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Event Horizons
Dec. 10/11 M ember's Night at IRO - Visit our observatory for the last star 

party of the year! Observatory opens at twilight on the first clear 
night. See map on page 11.

Dec. 17 Centre Meeting - Film Night. Videotapes of talks by Al Nagler and
Jack Newton as presented at Starfest. More details on page 11.

Jan. 7 Observers' Group Meeting - Carleton University Steacie Building
room 103, at 8:00 pm.

Feb. 4 Observers' Group Meeting - Carleton University Steacie Building
room 103, at 8:00 pm.

Feb. 11/12 W inter S tar Party at IRO.

 Kanuck Koatings 
Alum inize your telescope mirror north o f  the 
border!

Have your mirror (up to 12.5") alum inized and 
silicon m onoxide overcoated without Canadian or 
US custom s hassels.

$8.00 per inch o f  aperture, minimum charge 
$48.00. Please add $5.00 per mirror to strip old  
coating.

CERAVOLO Optical Systems
Box 151, 702 Patterson's Crns. Rd., Oxford Mills, Ontario K0G 1S0 

(613) 258-4480 Fax 258-3082
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Shoemaker-Levy 9: Predicting the Fireworks Paul Chodas
As a member of the Comet and Asteroid Ephemeris Development group at JPL, I have 
had the opportunity to work on the orbital dynamics of comets like Halley and Swift- 
Tuttle, and asteroids such as Gaspra, Ida and Toutatis. Yet none of these has been as 
unusual and challenging as Comet Shoemaker-Levy 9. Not only did this comet stray 
extremely close to Jupiter, not only did it break up into a neat train of 21 or so "pearls 
on a string", not only is it actually orbiting the planet, but (by Jove!) it's on a collision 
course! This is the first time we will witness the impact of a kilometre-sized object on 
a planet, and, in fact, there will be a whole series of collisions. Because of the rarity of 
such an event -  perhaps once in a millennium -  there has been intense interest in 
predicting the precise circumstances of the impacts. Just what do we know about this 
comet and its likely fate?

Comet Shoemaker-Levy

Comet 1993e was discovered by Gene and Carolyn Shoemaker and David Levy on 
March 25, 1993. From the beginning it was apparent that this was a most unusual 
object: it had not one but many nuclei, all lined up with a short tail emanating from 
each. Now orbital computations rely on accurately measuring a comet's position. This 
was complicated by the presence of so many nuclei, so it was decided to use 
measurements of the somewhat ill-defined centre of the nuclear train. Not until late 
May were there sufficient measurements to accurately determine the comet's orbit. 
Three independent orbit computations were made, by S. Nakano in Japan, Brian 
Marsden at the Minor Planet Center, and myself and Don Yeomans at JPL, before 
Marsden announced to the astronomical community the startling conclusion that the
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comet would hit Jupiter in July, 1994. Our software had computed the probability or 
impact at over 50%, a statistic that rose to 95% as more positional measurements came 
in over the next few weeks .

Over the next few days I quickly modified the software to compute the impact 
circumstances: latitude, longitude, time, and angle to the Earth. Bad news! The 
comet(s) would strike on the far side of Jupiter as seen from here. A few weeks later, 
on a whim, I checked whether the Galileo spacecraft could see the impact. The 
common belief was that it couldn't, since it would still be 16 months out, approaching 
Jupiter from the sunward side. But in fact, Galileo will be significantly ahead of 
Jupiter and able to see far enough past its terminator to see the impact, just on the dark 
limb.

Since June, we have been refining our knowledge of the comet's orbit, modeling the 
dynamics of its breakup, and computing more detailed predictions. Here are some 
highlights of what we have determined.

Past History: The comet broke up when it passed within 44,000 km of Jupiter's cloud 
tops on July 8 ,  1992. This was well within Jupiter's Roche limit, a region in which the 
gravitational gradient can tear apart solid bodies. Our tidal disruption model indicates 
the original comet was at least 9 km in diameter. It was apparently in Jovian orbit 
even before its 1992 close approach. Although we cannot accurately determine the 
comet's past motion, computations suggest it was captured by Jupiter 20-30 years ago.

The Trajectory: The comet's orbit about Jupiter is highly elongated, extending 
southwards from the planet at a 50 deg angle below Jupiter's orbit plane. At discovery, 
the comet was outbound from its 1992 close approach; it reached its farthest point 
from the planet (about 50 million km) on July 14, 1993, and has been heading back 
inward ever since. The interplay of Jovian and Solar gravity at large distances from 
the planet is responsible for perturbing the orbit onto its collision course.

The Fragments: Slight differences in the orbital energies of the fragments are causing 
them to move apart. The length of the train was about 160,000 km in late March, 
280,000 km in mid-July, increasing to 600,000 km in early January of 1994, 1,000,000 
km in mid-April, and over 4,000,000 km before impact next July. Based on the 
Hubble Space Telescope images, the fragments are estimated to be kilometre- sized, 
with the largest at least 4 kilometres in diameter.

The Upcoming Impacts: The fragment with the least orbital energy will hit Jupiter 
first, on July 1 8 , 1994. The rest of the fragments will impact over a span of 5.5 days, 
the largest on July 22. Our computations indicate that, unfortunately, all the 
fragments will impact on the far side of Jupiter as seen from Earth, and all at about 
latitude 40 deg S. Each will approach from the south, pass behind the planet's limb 
about 5 minutes before impact, and hit the night side of Jupiter traveling about 60 
km/s. According to Kevin Zahnle of Ames Research Center, the impactor will form a 
fireball, vaporizing in only a few seconds at an altitude just below the visible cloud 
deck. The energy released on each impact will be equivalent to millions of megatons
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of TNT, thousands of times larger than the total destructive power of the world's 
nuclear weapons at the height of the Cold War. The impacts would appear very 
bright, if wo could only see them: Zahnlo thinks the largest will be as bright as Jupiter 
itself. Many astronomers speculate that the impacts may produce detectable 
atmospheric features, visible from Earth a couple of hours later, as Jupiter's rotation 
brings them into view. The flashes may also be seen reflected from Jupiter's moons, 
provided they themselves are well-situated behind the planet at the impact times.

The View From Space: Fortunately, two spacecraft will be in a position to view the 
impacts directly: Voyager 2 and Galileo. Although Voyager will be far from Jupiter 
(about 40 AU), it is well below the ecliptic, and has a good view of the southern night 
side hemisphere of the planet. Its cameras could detect the impacts as sudden 
brightenings of Jupiter. Galileo will not have arrived at Jupiter, but it will be only 1.6 
AU away, and should be able to see far enough around the dawn terminator of the 
planet to see the impacts on the dark limb. Jupiter will subtend about 60 pixels at the 
time.

Jupiter and the comet have been in conjunction with the Sun since August, and thus 
not visible, but they will re-emerge in late December. Will some of the 21 fragments 
have sublimated into nothing? Will the comet be on the same collision course? Will 
our impact predictions still hold? Like the audience of an old movie serial, we're 
anxiously awaiting the next exciting episode.

[Paul Chodas is a member in absentia of the Toronto Centre of the RASC whose 
interest in astronomy dates back to at least Grade 5 in London, Ontario. His 
involvement in orbit determination began in Ottawa in 1977 with a project for the 
Department of Communications, and took him eventually to JPL in Pasadena, 
California where he has lived since 1981.]

AstroNotes Article of the Year
Once again w e are happy to announce our AstroNotes 

Article o f  the Year winner! The winner is...

Doug Luoma

for Genesis O f An Amateur Astronomer. Doug's 
inspirational article tells the tale o f how he became 

involved in observing. Congratulations, Doug!
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Update on Light Pollution Rob McCallum
Last month Doug George noted in his AstroNotes editorial that the Hunt Club 
Extension built this summer between Merivale and Woodroffe was using non light- 
polluting fixtures. As I'm a planning engineer in the Region's Transportation 
Department, I've been asked by some of you if I had anything to do with i t  While I 
didn't (that would be a conflict of interest), I do have some knowledge of why it was 
done.

The decision came from the National Capital Commission, who imposed a condition 
that shielded fixtures be used before they would agree to sell the land for the road. 
While the brochure Doug received from the Region gave three reasons - safety, 
aesthetics and the environment - it is really the aesthetics that the NCC are concerned 
with. This section of Hunt Club is adjacent to the Greenbelt, and the NCC wishes to 
preserve the Greenbelt's rural landscape and "vista" (i.e. panoramic view) aspects. 
Unshielded streetlights are visible from a long distance and in the NCC's opinion, 
damage these objectives.

An example of where this became an issue was at the Highway 416-417 interchange 
built over the past two years. The province installed "high mast" illumination (those 
really tall lights with six separate bulbs) which disrupted the nighttime view of the city 
over the hill from Kanata on the Queensway. The NCC insisted that the province go 
back and shield these lights, which they did, effectively resolving the problem.

My point that the NCC is only concerned with aesthetics is demonstrated by their 
policy on illumination of recreational pathways: they use those horrid globes, which 
are absolutely the least efficient and most light-polluting fixtures on the planet.

I believe the other reasons for the Hunt Club decision - safety and environmental 
reasons - have emerged from an emerging awareness by the Regional engineers that 
unshielded lighting is not good. Early this year a seminar on highway illumination 
was held for staff and while I was unable to attend, I did get a copy of the handout 
later. I was astounded to see a section on sky  glow which is quite sympathetic to our 
cause, suggesting that designers should "endeavour to work towards control of upward 
light". It even mentioned the International Dark Sky Association, and included the 
well-known satellite photo of the USA at night The major roadblock to implementing 
better lighting also appeared in the booklet: fixtures with shielding typically cost two 
to three times as much as the standard "cobra head" designs.

In closing, I should tell you that the opening of Hunt Club has been delayed a month 
because of lack of availability of the special fixtures. Demand is apparently so low that 
they are not commonly stocked by suppliers. Looks like there's lots of work to be 
done!
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Summer Of Sun Doug Luoma
I had been viewing and photographing the Sun on most clear mornings for over a year. 
My objective was to observe sunspot growth and development by studying photos taken 
on consecutive days. Also, if  I was lucky enough to record spots for about seven days 
in a row and looked at the pictures in sequence, I hoped to be able to witness the Sun 
rotating on its axis. (The Sun's complete rotation period is approximately one month 
and sunspots take about two weeks to go from one side of the Sun to the other.)

From February 1992 until May 1993 I had limited success. The longest series of 
photographs to date was six consecutive days, but during three of those days the Sun 
was entirely void of spots. I became more and more frustrated as overcast days 
continually interrupted my observations. To make matters worse, I lost two weeks of 
sunspot records in April because of carelessness while loading my camera. (The film 
leader had slipped off the take up reel and the film didn't advance.) Totally 
disheartened, I told some of our club members at the May 7th observers group meeting 
that I had decided to call it quits. They sympathized with the difficulties I had 
experienced but encouraged me to continue with my observations. Thanks to their 
moral support, the next morning (which happened to be sunny) I resolved to keep 
photographing the Sun. I went at it with a vengeance - monitoring weather forecasts, 
waking up at sunrise, and always carrying my equipment with me on cloudy days in 
case the Sun happened to peek out. I was rewarded with one of the sunniest summers 
I can remember, and the results surpassed my wildest expectations.

My observing equipment included: 60 mm. f/7  (420 mm. focal length) Carton 
achromatic refractor, 4X, 11 degree field of view finderscope, Olympus OM-1 
(35 mm.) camera with a clear focusing screen, right angle viewfinder with 1.3X to 
2.5X magnification, 3X photographic teleconverter (this changes system to f/21, 
1,260 mm. focal length), camera mount, tripod, cable release, Thousand Oaks Type 1 
glass solar filter,  #14 welding filter for finderscope. I used Fujichrome VELVIA 
(RVP) extremely high resolution, low grain colour slide film. This film is rated at 
ISO 50 (ASA), but in tests the film's speed turns out to be closer to ISO 40.

I attempted to take the photographs at about the same time every day (between 8:00 
a.m. and 12:00 noon). This was not always possible because of morning cloud cover. 
If I could not get a shot until later in the day, I also tried to take a slightly later photo 
during the next few days, gradually working my way back to the morning hours. In 
this way, there would be as close to 24 hours between observations as possible.

My telescope and other equipment is very portable. This enabled me to take them with 
me wherever I went. I sometimes took shots from work, friends' houses, downtown 
sidewalks and bus shelters, and my equipment went on vacation with me for two 
weeks in August. I can set up and be ready to take a photograph in a minute or two, 
and on some days I had to be that quick. There were a couple of the days where the 
Sun was hidden in cloud the entire day except for a few brief minutes.
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When taking the photos, I first oriented the Sun in the viewfinder using the "drift 
method" (the Sun's westerly drift - caused by the Earth's eastward rotation). The right 
angle viewfinder was not used here because it produces a mirror image (left and right 
are reversed) and this could be confusing. I tilted the camera so that in a vertically 
oriented photo, North would be at the top. The right angle viewfinder was then 
attached, and it was set at highest magnification so that I could focus the camera with 
greater accuracy. Making sure that the Sun was centered on the viewfinder's 
crosshairs, I locked up the camera's mirror (to lessen vibration) and took a scries of 
photographs. The exposures were then recorded on my log sheets.

I do not require an equatorial mount and motor drive when taking photos of the Sun 
(or moon). My camera system's focal length of 1,260 mm. can produce undriven 
photographs up to one second long with little blurring. The perfect exposure for the 
Sun with my system's focal ratio (F-21) is 1/ 30 second. This applies only with ideal 
conditions, when the Sun is high in the sky and sky transparency is good. In this 
situation, I would take exposures of 1/30 second, 1/15 second, and often 1/8 second to 
insure a good shot. If the Sun was low in the sky or if the sky was noticeably hazy, I 
would take longer exposures using the "hat wave" method. This procedure involves 
covering the front lens with a hood or hat. The camera shutter is then set to "Bulb", 
and the shutter is locked open with the cable release. Vibration-free exposures are 
made by uncovering and covering the lens by hand. If the air was turbulent and the 
visual appearance of the sun was not very steady. I also took more than one exposure 
at each shutter speed.

The exposed films were all developed at "La Centre de la Diapo" ("The Slide Centre") 
in Hull, Quebec. This lab specializes in making prints from slides and they offer three 
hour slide processing done on the premises. I always requested uncut and unmounted 
slides. The processed rolls were returned enclosed in a protective sleeve. Using my 
log sheets for reference and a high power magnifier, I determined the best photo for 
each day. These slides were then cut out from the roll in preparation for mounting.

As viewed from the Earth, the Sun's rotational axis changes its orientation during the 
year. It would have been difficult to correct for this when taking the photographs. 
Before mounting the slides, I determined the Sun's degree of tilt. Then, when putting 
the slides in the frames, I tilted the film the same amount as the Sun's axis, but in the 
opposite direction. This gave the Sun's polar axis a vertical orientation in all of the 
slide frames. A smaller format slide mount (18 X 24 mm.) had to be used to insure 
that the mount opening would completely cover the tilted film. The smaller mount 
nicely framed the Sun, since my system's focal length (1,260 mm.) produced an 11.5 
mm. image of the Sun on the film. After recording the date that each photo was taken 
on the mounts, I filed the slides away.

From May 8th to September 5th I was able to photograph the Sun 113 days (out of 121 
days). The longest series of photos was an astounding 74 consecutive days (from June 
21st to September 2nd). There were just eight completely cloudy days all summer 
where I could not get a photo of the Sun, and there were never two cloudy days in a
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row. As a result, it was easy to extrapolate what the Sun would have looked like on 
those days. On a large sheet of paper, I projected the Sun's image from the day before 
and the day after the cloudy day. On each projection I traced in the sunspots. 
Afterwards, I estimated where the spots would have been on the cloudy day and I drew 
them in. The spots from the day before and after were then erased. Finally, I 
projected an image of a featureless Sun (taken at another time) over these new spots, 
and photographed the projected image with a camera. These manufactured slides now 
filled in the spaces in my observations, giving me over 17 weeks of uninterrupted Sun 
photos, and at least 4 complete solar rotations.

This has been an immensely satisfying and enjoyable project. I am now planning to 
produce a movie of the Sun's rotation by filming the projected slides in sequence with 
a video camcorder. There are still some interesting filings that can be done with 
modest equipment. Let's put our heads together and think of some more. Keep on 
observing!

Doug received the Ottawa Centre's Observer of the Year award for this effort! -Ed.

Ottawa Centre Polishing Machine Peter Ceravolo
Some members may not be aware that the Ottawa centre owns a professional grinding 
and polishing machine that will handle optics up to 12.5" in diameter.

I have been housing the polishing machine for more than three years now and have 
enjoyed using it for a variety of projects. In the past I have encouraged, without 
success, other Ottawa members active in telescope making to use it for their own 
optical projects.

The machine is relatively compact, 16" wide, 32" deep and 44" high, and has 
adjustable speeds on both the spindle axis and the crank arm. It also happens to be 
bloody heavy and very noisy. Moving the machine is more than a chore, requiring a 
truck with a ramp, a furniture type dolly and a few of your stronger friends. This is 
probably the reason no one has jumped at the opportunity to take the machine home.

The machine also requires more than a little experience to make it do what you want it 
to do. You can't just throw a Pyrex blank on it and expect it to spit out a finished 
mirror just waiting to be aluminized. Knowing the facts, any Ottawa member who 
may be interested in using the machine is invited to contact me at 258-1964 days or 
evenings.

New Address
The Centre has a new address, effective immediately: PO Box 33012, 1974 Baseline 
Road, Nepean, Ontario, K2C 0E0.
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Friday, December 17 Center Meeting Robert Dick
December is usually a difficult time to find speakers for our Center Meetings. 
Therefore, in the past we tended to relay on 'packaged' speakers and called it a 'Film 
Night'. This year I'd like to make more use of the video display system we have in our 
meeting room and the fact that many of our members have visited several amateur 
astronomy gatherings during this year.

The December Meeting with be a video night. We will show two talks that were 
presented at Starfest last summer. Al Nagler: 'Eyepieces that Engulf Spacecraft' 
(34 1/2 minutes). Al talks about his work on the development of spacecraft simulators 
in the 1960's. Jack Newton: 'CCD Imaging' (52 1/2 minutes). Jack talks about his 
long road of experience in astronomical photography including his resent work in 
colour CCD imaging.
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