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Shoulders of Giants

by Tim Cole, Editor

I often tell students that amateur astronomers 
have it made. After all, we have a cadre of
exquisitely trained professional astronomers 
doing all the grunt work for us. All the minutae
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of orbital mechanics comes to mind every time I 
say that. Expert orbital dynamicists calculate
planetary positions to such accuracy and
precision that we routinely get spacecraft there 
with just the tiniest of mid-course corrections.
For almost anything we want to observe, we can
get coordinates down to fractional arc-seconds.
One incredible thing about orbital mechanics is 
that you can do a lot of it for yourself. The
professionals make sure you don't have to do it, 
but you can do it. Of course, you need 
high-grade data for the most detailed 
calculations, but that's no problem.You can get
JPL's ephemeris data for little more than the cost 
of the CD-ROM.
All the complexity of modern orbital analysis, 
with its empirical equations and seemingly
endless terms of perturbations and plain old 
fudge factors, is grounded in a set of six numbers
named for the eccentric mathematician and
mystic, Johannes Kepler. Just six numbers, the 
elements of a Keplerian orbit, describe the
position of a body in our solar system. A fiercely 
complex net of perturbing forces from everything
else in the solar system slowly degrades the
usefulness of those six orbital elements, but it's 
not hard to get new ones. We can use
standarized formulae, or look up the latest results 
from the professionals who do the grunt work
for us.
John Thompson's article reminded me of the 
lovely elegance of a Keplerian orbit. Imagine
some object in the solar system. One by one, 
each orbital element adds shape and form to its
orbit. The final number ties the orbiter to a
unique point in space-time. In my mind's eye, I 
can see a pattern emerge from chaos.
Sir Isaac Newton claimed that he saw farther 
than others because he had "stood on the
shoulders of giants." (Considering what we now 
know about Newton, he was probably standing
on their necks, but that's beside the point!) We 
can go one better. We get to stand on very solid
scaffolding designed by giants and maintained by
a legion of giants, near-giants, and giants in 
training.
We really do have it made!
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Cover Illustration: The Inner Solar System

Image Created with Starry Night Pro

The cover illustration is a photorealistic plot of 
the inner solar system. Each planet's precise
heliocentric position can be measured from the 
grid and the network of reference lines.
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Introduction to Orbital Mechanics

by John Thompson, Ottawa Centre President

I have always had fond memories of Comet Levy 
1990. For those who can remember that far
back, it was a nice naked-eye comet, reaching

2nd or 3rd magnitude. There was virtually no tail, 
but it had a rapid motion paralleling the summer
Milky Way in late August. Its motion was fast 
enough that it could almost be seen moving
against the background stars in a medium power
telescope.
At the time, I was living in Windsor, a few 
months before I moved to Ottawa. As a recent
graduate of Western but not yet employed (the 
1991 recession had hit Southwestern Ontario
before it reached here), I was occupying my time
with mathematical astronomy, a subject that has 
long held a fascination for me. Some years earlier
I had borrowed from the library a reprint of 
Gauss' treatise on calculating orbits. Although
most of the math was beyond me, one thing I
learned from it was that Gauss had developed 
the Method of Least Squares, (commonly used
in fitting curves to experimental or observational 
data) for reducing positional astronomical data.
Later I had acquired a copy of a paper on orbit 
calculation from the British Astronomical 
Association's Journal of 1900. I was able to 
translate the equations they developed into a
BASIC program for my Radio Shack Color
Computer so that it duplicated the example given 
in the paper, but the method was clumsy and not
particularly suited for computer adaptation. It
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frequently failed when I tried to use it on current 
comets, and it was too lengthy and laborious to
easily use by hand (although it gave me a healthy 
respect for what astronomers had to do before
the advent of digital computers!)
My first measure of success arrived when I 
discovered Peter Duffett-Smith's Astronomy 
With Your Personal Computer. Unlike the 
elegant but inefficient method in the BAA paper, 
Duffett-Smith used a "brute-force" algorithm. He
used a variation of Newton's iterative method for 
solving a non-linear equation, except that the
equation was a matrix and was solved with linear
algebra. The matrix represented a system of six
independent equations in six unknowns: the six
orbital elements. The user entered three 
observations of the comet and a first guess at
what the elements might be. The program was 
then set to its trial-and-error work, while the
operator watched the sum of the errors reported 
at each pass. If (or when) the errors approached
zero, the program stopped. I learned that some
data sets would not converge at all because the 
data points were too closely spaced or because
of a poor choice of initial starting conditions, or 
that a false solution might be found at a local
minimum. It was also possible for a set of
observations to be represented by more than one 
orbit, until more
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observations came in to discriminate between the 
solutions. (This in fact happened in the case of
Hale-Bopp: early sets of observations could be
represented by two different orbits, both of 
which appeared rather unlikely. It took almost a
month of observations to properly define its 
orbital parameters).
In late May 1989, I learned via Dr. John Huschilt 
of the University of Windsor's Physics
department that David Levy had discovered a 
new comet the previous day. The report, which
Doug George had sent to the Centres via Net 
North (an Internet e-mail precursor) gave the
only two observations to date. Although a
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minimum of three data points are required to 
define an orbit, I took this as a challenge to see
what I could do with it. Using the two data 
points, I created a third fictitious observation
using a simple linear extrapolation, even though I
didn't know if this was a valid approach, and 
plugged them into my (or rather Duffett-Smith's)
program. To my amazement, the program 
rapidly converged to a very good orbit. Thinking
this was maybe too good to be true, I varied the
initial conditions a number of different ways, as 
well as my fictitious observation, assuming
different speeds and directions. In every case, the
program converged to virtually the same orbit. 
Using an ephemeris program to produce a table
of positions, I then learned that my predicted 
orbit indicated a rather close pass to Earth in
September. Normally, an approach within 1 AU
will produce a moderately bright comet: this one
was would reach 0.56 AU. After calling Doug
with my news, I packed my bags and set off to 
visit a friend, Derek Hitchens of the Sarnia (now
of the London) Centre, who had recently
completed an observatory with a Meade DS-16 
at his dark-site home near Alvinston, Ontario.

Shortly before dawn on the 28th of May, after 
about 20 minutes of sweeping, we found an 
object, at about magnitude 10.5. It was at the
comet's predicted position in the north-east 
corner of Pegasus' square. The official elements
published by the IAU were very similar to the 
ones I had earlier derived.

The Orbital Elements

What are these orbital elements, and what do 
they stand for? These six elements, which
uniquely define an orbit and the position of a 
solar system object at any given time, are as
follows:

e eccentricity

a semi-major axis (or q - perihelion distance, in the case of parabolic orbits)

i inclination

W longitude of ascending node

w argument of perihelion

T epoch (often the time of perihelion passage)
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The first two parameters define the orbit's shape 
and size, respectively. The
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eccentricity, e, is a 
number that varies 
from 0 (indicating a 
circle) to 1
(indicating a 
parabola). It might 
be thought of as 
defining how far 
"out of circular" the
orbit is.Closed 
orbits within the 
solar system are
elliptical, with a 
fractional 
eccentricity. Newly 
discovered comets 
coming from the
Oort cloud have 
near-parabolic 
orbits, with a value 
of 1. It is possible,
but rare, to have an 
eccentricity of 
greater than 1, 
indicating a 
hyperbolic orbit.
When this happens, 
the obect has 
probably picked up 
extra velocity from

interaction with a planet instead of just falling 
freely towards the Sun.
In the case of an ellipse, the semi-major axis is 
half the long axis, measured in AU. It is related

to the period by Kepler's Third Law, a3 = kT2

(where T is the period, not the epoch). A 
parabola, not being a closed curve, has an
infinite
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semi-major axis, so the 
parameter q is used. It
represents the minimum 
distance of the object to 
the sun (at its perihelion 
point) and is also
measured in AU. Since 
the Astronomical Unit is 
defined as the length of
the semi-major axis of 
the Earth's orbit, the 
constant k in the above 
equation becomes unity 
when T is in years.
The next two elements 
serve to define the plane 
containing the orbit. 
They are angles,
measured in degrees. 
The frame of reference
is ecliptic coordinates, 
which are referenced to
the plane of the Earth's 
orbit.
Inclination, i, determines the angle between the 
object's orbital plane and the Ecliptic plane. An
inclination of more than 90° indicates a
retrograde orbit, where the object is moving in
the opposite direction to that of the major 
planets.

John has promised us another article on orbital mechanics, in which he plans
to discuss Kepler's Laws of Planetary Motion. He's a busy fellow, though, so
we'll have to be patient. — Editor
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SMARTscope Project Update

by the SMARTscope Project Team

The last major pieces of equipment, a pair of 
DFM filter wheels, have arrived. Stacking two
8-position filter wheels provides a total of 14 
filter slots, plus an empty slot. Doug George is
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modifying driver software for the stacked filter
wheels, while Rick Wagner is selecting and 
ordering suitable filters. So far, the planned filter
suite includes a set of photometry filters, a set of
photographic color filters and neutral density 
filter for lunar observations. This will leave a few
slots for future enhancements.
The slow process of commissioning continues to 
be, well, slow! This winter's cold spells have
been a bit rough on the testers, but we've been 
able to test out the equipment in cold weather.
The dome has stood up to its first outdoor 
winter well. The shutter mechanism has worked
well in the coldest nights, and ice build-up hasn't
been a problem. Heat lamps, turned on by timers 
for a couple of hours in the afternoon, have been
enough to keep the shutter free of ice.
Our Paramount wasn't the really cold 
deep-freeze, but it turned out this was a
well-known problem with some simple solutions: 
reduce the slew rates and add a tiny amount of
light oil to the RA gear box. The Paramount 
user's group has become fairly active again, and
it's turning out to be a useful resource.
We've been working on training the Paramount 
(not to mention ourselves!), measuring periodic
error and building the data points for a TPoint 
model. TPoint is a modelling program for precise
telescope pointing. Each point in the model is
generated by slewing the telescope to the 
predicted position of a star and measuring the
corrections needed to properly align the target 
star. It's a time-consuming process at best, but
there's new software in beta testing that's
supposed to eliminate (or at least reduce) the 
donkey work.
With the final installation of our all-weather 
outdoor GPS antenna, we now know exactly
where the Pett Observatory is! More to the 
point, the Observatory uses the "Totally
Accurate Clock," a time reference based on a 
commercial GPS receiver. An additional
interface board ties the GPS receiver to an 
RS-232 serial channel, with the handshaking
lines used to synchronize time updates. The
Totally Accurate Clock was originally designed 
for geodesy studies at NASA's Goddard Space
Flight Center, and has been available as a kit for 
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several years. We're now using a specialized
software package on the Observatory computer
to keep the system clock to within 50 msec of 
the GPS-synchronized local time.
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Invisible Tornados

by Dr. Tony Phillips, NASA/JPL

The biggest problem with tornados—next to the
swirling 300-mph (480 kph) winds—is that it's
hard to see them coming.
But soon scientists will be able to foresee, not 
merely tornados, but the severe storms that
spawn them, hours before there's even a cloud in 
the sky! Mind you, this isn't a vague "30 percent
chance of rain today" type forecast. Thanks to a
new satellite technology being co-developed by 
NASA, NOAA and the U.S. Navy, emergency
personnel will actually watch the invisible 
beginnings of a storm unfold.
"They're going to know where the storm centers 
are forming before the storms are there," says
James Miller, project manager for Earth 
Observing 3 (EO3), a satellite that will test out
this new technology in 2005 or 2006.
Unlike the tiny water droplets that make up 
clouds, the water vapor that feeds storms is
invisible to the human eye. Water vapor is easy 
to detect, however, at
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Photo Courtesy NASA/JPL

This severe tornado hit south of Dimmitt, Texas, on 02 June 1995.
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infrared (IR) wavelengths. EO3 will use an 
IR-sensitive device called GIFTS-short for
Geosynchronous Imaging Fourier Transform 
Spectrometer-to make 3D movies of
temperature, pressure, and water vapor in Earth's 
atmosphere.
Three or four hours before the storm clouds are 
visible, meteorologists will notice water vapor
converging toward an area. This water vapor, 
which provides the "fuel" for the coming storm,
is too close to the ground for today's weather
satellites to see. Then meteorologists will check 
precisely how the air temperature over that area
varies vertically (something else ordinary
satellites can't do). This temperature variation 
determines whether the humid air will rise to
form storm clouds. And when these conditions 
look ominous, the meteorologists can alert the
public.
The goal of EO3 is to "test drive" this new 
technology and prove that it works. If successful,
NOAA plans to incorporate GIFTS-style sensors 
into its next generation of weather satellites.
These future satellites will give meteorologists 
exactly what they need in order to give the
people exactly what they need: an earlier warning 
that tornados may be on the way.
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GIFTS and EO3 are managed by NASA's New 
Millennium Program. NASA and NOAA will
operate EO3 during its first year in 
geosynchronous orbit above the United States. If
the technology works as planned, the U.S. Navy 
will assume control of EO3, move the satellite to
a point above the Indian Ocean, and use it to
monitor weather in shipping lanes there.
For adults, the EO3 web site at
http://nmp.jpl.nasa.gov/eo3 has more about the
mission and the GIFTS instrument. For children, 
The Space Place web site at
spaceplace.nasa.gov/eo3_compression.htm has a 
jazzy, interactive "squishy ball" demo of the data
compression methods that will be used on EO3.

This article was provided by the Jet Propulsion Laboratory, California 
Institute of Technology, under a contract with the National Aeronautics and
Space Administration.
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Seven Strangers?

by Dr. Tony Phillips, NASA/JPL

At the dawn of the space age some 40 years ago,
we always knew who was orbiting Earth or
flying to the Moon. Neil Armstrong, Yuri
Gagarin, John Glenn. They were household
names—everywhere.
Lately it's different. Space flight has become 
more routine. Another flight of the shuttle.
Another visit to the space station. Who's 
onboard this time? Unless you're a NASA
employee or a serious space enthusiast, you 
might not know.
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Dave Brown, Rick Husband, Laurel Clark, 
Kalpana Chawla, Michael Anderson, William
McCool, and Ilan Ramon.
Now we know. Those are the names of the seven 
astronauts who were tragically lost on Saturday,

February1st, when the space shuttle Columbia
(STS-107) broke apart over Texas.
Before the accident, perhaps, they were 
strangers to you. But if that's so, why did you
have a knot in your gut when you heard the 
news? What were those tears all about? Why do
you feel so deep-down sad for seven strangers?
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Astronauts have an unaccountable hold on us. 
They are explorers. Curious, humorous, serious,
daring, careful. Where they go, they go in peace. 
Every kid wants to be one. Astronauts are the
essence of humanity.
They are not strangers. They are us.
While still in orbit Dave Brown asked, jokingly, 
"do we really have to come back?"
No. But we wish you had.
Please see the NASA Home Page
(http://www.nasa.gov) for more information on 
the Columbia Investigation.

This article was provided by the Jet Propulsion Laboratory, California 
Institute of Technology, under a contract with the National Aeronautics and
Space Administration.
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I am not much of poetry fan, but I discovered this poem in a grade-school
reader, some months after the Apollo 1 fire. It came to mind again when
Challenger was destroyed, and now again with the loss of Columbia — times
when the "bonds of Earth" have seemed particularly surly. — Editor

High Flight
Oh! I have slipped the surly bonds of earth
And danced the skies on laughter-silvered wings;
Sunward I've climbed, and joined the tumbling 
mirth
Of sun-split clouds — and done a hundred things
You have not dreamed of — wheeled and soared
and swung
High in the sunlit silence. Hov'ring there,
I've chased the shouting wind along, and flung
My eager craft through footless halls of air.
Up, up the long, delirious, burning blue
I've topped the wind-swept heights with easy 
grace
Where never lark, or even eagle flew —
And, while with silent lifting mind I've trod
The high untrespassed sanctity of space,
Put out my hand and touched the face of God.

Pilot Officer John Gillespie Magee Jr, RCAF (1922 - 1941)

Pilot Officer John Gillespie Magee Jr. died during the Battle of Britain, a few
months after writing High Flight. 
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February 2003 Meeting Report

by Niraj Chandra, Recorder
The February meeting of the RASC Ottawa 
Center began on a somber note, with Meeting
Chair Mike Earl's presentation of a video clip 
showing the collapse of the Space Shuttle
Columbia. The clip was followed by a few
moments of silence in memory of this tragic 
event. (Columbia broke up just after re-entry on 
01 February 2003, the same day as the 
February meeting Editor)
After this, Ottawa Center Vice-President Debra 
Tigner, talked about her recent supernova
discovery. Debra is member of a group of 
amateur astronomers who volunteer their time to
the Tim Puckett Observatory in Mountain Town,
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Georgia. With three robotic telescopes in 
constant operation, the Observatory takes
hundreds of images of the skies on every clear 
night.
Debra gave a demonstration on using MaxIm DL 
software for supernova hunting. MaxIm DL
allows blink comparison of two images of the 
same stellar field. Once the two images are
aligned and the intensities are matched correctly,
any new or changed object shows up as a 
blinking object when the two images are
swapped rapidly. (Doug George, the original 
developer of MaxIm DL, is also a member of
Tim Puckett's supernova search team. He has 
discovered nine supernovae. Editor)
Jay Hunt described how he uses a green laser 
pointer in place of a finder scope. Jay explained
how he was frustrated with finder scopes and 
Telrad finders they were never very convenient
to use in the field. The green laser pointer simply
throws a visible beam at the sky, at a wavelength 
of 532 nanometers. It installs very easily on a
telescope, and takes away much of the effort of
pointing the telescope correctly. The laser 
pointer comes with several accessories, including
a mounting kit, and a remote switch for turning 
it on and off.
Richard Taylor explained the use of his Nikon 
Cool-Pix camera, which he acquired recently. He
demonstrated several imaging techniques using 
pictures of the SMARTscope project's Pett
Observatory.
Albert Saikaley presented several astrophotos 
made during recent CCD imaging sessions.
Albert is a relative newcomer to CCD 
astronomy, but has been producing outstanding
astronomical images. Attilla Danko talked about
the factors affecting seeing conditions during 
astronomy sessions. He discussed the effects of
tube currents in telescopes, the impact of ground 
conditions, and the effects of atmospheric
conditions on visibility.
Paul Comision concluded the session with a 
fascinating discussion about the local bubble we
live in. This bubble surrounds our solar system 
and the region of space containing the nearest
stars.
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Fred Lossing Observatory Report

by Al Seaman, FLO Committee Chair
26 February 2003

After a bit of a wait to get fitted into our 
contractor's schedule, the road in to the
observatory has been cleared out.
Unfortunately, I've developed a crick in the back
and wasn't up to clearing out the path at the
observatory and cleaning off the top of the
mound. No, it wasn't shoveling that did it — I
was having a leisurely breakfast and read of the
morning paper, then reaching for a second cup of
coffee did something. Oh well, couple of days of
taking it easy should fix it.
In the meantime, if anyone wants to do a little 
shoveling around the observatory, it would be
much appreciated.
I should also note that with the extreme cold 
weather that we have been getting, the clubhouse
foundation is shifting a bit again, and the door is 
getting a bit hard to lock and unlock. When
leaving, slam the door as hard as you can. If the
lock still seems stiff, don't force it too hard just
pull hard on the door handle until things free up
a bit. I think we need a spring thaw soon.
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