.08 to 11.30 90
May 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 8 48.2 16.37 17.9 6.16 6.23 6.13 9.10 to 11.27 89
2/ 3 12.0 8 48.4 16.36 17.9 6.18 6.23 6.09 9.13 to 11.23 89
3/ 4 12.0 8 48.7 16.35 17.9 6.19 6.23 6.06 9.16 to 11.19 88
4/ 5 12.0 8 48.9 16.33 17.9 6.21 6.23 6.02 9.19 to 11.15 87
5/ 6 12.0 8 49.2 16.32 17.9 6.23 6.24 5.58 9.21 to 11.11 86
6/ 7 12.0 8 49.5 16.30 17.9 6.24 6.24 5.55 9.24 to 11.08 85
7/ 8 12.0 8 49.8 16.28 17.9 6.26 6.24 5.51 9.27 to 11.04 84
8/ 9 12.0 8 50.1 16.27 17.9 6.28 6.24 5.47 9.30 to 11.00 83
9/10 12.0 8 50.4 16.25 17.9 6.29 6.24 5.44 9.32 to 10.56 82
10/11 12.0 8 50.7 16.23 17.9 6.31 6.24 5.40 9.35 to 10.52 81
11/12 12.0 8 51.0 16.22 18.0 6.32 6.24 5.36 9.38 to 10.49 80
12/13 12.0 8 51.3 16.20 18.0 6.34 6.24 5.33 9.41 to 10.45 80
13/14 12.0 8 51.7 16.18 18.0 6.36 6.24 5.29 9.44 to 10.41 79
14715 12.0 8 52.0 16.16 18.0 6.37 6.24 5.26 9.47 to 10.37 78
15716 12.0 8 52.4 16.14 18.0 6.39 6.24 5.22 9.49 to 10.34 77
16/17 12.0 8 52.7 16.13 18.0 6.40 6.24 5.18 9.52 to 10.30 76
17/18 12.0 8 53.1 16.11 18.0 6.42 6.24 5.15 9.55 to 10.26 75
18/19 12.0 8 53.5 16.09 18.0 6.43 6.24 5.11 9.58 to 10.22 74
19/20 12.0 8 53.9 16.07 18.0 6.45 6.24 5.08 10.01 to 10.19 73
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Comet crash discussed at BAA meeting in Cambridge

James Lancashire, BAA Comet Section & CUAS

THE EIGHTH annual meeting
organized by Cambridge University
Astronomical Society for BAA
observing sections took place at the
Institute of Astronomy, Cambridge on
Saturday, 1995 March 18, and covered
the great comet crash of SL9 with
Jupiter in 1994 July and its aftermath.
After arrival refreshments, Paul
McLaughlin, CUAS Observations
Secretary, gave a short welcome before
introducing the first speaker in a packed
international programme.

Mark Bailey (Liverpool) spoke about
the origins and dynamics of comets.
Theory indicates three phases in the
origin of the solar system. (1) Proto-
stellar material contains sub micron-
sized grains which, during the collapse
to star and proto-planetary disc (for
which models are rather uncertain),
aggregate to leave sub metre-sized
snowballs and boulders. (2) Once the
star has ‘switched on’ and blown away
the gas, gravitational instability gives
rise to planetesimals, in good agreement
with the Kuiper belt model. (3) The
accretion of planetesimal occurs by
collision, the timescale of which is
independent of many parameters except
solar distance. This theory gives rise to a
planetary zone out to 30 AU, and an
outer zone with primordial cometary
material where there simply has not been
sufficient time for planet formation.
With this model, comets should be
different from one another, with various

sizes, structures and compositions. Dr
Bailey concluded by talking about the
long-term dynamics of comets,
investigated using numerical integration.
Perturbations by Jupiter and Saturn are
known to affect many comets (including
P/Halley and P/Encke) so that they will
eventually fall into the Sun as
‘sungrazers’. Near-misses break comets
into constituent parts (‘multiplication by
division’), which may be important in
the formation of meteor streams and
secondary nuclei.

Jim Scotti (Arizona) then spoke on
Comet Shoemaker-Levy 9. He had taken
images of the comet and noticed ‘wings’
of material pushed away from the Sun
by the solar wind. By tracking the orbits
of the fragments back to perijove at
1.3 Ry, the spread, and therefore initial
size, was estimated to be less than 2.2
km. By 1994 January, the dust wings
had faded and the nuclei had developed
tails of their own; some had moved ‘off-
axis’ from the main string. Just prior to
the impacts, the inner comae were
observed to have elongated by

gravitational attraction as they
approached Jupiter again. At collision,
the impacts gave rise to aring of ejected
material, expanding at 450 ms-!, with a
plume rising to around 3000 km after
about 400 s. These effects occured
independently of nucleus size, although
some nuclei - including some of the
brightest! —had no effect.

Niel Brandt (Cambridge) then con-
cluded the first session with a talk about
ROSAT observations of jovian x-ray
auroral emissions during the impacts.
Jupiter’s aurora is normally active in UV
through to x-rays, with power around a
hundred times that of the Earth! During
the impacts, nothing unusual was
detected at the impact sites, but very
bright auroral emission was seen from
the northern conjugate points for
impacts K and P, and possibly W. Dr
Brandt then mentioned two models for
the observations: (1) charged dust
pickup as the incoming fragments pass
through the tidal radius; and (2) dust-
fragment interactions with Jupiter’s
magnetic field.

continued on page 3

Participants (I-r): Paul McLaughlin, James Lancashire, Mark Kidger, Niel Brandt,
Peter Andrews, Seiji Kimura, Steven Miller, Jim Scotti, John Rogers, Richard
McKim, Mark Bailey, Chris Trayner, Derek Hatch. [Photo: David Graham]
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Director:

Comet Section contacts

Phone: +44 1223 571250
Fax: +44 1223 362616

E-Mail: JDS @ AST.CAM.AC.UK or J.SHANKLIN @ BAS.AC.UK
WWW page: http://www.ast.cam.ac.uk/~jds/

Assistant Director (Observations):
(and also Editor of
The Astronomer magazine)

Jonathan Shanklin, 11 City Road, CAMBRIDGE, CB1 1DP, England.

Guy Hurst, 16 Westminster Close, Kempshott Rise, BASINGSTOKE, Hampshire,

RG22 4PP, England.
Phone & Fax: +44 1256 471074

E-Mail: GMH @ TAHQDEMON.CO.UK or GMH @ AST.STAR.RL.AC.UK

Assistant Director:
(general correspondence)
[address until end September]

CCD Adpvisor:

Phone: +44 1245 354366
E-mail: NDJ @ ASTRO1.DEMON.CO.UK or NICK.JAMES @ GMRC.GECM.COM

Photographic Advisor:

Phone: +44 1983 865451

James Lancashire, 21 Warkworth Street, CAMBRIDGE, CB1 1EG, England.
Phone: +44 1223 329031
E-Mail: JALAN @ AST.CAM.AC.UK

Nick James, 11 Tavistock Road, CHELMSFORD, Essex., CM1 SJL, England.

John W Smith, 27 Forest Road, Winford, SANDOWN, Isle of Wight, PO36 0JY, England.

Welcome once again to the Comet
Section Newsletter. With no comets
around currently to urge you to observe,
Jonathan and I decided to delay
publication until the BAA Exhibition
Meeting on June 24. Needless to say, a
bright comet has not been discovered,
despite the Moon heading towards New
and leaving vast swaths of newly-dark
sky in which an uncharted fuzzy object
might be found. I have reported an
interesting article on bright comets on
page9.

The current dearth does enable one,
however, to write up and submit one’s
past months’ (I hope not years’!)
observations of comets to the Director —
report forms containing magnitude
sstimates, drawings, CCD images or
photographs will be welcomed!

[n the intervening period since the last
issue of The Comet’s Tale, the Comet
and Jupiter Sections of the BAA held a
discussion meeting in Cambridge which
was hosted by Cambridge University
Astronomical Society at the Institute of
Astronomy. Around a hundred people
_ attended to hear a packed international

speaker programme, and my report starts
on the front cover.

Some sad news appeared in February
with the death of Harold Ridley, a comet
section stalwart. Although I met him
only once at a meeting in London, he
was full of enthusiasm for his subject

Editorial

and very encouraging towards my first
ventures into cometary astronomy. He
served, of course, on the BAA Council,
and was very much a gentleman astron-
omer. Mike Hendrie writes a personal
appreciation of Harold in this issue.

Computers and technology change so
fast these days — the DTP package I am
using to set this newsletter is many
generations past the original — that I
have included a handy list of sites on the
World-Wide Web (WWW) which have
resources on comets on the Internet.
I hope these will be of use and will help
to continue the endless voyage through
cyberspace called surfing!

Prospects for (known) comets aren’t too
good for the remainder of 1995, but
nevertheless 6P (d’Arrest) may come
brighten to be seen with moderate instru-
ments in late July and early August.

Finally, I must mention that I am
moving to a new (permanent) job in late
September situated in Bristol. In
addition to the new work, I will have a
significant study commitment for the
next three years to pass more examin-
ations and gain a professional
qualification which will be invaluable in
today’s job market.

This means that I am stepping down as
editor of the section newsletter and will
be reducing my amateur involvement in
astronomy generally for a few years. I

do hope, however, to make use of the
odd clear night and watch for meteors,
do some binocular astronomy or join a
local society’s observing evening. I have
a lot to look forward to, in particular a
new part of the country for me.

In my first editorial, I expressed a desire
to attract articles on “all aspects of
cometary astronomy from history
through current observations to future
prospects”. Looking back over these
issues of The Comet’s Tale, 1 think I
have succeeded in that aim, not at all
easy when the event of a lifetime — the
impact of SL9 with Jupiter in the third
week of 1994 July — could have stolen
the show. Many thanks must be expres-
sed to all contributors, and to you, the
readers, for the encouragement that has
made this job so enjoyable.

I look forward to seeing some of you
again in the future. Sincere good wishes.

James Lancashire

Correction: Mike Hendrie wishes to
add that in his obituary of Michael
Candy (1928-1994): “For the record,
Mike Candy left the UK for Pert in
1969, not 1967 as I stated in the last
newsletter; also he discovered comet
1961 II on Boxing Day, December 26,
1960, not the 28. I have prepared a more
detailed appraisal of Candy’s life and
work for the Journal.”
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Jupiter/SL9 meeting in Cambridge

continued from page 1

Lunch had been prepared by the CUAS
committee, and allowed the perusal of
displays by the BAA, the Comet and
Jupiter Sections, and the Japan Amateur
Astronomers’ Convention. Rosemary
Naylor from ‘Earth and Sky’ had a stall,
including a proof copy of the new book
on Jupiter by John Rogers due out next
year. Many people also went on a tour of
the telescopes and facilities at the
Institute of Astronomy.

Mark Kidger (Tenerife) then opened
the afternoon session by talking about
fireball observations from Tenerife,
giving a feeling for events during impact
week when, on each night, the site had
seven telescopes in action. A wide-field
camera was used and, although Jupiter’s
disc formed only a small part of the
image, the existing equatorial zone and
auroral caps stood out against the black
planet. The impacts were impressive:
impact L reached 7.5™ in visual and
—-0.5™ in IR . Dr Kidger concluded by
mentioning the tremendous media
interest in the events: his observations
were piped live to two national
television channels in Spain, the lecture
theatre was crammed with 3000 people
over five hours before each impact and
the small control room had seventeen
packed in space normally for four!

Steven Miller (UCL) spoke next about
the professional observations and
science of the impacts. Galileo had a
direct view of the impacts, but curiously
Hubble and Earth-based observations
detected the impacts slightly earlier.
The general form of each impact IR
light-curve was: (1) a short flash as the
main nucleus entered Jupiter’s atmos-
phere; (2) the real fireball rising above

INTENSITY
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General form of the IR lightcurve for
the impacts: see text for details (1)~(4)

the limb; (3) a rapid rise 6 min after
impact to the very bright ‘main event’;
and (4) a decline checked slightly as the
site rotated into direct view. The ejected
material in the plume crashed back down
onto the atmosphere with maximum
heating at 10-12 min and spanning in IR
about 45,000 km of the surface, far
greater than at other wavelengths. Dr
Miller concluded by saying that over the
weeks since impact, material has spread
in longitude and also in latitude,
enabling the N-S wind speeds to be
calculated for the first time.

Peter Andrews (RGO, Cambridge) then
spoke about fireball observations from
La Palma. The Jacobus Kapteyn
Telescope in visible light saw the plume
of L (the largest impact) projecting over
Jupiter’s limb, whilst the Isaac Newton
Telescope detected sodium (peaking 5
min earlier than other elements), iron,
magnesium, and calcium, all of which
must have originated in the comet rather
than Jupiter. All the emission lines were
at the lowest possible excitation,
implying cool plume material collapsing
back onto the planet, quite unlike
meteors entering the Earth’s atmosphere.

In the time before tea, two BAA
members recounted their experiences.
First, Richard McKim, BAA President,
spoke about his first visit to California,
using a different telescope each night.
He showed his drawings made during
impact week and continued on his return
to the UK until mid-August. Then
Derek Hatch showed results from his
Astrophysics 6-inch refractor connected
by Plossl eyepiece projection to a CCD
video camera without its lens; many
dark impact sites could be seen on his
video.

Tea and biscuits were then provided by
CUAS, and the opportunity was taken to
reflect on personal experiences from
impact week and to discuss some issues
arising from the talks so far.

Seiji Kimura (Tokyo) then spoke about
the visible impact scars as observed
from Japan. He generously provided a
handout giving a compilation of
Japanese amateur work. Sixty people
had attended a conference in Japan at
which the work of fifteen Japanese
observers was presented. He requested
BAA contributions to ensure coverage at
all Jovian longitudes. Mr Kimura

showed using strip maps how the
remarkable dark spots had appeared and
evolved, becoming a continuous new
belt which remained visible into 1995,

John Rogers (BAA Jupiter Section
Director) then spoke about BAA
observations and the development of the ..
visible impact scars. Reports had been
received by the BAA from the UK,
India, Japan and the US. The sites were
bright at methane wavelengths but dark
visually, implying that they comprised a
layer of high altitude, dark, absorbing
material. The black core was the site of
the explosion and the arc was settled
ejected material; the sites tended to be
darker visually about a day after impact.
The (anticyclonic) white ovals seemed
to attract dark material northward from
nearby impact sites. Over a longer
period, BAA members tracked the dark
clouds as the impacts were a unique
chance to study high-level Jovian
clouds; drift rates were consistent with
System III, although this is also the
normal windspeed at the impact latitude.
Dr Rogers concluded by talking about
the impact belt which had encircled the
planet by October and which was also
seen by BAA members in December and
January, although it has subsequently
faded rapidly.

Chris Trayner (Leeds) then spoke
about the Tunguska event, when on
1908 June 30 (Gregorian) at 07"14m
local time (00P14™ UT) a 10°-10'0kg
bolide flew at ~40 km s*! into the atmos-
phere over Siberia and exploded at 8 km
altitude, knocking down 2000 km? of
forest but not leaving a crater. Local
reports mention deaths of reindeer and
houses collapsing. Dr Trayner said that
details of the event could be estimated
only to order of magnitude. Neverthe-
less, it illustrates what has happened
when the Earth — not Jupiter — is
involved in celestial billiards.

The day closed with high-level
discussion on some controversial points.
The BAA President thanked Paul
McLaughlin and CUAS for organizing a
successful and enjoyable day. Dr John -
Rogers also deserves thanks for
contacting speakers. Around a hundred
people were in attendance. With
clearish skies, the Directors of Mars and
Saturn sections stayed to observe Mars
with the telescopes, but cloud had
arrived before the occultation of Spica.
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Section news from the Director

Dear Section member,

Things seem to have been very quiet
since I left for the Antarctic. The
change to the new naming scheme for
comets took place on January 1 and this
has either discouraged all the comet
hunters or offended the heavens as only
one has been found since then. Periodic
comets with well known orbits are now
individually numbered, rather like the
asteroids, and a full list appears
elsewhere in the newsletter. Shoemaker-
Levy 9 does not receive a number
however, as it was destroyed before it
could return to perihelion. Comets
which have beenrecovered, which might
have received a year letter under the old
scheme include 57P (du Toit-Neujmin-
Delporte) and 58P (Jackson-Neujmin),
so the gap is perhaps not as bad as it
might seem.

Whilst I was away I was able to enter
most of the remaining archival
observations up to the mid-1970s, when
observations began to be submitted to
the ICQ. I also completed formatting
the data from 1991 and 1992 which I
had scanned from TA. All this material
has now been sent to the ICQ. There are
still a lot more observations that could
be entered to complete our record until
1990, if anyone has the time and
facilities to do so. I hope to publish
reports on the periodic comets observed
between 1955 and 1990 in a series of
papers in the Journal. There are also
some parabolic comets which were well
observed (e.g. Bennett, Kohoutek,
Kobayashi-Berger-Milon, etc) which
could be written up as papers for the
Journal - anyone interested please
contact me.

[ heard the sad news about Harold
Ridley whilst I was away in the
Antarctic. I have all his section files and
photographic observations and hope to
continue with his much valued prospects
for comets series. A personal memory
from Mike Hendrie appears elsewhere in
this newsletter and a full obituary will
appear in the BAA Journal. Another
- death that has recently occurred is that
of Ray Littleton, who was a proponent
of the flying gravel bank model of
cometary structure. The well-known
team of Carolyn and Eugene Shoemaker,
David Levy and Henry Holt has finally
concluded their observing program at
Palomar, so no more Shoemaker-Levy

comets are likely to be discovered with
the 18" Schmidt camera. Estimates
suggest that their famous comet was
exceptional as it could be 2000 years
before another comet hits Jupiter.

The section guide to observing comets
is now nearly complete and will be
going to press in early July. The text
will be on display at the Exhibition
meeting and last minute suggestions for
changes may be included in the final
version. Another way to get up to date
comet information is via the world wide

web and I have set up a page for the
comet section on http://www.ast.

cam.ac.uk/~jds/ I don’t propose to
put the full text of the guide there, only

sufficient information to help observers;

there are also links to other pages with
comet information. The BAA also has a
page, which has been set up by Starbase
1 and this is available from http://

www.emoticon.com/emoticon/astro

Since the last newsletter observations or
contributions have been received from
the following BAA members:

Robert Bullen, Werner Hasubick, Guy
Hurst, James Lancashire, Jonathan
Shanklin, Nick James, Bob Neville,
Alex Vincent, and also from Alexander
Baransky, John Bortle, Eric Broens,
Matyas Csukas, Alfons Diepvens, Bjorn
Granslo, Graham Keitch, Atilla Kosa-
Kiss, Martin Lehky, Herman Mikuz,
Antonio Milani, John Sanford, John
Seach, David Seargent, Chris Spratt,
Graham Wolf and Vittorio Zanotta;

and of comets:

8P (Tuttle), 9P (Tempel 1), 16P (Brooks
2), 19P (Borrelly), 29P (Schwassmann-
Wachmann 1), 44P (Reinmuth 2), 51P
(Harrington), 65P (Gunn), 77P (Long-
more), C/1993 Q1 (Mueller), C/1993 Y1
(McNaught-Russell), C/1994 G1 (Taka-
mizawa-Levy), C/1994 J2 (Takamiza-
wa), C/1994 N1 (Nakamura-Nishimura-
Machholz), P/1994 P1 (Machholz 2) and
C/1994 T1 (Machholz).

Comet 19P (Borrelly), was followed
until early April having reached a
maximum brightness of around 8™ in
November/December, around 1™ fainter
than predicted by /CQ. The analysis
suggests that the magnitude equation
given in the last issue was correct with
Hi= 7.3™ and Ki=14™. It showed an
interesting anti-tail as it crossed through

the nodal plane, which was well shown
in many CCD images. C/1994 T1
(Machholz) peaked at around 10™ in
late November, though there is a large
spread in early December with some
observers making it as bright as 8.7 and
others as faint as 11.8™, but otherwise
giving it a similar physical description.
The last visual observations were made
in early January when it was 12™m,
though Mikuz was able to observe it
with his CCD camera in early February
when it had faded to 15™.

Prospects for the next six months are not
particularly good, with comet 6P
(d’ Arrest) likely to be the brightest on
display and it is unlikely to be brighter
than 11™. Some sources suggest that it
could reach 6.5™ in early August,
however it has yet to be observed
visually, although it should be around
14™ according to these predictions.
CCD observations made it 16.7™ on
June 1, suggesting that it won’t be
observed this time round unless it
brightens very rapidly. 58P (Jackson-
Neujmin) could reach 11.5™ in Sept-
ember according to /CQ predictions and
this is a more favourable return than at
its discovery in 1936 when it reached
12m, 29P (Schwassmann-Wachmann
1) will emerge from conjunction in
October and is worth following by those
equipped with CCD cameras as it is
frequently in outburst at around 13™,
Finally 18P (Perrine-Mrkos) may reach
13™ towards the end of the year, though
it has yet to be observed visually by the
section and hasn’t been seen since 1968.
Southern observers may be able to fol-
low 71P (Clark) which is currently 12™.

I will probably be visiting the Antarctic
again from mid November to late
January. During this time I can still be
contacted by e-mail, but postal mail will
have to wait until my return.
Observations should go to Guy Hurst as
usual and any urgent postal
correspondence to James Lancashire.

Finally, thanks must go to James
Lancashire for his sterling work in
preparing the newsletter over the past
couple of years. The professional
standard he has achieved will be very
hard to follow. He is moving to a new
job in Bristol, but I hope he will get the
opportunity to continue observing
comets.

Jonathan Shanklin
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Harold Ridley (1919-1995) - a personal appreciation by Michael Hendrie

AS MOST readers will know we lost
one of our most earnest and talented
supporters in February of this year, with
the death of Harold Ridley. I was asked
by Council to write an obituary article
about Harold for the Journal which 1
hope will give a view of his life both in
astronomy and outside. This should
appear in the August number. But as I
have been asked to write something for
the Newsletter as well, I offer a few
personal thoughts about Harold’s
interest and work on comets, and how I
came to be associated with it.

I joined the BAA in 1951 and the Comet
Section soon after. Harold became
Director of the Meteor Section in 1954
and in 1955 I photographed a Lyrid and
sent him a print. In writing back from
his home in Barnes he mentioned that
until 1951 he had been teaching in the
Westcliff-on-Sea area and had been in
digs for two years barely a mile from
where I was and had been living. My
brother, then at university, so it turned
out had sold him deck chair tickets on
the beach at Chalkwell during the
summer vacation before any of us had
met! So started a long association and
friendship that was to continue without a
break until our last telephone conver-
sation the evening before he died.

At Barnes Harold did not have an
observatory but used fixed cameras for
meteor photography and spectrography.
With these he did valuable and pion-
eering work on meteor spectrography
especially. His teaching work and
running the Meteor Section kept him
quite busy. He was of course always
interested in comets: indeed it is difficult
to study one without the other and
without asteroids as well.

I hadbeen assisting Dr R.L.Waterfield at
his observatory at Silwood Park near
Ascot from time to time since 1956 and
in 1960 April comet Burnham 1960 II
turned up after he had made
arrangements to be away for two or
three weeks. He asked me if I would
take the keys to the observatory and
darkroom and see what I could get while
he was away. Having only primitive
equipment myself at that time I readily
agreed to take a weeks leave but said
that as it was a fast-moving comet, four
hands would be better than two. Harold
agreed to come over and we did have
some good nights when useful plates

\

were obtained. I remember we had only
13 hours sleep in 5 nights and showed
slides of the comet to the BAA on the
afternoon of the day they were obtained.
I think we were both inspired to do more
and better comet photography. Harold
moved to Rogate for 3 years but it was
not until his move to Godalming in 1963
that he could begin work on a fixed
observatory and make driven exposures.
That was really the start of his practical
comet work.

There he set up an old BAA 4.5 inch
Cooke refractor. The mounting was
sound hut the drive had a lot of rather
well-worn gearing and he had to make
various improvements. micrometers for
offsetting the comet’s motion were hard
to borrow then but he did get the loan of
one after a while. He tried various lenses
up to about 20-inches focal length and
obtained some fine views of the sky and
comets. He completely blacked out his
garage, had water, sinks and drains
installed and built benches all round
until he had a very useful darkroom: the
car stayed under a car-port.

When Harold retired from teaching in
1979 he looked for a part of the country

Harold Ridley at Waterfield's Ascot Observatory, 1960 April. Photo: M. Hendrie

that with less traffic and darker skies.
Eventually he found a suitable south-
facing bungalow at East Chinnock about
5 miles from Crewkerne. Situated up a
single track lane about a mile from the
village it had a beautiful view across
miles of farmland towards the south and
very dark skies. He never tired of that
view by day or night. As a keen
gardener he was able to develop the
garden too. A small room once used to
house a generator was converted into a
darkroom.

Harold set out to obtain the best possible
images and obtained an excellent new
mounting and drive from AE Optics to
which he added a BAA 6-inch refractor
tube assembly and various cameras. His
last lens was a Zeiss f/7 of about 49-
inches focal length (which I understand
is now doing service in the restored, by
Glyn Marsh, Mond astrograph formerly
at the Norman Lockyer observatory).

In 1968 Reggie Waterfield had moved
from Ascot to Woolston near Wincan-
ton and I went down there two or three
times a year to help out. I was fortunate
to be there when comet Bennett 1970 I1
was at its peak. I always took ... contd
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Harold Ridley (contd)

a complete tool kit with me as there was
often an electrical problem with the
micrometer lights and not infrequently a
micrometer to be re-webbed. As East
Chinnock was only about 22 miles from
Woolston, Harold often received
telephone calls, often late in the evening,
asking him to drive over on the chance
that it would still be clear by the time he
arrived. Sometimes Harold felt that he
would rather use his own equipment and
sometimes he just felt he would rather
not drive nearly SO miles, but I think he
usually went and provided much
assistance over several years until
Waterfield’s death in 1986. (I see that
the assistance that Harold gave Reggie
Waterfield was not something that I
mentioned in the official obituary and I
am glad to have a second opportunity to
mention it here).

Harold was very interested in the
relation of comets and meteor streams
and in and long-term changes in comets’
brightness and activity. He kept files on
all the periodic comets and others too,
and liked to prepare his Prospects for
the next year or two ahead. This
involved him in a great amount of work
which the short, pithy summaries that he
published did not disclose. He also went
to considerable trouble to get good
measures of his astrometric plates. Both
he and I had some experience of
Waterfield’s measuring machine and
methods, I and others then measured
some of Harold’s plates until he took on
board the BAA Zeiss measuring
machine that occupied nearly a quarter
of his study.

Harold lived with his sister Mollie from
Barnes days until her death in 1988. He

told me he had emphysema in 1986 but |

he may have known earlier. It did not
really affect him too much until about
1992 but he decided to carry on and do
as much as he could while he still had
the strength and mobility. Eventually of
course he had to give up observing, his
last photograph was of nova Cassiopeia
1993 on 1995 December 21. He spent
several spells in Yeovil and Crewkerne
hospitals between spells at home where
he looked after himself with increasing
difficulty. He never complained about
his illness and said he was lucky to have
been able to observe and live as he
wished for so long.

Michael Hendrie

The Blasynge Sterre of 1472

Richard Butterwick of the Cambridge
University Astronomical Society discov-
ered a reference to a comet in a manus-
cript by John Warkworth, who was
Master of Peterhouse in 1472, in the
college library. It describes observations
of the comet of 1472 and Richard
provides the following transcription [his
editorial comments are in brackets]:

“And in the same x|. yere of the Kynge
[eleven, and similarly for all future
numbers), in the begynnynge of Januarij,
there apperyd the moste mervelous
blasynge sterre that hade bene seyne. It
aroose in the southe este, at ij. of the
cloke at mydnyghte, and so contynuede
a xij. nyghtes; and it arose ester and
ester, tille it aroose fulle este; and rather,
and rather [earlier and earlier]; and so
when it roose playne este, it rose at x. of
cloke in the nyght, and kept his cours
flamynge westwarde overe Englonde;
and it hadde a white flaume of fyre
fervently brennynge, and it flammede
endlonges fro the est to the weste, and
not upryght, and a grete hole therin,
wherof the flawme came oute of. And
aftyre a vj. or vij. dayes, it aroose north-

_ est, and so bakkere and bakkere; and so

enduryd a xiiij nyghtes, fulle lytelle
chaungynge, goynge from the north-este
to the weste, and some tyme it wulde
seme aquenchede out, and sodanly it
brent fervently ageyne. And thenne it
was at one tyme playne northe, and
thenne it compassede round aboute the
lodesterre [Pole Star], for in the evyn-
ynge the blase went ageyns the southe,
and in the mornynge playne northe, and
thenne afterwarde west, and so more
west, flaumyng up ryghte; and so the
sterre contynduede iiij. wekys, tylle the
xx. day of Feveryere; and whenne it
appered yest in the fyrmament, thenne it
lasted alle the nyghte, somewhat
discendyng with a grettere smoke one
the heyre. And some menne seyde that
the blassynges of the seide sterre was of
a myle length. And a xij. dayes afore the
vanyschynge therof, it appereryd in the
evynynge, and was downe anone within
two oures, and evyr of a colour pale
stedfast; and it kept his course rysynge
west in the northe, and so every nyght, it
apperide lasse and lasse tylle it was as
lytelle as a hesylle styke [Hazel stick];
and so at the laste it waneschede
aaaway the xx. day of Februarij And
somee menne saide that this sterre was
seene ij. or iij. oures afore the sunne
rysynge in Decembre, iiij. days before
Crystynmasse, in the south-west; so by
that reasoune it compassed rounde
abowte alle the erthe, alle way
chaungynge his cours, as is afore
reherside.”

I have investigated the orbit, observing
circumstances and other observations of
the comet. The comet was discovered on
25th December 1471, when 4™, just
south of the Virgo/Libra border and
passed near to Spica. By mid January
1472 it was in Bootes and had a tail 30°
long. Onthe21st it was visible in broad
daylight and passed within 0.07 AU of
the Earth, covering 40° in a day. It
moved through Cepheus, Cassiopeia and
Andromeda and was last seen, in Pisces,
on the 21st of February.

In Europe it was observed by Toscanelli
from January 8th and by Regiomontanus
from the 13th until the end of February.
It was also observed by Hagasi ab Hauk,
who seems to be otherwise unknown. It
was well observed in China, they wrote:

“In the 7th year of the same epoch, 12th
moon, on the day Kea Seuh (1472 Jan
16), a comet was seen in Teen Teen. |t
pointed towards the west. It suddenly
went to the north. It passed through Yew
She Te. It swept Shang Tseang in Tae
Wei Yuen, and also Hing Chin, Tae
Tsze, and Tsung Kwan. The tail pointed
directly to the west. It swept across Tae
Wei Yuen and Lang Wei. On the day Ke
Maou (Jan 21st) the luminous envelope
had lengthened greatly. It extended from
east to west across the heavens. It went
northwards about 28 degrees. It passed
near Teen Tsang and swept Pih Tow,
San Kung and Tae Yang. It entered
Tsze Wei Yuen and is said to have been
seen in full daylight...... It gradually
faded, and it was some time before it
finally disappeared.”

Halley computed the comet’s orbit,
though his results were not particularly
accurate. Modern determinations of the
orbital elements allow us to compute an
accurate ephemeris of the comet. It
would have become visible in the
morning sky in mid December 1471 and
slowly brightened, rising earlier each
night. When discovered it rose just after
midnight, though the view would have
been rather spoilt by the full moon. It
steadily approached the Earth,
brightening as itdid so. It reached 2™ in
early January, O™ in mid month and
peaked at -4™ on the 22nd. From
January 20th it was an evening object,
and slowly faded, remaining at negative
magnitude and decreasing in elongation
from the sun until the end of February
when it became too close to the sun to
be seen.

Jonathan Shanklin
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Hubble detects comets beyond Neptune

NASA'’s Hubble Space Telescope has
detected a long-sought population of
comets dwelling at the icy fringe of the
solar system. The observation, which is
the astronomical equivalent to finding
the proverbial needle-in-haystack,
bolsters proof for a primordial comet
reservoir just beyond Neptune, currently
the farthest planet from the Sun.

Based on the Hubble observations, a
team of astronomers consisting of Anita
Cochran of the University of Texas,
Austin, TX, Hal Levison and Alan Stern
of Southwest Research Institute, San
Antonio, TX branch office in Boulder,
CO, and Martin Duncan of Queen’s
University, Ontario, Canada, estimate
the belt contains at least 200 million
comets, which have remained essentially
unchanged since the birth of the solar
system 4.5 billion years ago.

“For the first time, we have a direct
handle on the population of comets in
this outer region. The solar system just
got a lot more interesting,” said
Cochran. “We now know where these
short-period comets formed, and we now
have a context for their role in the solar
system’s evolution.”

The existence of a comet-belt encircling
our solar system — like the rings which
wrap around Saturn — was first hypoth-
esized more than 40 years ago by
astronomer Gerard Kuiper. The so-

Candidate K
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named Kuiper Belt remained theory and
conjecture until 1992, when ground-
based telescopes began detecting about

- 20 large icy objects ranging from 60 to

200 miles in diameter. The planet Pluto
is considered by astronomers to be the
largest member of the Kuiper Belt
region. However, researchers had to
wait for Hubble Space Telescope’s high
spatial resolution and sensitivity before
they could search for an underlying
population of much smaller bodies
assumed to be present — just as there are
more pebbles on the beach than
boulders.

“This is a striking example of what
Hubble can do well,” said Cochran. “We
can at last identify small comet-sized
objects that are just a few miles across,
about the size of New York’s Manhattan
Island. “Cochran discussed her team’s
findings at a 11:00 a.m. news conference
June 14, at the 186th meeting of the
American Astronomical Society in
Pittsburgh, PA.

The team believes this apparently closes
the mystery of the source of the short
period comets, that orbit the Sun in less
than 200 years, including such members
as comet Encke, Giacobini-Zinner, and
the infamous comet Shoemaker-Levy 9
that collided with the planet Jupiter in
July, 1994. The comet-disk lies just
beyond Neptune and might stretch 500
times farther from the Sun than Earth.

iper Belt Object

This is 100 times closer to Earth than the
hypothesized Oort cloud, commonly
thought to be a vast repository of comets
that were tossed out of the early solar
system. Despite their close proximity,
the Kuiper belt comets don’t pose any
greater threat of colliding with Earth
than comets that come from much
farther out, said experts.

The comet nuclei are the primordial
building blocks that condensed out of
the cloud of gas, dust and ices that
collapsed to form the Sun. “Knowing
where comets come from will help
constrain models for the formation of the
solar system and tells us something new
about where we came from,” Cochran
emphasized.

“The Kuiper Belt is the best laboratory
in the solar system for studying how
planets formed,” said Levison. “We
believe we are seeing a region of the
solar system where the accumulation of
planets fizzled out.”

The icy nuclei are too far away to have
the characteristic shell (coma) and tail of
gasses and dust that are a comet’s
trademarks, when it swings close enough
to the Sun to warm up and sublimate.
Detecting these bodies in their “deep-
freeze” state, at the dim horizon of the
solar system, pushed Hubble Space
Telescope to its performance limits.
“Imagine trying to see something the
size of a mountain, draped in black
velvet, located four billion miles away,”
said Stern.

The team used Hubble’s Wide Field
Planetary Camera 2 (WFPC 2) to
observe a selected region of the sky in
the constellation Taurus, that had few
faint stars and galaxies that would
confuse the search. The detection is
based purely on a statistical approach,
because the objects being discovered are
so faint.

The team plans to continue searching for
more objects. They have already
collected more images with Hubble.
These additional images allow them to
better quantify the number and sizes of
comets in the Kuiper belt. They also
will apply for more Hubble observing
time in the future to probe the structure
of the Kuiper belt.

Press release courtesy of Ron Baalke
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Number

50P
49Pp
47p
3D
85P
19p
1l6P
5D
23P
87pP
101pP
95Pp
67P
108P
71P
32P
27p
6P
33P
54P
72P
66P
79P
57p
2P
4P
15p
37p
34P
90P
78P
82P
21p
84P
26P
65P
1p
51p
52P
100pP
103Pp
110P
117p
111p
35Pp
17p
45p
88Pp
58P
48P
59pP
68P
75P
70P
22P
99p
104p
77P
93P
96P

New designations for periodic comets

Name

Arend
Arend-Rigaux
Ashbrook-Jackson
Biela

Boethin

Borrelly

Brooks 2

Brorsen
Brorsen-Metcalf
Bus

Chernykh

Chiron
Churyumov-Gerasimenko
Ciffreo

Clark

Comas Sola
Crommelin
d'Arrest

Daniel

de Vico-Swift
Denning-Fujikawa
du Toit

du Toit-Hartley
du Toit-Neujmin-Delporte
Encke

Faye

Finlay

Forbes

Gale

Gehrels 1

Gehrels 2

Gehrels 3
Giacobini-Zinner
Giclas
Grigg-Skjellerup
Gunn

Halley
Harrington
Harrington-Abell
Hartley 1
Hartley 2
Hartley 3
Helin-Roman-Alu 1
Helin-Roman-Crockett
Herschel-Rigollet
Holmes
Honda-Mrkos-Pajdusakova
Howell
Jackson-Neujmin
Johnson
Kearns-Kwee
Klemola

Kohoutek

Kojima

Kopff

Kowal 1

Kowal 2

Longmore

Lovas 1

Machholz 1

Number

115pP
97P
28P
25D
42p
13p
39p
18P
80P
12p
7P
30P
44p
83P
89P
91p
94p
92P
24P
106P
29P
31P
73P
61P
102P
105P
56P
74P
113p
38Pp
64P
109p
98P
69P
9P
10p
11D
55P
62P
60P
8P
41p
112p
40P
53P
76P
20D
36P
63P
81P
86P
116P
107P
46P
114P
14P
43P

Name

Maury
Metcalf-Brewington
Neujmin 1

Neujmin 2

Neujmin 3

Olbers

Oterma
Perrine-Mrkos
Peters-Hartley
Pons-Brooks
Pons-Winnecke
Reinmuth 1
Reinmuth 2

Russell
Russell
Russell
Russell
Sanguin
Schaumasse

Schuster
Schwassmann-Wachmann 1
Schwassmann-Wachmann 2
Schwassmann-Wachmann 3
Shajn-Schaldach
Shoemaker 1

Singer Brewster
Slaughter-Burnham
Smirnova-Chernykh
Spitaler
Stephan-Oterma
Swift-Gehrels
Swift-Tuttle
Takamizawa

Taylor

Tempel 1

Tempel 2

Tempel-Swift
Tempel-~Tuttle
Tsuchinshan 1
Tsuchinshan 2

Tuttle
Tuttle-Giacobini-Kresak
Urata-Niijima

Vaisala 1

Van Biesbroeck
West-Kohoutek-Ikemura
Westphal

Whipple

wild 1

wild 2

wild 3

wild 4
Wilson-Harrington
Wirtanen

Wiseman-Skiff

Wolf

Wolf-Harrington

B W R
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Computer update

WITH THE continued expansion of the
Internet and global resources available
to a PC/modem combination, I provide a
set of useful starting points to astronomy
in general and comets in particular. Note
the rather strange locations which must
be typed exactly as they appear — do not
type spaces across line continuations!

BAA Comet Section (Jon Shanklin):
http://www.ast.cam.ac.uk/~jds/

Charles Morris’s US homepage:
http://encke.jpl.nasa.gov/index.
html

Comet SL9 Home Page (JPL):
http: //newproducts.jpl.nasa.gov/
s19/s19.html

Comet SL9 Impact Home Page (SEDS):
http://seds.lpl.arizona.edu/sl9/
sl9.html

Comet Shoemaker-Levy 9 (NSSDC):
http://nssdc.gsfc.nasa.gov/plane
tary/comet .html

Comets and Meteor Showers (Kronk):
http://wums.wustl.edu/~kronk/ind
ex.htm

Welcome to Cambridge Astronomy:
http://www.ast.cam.ac.uk/

NASA Information Services via World
Wide Web:
http://hypatia.gsfc.nasa.gov/NAS
A_homepage.html

Space Telescope Science Institute: -
gopher: //stsci.edu/00/html/top.h
tml-bak

Astronomical Internet Resources:
http://stsci.edu/net-
resources. html

Welcome to the Planets:
http://stardust. jpl.nasa.gov/pla
nets/index.htm

The Nine Planets:
ftp://ftp.netcom.com/pub/billa/n
ineplanets/nineplanets.html

UK Amateur Astronomy:
http: //www.emoticon.com/emoticon’
/astro/

Happy surfing on the
Internet Superhighway!

James Lancashire

Bright comets since 1750

In Earth, Moon and Planets Vol. 66
No.2 (1994), Kidger investigates the
statistics behind the amateur astron-
omer’s complaint of the lack of bright
comets. [It’s certainly something I moan
about! — Ed.] He examines bright naked
eye apparitions since 1750 and finds 97
such comets, giving an average of one
bright comet per 2.5 yr.

The distribution of intervals between
bright comets follows Poisson (i.e.
random) statistics. This means that there
is-a 2/3 probability of a bright comet
within 2.5 yr of the most recent
spectacle. However, if the distribution is
random then there is a 1/3 chance that

. the next bright comet will be more than

2.5 yr away, 1/20 of being more than
5 yr away and 1/400 that we will have to
wait more than 7.5 yr! Thus our current
9 yr interval should be statistically rare,
but that is no comfort to the observer!
(The significance of 2.5, 5 and 7.5 yr is
that they are the mean interval, twice the
mean and three times the mean,
respectively.)

The statistics show lots of very short
intervals between bright comets but very
few very long intervals. In fact, 50% of
bright comets have been followed by
another within a year, 75% within 3 yr
and 96% within 8 yr.

~

The statistics also fail to support the
observer’s feeling that there were more
naked-eye comets way back in the past,
although this century does have a
comparative lack of very bright comets.
The past quarter-century also has two of
the longest intervals between bright
comets: between Comet West (1976)
and Comet Halley (1986), and the
subsequent interval to the present.

Using 10-yr samples and a five-point
(i.e. 50-yr) running mean, Kidger shows
that the past century has been rather
average in its number of bright comets,
although this followed something of a
‘golden age’ during the decade of the
1880s which had 12 bright comets.

Finally, there is an analysis of possible
perturbations by the Kuiper belt or
Planet X, but there is no significant
evidence for either of these.

Perhaps the best things is still to cross
one’s fingers!

James Lancashire

Images

1994m (Nakamura-
Nishimra-Mahholz)

Bob Nevllle's multiple CCD Images
(16 x 20 s) stacked with the cometary
nucleus as common frame point.
Date: 1994 Aug 28

19P (Borrelly)

CCD Iimage by Nick James taken on
1995 March 23 at 1957 UT. Exposure
is 240 s. In the original image, there is
a broad tail extending from the comet
nucleus to the SE (upper right) which
is difficult to reproduce here. The
comet was about 13™ visually

Lightcurves

follow overleaf ...
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Comet C/1994 N1 (Nakamura-Nishimura-Machhoiz) Comet P/1994 P1 (Machholz 2)
6 . 6
7 4 * 7
o 8- o 8-
2 2
£ =
5 &
E 94 E 94
g g e
3 &
S 10 o 104
11 11 o
12 T T T T 12 T ] ]
Jul Aug Sep Oct Aug - . Sep Oct
1994 1994
S . ' o
Comet C/1994 T1 (Machholz) , _ Comet 19P (Borrelly) .
8 ’ 7
7 8
10
g —
[V
3 114 3
) E 10
E 12 4 g
® o
e 2 11 4
2
2 13 @
8 8
o e}
14 12 4
15 : 13
16 ! ' ! ! [ 14 T L T T T T T T
Oct Nov Dec Jan Feb Aug Sep Oct Nov Dec Jan Feb Mar Apr May
1994/95 1994/95

BAA COMET SECTION NEWSLETTER



OBSERVING SUPPLEMENT: 1995 JUNE

Review of comet observations for 1994 November — 1995 May

In addition to the Director’s report and
lightcurves based on observations from
BAA members, I present a review of
comets over the winter and spring, with
information gleaned from IAU circulars
6106-6177 and The Astronomer (1994
November — 1995 May). Note that the
figures quoted are rounded off from their
original published accuracy. Full reports
on some comets will appear elsewhere in
due course.

Comets with names printed in bold italic
type have ephemerides and charts
printed later in this supplement. Please
use the new comet report form for your
observations!

29P (Schwassmann - Wachmann 1):
CCD mag 14-15, with flares to mag 13
in mid Jan and late Feb.

44P (Reinmuth 2): mag 13 in Oct.

C/1994 G1 (Takamizawa-Levy): second-
ary nucleus observed on April 5, 6.

19P (Borrelly): mag 8 in Nov, with fan-
shaped anti-tail in mid Nov; fading to
mag 9 during Dec with some observers
reporting a double tail; continued fading

tomag 10 during Jan, mag 11 by mid
Feb, mag 12 by end Feb and mag 13 at
end Mar.

P/1994 P1 (Machholz 2): mag 10 in
October.

C/1994 T1 (Machholz): brightened to
mag 10 in Nov and Dec; faded to mag
11 by early Jan, mag 12 in late Jan and
mag 13 in Feb.

22P (Kopff): rec’d at mag 22.

71P (Clark): recovered at mag 17; mag
13 in mid Apr, brightening to mag 12 by
mid May.

116P (Wild 4): rec’d at mag 20.

73P (Schwassmann-Wachmann 3): rec-
overed at mag 22.

P/1994 X1 (McNaught-Russell): dis-
covered atmag 17 in mid Dec, well after
it perihelion on 1994 Sept 6, with
inclination 29° and period 15 yr.

41P (Tuttle - Giacobini - Kresak): rec-
overed at mag 22.

P/1989 T2 (Helin-Roman-Alu): obs-
erved all round orbit, mag 20 at end Jan.

P/1995 Al (Jedicke): discovered at mag
19 in early Jan, perihelion was on 1993
Mar 20! Eccentricity is 0.35, inclination
23" and period 14 yr.

65P (Gunn): CCD mag 16 in early Feb.

D/1931 RI = 84P (Giclas): IAUC 6161
gave details of a mag 15 comet recently
found on a plate taken by Clyde
Tombaugh in 1931 September, for
which an elliptical orbit was calculated.
The elements are compatible with the
known comet 84P (Giclas).

7P (Pons-Winnecke): mag 20 in Jan.
6P (d’Arrest): CCD mag 17 in early Jun.

58P (Jackson-Neujmin): CCD mag 21
in mid May.

57P (du Toit - Neujmin - Delporte):
CCD mag 21 in late May.

James Lancashire

Comet ephemerides for 6P (d’Arrest), 58P (Jackson-Neujmin), 18P (Perrine-Mrkos),
29P (Schwassmann-Wachmann 1) [CCD] & 71P (Clark) [southern hemisphere]

Computed by Jonathan Shanklin.

Comet ephemerides are for the UK
(actually Cambridge: long. 0.1° E,
lat. 52.2° N) and give the following:—

e Name of comet
* Orbital elements (epoch 2000)
» Magnitude formula

Conditions for the comet to be
observable. This is a rough indic-
ation only. The sun must be 13° or
more below the horizon (i.e. sky is
dark) and the comet a distance above
the horizon depending on its pre-
dicted brightness.

A bright comet may be visible
outside these limits. Equally a faint
comet in poor skies may be invisible!

e Month, year. All times are in
Greenwich Mean Astronomical

Time (GMAT), i.e. the day is the
day on which the night starts. To
convert to UT (GMT) add 12 hours.
If the value is greater than 24, add 1
to the day and subtract 24 from the
hour. If necessary, convert to local
time. Strictly, ephemeris time is used
which is currently some 60 seconds
ahead of UT.

¢ Column headings:

a) Double-date format. Time in
GMAT.

b) Right ascension in hours and
minutes. Declination in degrees and
minutes. (These are for epoch 1950).

¢) Magnitude of comet. This is an
indication only and may be several
magnitudes out. A comet appears
much fainter in a large telescope than
in binoculars.

d) Distance from the Earth in AU.
e) Distance from the Sun in AU.

f) Time of transit, i.e. when the
comet is highest in the sky.

g) Period of observability subject to
the constraints in line 7. The comet
may be visible outside this period.

h) Elongation from the sun in
degrees.

Ephemerides follow
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THE COMET'S TALE

Ephemeris for 6P (d'Arrest)

Omega=178.0540 OMEGA=138.9870 i= 19.5230 g= 1.345880 a= 3.486916
e=0.614020 P= 6.511 T= 1995 July 27.3660 Epoch= 2000
Magnitudes calculated from m=10.1+5.0*Log(d)+20.0*Log(r)+0.000*Beta

July 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 22 4.4 7.57 11.6 0.54 1.38 15.28 11.07 to 13.17 121
2/ 3 12.0 22 7.2 7.45 11.5 0.54 1.38 15.27 11.06 to 13.19 121
3/ 4 12.0 22 10.1 7.31 11.5 0.53 1.37 15.26 11.05 to 13.21 122
4/ 5 12.0 22 13.0 7.17 11.4 0.52 1.37 15.25 11.03 to 13.23 122
5/ 6 12.0 22 15.9 7.02 11.4 0.52 1.37 15.24 11.03 to 13.25 123
6/ 7 12.0 22 18.8 6.46 11.4 0.51 1.37 15.23 11.02 to 13.27 123
7/ 8 12.0 22 21.7 6.29 11.3 0.51 1.36 15.22 11.01 to 13.29 124
8/ 9 12.0 22 24.6 6.11 11.3 0.50 1.36 15.21 11.01 to 13.31 124
9/10 12.0 22 27.5 5.52 11.3 0.50 1.36 15.20 11.00 to 13.33 125
10/11 12.0 22 30.5 5.32 11.2 0.49 1.36 15.19 11.00 to 13.36 125
11/12 12.0 22 33.4 5.11 11.2 0.49 1.36 15.18 10.60 to 13.38 125
12/13 12.0 22 36.3 4.49 11.2 0.48 1.36 15.17 10.60 to 13.40 126
13714 12.0 22 39.3 4.26 11.1 0.48 1.35 15.16 11.00 to 13.43 126
14/15 12.0 22 42.2 4.02 11.1 0.47 1.35 15.15 11.00 to 13.45 127
15/16 12.0 22 45.2 3.37 11.1 0.47 1.35 15.14 11.01 to 13.48 127
16/17 12.0 22 48.1 3.11 11.0 0.46 1.35 15.13 11.02 to 13.50 128
17/18 12.0 22 51.1 2.44 11.0 0.46 1.35 15.12 11.02 to 13.53 129
18/19 12.0 22 54.0 2.16 11.0 0.45 1.35 15.11 11.03 to 13.56 129
19/20 12.0 22 56.9 1.47 11.0 0.45 1.35 15.10 11.04 to 13.58 130
20/21 12.0 22 59.8 1.17 10.9 0.45 1.35 15.09 11.05 to 14.01 130
21/22 12.0 23 2.8 0.46 10.9 0.44 1.35 15.08 11.07 to 14.03 131
22/23 12.0 23 5.7 0.14 10.9 0.44 1.35 15.07 11.08 to 14.06 131
23/24 12.0 23 8.5 -0.19 10.9 0.44 1.35 15.05 11.10 to 14.09 132
24/25 12.0 23 11.4 -0.53 10.9 0.43 1.35 15.04 11.12 to 14.11 132
25/26 12.0 23 14.3 -1.27 10.8 0.43 1.35 15.03 11.14 to 14.14 133
26/27 12.0 23 17.1 -2.03 10.8 0.43 1.35 15.02 11.16 to 14.17 134
27/28 12.0 23 19.9 -2.40 10.8 0.42 1.35 15.01 11.18 to 14.19 134
28/29 12.0 23 22.7 -3.17 10.8 0.42 1.35 14.60 11.21 to 14.22 135
29/30 12.0 23 25.5 -3.55 10.8 0.42 1.35 14.59 11.23 to 14.24 135
30/31 12.0 23 28.2 -4.34 10.8 0.42 1.35 14.58 11.26 to 14.27 136
31/32 12.0 23 31.0 -5.13 10.8 0.42 1.35 14.56 11.29 to 14.30 136
August 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 23 33.6 -5.53 10.8 0.41 1.35 14.55 11.32 to 14.32 137
2/ 3 12.0 23 36.3 -6.34 10.8 0.41 1.35 14.54 11.36 to 14.35 137
3/ 4 12.0 23 38.9 -7.15 10.8 0.41 1.35 14.53 11.39 to 14.37 138
4/ 5 12.0 23 41.5 -7.57 10.8 0.41 1.35 14.51 11.43 to 14.40 139
5/ 6 12.0 23 44.1 -8.39 10.8 0.41 1.35 14.50 11.47 to 14.42 139
6/ 7 12.0 23 46.6 -9.22 10.8 0.41 1.35 14.48 11.51 to 14.45 140
7/ 8 12.0 23 49.1 -10.05 10.8 0.41 1.35 14.47 11.56 to 14.47 140
8/ 9 12.0 23 51.5 -10.48 10.8 0.41 1.35 14.45 12.01 to 14.50 141
9/10 12.0 23 53.9 -11.31 10.8 0.41 1.36 14.44 12.06 to 14.52 141
10/11 12.0 23 56.3 -12.15 10.8 0.41 1.36 14.42 12.11 to 14.55 142
11/12 12.0 23 58.6 -12.58 10.8 0.41 1.36 14.41 12.17 to 14.57 142
12/13 12.0 0 0.8 -13.42 10.8 0.41 1.36 14.39 12.24 to 14.60 143
13/14 12.0 0 3.0 -14.25 10.8 0.41 1.36 14.37 12.30 to 15.02 143
14/15 12.0 0 5.2 -15.09 10.8 0.41 1.36 14.35 12.38 to 15.04 143
15/16 12.0 0 7.3 -15.52 10.9 0.41 1.37 14.34 12.47 to 15.07 144
16/17 12.0 0 9.3 -16.35 10.9 0.41 1.37 14.32 12.56 to 15.09 144
17/18 12.0 0 11.3 -17.17 10.9 0.41 1.37 14.30 13.07 to 15.11 145
18/19 12.0 0 13.3 -17.59 10.9 0.41 1.37 14.28 13.21 to 15.14 145
19/20 12.0 0 15.2 -18.41 10.9 0.41 1.37 14.26 13.41 to 15.11 145
20/21 12.0 0 17.0 -19.23 11.0 0.42 1.38 14.24 Not Observable 146
21/22 12.0 0 18.7 -20.04 11.0 0.42 1.38 14.21 Not Observable 146
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ifi

Ephemeris for 58P (Jackson-Neujmin)

Omega=200.3470 OMEGA=160.7180 i= 13.4780 g= 1.381130 a=

8.239

T=

1995 October

4.079304

6.6190 Epoch= 2000

Magnitudes calculated from m=11.0+5.0*Log(d)+15.0*Log(r)+0.000*Beta

e=0.661430 P=
August 1995
Day Time
1/ 2 12.0 21
2/ 3 12.0 21
3/ 4 12.0 21
4/ 5 12.0 21
5/ 6 12.0 21
6/ 7 12.0 21
7/ 8 12.0 21
8/ 9 12.0 21
9/10 12.0 21
10/11 12.0 21
11/12 12.0 21
12/13 12.0 21
13/14 12.0 21
14/15 12.0 21
15/16 12.0 21
16/17 12.0 21
17/18 12.0 21
18/19 12.0 21
19/20 12.0 21
20/21 12.0 21
21/22 12.0 21
22/23 12.0 21
23/24 12.0 21
24/25 12.0 21
25/26 12.0 21
26/27 12.0 21
27/28 12.0 21
28/29 12.0 21
29/30 12.0 21
30/31 12.0 21
31/32 12.0 21
September 1995
Day Time R.
1/ 2 12.0 21
2/ 3 12.0 21
3/ 4 12.0 21
4/ 5 12.0 21
5/ 6 12.0 21
6/ 7 12.0 21
7/ 8 12.0 21
8/ 9 12.0 21
9/10 12.0 21
10/11 12.0 21
11/12 12.0 21
12/13 12.0 21
13/14 12.0 21
14/15 12.0 21
15716 12.0 21
16/17 12.0 21
17/18 12.0 21
18/19 12.0 22
19/20 12.0 22
20/21 12.0 22
21/22 12.0 22

R.A. B1950 Dec

24.
25.
25.
25.
26.
26.
26.
27.
27.
28.
28.
28.
29.
29.
30.
30.
31.
31.
32.
32.
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33.
34.
34.
35.
36.
36.
37.
38.
39.
39.

40.
41.
42.
43.
44.
45.
46.
47.
49.
50.
51.
52.
54.
55.
56.
58.
59.
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.41
.05
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.38
.07
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Times in GMAT
Mag

12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
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12.
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11.
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D R
0.59 1.58
0.59 1.57
0.58 1.57
0.57 1.56
0.56 1.56
0.56 1.55
0.55 1.55
0.54 1.54
0.54 1.54
0.53 1.53
0.53 1.53
0.52 1.52
0.51 1.52
0.51 1.51
0.50 1.51
0.50 1.50
0.49 1.50
0.49 1.50
0.48 1.49
0.48 1.49
0.48 1.48
0.47 1.48
0.47 1.47
0.46 1.47
0.46 1.47
0.46 1.46
0.45 1.46
0.45 1.45
0.45 1.45
0.45 1.45
0.44 1.44
in GMAT

D R
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Ephemeris for 18P (Perrine-Mrkos)

Omega=166.5420 OMEGA=240.6290 i= 17.8320 g= 1.292930 a= 3.577065
e=0.638550 P= 6.765 T= 1995 December 6.0490 Epoch= 2000
Magnitudes calculated from m=11.5+5.0*Log(d)+20.0*Log(r)+0.000*Beta

November 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 22 2.0 18.47 12.9 0.57 1.36 7.21 5.54 to 11.44 117
2/ 3 12.0 22 4.1 18.27 12.9 0.57 1.35 7.19 5.52 to 11.42 117
3/ 4 12.0 22 6.3 18.08 12.9 0.57 1.35 7.17 5.50 to 11.40 117
4/ 5 12.0 22 8.6 17.48 12.9 0.57 1.35 7.15 5.49 to 11.38 116
5/ 6 12.0 22 11.0 17.28 12.8 0.57 1.34 7.14 5.47 to 11.35 116
6/ 7 12.0 22 13.4 17.08 12.8 0.57 1.34 7.12 5.46 to 11.33 115
7/ 8 12.0 22 15.9 16.48 12.8 0.57 1.34 7.11 5.44 to 11.31 115
8/ 9 12.0 22 18.4 16.28 12.8 0.57 1.33 7.09 5.43 to 11.29 115
9/10 12.0 22 21.1 16.08 12.8 0.57 1.33 7.08 5.41 to 11.27 114
10/11 12.0 22 23.7 15.48 12.7 0.57 1.33 7.07 5.40 to 11.25 114
11/12 12.0 22 26.5 15.29 12.7 0.57 1.33 7.06 5.39 to 11.23 114
12/13 12.0 22 29.2 15.09 12.7 0.57 1.32 7.05 5.37 to 11.20 113
13/14 12.0 22 32.1 14.49 12.7 0.57 1.32 7.03 5.36 to 11.18 113
14/15 12.0 22 35.0 14.30 12.7 0.57 1.32 7.02 5.35 to 11.16 113
15/16 12.0 22 38.0 14.10 12.7 0.57 1.32 7.01 5.34 to 11.14 113
16/17 12.0 22 41.0 13.51 12.6 0.57 1.31 7.01 5.33 to 11.12 112
17/18 12.0 22 44.0 13.32 12.6 0.57 1.31 6.60 5.32 to 11.10 112
18/19 12.0 22 47.2 13.13 12.6 0.57 1.31 6.59 5.30 to 11.08 112
19/20 12.0 22 50.3 12.54 12.6 0.57 1.31 6.58 5.29 to 11.06 111
20/21 12.0 22 53.6 12.35 12.6 0.57 1.31 6.57 5.28 to 11.04 111
21/22 12.0 22 56.8 12.16 12.6 0.57 1.30 6.57 5.28 to 11.02 111
22/23 12.0 23 0.1 11.58 12.6 0.57 1.30 6.56 5.27 to 11.00 110
23/24 12.0 23 3.5 11.39 12.6 0.57 1.30 6.55 5.26 to 10.58 110
24/25 12.0 23 6.9 11.21 12.6 0.57 1.30 6.55 5.25 to 10.56 110
25/26 12.0 23 10.4 11.04 12.6 0.57 1.30 6.54 5.24 to 10.54 110
26/27 12.0 23 13.8 10.46 12.6 0.58 1.30 6.54 5.24 to 10.52 109
27/28 12.0 23 17.4 10.29 12.6 0.58 1.30 6.54 5.23 to 10.50 109
28/29 12.0 23 20.9 10.12 12.6 0.58 1.30 6.53 5.22 to 10.48 109
29/30 12.0 23 24.5 9.55 12.6 0.58 1.29 6.53 5.22 to 10.46 109
30/31 12.0 23 28.2 9.38 12.6 0.58 1.29 6.53 5.21 to 10.44 108
December 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D- R Trans Observable Elong
1/ 2 12.0 23 31.8 9.22 12.6 0.58 1.29 6.52 5.21 to 10.42 108
2/ 3 12.0 23 35.5 9.06 12.6 0.59 1.29 6.52 5.20 to 10.40 108
3/ 4 12.0 23 39.2 8.50 12.6 0.59 1.29 6.52 5.20 to 10.39 108
4/ 5 12.0 23 43.0 8.35 12.6 0.59 1.29 6.52 5.20 to 10.37 108
5/ 6 12.0 23 46.8 8.20 12.6 0.59 1.29 6.51 5.19 to 10.34 107
6/ 7 12.0 23 50.5 8.05 12.6 0.60 1.29 6.51 5.19 to 10.32 107
7/ 8 12.0 23 54.3 7.51 12.6 0.60 1.29 6.51 5.19 to 10.30 107
8/ 9 12.0 23 58.2 7.37 12.6 0.60 1.29 6.51 5.19 to 10.28 107
9/10 12.0 0 2.0 7.23 12.6 0.60 1.29 6.51 5.19 to 10.26 107
10/11 12.0 0 5.9 7.10 12.7 0.61 1.29 6.51 5.19 to 10.24 106
11/12 12.0 0 9.7 6.57 12.7 0.61 1.29 6.51 5.19 to 10.22 106
12/13 12.0 0 13.6 6.44 12.7 0.61 1.30 6.51 5.19 to 10.20 106
13/14 12.0 0 17.5 6.32 12.7 0.62 1.30 6.51 5.19 to 10.18 106
14/15 12.0 0 21.4 6.20 12.7 0.62 1.30 6.51 5.19 to 10.15 106
15/16 12.0 0 25.3 6.09 12.8 0.63 1.30 6.51 5.19 to 10.13 105
16/17 12.0 0 29.2 5.58 12.8 0.63 1.30 6.51 5.19 to 10.11 105
17/18 12.0 0 33.1 5.47 12.8 0.63 1.30 6.51 5.20 to 10.09 105
18/19 12.0 0 37.0 5.37 12.8 0.64 1.30 6.51 5.20 to 10.06 105
19/20 12.0 0 40.9 5.27 12.8 0.64 1.30 6.50 5.20 to 10.04 105
20/21 12.0 0 44.8 5.17 12.9 0.65 1.31 6.50 5.21 to 10.01 104
21/22 12.0 0 48.7 5.08 12.9 0.65 1.31 6.50 5.21 to 9.59 104
22/23 12.0 0 52.6 4.60 12.9 0.66 1.31 6.50 5.22 to 9.56 104
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Ephemeris for 29P (Schwassmann-Wachmann 1)

Omega= 46.4000 OMEGA=312.8230 i= 9.3840 g= 5.752980 a= 6.015685
e=0.043670 P= - 14.755 T= 1989 September 10.5410 Epoch= 2000
Magnitudes calculated from m= 6.0+5.0*Log(d)+10.0*Log(r)+0.000*Beta

October 1995 A Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 10 19.3 7.54 18.2 7.05 6.24 21.40 Not Observable 34
2/ 3 12.0 10 19.9 7.49 18.2 7.04 6.24 21.37 Not Observable 35
3/ 4 12.0 10 20.5 7.45 18.2 7.03 6.24 21.34 Not Observable 36
4/ 5 12.0 10 21.1 7.41 18.2 7.02 6.24 21.30 Not Observable 36
5/ 6 12.0 10 21.7 7.37 18.2 7.01 6.24 21.27 Not Observable 37
6/ 7 12.0 10 22.3 7.32 18.2 7.00 6.24 21.24 Not Observable 38
7/ 8 12.0 10 22.9 7.28 18.2 6.99 6.24 21.20 Not Observable 39
8/ 9 12.0 10 23.5 7.24 18.2 6.98 6.24 21.17 16.51 to 16.53 40
9/10 12.0 10 24.1 7.20 18.2 6.97 6.24 21.14 16.48 to 16.55 41
10/11 12.0 10 24.7 7.15 18.2 6.96 6.24 21.10 16.45 to 16.57 41
11/12 12.0 10 25.3 7.11 18.2 6.95 6.24 21.07 16.42 to 16.58 42
12/13 12.0 10 25.8 7.07 18.2 6.94 6.24 21.04 16.39 to 16.60 43
13/14 12.0 10 26.4 7.03 18.2 6.92 6.24 21.00 16.36 to 17.02 44
14/15 12.0 10 27.0 6.59 18.2 6.91 6.24 20.57 16.33 to 17.03 45
15/16 12.0 10 27.5 6.55 18.1 6.90 6.24 20.53 16.30 to 17.05 46
16/17 12.0 10 28.1 6.51 18.1 6.89 6.24 20.50 16.27 to 17.07 46
17/18 12.0 10 28.6 6.46 18.1 6.88 6.24 20.47 16.24 to 17.08 47
18/19 12.0 10 29.2 6.42 18.1 6.87 6.24 20.43 16.21 to 17.10 48
19/20 12.0 10 29.7 6.38 18.1 6.85 6.24 20.40 16.18 to 17.12 49
20/21 12.0 10 30.3 6.34 18.1 6.84 6.24 20.36 16.15 to 17.13 50
21/22 12.0 10 30.8 6.30 18.1 6.83 6.24 20.33 16.12 to 17.15 51
22/23 12.0 10 31.3 6.26 18.1 6.82 6.24 20.30 16.09 to 17.17 51
23/24 12.0 10 31.8 6.22 18.1 6.80 6.24 20.26 16.06 to 17.18 52
24/25 12.0 10 32.3 6.18 18.1 6.79 6.24 20.23 16.03 to 17.20 53
25/26 12.0 10 32.8 6.15 18.1 6.78 6.24 20.19 16.00 to 17.22 54
26/27 12.0 10 33.3 6.11 18.1 6.76 6.24 20.16 15.57 to 17.23 55
27/28 12.0 10 33.8 6.07 18.1 6.75 6.24 20.12 15.54 to 17.25 56
28/29 12.0 10 34.3 6.03 18.1 6.74 6.25 20.09 15.51 to 17.26 57
29/30 12.0 10 34.8 5.59 18.1 6.72 6.25 20.05 15.48 to 17.28 57
30/31 12.0 10 35.3 5.55 18.1 6.71 6.25 20.02 15.44 to 17.30 58
31/32 12.0 10 35.8 5.52 18.1 6.70 6.25 19.59 15.41 to 17.31 59
November 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 10 36.2 5.48 18.1 6.68 6.25 19.55 15.38 to 17.33 60
2/ 3 12.0 10 36.7 5.44 18.1 6.67 6.25 19.52 15.35 to 17.34 61
3/ 4 12.0 10 37.1 5.41 18.1 6.65 6.25 19.48 15.32 to 17.36 62
4/ 5 12.0 10 37.6 5.37 18.1 6.64 6.25 19.45 15.29 to 17.38 63
5/ 6 12.0 10 38.0 5.33 18.1 6.62 6.25 19.41 15.26 to 17.39 64
6/ 7 12.0 10 38.4 5.30 18.1 6.61 6.25 19.38 15.22 to 17.41 64
7/ 8 12.0 10 38.8 5.26 18.1 6.60 6.25 19.34 15.19 to 17.42 65
8/ 9 12.0 10 39.3 5.23 18.0 6.58 6.25 19.30 15.16 to 17.44 66
9/10 12.0 10 39.7 5.19 18.0 6.57 6.25 19.27 15.13 to 17.46 67
10/11 12.0 10 40.1 5.16 18.0 6.55 6.25 19.23 15.10 to 17.47 68
11/12 12.0 10 40.5 5.12 18.0 6.54 6.25 19.20 15.06 to 17.49 69
12/13 12.0 10 40.8 5.09 18.0 6.52 6.25 19.16 15.03 to 17.50 70
13/14 12.0 10 41.2 5.06 18.0 6.51 6.25 19.13 14.60 to 17.52 71
14/15 12.0 10 41.6 5.02 18.0 6.49 6.25 19.09 14.57 to 17.53 72
15/16 12.0 10 42.0 4.59 18.0 6.47 6.25 19.06 14.53 to 17.55 72
16/17 12.0 10 42.3 4.56 18.0 6.46 6.25 19.02 14.50 to 17.56 73
17/18 12.0 10 42.7 4.53 18.0 6.44 6.25 18.58 14.47 to 17.58 74
18/19 12.0 10 43.0 4.50 18.0 6.43 6.25 18.55 14.43 to 17.59 75
19/20 12.0 10 43.3 4.47 18.0 6.41 6.25 18.51 14.40 to 18.01 76
20/21 12.0 10 43.6 4.44 18.0 6.40 6.25 18.48 14.37 to 18.02 77
21/22 12.0 10 44.0 4.41 18.0 6.38 6.25 18.44 14.33 to 18.03 78
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Ephemeris for 29P (Schwassmann-Wachmann 1) (contd)

Omega= 46.4000 OMEGA=312.8230 i= 9.3840 g= 5.752980 a= 6.015685
e=0.043670 P= 14.755 T= 1989 September 10.5410 Epoch= 2000
Magnitudes calculated from m= 6.0+5.0*Log(d)+10.0*Log(r)+0.000*Beta

22/23 12.0 10 44.3 4.38 18.0 6.36 6.25 18.40 14.30 to 18.05 79
23/24 12.0 10 44.6 4.35 18.0 6.35 6.25 18.37 14.27 to 18.06 80
24/25 12.0 10 44.8 4.32 18.0 6.33 6.25 18.33 14.23 to 18.08 81
25/26 12.0 10 45.1 4.29 18.0 6.32 6.25 18.29 14.20 to 18.09 82
26/27 12.0 10 45.4 4.26 18.0 6.30 6.25 18.26 14.17 to 18.10 83
27/28 12.0 10 45.7 4.23 17.9 6.28 6.25 18.22 14.13 to 18.12 83
28/29 12.0 10 45.9 4.21 17.9 6.27 6.25 18.18 14.10 to 18.13 84
29/30 12.0 10 46.2 4.18 17.9 6.25 6.25 18.15 14.06 to 18.14 85
30/31 12.0 10 46.4 4.15 17.9 6.24 6.25 18.11 14.03 to 18.15 86
December 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 10 46.6 4.13 17.9 6.22 6.25 18.07 13.59 to 18.17 87
2/ 3 12.0 10 46.8 4.10 17.9 6.20 6.25 18.03 13.56 to 18.18 88
3/ 4 12.0 10 47.0 4.08 17.9 6.19 6.25 17.60 13.52 to 18.19 89
4/ 5 12.0 10 47.2 4.06 17.9 6.17 6.25 17.56 13.49 to 18.20 90
5/ 6 12.0 10 47.4 4.03 17.9 6.15 6.25 17.52 13.45 to 18.21 91
6/ 7 12.0 10 47.6 4.01 17.9 6.14 6.25 17.48 13.42 to 18.22 92
7/ 8 12.0 10 47.8 3.59 17.9 6.12 6.25 17.45 13.38 to 18.23 93
8/ 9 12.0 10 47.9 3.56 17.9 6.11 6.25 17.41 13.35 to 18.24 94
9/10 12.0 10 48.1 3.54 17.9 6.09 6.25 17.37 13.31 to 18.25 95
10/11 12.0 10 48.2 3.52 17.9 6.07 6.25 17.33 13.27 to 18.26 96
11/12 12.0 10 48.3 3.50 17.9 6.06 6.25 17.29 13.24 to 18.27 97
12713 12.0 10 48.5 3.48 17.9 6.04 6.25 17.26 13.20 to 18.28 98
13/14 12.0 10 48.6 3.46 17.9 6.03 6.25 17.22 13.16 to 18.29 99
14/15 12.0 10 48.7 3.44 17.9 6.01 6.25 17.18 13.13 to 18.30 100
15/16 12.0 10 48.8 3.43 17.8 5.99 6.25 17.14 13.09 to 18.31 101
16/17 12.0 10 48.8 3.41 17.8 5.98 6.25 17.10 13.05 to 18.31 102
17/18 12.0 10 48.9 3.39 17.8 5.96 6.25 17.06 13.02 to 18.32 103
18/19 12.0 10 49.0 3.38 17.8 5.95 6.25 17.02 12.58 to 18.33 104
19/20 12.0 10 49.0 3.36 17.8 5.93 6.25 16.59 12.54 to 18.33 105
20/21 12.0 10 49.1 3.35 17.8 5.91 6.25 16.55 12.50 to 18.34 106
21/22 12.0 10 49.1 3.33 17.8 5.90 6.25 16.51 12.47 to 18.34 107
22/23 12.0 10 49.1 3.32 17.8 5.88 6.25 16.47 12.43 to 18.35 108
23/24 12.0 10 49.1 3.30 17.8 5.87 6.25 16.43 12.39 to 18.35 109
24/25 12.0 10 49.1 3.29 17.8 5.85 6.25 16.39 12.35 to 18.36 110
25/26 12.0 10 49.1 3.28 17.8 5.84 6.25 16.35 12.31 to 18.36 111
26/27 12.0 10 49.1 3.27 17.8 5.82 6.25 16.31 12.28 to 18.36 112
27/28 12.0 10 49.0 3.26 17.8 5.81 6.25 16.27 12.24 to 18.37 113
28/29 12.0 10 49.0 3.25 17.8 5.79 6.25 16.23 12.20 to 18.37 114
29/30 12.0 10 48.9 3.24 17.8 5.78 6.25 16.19 12.16 to 18.37 115
30/31 12.0 10 48.9 3.23 17.8 5.76 6.25 16.15 12.12 to 18.37 116
31/32 12.0 10 48.8 3.22 17.8 5.75 6.25 16.11 12.08 to 18.37 117

Details of P/Clark (71P) on the facing page are for southern hemisphere observers
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vii

This ephemeris is for a site on the equator ~ the comet is not visible from
Times are in local time as the chosen longitude is the Greenwich

the UK.

meridian.

Ephemeris for 71P (Clark)

Omega=208.8530 OMEGA= 59.7250 i=
T= 1995 May

e=0.501930 P=
July 1995
Day Time R.
1/ 2 12.0 20
2/ 3 12.0 20
3/ 4 12.0 20
4/ 5 12.0 20
5/ 6 12.0 20
6/ 7 12.0 20
7/ 8 12.0 20
8/ 9 12.0 20
9/10 12.0 20
10/11 12.0 20
11/12 12.0 20
12/13 12.0 20
13/14 12.0 20
14/15 12.0 20
15/16 12.0 20
16/17 12.0 20
17/18 12.0 20
18/19 12.0 20
19/20 12.0 20
20/21 12.0 20
21/22 12.0 20
22/23 12.0 20
23/24 12.0 20
24/25 12.0 20
25/26 12.0 20
26/27 12.0 20
27/28 12.0 20
28/29 12.0 20
29/30 12.0 20
30/31 12.0 20
31/32 12.0 20
August 1995
Day Time R.
1/ 2 12.0 20
2/ 3 12.0 20
3/ 4 12.0 20
4/ 5 12.0 20
5/ 6 12.0 20
6/ 7 12.0 20
7/ 8 12.0 20
8/ 9 12.0 20
9/10 12.0 20
10711 12.0 20
11/12 12.0 20
12/13 12.0 20
13/14 12.0 20

A.

34.
35.
35.
35.
35.
35.
35.
35.
35.
35.
35.
35.
35.
34.
34.
34.
34.
33.
33.
33.
32.
32.
32.
31.
31.
31.
30.
30.
29.
29.
29.

28.
28.
28.
27.
27.
27.
27.
26.
26.
26.
26.
26.
26.

5.503

B1950 Dec

-37.54
-38.06
-38.17
-38.29
-38.40
-38.50
-39.01
-39.11
-39.21
-39.30
-39.40
-39.48
-39.57
-40.05
-40.13
-40.20
-40.27
-40.33
-40.39
-40.45
-40.50
-40.55
-40.59
-41.03
-41.06
-41.09
-41.11
-41.13
-41.15
-41.16
-41.17

NUowwoaokrmoRPRUVONMUIOR POAOONPBPUIUIOTOAOUIE WERE O

B1950 Dec

-41.17
-41.17
-41.16
-41.15
-41.13
-41.11
-41.09
-41.06
-41.03
-40.59
-40.55
-40.51
-40.46

ORWPkrhoOhORFRWOWVNDOUL ©

Times in GMAT
Mag

12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
13.
13.

Times

OCO0OLVVLVLVLWVWOOWMOWMOMONNNdIJdoo o ool U1 U

Mag

13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.

Bl wWwwwdhdDDNDRPR PP OO

D R
0.61 1.58
0.61 1.59
0.61 1.59
0.61 1.59
0.62 1.59
0.62 1.59
0.62 1.60
0.62 1.60
0.62 1.60
0.62 1.60
0.62 1.61
0.62 1.61
0.62 1.61
0.63 1.61
0.63 1.62
0.63 1.62
0.63 1.62
0.64 1.62
0.64 1.63
0.64 1.63
0.64 1.63
0.65 1.64
0.65 1.64
0.65 1.64
0.66 1.64
0.66 1.65
0.66 1.65
0.67 1.65
0.67 1.66
0.68 1.66
0.68 1.66
in GMAT

D R
0.69 1.67
0.69 1.67
0.70 1.67
0.70 1.68
0.71 1.68
0.71 1.68
0.72 1.69
0.72 1.69
0.73 1.70
0.74 1.70
0.74 1.70
0.75 1.71
0.76 1.71

9.5050 g= 1.552500 a=

Trans

13.
.56
13.
.48
.44
.41
.37
.33
.29
.25
.21
.17
.12
.08
13.
12.
12.
12.
12.
12.
.39
.34
.30
.26
.22
12.
.13

13

13
13
13
13
13
13
13
13
13
13
13

12
12
12
12
12

12

12.
12.
11.
11.

60

52

04
60
56
52
47
43

17

09
04
60
56

Trans

11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.

51
47
43
39
34

26
22
18
14
09
05
01

3.117032
31.0990 Epoch= 2000
Magnitudes calculated from m=10.5+5.0*Log(d)+15.0*Log(r)+0.000*Beta

10.

10
10

10.
10.
10.

00 00 00O 00 00 0O O WV W WWWLWWWLWLWLWWLWLWWLLWLWLWVLWLWWLWLL

00 00O 0O 00 0O 00O 0O 0O 00 00 OO 0O ™

Observable

16
.13
.10
07
04
01
.57
.54
.51
.48
.45
.42
.38
.35
.32
.29
.26
.22
.19
.16
.13
.10
.06
.03
.60
.57
.54
.51
.47
.44
.41

.38
.35
.32
.29
.26
.23
.20
.17
.14
.12
.09
.06
.03

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

to
to
to
to
to
to
to
to
to
to
to
to
to

17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
16.
l6.
.46

16

16.
l6.
.31

16

16.
.21

16

16.
16.
16.
15.
15.
15.
15.
.38

15

15.
15.
15.
.16
.10

15
15

Observable

15.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
14.
13.

07
07
08
08
08
08
09
09
06
01
56
51

41
36

26

15
10
05
59
54
49
43

32
27
21

05
59
54
48
43
37
32
26
21
15
10
05
59

Elong

151
152
152
153
154
154
155
155
155
156
156
157
157
157
158
158
158
158
158
159
159
159
159
159
158
158
158
158
158
157
157

Elong

157
156
156
155
155
154
154
153
153
152
152
151
150
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Comet 6P (d’Arrest)

Voyager Il Sky Chan

Pisces

Cetus
\W sastarto (
\ sP {d"Arrest)
Chart Center: 23h 05.6m -01° 06' Universal Time: 1995/8/26 00:00 LMT: 00:00 Location: 0°10'W 51°30' N London
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Comet 1995 O1 (Hale-Bopp) promises to be spectacular

Many people have been saying for
some time that we are overdue for a
bright comet. This could be it, though
whilst we do have a good idea of where
it will be, comets are notorious for not
brightening as predicted. 1 will be
issuing detailed observing instructions
when the comet emerges from solar
conjunction next year and by that time
we should have a much better idea of
its likely brightness. We will also be
having a section meeting specifically
devoted to the comet. The orbit
predicts that it will be circumpolar
from the UK at the time of perihelion
in April 1997 and the indications are
that it will be a bright naked eye object.

What we are certain of is that the wild
speculations by the press are wrong.
They picked up some remarks on the
internet and amplified them more than
a little. It is not 1000 miles across (it
may be 100 km, but more likely only
25 km) and it is not going to hit the
earth (it gets no closer than 1.32 AU).
I am sure that we will soon hear that it
is a reincarnation of comet Halley and
has been sent back to wam us of
impending disaster.

The comet was discovered accidently
by two independent American
amateurs who were looking at globular
- cluster M70 in Sagittarius. Alan Hale
of Cloudcroft, New Mexico, has
actually spent around 400 hours
hunting for comets without success,
but he found this one by chance at 11
pm local time on July 22nd. He was
using a Meade DS-16 0.41-m reflector
and knew instantly that he had
discovered a comet as he had observed
M70 only a month earlier.

Thomas Bopp of Glenfield, Arizona
was observing Messier objects with a
group of friends in the Arizona desert
near Stanfield, some 90 miles from his

Jonathan Shanklin

home. At the time he was using a 0.44-
m Dobsonian belonging to Jim Stevens
but only owns a small spotting scope
himself. He sighted the comet half an
hour after Hale; after waiting to see if
the new object moved he had to drive
all the way back home before he could
report the discovery to the CBAT. A
third discoverer, Gerry Rattley of
Gilbert, Arizona reported it a couple of
days later, but by this time the IAU
circular had gone out.

The initial orbit was rather uncertain,
but suggested that the comet was still
beyond the orbit of Jupiter, unheard of
for an amateur discovery. Further
observations refined the orbit and
enabled Rob McNaught to search old
UK Schmidt plates, and he picked up
the comet on a plate taken on 1993
April 27, when it was 18™. He
couldn't find the comet on an earlier
plate taken on 1991 September 1,
though it should have been only a
magnitude fainter and within the plate
limit.

Some early CCD observations by
Warren Offutt of Cloudcroft, New
Mexico (which seems to be a haven for
comet observers) showed that the coma
was shrinking and Zdenek Sekanina
suggests that this may represent a spiral
coma similar to that seen in
29P/Schwassmann-Wachmann after an
outburst. This comet orbits the sun at
around 6 AU and is normally 17™, but
undergoes outbursts to 11™ If comet
1995 O1 does undergo similar
outbursts it could explain McNaught's
failure to find the comet on the earlier
plate.  Further observations in late
August, late September and mid
October have shown a spiral jet
emanating from the nucleus. Sekanina
has modelled this and suggests that the
source switches on at local noon,
emissionrises to a peak and then ceases

at local sunset. Emission velcicities of
the dust are 30 - 50 ms~. The
recurrence period is around 18 days,
but the rotation state is complex and he
has assumed a rotation period of
around eight days.

At the moment the comet is too far
south to be easily observed from the
UK (though it can be seen from more
southerly latitudes until the autumn).
It should be picked up from the UK in
April next year, possibly reaching
naked eye visibility by autumn 1996.
After perihelion the solar elongation
rapidly decreases, but Northemn
hemisphere observers should be able to
follow it till mid May 1997. Afier
conjunction it becomes a southern
hemisphere object, but could remain
visible for at least another year.

What will we see ? There are some
similarities in the orbit and apparent
absolute magnitude to that of comet
C/1811 F1 which became a spectacular
naked eye object with a tail covering
70°; at one time a second tail lay at
right angles to the primary (see article
by Gary Kronk).

Continued on page 3
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Director:

Comet Section contacts

Phone (+44) (0)1223 571250 } When I return
Fax: (+44) (0)1223 362616 }

E-Mail: JDS @ MAIL.AST.CAM.AC.UK or J.SHANKLIN @ BAS.AC.UK
WWW page : http://www.ast.cam.ac.uk/~jds/
or when I am in the Antarctic:

Faraday Station, British Antarctic Survey, Stanley, Falkland Islands.
E-mail: faraday@vc.nbs.ac.uk

Jonathan Shanklin, 11 City Road, CAMBRIDGE. CB1 1DP, England.

Assistant Director (Observations): Guy Hurst, 16 Westminster Close, Kempshott Rise, BASINGSTOKE, Hampshire.

(and also Editor of
The Astronomer magazine)

Assistant Director:
(Urgent correspondence)

RG22 4PP, England.
Phone & Fax: (+44) (0)1256 471074
E-Mail:

GMH @ TAHQ.DEMON.CO.UK or GMH @ AST.STAR.RL.AC.UK

Phone (+44) (0)117 9734065
E-Mail: JALAN @ MAIL.AST.CAM.AC.UK

CCD Advisor:

Phone (+44) (0)1245 354366
E-mail: NDJ @ ASTRO1.DEMON.CO.UK or NICK.JAMES @ GMRC.GECM.COM

Photographic Advisor: TBA

James Lancashire, Basement Flat, 5 Buckingham Place, Clifton, BRISTOL. BS8 1LH,
England.

Nick James, 11 Tavistock Road, CHELMSFORD, Essex. CM1 5JL, England.

Section news from the Director

Dear Section member,

The summer has been quite a busy time
for me: I have been very busy at work
getting ready for the coming Antarctic
season, section work has taken time
and I have done a lot of observing. In
addition I have other hobbies including
cricket, bell-ringing and ice-hockey to
keep me occupied. The long hot spell
saw a lot of clear nights and in August
I managed a string of 11 consecutive
meteor watches. In part 1 was
encouraged in this by a realisation that
the Observatories in Cambridge were
now just too light polluted for
satisfactory observing and I needed
somewhere better. I found a site about
15 kilometres east of Cambridge which
has quite dark skies, indeed in recent
weeks the zodiacal cone has been easily
visible, with the band and gegenschein
also glimpsed. The dark skies,
although not quite as dark as the
Antarctic, have certainly rejuvenated
my enthusiasm for meteor watching.
Finding a dark sky site is something to
consider when observing comets as
well as their debris - the nebulous outer
coma and filamentary tail will not be
seen in a site affected by light
pollution.

After the lull in the first half of the year
considerable activity has happened in

the field of cometary recoveries and
discoveries. The major discovery is
comet 1995 Ol (Hale-Bopp) which
promises to be a spectacular object in
late 1996 and early 1997. More details
are given elsewhere in the newsletter,
but I think we need to plan in more
detail what we will be able to do in
observing this comet. I am therefore
arranging a section meeting on 1996
June 8 at the Institute of Astronomy in
Cambridge. This will be an all day
meeting and I will give more details in
the next newsletter. Anyone who
would like to speak at this meeting
should contact me.

The section guide to observing comets
is now with Don Miles and I am
checking the proofs. It is quite a
lengthy booklet and will be around 48
pages long. I have aimed to include
everything that is needed for visual
observation of comets, with small
sections on comet hunting and
photography. It should certainly be
ready by the time 1995 Ol emerges
from solar conjunction and may be
ready before the end of the year. The
normal selling price will be £2.00 from
the BAA office, however section
members can send me a C5 stamped
and addressed envelope, together with
a small contribution towards the cost in

the form of stamps. Note however that
I will be away until mid February.

Since the last newsletter observations
or contributions have been received
from the following BAA members:
Sally Beaumont, Wemer Hasubick,
Guy Hurst, Nick James, Brian
Manning, Martin Mobberley, Stewart
Moore, Roy Panther, Jonathan
Shanklin, David Strange, Tony Tanti,
Melvyn Taylor, Alex Vincent, and also
from John Aldridge, Alexander
Baransky, Sandro Baroni, Stefan Beck,
John Bortle, Eric Broens, Paul
Camilleri, Haakon Dahle, Jose
Guilherme de S. Aguiar, Stephen
Getliffe, Bjorn Granslo, Roberto
Haver, Francisco Hermandez, Graham
Keitch, Mark Kidger, Atilla Kosa-Kiss,
Romualdo Lourencon, Herman Mikuz,
Antonio Milani, Arto Oksanen, David
Seargent, Chris Spratt, Graham Wolf
and Vittorio Zanotta of comets:
6P/d'Arrest, 19P/Borrelly, 41P/Tuttle-

Giacobini-Kresak, 58P/Jackson-
Neujmin, 71P/Clark,
73P/Schwassmann-Wachmann 3

116P/Wild 4, C/1995 O1 (Hale-Bopp):
C/1995 Q1 (Bradfield) and P/1995 S1
(de Vico).

I will be visiting the Antarctic again
from mid November to mid February.
During this time I can still be contacted
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by e-mail at faraday@vc.nbs.ac.uk;
please put "For the attention of
Jonathan Shanklin" on the first line.
Postal mail addressed to Cambridge
will have to wait until my return, but
for those wanting a reply from the
Antarctic I have given a postal address;
however be warned that the postman
doesn't visit very often! Observations

should go to Guy Hurst as usual and
any urgent postal queries to James
Lancashire.

Finally I am pleased to announce that
Alex Vincent has been awarded the
1995 Keedy prize. He is a regular
contributor of slides of comets and also
sent a good photo of the "ex comet” on

Jupiter. Thanks to David Keedy for
making this award possible. Please
send me any nominations for the 1996
award.

Jonathan Shanklin

Continued from page 1

In 1811, however, street lights hadn't
been invented and gas lighting was
only just coming into fashion, so they
had much darker skies than we have
now. The comet was well observed by
Herschel, who measured a bluish
planetary disc 700 km in diameter, but
which disappeared under higher
magnification. This great comet was
thought to have produced a good
vintage "comet wine" and also foretold
the war between Napoleon and Russia.

The earth passes about 0.1 AU inside
the comet's orbit on January 3/4, 123
days before the comet or 242 days after
it. Although this might give a meteor
shower, it is unlikely; calculations by
Brian Marsﬁlen give a theoretical
radiant of 15" 36™ +32°.

Comet 1995 O1 (Hale-Bopp)

Isao Sato reports on the internet that
the moon will occult Hale-Bopp on
May 8.44, 1996. The event will be
seen from the north American
continent except for Alaska and
Canada. The age of the moon is 20.5
days and the brightness of the comet
will be about 7.5 at 4.5 AU from the
sun.

The favourable phenomenon is the
reappearance from the dark limb in the
night. It will be seen from the west
part of the United States, Mexico,
Belize, Guatemala, Honduras, and San
Salvador. Many famous observatories
including Palomar, Kitt Peak, Lowell
and Tonantzintla are located in this
region.

Lunar occultation of the comet could
reveal the fine structure of the coma.
The duration of the event is about 0.1
second if the nucleus diameter is
100km. Therefore high speed
photometry will reveal the diameter of
the nucleus and the brightness
distribution of the coma and tail.
Spectroscopic photometry will reveal
the distribution of some materials in
the comet.

Let's hope that C/1995 O1 lives up to
expectations and gives us an object of
awesome beauty to view and perhaps a
good vintage to go with it.

Comet 1811 F1 (Flaugergues or Great Comet)

Honore Flaugergues (Viviers)
discovered this comet in the evening
sky on March 25, 1811, in Argo Navis.
On March 26, he estimated the position
as RA=8h 01.7m, DEC=-29° 03'. The
orbit indicates the comet was
discovered at an elongation of 115°
and was situated 2.73 AU from the sun
and 2.16 AU from Earth. The comet
was then low in the south and was
moving northward and brightening.
On April 8, the moon was full. Jean
Louis Pons (Marseille, France)
independently discovered this comet in
the evening sky in Argo Navis on April
11.82. On April 11.87, Pons
determined the position as RA=7h 49m
13.6s, DEC=-19° 58' 10".

William J. Burchell was situated in
Cape Town (South Africa) from late
1810 until mid 1811. On the evening
of June 2, 1811, an earthquake hit the
region and Burchell wrote in his
journal that many of the people
"coupled the comet, which had been
seen every night since the 12th of the
foregoing month, and the earthquake
together, and drew from this two-fold

Gary W. Kronk

portentous sign, the certain prognostics
of the annihilation of the Cape."

The comet passed 9.4° from the sun on
July 31, and then began to move away
from the sun and continue to brighten.

On August 18 and 21, Olbers searched
for the comet in the evening sky, but
found nothing. On August 22.08,
Olbers recovered the comet close to the
horizon and near 20 Leo Minoris. He
said it was visible before 20 Leo
Minoris [according to SC2000.0, the
magnitude of this star is 5.36] and
seemed as bright as Alpha Leo Minoris
[according to SC2000.0, the magnitude
of this star is 3.83]. Olbers estimated
the position as RA=9h 50.7m,
DEC=+33° 15'. On August 22.83,
Friedrich Wilhelm Bessel (Konigsberg,
now Kaliningrad, USSR)
independently recovered the comet in
the evening sky when only 4° above
the horizon. He determined the
position as RA=9h 53m 22.35s,
DEC=+33° 33' 04.1".

On September 1, Alexander Ross (a
member of the John Jacob Astor

expedition travelling down the
Columbia River) "observed, for the
first time, about 20° above the horizon,
and almost due west, a very brilliant
comet, with a tail about 10° long. The
Indians at once said it was placed there
by the Good Spirit which they called
Skom-malt-squisses to announce to
them the glad tidings of our arrival;
and the omen impressed them with a
reverential awe for us, implying that
we had been sent to them by the Good
Spirit, or Great Mother of Life." On
September 2, the moon was full.
William Herschel (Glasgow) observed
the comet with a 14-foot focal length
reflector, but noted that its low altitude,
moonlight, and hazy sky made it
appear "like a very brilliant nebula,
gradually brighter in a large place
about the middle." He could detect no
tail. On September 8, Simeon Perkins
(Liverpool, Nova Scotia) wrote, "at
Evening I observe a Comet or Some
New appearance of a Star that has an
appearance of a Light tail or Blaze it
was Nearly in the N.N.W. about one
Hour high at 8 o'clock and Set further
Northward about [text missing] there
was a thin Cloud or haize about it So
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that I could Not discem the Body of
the Star by the Naked Eye but I looked
with a Glass and Saw it and an
appearance of Light but could not
discern any tail or Blaze. It has been
observed by Several people for two or
three Evenings past." On September 9,
Herschel (Alnwick) saw the comet with
a refractor at a magnification of 65x
and noted, "the planetary disk-like
appearance seen with the naked eye,
was transformed into a bright cometic
nebula, in which, with this power, no

nucleus could be perceived" He
estimated the conspicuous tail as 9° or
10° long and noted a ‘"very
considerable”  curvature. On

September 13, Perkins and his
daughters "were up at 3 o'Clock to
observe a remarkable Star which they
had been told rose towards moming
they say it had the same appearance as
that which it Seen in the Evening and
as the motion of that when we See it in
the Evening as it is Setting is to the
Eastward. I conclude it is the Same it
Sets by Nine So it is 5 or 6 Hours
under the Horison." On September 18,
Herschel (Glasgow) observed with a
10-foot focal length reflector and noted
that the star-like head took on the
appearance of a globular nebula when
viewed at 110x. He estimated that its
diameter was about 5 or 6 arcmin, "of
which one or two minutes about the
centre were nearly of equal brightness."
He added that the tail was 11° or 12°
long and remarked "that towards the
end of the tail its curvature had the
appearance as if, with respect to the
motion of the comet, that part of the
tail were left a little behind the head."
In addition, "The appearance of the
nebulosity...perfectly resembled the
milky nebulosity of the nebula in the
constellation of Orion, in places where
the brightness of the one was equal to
that of the other." With a night glass
with a field of view of 4° 41', Herschel
noted the tail was accompanied by a
stream on each side. He noted "that the
two streams or branches. arising from
the sides of the head scattered a
considerable portion of their light as
they proceeded towards the end of the
tail, and were at last so much diluted
that the while of the farthest part of the
tail, contained only scattered light."
According to a note in the Codex
POrez, a comet was seen in the
northeast. It was referred to as "God's
sign." [The Codex POrez was
compiled during the first half of the
19th century by Juan Pgo P@rez of the
Yucatan. P@®rez, bom on July 11,
1798, would only have been 13 years
old and since most of the notes of the
Codex P@rez predate his birth, the
comet was probably seen and recorded

by someone else in the region. It was
probably in the moming sky-GWK].
On September 29, Herschel observed
with a 10-foot focal length reflector
and noted the head was 3' 00" across.

On October 2, the moon was full. On
October 6, Herschel observed with a
20-foot focal length reflector and noted
the head was 3' 45" across, while a
fainter outer coma was estimated as 15'
across. He added that the tail was about
25° long. On October 11, Olbers said
the tail was 13° long. On October 12,
Herschel estimated that the tail was 17°
long. He added, "its breadth in the
broadest part was 6 3/4 degrees, and
about 5 or 6 degrees from the head it
began to be a little contracted.”
Herschel observed with his night glass
and remarked "that the two streams
remained sufficiently condensed in
their  diverging course to be
distinguished for a length of about six
degrees, after which their scattered
light began to be pretty equally spread
over the tail." On October 14, Herschel
estimated the tail length as 17.5°. On
October 15, Herschel commented, "in a
very clear atmosphere, I found the tail
to cover a space of 23 1/2 degrees in
length." He added that his night glass
showed the preceding branch of the tail
was 7° 01' long, while the following
was only 4° 41' long. On October 16,
the comet was nearest Earth (1.221
AU). Herschel noted a well-defined
luminous point in the centre of the
coma and measured its diameter as
0.79". He added, "that part of the head
which was towards the sun was a little
brighter and broader than that towards
the tail, so that the planetary disk or
point was a little eccentric." On
October 17, Herschel found the bright
point within the coma to have been "a
little beyond the centre." He added that

“the tail appeared to be more curved

than it had been at any time before."
On October 19, Herschel examined the
comet with a 10-foot focal length
telescope. At a magnification of 169x,
he noted the bright point within the
coma was 1.39 arcsec across. At 600x,
he estimated it was between 0.68 and
1.06 arcsec across.

After reaching a maximum elongation
of 67° on October 31, the comet began
moving back towards twilight.

On November 3, Herschel observed
with his night glass and noted, "The
two branches were nearly of an equal
length." On November 4, Burchell
(near the Vaal River about 50 miles
west of present day Kimberley, South
Africa) wrote, "as I lay waiting for
sleep, and amusing myself in observing

the constellations above my head, I
noticed a faint nebulous star of the
third magnitude, which I had not been
used to see in that part of the heavens.
Looking at it more attentively, it
appeared plainly to be a comet" He
said it was located in the tail of Aquila
and formed a right triangle with Alpha
Cygni and Alpha Lyrae. Herschel
found the nucleus "more eccentric than
I'had ever seen it before" and showed a
slight disk in the 10-foot focal length
reflector with a magnification of 289x.
On November 5, Herschel estimated
the tail was not longer than 12.5°. He
added that the preceding stream was 5°
16' long, while the following was 4°
41' long. On November 9, Herschel
noted, "The two branches might still be
seen to extend full 4 degrees, but their
light was much scattered." He added,
"The tail of the comet being very near
the milky-way, the appearance of the
one compared to that of the other, in
places where no stars can be seen in the
milky-way, was perfectly alike." He
estimated the tail's length as 10°. In
the 10-foot focal length reflector,
Herschel saw the nucleus "imperfectly"
with a magnification of 169x, but "it
was more visible" with a magnification
of 240x; however, "the nebulosity of
the envelope overpowered its light
already so much that no good
observations could be made of it." On
November 10, Herschel obtained only
a glimpse of the nucleus in a 10-foot
focal length reflector and noted it was
as eccentrically placed as on the 4th.
He added that the preceding branch
was 5° 16' long, while the following
one was 3° 31' long. On November 13,
Herschel could no longer see the
nucleus. He did not that the following
stream was now longer and 4° 06' long,
while the preceding stream was 3° 31'
long. On November 14, Herschel found
both streams equal in length and 3° 31'
long. On November 15, Herschel
noted the following stream was 4° 06'
long, while the preceding was 3° 31'
long. On November 16, Herschel
noted the tail was about 7.5° long to
the naked eye and found the following
stream 3° 48' long, while the preceding
was 3° 13' long. On November 19,
Herschel found the two streams to be
of equal length and 4° 23' long. The
tail was estimated as 6° 10' long.

On December 2, Herschel noted the tail
was "hardly 5 degrees long and of a
very feeble light." He said the streams
were both 3° 12' long. He added, "they
joined more to the sides than the
vertex, and had lost their former vivid
appearance; their colour being changed
into that of scattered light" On
December 9, Herschel wrote that the
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tail length had changed little since the
2nd. He noted, "The branches were
already so much scattered that
observations of them could no longer
be made with any accuracy." On
December 14, Herschel wrote that the
tail "still remained as before, but the
end of it was much fainter."

On January 2, 1912, Herschel
commented that the comet "could only
be distinguished from a bright globular
nebula by the scattered light of its tail,
which was still 2° 20" long."

The comet passed 9.5° from the sun on
February 17.

Don Jose Joaquin de Ferrer (Havana,
Cuba) began looking for the comet in
early July. He used the 4.5-foot focal
length refractor, "but I could not
discover it on account of the little light
it had at that time." However, while
using a "night-perspective" on July
11.31, Ferrer spotted the comet at a
position of RA=22h 09.2m, DEC=-18°
46'. The "night-perspective" had an

objective 4-inches in diameter and a
magnification of only 5x. The
subsequent field of view was given as
5°. Ferrer wrote "some stars of the 10th
and 12th magnitude surrounded" the
comet. He added, "the extremity of its
nucleus was in contact with one of
these stars, and its centre 2' towards the
south, and in the same right ascension."
He continued, "The comet appeared as
a very slight vapour, its tail opposed to
the sun scarcely looked 10' in length."
The comet was again observed by
Ferrer on July 13 and July 14, but he
was not able to determine an accurate
position. He even tried using a 12-inch
"repeating-circle,” but whenever the
threads were illuminated, the comet
would disappear. Ferrer last saw the
comet on July 15.31, and noted it was
"in contact with a star of 10th
magnitude."

The comet was last detected on August
17, by Vincent Wisniewski. It was
then at an elongation of 167°.

During June 1813, Ferrer said he "used
all attention to discover the nucleus of
this comet" with a 4.5-foot focal length
refractor, "yet never could perceive
more than a luminous point from time
to time, which can no how be supposed
to arise from defect of clearness of sky
in the Isle of Cuba." He concluded "it
is beyond a doubt that the diameters of
these bodies [referring to comets 1807,
1811 1, and 1813 II] are exceedingly
small, and we much fear therefore that
the greater part of those who have
observed them have confounded the
nucleus with the nebula...." Ferrer
specifically noted Herschel's
observation of October 16 and wrote
"not to mention the difficulty of
measuring such small quantities,
radiation must augment considerably
the luminous disc."

[Extracted from the unpublished
Cometography, volume 2, copyright 1995
byGary W Kronk

For the first time for several years the
prospects for observing comets in the
coming year are better than average.
There is comet 1995 O1 (Hale-Bopp)
and a good return of comet 22P/Kopff.
Ephemerides for new and currently
observable comets are published in the
Circulars and  comet  section
Newsletter, with qredictions for returns
in the Handbook . Details of how to
obtain thti section booklet on comet
observing“ are given elsewhere in the
newsletter.

1995 O1 (Hale-Bopp)

What promises to be the brightest
comet for many years should be
recovered in the UK in the moming
sky in April as it moves slowly
northwards in Sagittarius. Based on
relatively  conservative agnitude
predictions it will be around 9 -10M,
and steadily brightens to 8™ as it
moves towards opposition in Scutum
in early July. Its slow motion
northwards and westwards continues
throughout the summer and autumn till
late September, when it is in
Ophiuchus. Eastward motion resumes
and by November it should reach
naked eye visibility, still in Ophiuchus.
At year's end it has entered Serpens,
with a brief period of v151b|llty in both
dusk and dawn sky. Now 4M.5M
may have a short tail, pointing north
Fig 1 shows the comet's path from
April 15 to June 23.

Comet Prospects for 1996

29P/Schwassmann-Wachmann 1

This annual comet has frequent
outbursts and seems to be more often
active than not, though it rarely gets
brlghter than 12™, 1t is at opposition
in late February in Sextans and should
be observable until late May. It is then
in conjunction until early November
and it will be observable in Virgo for
the rest of the year. This comet is an
ideal target for those equipped with
CCDs and it should be observed at
every opportunity.

45P/Honda-Mrkos-Pajdusakova
P/Honda-Mrkos-Pajdusakova, which
has a period of around 5.3 years, will
be making its 9th observed return since
discovery in 1948 (it was missed in
1959). The comet won't be visible
from the northern hemisphere until late
January, when it may be picked up in
binoculars in the moming sky in
Serpens/Ophluchus as it fades rapidly
from 8™ It moves north and
westwards. reaching 13™ by the end of
February when it is in Coma.

67P/Churymov-Gerasimenko

This comet has already been recovered
and is making its Sth return since
discovery in 1969. At a good
apparition, such as in 1982, when it
was well observed by the comet
section, it can reach 9™. This time it
gets no closer than 0.9 AU, but may be
observable until February in the
evening sky, moving from Pisces to

Aries, though 1t is unlikely to get
brighter than 12m

22P/Kopff

P/Kopff has already been recovered
and is making its 14th observed return
since its discovery in 1906 (it was
missed at its first return in 1912). This
apparition is about as favourable as
possible with the comet reaching
perihelion on July 2nd and opposition
9 days later, when it is 0.6 AU from the
earth at a declination of -19°. It should
become visible in the moming sky in
mid April at around 11™, It brlghtens
steadily and should be at least 9™ by
June, with some predictions making it
as brlght as 7M. It remains at a similar
magnitude throughout June and July,
but begins to fade and move south in
August and will probably be lost to
view from the UK around mid month.
Fig 1 shows comet's path from May 27
to August 25.

65P/Gunn

P/Gunn is too far south, lying near the
ecliptic in  Scorpius, for easy
observation from the UK, but is well
placed for more favourably located
observers. It reaches opposition in
May and perihelion is a couple of
months later, though at best it is only
12M. The comet was discovered in
1970 after a perturbation by Jupiter in
1965 had reduced the perihelion
distance from 3.39 to 244 AU. In
1980 two prediscovery images were
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found on Palomar plates taken in 1954,
The comet can be followed all round
the orbit as it has a relatively low
eccentricity of 0.32.

P/1983 M1 (IRAS)

P/IRAS, discovered by the Infra-Red
Astronomy Satellite, is returning for
the first time. It should be picked up
by southern hemisphere observers in
Tucana in August when it is 12™, It is
brightest in October, but doesn't move
far enough north to be seen from the
UK until November when it has faded
to 11™. It should then be possible to
follow it until the end of the year as it
moves through Capricomus, Aquarius
and Pegasus.

Two comets that reach perihelion in
1997 will become visible at the end of
the year. 46P/Wirtanen will be in the
evening sky in Capriconus at 13M,
though not visible from the UK until
the end of January 1997. 81P/Wild 2 is
in Cancer and brightens from 13™ to
12M in December as it approaches
opposition in January 1997. Further
details of both these comets will be
given in the prospects for 1997.

A number of fainter comets have

March/April, 15™), 116P/Wild _4
(opposition January, 14m),
1 l9P/Parker-Hartl% (opposition
January 1997, 15°) and P/1989 E2
(Shoemaker-Holt  2)  (opposition
February 1997, 13™). Ephemerides for
all these can be found on the comet

section WWW page.

Several other comets return to
perihelion during 1996, however they
are unlikely to become bright enough
to observe or are poorly placed. These

include: 7P/Pons-Winnecke,
32P/Comas Sola, 57P/du Toit-
Neujmin-Delporte, 72P/Denning-

Fujikawa, 96P/Machholz 1 and P/1991
F1 (Mrkos) which have unfavourable
retuns and  111P/Helin-Roman-
Crockett, P/1987 U2 (Mueller 1),
P/1989 E3 (West-Hartley) and P/1991
R2 (Spacewatch) which are
intrinsically faint or distant comets.
D/1978 C2 (Tritton) was not observed
at its last return.

Details of the date of perihelion (T),
perihelion distance (q), period (P), the
number of previously observed returns
(N) and the magnitude parameters H1
and K1 for each comet are given
below.

Harrington, 46P/Wirtanen,
78P/Gehrels 2, 81P/Wild 2, and
100P/Hartley 1. The return of
2P/Encke is a good one for the
southern hemisphere, but it will not be
visible from the UK. At the end of the
year, 55P/Tempel-Tuttle, the parent
comet of the Leonids may become
visible.  The highlight of the year
should be comet 1995 O1 (Hale-Bopp)
which is predicted to reach peak
brightness in late March, when it may
have a tail stretching to the pole.
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favourable returns and may be of : Jonathan Shanklin
interest to CCD observers. These 1997 includes favourable returns of
include  95P/Chiron  (opposition comets 2P/Encke, 43P/Wolf-
Comets reaching perihelion in 1996
Comet T q P N HI K1
7P/Pons-Winnecke Jan 02.5 1.26 6.37 20 10.0 15
67P/Churyumov-Gerasimenko Jan 17.7 1.30 6.59 4 9.5 10
95P/Chiron Feb 14.8 8.45 50.7 3
57P/du Toit-Neujmin-Delporte Mar 05.6 1.72 6.39 4 12.5 15
P/1987 U2 (Mueller 1) Apr25.5 2.74 8.41 1 12.0 10
P/1989 E3 (West-Hartley) May 12.0 2.13 7.59 1 11.5 10
72P/Denning-Fujikawa May 29.8 0.79 9.03 2 15.5 25
32P/Comas Sola Jun 10.5 1.85 8.83 8 6.5 20
119P/Parker-Hartley Jun 26.0 3.05 8.89 1 9.0 8
22P/Kopff Jul 02.2 1.58 6.45 13 3.0 26
P/1991 R2 (Spacewatch) Jul 16.9 1.54 5.56 1 13.5 15
65P/Gunn Jul 24.4 2.46 6.83 5 5.0 15
P/1989 E2 (Shoemaker-Holt 2) Aug 20.2 2.66 8.05 1 4.5 15
116P/Wild 4 Aug31.2 1.99 6.16 1 5.0 20
96P/Machholz 1 Oct 15.1 0.12 5.24 2 13.0 12
P/1983 M1 (IRAS) Oct 31.7 1.70 13.3 1 6.0 20
111P/Helin-Roman-Crockett Oct 31.8 3.49 8.16 1 50 - 20
. D/1978 C2 (Tritton) Nov 05.0 1.44 6.34 1 13.0 20
P/1991 F1 (Mrkos) Nov 09.0 1.41 5.64 1 12.5 20

Note: mj; =H1 +5.0 * log(d) + K1 * log(r)

Review of comet observations for 1995 June - 1995 October

The information in this report is a
synopsis of material gleaned from IAU
circulars 6177 - 6253 and The
Astronomer (1995 June - 1995
October). Lightcurves for the brighter

comets are from observations
submitted to The Astronomer and the
Director. Note that the figures quoted
are rounded off from their original
published accuracy. A full report of

the comets seen during the year will be
published in the Journal in due course.
For the latest information see the
section www page.
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My rather gloomy predictions for
comet 6P/d'Arrest proved wrong and it
reached 8 in early August, although
the large coma was of low surface
brightness and quite hard to see.
Mikuz was able to pick it up with his
CCD camera at the end of May when it
was 17, Vlsually, it brightened very
rapidly from 13™ at the end of June to
around 8-9° at the beginning of
August. Observation from the UK
rapidly became harder as it moved
south and it was not observed after the
end of August. The light curve is quite
different to that of most comets and it
seems to switch on at 1.41 AU and
continue at almost constant brightness
after perihelion.

19P/Borrelly was observed with the
Hubble Space Telescope. The team
making the observations suggest that
the nucleus is an oblate spheroid of 8.3
x 3.3 km and rotates with a period of
24.7 hours.

29P/Schwassmann-Wachmann 1
emerged from conjunction in October
and was observed to be in outburst on
October 20/21 at 13.3™, It is worth
following by those equipped with CCD
cameras as it is frequently in outburst
at around 13th mag.

41P/Tuttle-Giacobini-Kresak went into
outburst in mid August, reaching about
8™ on the 17th before fading to 10™
by the end of the month.

58P/Jackson- Neu3mm was rather
fainter than I predicted, reachmg 15™
in early August and 12™ by mid
September.

71P/Clark was well placed for
observation for observers located
further south than the UK and reached
11-12™,

73P/Schwassmann-Wachmann 3 was
reported at 13™ in mid August. In
October it underwent an outburst,
reaching naked eye brightness with a
1.5° long dust tail.

81P/Wild 2 was observed at mag 22 in
late August.

P/1995 M1 (Shoemaker-Levy 4) =
118P was recovered by Jim Scotti with
the Spacewatch telescope.
P/1995 M2 (Parker-Hartley) = 119P
was also recovered by Scotti.

1995 O1 (Hale-Bopp). Details of the
discovery and prospects are given in
the front page article. David Strange
obtained CCD images of the comet on
July 28th and Melvyn Taylor made a
visual sighting from Yorkshire on
August  26th, I attempted an
observation on September 28th, but
could only see field stars of a
comparable magnitude to the comet.

1995 O2 (Mueller 1) = 120P was
another recovery by Jim Scotti with the
Spacewatch telescope.

1995 Q1 (Bradfield) is William
Bradfield's seventeenth comet and was
6™, with a 3° tail when discovered. It
moved into solar conjunction and
became visible in the momning sky
from the UK after perihelion, but faded

and did not show a tail. Initially well
condensed, it became more dif fuse and
larger in size as it faded. The light
curve is relatively flat and the
observations so far available suggest
that it is fading as 5 log r.

1995 Q2 (Hartley-Drinkwater) was
dlscovered on a UK Schmidt plate at
14™ but faded after discovery.

P/1995 Q3 (Shoemaker-Holt 2) = 121P
was recovered by Jim Scotti with the
Spacewatch telescope at mag 21.

P/1995 S1 (de Vico) = 122P. Comet
1995 S1 turned out to be P/de Vico
which has a period of around 75 years
and was last seen in 1846. It was
missed in 1922, although it was well
placed in the evening sky and 7™
during April that year. This suggests
that perhaps the completeness of the
records of near naked eye comets in
past years is not quite as good as we
thought it was. It is one of the best
comets for several years, with a well
condensed coma and a tail 2° long.
Observations so far show a reasonably
well behaved light curve which fits that
used in the ephemeris quite well.

P/1995 S2 (West-Hartley) = 123P was
recovered by Jim Scotti and Tom
Gehrels with the Spacewatch telescope.

P/1995 S3 (Mrkos) 124P was
recovered by C W Hergenrother at Kitt
Peak and amateur Warren Offutt of
Cloudcroft, New Mexico using a CCD
on his 0.6-mreflector.

DeepSpace Version 5.12 for MS DOS.

David Chandler Company, 1995. $136
(CD ROM), $96 (disk), $7
(Shareware).

I obtained a review copy of this
software in response to an advert
appearing in Sky & Tel which suggests
that it is the premier software for comet
observers. . The software arrives in a
nicely packaged box and comes
complete with a comprehensive
manual. Installation is straightforward
and the full version takes up around 14
MB on the hard disc; a shareware
version is also available which takes up
less than 4 MB. The program is DOS
based and rather to my surprise has no
mouse support. In addition to the
Guide Star Catalogue the CD-ROM
has the NASA Skymap stellar database,
the Saguaro astronomy club deepsky
database, the JPL asteroid and comet

database and comet elements from the
CBAT 9th comet catalogue.

The user interface has a clunky feel to
it when compared to many windows
based programs. The package has been
designed with a US market in mind; far
southern latitudes cause problems for
the almanac computation (though
admittedly not many observers go to
Antarctica) and in particular the printer
support assumes US page dimensions
of 8.5" x 11", rather than the
international A4. There are ways
round the resulting clipping, but you
need some knowledge of postscript or a
certain amount of trial and error. The
computation was reasonably fast on my
386 PC with math co-processor, but it
rather annoyingly recomputes positions
for the moon and planets each time it
redraws a map. There is no find
facility and zooming and centering are

clumsy due to the lack of mouse
support. The program can produce a
daily almanac which is very useful for
planning observing sessions, though it
is a pity that user limits for twighlight
and minimum altitude cannot be set.

The comet elements are very easy to
access and update and also enable you
to investigate observing circumstances,
particularly useful in checking out
what might be seen for comet 1995 O1
in comparison to great comets of the
past. You can plot tracks of comets,
complete with tail orientation, or
asteroids across the sky or with respect
to the horizon and in a variety of
projections. Particularly nice is the all
sky projection which, for example, can
be used to provide very handy finder
charts for meteor showers, though it is
not possible to add user labels. You
can also produce ephemerides, but with
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both ephemerides and tracks the start
point is the present date and the online
ephemeris has no page hold.

The software also has many
educational uses and comes bundled
with several other products, such as

one to compute times of minima for
Algol and a demonstration version of
one to plot planetary motions. It lacks
the polish of many competing
products, but the author responds to
queries quickly and is contactable via
e-mail. For the moment I would

recommend obtaining the shareware
version, but program development in
response to market pressure should
enable it to live up to its claims.

The Legacy of Comet Shoemaker-Levy 9

Comet SL9 may no longer be with us
but the data acquired before its demise
is still the basis of an active industry.
Papers presented at the 27th Annual
Meeting of the Division for Planetary
Sciences of the American Astronomical
Society, which took place in Hawaii
between 9 and 13 October 1995, threw
light on the pre-breakup history and
activity of the comet, but unleashed
confusion and disagreement about its
structure and what it may be telling us
about the nature of comets in general.

Re-interpreting history

Integration back in time before the
breakup of SL9 in July 1992 should , in
principle, reveal how long it had been
orbiting Jupiter, how it was captured
and what kind of heliocentric orbit it
was in prior to.capture. In practice,
however, it is not possible to produce
definitive answers because of the
chaotic nature of the problem. Small
errors in the orbital elements used to
start with are magnified by the comet's
previous close approaches to Jupiter, so
a whole range of possible histories
could have resulted in the orbit finally
observed.

To tackle the problem statistically, Paul
Chodas and Don Yeomans of JPL
worked back in time starting with a
random set of 1000 different orbital
elements, all within the known
uncertainties of SL9's observed orbit.
They included the gravitational effects
of the Sun, the planets, the Galilean
satellites and the oblateness of Jupiter.
Each integration was continued until
the point was reached where the 'test'
comet was no longer in orbit around
Jupiter. Its heliocentric orbital
elements at that point were recorded.

The results indicate convincingly that
the most likely time of capture was the
year 1929, plus or minus 9 years. It is
very unlikely that capture took place
later than 1960. (Is it significant that
Gene Shoemaker was born in 1928,
and Carolyn in 1929, some
wondered?).

Jacqueline Mitton

The statistics regarding the heliocentric
orbit immediately before capture
indicate that SL9 was a typical Jupiter
family comet, with orbital inclination
less than 6 degrees and a low
eccentricity, no more than 0.3. Its orbit
could have been entirely inside
Jupiter's, with capture occurring
around aphelion, or entirely outside
Jupiter's, with capture near perihelion.
The interior orbit turned out to be three
times more likely. The most likely pre-
capture orbit had an aphelion near 4.7
AU and eccentricity of about 0.1.
Chodas and Yeomans noted that this
orbit would have taken the comet
through Jupiter's ring just before
breakup.

Breaking up is hard to do

Erik Asphaug (NASA Ames) and
Willy Benz (University of Arizona),
looked at the tidal forces that acted on
SL9 and the implications for the
structural strength of the comet. They
came to the startling conclusion that its
strength was minuscule. If in their
theoretical models they set the comet's
strength as high as one millionth that
of ice, they could not get it to break
into more than two pieces. The
implication that comets may be
extremely loose aggregations of
material was challenged by some at the
meeting, who saw it as 'a step
backwards' in understanding comets.
The SL9 phenomenon seems to have
reopened an old debate about the
nature of comet nuclei.

Assuming that crater chains seen on
Ganymede and Callisto are the results
of the impacts of fragmented comets,
William McKinnon, Paul Schenk and
Erik Asphaug studied the geometry of
crater chains to deduce the density of
the original comets. They came out
with answers around 0.5 to 1 g per
cubic cm, and a scenario consistent
with the notion that comets are
structurally very weak.

The dusty answer

Hubble Space Telescope images of SL9
after opposition (29 April 1994)
showed no dust feature in the anti-
sunward  direction. This was
interpreted by many as meaning that
the fragments were not actively
producing dust. However, Joseph
Hahn, Terrence Rettig (Notre Dame
University) and  Michael Mumma
(NASA GSFC) say that the photometry
on images taken in January and March
1994 suggests the opposite.  The
profiles are consistent with an active
comet surrounded by a dust coma
disturbed by radiation pressure. Later
images, from June and July, show two
dust tails, one aligned towards Jupiter
and one pointing away.

These researchers constructed a
mathematical model of dust production
by the comet fragments, including the
effects of radiation pressure together
with solar and jovian gravity. They
discovered that the absence of an anti-
sunward feature to the east of the
fragments after opposition is not
evidence  against  dust-producing
activity. It turns out that, for
sufficiently large dust grains (larger
than about 10 microns), the
combination of their velocity and the
viewing geometry results in dust being
seen only on the west side. The
outflow velocity was estimated to be
0.4 m/s.

Larger grains (500 microns and up)
were also present and their contribution
was pronounced in the June and July
observations, the smaller grains being
confined to the 'leading' tail.

David Levy reflects on what we learned
Jfrom Comet SL9

Invited to give the media his 'top ten'
points on what we learned from Comet
SL9, he came up with a list,
dramatically and eloquently revealed in
reverse order. Here isthe summary of
what he said:

10. Small comets can make big black
marks!
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9. Had it hit Earth, there would have
been at least a two-month global dust
cloud.

8. Comets are extremely fragile.

7. If it was so fragile, how did it
manage to hold together such a vast
observing program!

6. If impacts have such a dramatic role
in shaping the solar system, why can't

politicians balance the national budget!
5. The resolving power of a small
telescope can become front-page news
(as it did on 14th July 1994).

4. There are too few searches going on
to determine whether Earth's 'number'
is on some comet or asteroid.

3. Earth is a lonely, vulnerable planet.
2. Comets may in the past have

deposited organic material

which formed the basis for life.

1. The age-old allure of comets is as
great as ever.

The following snippets are from a
variety of sources, though many come
from the intemet:

Crater mystery - from "Earth Week"
Sept 30.

Scientists in Brazil's northeastern state
of Piaui are baffled by a crater that was
punched into the tropical rain forest
shortly after witnesses reported seeing
a bright light streak across the sky.
Researchers are uncertain whether the
crater, 5 metres wide and 10 metres
deep, was left by a meteorite or a piece
of a comet. Physicist Paulo Frota of
the University of Piaui believes it was
caused by a block of ice from a comet
because the surrounding vegetation is
not burmed and the crater's rim is not
raised.

Although large blocks of ice have been
reported falling from the sky, none
have been confirmed to have extra
terrestrial origin. In this case the
reported dimensions of the crater seem
inconsistent with an impact origin. No
details are given of the geology of the
region, but a sink-hole would seem a

Notes from Journals
more likely explanation.
The 1930 August 13 ‘'Brazilian

Tunguska event' - from The
Observatory, 1995 October

Mark Bailey et al report on an article
written by a Catholic missionary which
appeared in the papal newspaper in
1931. The missionary reports on three
fireballs which exploded over the
upper reaches of the Amazon and
terrified the local inhabitants. The
authors of the paper suggest that the
effects reported are similar to those
seen during the Tunguska event and
point out that the timing coincides with
the Perseid meteor shower.

Some follow-up postings on the
intemet from Duncan Steel note that
the date is similar to the
Wyoming/Montana fireball of 1972
August 12. He also reports of another
similar event that occurred over
Guyana on 1935 December 11,
possibly covering a larger area than the
Tunguska event (See also The Sky,
1939 September, pp 8-10). The date of
this event ties in with the Geminid

meteor shower.
STARDUST

NASA scientists and engineers are
designing a STARDUST spacecraft for
launch in February 1999. One of the
Discovery Program satellites, it would
be scheduled to rendezvous with comet
81P/Wild 2 in December 2003 and
return cometary material to Earth for
analysis. It is also hoped that the
spacecraft could recover grains from an
interstellar dust stream that is bringing
material into the solar system. Further
information on the project is available
on the www at
http://pdc.jpl.nasa.gov/stardust/home.h
tml

Comet 81P/Wild 2 has a moderately
favourable return in 1997 when it will
reach 10.5™. From the UK it should
become visible in December 1996 and
remain visible until June 1997. More
details on this and European comet
missions will appear in the next issue.

Light Curves
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~,

We have received few drawings of comets in recent .
years, so I have introduced a new observing blank to
encourage observers to make drawings. Good drawings

will be used to illustrate future section reports in the )
Journal. A copy of the blank and the section report form .
are on the last two pages of this supplement; please let *

me know if you need more copies of them.

Ephemerides are given for comets:

¢ 22P/Kopff,

Introduction

45P/Honda-Mrkos-Pajdusakova, (Southern
hemisphere in December, UK for January and
February)

65P/Gunn, (Southern hemisphere only)
67P/Churymov-Gerasimenko,
73P/Schwassmann-Wachmann 3, (Equator in

November and early December, UK from mid
December and January)

¢ P/1995 S1 (de Vico),

¢ C/1995 O1 (Hale-Bopp),

¢ C/1995 Q1 (Bradfield)

¢ 29P/Schwassmann-Wachmann 1 (a target for CCD

observers),

Comet 22P/Kopff will form a summer project next year
as it has a good return and I hope that we will be able to
obtain full coverage of it.

The comet ephemerides are
generally for the UK at a latitude
of 53° N on the Greenwich
meridian and give the following:-

¢ Name of comet

¢ Orbital elements (epoch
2000). The orbital elements
are taken from the IAU
circulars or the latest
IAU/CBAT/MPC comet
catalogue.

¢ Magnitude formula

Where the comet is invisible from
the UK other locations may be
used; these will either be the
Equator or latitude 40° S always at
longitude 0°. The use of longitude
0° means that the times given can
be used as local times.

¢ Month, year. All times are in
Greenwich Mean
Astronomical Time (GMAT),
i.e. the day is the day on
which the night starts. To
convert to UT (GMT) add 12

Comet Ephemerides

hours. If the value is greater
than 24, add 1 to the day and
subtract 24 from the hour. If
necessary, convert to local
time. Strictly ephemeris time
is used which is currently
some 60 seconds ahead of
UT.

¢ Column headings:

a) Double-date format. Time in
GMAT. 12.0 is midnight UT.

b) Right ascension in hours and
minutes. Declination in
degrees and minutes. (These
are for epoch 1950).

c) Magnitude of comet. Thisis an
indication only and may be
several magnitudes out. A
comet appears much fainter in
a large telescope than in
binoculars.

d) Distance from the Earth in AU.

e) Distance from the Sun in AU.

f) Time of transit, i.e. when the
comet is highest in the sky.

g) Period of visibility subject to
the constraints that the sun
must be 13° or more below
the horizon (ie the sky is
dark) and the comet a distance
above the horizon depending
on its brightness. The comet
may be visible outside this
period and it should be taken
as a rough guide only. A
comet may be visible outside
these limits if conditions are
good or it is brighter than
predicted; equally you might
find that a comet is invisible
within them, particularly in

Ephemeris for 22P/Kopff

Omega=162.8460 OMEGA=120.9160 i=
6.445 T= 1996 July

e=0.543900 P=

-16
-16.
-16
-16
-16
-16.

-16.33

.20

22

.25
.27
.29

31

March 1996
Day Time R.A. B1950 Dec
1/ 2 12.0 16 32.3
2/ 3 12.0 16 34.3
3/ 4 12.0 16 36.3
4/ 5 12.0 16 38.3
5/ 6 12.0 16 40.4
6/ 7 12.0 16 42.4
7/ 8 12.0 16 44.4
8/ 9 12.0 16 46.4

-16.

35

2.2330

Times in GMAT

4.7210 g= 1.579530 a=

poor skies.
h) Elongation from the sun in
degrees.
Ephemerides follow
3.463122

Equinox= 2000
Magnitudes calculated from m= 3.0+5.0*Log(d)+25.0*Log (r)+0.000*Beta

Mag D R Trans
11.5 1.67 1.97 17.55
11.5 1.66 1.97 17.53
11.4 1.64 1.96 17.51
11.4 1.63 1.96 17.49
11.3 1.61 1.95 17.47
11.3 1.60 1.95 17.45
11.2 1.58 1.94 17.43
11.2 1.57 1.94 17.41

Observable Elong
Not Observable 92
Not Observable 93
Not Observable 93
Not Observable 94
Not Observable 94
Not Observable 95
17.03 to 17.10 95
16.54 to 17.08 96
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i
9/10 12.0 16 48.4 -16.37 11.1 1.55 1.93 17.39 16.46 to 17.05 96
10/11 12.0 16 50.4 -16.39 11.1 1.54 1.93 17.37 16.39 to 17.03 97
11/12 12.0 16 52.4 -16.40 11.0 1.52 1.92 17.35 16.32 to 17.00 97
12/13 12.0 16 54.4 -16.42 11.0 1.51 1.92 17.33 16.26 to 16.58 98
13/14 12.0 16 56.3 -16.43 10.9 1.49 1.91 17.31 16.19 to 16.56 98
14/15 12.0 16 58.3 -16.44 10.9 1.48 1.91 17.30 16.13 to 16.53 99
15/16 12.0 17 0.3 -16.46 10.8 1.47 1.90 17.28 16.08 to 16.51 99
16/17 12.0 17 2.3 -16.47 10.8 1.45 1.90 17.26 16.02 to 16.48 100
17/18 12.0 17 4.3 -16.48 10.7 1.44 1.89 17.24 15.57 to 16.46 100
18/19 12.0 17 6.3 -16.48 10.7 1.42 1.89 17.22 15.51 to 16.43 101
19/20 12.0 17 8.3 -16.49 10.6 1.41 1.88 17.20 15.46 to 16.41 101
20/21 12.0 17 10.2 -16.50 10.6 1.40 1.88 17.18 15.41 to 16.38 102
21/22 12.0 17 12.2 -16.51 10.5 1.38 1.87 17.16 15.36 to 16.35 102
22/23 12.0 17 14.2 -16.51 10.5 1.37 1.87 17.14 15.31 to 16.33 103
23/24 12.0 17 16.1 -16.51 10.4 1.36 1.86 17.12 15.26 to 16.30 103
24/25 12.0 17 18.1 -16.52 10.4 1.34 1.86 17.10 15.22 to 16.28 104
25/26 12.0 17 20.1 -16.52 10.3 1.33 1.85 17.08 15.17 to 16.25 104
26/27 12.0 17 22.0 -16.52 10.3 1.32 1.85 17.06 15.12 to 16.22 105
27/28 12.0 17 24.0 -16.52 10.2 1.30 1.84 17.04 15.08 to 16.20 106
28/29 12.0 17 25.9 -16.52 10.2 1.29 1.84 17.02 15.03 to 16.17 106
29/30 12.0 17 27.8 -16.52 10.1 1.28 1.83 16.60 14.59 to 16.14 107
30/31 12.0 17 29.8 -16.52 10.1 1.26 1.83 16.58 14.54 to 16.12 107
31/32 12.0 17 31.7 -16.51 10.0 1.25 1.82 16.56 14.50 to 16.09 108
April 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 17 33.6 -16.51 10.0 1.24 1.82 16.54 14.46 to 16.06 108
2/ 3 12.0 17 35.5 -16.51 9.9 1.23 1.81 16.52 14.41 to 16.04 109
3/ 4 12.0 17 37.4 -16.50 9.9 1.21 1.81 16.50 14.37 to 16.01 109
4/ 5 12.0 17 39.3 -16.49 9.8 1.20 1.80 16.48 14.33 to 15.58 110
5/ 6 12.0 17 41.2 -16.49 9.8 1.19 1.80 16.46 14.29 to 15.55 110
6/ 7 12.0 17 43.1 -16.48 9.7 1.18 1.79 16.44 14.25 to 15.53 111
7/ 8 12.0 17 45.0 -16.47 9.7 1.16 1.79 16.42 14.20 to 15.50 111
8/ 9 12.0 17 46.8 -16.46 9.6 1.15 1.79 16.39 14.16 to 15.47 112
9/10 12.0 17 48.7 -16.45 9.6 1.14 1.78 16.37 14.12 to 15.44 112
10/11 12.0 17 50.5 -16.44 9.5 1.13 1.78 16.35 14.08 to 15.41 113
11/12 12.0 17 52.4 -16.43 9.5 1.12 1.77 16.33 14.04 to 15.39 113
12/13 12.0 17 54.2 -16.42 9.4 1.11 1.77 16.31 14.00 to 15.36 114
13/14 12.0 17 56.0 -16.40 9.4 1.09 1.76 16.29 13.56 to 15.33 114
14/15 12.0 17 57.9 -16.39 9.3 1.08 1.76 16.27 13.52 to 15.30 115
15/16 12.0 17 59.7 -16.38 9.3 1.07 1.76 16.25 13.48 to 15.27 116
16/17 12.0 18 1.4 -16.36 9.2 1.06 1.75 16.23 13.45 to 15.25 116
17/18 12.0 18 3.2 -16.35 9.2 1.05 1.75 16.20 13.41 to 15.22 117
18/19 12.0 18 5.0 -16.34 9.1 1.04 1.74 16.18 13.37 to 15.19 117
19/20 12.0 18 6.7 -16.32 9.1 1.03 1.74 16.16 13.33 to 15.16 118
20/21 12.0 18 8.5 -16.30 9.0 1.02 1.74 16.14 13.29 to 15.13 118
21/22 12.0 18 10.2 -16.29 9.0 1.01 1.73 16.12 13.25 to 15.10 119
22/23 12.0 18 11.9 -16.27 8.9 1.00 1.73 16.09 13.21 to 15.07 119
23/24 12.0 18 13.6 -16.26 8.9 0.98 1.72 16.07 13.18 to 15.05 120
24/25 12.0 18 15.3 -16.24 8.8 0.97 1.72 16.05 13.14 to 15.02 120
25/26 12.0 18 17.0 -16.22 8.8 0.96 1.72 16.03 13.10 to 14.59 121
26/27 12.0 18 18.7 -16.21 8.7 0.95 1.71 16.00 13.06 to 14.56 122
27/28 12.0 18 20.3 -16.19 8.7 0.94 1.71 15.58 13.03 to 14.53 122
28/29 12.0 18 21.9 -16.17 8.6 0.93 1.70 15.56 12.59 to 14.50 123
29/30 12.0 18 23.5 -16.16 8.6 0.92 1.70 15.53 12.55 to 14.47 123
30/31 12.0 18 25.1 -16.14 8.6 0.91 1.70 15.51 12.52 to 14.44 124
May 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 18 26.7 -16.12 8.5 0.91 1.69 15.49 12.48 to 14.42 124
2/ 3 12.0 18 28.3 -16.11 8.5 0.90 1.69 15.46 12.44 to 14.39 125
3/ 4 12.0 18 29.8 -16.09 8.4 0.89 1.69 15.44 12.40 to 14.36 126
4/ 5 12.0 18 31.4 -16.08 8.4 0.88 1.68 15.41 12.37 to 14.33 126
5/ 6 12.0 18 32.9 -16.06 8.3 0.87 1.68 15.39 12.33 to 14.30 127
6/ 7 12.0 18 34.4 -16.04 8.3 0.86 1.68 15.37 12.30 to 14.27 127
7/ 8 12.0 18 35.9 -16.03 8.2 0.85 1.67 15.34 12.26 to 14.24 128
8/ 9 12.0 18 37.3 -16.02 8.2 0.84 1.67 15.32 12.22 to 14.21 129
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9/10 12.0 18 38.8 -16.00 8.2 0.83 1.67 15.29 12.19 to 14.18 129
10/11 12.0 18 40.2 -15.59 8.1 0.82 1.66 15.27 12.15 to 14.15 130
11/12 12.0 18 41.6 -15.58 8.1 0.82 1.66 15.24 12.11 to 14.13 130
12/13 12.0 18 42.9 -15.56 8.0 0.81 1.66 15.21 12.08 to 14.10 131
13/14 12.0 18 44.3 -15.55 8.0 0.80 1.65 15.19 12.04 to 14.07 132
14/15 12.0 18 45.6 -15.54 7.9 0.79 1.65 15.16 12.01 to 14.04 132
15/16 12.0 18 46.9 -15.53 7.9 0.78 1.65 15.14 11.57 to 14.01 133
16/17 12.0 18 48.2 -15.53 7.9 0.78 1.65 15.11 11.54 to 13.58 134
17/18 12.0 18 49.5 -15.52 7.8 0.77 1.64 15.08 11.50 to 13.55 134
18/19 12.0 18 50.7 -15.51 7.8 0.76 1.64 15.06 11.47 to 13.53 135
19/20 12.0 18 51.9 -15.51 7.7 0.75 1.64 15.03 11.43 to 13.50 136
20/21 12.0 18 53.1 -15.50 7.7 0.75 1.64 15.00 11.39 to 13.47 136
21/22 12.0 18 54.2 -15.50 7.7 0.74 1.63 14.57 11.36 to 13.44 137
22/23 12.0 18 55.4 -15.50 7.6 0.73 1.63 14.54 11.32 to 13.41 138
23/24 12.0 18 56.5 -15.50 7.6 0.73 1.63 14.52 11.29 to 13.38 138
24/25 12.0 18 57.6 -15.50 7.6 0.72 1.63 14.49 11.26 to 13.36 139
25/26 12.0 18 58.6 -15.50 7.5 0.71 1.62 14.46 11.22 to 13.33 140
26/27 12.0 18 59.7 -15.51 7.5 0.71 1.62 14.43 11.19 to 13.30 140
27/28 12.0 19 0.7 -15.51 7.5 0.70 1.62 14.40 11.15 to 13.27 141
28/29 12.0 19 1.6 -15.52 7.4 0.69 1.62 14.37 11.12 to 13.25 142
29/30 12.0 19 2.6 -15.53 7.4 0.69 1.61 14.34 11.08 to 13.22 143
30/31 12.0 19 3.5 -15.54 7.4 0.68 1.61 14.31 11.05 to 13.19 143
31/32 12.0 19 4.4 -15.55 7.3 0.68 1.61 14.28 11.01 to 13.17 144

Ephemeris for 29P/Schwassmann-Wachmann 1

Omega= 46.4000 OMEGA=312.8230 i= 9.3840 g= 5.752980 a= 6.015685
e=0.043670 P= 14.755 T= 1989 September 10.5410 Equinox= 2000
Magnitudes calculated from m= 6.0+5.0*Log(d) +10.0*Log (r) +0.000*Beta

November 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 10 36.2 5.48 18.1 6.68 6.25 19.55 15.40 to 17.34 60
3/ 4 12.0 10 37.1 5.41 18.1 6.65 6.25 19.48 15.34 to 17.37 62
5/ 6 12.0 10 38.0 5.33 18.1 6.62 6.25 19.41 15.28 to 17.40 64
7/ 8 12.0 10 38.8 5.26 18.1 6.60 6.25 19.34 15.21 to 17.44 65
9/10 12.0 10 39.7 5.19 18.0 6.57 6.25 19.27 15.15 to 17.47 67
11/12 12.0 10 40.5 5.12 18.0 6.54 6.25 19.20 15.09 to 17.50 69
13/14 12.0 10 41.2 5.06 18.0 6.51 6.25 19.13 15.02 to 17.53 71
15/16 12.0 10 42.0 4.59 18.0 6.47 6.25 19.06 14.56 to 17.56 72
17/18 12.0 10 42.7 4.53 18.0 6.44 6.25 18.59 14.49 to 17.59 74
19/20 12.0 10 43.3 4.47 18.0 6.41 6.25 18.52 14.42 to 18.02 76
21/22 12.0 10 44.0 4.41 18.0 6.38 6.25 18.44 14.36 to 18.05 78
23/24 12.0 10 44.6 4.35 18.0 6.35 6.25 18.37 14.29 to 18.08 80
25/26 12.0 10 45.1 4.29 18.0 6.32 6.25 18.30 14.22 to 18.11 82
27/28 12.0 10 45.7 4.23 17.9 6.28 6.25 18.22 14.15 to 18.14 83
29/30 12.0 10 46.2 4.18 17.9 6.25 6.25 18.15 14.09 to 18.16 85
December 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 10 46.6 4.13 17.9 6.22 6.25 18.08 14.02 to 18.19 87
3/ 4 12.0 10 47.0 4.08 17.9 6.19 6.25 18.00 13.55 to 18.21 89
5/ 6 12.0 10 47.4 4.03 17.9 6.15 6.25 17.53 13.48 to 18.24 91
7/ 8 12.0 10 47.8 3.59 17.9 6.12 6.25 17.45 13.41 to 18.26 93
9/10 12.0 10 48.1 3.54 17.9 6.09 6.25 17.37 13.33 to 18.28 95
11/12 12.0 10 48.3 3.50 17.9 6.06 6.25 17.30 13.26 to 18.30 97
13/14 12.0 10 48.6 3.46 17.9 6.03 6.25 17.22 13.19 to 18.31 99
15/16 12.0 10 48.8 3.43 17.8 5.99 6.25 17.14 13.12 to 18.33 101
17/18 12.0 10 48.9 3.39 17.8 5.96 6.25 17.07 13.04 to 18.34 103
19/20 12.0 10 49.0 3.36 17.8 5.93 6.25 16.59 12.57 to 18.36 105
21/22 12.0 10 49.1 3.33 17.8 5.90 6.25 16.51 12.49 to 18.37 107
23/24 12.0 10 49.1 3.30 17.8 5.87 6.25 16.43 12.42 to 18.38 109
25/26 12.0 10 49.1 3.28 17.8 5.84 6.25 16.35 12.34 to 18.39 111
27/28 12.0 10 49.0 3.26 17.8 5.81 6.25 16.27 12.26 to 18.39 113
29/30 12.0 10 48.9 3.24 17.8 5.78 6.25 16.19 12.18 to 18.39 115
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31/32 12.0 10 48.8 3.22 17.8 5.75 6.25 16.11 12.11 to 18.40 117
January 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 10 48.7 3.21 17.8 5.73 6.25 16.07 12.07 to 18.40 118
3/ 4 12.0 10 48.5 3.20 17.7 5.71 6.25 15.59 11.59 to 18.40 120
5/ 6 12.0 10 48.3 3.19 17.7 5.68 6.25 15.51 11.51 to 18.39 122
7/ 8 12.0 10 48.0 3.18 17.7 5.65 6.25 15.43 11.43 to 18.39 124
9/10 12.0 10 47.7 3.17 17.7 5.62 6.25 15.35 11.34 to 18.38 126
11/12 12.0 10 47.3 3.17 17.7 5.60 6.25 15.27 11.26 to 18.37 128
13/14 12.0 10 46.9 3.17 17.7 5.57 6.26 15.18 11.18 to 18.36 130
15/16 12.0 10 46.5 3.17 17.7 5.55 6.26 15.10 11.10 to 18.35 133
17/18 12.0 10 46.0 3.17 17.7 5.52 6.26 15.02 11.01 to 18.34 135
19/20 12.0 10 45.5 3.18 17.7 5.50 6.26 14.53 10.53 to 18.32 137
21/22 12.0 10 44.9 3.19 17.7 5.48 6.26 14.45 10.44 to 18.30 139
23/24 12.0 10 44.4 3.20 17.6 5.46 6.26 14.36 10.36 to 18.28 141
25/26 12.0 10 43.7 3.21 17.6 5.44 6.26 14.28 10.27 to 18.26 143
27/28 12.0 10 43.1 3.23 17.6 5.42 6.26 14.19 10.18 to 18.20 145
29/30 12.0 10 42.4 3.25 17.6 5.40 6.26 14.11 10.10 to 18.12 148
31/32 12.0 10 41.7 3.27 17.6 5.39 6.26 14.02 10.01 to 18.03 150
February 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 10 41.4 3.28 17.6 5.38 6.26 13.58 9.56 to 17.59 151
3/ 4 12.0 10 40.6 3.30 17.6 5.36 6.26 13.49 9.48 to 17.51 153
5/ 6 12.0 10 39.8 3.32 17.6 5.35 6.26 13.41 9.39 to 17.42 155
7/ 8 12.0 10 39.0 3.35 17.6 5.34 6.26 13.32 9.30 to 17.34 157
9/10 12.0 10 38.2 3.38 17.6 5.32 6.26 13.23 9.21 to 17.26 160
11/12 12.0 10 37.4 3.41 17.6 5.31 6.26 13.14 9.12 to 17.17 162
13/14 12.0 10 36.6 3.44 17.6 5.30 6.26 13.06 9.03 to 17.09 164
15/16 12.0 10 35.7 3.47 17.6 5.30 6.26 12.57 8.54 to 17.00 166
17/18 12.0 10 34.8 3.51 17.6 5.29 6.26 12.48 8.44 to 16.52 168
19/20 12.0 10 33.9 3.54 17.6 5.28 6.26 12.39 8.35 to 16.44 170
21/22 12.0 10 33.0 3.58 17.6 5.28 6.26 12.31 8.26 to 16.35 172
23/24 12.0 10 32.1 4.02 17.6 5.28 6.26 12.22 8.17 to 16.27 174
25/26 12.0 10 31.2 4.06 17.6 5.27 6.26 12.13 8.08 to 16.18 175
27/28 12.0 10 30.3 4.10 17.6 5.27 6.26 12.04 7.59 to 16.10 175
29/30 12.0 10 29.4 4.14 17.6 5.27 6.26 11.56 7.50 to 16.02 174
March 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 10 29.0 4.16 17.6 5.27 6.26 11.51 7.45 to 15.57 174
3/ 4 12.0 10 28.1 4.20 17.6 5.28 6.26 11.42 7.36 to 15.49 172
5/ 6 12.0 10 27.2 4.24 17.6 5.28 6.26 11.34 7.27 to 15.41 170
7/ 8 12.0 10 26.4 4.28 17.6 5.29 6.26 11.25 7.17 to 15.32 169
9/10 12.0 10 25.5 4.32 17.6 5.29 6.26 11.16 7.15 to 15.24 166
11/12 12.0 10 24.6 4.36 17.6 5.30 6.26 11.07 7.19 to 15.16 164
13/14 12.0 10 23.8 4.40 17.6 5.31 6.26 10.59 7.23 to 15.07 162
15/16 12.0 10 23.0 4.44 17.6 5.32 6.26 10.50 7.27 to 14.59 160
17/18 12.0 10 22.2 4.48 17.6 5.33 6.26 10.41 7.31 to 14.51 158
19/20 12.0 10 21.4 4.52 17.6 5.34 6.26 10.33 7.35 to 14.42 156
21/22 12.0 10 20.7 4.55 17.6 5.35 6.26 10.24 7.39 to 14.34 154
23/24 12.0 10 20.0 4.59 17.6 5.37 6.26 10.15 7.43 to 14.26 152
25/26 12.0 10 19.3 5.03 17.6 5.38 6.26 10.07 7.47 to 14.18 149
27/28 12.0 10 18.6 5.06 17.6 5.40 6.26 9.58 7.51 to 14.09 147
29/30 12.0 10 18.0 5.10 17.6 5.42 6.26 9.50 7.55 to 14.01 145
31/32 12.0 10 17.4 5.13 17.6 5.44 6.26 9.41 7.59 to 13.53 143
April 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 10 17.1 5.14 17.6 5.45 6.26 9.37 8.01 to 13.49 142
3/ 4 12.0 10 16.5 5.17 17.7 5.47 6.26 9.29 8.05 to 13.41 140
5/ 6 12.0 10 16.0 5.20 17.7 5.49 6.26 9.20 8.10 to 13.33 138
7/ 8 12.0 10 15.5 5.23 17.7 5.51 6.26 9.12 8.14 to 13.25 136
9/10 12.0 10 15.1 5.26 17.7 5.53 6.26 9.03 8.19 to 13.17 134
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11/12 12.0 10 14.7 5.28 17.7 5.55 6.26 8.55 .8.23 to 13.08 132
13/14 12.0 10 14.3 5.30 17.7 5.58 6.26 8.47 8.28 to 13.00 130
15/16 12.0 10 14.0 5.32 17.7 5.60 6.27 8.39 8.32 to 12.52 128
17/18 12.0 10 13.7 5.34 17.7 5.63 6.27 8.31 8.37 to 12.44 126
19/20 12.0 10 13.4 5.36 17.7 5.65 6.27 8.22 8.42 to 12.36 124
21/22 12.0 10 13.2 5.37 17.7 5.68 6.27 8.14 8.47 to 12.28 122
23/24 12.0 10 13.1 5.39 17.8 5.71 6.27 8.06 8.52 to 12.21 120
25/26 12.0 10 12.9 5.40 17.8 5.74 6.27 7.58 8.57 to 12.13 118
27/28 12.0 10 12.8 5.41 17.8 5.76 6.27 7.50 9.02 to 12.05 116
29/30 12.0 10 12.8 5.41 17.8 5.79 6.27 7.42 9.07 to 11.57 114
May 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 10 12.8 5.42 17.8 5.82 6.27 7.34 9.12 to 11.49 112
3/ 4 12.0 10 12.8 5.42 17.8 5.85 6.27 7.27 9.18 to 11.41 110
5/ 6 12.0 10 12.9 5.42 17.8 5.88 6.27 7.19 9.23 to 11.33 108
7/ 8 12.0 10 13.0 5.42 17.8 5.91 6.27 7.11 9.29 to 11.26 106
9/10 12.0 10 13.1 5.42 17.8 5.94 6.27 7.03 9.34 to 11.18 104
11/12 12.0 10 13.3 5.41 17.9 5.97 6.27 6.56 9.40 to 11.10 102
13/14 12.0 10 13.5 5.40 17.9 6.01 6.27 6.48 9.46 to 11.02 100
15/16 12.0 10 13.8 5.39 17.9 6.04 6.27 6.40 9.52 to 10.55 99
17/18 12.0 10 14.1 5.38 17.9 6.07 6.27 6.33 9.57 to 10.47 97
19/20 12.0 10 14.5 5.37 17.9 6.10 6.27 6.25 10.03 to 10.39 95
21/22 12.0 10 14.8 5.35 17.9 6.13 6.27 6.18 10.09 to 10.32 93
23/24 12.0 10 15.2 5.33 17.9 6.16 6.27 6.10 10.15 to 10.24 91
25/26 12.0 10 15.7 5.31 17.9 6.20 6.27 6.03 Not Observable 89
27/28 12.0 10 16.2 5.29 17.9 6.23 6.27 5.55 Not Observable 88
29/30 12.0 10 16.7 5.26 18.0 6.26 6.27 5.48 Not Observable 86
31/32 12.0 10 17.2 5.23 18.0 6.29 6.27 5.41 Not Observable 84

Ephemeris for 45P/Honda-Mrkos-Pajdusakova for the Southern Hemisphere

Omega=326.0570 OMEGA= 89.1670 i= 4.2510 g= 0.531950 a= 3.027432
e=0.824290 P= 5.268 T= 1995 December 25.9310 Equinox= 2000
Magnitudes calculated from m=13.5+5.0*Log(d)+20.0*Log(r)+0.000*Beta

December 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 19 21.0 -24.53 11.0 1.12 0.73 2.42 Not Observable 40
2/ 3 12.0 19 24.0 -24.47 10.8 1.10 0.71 2.41 Not Observable 39
3/ 4 12.0 19 27.1 -24.41 10.6 1.09 0.70 2.41 Not Observable 39
4/ 5 12.0 19 30.2 -24.34 10.4 1.07 0.69 2.40 Not Observable 39
5/ 6 12.0 19 33.3 -24.28 10.2 1.05 0.67 2.39 8.37 to 8.37 38
6/ 7 12.0 19 36.4 -24.21 10.0 1.04 0.66 2.38 8.38 to 8.40 38
7/ 8 12.0 19 39.5 -24.13 9.8 1.02 0.65 2.37 8.39 to 8.42 38
8/ 9 12.0 19 42.6 -24.06 9.6 1.00 0.64 2.36 8.40 to 8.44 38
9/10 12.0 19 45.7 -23.58 9.4 0.98 0.63 2.35 8.41 to 8.46 37
10/11 12.0 19 48.7 -23.49 9.2 0.96 0.62 2.34 8.42 to 8.48 37
11/12 12.0 19 51.7 -23.41 9.0 0.94 0.61 2.34 8.43 to 8.49 37
12/13 12.0 19 54.7 -23.32 8.9 0.92 0.60 2.33 8.44 to 8.51 36
13/14 12.0 19 57.6 -23.23 8.7 0.90 0.59 2.32 8.45 to 8.52 36
14/15 12.0 20 0.4 -23.13 8.5 0.88 0.58 2.30 8.46 to 8.52 36
15/16 12.0 20 3.2 -23.03 8.3 0.86 0.57 2.29 8.47 to 8.53 35
16/17 12.0 20 5.9 -22.53 8.2 0.84 0.56 2.28 8.48 to 8.53 35
17/18 12.0 20 8.5 -22.43 8.0 0.82 0.56 2.27 8.48 to 8.53 35
18/19 12.0 20 11.0 -22.33 7.9 0.80 0.55 2.25 8.49 to 8.53 34
19/20 12.0 20 13.4 -22.22 7.7 0.78 0.55 2.24 8.50 to 8.52 34
20/21 12.0 20 15.6 -22.12 7.6 0.76 0.54 2.22 8.50 to 8.51 33
21/22 12.0 20 17.7 -22.01 7.5 0.74 0.54 2.20 Not Observable 33
22/23 12.0 20 19.6 -21.50 7.4 0.72 0.54 2.18 Not Observable 32
23/24 12.0 20 21.3 -21.39 7.3 0.70 0.53 2.16 Not Observable 32
24/25 12.0 20 22.8 -21.28 7.2 0.68 0.53 2.13 Not Observable 31
25/26 12.0 20 24.1 -21.17 7.1 0.66 0.53 2.11 Not Observable 30
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Ephemeris for 45P/Honda-Mrkos-Pajdusakova for the UK

January 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
21/22 12.0 18 54.2 -14.19 8.0 0.23 0.77 22.54 Not Observable 19
22/23 12.0 18 44.7 -13.42 8.1 0.22 0.78 22.41 Not Observable 23
23/24 12.0 18 34.6 -13.01 8.2 0.22 0.80 22.27 Not Observable 26
24/25 12.0 18 24.0 -12.16 8.3 0.21 0.81 22.12 Not Observable 30
25/26 12.0 18 12.9 -11.26 8.3 0.20 0.82 21.57 18.16 to 18.26 33
26/27 12.0 18 1.2 -10.33 8.4 0.20 0.84 21.41 17.56 to 18.25 37
27/28 12.0 17 49.0 -9.35 8.5 0.19 0.85 21.25 17.35 to 18.24 41
28/29 12.0 17 36.3 -8.32 8.6 0.19 0.87 21.09 17.13 to 18.23 46
29/30 12.0 17 23.1 -7.26 8.7 0.18 0.88 20.52 16.51 to 18.21 50
30/31 12.0 17 9.6 -6.15 8.8 0.18 0.89 20.34 16.27 to 18.20 55
31/32 12.0 16 55.7 -5.01 8.9 0.17 0.91 20.16 16.04 to 18.19 59
February 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 16 41.5 -3.44 9.0 0.17 0.92 19.58 15.40 to 18.17 64
2/ 3 12.0 16 27.1 -2.24 9.1 0.17 0.94 19.40 15.16 to 18.16 69
3/ 4 12.0 16 12.7 -1.04 9.2 0.17 0.95 19.21 14.53 to 18.15 74
4/ 5 12.0 15 58.2 0.18 9.4 0.17 0.97 19.03 14.29 to 18.13 78
5/ 6 12.0 15 43.8 1.38 9.5 0.17 0.98 18.44 14.06 to 18.12 83
6/ 7 12.0 15 29.5 2.58 9.6 0.17 0.99 18.26 13.44 to 18.10 88
7/ 8 12.0 15 15.5 4.15 9.8 0.17 1.01 18.08 13.22 to 18.08 92
8/ 9 12.0 15 1.8 5.29 9.9 0.18 1.02 17.51 13.01 to 18.07 97
9/10 12.0 14 48.5 6.40 10.1 0.18 1.04 17.33 12.41 to 18.05 101
10/11 12.0 14 35.6 7.47 10.3 0.18 1.05 17.16 12.23 to 18.04 106
11/12 12.0 14 23.2 8.49 10.4 0.19 1.07 17.00 12.05 to 18.02 110
12/13 12.0 14 11.2 9.48 10.6 0.19 1.08 16.44 11.49 to 18.00 114
13/14 12.0 13 59.7 10.42 10.8 0.20 1.09 16.29 11.33 to 17.58 118
14/15 12.0 13 48.8 11.31 11.0 0.21 1.11 16.14 11.19 to 17.56 122
15/16 12.0 13 38.4 12.17 11.1 0.21 1.12 15.60 11.06 to 17.55 125
16/17 12.0 13 28.5 12.58 11.3 0.22 1.14 15.46 10.54 to 17.53 128
17/18 12.0 13 19.0 13.36 11.5 0.23 1.15 15.32 10.43 to 17.51 132
18/19 12.0 13 10.1 14.10 11.7 0.23 1.17 15.19 10.33 to 17.49 135
19/20 12.0 13 1.7 14.41 11.9 0.24 1.18 15.07 10.24 to 17.47 138
20/21 12.0 12 53.6 15.08 12.0 0.25 1.19 14.55 10.17 to 17.45 141
21/22 12.0 12 46.1 15.33 12.2 0.26 1.21 14.44 10.10 to 17.43 143
22/23 12.0 12 38.9 15.55 12.4 0.27 1.22 14.33 10.04 to 17.41 146

Ephemeris for 65P/Gunn for the Southern Hemisphere

Omega=196 .8620 OMEGA= 68.5180 i= 10.3820 g= 2.461840 a= 3.598077
e=0.315790 P= 6.825 T= 1996 July 24.5770 Equinox= 2000
Magnitudes calculated from m= 5.0+5.0*Log(d)+15.0*Log(r)+0.000*Beta

April 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 16 45.9 -18.37 12.5 1.91 2.56 16.06 11.25 to 17.12 119
2/ 3 12.0 16 46.3 -18.40 12.5 1.90 2.56 16.03 11.21 to 17.13 120
3/ 4 12.0 16 46.7 -18.44 12.5 1.89 2.55 15.59 11.17 to 17.14 121
4/ 5 12.0 16 47.1 -18.47 12.5 1.88 2.55 15.56 11.12 to 17.15 122
5/ 6 12.0 16 47.4 -18.50 12.5 1.86 2.55 15.52 11.08 to 17.16 123
6/ 7 12.0 16 47.7 -18.53 12.4 1.85 2.55 15.48 11.04 to 17.17 124
7/ 8 12.0 16 48.0 -18.57 12.4 1.84 2.55 15.45 10.59 to 17.18 125
8/ 9 12.0 16 48.3 -18.60 12.4 1.83 2,55 15.41 10.55 to 17.19 126
9/10 12.0 16 48.5 -19.03 12.4 1.82 2.54 15.37 10.51 to 17.20 127
10/11 12.0 16 48.7 -19.06 12.4 1.81 2.54 15.33 10.46 to 17.21 128
11/12 12.0 16 48.9 -19.10 12.3 1.79 2.54 15.30 10.42 to 17.22 128
12/13 12.0 16 49.0 -19.13 12.3 1.78 2.54 15.26 10.37 to 17.23 129
13/14 12.0 16 49.1 -19.16 12.3 1.77 2.54 15.22 10.33 to 17.24 130
14/15 12.0 16 49.2 -19.20 12.3 1.76 2.54 15.18 10.28 to 17.25 131
15/16 12.0 16 49.3 -19.23 12.3 1.75 2.54 15.14 10.23 to 17.26 132
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16/17 12.0 16 49.3 -19.26 12.3 1.74 2.53 15.10 10.19 to 17.27 133
17/18 12.0 16 49.3 -19.30 12.2 1.73 2.53 15.06 10.14 to 17.28 134
18/19 12.0 16 49.3 -19.33 12.2 1.72 2.53 15.03 10.10 to 17.29 135
19/20 12.0 16 49.3 -19.36 12.2 1.71 2,53 14.59 10.05 to 17.29 136
20/21 12.0 16 49.2 -19.40 12.2 1.70 2.53 14.55 10.00 to 17.30 137
21/22 12.0 16 49.1 -19.43 12.2 1.69 2.53 14.50 9.55 to 17.31 138
22/23 12.0 16 48.9 -19.46 12.2 1.68 2.53 14.46 9.51 to 17.32 139
23/24 12.0 16 48.8 -19.50 12.1 1.67 2.52 14.42 9.46 to 17.33 140
24/25 12.0 16 48.6 -19.53 12.1 1.66 2.52 14.38 9.41 to 17.34 141
25/26 12.0 16 48.4 -19.57 12.1 1.65 2.52 14.34 9.36 to 17.35 142
26/27 12.0 16 48.1 -20.00 12.1 1.64 2.52 14.30 9.32 to 17.36 143
27/28 12.0 16 47.9 -20.04 12.1 1.63 2.52 14.26 9.27 to 17.37 144
28/29 12.0 16 47.6 -20.07 12.1 1.62 2.52 14.21 9.22 to 17.38 145
29/30 12.0 16 47.2 -20.11 12.1 1.62 2.52 14.17 9.17 to 17.38 146
30/31 12.0 16 46.9 -20.14 12.0 1.61 2.52 14.13 9.12 to 17.39 147
May 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 16 46.5 -20.18 12.0 1.60 2.51 14.09 9.07 to 17.40 148
2/ 3 12.0 16 46.1 -20.21 12.0 1.59 2.51 14.04 9.02 to 17.41 149
3/ 4 12.0 16 45.7 -20.25 12.0 1.58 2.51 13.60 8.57 to 17.42 150
4/ 5 12.0 16 45.2 -20.28 2 12.0 1.58 2.51 13.55 8.52 to 17.43 152
5/ 6 12.0 16 44.8 -20.32 12.0 1.57 2.51 13.51 8.48 to 17.44 153
6/ 7 12.0 16 44.3 -20.36 12.0 1.56 2.51 13.47 8.43 to 17.44 154
7/ 8 12.0 16 43.8 -20.39 11.9 1.56 2.51 13.42 8.38 to 17.45 155
8/ 9 12.0 16 43.2 -20.43 11.9 1.55 2.51 13.38 8.33 to 17.46 156
9/10 12.0 16 42.6 -20.46 11.9 1.54 2.51 13.33 °8.27 to 17.47 157
10/11 12.0 16 42.0 -20.50 11.9 1.54 2.50 13.29 8.22 to 17.48 158
11/12 12.0 16 41.4 -20.54 11.9 1.53 2.50 13.24 8.17 to 17.49 159
12/13 12.0 16 40.8 -20.57 11.9 1.53 2.50 13.19 8.12 to 17.49 160
13/14 12.0 16 40.1 -21.01 11.9 1.52 2.50 13.15 8.07 to 17.50 161
14/15 12.0 16 39.5 -21.04 11.9 1.52 2.50 13.10 8.02 to 17.51 163
15/16 12.0 16 38.8 -21.08 11.9 1.51 2.50 13.06 7.57 to 17.52 164
16/17 12.0 16 38.1 -21.12 11.9 1.51 2.50 13.01 7.52 to 17.53 165
17/18 12.0 16 37.4 -21.15 11.8 1.50 2.50 12.56 7.47 to 17.53 166
18/19 12.0 16 36.6 -21.19 11.8 1.50 2.50 12.52 7.42 to 17.54 167
19/20 12.0 16 35.9 -21.22 11.8 1.50 2.49 12.47 7.37 to 17.55 168
20/21 12.0 16 35.1 -21.26 11.8 1.49 2.49 12.42 7.32 to 17.53 169
21/22 12.0 16 34.3 -21.29 11.8 1.49 2.49 12.37 7.26 to 17.48 170
22/23 12.0 16 33.5 -21.33 11.8 1.49 2.49 12.33 7.21 to 17.44 172
23/24 12.0 16 32.7 -21.37 11.8 1.48 2.49 12.28 7.16 to 17.40 173
24/25 12.0 16 31.9 -21.40 11.8 1.48 2.49 12.23 7.11 to 17.35 174
25/26 12.0 16 31.1 -21.44 11.8 1.48 2.49 12.18 7.06 to 17.31 175
26/27 12.0 16 30.3 -21.47 11.8 1.48 2.49 12.14 7.01 to 17.27 176
27/28 12.0 16 29.4 -21.51 11.8 1.47 2.49 12.09 6.56 to 17.22 177
28/29 12.0 16 28.6 -21.54 11.8 1.47 2.49 12.04 6.51 to 17.18 178
29/30 12.0 16 27.8 -21.58 11.8 1.47 2.49 11.59 6.46 to 17.13 179
30/31 12.0 16 26.9 -22.01 11.8 1.47 2.48 11.55 6.41 to 17.09 179
31/32 12.0 16 26.1 -22.05 11.8 1.47 2.48 11.50 6.36 to 17.04 178

Ephemeris for 67P/Churyumov-Gerasimenko
Omega= 11.3890 OMEGA= 51.0060 i= 7.1130 g= 1.300030 a= 3.514925

e=0.630140 P= 6.590 T= 1996 January 17.6650 Equinox= 2000
Magnitudes calculated from m=10.5+5.0*Log(d)+10.0*Log (r)+0.000*Beta

December 1995 Times in GMAT

Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 22 53.4 -11.55 12.0 0.99 1.41 6.14 5.19 to 7.24 91
2/ 3 12.0 22 55.2 -11.35 12.0 0.99 1.41 6.12 5.19 to 7.29 91
3/ 4 12.0 22 57.1 -11.14 12.0 0.99 1.40 6.10 5.19 to 7.34 90
4/ 5 12.0 22 59.0 -10.54 11.9 0.99 1.40 6.08 5.18 to 7.38 90
5/ 6 12.0 23 0.9 -10.33 11.9 0.99 1.40 6.06 5.18 to 7.42 90
6/ 7 12.0 23 2.8 -10.12 11.9 1.00 1.39 6.04 5.18 to 7.46 89
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7/ 8 12.0 23 4.8 -9.51 11.9 1.00 1.39 6.02 5.17 to 7.49 89
8/ 9 12.0 23 6.9 -9.29 11.9 1.00 1.38 6.00 5.17 to 7.53 88
9/10 12.0 23 8.9 -9.08 11.9 1.00 1.38 5.58 5.17 to 7.56 88
10/11 12.0 23 11.0 -8.46 11.9 1.00 1.37 5.56 5.17 to 7.59 88
11/12 12.0 23 13.1 -8.24 11.9 1.01 1.37 5.55 5.17 to 8.02 87
12/13 12.0 23 15.2 -8.02 11.9 1.01 1.37 5.53 5.17 to 8.04 87
13/14 12.0 23 17.4 -7.39 11.9 1.01 1.36 5.51 5.17 to 8.07 86
14/15 12.0 23 19.6 -7.16 11.9 1.01 1.36 5.49 5.17 to 8.09 86
15/16 12.0 23 21.8 -6.53 11.9 1.01 1.36 5.48 5.17 to 8.12 86
16/17 12.0 23 24.1 -6.30 11.8 1.01 1.35 5.46 5.18 to 8.14 85
17/18 12.0 23 26.3 -6.07 11.8 1.02 1.35 5.44 5.18 to 8.16 85
18/19 12.0 23 28.6 -5.43 11.8 1.02 1.35 5.43 5.18 to 8.19 85
19/20 12.0 23 31.0 -5.19 11.8 1.02 1.34 5.41 5.19 to 8.21 84
20/21 12.0 23 33.3 -4.55 11.8 1.02 1.34 5.39 5.19 to 8.23 84
21/22 12.0 23 35.7 -4.31 11.8 1.02 1.34 5.38 5.19 to 8.25 84
22/23 12.0 23 38.1 -4.07 11.8 1.03 1.34 5.36 5.20 to 8.27 83
23/24 12.0 23 40.6 -3.42 11.8 1.03 1.33 5.35 5.21 to 8.29 83
24/25 12.0 23 43.0 -3.18 11.8 1.03 1.33 5.33 5.21 to 8.31 83
25/26 12.0 23 45.5 -2.53 11.8 1.03 1.33 5.32 5.22 to 8.33 82
26/27 12.0 23 48.1 -2.28 11.8 1.03 1.33 5.30 5.22 to 8.35 82
27/28 12.0 23 50.6 -2.03 11.8 1.03 1.32 5.29 5.23 to 8.37 82
28/29 12.0 23 53.2 -1.37 11.8 1.04 1.32 5.28 5.24 to 8.39 82
29/30 12.0 23 55.8 -1.12 11.8 1.04 1.32 5.26 5.25 to 8.40 81
30/31 12.0 23 58.4 -0.46 11.8 1.04 1.32 5.25 5.26 to 8.42 81
31/32 12.0 0 1.0 -0.20 11.8 1.04 1.32 5.24 5.26 to 8.44 81
January 1996 . Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 0o 3.7 0.05 11.8 1.04 1.31 5.22 5.27 to 8.46 81
2/ 3 12.0 0 6.4 0.31 11.8 1.05 1.31 5.21 5.28 to 8.48 80
3/ 4 12.0 0 9.1 0.58 11.8 1.05 1.31 5.20 5.29 to 8.49 80
4/ 5 12.0 0 11.8 1.24 11.8 1.05 1.31 5.19 5.30 to 8.51 80
5/ 6 12.0 0 14.6 1.50 11.8 1.05 1.31 5.18 5.31 to 8.53 80
6/ 7 12.0 0 17.4 2.17 11.8 1.06 1.31 5.16 5.33 to 8.54 80
7/ 8 12.0 0 20.2 2.43 11.8 1.06 1.31 5.15 5.34 to 8.56 79
8/ 9 12.0 0 23.0 3.10 11.8 1.06 1.30 5.14 5.35 to 8.58 79
9/10 12.0 0 25.9 3.36 11.8 1.06 1.30 5.13 5.36 to 8.59 79
10/11 12.0 0 28.8 4.03 11.8 1.07 1.30 5.12 5.37 to 9.01 79
11/12 12.0 0 31.7 4.30 11.8 1.07 1.30 5.11 5.39 to 9.02 79
12/13 12.0 0 34.6 4.57 11.8 1.07 1.30 5.10 5.40 to 9.04 78
13/14 12.0 0 37.6 5.23 11.8 1.07 1.30 5.09 5.41 to 9.05 78
14/15 12.0 0 40.5 5.50 11.8 1.08 1.30 5.08 5.42 to 9.07 78
15/16 12.0 0 43.5 6.17 11.8 1.08 1.30 5.07 5.44 to 9.08 78
16/17 12.0 0 46.6 6.44 11.8 1.08 1.30 5.06 5.45 to 9.10 78
17/18 12.0 0 49.6 7.11 11.8 1.09 1.30 5.05 5.47 to 9.11 78
18/19 12.0 0 52.7 7.38 11.8 1.09 1.30 5.04 5.48 to 9.13 78
19/20 12.0 0 55.7 8.05 11.8 1.09 1.30 5.03 5.49 to 9.14 77
20/21 12.0 0 58.9 8.32 11.8 1.09 1.30 5.03 5.51 to 9.16 77
21/22 12.0 1 2.0 8.58 11.8 1.10 1.30 5.02 5.52 to 9.17 77
22/23 12.0 1 5.1 9.25 11.9 1.10 1.30 5.01 5.54 to 9.18 77
23/24 12.0 1 8.3 9.52 11.9 1.10 1.30 5.00 5.55 to 9.20 77
24/25 12.0 1 11.5 10.18 11.9 1.11 1.30 4.60 5.57 to 9.21 77
25/26 12.0 1 14.7 10.45 11.°9 1.11 1.30 4.59 5.59 to 9.22 77
26/27 12.0 1 18.0 11.11 11.9 1.12 1.30 4.58 6.00 to 9.24 77
27/28 12.0 121.2 11.38 11.9 1.12 1.31 4.57 6.02 to 9.25 76
28/29 12.0 1 24.5 12.04 11.°9 1.12 1.31 4.57 6.03 to 9.26 76
29/30 12.0 1 27.8 12.30 11.9 1.13 1.31 4.56 6.05 to 9.28 76
30/31 12.0 131.1 12.56 11.9 1.13 1.31 4.56 6.07 to 9.29 76
31/32 12.0 1 34.5 13.22 12.0 1.14 1.31 4.55 6.08 to 9.30 76
February 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 1 37.8 13.47 12.0 1.14 1.31 4.54 6.10 to 9.31 76
2/ 3 12.0 1 41.2 14.13 12.0 1.14 1.31 4 .54 6.11 to 9.32 76
3/ 4 12.0 1 44.6 14.38 12.0 1.15 1.32 4.53 6.13 to 9.34 76
4/ 5 12.0 1 48.0 15.03 12.0 1.15 1.32 4.53 6.15 to 9.35 76
5/ 6 12.0 1 51.4 15.28 12.0 1.16 1.32 4.52 6.16 to 09.36 76
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6/ 7 12.0 1l 54.9 15.52 12.0 1.16 1.32 4.52 6.18 to 9.37 75
7/ 8 12.0 1 58.3 16.17 12.1 1.17 1.32 4.51 6.20 to 9.38 75
8/ 9 12.0 2 1.8 16.41 12.1 1.17 1.33 4.51 6.22 to 9.39 75
9/10 12.0 2 5.3 17.05 12.1 1.18 1.33 4.50 6.23 to 09.40 75
10/11 12.0 2 8.9 17.29 12.1 1.18 1.33 4.50 6.25 to 9.41 75
11/12 12.0 2 12.4 17.52 12.1 1.19 1.33 4.50 6.27 to 9.42 75
12/13 12.0 2 15.9 18.15 12.1 1.19 1.34 4.49 6.28 to 9.43 75
13/14 12.0 2 19.5 18.38 12.2 1.20 1.34 4.49 6.30 to 9.43 75
14/15 12.0 2 23.1 19.00 12.2 1.21 1.34 4.49 6.32 to 9.44 75
15/16 12.0 2 26.7 19.23 12.2 1.21 1.35 4.48 6.34 to 9.45 75
16/17 12.0 2 30.3 19.45 12.2 1.22 1.35 4.48 6.36 to 9.46 75
17/18 12.0 2 33.9 20.06 12.2 1.22 1.35 4.48 6.37 to 9.46 75
18/19 12.0 2 37.6 20.28 12.3 1.23 1.36 4.47 6.39 to 9.47 74
19/20 12.0 2 41.2 20.48 12.3 1.24 1.36 4.47 6.41 to 9.48 74
20/21 12.0 2 44.9 21.09 12.3 1.24 1.36 4.47 6.43 to 9.48 74
21/22 12.0 2 48.6 21.29 12.3 1.25 1.37 4.46 6.44 to 9.49 74
22/23 12.0 2 52.3 21.49 12.4 1.26 1.37 4.46 6.46 to 9.49 74
23/24 12.0 2 56.0 22.09 12.4 1.26 1.37 4.46 6.48 to 9.50 74
24/25 12.0 2 59.7 22.28 12.4 1.27 1.38 4.46 6.50 to 9.50 74
25/26 12.0 3 3.4 22.47 12.4 1.28 1.38 4.46 6.52 to 9.51 74
26/27 12.0 3 7.1 23.05 12.5 1.28 1.39 4.45 6.53 to 9.51 74
27/28 12.0 3 10.9 23.23 12.5 1.29 1.39 4.45 6.55 to 9.51 74
28/29 12.0 3 14.6 23.41 12.5 1.30 1.39 4.45 6.57 to 9.51 74
29/30 12.0 3 18.4 23.58 12.5 1.31 1.40 4.45 6.59 to 9.52 74
Ephemeris for 73P/Schwassmann-Wachmann 3 for the Equator
Omega=198.7760 OMEGA= 69.9470 i= 11.4230 g= 0.932800 a= 3.056356
e=0.694800 P= 5.343 T= 1995 September 22.7620 Equinox= 2000
Magnitudes calculated from m= 5.0+5.0*Log(d)+15.0*Log (r)
November 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 18 7.2 -32.10 6.3 1.35 1.10 3.27 6.37 to 8.57 54
2/ 3 12.0 18 13.1 -32.14 6.3 1.35 1.11 3.29 6.37 to 8.58 54
3/ 4 12.0 18 18.9 -32.17 6.4 1.36 1.12 3.31 6.37 to 8.60 54
4/ 5 12.0 18 24.7 -32.19 6.4 1.36 1.12 3.33 6.38 to 9.01 54
5/ 6 12.0 18 30.5 -32.20 6.5 1.37 1.13 3.35 6.38 to 9.03 55
6/ 7 12.0 18 36.2 -32.19 6.5 1.37 1.14 3.36 6.38 to 9.04 55
7/ 8 12.0 18 41.9 -32.18 6.6 1.38 1.15 3.38 6.38 to 9.06 55
8/ 9 12.0 18 47.6 -32.16 6.6 1.38 1.15 3.40 6.38 to 9.07 55
9/10 12.0 18 53.2 -32.13 6.7 1.39 1.16 3.41 6.38 to 9.08 55
10/11 12.0 18 58.8 -32.09 6.8 1.40 1.17 3.43 6.38 to 9.09 56
11/12 12.0 19 4.4 -32.05 6.8 1.40 1.18 3.45 6.39 to 9.11 56
12/13 12.0 19 9.9 -31.59 6.9 1.41 1.19 3.46 6.39 to 9.12 56
13/14 12.0 19 15.3 -31.53 6.9 1.42 1.20 3.48 6.39 to 9.13 56
14/15 12.0 19 20.7 -31.46 7.0 1.43 1.20 3.49 6.39 to 9.14 56
15/16 12.0 19 26.1 -31.38 7.0 1.44 1.21 3.51 6.40 to 9.15 56
16/17 12.0 19 31.3 -31.29 7.1 1.44 1.22 3.52 6.40 to 9.16 57
17/18 12.0 19 36.6 -31.20 7.2 1.45 1.23 3.53 6.40 to 9.17 57
18/19 12.0 19 41.7 -31.09 7.2 1.46 1.24 3.54 6.40 to 9.17 57
19/20 12.0 19 46.9 -30.59 7.3 1.47 1.25 3.56 6.41 to 9.18 57
20/21 12.0 19 51.9 -30.47 7.3 1.48 1.26 3.57 6.41 to 9.19 57
21/22 12.0 19 56.9 -30.35 7.4 1.49 1.27 3.58 6.41 to 9.19 57
22/23 12.0 20 1.8 -30.23 7.5 1.50 1.27 3.59 6.42 to 9.20 57
23/24 12.0 20 6.7 -30.10 7.5 1.51 1.28 3.60 6.42 to 9.20 57
24/25 12.0 20 11.5 -29.56 7.6 1.52 1.29 4.00 6.42 to 9.21 57
25/26 12.0 20 16.3 -29.42 7.6 1.53 1.30 4.01 6.43 to 9.21 57
26/27 12.0 20 20.9 -29.27 7.7 1.54 1.31 4.02 6.43 to 9.21 58
27/28 12.0 20 25.5 -29.12 7.8 1.55 1.32 4.03 6.44 to 9.22 58
28/29 12.0 20 30.1 -28.57 7.8 1.56 1.33 4.03 6.44 to 9.22 58
29/30 12.0 20 34.6 -28.41 7.9 1.57 1.34 4.04 6.44 to 9.22 58
30/31 12.0 20 39.0 -28.25 7.9 1.59 1.35 4.04 6.45 to 9.22 58
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December 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 20 43.4 -28.09 8.0 1.60 1.36 4.05 6.45 to 09.22 58
2/ 3 12.0 20 47.7 -27.52 8.1 1.61 1.37 4.05 6.46 to 9.22 58
3/ 4 12.0 20 51.9 -27.35 8.1 1.62 1.37 4.05 6.46 to 9.21 58
4/ 5 12.0 20 56.1 -27.17 8.2 1.63 1.38 4.06 6.47 to 09.21 58
5/ 6 12.0 21 0.2 -26.60 8.2 1.65 1.39 4.06 6.47 to 9.21 58
6/ 7 12.0 21 4.3 -26.42 8.3 1.66 1.40 4.06 6.47 to 09.20 57
7/ 8 12.0 21 8.3 -26.24 8.4 1.67 1.41 4.06 6.48 to 9.20 57
8/ 9 12.0 21 12.3 -26.05 8.4 1.69 1.42 4.06 6.48 to 9.19 57
9/10 12.0 21 16.2 -25.47 8.5 1.70 1.43 4.06 6.49 to 09.19 57
10/11 12.0 21 20.0 -25.28 8.5 1.71 1.44 4.06 6.49 to 9.18 57
11/12 12.0 21 23.8 -25.09 8.6 1.73 1.45 4.06 6.50 to 09.17 57
12/13 12.0 21 27.5 -24.50 8.7 1.74 1.46 4.05 6.50 to 9.17 57
13/14 12.0 21 31.2 -24.31 8.7 1.75 1.47 4.05 6.51 to 09.16 57
14/15 12.0 21 34.8 -24.12 8.8 1.77 1.48 4.05 6.51 to 09.15 57
15/16 12.0 21 38.4 -23.53 8.8 1.78 1.49 4.04 6.52 to 9.14 57
Ephemeris for 73P/Schwassmann-Wachmann 3 from the UK
December 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
10/11 12.0 21 20.0 -25.28 8.5 1.71 1.44 4.06 Not Observable 57
11/12 12.0 21 23.8 -25.09 8.6 1.73 1.45 4.06 Not Observable 57
12/13 12.0 21 27.5 -24.50 8.7 1.74 1.46 4.05 Not Observable 57
13/14 12.0 21 31.2 -24.31 8.7 1.75 1.47 4.05 Not Observable 57
14/15 12.0 21 34.8 -24.12 8.8 1.77 1.48 4.05 5.17 to 5.19 57
15/16 12.0 21 38.4 -23.53 8.8 1.78 1.49 4.04 5.17 to 5.22 57
16/17 12.0 21 41.9 -23.34 8.9 1.79 1.50 4.04 5.18 to 5.25 56
17/18 12.0 21 45.4 -23.14 9.0 1.81 1.51 4.03 5.18 to 5.28 56
18/19 12.0 21 48.8 -22.55 9.0 1.82 1.52 4.03 5.18 to 5.30 56
19/20 12.0 21 52.2 -22.35 9.1 1.84 1.53 4.02 5.19 to 5.32 56
20/21 12.0 21 55.6 -22.16 9.1 1.85 1.53 4.02 5.19 to 5.35 56
21/22 12.0 21 58.9 -21.56 9.2 1.87 1.54 4.01 5.19 to 5.37 56
22/23 12.0 22 2.1 -21.37 9.2 1.88 1.55 4.00 5.20 to 5.39 55
23/24 12.0 22 5.3 -21.17 9.3 1.90 1.56 3.60 5.21 to 5.40 55
24/25 12.0 22 8.5 -20.58 9.4 1.91 1.57 3.59 5.21 to 5.42 55
25/26 12.0 22 11.6 -20.38 9.4 1.93 1.58 3.58 5.22 to 5.43 55
26/27 12.0 22 14.7 -20.18 9.5 1.94 1.59 3.57 5.22 to 5.45 55
27/28 12.0 22 17.8 -19.59 9.5 1.96 1.60 3.56 5.23 to 5.46 54
28/29 12.0 22 20.8 -19.39 9.6 1.97 1.61 3.55 5.24 to 5.47 54
29/30 12.0 22 23.8 -19.20 9.6 1.99 1.62 3.54 5.25 to 5.48 54
30/31 12.0 22 26.7 -19.01 9.7 2.01 1.63 3.53 5.26 to 5.49 54
31/32 12.0 22 29.6 -18.41 9.7 2.02 1.64 3.52 5.26 to 5.50 53
January 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 22 32.5 -18.22 9.8 2.04 1.65 3.51 5.27 to 5.51 53
2/ 3 12.0 22 35.4 -18.03 9.9 2.05 1.66 3.50 5.28 to 5.51 53
3/ 4 12.0 22 38.2 -17.43 9.9 2.07 1.67 3.49 5.29 to 5.52 53
4/ 5 12.0 22 41.0 -17.24 10.0 2.09 1.68 3.48 5.30 to 5.52 52
5/ 6 12.0 22 43.7 -17.05 10.0 2.10 1.69 3.47 5.31 to 5.52 52
6/ 7 12.0 22 46.4 -16.46 10.1 2.12 1.70 3.45 5.33 to 5.53 52
7/ 8 12.0 22 49.1 -16.27 10.1 2.13 1.71 3.44 5.34 to 5.53 52
8/ 9 12.0 22 51.8 -16.08 10.2 2.15 1.71 3.43 5.35 to 5.53 51
9/10 12.0 22 54.4 -15.49 10.2 2.17 1.72 3.42 5.36 to 5.53 51
10/11 12.0 22 57.0 -15.31 10.3 2.18 1.73 3.40 5.37 to 5.53 51
11/12 12.0 22 59.6 -15.12 10.3 2.20 1.74 3.39 5.39 to 5.53 50
12/13 12.0 23 2.1 -14.54 10.4 2.22 1.75 3.37 5.40 to 5.52 50
13/14 12.0 23 4.7 -14.35 10.4 2.23 1.76 3.36 5.41 to 5.52 50
14/15 12.0 23 7.2 -14.17 10.5 2.25 1.77 3.35 5.42 to 5.52 49
15/16 12.0 23 9.6 -13.58 10.5 2.26 1.78 3.33 5.44 to 5.51 49
16/17 12.0 23 12.1 -13.40 10.6 2.28 1.79 3.32 5.45 to 5.51 49
17/18 12.0 23 14.5 -13.22 10.6 2.30 1.80 3.30 5.47 to 5.50 48
18/19 12.0 23 16.9 -13.04 10.7 2.31 1.81 3.29 5.48 to 5.50 48
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19/20 12.0 23 19.3 -12.46 10.7 2.33 1.82 3.27 Not Observable 48
20/21 12.0 23 21.7 -12.28 10.8 2.35 1.83 3.25 Not Observable 47
21/22 12.0 23 24.0 -12.11 10.8 2.36 1.84 3.24 Not Observable 47
22/23 12.0 23 26.4 -11.53 10.9 2.38 1.85 3.22 Not Observable 46

Ephemeris for comet P/1995 S1 (de Vico)

Omega= 12.9710 OMEGA= 79.6210 i= 85.3980 g= 0.658960 a= 17.680708
e=0.962730 P= 74.345 T= 1995 October 6.0230 Equinox= 2000
Magnitudes calculated from m= 8.0+5.0*Log(d)+15.0*Log(r)+0.000*Beta

November 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong

2/ 3 12.0 14 40.6 30.60 7.5 1.19 0.87 23.55 5.52 to 7.58
' 15.53 to 17.36 46

3/ 4 12.0 14 47.5 30.45 7.6 1.21 0.88 23.58 5.50 to 7.57
15.60 to 17.37 46

4/ 5 12.0 14 54.0 30.30 7.7 1.23 0.89 0.01 5.48 to 7.55
16.07 to 17.39 46

5/ 6 12.0 15 0.4 30.13 7.8 1.25 0.91 0.03 5.47 to 7.54
16.13 to 17.40 46

6/ 7 12.0 15 6.5 29.56 8.0 1.27 0.92 0.06 5.45 to 7.51
16.20 to 17.42 46

7/ 8 12.0 15 12.5 29.38 8.1 1.29 0.93 0.08 5.44 to 7.49
16.26 to 17.44 46

8/ 9 12.0 15 18.2 29.19 8.2 1.31 0.95 0.09 5.42 to 7.46
16.32 to 17.45 46

9/10 12.0 15 23.6 29.01 8.3 1.33 0.96 0.11 5.41 to 7.43
16.38 to 17.47 46

10/11 12.0 15 28.9 28.41 8.5 1.35 0.97 0.12 5.39 to 7.40
16.44 to 17.49 46

11/12 12.0 15 34.1 28.22 8.6 1.37 0.99 0.13 5.38 to 7.37
16.50 to 17.50 46

12/13 12.0 15 39.0 28.02 8.7 1.39 1.00 0.14 5.37 to 7.33
16.55 to 17.52 46

13/14 12.0 15 43.8 27.43 8.8 1.41 1.02 0.15 5.35 to 7.30
17.01 to 17.53 46

14/15 12.0 15 48.4 27.23 9.0 1.43 1.03 0.16 5.34 to 7.26
17.06 to 17.55 46

15/16 12.0 15 52.8 27.04 9.1 1.45 1.04 0.16 5.33 to 7.22
17.11 to 17.56 46

16/17 12.0 15 57.1 26.45 9.2 1.47 1.06 0.17 5.32 to 7.18
17.16 to 17.58 46

17/18 12.0 16 1.2 26.25 9.3 1.49 1.07 0.17 5.31 to 7.13
17.20 to 17.59 46

18/19 12.0 16 5.3 26.06 9.4 1.51 1.09 0.17 5.29 to 7.09
17.25 to 18.01 46

19/20 12.0 16 9.2 25.48 9.5 1.53 1.10 0.17 5.28 to 7.05
17.29 to 18.02 46

20/21 12.0 16 12.9 25.29 9.7 1.55 1.11 0.17 5.27 to 7.00
17.33 to 18.04 46

21/22 12.0 16 16.6 25.11 9.8 1.57 1.13 0.16 5.26 to 6.55
17.37 to 18.05 46

22/23 12.0 16 20.1 24.53 9.9 1.59 1.14 0.16 5.26 to 6.51
17.41 to 18.07 46

23/24 12.0 16 23.6 24.36 10.0 1.61 1.16 0.16 5.25 to 6.46
17.45 to 18.08 45

24/25 12.0 16 26.9 24.18 10.1 1.63 1.17 0.15 5.24 to 6.41
17.49 to 18.10 45

25/26 12.0 16 30.1 24.01 10.2 1.65 1.19 0.14 5.23 to 6.36
17.52 to 18.11 45

26/27 12.0 16 33.3 23.45 10.3 1.67 1.20 0.13 5.22 to 6.31
17.56 to 18.12 45

27/28 12.0 16 36.4 23.29 10.4 1.69 1.22 0.13 5.22 to 6.26
17.59 to 18.14 45

28/29 12.0 16 39.3 23.13 10.5 1.71 1.23 0.12 5.21 to 6.21
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18.02 to 18.15 45
29/30 12.0 16 42.3 22.57 10.6 1.73 1.24 0.11 5.20 to 6.16
18.05 to 18.16 45
30/31 12.0 16 45.1 22.42 10.7 1.75 1.26 0.10 5.20 to 6.11
18.08 to 18.18 45
December 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 16 47.8 22.28 10.8 1.77 1.27 0.08 5.19 to 6.05
18.11 to 18.19 44
2/ 3 12.0 16 50.5 22.13 10.9 1.79 1.29 0.07 5.19 to 5.60
18.14 to 18.20 44
3/ 4 12.0 16 53.2 21.59 11.0 1.81 1.30 0.06 5.19 to 5.55
18.17 to 18.21 44
4/ 5 12.0 16 55.7 21.46 11.1 1.83 1.32 0.04 5.18 to 5.49
18.20 to 18.22 44
5/ 6 12.0 16 58.2 21.33 11.2 1.85 1.33 0.03 5.18 to 5.44
18.22 to 18.24 44
6/ 7 12.0 17 0.7 21.20 11.3 1.87 1.35 0.01 5.18 to 5.38 44
7/ 8 12.0 17 3.0 21.07 11.4 1.89 1.36 23.60 5.17 to 5.33 44
8/ 9 12.0 17 5.4 20.55 11.5 1.91 1.38 23.58 5.17 to 5.27 44
9/10 12.0 17 7.7 20.43 11.6 1.93 1.39 23.57 5.17 to 5.22 44
10/11 12.0 17 9.9 20.32 11.7 1.95 1.40 23.55 Not Observable 43
11/12 12.0 17 12.1 20.21 11.7 1.96 1.42 23.53 Not Observable 43
12/13 12.0 17 14.2 20.10 11.8 1.98 1.43 23.51 Not Observable 43
13/14 12.0 17 16.3 19.60 11.9 2.00 1.45 23.50 Not Observable 43
14/15 12.0 17 18.4 19.50 12.0 2.02 1.46 23.48 Not Observable 43
Ephemeris for 1995 01 (Hale-Bopp)
Omega=130.3750 OMEGA=282.4720 i= 88.8920 g= 0.917550 a=298.876221
e=0.996930 P= 5166.983 T= 1997 March 31.9090 Equinox= 2000
Magnitudes calculated from m= 0.0+5.0*Log(d)+ 7.5*Log(r)+0.000*Beta
April 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
9/10 12.0 19 41.6 -19.05 8.5 4.73 4.77 18.30 Not Observable 86
10/11 12.0 19 41.7 -19.01 8.4 4.71 4.76 18.26 Not Observable 87
11/12 12.0 19 41.9 -18.56 8.4 4.68 4.75 18.23 Not Observable 88
12/13 12.0 19 42.0 -18.52 8.4 4.65 4.74 18.19 Not Observable 89
13/14 12.0 19 42.1 -18.47 8.4 4.62 4.73 18.15 Not Observable 90
14/15 12.0 19 42.1 -18.43 8.4 4.60 4.72 18.11 15.29 to 15.30 91
15/16 12.0 19 42.2 -18.38 8.3 4.57 4.71 18.07 15.24 to 15.27 91
16/17 12.0 19 42.3 -18.34 8.3 4.54 4,70 18.03 15.19 to 15.25 92
17/18 12.0 19 42.3 -18.29 8.3 4.52 4.69 17.59 15.14 to 15.22 93
18/19 12.0 19 42.3 -18.25 8.3 4.49 4.68 17.55 15.09 to 15.19 94
19/20 12.0 19 42.3 -18.20 8.3 4.46 4.67 17.52 15.03 to 15.16 95
20/21 12.0 19 42.3 -18.15 8.2 4.44 4.66 17.48 14.58 to 15.13 96
21/22 12.0 19 42.3 -18.11 8.2 4.41 4.65 17.44 14.53 to 15.10 97
22/23 12.0 19 42.2 -18.06 8.2 4,38 4.64 17.40 14.48 to 15.07 98
23/24 12.0 19 42.2 -18.02 8.2 4.36 4.62 17.36 14.43 to 15.05 99
24/25 12.0 19 42.1 -17.57 8.2 4.33 4.61 17.32 14.38 to 15.02 100
25/26 12.0 19 42.0 -17.52 8.1 4.30 4.60 17.28 14.32 to 14.59 101
26/27 12.0 19 41.9 -17.47 8.1 4.28 4.59 17.24 14.27 to 14.56 102
27/28 12.0 19 41.8 -17.43 8.1 4.25 4.58 17.19 14.22 to 14.53 103
28/29 12.0 19 41.6 -17.38 8.1 4.22 4.57 17.15 14.17 to 14.50 104
29/30 12.0 19 41.5 -17.33 8.1 4.20 4.56 17.11 14.11 to 14.47 105
30/31 12.0 19 41.3 -17.28 8.0 4.17 4.55 17.07 14.06 to 14.44 106
May 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 19 41.1 -17.24 8.0 4.14 4.54 17.03 14.01 to 14.42 107
2/ 3 12.0 19 40.9 -17.19 8.0 4.12 4.53 16.59 13.56 to 14.39 108
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3/ 4 12.0 19 40.7 -17.14 8.0 4.09 4.52 16.55 13.50 to 14.36 109
4/ 5 12.0 19 40.4 -17.09 8.0 4.07 4.51 16.51 13.45 to 14.33 110
5/ 6 12.0 19 40.2 -17.04 7.9 4.04 4.50 16.46 13.40 to 14.30 111
6/ 7 12.0 19 39.9 -16.59 7.9 4.01 4.49 16.42 13.34 to 14.27 112
7/ 8 12.0 19 39.6 -16.55 7.9 3.99 4.48 16.38 13.29 to 14.24 113
8/ 9 12.0 19 39.2 -16.50 7.9 3.96 4.47 16.34 13.24 to 14.21 114
9/10 12.0 19 38.9 -16.45 7.8 3.94 4.46 16.29 13.18 to 14.18 115
10/11 12.0 19 38.5 -16.40 7.8 3.91 4.45 16.25 13.13 to 14.15 116
11/12 12.0 19 38.1 -16.35 7.8 3.89 4.44 16.21 13.07 to 14.13 117
12/13 12.0 19 37.7 -16.30 7.8 3.86 4.43 16.16 13.02 to 14.10 118
13/14 12.0 19 37.3 -16.25 7.8 3.84 4.42 16.12 12.57 to 14.07 119
14/15 12.0 19 36.9 -16.20 7.7 3.81 4.41 16.08 12.51 to 14.04 120
15/16 12.0 19 36.4 -16.15 7.7 3.79 4.40 16.03 12.46 to 14.01 121
16/17 12.0 19 35.9 -16.10 7.7 3.76 4.39 15.59 12.40 to 13.58 122
17/18 12.0 19 35.4 -16.04 7.7 3.74 4.38 15.54 12.35 to 13.55 124
18/19 12.0 19 34.9 -15.59 7.7 3.72 4.37 15.50 12.29 to 13.53 125
19/20 12.0 19 34.3 -15.54 7.6 3.69 4.36 15.45 12.24 to 13.50 126
20/21 12.0 19 33.8 -15.49 7.6 3.67 4.35 15.41 12.18 to 13.47 127
21/22 12.0 19 33.2 -15.44 7.6 3.64 4.34 15.36 12.12 to 13.44 128
22/23 12.0 19 32.6 -15.39 7.6 3.62 4.33 15.32 12.07 to 13.41 129
23/24 12.0 19 31.9 -15.33 7.5 3.60 4.32 15.27 12.01 to 13.38 130
24/25 12.0 19 31.3 -15.28 7.5 3.57 4.31 15.22 11.56 to 13.36 131
25/26 12.0 19 30.6 -15.23 7.5 3.55 4.30 15.18 11.50 to 13.33 132
26/27 12.0 19 29.9 -15.18 7.5 3.53 4.29 15.13 11.44 to 13.30 133
27/28 12.0 19 29.2 -15.12 7.5 3.51 4.28 15.09 11.38 to 13.27 134
28/29 12.0 19 28.4 -15.07 7.4 3.49 4.27 15.04 11.33 to 13.25 135
29/30 12.0 19 27.7 -15.02 7.4 3.46 4.26 14.59 11.27 to 13.22 137
30/31 12.0 19 26.9 -14.56 7.4 3.44 4.25 14.54 11.21 to 13.19 138
31/32 12.0 19 26.1 -14.51 7.4 3.42 4.24 14.50 11.16 to 13.17 139

Ephemeris for 1995 Q1 (Bradfield)

Omega=331.0510 OMEGA=178.0410 1=147.3860 g= 0.436810 a=***kkkkkk*
e=1.000000 P=****k**** T= 1995 August 31.3920 Equinox= 2000
Magnitudes calculated from m= 7.5+5.0*Log(d)+ 9.0*Log(r)+0.000*Beta

November 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
6/ 7 12.0 10 56.5 50.50 9.6 1.26 1.51 19.56 5.45 to 7.29
8.23 to 17.42 83
7/ 8 12.0 10 55.2 51.53 9.6 1.26 1.53 19.51 5.44 to 17.44 85
8/ 9 12.0 10 53.9 52.56 9.7 1.25 1.54 19.46 5.42 to 17.45 86
9/10 12.0 10 52.4 54.01 9.7 1.24 1.56 19.40 5.41 to 17.47 88
10/11 12.0 10 50.7 55.07 9.7 1.24 1.58 19.35 5.39 to 17.49 89
11/12 12.0 10 48.9 56.13 9.8 1.23 1.59 19.29 5.38 to 17.50 91
12/13 12.0 10 46.9 57.20 9.8 1.23 1.61 19.23 5.37 to 17.52 92
13/14 12.0 10 44.7 58.28 9.8 1.22 1.62 19.17 5.35 to 17.53 94
14/15 12.0 10 42.2 59.36 9.9 1.22 1.64 19.11 5.34 to 17.55 95
15/16 12.0 10 39.5 60.45 9.9 1.22 1.66 19.04 5.33 to 17.56 97
16/17 12.0 10 36.4 61.54 9.9 1.21 1.67 18.57 5.32 to 17.58 98
17/18 12.0 10 33.0 63.04 10.0 1.21 1.69 18.50 5.31 to 17.59 100
18/19 12.0 10 29.3 64.14 10.0 1.21 1.71 18.42 5.29 to 18.01 101
19/20 12.0 10 25.0 65.23 10.0 1.21 1.72 18.34 5.28 to 18.02 103
20/21 12.0 10 20.3 66.33 10.1 1.21 1.74 18.26 5.27 to 18.04 104
21/22 12.0 10 15.0 67.42 10.1 1.21 1.75 18.16 5.26 to 18.05 106
22/23 12.0 10 9.0 68.51 10.1 1.21 1.77 18.07 5.26 to 18.07 107
23/24 12.0 10 2.3 69.59 10.2 1.21 1.79 17.56 5.25 to 18.08 108
24/25 12.0 9 54.7 71.05 10.2 1.21 1.80 17.45 5.24 to 18.10 110
25/26 12.0 9 46.0 72.11 10.3 1.21 1.82 17.32 5.23 to 18.11 111
26/27 12.0 9 36.2 73.14 10.3 1.22 1.83 17.19 5.22 to 18.12 112
27/28 12.0 9 25.0 74.15 10.3 1.22 1.85 17.04 5.22 to 18.14 113
28/29 12.0 9 12.2 75.13 10.4 1.22 1.86 16.47 5.21 to 18.15 115
29/30 12.0 8 57.7 76.08 10.4 1.23 1.88 16.29 5.20 to 18.16 116
30/31 12.0 8 41.2 76 .58 10.5 1.23 1.89 16.09 5.20 to 18.18 117
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December 1995 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 8 22.6 77.43 10.5 1.24 1.91 15.47 5.19 to 18.19 118
2/ 3 12.0 8 1.8 78.22 10.5 1.25 1.93 15.23 5.19 to 18.20 119
3/ 4 12.0 7 38.8 78.55 10.6 1.26 1.94 14.56 5.19 to 18.21 120
4/ 5 12.0 7 14.0 79.19 10.6 1.26 1.96 14.28 5.18 to 18.22 120
5/ 6 12.0 6 47.8 79.35 10.7 1.27 1.97 13.58 5.18 to 18.24 121
6/ 7 12.0 6 20.9 79.42 10.7 1.28 1.99 13.28 5.18 to 18.25 122
7/ 8 12.0 5 54.1 79.40 10.8 1.29 2.00 12.57 5.17 to 18.26 123
8/ 9 12.0 5 28.1 79.29 10.8 1.30 2.02 12.27 5.17 to 18.27 123
9/10 12.0 5 3.8 79.11 10.9 1.31 2,03 11.58 5.17 to 18.28 124
10/11 12.0 4 41.3 78.46 10.9 1.33 2.05 11.32 5.17 to 18.29 124
11/12 12.0 4 21.1 78.16 11.0 1.34 2.06 11.07 5.17 to 18.30 124
12/13 12.0 4 3.0 77.40 11.0 1.35 2.08 10.45 5.17 to 18.31 125
13/14 12.0 3 47.1 77.01 11.1 1.37 2.09 10.24 5.17 to 18.31 125
14/15 12.0 3 33.1 76.19 11.1 1.38 2.11 10.06 5.17 to 18.32 125
15/16 12.0 3 20.8 75.35 11.2 1.40 2.12 9.50 5.17 to 18.33 125
16/17 12.0 3 10.0 74.49 11.2 1.41 2.14 9.35 5.18 to 18.34 125
17/18 12.0 3 0.5 74.02 11.3 1.43 2.15 9.21 5.18 to 18.34 125
18/19 12.0 2 52.2 73.15 11.3 1.45 2.17 9.09 5.18 to 18.35 125
19/20 12.0 2 44.9 72.27 11.4 1.46 2.18 8.57 5.19 to 18.36 125
20/21 12.0 2 38.5 71.39 11.4 1.48 2.20 8.47 5.19 to 18.36 125
21/22 12.0 2 32.8 70.52 11.5 1.50 2.21 8.37 5.19 to 18.37 124
22/23 12.0 2 27.8 70.05 11.5 1.52 2.23 8.28 5.20 to 18.37 124
23/24 12.0 2 23.3 69.18 11.6 1.54 2.24 8.19 5.21 to 18.38 124
24/25 12.0 2 19.3 68.32 11.6 1.56 2.26 8.11 5.21 to 18.38 123
25/26 12.0 2 15.8 67.46 11.7 1.58 2.27 8.04 5.22 to 18.39 123
26/27 12.0 2 12.7 67.01 11.7 1.60 2.28 7.56 5.22 to 18.39 123
27/28 12.0 2 9.9 66.17 11.8 1.62 2.30 7.50 5.23 to 18.39 122
28/29 12.0 2 7.4 65.34 11.9 1.64 2.31 7.43 5.24 to 18.39 121
29/30 12.0 2 5.2 64.52 11.9 1.66 2.33 7.37 5.25 to 18.39 121
30/31 12.0 2 3.2 64.10 12.0 1.69 2.34 7.31 5.26 to 18.40 120
31/32 12.0 2 1.4 63.30 12.0 1.71 2.36 7.25 5.26 to 18.40 120
How to fill in the forms
Full details on how to complete Ref sketch, coma drawing, tail
the report forms are given in the Source or catalogue for sketch, etc.
sectlton o bsertvmtg Gulde.t Tl:e comparison stars. The most ) )
most ~ important aspects 1o common ones are AA (AAVSO The  visual  observation
complete are shown clear. observing blank can be used
Progressively less important atlas), VB (BAA VS chart), HS when you have made a drawing

items are shown with darker
shading. Please report both the
comet magnitude and the coma
diameter if possible.

MM

Method used for magnitude
estimate. = The recommended
method is the Sidgwick (S)
method (also known as the In-
Out method).

Total Mag
If you do not have an atlas or
catalogue then identify the

comparison stars with a field
sketch on an attached sheet.

(Hubble catalogue), SC (Sky

Catalogue 2000).

Shy

Observing  conditions. 0
(impossible to make any
observation), 5 (average), 9

(Milky way visible down to the
horizon.

Rel
Reliability of  magnitude
estimate: 1 (good) to 3 (poor).

Comments

Add any extra information here.
For example note if there is a
separate sheet with a field

of the comet, perhaps because it
shows some interesting features.
Record your name, the name and
year identifier of the comet you
have observed (eg P/1994 Pl
(Machholz 2)), the year, month,
day and time of the observation
(eg 1994 Nov 20.95) and your
observing location (eg
Cambridge) at the top of the
form. Record the scale of the
image by noting the diameter of
the circle in minutes of arc and
mark the north point with an
arrow. Space at the bottom of
the form can be used for a
description of the observation.
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Preliminary report on Comet Hyakutake (1996 B2)

Comet Hyakutake turned out to be
an even more impressive object
than expected. Whilst, at the time
of writing, it does not look as if the
most optimistic perihelion
predictions will be attained, the
comet was a spectacular sight at
Earth close approach. At its closest
on March 25 the comet sported a
naked-eye tail in excess of 50° from
dark sites and rivalled Arcturus as
one of the brightest objects in the
sky. With binoculars a tremendous
amount of intricate detail was
visible in the tail and wide-field
photographs taken at the time show
multiple tail rays.

In early March the comet was still
well south of the equator but it was
already a naked-eye object at fifth
magnitude and binocular observers
reported a short tail in pa 280. By
March 20, when the comet passed
into the northern hemisphere, it had
brightened to second magnitude and
was a beautiful naked eye sight to
those lucky enough to have clear
skies. The head was already larger
than 1 degree and an ion tail of up
to 20° had been reported by some
observers.

Unfortunately, weather conditions
over the UK during early to mid-
March ranged from patchy to
downright dreadful. = The most
favoured parts of the country were
the south-west and the south coast
but even here the weather was not
good. The poor forcasts forced
several BAA members to leave the
country. John Rogers fled the
"miasmic swamp" of his native East
Anglia for the sunnier climes of
southern Spain. Mike Maunder was
conveniently on an observatory tour
in Tenerife and Martin Mobberley,
Glyn Marsh and the author left at
short notice for Tenerife courtesy of

Nick James

Mark Kidger at the Instituto
Astrofisica de Canarias.

Spectra from the IUE satellite
reported in IAUC 6355 indicated
that Hyakutake's molecule
production rate was significantly
higher than for Halley. A number
of emission lines were seen and the
most important were those for C,,
CS, CO,*, NH, C, O, CO and §.
The results indicated that water
production reached a temporary
maximum around closest approach
(IAUC 6370) as small pieces broke
off the nucleus exposing fresh
surfaces. The Hubble Space
Telescope (HST) tracked these
small fragments as they moved
away from the nucleus at around
11.5m/s.

On the nights around closest
approach the comet put on a
spectacular show which left most
observers short of adjectives. On
March 25 the magnitude reached 0
and the tail streched from Ursa
Major, through Bootes and possibly
as far as the bowl of Virgo. The tail
was very bright for an ion tail and it
showed multiple rays which
changed in form over periods
measured in  minutes. No
significant dust tail activity was
seen at this time.

Radar contact with the comet was
achived by the Goldstone X-Band
(8.5GHz) dish on March 24. A few
dozen 480kW pulses were directed
towards the comet and the echos
were received 107 seconds later.
Steve Ostro of JPL reported that the
radar results implied a very small
nucleus of 1-3km. The inability of
the HST to image an extended
nucleus despite a pixel resolution of
7.5km tends to confirm the radar
observations although they are still
preliminary. Earlier, on March 19-

20 high resolution  optical
observations by the NTT at La Silla
with a resolution of 18km/pixel had
shown that the dense central gas
and dust condensation had a
diameter of 70km but these
observations did not resolve the
nucleus.

At the end of March as the Moon
waxed to full the weather cleared
and UK observers had many
opportunities to view the comet.
By this time it was still spectacular
but the best of the show was over.
At the beginning of April the comet
had faded to around second
magnitude. An impressive movie
of the central condensation was
made by Terry Platt on April 1. He
used an SXL8 camera to take a
short exposure of the nuclear region
at half hourly intervals from 1940
to 2340. This movie clearly shows
the nuclear rotation and the overal
impression is rather similar to water
jets from a rotating garden
sprinkler. Observations from Pic-
du-Midi had indicated a most likely
nucleus rotation period of around
6.2hr. This is around eight times
faster than Halley's.

Continued on page 4
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Comet Section contacts

Director: Jonathan Shanklin, 11 City Road, CAMBRIDGE. CB1 1DP, England.

Phone: (+44) (0)1223 571250 (H) or (+44) (0)1223 251400 (W)

Fax: (+44) (0)1223 362616 (W)
E-Mail: JDS @ MAIL.AST.CAM.AC.UK or JSHANKLIN @ BAS.AC.UK
WWW page : http://www.ast.cam.ac.uk/~jds/

Assistant Director (Observations):
(and also Editor of
The Astronomer magazine)

E-Mail:

Assistant Director:
(Urgent correspondence)

E-Mail: JALAN @ MAIL.AST.CAM.AC.UK

CCD Advisor:

Phone: (+44) (0)1245 354366
E-mail: NDJ @ ASTRO1.DEMON.CO.UK or NICKJAMES @ GMRC.GECM.COM

Photographic Advisor:

Phone: (+44) (0)1206 240021

Guy Hurst, 16 Westminster Close, Kempshott Rise, BASINGSTOKE, Hampshire.
RG22 4PP, England.

Phone & Fax: (+44) (0)1256 471074
GUY @ TAHQ.DEMON.CO.UK or GMH @ AST.STAR.RL.AC.UK

James Lancashire, Basement Flat, 5 Buchingham Place, Clifton, BRISTOL. BS8 1LH, England.

Phone: (+44) (0)117 9734065

Nick James, 11 Tavistock Road, CHELMSFORD, Essex. CM1 5JL, England.

Michael Hendrie, Overbury, 33 Lexden Road, West Bergholt, Colchester, Essex. CO6 3BX

Dear Section member,

First my apologies that this is a
rather thinner Tale than usual
Comet Hyakutake (1996 B2) has
generated an enormous amount of
correspondence leaving little time
to prepare this newsletter, which
needed to come out before the
section meeting. Comet Hyakutake
has presented us with a number of
problems in observing a comet that
we haven't encountered before and
it seems quite likely that Hale-Bopp
will be even brighter. We will be
discussing these problems and the
lessons learnt at the section meeting
and I hope to see many of you on
the day. Anyone who would like to
speak or show slides, overheads or
other material at the meeting should
contact me, preferably by the
beginning of June.

I made some early observations of
comet 1996 B2 from the Falkland
Islands which suggested that it was
brightening  rapidly, and it
continued to brighten rapidly until
within 1.5 AU of the Sun. Once it
passed by the Earth it seems to have
gone into an even more passive
mode. My return to the UK in mid
February coincided with a large
crop of comets and a change in the
weather and over February 21 I was
able to observe 6 comets.
Unfortunately the weather didn't
oblige at the critical time of the
closest approach, but a few section

Section news from the Director

members sought better locations
abroad and had good views.

Section members will be sorry to
hear of the death of Richard Glynn
of Okehampton, Devon. A long
standing member of the Association
he made occasional observations of
the brighter comets. The earliest
observations from him in the
section archives are of comet 1957
P1 (Mrkos) and when I last spoke
with him in October he was hoping
to observe 1995 S1 (de Vico).

Former section director Michael
Hendrie has agreed to act as
photographic advisor. He has been
taking comet photographs and
carrying out astrometric
observations for many years. If you
have queries about photography
please write to him, remembering to
enclose an sae.

The section guide to observing
comets is now available. It is a 48
page booklet which I hoped would
give you all the information you
ever needed to observe a comet. 1
have aimed to include everything
that is needed for visual observation
of comets, with small sections on
comet hunting and photography.
The normal selling price will be
£2.25 from the BAA office,
however section members can send
me a C5 size stamped and
addressed envelope, together with a

small contribution towards the cost
in the form of stamps.

I hadn't quite bargained for a very
bright comet and I will need to add
some extras to the booklet when it
is reprinted. One point concerns
magnitude estimates for large bright
comets. It is very important to
defocus sufficiently and a good
technique is to use reversed
binoculars with one eye and direct
vision with the other. 7x50B will
give a reduction of 4.2 mags,
10x80B 5.0 mags etc. I used this
technique for observing the eclipsed
moon last month, though must
confess to not having used it in
anger on the comet. Another point
concerns the measurement of the
position angle of the tail: the angle
is measured with respect to lines of
rightascension NOT with respect to
the horizon or direction of the
zenith.

Since the last newsletter
observations or contributions have
been received from the following
BAA members:

James Abott, Sally Beaumont, Paul
Bispham, Denis Buczynski, Robert
Bullen, Peter Butler, David Clegg,
Emilio Colombo, Paul Doherty,
John Fletcher, Michael Foulkes,
James Fraser, Werner Hasubick,
Alan Heath, Mark Herbert, Guy
Hurst, Nick James, Albert Jones,
Joe Kaplonek, Paul Keenan,
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Norman Kiernan, Ron Livesey,
John Mackey, Nick Martin, Richard
McKim, Howard Miles, Martin
Mobberley, David Moore, Neil
Morrison, Brian O'Halloran, Omulf
Midstkogen, Gabriel Oksa, Alexei
Pace, Roy Panther, Simon Pierson,
Gary Poyner, John Rogers,
Jonathan Shanklin, John Smith,
David Storey, David Strange, Tony
Tanti, Melvyn Taylor, B Topping,
Alex Vincent, Richard Walters,
James Weightman, Kevin West and
Jack Youdale

and also from: Jose Aguiar, John
Aldridge, Frank Andrews, Andrew
Atterbury, Alexandr Baransky,
Sandro Baroni, R Blay, John Bortle,
Michael Boschat, Peter Caldwell,
Paul Camilleri, Matyas Csukas,
Haakon Dahle, Alfons Diepvens,
Stephen Getliffe, Bjoern Granslo,
Roberto Haver, Trond Hillestad,

Andreas Kammerer, Graham
Keitch, Mark Kidger, Atilla Kosa-
Kiss, Martin Lehky, Romualdo
Lourencon, Robert McNaught,
Herman Mikuz, Antonio Milani,
Charles Morris, Mieczyslaw
Paradowski, Andrew Pearce, Ernie
Richardson, John Sanford, Oddleiv
Skilbrei, Christopher Spratt, Peter
Stanley, Steinar  Thorvaldsen,
Graham Wolf and Vittorio Zanotta.

Comets under observation were:
6P/d'Arrest, 22P/Kopff,
29P/Schwassmann-Wachmann 1,
45P/Honda-Mrkos-Pajdusakova,
58P/Jackson-Neujmin,
67P/Churyumov-Gerasimenko,
73P/Schwassmann-Wachmann 3,
116P/Wild 4, 122P/de Vico,
123P/West-Hartley, C/1995 Ol
(Hale-Bopp), C/1995 Q1
(Bradfield), C/1996 Y1
(Hyakutake), C/1996 Al (Jedicke),

C/1996 BI1 (Szczepanski) and
C/1996 B2 (Hyakutake).

It would be a great help to Guy and
myself if observers could include
all the details requested on the
section report form when they
submit observations. Observations
submitted by e-mail are much
appreciated, especially if they are
already in the TA or ICQ format.
Observations are not accepted by
the ICQ unless all unshaded and
lightly shaded items on the form are
included.

I look forward to seeing as many of
you as possible at the section
meeting on June 8th.

Jonathan Shanklin

10.30 Coffee

11.00 Jon Shanklin Introduction

11.10 David Dewhirst Really Great Comets.
11.40 Jon Shanklin Visual observing

12.10 Members

12.30 Lunch

14.00 Guy Hurst Submitting observations
14.30 Mike Hendrie Photography

15.00 Members

15.30 Tea

16.00 Nick James CCD imaging

16.30 Roger O'Brien Professional observations
17.00 Closing remarks followed by a tour of the Observatories (on request).

Provisional Meeting Programme

Comets Hyakutake and Hale-Bopp

Saturday June 8
Institute of Astronomy, Cambridge

There is an entry charge of £1.00 to cover administration costs, tea, coffee and biscuits. A buffet lunch is available for £4.00
if you book in advance - please send bookings to me.

Some exhibition space is available and observations of comet Hyakutake will be on display. The TA supplement on the comet
should be available for purchase. If you would like to exhibit material please let me know in advance. There will be stands by
the BAA, CAA, CUAS and TA. I have left plenty of time for discussion so that we can exchange experiences. If you would

like to speak do let me know.

Cambridge rail and coach stations are a lengthy walk from the Observatories. The Birmingham train arrives at 10:30, London
trains at 09:59, 10:09 and 10.37. The meeting will take place in the Hoyle building of the Institute of Astronomy.
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Continued from page 1

One of the most suprising results
was obtained by the X-ray satellite
ROSAT. Observations of the
comet in X-Rays showed levels
around 100 times those expected.
Possibly solar X-rays were
absorbed by molecules in the coma
causing them to fluoresce.
Alternatively  violent  collisons
between solar wind particles and
the coma were causing the X-rays.
Much work remains to be done to
interpret these observations.

Interestingly on April 9.9 a gamma-
ray burster went off close to the
position of the comet. If anyone
took photographs between 21 and
24 UT that reach to about 9™ they
may just have captured it on
film. As no bursters have yet

Comet Hyakutake (1996 B2)

been identified with an
optical source this is a good
opportunity for amateurs to make a
significant contribution to science.

By April 10 Hyakutake was within
the orbit of Venus and the
magnitude had stabilized at around
2.5. Further small fragments had
broken from the nucleus but the
comet was not brightening as
expected. The coma diameter had
shrunk to 10' and it now looks
unlikely that the comet will be
brighter than second magnitude at
perihelion.

Brian Marsden computes that
Hyakutake's original orbital period
was 8,000 years but that after
passing through the inner solar
system gravitational purturbations
had changed this to 14,000 years

(IAUC 6359). We shall not see this
comet again!

Many images of the comet
including Terry Platt's comet movie
(in MPEG format) are available on
the TA web site at
http://www.demon.co.uk/astronome
r/comets.html,

NASA and CNES select science investigations for comet lander

Douglas Isbell, Jet Propulsion Laboratory, Press Release

Science investigations designed to
image the surface of a comet close
up and determine its exact chemical
and mineralogical composition have
been provisionally selected by
NASA and CNES, the French space
agency, to be carried out early next
century on a comet lander named
Champollion.

Slated for launch aboard the
International Rosetta  Mission,
Champollion and a similar comet
lander named RoLand, to be
providled by a  German-led
consortium, will be the first
spacecraft ever to land on one of
these ancient clumps of icy rubble.

Planetary scientists believe that
comets were the primary building
blocks for the outer planets of the
solar system. Cometary
bombardment also may have
provided a significant fraction of
the atmosphere, oceans and organic
materials of Earth when it was a
young planet.

The overall scientific objective of
the Rosetta mission is to produce a
global picture of a comet called
Wirtanen, including its shape and
composition, the nature of the
volatiles that it spews out, and the
comet surface phenomena that
contribute to this process.

The mission is named after the
Rosetta Stone, an ancient Egyptian
tablet discovered near the town of

Rosetta in 1799 that provided a
major key to the translation of
Egyptian hieroglyphic  writing.
Jean-Francois Champollion  of
France, for whom one of the
Rosetta mission comet landers is
named, played a large part in
deciphering it.

"The new knowledge about comets
that Rosetta and Champollion
promise to return will help us
decipher important clues about the
earliest stages of the formation of
our solar system, just as the Rosetta
Stone did with ancient Egyptian
hieroglyphics,” said Dr. Wesley T.
Huntress, Associate Administrator
for Space Science, NASA
Headquarters, Washington D.C.
"The most intriguing potential
result from Champollion's
investigations is the possible
presence of complex organic
molecules, which would tell us
whether these precursors of life
might have been brought to Earth
by comets."”

Rosetta will be the first spacecraft
to orbit a comet. It represents the
next major step in cometary
science, following several recent
reconnaissance flybys of comets by
other international  spacecraft.
Rosetta is the third cornerstone
mission in the European Space
Agency's long-term space science
program called Horizon 2000.

After its scheduled launch aboard
an Ariane 5 vehicle in January
2003, the Rosetta spacecraft will
perform gravity-assist flybys of
Mars and Earth, and then
rendezvous with comet Wirtanen in
August 2011. It will deploy the
Champollion and RoLand surface
landers about one year later. Two
asteroid flyby encounters also are
planned for about halfway through
the mission.

The selected Champollion
experiments incorporate a number
of new technologies, including
high-density, three-dimensional
electronics, an advanced infrared
spectrometer, active pixel imaging
sensors with on-chip electronics, an
advanced gamma-ray sensor, and a
miniaturized, = low-power  gas
chromatograph/mass spectrometer.

A suite of a dozen cameras will
provide Earth-bound scientists with
their first close-up look at the
surface of a comet. One set of
cameras, to be provided by Dr.
Jean-Pierre Bibring of the Institut
d'Astrophysique Spatiale in Orsay,
France, will create stereo images of
the landscape surrounding the
lander. A second camera set
supplied by Dr. Roger Yelle of
Boston University, Boston, MA,
will photograph the surface close to
the lander. An even closer look
will be generated by a microscope,
also supplied by Yelle, which

BAA COMET SECTION NEWSLETTER



1996 MAY

5

should reveal individual grains in
the comet nucleus.

Organic molecules, which may
provide clues to the origin of life on
Earth, will be identified by a gas
chromatograph/mass spectrometer
to be contributed by a group led by
Dr. Paul Mahaffy of NASA's
Goddard Space Flight Center,
Greenbelt, MD. Determining the
chemical composition of the comet
itself is the task of an international
consortium headed by Dr. Claude
d'Uston of the Centre d'Etude
Spatiale des Rayonnements in
Toulouse, France. They will use a
gamma-ray spectrometer to
measure the radiation generated
from inside the comet by the
cosmic rays that bombard it
continuously.

The strength, density and
temperature of the comet surface
will be measured by probes placed
on spikes driven into the surface.
These spikes, to be provided by Dr.
Thomas Ahrens of the California

Institute of Technology, Pasadena,
CA, will also serve to anchor the
spacecraft firmly to the comet and
prevent it from drifting off into
space.

The scientific investigators for the
provisionally selected instruments
are based at 10 U.S. universities,
three NASA field centers, three
other U.S. laboratories, 10 French
institutes, and nine institutes in
other countries.

A radio sounding tomographic
experiment that would produce a
CAT scan-like, three-dimensional
image of the comet nucleus is under
consideration as an additional
Champollion  investigation, if
financial and technical resources
can be made available. It would be
provided by Dr. Wlodek Kofman of
the Centre d'Etude des Phenomenes
Aleatoires et Geophysiques, St.
Martin d'Heres, France.

Full  confirmation of  the
Champollion instrument payload is

anticipated in about one year, after
a formal review and endorsement
by the ESA Space Program
Committee in February 1996, and
verification by NASA and CNES
that the selected investigators are
able to accommodate changes
required to increase instrument
collaboration and decrease their
costs.

The Champollion project is
managed by NASA's Jet Propulsion
Laboratory, Pasadena, CA, for the
Solar System Exploration Division
of NASA's Office of Space Science,
Washington, DC, and the CNES
Scientific Program Division, Paris.
CNES will contribute several key
elements of the mission, including
its telecommunication subsystem,
batteries, spacecraft separation
mechanism, and its ground-based
control system.

Although a standard format for
comet names has been adopted by
the IAU circulars, this has not
actually been ratified by the
committee tasked to decide on the
issue. The committee has
tentatively agreed that comets will
continue to be named after their
discoverers, but not on how many
members of a discovery team will
have their names included. Another

Comet names

point still under discussion is
should each comet have a unique
name? This is currently true for
periodic comets but not for non-
periodic ones; there are for example
two comets Hyakutake. Should
these be called Hyakutake 1 and
Hyakutake 2 ? The IAU resolution
did not specify a style to be used for
comet names, so that Comet Hale-
Bopp (1995 O1) is just as valid as

C/1995 O1 (Hale-Bopp) and is
nearer to the traditional format.

The committee is seeking input on
these issues from the astronomical
community, so if you have any
views please let me know and I'll
pass them on.

Jonathan Shanklin

Cometary clouds round other stars ?

The first star found to have an infra-
red excess was Vega in 1983, when
it was viewed by IRAS (Infra-Red
Astronomy  Satellite). The
temperature of the material is only
95 Kelvin, but it is sufficient to
increase the apparent infra-red
output of the star. It is thought that
a planetary system is in the process
of forming round the star. A
number of other stars (notably
Fomalhaut) have been found to
have a similar excess.

Alex Vincent

The star Beta Pictoris was the first
star to have a possible proto-
planetary system detected optically.
This star is 78 light years distant
and is 68 times more luminous than
the sun. The star has a large infra-
red excess and the material may be
in the form of a disc which extends
500 AU from the star and is seen
almost edge on. There is a depleted
region extending from 20 to 30 AU
from the star.

It is possible that these infra-red
excesses could be due to cometary
clouds of dust, ice and gas similar
to the supposed Oort Cloud
surrounding the Sun. The Oort
cloud is believed to extend to a
distance of up to one light year
from the sun. It might appear as a
disc shaped infra-red excess when
viewed from another stellar system.

At the International Workshop on
Cometary Astronomy in February
1994 I talked about my analysis of
visual tail lengths. The analysis
showed that there exists a

Tail length prediction C/1996 B2

Andreas Kammerer

correlation between the heliocentric
magnitude and the tail length (see
International Comet Quarterly, Oct.
1994, pp. 144-148). [This formula

is used in the ephemerides available
on the section web page].

Applying the formula to comet
C/1996 B2 (Hyakutake) I made the
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following prediction about the
development of the visual tail:

Because of severe foreshortening
prior to its encounter with earth the
tail length will not exceed 5° prior
to March 20th. The following days,
however, will see a rapid increase -
due to diminishing foreshortening
and distance - with a maximum on
March 27th. For that day I predict a
visual tail length of 20°, but it
should be of comparable length
from March 25th to 28th. The tail
however will not be conspicuous.
[As things turned out, the comet
was brighter than predicted and
hence the tail was longer].
Thereafter, mainly because of the
increasing distance from the earth,
the tail will shrink and reach a
minimum of about 12° around April
5th. After that date it will grow
again and gain in brightness.
Maximum length will be reached on
April  25th/26th. Thereafter
foreshortening and  increasing
distance will cause a rapid
shrinkage. The formula predicts the
following lengths (Oh UT). April

15th: 17°, April 20th: 26°, April
25th: 35°, April 30th: 20°, May 5th:
14°, May 10th: 13°, May 15th: 9°,
May 20th: 6°,

The prediction has three important
restrictions: First, the formula
describes the average(!) tail
development of comets. If comet
Hyakutake shows high activity or
even breaks apart, the visible tail
can get much longer. On the other
hand, in the case of low activity it
will be shorter. Second, the
formula depends on the brightness
development. The above values are
calculated on the basis of the
brightness parameters m0=5.5 and
n=4 (neglecting a probably greater
mO and smaller n after perihelion,
because assuming any different
values for this period is no more
than a guess). Again, if the comet
shows a different brightness
development, the tail length will
differ from the above values.
Third, the formula is well tested
only for distances down to about
035 AU Because of its
exponential nature, it has to be

replaced by another kind of formula
(I prefer a parabola) at a distance
somewhere between about 0.3 AU
and 0.2 AU. Comet Hyakutake will
have sun distances of less than 0.3
AU from April 26th to May 7th.
For these dates, the given values are
therefore not supported by any
observations of past comets.

As a result, northern hemisphere
observers at about 40°-60° latitude
will have the best view (especially
around the time of earth passage).
To southern hemisphere observers
the comet will not be visible in a
moderately dark sky prior to about
May 7th. By then the tail length
will have shortened to only about
one third that displayed at the end
of April. Only in the case of a
splitting of the nucleus and a
resulting increase of the absolute
brightness of at least 3.5™ would
the tail achieve comparable lengths
after perihelion.

Review of comet observations for 1995 November - 1996 April

The information in this report is a
synopsis of material gleaned from
IAU circulars 6254 - 6380 and The
Astronomer (1995 November -
1996 March). Lightcurves for the
brighter  comets are from
observations submitted to The
Astronomer and the Director. Note
that the figures quoted are rounded
off from their original published
accuracy. A full report of the
comets seen during the year will be
published in the Journal in due
course. For the latest information
see the section www page.

6P/d'Arrest continued to be
observed by more favourably
located observers after it was lost
from view in the UK. It faded from
around 8™ at the beginning of
September to 11™M at the end of
November, steadily becoming more
diffuse.

18P/Perrine-Mrkos was not
recovered and may have become
inert.

22P/Kopff was picked up by CCD
observers in mid February and had
reached 10™ as I write these notes
in mid April. A finding chart for
the comet is in the observing
supplement.

29P/Schwassmann-Wachmann 1
continued to be active with another
outburst starting in mid February

and continuing into April. This
outburst was quite a bright one and
it reached around 11™, Observing
with the Northumberland 0.30-m
refractor shortly after the outburst
commenced it was a small well
condensed object, surprisingly easy
to see. The comet is worth
following by those equipped with
CCD cameras as it seems to be in
outburst more often than not.

45P/Honda-Mrkos-Pajdusakova
made a brief forray into Northern
skies in late January and February
and some more southerly observers
were also able to observe it in
December prior to perihelion. It
faded fairly rapidly and became
quite large and very diffuse. The
observations are fitted by 11.4 + 5
log(A) + 119 log(r), which
generally confirms the faint
intrinsic magnitude of the comet,
but is a rather smaller value for K1
than normally adopted.

58P/Jackson-Neujmin peaked at
around 10.5 in mid November, but
was not well placed for UK
observation.

67P/Churyumov-Gerasimenko
reached around 11™ in mid
February. It was a weakly
condensed object with a maximum
coma diameter of around 3'.

73P/Schwassmann-Wachmann 3
underwent a further outburst in mid
November, reaching 7™. Despite
the two outbursts, the overall
brightness law is 5.8 + 5 log(A) +
7.4 log (1).

116P/Wild 4 reached around 13™ in
late February and continued at this
brightness into April.

122P/de Vico was lost for most
observers after the end of
November, when it went into solar
conjunction as a 9™ rather diffuse
object. However Mikuz picked it
up again in January when it had
faded considerably to 14.5™,

123P/West-Hartley was observed
by Mikuz and Hasubick in mid
February at around 13.5.

C/1995 O1 (Hale-Bopp) was
recovered after solar conjuntion and
seems to be brightening rapidly. It
is now an easy binocular object.
The best fit equation to the
observations made so far is -3 + 5
log(A) + 12 log (r), which would
make it a spectacular object at
perihelion. However Hyakutake
held out similar prospects and then
didn't quite live up to them so it is
best to wait and see what happens
as it approaches the sun. Whatever
else it should be an easy object to
observe.
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C/1995 Q1 (Bradfield) was
followed by a few observers into
December, when it was a diffuse
11™ object.

C/1995 Y1 (Hyakutake).  Yuji
Hyakutake of Hayato-machi, Aira-
gun, Kagoshima-ken discovered an
11™ comet on December 25 using
25x150 B. The brightness peaked
at around 8™ at the end of
February. The comet was
moderately condensed, with a
maximum coma diameter of around
10. The observations are fitted by
7.6 +5log(A)+ 11.4logr

C/1996 A1 (Jedicke). Robert and
Victoria Jedicke of the Lunar and
Planetary Laboratory, discovered
the first comet of the year on
January 14 with the Spacewatch
telescope at Kitt Peak. At
discovery it was 17™, Although it
is a very faint object and won't get
much brighter, Mikuz has been able
to make a couple of CCD
observations putting it at around
16.5™.

C/1996 B1 (Szczepanski). Edward
W Szczepanski of Houston, Texas,
U.S.A. photographically discovered
a comet on January 27, using a
0.10-m refractor and a 300-mm
camera lens on a 50 minute
exposure. At discovery it was
estimated at 10.5, though visual
observations made it a couple of
magnitudes brighter.  The light
curve is not particularly well
defined, but can be fitted by 7.8 + 5
log(A) + 10 log(r). The majority of
observers  estimate that the
brightness peaked at around 8™ at
the end of February. The coma
became quite large and diffuse,
which may explain much of the
scatter.

C/1996 B2 (Hyakutake).  Yuji
Hyakutake made a second visual
discovery on January 31. He again
used 25x150 B and the comet was
initially 11 magnitude. More
details are given elsewhere in the
Newsletter. The observations so far
give a mean light curve of 5.4 + 5
log(A) + 8 log (r), however the
comet was significantly fainter than

indicated by this equation when it
was discovered and reached a
brighter magnitude at closest
approach to the Earth. After closest
approach the light curve is best
fitted by 5.2 + 5 log(A) + 6 log (1)

C/1996 E1 (NEAT) was discovered
by Eleanor Helin and other
members of the Near-Earth-
Asteroid Tracking (NEAT) team
with the 1-m f2.2 GEODSS
telescope at Haleakala. The comet
is intrinsically quite faint and is
currently about 16™. It reaches
perihelion at 1.4 AU in July, but is
not well placed.

P/1996 F1 (Spacewatch)
(125P/Spacewatch) was recovered
by Jim Scotti and J Montani with
the 0.9-m Spacewatch telescope at
Kitt Peak on March 21st. It is not
%gscted to become brighter than

Comet 45P/Honda-Mrkos-Pajdusakova

Light Curves

Comet 73P/Schwassmann-Wachmann 3
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Intfroduction

Comet Hyakutake has encouraged members to make a
few drawings so do keep sending them in. Observing
and drawing features in the inner coma takes practice
and as such features are likely to be common in Hale-
Bopp, now is the time to start. Good drawings will be
used to illustrate future section reports in the Journal

" and in Memoirs. A copy of the section observing blank
and report form are on the last two pages of this
supplement; please let me know if you need more
copies of them.

Ephemerides are given for comets:

¢ 22P/Kopff (The ephemeris is for the UK but
continues to mid October as it may be observed
from more southerly locations)

¢.  65P/Gunn (Equator only)

¢ 96P/Machholz 1 (Southern hemisphere only)

¢ 116P/Wild 4 (Equator only; the comet may be
visible from the UK for the first few weeks of May)

¢ C/Hale-Bopp (1995 O1)

¢ C/Hyakutake (1996 B2) (Southern hemisphere
only)

Current ephemerides are also available on the section
web page.

Although comet Hale-Bopp will get the lion's share of
attention it is important not to forget the fainter comets.
Comet 22P/Kopff has a good return and I hope that
members will be able to obtain full coverage of it. A
finding chart with selected comparison star magnitudes
is given at the end of the supplement.

Comet Ephemerides

Computed by Jonathan Shanklin

The comet ephemerides are
generally for the UK at a latitude
of 53° N on the Greenwich
meridian and give the following:-

¢ Name of comet

¢ Orbital elements (epoch
2000). The orbital elements
are from the IAU circulars or
comet catalogue or from Don
Yeomans of JPL. Apologies

which the night starts. To
convert to UT (GMT) add 12
hours. If the value is greater
than 24, add 1 to the day and
subtract 24 from the hour. If
necessary, convert to local
time. Strictly ephemeris time
is used which is currently
some 60 seconds ahead of
UT.

¢ Column headings:

to the originators for not a) Double-date format. Time in
making this clear in previous GMAT. 12.0 is midnight UT.
issues.
¢ Magnitude formula b) Right ascension in hours and
minutes. Declination in
Where the comet is invisible from degrees and minutes. (These
the UK other locations are used; are for epoch 1950).
these are either the Equator or
latitude 35° S always at longitude c) Magnitude of comet. This is

0°. The use of longitude 0° means

an indication only and may be

f) Time of transit, i.e. when the
comet is highest in the sky.

g) Period of visibility subject to
the constraints that the sun
must be 13° or more below
the horizon (ie the sky is
dark) and the comet a
distance above the horizon
depending on its brightness.
The comet may be visible
outside this period and it
should be taken as a rough
guide only. A comet may be
visible outside these limits if
conditions are good or it is
brighter  than  predicted;
equally you might find that a
comet is invisible within
them, particularly in poor
skies.

that the times given can be used as several magnitudes out. A h) Elongation from the sun in
local times. comet appears much fainter degrees.
in a large telescope than in
binoculars. Ephemerides follow
¢ Month, year. All times are in
Greenwich Mean d) Distance from the Earth in AU.
Astronomical Time (GMAT),
i.e. the day is the day on e) Distance from the Sun in AU.
Ephemeris for 22P/Kopff
Omega=162.8362 OMEGA=120.9141 i= 4.7210 g= 1.579945 a= 3.463318

e=0.543806 P= 6.445 T= 1996

Magnitudes calculated from m =

July
3.0 + 5.0*Log (d)

2.2569 Equinox= 2000
+ 26.0*Log(r)

May 1996 Times in GMAT

Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
15/16 12.0 18 46.7 -15.53 8.1 0.78 1.65 15.13 12.01 to 14.01 133
16/17 12.0 18 48.0 -15.53 8.1 0.78 1.65 15.11 11.58 to 13.58 134
17/18 12.0 18 49.3 -15.52 8.0 0.77 1.64 15.08 11.54 to 13.55 134
18/19 12.0 18 50.5 -15.51 8.0 0.76 1.64 15.05 11.51 to 13.53 135
19/20 12.0 18 51.7 -15.51 8.0 0.75 1.64 15.03 11.47 to 13.50 136
20/21 12.0 18 52.9 -15.50 7.9 0.75 1.64 14.60 11.43 to 13.47 136
21/22 12.0 18 54.1 -15.50 7.9 0.74 1.63 14.57 11.40 to 13.44 137
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22/23 12.0 18 55.2 -15.50 7.8 0.73 1.63 14.54 11.36 to 13.41 138
23/24 12.0 18 56.3 -15.50 7.8 0.73 1.63 14.51 11.33 to 13.38 138
24/25 12.0 18 57.4 -15.50 7.8 0.72 1.63 14.49 11.29 to 13.36 139
25/26 12.0 18 58.4 -15.50 7.7 0.71 1.62 14.46 11.26 to 13.33 140
26/27 12.0 18 59.5 -15.51 7.7 0.71 1.62 14.43 11.22 to 13.30 140
27/28 12.0 19 0.5 -15.51 7.7 0.70 1.62 14.40 11.19 to 13.27 141
28/29 12.0 19 1.4 -15.52 7.6 0.69 1.62 14.37 11.15 to 13.25 142
29/30 12.0 19 2.4 -15.53 7.6 0.69 1.61 14.34 11.12 to 13.22 143
30/31 12.0 19 3.3 -15.54 7.6 0.68 1.61 14.31 11.08 to 13.19 143
31/32 12.0 19 4.2 -15.55 7.5 0.68 1.61 14.28 11.05 to 13.17 144
June 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong

1/ 2 12.0 19 5.1 -15.57 7.5 0.67 1.61 14.25 11.01 to 13.14 145
2/ 3 12.0 19 5.9 -15.58 7.5 0.66 1.61 14.22 10.58 to 13.12 146
3/ 4 12.0 19 6.7 -16.00 7.4 0.66 1.61 14.19 10.54 to 13.09 146
4/ 5 12.0 19 7.5 -16.02 7.4 0.65 1.60 14.15 10.51 to 13.07 147
5/ 6 12.0 19 8.2 -16.05 7.4 0.65 1.60 14.12 10.53 to 13.04 148
6/ 7 12.0 19 9.0 -16.07 7.4 0.64 1.60 14.09 10.55 to 13.02 149
7/ 8 12.0 19 9.7 -~16.10 7.3 0.64 1.60 14.06 10.58 to 12.60 149
8/ 9 12.0 19 10.3 -16.12 7.3 0.63 1.60 14.02 11.01 to 12.58 150
9/10 12.0 19 11.0 -16.16 7.3 0.63 1.60 13.59 11.03 to 12.56 151
10/11 12.0 19 11.6 -16.19 7.2 0.63 1.59 13.56 11.05 to 12.54 152
11/12 12.0 19 12.2 -16.22 7.2 0.62 1.59 13.52 11.07 to 12.52 153
12/13 12.0 19 12.7 -16.26 7.2 0.62 1.59 13.49 11.09 to 12.50 153
13/14 12.0 19 13.2 -16.30 7.2 0.61 1.59 13.46 11.11 to 12.49 154
14/15 12.0 19 13.7 -16.34 7.2 0.61 1.59 13.42 11.13 to 12.48 155
15716 12.0 19 14.2 -16.38 7.1 0.61 1.59 13.39 11.15 to 12.47 156
16/17 12.0 19 14.7 -16.43 7.1 0.60 1.59 13.35 11.16 to 12.46 157
17/18 12.0 19 15.1 -16.48 7.1 0.60 1.59 13.32 11.17 to 12.45 158
18/19 12.0 19 15.5 -16.53 7.1 0.60 1.59 13.28 11.18 to 12.45 159
19/20 12.0 19 15.9 -16.58 7.1 0.59 1.58 13.25 11.19 to 12.44 159
20/21 12.0 19 16.2 -17.03 7.0 0.59 1.58 13.21 11.19 to 12.44 160
21/22 12.0 19 16.5 -17.09 7.0 0.59 1.58 13.17 11.19 to 12.45 161
22/23 12.0 19 16.8 -17.15 7.0 0.58 1.58 13.14 11.19 to 12.45 162
23/24 12.0 19 17.1 -17.21 7.0 0.58 1.58 13.10 11.19 to 12.46 163
24/25 12.0 19 17.4 -17.27 7.0 0.58 1.58 13.06 11.18 to 12.47 164
25/26 12.0 19 17.6 -17.34 7.0 0.58 1.58 13.03 11.17 to 12.48 165
26/27 12.0 19 17.8 -17.40 7.0 0.58 1.58 12.59 11.16 to 12.50 166
27/28 12.0 19 18.0 -17.47 7.0 0.57 1.58 12.55 11.15 to 12.52 167
28/29 12.0 19 18.2 -17.54 7.0 0.57 1.58 12.52 11.13 to 12.54 168
29/30 12.0 19 18.4 -18.01 6.9 0.57 1.58 12.48 11.12 to 12.56 168
30/31 12.0 19 18.6 -18.08 6.9 0.57 1.58 12.44 11.10 to 12.58 169
July 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 19 18.7 -18.16 6.9 0.57 1.58 12.40 11.08 to 12.60 170
2/ 3 12.0 19 18.8 -18.23 6.9 0.57 1.58 12.36 11.06 to 13.02 171
3/ 4 12.0 19 19.0 -18.31 6.9 0.57 1.58 12.33 11.04 to 13.05 172
4/ 5 12.0 19 19.1 -18.39 6.9 0.57 1.58 12.29 11.02 to 13.07 173
5/ 6 12.0 19 19.2 -18.47 6.9 0.57 1.58 12.25 10.59 to 13.10 174
6/ 7 12.0 19 19.3 -18.55 6.9 0.57 1.58 12.21 10.57 to 13.13 175
7/ 8 12.0 19 19.4 -19.03 6.9 0.57 1.58 12.17 10.55 to 13.15 175
8/ 9 12.0 19 19.5 -19.11 6.9 0.57 1.58 12.13 10.52 to 13.18 176
9/10 12.0 19 19.5 -19.19 6.9 0.57 1.58 12.09 10.50 to 13.21 177
10/11 12.0 19 19.6 -19.28 6.9 0.57 1.58 12.06 10.47 to 13.24 177
11/12 12.0 19 19.7 -19.36 7.0 0.57 1.58 12.02 10.45 to 13.27 177
12/13 12.0 19 19.8 -19.44 7.0 0.57 1.58 11.58 10.42 to 13.30 177
13/14 12.0 19 19.9 -19.53 7.0 0.57 1.58 11.54 10.39 to 13.32 177
14/15 12.0 19 20.0 -20.01 7.0 0.57 1.59 11.50 10.37 to 13.35 176
15/16 12.0 19 20.0 -20.10 7.0 0.57 1.59 11.46 10.34 to 13.38 175
16/17 12.0 19 20.1 -20.18 7.0 0.57 1.59 11.43 10.31 to 13.41 174
17/18 12.0 19 20.3 -20.26 7.0 0.57 1.59 11.39 10.28 to 13.44 174
18/19 12.0 19 20.4 -20.35 7.0 0.58 1.59 11.35 10.26 to 13.47 173
19/20 12.0 19 20.5 -20.43 7.0 0.58 1.59 11.31 10.23 to 13.50 172
20/21 12.0 19 20.6 =-20.51 7.1 0.58 1.59 11.27 10.20 to 13.53 171
21/22 12.0 19 20.8 -20.59 7.1 0.58 1.59 11.23 10.17 to 13.56 170
22/23 12.0 19 21.0 -21.08 7.1 0.58 1.59 11.20 10.14 to 13.59 169
23/24 12.0 19 21.2 -21.16 7.1 0.59 1.60 11.16 10.11 to 14.00 168
24/25 12.0 19 21.4 -21.24 7.1 0.59 1.60 11.12 10.09 to 13.55 167
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25/26 12.0 19 21.6 -21.31 7.2 0.59 1.60 11.08 10.06 to 13.49 166
26/27 12.0 19 21.8 -21.39 7.2 0.60 1.60 11.05 10.03 to 13.44 165
27/28 12.0 19 22.1 -21.47 7.2 0.60 1.60 11.01 9.60 to 13.39 164
28/29 12.0 19 22.4 -21.54 7.2 0.60 1.60 10.57 9.57 to 13.33 164
29/30 12.0 19 22.7 -22.02 7.3 0.61 1.60 10.54 9.54 to 13.28 163
30/31 12.0 19 23.0 -22.09 7.3 0.61 1.61 10.50 9.51 to 13.22 162
31/32 12.0 19 23.4 -22.16 7.3 0.61 1.61 10.47 9.48 to 13.17 161
_ . August 1996 : Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 19 23.7 -22.23 7.3 0.62 1.61 10.43 9.45 to 13.11 160
2/ 3 12.0 19 24.1 -22.29 7.4 0.62 1.61 10.40 9.43 to 13.06 159
3/ 4 12.0 19 24.6 -22.36 7.4 0.63 1.61 10.36 9.40 to 13.01 158
4/ 5 12.0 19 25.0 -22.42 7.4 0.63 1.62 10.33 9.37 to 12.55 157
5/ 6 12.0 19 25.5 -22.49 7.5 0.64 1.62 10.29 9.34 to 12.50 156
6/ 7 12.0 19 26.0 -22.55 7.5 0.64 1.62 10.26 9.31 to 12.44 156
7/ 8 12.0 19 26.5 -23.01 7.5 0.65 1.62 10.22 9.28 to 12.39 155
8/ 9 12.0 19 27.1 -23.06 7.6 0.65 1.62 10.19 9.25 to 12.34 154
9/10 12.0 19 27.6 -23.12 7.6 0.66 1.63 10.15 9.22 to 12.28 153
10/11 12.0 19 28.2 -23.17 7.6 0.66 1.63 10.12 9.19 to 12.23 152
11/12 12.0 19 28.9 -23.22 7.7 0.67 1.63 10.09 9.16 to 12.18 151
12713 12.0 19 29.5 -23.27 7.7 0.67 1.63 10.06 9.13 to 12.12 151
13/14 12.0 19 30.2 -23.32 7.7 0.68 1.64 10.02 9.11 to 12.07 150
14715 12.0 19 31.0 -23.36 7.8 0.69 1.64 9.59 9.08 to 12.02 149
15/16 12.0 19 31.7 -23.40 7.8 0.69 1.64 9.56 9.05 to 11.57 148
16/17 12.0 19 32.5 -23.44 7.8 0.70 1.65 9.53 9.02 to 11.51 147
17/18 12.0 19 33.3 -23.48 7.9 0.71 1.65 9.50 8.59 to 11.46 147
18/19 12.0 19 34.1 -23.52 7.9 0.71 1.65 9.46 8.56 to 11.41 146
19/20 12.0 19 35.0 -23.55 8.0 0.72 1.65 9.43 8.53 to 11.36 145
20/21 12.0 19 35.9 -23.58 8.0 0.73 1.66 9.40 8.50 to 11.30 144
21/22 12.0 19 36.8 =-24.01 8.0 0.73 1.66 9.37 8.48 to 11.25 143
22/23 12.0 19 37.7 -24.04 8.1 0.74 1.66 9.34 8.45 to 11.20 143
23/24 12.0 19 38.7 -24.07 8.1 0.75 1.67 9.31 8.42 to 11.15 142
24/25 12.0 19 39.7 -24.09 8.2 0.76 1.67 9.28 8.39 to 11.10 141
25/26 12.0 19 40.7 -24.11 8.2 0.76 1.67 9.25 8.36 to 11.04 140
26/27 12.0 19 41.8 -24.13 8.3 0.77 1.68 9.23 8.33 to 10.59 140
27/28 12.0 19 42.8 -24.15 8.3 0.78 1.68 9.20 8.30 to 10.54 139
28/29 12.0 19 43.9 -24.16 8.4 0.79 1.68 9.17 8.28 to 10.49 138
29/30 12.0 19 45.1 -24.18 8.4 0.80 1.69 9.14 8.25 to 10.44 137
30/31 12.0 19 46.2 -24.19 8.4 0.81 1.69 9.11 8.22 to 10.39 137
31/32 12.0 19 47.4 -24.19 8.5 0.81 1.69 9.08 8.19 to 10.33 136
September 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 19 48.6 -24.20 8.5 0.82 1.70 9.06 8.16 to 10.28 135
2/ 3 12.0 19 49.8 -24.21 8.6 0.83 1.70 9.03 8.14 to 10.23 135
3/ 4 12.0 19 51.0 -24.21 8.6 0.84 1.70 9.00 8.11 to 10.18 134
4/ 5 12.0 19 52.3 -24.21 8.7 0.85 1.71 8.58 8.08 to 10.12 133
5/ 6 12.0 19 53.5 -24.21 8.7 0.86 1.71 8.55 8.05 to 10.07 133
6/ 7 12.0 19 54.8 -24.20 8.8 0.87 1.71 8.52 8.02 to 10.01 132
7/ 8 12.0 19 56.1 -24.20 8.8 0.88 1.72 8.50 7.60 to 9.56 131
8/ 9 12.0 19 57.5 -24.19 8.9 0.89 1.72 8.47 7.57 to 9.50 131
9/10 12.0 19 58.8 -24.18 8.9 0.90 1.73 8.44 7.54 to 9.45 130
10/11 12.0 20 0.2 -24.17 9.0 0.91 1.73 8.42 7.51 to 9.39 129
11712 12.0 20 1.6 -24.15 9.0 0.92 1.73 8.39 7.49 to 9.33 129
12/13 12.0 20 3.0 -24.14 9.1 0.93 1.74 8.37 7.47 to 9.27 128
13/14 12.0 20 4.4 -24.12 9.1 0.94 1.74 8.34 7.48 to 9.21 127
14/15 12.0 20 5.9 -24.10 9.2 0.95 1.75 8.32 7.49 to 9.14 127
15/16 12.0 20 7.3 -24.08 9.2 0.96 1.75 8.29 7.51 to 9.07 126
16/17 12.0 20 8.8 -24.06 9.3 0.97 1.75 8.27 7.54 to 8.60 125
17/18 12.0 20 10.3 -24.03 9.3 0.98 1.76 8.24 7.57 to 8.51 125
18/19 12.0 20 11.8 -24.01 9.4 0.99 1.76 8.22 8.02 to .8.42 124
19/20 12.0 20 13.3 -23.58 9.4 1.00 1.77 8.19 8.13 to 8.26 123
20/21 12.0 20 14.9 -23.55 9.5 1.01 1.77 8.17 Not Observable 123
21/22 12.0 20 16.4 -23.52 9.5 1.02 1.78 8.15 Not Observable 122
22/23 12.0 20 18.0 -23.48 9.6 1.03 1.78 8.12 Not Observable 122
23/24 12.0 20 19.5 -23.45 9.6 1.05 1.78 8.10 Not Observable 121
24/25 12.0 20 21.1 -23.41 9.7 1.06 1.79 8.08 Not Observable 120
25/26 12.0 20 22.7 -23.38 9.7 1.07 1.79 8.05 Not Observable 120
26/27 12.0 20 24.3 -23.34 9.8 1.08 1.80 8.03 Not Observable 119
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27/28 12.0 20 25.9 -23.29 9.8 1.09 1.80 8.00 Not Observable 119
28/29 12.0 20 27.6 =-23.25 9.9 1.11 1.81 7.58 Not Observable 118
29/30 12.0 20 29.2 -23.21 9.9 1.12 1.81 7.56 Not Observable 117
30/31 12.0 20 30.8 -23.16 10.0 1.13 1.82 7.54 Not Observable 117
October 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 20 32.5 =-23.11 10.1 1.14 1.82 7.51 Not Observable 116
2/ 3 12.0 20 34.1 -23.06 10.1 1.15 1.82 7.49 Not Observable 116
3/ 4 12.0 20 35.8 -23.01 10.2 1.17 1.83 7.47 Not Observable 115
4/ 5 12.0 20 37.5 =-22.56 10.2 1.18 1.83 7.44 Not Observable 114
5/ 6 12.0 20 39.2 -22.51 10.3 1.19 1.84 7.42 Not Observable 114
6/ 7 12.0 20 40.9 -22.45 10.3 1.20 1.84 7.40 Not Observable 113
7/ 8 12.0 20 42.5 -22.40 10.4 1.22 1.85 7.38 Not Observable 113
8/ 9 12.0 20 44.3 -22.34 10.4 1.23 1.85 7.35 Not Observable 112
9/10 12.0 20 46.0 -22.28 10.5 1.24 1.86 7.33 Not Observable 111
10/11 12.0 20 47.7 -22.22 10.5 1.26 1.86 7.31 Not Observable 111
11/12 12.0 20 49.4 -22.16 10.6 1.27 1.87 7.29 Not Observable 110
12/13 12.0 20 51.1 -22.10 10.6 1.28 1.87 7.26 Not Observable 110
13/14 12.0 20 52.9 -22.03 10.7 1.30 1.88 7.24 Not Observable 109
14/15 12.0 20 54.6 -21.57 10.7 1.31 1.88 7.22 Not Observable 109
15/16 12.0 20 56.3 -21.50 10.8 1.32 1.89 7.20 Not Observable 108
Ephemeris for 65P/Gunn for the Equator
Omega=196.8462 OMEGA= 68.5191 i= 10.3816 g= 2.462239 a= 3.598139
e=0.315691 P= 6.825 T= 1996 July 24.5700 Equinox= 2000
Magnitudes calculated from m 5.0 + 5.0*Log(d) + 15.0*Log(r)
May 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
16/17 12.0 16 38.0 -21.11 11.9 1.51 2.50 13.01 8.40 to 17.01 165
18/19 12.0 16 36.6 -21.18 11.8 1.50 2.50 12.52 8.31 to 17.01 167
20/21 12.0 16 35.0 -21.26 11.8 1.49 2.49 12.42 8.21 to 17.01 169
22/23 12.0 16 33.5 -21.33 11.8 1.49 2.49 12.33 8.11 to 16.54 172
24/25 12.0 16 31.9 -21.40 11.8 1.48 2.49 12.23 8.01 to 16.45 174
26/27 12.0 16 30.2 -21.47 11.8 1.48 2.49 12.14 7.52 to 16.36 176
28/29 12.0 16 28.5 -21.54 11.8 1.47 2.49 12.04 7.42 to 16.26 178
30/31 12.0 16 26.9 -22.01 11.8 1.47 2.48 11.55 7.32 to 16.17 179
June 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 16 25.2 -22.08 11.8 1.47 2.48 11.45 7.23 to 16.07 177
3/ 4 12.0 16 23.5 -22.14 11.8 1.47 2.48 11.35 7.13 to 15.58 175
5/ 6 12.0 16 21.9 -22.21 11.8 1.47 2.48 11.26 7.04 to 15.48 172
7/ 8 12.0 16 20.2 -22.28 11.8 1.47 2.48 11.16 6.56 to 15.38 170
9/10 12.0 16 18.6 -22.35 11.8 1.48 2.48 11.07 6.56 to 15.29 168
11712 12.0 16 17.0 -22.41 11.8 1.48 2.48 10.57 6.56 to 15.19 166
13714 12.0 16 15.5 -22.48 11.8 1.48 2.47 10.48 6.57 to 15.10 163
15/16 12.0 16 14.1 -22.54 11.8 1.49 2.47 10.39 6.57 to 15.00 161
17/18 12.0 16 12.7 -23.01 11.8 1.50 2.47 10.29 6.58 to 14.51 159
19/20 12.0 16 11.4 -23.07 11.8 1.50 2.47 10.20 6.58 to 14.41 157
21/22 12.0 16 10.1 -23.14 11.8 1.51 2.47 10.11 6.59 to 14.32 155
23/24 12.0 16 9.0 -23.20 11.8 1.52 2.47 10.02 6.59 to 14.22 152
25/26 12.0 16 7.9 -23.27 11.8 1.53 2.47 9.53 6.60 to 14.13 150
27/28 12.0 16 7.0 -23.33 11.8 1.54 2.47 9.44 6.60 to 14.04 148
29/30 12.0 16 6.2 -23.40 11.8 1.56 2.47 9.36 7.00 to 13.55 146
July 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 16 5.4 -23.46 11.9 1.57 2.47 9.27 7.01 to 13.46 144
3/ 4 12.0 16 4.8 -23.53 11.9 1.58 2.47 9.18 7.01 to 13.37 142
5/ 6 12.0 16 4.3 -23.59 11.9 1.60 2.46 9.10 7.01 to 13.28 140
7/ 8 12.0 16 3.8 -~24.06 11.9 1.61 2.46 9.02 7.01 to 13.19 138
9/10 12.0 16 3.5 -24.13 11.9 1.63 2.46 8.54 7.02 to 13.10 136
11712 12.0 16 3.4 -24.20 12.0 1.64 2.46 8.45 7.02 to 13.01 134
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.01 to 11.32 115
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Observable Elong

6.52 to 9.49 92
6.51 to 9.42 91
6.51 to 9.36 90
6.50 to 9.30 88
6.49 to 9.24 87
6.48 to 9.18 86
6.48 to 9.12 85
6.47 to 9.06 83
6.46 to 8.60 82
6.46 to 8.54 81
6.45 to 8.48 79
6.44 to 8.42 78
6.43 to 8.37 717
6.43 to 8.31 76
6.42 to 8.26 75

Observable Elong

6.42 to 8.20 73
6.41 to 8.15 72
6.40 to 8.09 71
6.40 to 8.04 70
6.39 to 7.58 69
6.39 to 7.53 67
6.39 to 7.48 66
6.38 to 7.43 65
6.38 to 7.38 64
6.38 to 7.32 63
6.38 to 7.27 62
6.37 to 7.22 60
6.37 to 7.17 59
6.37 to 7.12 58
6.37 to 7.07 57
6.37 to 7.03 56
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Ephemeris for 96P/Machholz 1 for the Southern Hemisphere

Omega= 14.5487 OMEGA= 94.4983 i= 60.0040 g= 0.125874 a= 3.016247
e=0.958268 P= 5.238 T= 1996 October 15.2875 Equinox= 2000
Magnitudes calculated from m = 13.0 + 5.0*Log(d) + 12.0*Log(r)

September 1996 Times in GMAT 3
Day . Time R.A. B1950 Dec Mag D. . R Trans Observable Elong
1/ 2 12.0 12 23.6 -62.19 13.8 0.97 1.18 1.41 6.41 to - 6.53 73
2/ 3 12.0 12 24.0 -61.29 13.7 0.97 1.16 1.37 6.42 to 6.54 72
3/ 4 12.0 12 24.4 -60.39 13.6 0.97 1.14 1.33 6.43 to 6.56 71
4/ 5 12.0 12 24.7 -59.49 13.5 0.97 1.12 1.30 6.43 to 6.57 69
5/ 6 12.0 12 25.1 -58.59 13.4 0.96 1.10 1.26 6.44 to 6.57 68
6/ 7 12.0 12 25.5 -58.09 13.3 0.96 1.08 1.23 6.45 to 6.58 67
7/ 8 12.0 12 25.8 -57.19 13.2 0.96 1.06 1.19 6.45 to 6.58 65
8/ 9 12.0 12 26.2 -56.29 13.1 0.96 1.04 1.15 6.46 to 6.58 64
9/10 12.0 12 26.5 -55.39 13.0 0.96 1.02 1.12 6.47 to 6.58 63
10/11 12.0 12:26.8 -54.48 12.9 0.95 1.00 1.08 6.48 to 6.58 61
11/12 12.0 12 27.2 -53.58 12.8 0.95 0.98 1.05 6.48 to 6.58 60
12/13 12.0 12 27.5 -53.07 12.7 0.95 0.96 1.01 6.49 to 6.58 59
13/14 12.0 12 27.7 -52.16 12.6 0.95 0.94 0.57 6.50 to 6.57 57
14/15 12.0 12 28.0 -51.25 12.4 0.95 0.92 0.54 6.50 to 6.57 56
15/16 12.0 12 28.3 -50.33 12.3 0.94 0.90 0.50 6.51 to 6.56 55
16/17 12.0 12 28.5 -49.40 12.2 0.94 0.88 0.46 6.52 to 6.55 53
17/18 12.0 12 28.7 -48.47 12.0 0.94 0.85 0.43 6.53 to 6.54 52
18/19 12.0 12 28.9 -47.53 11.9 0.94 0.83 0.39 Not Observable 51
19/20 12.0 12 29.1 -46.57 11.7 0.93 0.81 0.35 Not Observable 49
20/21 12.0 12 29.2 -46.01 11.6 0.93 0.79 0.31 Not Observable 48
21/22 12.0 12 29.4 -45.04 11.4 0.93 0.76 0.27 Not Observable 46
22/23 12.0 12 29.5 -44.05 11.2 0.92 0.74 0.24 Not Observable 45
23/24 12.0 12 29.5 -43.05 11.1 0.92 0.71 0.20 Not Observable 43
24/25 12.0 12 29.6 -42.03 10.9 0.92 0.69 0.16 Not Observable 42
25/26 12.0 12 29.6 -40.59 10.7 0.92 0.66 0.12 Not Observable 40
26/27 12.0 12 29.6 -39.53 10.5 0.91 0.64 0.08 Not Observable 39
27/28 12.0 12 29.6 -38.44 10.2 0.91 0.61 0.04 Not Observable 37
28/29 12.0 12 29.6 -37.33 10.0 0.91 0.59 23.60 Not Observable 35
29/30 12.0 12 29.6 -36.19 9.8 0.90 0.56 23.56 Not Observable 34
30/31 12.0 12 29.5 -35.01 9.5 0.90 0.53 23.52 Not Observable 32

Ephemeris for 116P/Wild 4 for the Eguator

Omega=170.7114 OMEGA= 22.0815 i= 3.7199 g= 1.988948 a= 3.360374
e=0.408117 P= 6.160 T= 1996 August 31.1123 Equinox= 2000
Magnitudes calculated from m = 5.9 + 5.0*Log(d) + 15.0*Log(r)

May 1996 Times in GMAT

Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
14/15 12.0 8 25.4 22.05 12.7 2.29 2.15 4.56 6.51 to 8.55 70
15716 12.0 8 27.1 21.58 12.7 2.30 2.15 4.54 6.51 to 8.53 69
16/17 12.0 8 28.8 21.50 12.7 2.30 2.15 4.52 6.52 to 8.51 68
17/18 12.0 8 30.5 21.43 12.7 2.31 2.15 4.49 6.52 to 8.48 68
18/19 12.0 8 32.3 21.35 12.7 2.32 2.14 4.47 6.52 to 8.46 67
19/20 12.0 8 34.0 21.27 12.7 2.33 2.14 4.45 6.52 to 8.44 67
20/21 12.0 8 35.8 21.19 12.7 2.33 2.14 4.43 6.52 to 8.42 66
21/22 12.0 8 37.6 21.11 12.7 2.34 2.13 4.41 6.52 to 8.40 66
22/23 12.0 8 39.4 21.03 12.7 2.35 2.13 4.39 6.52 to 8.38 65
23/24 12.0 8 41.2 20.55 12.7 2.35 2.13 4.36 6.53 to 8.36 65
24/25 12.0 8 43.0 20.47 12.7 2.36 2.13 4.34 6.53 to 8.34 64
25/26 12.0 8 44.8 20.38 12.7 2.37 2.12 4.32 6.53 to 8.32 64
26/27 12.0 8 46.6 20.30 12.7 2.38 2.12 4.30 6.53 to 8.31 63
27/28 12.0 8 48.4 20.21 12.7 2.38 2.12 4.28 6.53 to 8.29 63
28/29 12.0 8 50.3 20.12 12.7 2.39 2.12 4.26 6.53 to 8.27 62
29/30 12.0 8 52.1 20.03 12.7 2.40 2.11 4.24 6.54 to 8.25 62
30/31 12.0 8 54.0 19.55 12.7 2.40 2.11 4.22 6.54 to 8.23 61
31/32 12.0 8 55.8 19.45 12.7 2.41 2.11 4.19 6.54 to 8.21 61
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June 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 8 57.7 19.36 12.7 2.42 2.11 4.17 6.54 to 8.19 60
2/ 3 12.0 8 59.6 19.27 12.7 2.42 2.10 4.15 6.54 to 8.17 60
3/ 4 12.0 9 1.5 19.18 12.7 2.43 2.10 4.13 6.55 to 8.15 59
4/ 5 12.0 9 3.4 19.08 12.7 2.44 2.10 4.11 6.55 to 8.13 59
5/ 6 12.0 9 5.2 18.59 12.7 2.44 2.10 4.09 6.55 to 8.11 58
.6/ 7 12.0 9 7.2 18.49 12.7 2.45 2.09 4.07 6.55 to 8.09 58
7/ 8 12.0 9 9.1 18.39 12.7 2.46 2.09 4.05 6.56 to 8.08 57
8/ 9 12.0 9 11.0 18.30 12.7 2.46 2.09 4.03 6.56 to 8.06 57
9/10 12.0 9 12.9 18.20 12.7 2.47 2.09 4.01 6.56 to 8.04 56
10/11 12.0 9 14.8 18.10 12.7 2.48 2.09 3.59 6.56 to 8.02 56
11712 12.0 9 16.8 17.60 12.7 2.48 2.08 3.57 6.56 to 8.00 55
12/13 12.0 9 18.7 17.49 12.7 2.49 2.08 3.55 6.57 to 7.58 55
13/14 12.0 9 20.7 17.39 12.7 2.50 2.08 3.53 6.57 to 7.56 55
14/15 12.0 9 22.6 17.29 12.7 2.50 2.08 3.51 6.57 to 7.55 54
15/16 12.0 9 24.6 17.18 12.6 2.51 2.07 3.49 6.57 to 7.53 54
16/17 12.0 9 26.5 17.07 12.6 2.51 2.07 3.47 6.58 to 7.51 53
17718 12.0 9 28.5 16.57 12.6 2.52 2.07 3.45 6.58 to 7.49 53
18/19 12.0 9 30.5 16.46 12.6 2.53 2.07 3.43 6.58 to 7.47 52
19/20 12.0 9 32.5 16.35 12.6 2.53 2.07 3.41 6.58 to 7.46 52
20/21 12.0 9 34.4 16.24 12.6 2.54 2.06 3.39 6.58 to 7.44 51
21/22 12.0 9 36.4 16.13 12.6 2.55 2.06 3.37 6.59 to 7.42 51
22/23 12.0 9 38.4 16.01 12.6 2.55 2.06 3.35 6.59 to 7.40 50
23/24 12.0 9 40.4 15.50 12.6 2.56 2.06 3.33 6.59 to 7.38 50
24/25 12.0 9 42.4 15.39 12.6 2.56 2.06 3.31 6.59 to 7.37 50
25/26 12.0 9 44.4 15.27 12.6 2.57 2.05 3.29 6.60 to 7.35 49
26/27 12.0 9 46.4 15.16 12.6 2.57 2.05 3.27 6.60 to 7.33 49
27/28 12.0 9 48.5 15.04 12.6 2.58 2.05 3.26 6.60 to 7.31 48
28/29 12.0 9 50.5 14.52 12.6 2.59 2.05 3.24 7.00 to 7.29 48
29/30 12.0 9 52.5 14.40 12.6 2.59 2.05 3.22 7.00 to 7.28 47
30/31 12.0 9 54.5 14.28 12.6 2.60 2.04 3.20 7.00 to 7.26 47
Ephemeris for 1995 01 (Hale-Bopp)
Omega=130.5947 OMEGA=282.4716 i= 89.4245 g= 0.913959 a=185.575431
e=0.995075 P= 2528.021 T= 1997 April 1.0919 Equinox= 2000
Magnitudes calculated from m = -4.0 + 5.0*Log(d) + 11.5*Log(r)
May 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
14/15 12.0 19 36.7 -16.19 6.3 3.81 4.41 16.07 12.29 to 14.04 120
16/17 12.0 19 35.7 -16.09 6.3 3.76 4.39 15.58 12.18 to 13.58 123
18/19 12.0 19 34.7 -15.59 6.2 3.71 4.37 15.50 12.08 to 13.53 125
20/21 12.0 19 33.6 -15.49 6.2 3.67 4.35 15.41 11.57 to 13.47 127
22/23 12.0 19 32.3 -15.38 6.1 3.62 4.33 15.31 11.46 to 13.41 129
24/25 12.0 19 31.0 -15.28 6.1 3.57 4.31 15.22 11.35 to 13.36 131
26/27 12.0 19 29.7 -15.17 6.0 3.53 4.29 15.13 11.24 to 13.30 133
28/29 12.0 19 28.2 -15.06 6.0 3.48 4.27 15.04 11.12 to 13.25 135
30/31 12.0 19 26.6 -14.56 5.9 3.44 4.24 14.54 11.01 to 13.19 138
June 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 19 25.0 -14.45 5.9 3.40 4.22 14.45 10.50 to 13.14 140
3/ 4 12.0 19 23.2 -14.34 5.8 3.36 4.20 14.35 10.47 to 13.09 142
5/ 6 12.0 19 21.4 -14.23 5.7 3.32 4.18 14.25 10.53 to 13.04 144
7/ 8 12.0 19 19.5 -14.12 5.7 3.28 4.16 14.15 10.58 to 12.60 147
9/10 12.0 19 17.5 -14.00 5.6 3.24 4.14 14.06 11.03 to 12.56 149
11/12 12.0 19 15.4 -13.49 5.6 3.20 4.12 13.56 11.07 to 12.52 151
13/14 12.0 19 13.2 -13.38 5.5 3.17 4.10 13.46 11.11 to 12.49 153
15/16 12.0 19 11.0 -13.26 5.5 3.13 4.08 13.35 11.15 to 12.47 155
17/18 12.0 19 8.7 -13.14 5.4 3.10 4.06 13.25 11.17 to 12.45 158
19/20 12.0 19 6.3 -13.03 5.4 3.07 4.03 13.15 11.19 to 12.44 160
21/22 12.0 19 3.8 -12.51 5.4 3.04 4.01 13.05 11.19 to 12.45 162
23/24 12.0 19 1.3 -12.39 5.3 3.01 3.99 12.54 11.19 to 12.46 164
25/26 12.0 18 58.7 -12.27 5.3 2.98 3.97 12.44 11.17 to 12.48 165
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27/28 12.0 18 56.0 -12.15 5.2 2.95 3.95 12.33 11.15 to 12.52 167
29/30 12.0 18 53.3 -12.03 5.2 2.93 3.93 12.23 11.12 to 12.56 168
July 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 18 50.6 -11.51 5.1 2.91 3.91 12.12 11.08 to 12.60 169
3/ 4 12.0 18 47.8 -11.39 5.1 2.88 3.89 12.01 11.04 to 13.05 169
5/ 6 12.0 18 45.0 -11.26 5.0 2.86 3.86 11.51 10.59 to 13.10 168
7/ 8 12.0 18 42.1 -11.14 5.0 2.84 3.84 11.40 10.55 to 13.15 167
9/10 12.0 18 39.2 -11.02 5.0 2.83 3.82 11.29 10.50 to 13.21 166
11/12 12.0 18 36.3 -10.50 4.9 2.81 3.80 11.18 10.45 to 13.27 164
13/14 12.0 18 33.4 -10.38 4.9 2.80 3.78 11.07 10.39 to 13.32 162
15/16 12.0 18 30.5 -10.26 4.8 2.78 3.76 10.57 10.34 to 13.38 160
17/18 12.0 18 27.6 -10.14 4.8 2.77 3.73 10.46 10.28 to 13.44 158
19/20 12.0 18 24.7 -10.02 4.8 2.76 3.71 10.35 10.23 to 13.50 156
21/22 12.0 18 21.8 -9.50 4.7 2.76 3.69 10.24 10.17 to 13.56 153
23/24 12.0 18 19.0 -9.39 4.7 2.75 3.67 10.14 10.11 to 14.02 151
25/26 12.0 18 16.2 -9.27 4.7 2.74 3.65 10.03 10.06 to 14.07 149
27/28 12.0 18 13.4 -9.16 4.6 2.74 3.63 9.52 9.60 to 14.13 146
29/30 12.0 18 10.6 -9.05 4.6 2.73 3.60 9.42 9.54 to 14.19 144
31/32 12.0 18 8.0 -8.53 4.6 2.73 3.58 9.31 9.48 to 14.13 141
August 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
2/ 3 12.0 18 5.3 -8.43 4.5 2.73 3.56 9.20 9.43 to 14.04 139
4/ 5 12.0 18 2.8 -8.32 4.5 2.73 3.54 9.10 9.37 to 13.55 136
6/ 7 12.0 18 0.3 -8.22 4.5 2.73 3.51 8.60 9.31 to 13.46 134
8/ 9 12.0 17 57.9 -8.12 4.4 2.74 3.49 8.49 9.25 to 13.36 132
10/11 12.0 17 55.5 -8.02 4.4 2.74 3.47 8.39 9.19 to 13.27 129
12/13 12.0 17 53.2 -7.52 4.4 2.75 3.45 8.29 9.13 to 13.18 127
14/15 12.0 17 51.1 -7.42 4.3 2.75 3.43 8.19 9.08 to 13.09 124
16/17 12.0 17 49.0 -7.33 4.3 2.76 3.40 8.09 9.02 to 13.00 122
18/19 12.0 17 47.0 -7.24 4.3 2.76 3.38 7.59 8.56 to 12.51 120
20/21 12.0 17 45.0 -7.15 4.3 2.77 3.36 7.49 8.50 to 12.43 117
22/23 12.0 17 43.2 -7.07 4.2 2.78 3.34 7.39 8.45 to 12.34 115
24/25 12.0 17 41.5 -6.59 4.2 2.79 3.31 7.30 8.39 to 12.25 113
26/27 12.0 17 39.9 -6.51 4.2 2.80 3.29 7.20 8.33 to 12.17 111
28/29 12.0 17 38.3 -6.43 4.2 2.81 3.27 7.11 8.28 to 12.08 108
30/31 12.0 17 36.9 -6.35 4.1 2.82 3.25 7.02 8.22 to 11.60 106
September 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 17 35.6 -6.28 4.1 2.83 3.22 6.52 8.16 to 11.51 104
3/ 4 12.0 17 34.3 -6.21 4.1 2.84 3.20 6.43 8.11 to 11.43 102
5/ 6 12.0 17 33.2 -6.14 4.0 2.85 3.18 6.34 8.05 to 11.35 100
7/ 8 12.0 17 32.2 -6.07 4.0 2.86 3.15 6.25 7.60 to 11.27 97
9/10 12.0 17 31.2 -6.00 4.0 2.87 3.13 6.17 7.54 to 11.19 95
11/12 12.0 17 30.4 -5.54 4.0 2.88 3.11 6.08 7.49 to 11.11 93
13/14 12.0 17 29.6 -5.47 3.9 2.89 3.08 5.59 7.43 to 11.03 91
15/16 12.0 17 29.0 -5.41 3.9 2.91 3.06 5.51 7.38 to 10.55 89
17/18 12.0 17 28.4 -5.35 3.9 2.92 3.04 5.42 7.33 to 10.47 87
19/20 12.0 17 28.0 -5.29 3.8 2.93 3.01 5.34 7.27 to 10.40 85
21/22 12.0 17 27.6 -5.23 3.8 2.94 2.99 5.26 7.22 to 10.32 83
23/24 12.0 17 27.3 -5.17 3.8 2.95 2.97 5.17 7.17 to 10.25 81
25/26 12.0 17 27.1 -5.11 3.8 2.96 2.94 5.09 7.12 to 10.17 79
27/28 12.0 17 27.0 -5.06 3.7 2.97 2.92 5.01 7.07 to 10.10 78
29/30 12.0 17 27.0 -4.60 3.7 2.98 2.90 4.53 7.02 to 10.03 76
October 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 17 27.1 -4.54 3.7 2.99 2.87 4.46 6.57 to 9.56 74
3/ 4 12.0 17 27.2 -4.48 3.6 3.00 2.85 4.38 6.52 to 9.49 72
5/ 6 12.0 17 27.4 -4.43 3.6 3.00 2.83 4.30 6.47 to 9.42 70
7/ 8 12.0 17 27.7 -4.37 3.5 3.01 2.80 4.23 6.43 to 9.35 68
9/10 12.0 17 28.1 -4.31 3.5 3.02 2.78 4.15 6.38 to 9.28 67
11/12 12.0 17 28.6 -4.25 3.5 3.03 2.76 4.08 6.34 to 9.21 65
13/14 12.0 17 29.1 -4.19 3.4 3.03 2.73 4.00 6.29 to 9.15 63
15/16 12.0 17 29.8 -4.13 3.4 3.04 2.71 3.53 6.25 to 9.08 62
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17/18 12.0 17 30.4 -4.07 3.3 3.04 2.68 3.46 6.21 to 9.02 60
19/20 12.0 17 31.2 -4.00 3.3 3.05 2.66 3.39 6.16 to 8.56 58
21722 12.0 17 32.0 -3.54 3.3 3.05 2.64 3.32 6.12 to 8.49 57
23/24 12.0 17 32.9 -3.47 3.2 3.05 2.61 3.25 6.08 to 8.43 55
25/26 12.0 17 33.9 -3.40 3.2 3.05 2.59 3.18 6.05 to 8.37 54
27/28 12.0 17 34.9 -3.32 3.1 3.05 2.56 3.11 6.01 to 8.31 52
29/30 12.0 17 36.0 -3.25 3.1 3.05 2.54 3.04 5.57 to 8.25 51
31/32 12.0 17 37.2 -3.17 3.0 3.05 2.51 2.57 5.54 to 8.20 49
November 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
2/ 3 12.0 17 38.4 -3.09 3.0 3.05 2.49 2.51 5.50 to 8.14 48
4/ 5 12.0 17 39.7 -3.01 2.9 3.05 2.47 2.44 5.47 to 8.08 46
6/ 7 12.0 17 41.0 -2.52 2.9 3.04 2.44 2.38 5.44 to 8.03 45
8/ 9 12.0 17 42.4 -2.43 2.8 3.04 2.42 2.31 5.41 to 7.57 43
10/11 12.0 17 43.9 -2.34 2.8 3.03 2.39 2.25 5.38 to 7.52 42
12713 12.0 17 45.4 -2.24 2.7 3.03 2.37 2.18 5.36 to 7.47 41
14715 12.0 17 47.0 -2.14 2.7 3.02 2.34 2.12 5.33 to 7.42 40
16/17 12.0 17 48.6 -2.04 2.6 3.01 2.32 2.06 5.31 to 7.36 38
18/19 12.0 17 50.3 -1.53 2.5 3.00 2.29 1.60 5.29 to 7.32 37
20/21 12.0 17 52.0 -1.42 2.5 2.99 2.27 1.53 5.27 to 7.27 36
22/23 12.0 17 53.8 -1.30 2.4 2.98 2.24 1.47 5.25 to 7.22 35
24/25 12.0 17 55.7 -1.17 2.3 2.97 2.22 1.41 5.23 to 7.17 34
26/27 12.0 17 57.6 -1.04 2.3 2.95 2.19 1.35 5.22 to 7.13 33
28/29 12.0 17 59.5 -0.51 2.2 2.94 2.17 1.29 5.21 to 7.08 32
30/31 12.0 18 1.5 -0.36 2.1 2.92 2.14 1.23 5.19 to 7.04 31
Ephemeris for 1996 B2 (Hyakutake) for the Southern Hemisphere
Omega=130.1787 OMEGA=188.0453 1i=124.9229 g= 0.230201 a=********x*
e=0.999887 P=91948.181 T= 1996 May 1.3937 Equinox= 2000
Magnitudes calculated from m = 5.0 + 5.0*Log(d) + 5.0*Log(r)
May 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
15716 12.0 2 27.7 -1.21 4.0 1.21 0.52 22.54 17.09 to 17.45 25
16/17 12.0 2 29.3 -2.44 4.1 1.20 0.55 22.52 17.04 to 17.46 27
17/18 12.0 2 31.1 -4.05 4.2 1.19 0.57 22.50 16.58 to 17.47 29
18/19 12.0 2 32.9 -5.26 4.3 1.19 0.60 22.47 16.52 to 17.47 30
19/20 12.0 2 34.9 -6.46 4.3 1.18 0.62 22.45 16.47 to 17.48 32
20/21 12.0 2 36.9 -8.06 4.4 1.18 0.65 22.44 16.42 to 17.49 33
21/22 12.0 2 39.0 -9.25 4.5 1.17 0.67 22.42 16.36 to 17.49 35
22/23 12.0 2 41.2 -10.44 4.5 1.16 0.70 22.40 16.31 to 17.50 36
23/24 12.0 2 43.5 -12.03 4.6 1.16 0.72 22.38 16.26 to 17.50 38
24/25 12.0 2 45.8 -13.22 4.7 1.15 0.74 22.37 16.21 to 17.51 39
25/26 12.0 2 48.2 -14.41 4.7 1.15 0.77 22.35 16.16 to 17.52 41
26/27 12.0 2 50.7 -15.60 4.8 1.14 0.79 22.34 16.11 to 17.52 42
27/28 12.0 2 53.3 -17.18 4.8 1.14 0.81 22.32 16.06 to 17.53 44
28/29 12.0 2 55.9 -18.37 4.9 1.13 0.83 22.31 16.01 to 17.53 45
29/30 12.0 2 58.7 -19.56 4.9 1.13 0.86 22.30 15.56 to 17.54 47
30/31 12.0 3 1.5 -21.15 5.0 1.13 0.88 22.28 15.51 to 17.54 48
31/32 12.0 3 4.4 -22.33 5.0 1.12 0.90 22.27 15.46 to 17.55 50
June 1996 Times in GMAT
Day Time R.A. B1950 Dec Mag D R Trans Observable Elong
1/ 2 12.0 3 7.3 -23.52 5.1 1.12 0.92 22.26 15.41 to 17.55 51
2/ 3 12.0 3 10.4 -25.11 5.1 1.12 0.95 22.25 15.37 to 17.56 52
3/ 4 12.0 3 13.5 -26.29 5.2 1.12 0.97 22.25 15.32 to 17.56 54
4/ 5 12.0 3 16.7 -27.48 5.2 1.11 0.99 22.24 15.27 to 17.57 55
5/ 6 12.0 3 20.0 -29.06 5.3 1.11 1.01 22.23 15.22 to 17.57 56
6/ 7 12.0 3 23.4 -30.24 5.3 1.11 1.03 22.23 15.17 to 17.58 58
7/ 8 12.0 3 26.9 -31.42 5.3 1.11 1.05 22.22 15.12 to 17.58 59
8/ 9 12.0 3 30.5 -33.00 5.4 1.11 1.07 22.22 15.07 to 17.59 60
9/10 12.0 3 34.2 -34.18 5.4 1.11 1.09 22.22 15.02 to 17.59 62
10/11 12.0 3 38.0 -35.35 5.5 1.11 1.11 22.21 14.57 to 17.60 63
11/12 12.0 3 41.9 -36.51 5.5 1.11 1.14 22.21 14.52 to 17.60 64
12/13 12.0 3 46.0 -38.07 5.6 1.12 1.16 22.21 14.47 to 18.00 65

BAA COMET SECTION NEWSLETTER



THE COMET'S TALE

13714 12.0 3 50.1 -39.23 5.6 1.12 1.18 22.21 5.60 to 6.01
14.42 to 18.01 67

14/15 12.0 3 54.4 -40.37 5.6 1.12 1.20 22.22 5.60 to 6.07
14.36 to 18.01 68

15716 12.0 3 58.7 -41.51 5.7 1.13 1.22 22.22 5.60 to 6.13
14.31 to 18.01 69

16/17 12.0 4 3.2 -43.05 5.7 1.13 1.24 22.23 6.00 to 6.20
14.26 to 18.02 70

17/18 12.0 4 7.9 -44.17 5.8 1.13 1.26 22.23 6.00 to 6.27
' 14.20 to 18.02 71

18/19 12.0 4 12.7 -45.28 5.8 1.14 1.27 22.24 6.00 to 6.34
14.15 to 18.02 72

19/20 12.0 4 17.6 -46.38 5.9 1.15 1.29 22.25 6.01 to 6.41
14.09 to 18.02 73

20/21 12.0 4 22.7 -47.48 5.9 1.15 1.31 22.26 6.01 to 6.49
14.03 to 18.03 74

21/22 12.0 4 27.9 -48.55 5.9 1.16 1.33 22.27 6.01 to 6.58
13.57 to 18.03 75

22/23 12.0 4 33.2 -50.02 6.0 1.17 1.35 22.29 6.01 to 7.07
13.51 to 18.03 76

23/24 12.0 4 38.8 -51.07 6.0 1.17 1.37 22.30 6.01 to 7.16
13.44 to 18.03 77

24/25 12.0 4 44.5 -52.11 6.1 1.18 1.39 22.32 6.02 to 7.26
13.38 to 18.03 78

25/26 12.0 4 50.4 -53.13 6.1 1.19 1.41 22.34 6.02 to 7.37
13.31 to 18.04 79

26/27 12.0 4 56.4 -54.14 6.2 1.20 1.43 22.36 6.02 to 7.48
13.24 to 18.04 80

27/28 12.0 5 2.6 -55.13 6.2 1.21 1.45 22.38 6.03 to 8.00
13.16 to 18.04 81

28/29 12.0 5 9.0 -56.10 6.3 1.22 1.46 22.40 6.03 to 8.13
13.08 to 18.04 81

29/30 12.0 5 15.6 -57.06 6.3 1.23 1.48 22.43 6.03 to 8.27
12.59 to 18.04 82

30/31 12.0 5 22.4 -57.60 6.4 1.24 1.50 22.46 6.04 to 8.43
12.49 to 18.04 83

July 1996 Times in GMAT

Day Time R.A. B1950 Dec Mag D R Trans Observable Elong

1/ 2 12.0 5 29.4 -58.52 6.4 1.25 1.52 22.49 6.04 to 8.59
12.38 to 18.04 83

2/ 3 12.0 5 36.5 -59.42 6.4 1.27 1.54 22.52 6.05 to 9.19
12.25 to 18.04 84

3/ 4 12.0 5 43.9 -60.30 6.5 1.28 1.56 22.55 6.05 to 9.41
12.10 to 18.04 85

4/ 5 12.0 5 51.4 -61.16 .5 1.29 1.57 22.59 6.05 to 10.10
11.48 to 18.04 85
5/ 6 12.0 5 59.2 -62.00 6.6 1.30 1.59 23.03 6.06 to 18.04 86
6/ 7 12.0 6 7.1 -62.42 6.6 1.32 1.61 23.07 6.06 to 18.03 86
7/ 8 12.0 6 15.2 -63.22 6.7 1.33 1.63 23.11 6.07 to 18.03 87
8/ 9 12.0 6 23.5 -64.00 6.7 1.35 1.64 23.15 6.07 to 18.03 87
9/10 12.0 6 31.9 -64.36 6.8 1.36 1.66 23.19 6.08 to 18.03 87
10/11 12.0 6 40.5 -65.10 6.8 1.38 1.68 23.24 6.08 to 18.03 88
11/12 12.0 6 49.3 -65.42 6.9 1.39 1.70 23.29 6.09 to 18.02 88
12/13 12.0 6 58.2 -66.11 6.9 1.41 1.71 23.34 6.09 to 18.02 88
13/14 12.0 7 7.1 -66.39 7.0 1.43 1.73 23.39 6.10 to 18.02 89
14/15 12.0 7 16.2 -67.04 7.0 1.44 1.75 23.44 6.10 to 18.02 89
15/16 12.0 7 25.4 -67.28 7.1 1.46 1.77 23.49 6.11 to 18.01 89
16/17 12.0 7 34.7 -67.50 7.1 1.48 1.78 23.54 6.11 to 18.01 89
17/18 12.0 7 44.0 -68.09 7.2 1.50 1.80 23.60 6.12 to 18.00 89
18/19 12.0 7 53.3 -68.27 7.2 1.52 1.82 0.05 6.13 to 18.00 89
19/20 12.0 8 2.6 -68.43 7.2 1.53 1.83 0.10 6.13 to 17.60 90
20/21 12.0 8 11.9 -68.57 7.3 1.55 1.85 0.16 6.14 to 17.59 90
21/22 12.0 8 21.2 -69.10 7.3 1.57 1.87 0.21 6.14 to 17.59 90
22/23 12.0 8 30.4 -69.21 7.4 1.59 1.88 0.27 6.15 to 17.58 90
23/24 12.0 8 39.5 -69.30 7.4 1.61 1.90 0.32 6.15 to 17.58 90
24/25 12.0 8 48.6 -69.38 7.5 1.63 1.92 0.37 6.16 to 17.57 90
25/26 12.0 8 57.5 -69.45 7.5 1.65 1.93 0.42 6.17 to 17.56 90
26/27 12.0 9 6.4 -69.50 7.6 1.67 1.95 0.47 6.17 to 17.56 90
27/28 12.0 9 15.0 -69.54 7.6 1.69 1.97 0.52 6.18 to 17.55 89
28/29 12.0 9 23.6 -69.57 7.7 1.71 1.98 0.56 6.19 to 17.54 89
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29/30 12.0 9
30/31 12.0 9
31/32 12.0 9
August 1996
Day Time R.
1/ 2 12.0 9
2/ 3 12.0 10
3/ 4 12.0 10
4/ 5 12.0 10
5/ 6 12.0 10
6/ 7 12.0 10
7/ 8 12.0 10
8/ 9 12.0 10
9/10 12.0 10
10/11 12.0 10
11712 12.0 11
12713 12.0 11
13714 12.0 11
14715 12.0 11
15/16 12.0 11
16/17 12.0 11
17/18 12.0 11
18/19 12.0 11
19/20 12.0 11
20/21 12.0 11
21/22 12.0 11
22/23 12.0 12
23/24 12.0 12
24/25 12.0 12
25/26 12.0 12
26/27 12.0 12
27/28 12.0 12
28/29 12.0 12
29/30 12.0 12
30/31 12.0 12
31/32 12.0 12
September 1996
Day Time R.
1/ 2 12.0 12
2/ 3 12.0 12
3/ 4 12.0 12
4/ 5 12.0 12
5/ 6 12.0 12
6/ 7 12.0 13
7/ 8 12.0 13
8/ 9 12.0 13
9/10 12.0 13
10/11 12.0 13
11/12 12.0 13
12/13 12.0 13
13714 12.0 13
14/15 12.0 13
15/16 12.0 13
16/17 12.0 13

32.
40.
48.

0
2
2

-69.
-69.
-69.

58
59
59

A. B1950 Dec

42.
46.

50.
53.
57.

10.
13.
16.
19.
22.
25.
28.

31

NUAIIOUINDOWORNWNONNONODWOVOUIRUVINOAAWOOR

-69.58
-69.56
-69.53
-69.50
-69.46
-69.42
-69.37
-69.32
-69.27
-69.21
-69.15
-69.08
-69.02
-68.55
-68.48
-68.41
-68.34
-68.27
-68.19
-68.12
-68.05
-67.58
-67.51
-67.44
-67.37
-67.30
-67.23
-67.16
-67.09
-67.03
-66.56

. B1950 Dec
9 -66.50
5 -66.43
1 -66.37
6 -66.31
0 -66.25
3 -66.20
6 -66.14
9 -66.08
1 -66.03
2 -65.58
3 -65.53
4 -65.48
4 -65.43
4 -65.38
3 -65.34
.2 -65.29

7.7 1.74 2.00
7.7 1.76 2.01
7.8 1.78 2.03
Times in GMAT
Mag D R
7.8 1.80 2.05
7.9 1.82 2.06
7.9 1.84 2.08
8.0 1.87 2.09
8.0 1.89 2.11
8.0 1.91 2.13
8.1 1.93 2.14
8.1 1.96 2.16
8.2 1.98 2.17
8.2 2.00 2.19
8.2 2.03 2.20
8.3 2.05 2.22
8.3 2.07 2.24
8.4 2.10 2.25
8.4 2.12 2.27
8.4 2.14 2.28
8.5 2.17 2.30
8.5 2.19 2.31
8.6 2.21 2.33
8.6 2.24 2.34
8.6 2.26 2.36
8.7 2.29 2.37
8.7 2.31 2.39
8.7 2.33 2.40
8.8 2.36 2.42
8.8 2.38 2.43
8.8 2.41 2.45
8.9 2.43 2.46
8.9 2.45 2.48
9.0 2.48 2.49
9.0 2.50 2.51

Times in GMAT

Mag D R

9.0 2.53 2.52
9.1 2.55 2.53
9.1 2.58 2.55
9.1 2.60 2.56
9.2 2.62 2.58
9.2 2.65 2.59
9.2 2.67 2.61
9.2 2.70 2.62

9.3 2.72 2.64

9.3 2.75 2.65
9.3 2.77 2.66
9.4 2.79 2.68
9.4 2.82 2.69
9.4 2.84 2.71

9.5 2.87 2.72
9.5 2.89 2.73

1.
1.
1.

01
05
10

Trans

NNNNNNNRPRRRRPRPRRPRRRRRRRRPRRRPRRERRRRRR

Trans

.00
.60

.59
.59
.59
.58
.57
.57
.56
.55
.54
.54
.53
.52
.51
.50

6.19 to 17.54 89
6.20 to 17.53
6.20 to 17.52
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Elong
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17/18 12.0 13 34.0
18/19 12.0 13 36.8
19/20 12.0 13 39.6
20/721 12.0 13 42.4
21/22° 12.0 13 45.1
22/23 12.0 13 47.7
23/24 12.0 13 50.4
24/25 12.0 13 53.0
25/26 12.0 13 55.6
26/27 12.0 13 58.2
27/28 12.0 14 0.7
28/29 12.0 14 3.2
29/30 12.0 14 5.7
30/31 12.0 14 8.2

-65

-65.
-65.
-65.
-65.
-65.

-65.

-64

-64.

-64.

-64

-64.
-64.
-64.

.25 9.5 2.91 2.75

21 9.5 2.94 2.76
17 9.6 2.96 2.78
13 9.6 2.99 2.79
10 9.6 3.01 2.80
06 9.7 3.03 2.82
03 9.7 3.06 2.83

.59 9.7 3.08 2.85

56 9.7 3.10 2.86

53 9.8 -3.13 2.87

.50 9.8 3.15 2.89

.49

N N N = = =

.41

[ =Y

15.49 to 16.57 71
6.53 to 11.46
15.52 to 16.56 71

.48 6.53 to 11.41

15.54 to 16.54 70
6.54 to 11.37
15.56 to 16.53 70
6.55 to 11.32
15.58 to 16.51 69
6.56 to 11.28
15.60 to 16.50 69
6.56 to 11.24
16.01 to 16.48 68
6.57 to 11.20
16.03 to 16.47 68
6.58 to 11.16
16.04 to 16.45 67
6.59 to 11.12
16.05 to 16.44 67
6.60 to 11.08
16.06 to 16.42 66
7.00 to 11.05
16.07 to 16.41 66
7.01 to 11.01
16.08 to 16.39 65
7.02 to 10.57
16.09 to 16.38 65
7.03 to 10.54
16.10 to 16.36 64

Page 13 has a finder chart for
comets 22P/Kopff (lower) and
Hale-Bopp (upper) and page 14
one for Hale-Bopp. Bright stars

48 9.8 3.17 2.90

45 9.8 3.20 2.92

42 9.9 3.22 2.93
Finder Charts

are labelled with their

Bayer/Flamsteed designations.
Comparison star magnitudes are
handwritten from the AAVSO

atlas, The charts were produced
using -fe: - 1.~ software.

Full details on how to complete
the report forms are given in the
section Observing Guide. The
most important aspects to
complete are shown clear.
Progressively less important
items are shown with darker
shading. The ICQ will not
accept observations unless the
clear and lightly shaded sections
are complete. Please report both
the comet magnitude and the
coma diameter if possible.
Submission via e-mail is much
appreciated.

MM Method used for

magnitude estimate. The
recommended method is the
Sidgwick (S) method (also
known as the In-Out method).

Total Mag If you do not have
an atlas or catalogue then
identify the comparison stars
with a field sketch on an
attached sheet.

How to fill in the forms

Ref Source or catalogue for
comparison stars. The most
common ones are AA (AAVSO
atlas), VB (BAA VS chart), HS
(Hubble catalogue), SC (Sky
Catalogue 2000).

Sky Observing conditions. 0
(impossible to make any
observation), 5 (average), 9
(Milky way visible down to the
horizon.

Rel Reliability of magnitude
estimate: 1 (good) to 3 (poor).

Comments  Add any extra
information here. For example
note if there is a separate sheet
with a field sketch, coma
drawing, tail sketch, etc.

TA Format can be used if
you submit via email. The
number of characters for each
group is given in brackets: Date
(yymmdddd) (9), MM (2),

Total Mag (6), Ref (3), Tel ap
(6), Tel typ (2), f no (6), Tel
mag (4), Coma Diam (5), DC
(5), Tail len (7), Tail PA (4), 3
spaces, Observer Name. There
is an example on the section
web page.

The visual observation
observing blank can be used
when you have made a drawing
of the comet, perhaps because it
shows some interesting features.
Record your name, the name
and year identifier of the comet
you have observed (eg P/1994
P1 (Machholz 2)), the year,
month, day and time of the
observation (eg 1994 Nov
20.95) and your observing
location (eg Cambridge) at the
top of the form. Record the
scale of the image by noting the
diameter of the circle in minutes
of arc and mark the north point
with an arrow. Space at the
bottom of the form can be used
for a description of the
observation.
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Asteroids, Comets and Meteors 96

Asteroids, comets and meteors
formed the subject of COSPAR
Colloquium 10, held between 1996
July 8 and 12 at Versailles, France.
I attended the meeting to find out
the latest research on comets and
presented a poster on some of the
BAA observations of comets
Hyakutake and Hale-Bopp. The
presentations were mostly given at
the Université de Versailles, but
plenary sessions were held at the
Palais des Congrés near to the
famous Chiteau de Versailles of
Louis XIV. Many interesting
papers were presented, though I
missed many others as there were
often three sessions running in
parallel. These notes represent my
views and recollections of the
proceedings.

A general consensus is emerging on
the nature and origin of comets,
asteroids and meteors, but there is
stil much uncertainty on their
composition and the processes
involved. Conventional asteroids
probably formed where they are
today and debris from them form
most of the meteorites found on
earth. Meteors are largely the
debris of periodic comets, but there
are some showers which seem to
originate from asteroids and others
which come from long period
comets. Comets probably formed
as inhomogenous objects between
Jupiter and Neptune; some were

perturbed to form what we now see

as the Kuiper belt, which
contributes the Centaurs (asteroids
which cross the orbits of the gas
giants, including Chiron and Pluto)
and the short period comets; others
were perturbed into the Oort cloud
which contributes the long period
comets.

Comets are generally small,
irregular, fragile, inhomogenous
bodies that have a range of

jonathan Shanklin

compositions depending on exactly
when and where they accreted.
They are of low density and are
built in a fractal fashion from
smaller building blocks which also
have a variety of sizes and
compositions. Most of the blocks
are likely to be 10 - 100 metres in
size and would have collided at
speeds of a few metres per second.
There are likely to be many voids in
their structure, explaining why they
may fragment at virtually any time
in their orbits. It would be a
worthwhile project to monitor all
favourably placed periodic comets
within a few AU of the sun as an
outburst can increase their
brightness by up to 10 magnitudes.
Most of the nucleus is inert, with
only 1 - 10% of the surface area
showing typical cometary activity
and the rest blanketed by a dark
cohesive crust. The majority of
comets are 200 - 2000 metres in
diameter; Halley at 15 km and
Chiron at 90 km are exceptions.

In the comet formation region of
the solar nebula, between Jupiter
and Neptune, the baby comets
formed from a cloud of interstellar
grains coated with organics and
ices. Drag caused the cometisimals
to spiral inwards accreting material
with a range of compositions as
they did so. They also collided
with each other, eventually growing
into comets and being perturbed
into the Kuiper belt and Oort cloud.
There was also a range of
temperature in the formation region,
probably warmer than 27 K, but
colder than 125 K.

Collisions are likely to occur
relatively frequently in the Kuiper
belt, with around 10 km sized
objects produced per year. For a
low velocity collision the fragments
could spread out over 3 AU putting
them into gravitational resonances

which could send them into new
orbits. The Centaurs are much
smaller than the KBOs and are
possibly collisional fragments.

Short period comets can be split
into Jupiter familly (JF) and Halley
type (HT). The JF are generally of
small inclination and  have
perihelion  distances (q) that
increase with period. There is a
faint limit at around H10=12, which
suggests that comets get difficult to
detect when the gas production rate
gets too low. In total there may be
several thousand JF comets with
g<4 AU and Hj<11. The number
of JF increase with q, but there are
no bright HT with g>1.5 AU which
generally have q less than this.
This can be explained if new
comets suffer an initial rapid fading
followed by a period of dormancy
(they are out there somewhere!) and
then a period of rejuvenation.
There may also be a class of comets
which fade slowly - Hale-Bopp may
be an example. Hj( values are of
interest to professionals for these
studies. Magnitude estimates,
particularly of fainter comets are
therefore important so that they can
be computed. Values based on
section observations will be
published in my annual reports in
the Journal.

Continued onpage 3
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Comet Section contacts

Director: Jonathan Shanklin, 11 City Road, CAMBRIDGE. CB1 1DP, England.

Phone: (+44) (0)1223 571250 (H) or (+44) (0)1223 251400 (W)

Fax: (+44) (0)1223 362616 (W)
E-Mail: JDS @ AST.CAM.AC.UK or J.SHANKLIN @ BAS.AC.UK
WWW page : http://www.ast.cam.ac.uk/~jds/

Assistant Director (Observations):
(and also Editor of
T he Astronomer magazine)

E-Mail:

Assistant Director:
(Urgent correspondence)

E-Mail: JALAN @ AST.CAM.AC.UK

CCD Adpvisor:

Phone: (+44) (0)1245 354366
E-mail: NDJ @ ASTRO1.DEMON.CO.UK or NICK.JAMES @ GMRC.GECM.COM

Photographic Advisor:

Phone: (+44) (0)1206 240021

Guy Hurst, 16 Westminster Close, Kempshott Rise, BASINGSTOKE, Hampshire.
RG22 4PP, England.

Phone & Fax: (+44) (0)1256 471074
GUY @ TAHQ.DEMON.CO.UK or GMH @ AST.STAR.RL.AC.UK

James Lancashire, Flat 4, 14/16 Canynge Road, Clifton, BRISTOL. BS8 3JX, England.

Phone: (+44) (0)117 973 9963

Nick James, 11 Tavistock Road, CHELMSFORD, Essex. CMI 5SJL, England.

Michael Hendrie, Overbury, 33 Lexden Road, West Bergholt, Colchester, Essex. CO6 3BX

Dear Section member,

The current large crop of comets
have continued to keep me very
busy, both with observing and
answering all your letters. On one
night recently I was able to observe
as many as seven comets and I must
confess that I wouldn't mind a bit of
a lull for a while! Perhaps
unsurprisingly most people
concentrate on the bright comets,
but observations of the fainter ones
can be equally usefull. To help
both me and Guy please try to send
your observations in the correct
format.

The Section continues to keep a
high profile. Details of the Section
meeting and ACM96 are given
elsewhere in this issue and we also
had a good display at the Exhibition
meeting. Section membership has
increased significantly over the past
few years and now numbers nearly
120. TI've given quite a few comet
talks to local societies and
hopefully this will further increase
the number of members and
observations.

Nick Martin has made the
interesting suggestion of making a
movie showing the motion and tail
development of comet Hale-Bopp.
This will need a reasonable
standardisation in format and I'd
suggest using a standard SOmm lens
on an SLR. I find Fuji 400 slide

Section news from the Director

film very good, but no doubt
everyone has their own preferences.

I will be travelling to the Antarctic
again this winter, but this time it is
a relatively short trip and I'll only
be away from November 11 to the
end of December. Please send any
urgent correspondence to James, or
e-mail me at jdsh@south.nbs.ac.uk
and I should be able to reply. Post
should also reach me reasonably
frequently this time, so you can
write to me c/o British Antarctic
Survey, Rothera Station, Falkland
Islands.

I'm in consultation with a company
about flights from several UK
airports to view Hale-Bopp when it
is at its brightest next spring. If
they decide to proceed, I hope to
get a discount for BAA Members
and details will be announced in the
Circulars or BAA Newsletter.

Since the last newsletter
observations or contributions have
been received from the following
BAA members:

James Abott, Sally Beaumont, Paul
Bispham, Neil Bone, Graham
Boots, Denis Buczynski, Robert
Bullen, Franco Canepari, Emilio
Colombo, Peter Craven, Eric
Dinham, Bev Ewen-Smith, John
Fletcher, James Fraser, Mike
Gainsford, Cecil Gilbert, Massimo
Giuntoli, David Graham, Werner

Hasubick, Colin Henshaw, Guy
Hurst, Nick James, Albert Jones,
John Kemp, Norman Kiernan,
James Lancashire, Ron Livesey,
John Mackey, Nick Martin, Richard
McKim, Haldun Menali, CIiff
Meredith, Martin  Mobberley,
Stewart Moore, Neil Morrison,
Detlev Niechoy, Brian O'Halloran,
Gabriel Oksa, Roy Panther, Terry
Platt, Gary Poyner, Chris Proctor,
Paul Richardson, John Rogers,
Jonathan Shanklin, James Smith,
Enrico Stomeo, David Storey,
David Strange, Ajay Talwar, Tony
Tanti, Melvyn Taylor, Brian
Topping, Frank Ventura, Alex
Vincent, Peter Ward and Kevin
West.

and also from: Jose Aguiar,
Alexandr Baransky, Sandro Baroni,
Louis Binder, John Bortle, Reinder
Bouma, Stephen Brincat, Peter
Caldwell, Paul Camilleri, Mr
Carpenter, Mike Collins, Matyas
Csukas, Haakon Dahle, Alfons
Diepvens, Ignacio Ferrin, David
Fideler, Gordon Garrad, Stephen
Getliffe, Guus Gilein, Bjoern
Granslo, Berhard Haeusler, Roberto
Haver, Lars Heen, Doug Heggie,
Trond Hillestad, Ken Irving,
Andreas Kammerer, Taichi Kat,
Graham Keitch, Heinz Kerner,
Atilla Kosa-Kiss, Jan Kvaloey,
Romualdo Lourencon, Terry
Lovejoy, Jean-Claude Merlin,
Herman Mikuz, Antonio Milani,
Tony O'Sullivan, Rok Palcic,
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Andrew Pearce, Joao Porto, Ernie
Richardson, Oddleiv  Skilbrei,
Christopher Spratt, Steinar
Thorvaldsen, Tony Vanmuster,
John Vetterlein, Graham Wolf and
Vittorio Zanotta (apologies for any
omissions or miss-classifications).

Comets under observation were:
22P/Kopff, 57P/du Toit-Neujmin-
Delporte, 116P/Wild 4, C/Hale-
Bopp (1995 Ol), C/Hyakutake
(1996 B2), C/NEAT (1996 El),
C/Brewington (1996 N1),
C/Russell-Watson (1996  P2),
C/Tabur (1996 Ql) and
C/Hergenrother-Spahr (1996 R1).

I look forward to seeing a
spectacular display from comet
Hale-Bopp next spring and wish
you all the best for Christmas and
the New Year.

Jonathan Shanklin

Continued from page 1

Planetary perturbations are a bit like
games of billiards but gravitational
scattering can only move a comet,
originally from the Kuiper belt,
from one planet to the next, so it is
a multistage process. The JF
comets come from the Kuiper belt
and become eﬁtinct on a timescale
of around 107 years. A Jupiter
impact should occur once in 400
years and an earth impact once in
13 My. There should be many
more extinct comets than active
ones. Its worth monitoring
asteroids in cometary type orbits
(eg Phaethon [close approach in
1997], Oljato, 6144 1994 EQ3,
Hidalgo, Hephaistos etc) in case
they outburst.

In polar regions the solar wind
blows steadily at 750 kms™*, and i
the equatorial region at 450 kms™".
In the intermediate region it can be
very gusty. This means that the
tails of comets will appear different
in polar and equatorial positions.
Disconnection events, kinks, rays,
knots etc in plasma tails are only
likely for comets in equatorial
heliocentric  latitudes. The
disconnection events are associated
with the comet crossing the
hemispheric current sheet. The
March 25th event in 1996 B2 is
consistent with this. The long tail
lengths reported by some observers
around this time are very unlikely
to be real. Disconnection events
could influence the coma as the
energy in one is comparable to that
of a terrestrial aurora.

Many papers featured comet
Hyakutake, but it was really too
soon after the passage of the comet
for anything but preliminary results.
Radar observations have shown that
the nucleus is between one and
three km diameter and that it is
surrounded by a cloud of centimetre
sized pebbles. The hydroxyl
distribution in the coma suggests
that these pebbles are active. The
tail spine seen around the time of
perigee may have been produced by
fragmentation events, later seen by
the HST and Pic du Midi

ACM 96

Observatory. Material in the jeis
was ejected at around 400 ms™’,
and their rotation and curvature
suggests a nuclear rotation period of
around 12 - 13 hours (the apparent
period of around 6.5 hours may
result from two diametrically
opposite jets). The individual jets
seem to have emitted material of
differing compositions. The X-Ray
emission, since found in a number
of other comets is compatible with
a solar illumination effect, possibly
producing bremstrahlung. The
composition of the comet suggests
it formed at around 65 K.

Comet Hale-Bopp showed major
emission events in Aug, Sep and
Oct 1995, with a spiral jet rotating
clockwise in a sunward direction
and a 30 ms™" ejection velocity.
The rotation period is between 2
and 8 days and emission starts at
local noon, peaks in the afternoon
and then declines. It has lost the
equivalent of around 1 metre of CO
since observations started.
Compositionally it shows
differences to other comets, but this
is probably because of its great
distance from the sun. 1995 Ol is
unlikely to produce meteors, but its
worth watching the expected
radiant on January 4th.

Comet SL9 was probably captured
in 1929, and was around 1 - 1.5 km
in diameter. The Jupiter impactors
were all small bodies, 250 - 450
metres in diameter and the plumes
were not homogenous. This
favours the rubble pile model, with
a fragile aggregate of
inhomogenous  building  blocks.
Splitting of comets doesn't always
give an increase in brightness,
suggesting that a new icy surface is
not always revealed.

Comet 1P/Halley was brighter post
perihelion by a factor of about 2.
This can be explained if most CZ
activity from came from the "little

end and the nucleus is in a complex
rotational state. The composition of
Halley suggests it formed at around

K.

2P/Encke may have faded between
1980 and 1993, though this wasn't
that obvious in the data presented.
A suggestion is that Encke has two
active regions, an old one with
declining activity, which operates
prior to perihelion and a recently
activated one present after
perihelion.

29P/SW1  shows  considerable
activity with variation in Hy.
Prior to 1980 it was mostly about 9,
with occasional major outbursts, but
rose to around 4 by 1980. After
that it faded to around 6, but in
1995 rose to 4 again. The
perihelion distance varies with time
due to gravitational perturbations
and the random activity may be due
to a thermal heat wave propagating
into the nucleus and triggering
sublimation of CO inside the comet.

The outburst of 73P/SW3 illustrated
comet fragmentation very well.
The outburst was first noted from
its unusual brightness in radio
observations of OH. The calculated
active area is much larger than the
area of the nucleus, suggesting that
an extended source was present.
Calculations by Zdenek Sekanina
suggest that the events started with
the outburst around September 6 -
8, followed by splitting at the end
of October and a secondary splitting
two weeks later. If the comet had a
generally cohesive crust the
gravitational pull is less than the
force exerted by vapour pressure so
it could be blown off. If the
observed fragments were part of the
comet's crust, then it was between 7
and 50 metres thick. Interestingly
at one time it had been a target
comet for the Rosetta mission!
Nuclear magnitudes following such
an outburst can be useful (and were
used by Sekanina), but should
always use the same telescope and
magnification. It is worth
monitoring distant periodic comets
as you never know when they will
outburst.

Many spacecraft are already
monitoring comets and others are
planned. An interesting result from
the European ISO mission is that
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the dust trail from 22P/Kopff seems
to have faded since its discovery by
IRAS. This perhaps ties in with the
rather fainter magnitude of the
comet than predicted for the latest
apparition. ISO can only observe
slowly moving objects between 60
and 120° elongation from the sun,
so it can't observe comets at
opposition, nor close earth
approachers. Planned missions
include Stardust, Rosetta and a JPL
multi comet probe. Stardust, due to
be launched in 1999 and return in
2006, will use an aerogel to capture
dust from comet 81P/Wild 2, and
from the interstellar dust stream
discovered by the  Galileo
spacecraft. The European Rosetta
mission, due to be launched in 2003
will rendezvous with 46P/Wirtanen
at around 3.5 AU in 2011 and go
into orbit round it. It will follow it
in to perihelion and land probes on
the comet which has a fairly good
return in early 1997. Astrometry of
these target objects is essential for
the spacecraft and well within
amateur capabilities. Other targets
for spacecraft observation are
22P/Kopff, 29P/SWI1, 76P/WKI
and 90P/Chiron. Chiron has
variable activity, as shown by H;q
and so magnitude measurements
(particularly in the V band) are
important.

46P/Wirtanen is in a chaotic orbit,
and its perihelion distance was
much reduced due to aproaches to
Jupiter in 1972 and 84. It is around
2 km in diameter and is possibly in
an excited rotational state. It has
been reported to outburst, but BAA
data suggests that it has just been
rejuvenated after the perihelion
distance was reduced. 81P/Wild 2

is a new comet that made a very
close (0.006 AU) approach to
Jupiter in 1974. Prior to this it was
in a 40 year orbit that had
perihelion at 5 AU and aphelion at
25 AU. 1t is around 4 km in
diameter. 46P has typical C,/CN
ratios, but 81P is depleted. oth
comets are in low inclination orbits
which makes interception easier.
46P/Wirtanen will return in 1997
and 2008 and 81P/Wild 2 in 1997.

The link between comets and
meteors is well established, but it
seems that some longer period
comets may also have meteor
showers associated with them.
These have a very tight distribution
near the orbital path and
consequently short periods of
activity. Examples of these
showers are the Lyrids, which I was
fortunate enough to see in outburst
from the middle of the Atlantic in
1982 (the associated comet is
named  Thatcher!), and the
Monocerotids which outburst last
year. Gravitational perturbations by
the giant planets mean that the earth
is moving through an area of the
solar system not previously visited
this century and there is the
possibility of surprise outbursts,
perhaps one or two per year. It is
therefore worth watching minor
meteor showers , particularly those
associated with long period comets
as you might see an outburst. Its
also possible that some outbursts
are associated with long period
comets that are yet to be
discovered.

A major focus of the meeting was
the nature of the Kuipers, Centaurs
and the Near Earth Objects (NEOs).

The consensus was that all three
groups could be described as
cometary; in the first two cases too
distant to show much, if any,
activity and in the other case being
extinct comets, though some are
undoubtedly asteroids.

The threat from NEOs to the earth
was considered significant, and a
Spaceguard project is being set up
which will attempt to catalogue all
objects that might collide with the
earth. Countries and individuals are
encouraged to contribute! Several
researchers favoured a 35 My or so
periodicity in planetary impacts
which they suggested had a
cometary origin.

There is a class of objects too small
to be easily detected during the
survey which is being monitored by
US Defence satellites as a by-
product of tracking missiles.
Several objects enter the earth's
atmosphere each year; a particularly
large one came in over the Pacific
last March. The number seen
suggests that several Tunguska
sized events occur a century; one
may have occurred over the South
Atlantic in the 1960s.

Most cometary discovery is still by
amateurs, however planned asteroid
search programmes are likely to
pick up all new Jupiter familly
comets. They will scan the entire
dark sky several times a month to
around 19™. However the twilight
zone will still be the province of
amateurs.

Jonathan Shanklin

The biggest comet prospect for the
coming year is of course Hale-Bopp
and on the basis of observations
made up to mid 1996, it should be
as bright as Jupiter by next spring,
with a 40 degree tail. A number of
periodic comets also return in 1997
and these should not be forgotten,
Comets 46P/Wirtanen and
81P/Wild 2 are targets for
spacecraft missions and need to be
well observed. Recent theories on
the structure of comets suggest that
any comet could fragment at any
time, so it is worth keeping an eye
on some of the fainter periodic
comets as well. Ephemerides for
new and currently observable
comets are published in the
Circulars, comet section
Newsletters and on the section web
page, with predictions for returns in

Comet Prospects for 1997

the Handbook!l. Complete
ephemerides and magnitude
parameters for all comets predicted
to be brighter than about 18™ are
given in the Internaﬁional Comet
Quarterly Handbook<; details of
subscription to the ICQ are
available from the comet section
Director. The recently published
section _booklet on  comet
observing3 is available from the
BAA office or the Director.

C/Hale-Bopp (1995 O1). It should
be impossible to miss this comet! I
will say no more here as details will
be given from time to time in the
Circulars, Journal and on the
section web page. Don't forget that
there is a faint chance of a meteor
shower frorR the comet on January
3/4 from 15" 36™ +32°,

C/Tabur (1996 Q1) will be fading
from its autumn showing, starting
the year at around 10™. It is a
morning object and I suspect that
only the dedicated observers will
follow it. An ephemeris is given in
the observing supplement.

2P/Encke. This will be the comet's
58th observed return to perihelion
since its discovery by Mechain in
1786. The orbit is quite stable, and
with a period of 3.3 years
apparitions repeat on a 10 year
cycle. This year the comet is best
seen from the southern hemisphere
as an evening object (it will not be
observable from the UK at all).
The comet reaches perihelion in late
May and should become visible in
early June at around 7M. It
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brightens a little, and makes a
relatively close approach to the
earth around July 4, when it is 0.19
AU distant and moves at over 5° per
day. It fades fairly rapidly, but is in
opposition at the end of the month
and is well placed throughout
August. There is some evidence for
a secular fading, and observations
at this favourable return will be
important to confirm this. Another
suggestion is that Encke has two
active regions, an old one with
declining activity, which operates
prior to perihelion and a recently
activated one  present after
perihelion. The comet is the
progenitor of the Taurid meteor
complex and may be associated
with several Apollo asteroids.

29P/Schwassmann-Wachmann 1.
This annual comet has frequent
outbursts and seems to be more
often active than not, tho#Fh it
rarely gets brighter than 12", In
early 1996 it was in outburst for
several months.  The randomly
spaced outbursts may be due to a
thermal heat wave propagating into
the nucleus and triggering
sublimation of CO inside the comet.
This year it is at opposition in late
March in Crater and should be
observable until June. It is then in
conjunction until November and it
will be observable in Virgo for the
rest of the year. This comet is an
ideal target for those equipped with
CCDs and it should be observed at
every opportunity.

43P/Wolf-Harrington. This will
be the ninth observed return of the
comet, which was discovered in
1924, then lost until 1951. The
comet is in a chaotic orbit, and
made a close approach to Jupiter in
1936 which reduced its perihelion
distance from 2.4 to 1.6 AU. At the
last return the comet reached 13™
and this time round it could do a
little better at 11™ - 12M,  The
comet is a morning object and
remains at a similar magnitude
throughout the apparition. It will
emerge from the summer twilight in
early August and the solar
elongation continues to slowly
increase throughout the apparition,
but the comet also moves
southwards. It will be at its
brightest in mid Autumn and should
remain visible until the end of the
year. Southern  hemisphere
observers should be able to follow
it for a few more months as it
approaches opposition and slowly
fades.

46P/Wirtanen is in a chaotic orbit,
and its perihelion distance was

much reduced due to approaches to
Jupiter in 1972 and 84. It has been
reported to outburst, but BAA data
suggests that it has just been
rejuvenated after the perihelion
distance was reduced. The comet
will be a 12™ object in the evening
sky at the beginning of the year, but
UK observers are unlikely to be
able to pick it up until the end of the
month. At best it may reach 10™,
but the elongation from the sun is
not great and there is only a short
observing window in the early
evening. It fades after perihelion in
March and is likely to be lost in the
summer twilight in May. A target
for the Rosetta mission, astrometric
observations  are  particularly
important, however = visual
magnitude observations and CCD
images should not be neglected. A
December perihelion would give a
close approach to the Earth,
however the present period is
exactly 5.5 years so that perihelia
alternate  between March and
September.

81P/Wild 2 is a new comet that
made a very close (0.006 AU)

approach to Jupiter in 1974. Prior .

to this it was in a 40 year orbit that
had perihelion at 5 AU and
aphelion at 25 AU. The Stardust
spacecraft is due to visit it in 2004
and recover material for return to
earth in 2006. Only a few
observations were made at the last
return in 1991, when it was 13,
This return is better and the comet
starts the year at around 12™ and
nearly at opposition. It is at its
brightest between 10™ and 11™ in
March and April, but fades a little
on its way to perihelion in May as
its distance from earth increases. It
continues to slowly fade and is
likely to be lost in the summer
twilight in June.

103P/Hartley 2. In 1982 the comet
made a close approach to Jupiter,
and it was discovered by Hartley
four years later, around nine months
after perihelion. It was accidently
recovered by T V Kryachko of
Majdanak, USSR, on 1991 July
9.85, returning 5.6 days earlier than
predicted. It was well observed by
the section at this return and
observations showed that the
brightness peaked around 13 days
after perihelion. 