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Comet Tempel 1 minutes before impact Combined images before
(bottom) and after impact

Effects of impact are visible 24
minutes after impact as image

becomes asymmetric

Deep Impact
Direct images and spectrum from the MIRA 36-inch telescope
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 Sunday, 16 October, 2:30-4:00pm Free tour of  MIRA’s
    Oliver Observing Station on Chews Ridge. Open to
    the public. Reservations are required; please call
    883-1000.

&AQ This feature is inspired by the questions
we have received over the years from

interested readers. If  you have a question
about an astronomical topic, please send it

to us.

Q: I got an e-mail that claims that this August, Mars will
look as big as the Moon. What’s up?

A: Bruce Weaver replies:
Internet claims about this year’s Mars closest approach are

two years late.
As the orbits of  Mars and the Earth are elliptical, the

distance between them at opposition (the time when the Sun,
Earth, and Mars are aligned, in that order) can vary substan-
tially.  This depends on where in their orbits the planets are
when they align.  This alignment occurs every 780 days.

Dr. Jeff  Cuzzi Lectures on the Cassini
Mission

The closest approach of  Mars in recorded history, as imaged with the
MIRA 36-inch telescope in August, 2003.

MIRA astronomers used both the direct imaging and the
spectrographic functions of  the 36-inch telescope to observe
the violent arrival of  NASA’s Deep Impact mission at
Comet Tempel 1. The full story is on pages 4-5.
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The last opposition, on August 27, 2003, was extraordi-
narily close at a distance of  55,758,006 kilometers.  This was
because the opposition occurred within a few days of  the
closest point in the orbit of Mars to the Sun.  Its apparent size
was about 25% larger than at a typical opposition, and was the
closest approach in the last 100,000 years.  There will be a
slightly better one on 28 August 2287.

This is the opposition that is incorrectly referred to in the
Internet postings as occurring this year.  This year’s closest
approach actually will occur on October 29 and the apparent
size of  Mars will be about 25% less than it was in 2003.
However, as Mars will be further north in the sky in October,
it will be easier to observe for viewers in the Northern Hemi-
sphere.

The second problem with the Internet posting is the
impression it gives, due to awkward wording and layout, that
Mars will appear as large as the Moon to the unaided eye..
What it tries to convey is that Mars would appear as large as
the Moon viewed with the unaided eye if  Mars were viewed
though a modest-sized telescope with a 75 times magnifica-
tion.  This year, a 100 power magnification would achieve the
same effect.

In July, an overflow crowd in the Monterey Peninsula
College Lecture Forum enjoyed an interesting talk by Dr.
Jeff  Cuzzi of  NASA Ames. Dr. Cuzzi is the Interdiscipli-
nary Scientist for rings on NASA’s Cassini mission, now
observing the planet, its many moons, majestic rings, and
enveloping radiation belts.

In addition to giving an overview of  the Cassini
mission, Dr. Cuzzi showed many stunning images of
Saturn’s rings and moons.
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My Summer at MIRA

by Karl Gramespacher
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Beyond any of  my expectations, the professors at MIRA
instructed me in astronomy, physics, advanced mathematics,
chemistry, and other fields of  study. Not only was I told how
the devices on a telescope work, or how an astronomer
interprets astronomical information, I was also given hands-on
work on one of  MIRA’s projects. I aided in the preparation for
Deep Impact, an occurrence which the professors at MIRA
had been working towards for many months. I came to realize
that the culmination of  all the hard work was completely worth
it, once rewarded with seeing the night sky and all its pristine
beauty. Having worked with the professors at MIRA, I can say
that they are experts in science and have a true passion for
what they do, which carries over into the learning environment,
creating an incredibly fun experience.

Karl Gramespacher, a student at Monterey High School’s
Monterey Academy of  Oceanographic Sciences, worked as an intern at
MIRA in June and July of  2005. --Ed.

Karl Gramespacher installs coolant hoses for the new Fairchild camera
in preparation for MIRA’s observation of  the Deep Impact event.

Brian Jacobson Presents Astronomy
Program to Kids

MIRA Eclipse Cruise Planned

Over a four-day period, MIRA Docent Brian Jacobson
conducted sessions with more than 100 young people from
the Porter Youth Center. The students ranged from pre-
kindergarteners to fifth-graders, and were divided into
groups by age. Among other topics, Brian shared with the
children his interest in possible manned missions to Mars.
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Join the Friends of  MIRA, a MIRA astronomer, and other
astronomy enthusiasts on an 11-day cruise, starting 21 March,
to the shadow of  the moon on 29 March 2006. Visits to Italy,
Egypt, Greece, and Turkey will be enriched by daily lectures by
University of  Colorado’s Fiske Planetarium Director and
former National Public Radio commentator Dr. Doug Duncan
while guest astronomers will lecture on astronomy and the
classical world.

Prices for the cruise aboard a beautiful Costa Cruise ship
are only $1600-$2600 per adult, with an additional charge per
child (up to two in your cabin) of  $759. The cruise is already
half  booked, so please don’t delay if  you are interested. Call
Kimberly at 883-1000 for more information.

A few members of  Brian Jacobson’s enthusiastic  audience at MIRA’s
Hamming Astronomy Center this summer.

The total solar eclipse of  July, 1991.
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Impact!
Dr. Wm Bruce Weaver
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The purpose of  NASA’s Deep Impact mission was to investigate,
for the first time, the interior of  a comet nucleus. Launched in January,
2005, the spacecraft made its rendezvous with Comet Tempel 1 in July,
and launched an 820-pound probe into the nucleus. The result was a huge
explosion, releasing material from inside the comet for study by spaceborne
and ground-based instruments. The MIRA observatory was one of  those
able to observe the changes in the comet produced by this “deep impact.”--
Ed.

One of  the consequences of  Dr. Russell Walker joining
MIRA has been a growing interest here in the “minor” objects
of  the solar system: asteroids, comets, and interplanetary dust.
Russ is an expert in such bodies and, although much of  his
work has
come from
infrared
satellite
observa-
tions, he
also is
involved in
ground-
based
research as
well.  In the
case of
comets, this
is a
reawakening
of  a dormant
interest; one
of  the first spectra taken with the now-retired digital Reticon
array was of  a comet.

When the 2048 x 2048 pixel Fairchild CCD became
available through our partnership with Fairchild Imaging in
February of  this year, we knew it was the perfect tool for
imaging the effects of  the NASA Deep Impact mission as it
slammed into Comet P/9 Tempel 1.  In addition, the new
spectrographic sensor, funded by the Hess Family Foundation,
was just going on the telescope and it would be the only
spectrographic camera with sensitivity high enough to observe
the spectrum of  this faint comet.

But could we ready the new cameras in time for the 4th of  July event?
Mounting hardware had to be designed, fabricated (mostly by
us astronomers, some by DFM Engineering), and tested.  A

shutter system for the Fairchild had to be designed, con-
structed, tested, and integrated with the camera control
systems.  The Fairchild CCD is cooled to -45°C by electronic
cooling which, in turn, must be cooled by cold water that has
to be circulated from the floor to the telescope tailpiece and
back.  It took three attempts to get that right.  The sensors had
to be tested and calibrated in the Knox Shops over a wide
range of  conditions, and ...well, you get the idea.

By the end of  June, almost all of  the MIRA staff, Jim
Neeland, and summer intern Karl Gramespacher, were at the
telescope installing, wiring, testing.  Among other jobs, we
installed a computer network on the back of  the telescope to
communicate with two computers that now ride along with the

sensors.
Finally,

on 28 June,
we were
ready for
our first
test run.
Would all,
or any, of
it work?
Could we
actually
switch

back and
forth
between the
direct
imaging and

spectrograph in a few seconds as planned?  Was the spec-
trograph sensor sensitive enough to detect the faint light of  the
comet spread out into its many colors?  Could we adjust the
telescope motions to track the motion of  the comet?  The
answers were all the same: YES!

The night before the impact, we did a full dress rehearsal
and gathered reference data.  Now it was time to start worrying
about the NASA probe.  Would it work?  Shortly after 11pm
on July 3rd ( July 4th on the east coast), the impactor from the
probe struck the nucleus of  the comet.  The NASA webcast
was mostly shouts of  joy, but images from the nearby parent
probe showed a grand explosion.

Since the comet was nearly at the orbit of  Mars, we
didn’t expect to see any evidence of  the impact until the
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In the darkened control room of  the Oliver Observing station, Bruce Weaver studies the spectrum
of  Comet Tempel 1 (left) and points out features in it (right) to other members of  MIRA’s

observing team.
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next night.  Were we surprised!  Even though the actual
nucleus is too small to image from earth, the image of  the
core of  the comet rapidly showed
evidence of  the impact by becoming
elongated.

Meanwhile, the spectra showed a
great increase in reflected sunlight
rather than the expected increase in
the gases from heated ices.  Although
astronomers have, for most of  the
20th century, believed that comets are
primarily “dirty snowballs”, as soon
as the raw spectrum appeared on
the computer screen we knew
that something Russ had been
claiming for a while was true:
they are actually “icy dirtballs.”

Almost as surprising, the
next night the comet was almost back to normal.  The
reflecting cloud of  dirt and dust must have dissipated
rapidly.  We promptly added our reports to those flooding in
from astronomers around the globe who had had clear skies
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during the critical time of impact.
We were delighted.  The new, highly accessorized,

instruments worked well, we had perfect
weather, and the results were exciting.
Now we’re working through the careful
calibration of  the data to answer some of
the harder questions: How much extra gas
was produced?  Are there any unexpected
molecules released in the blast?  How did
it brighten and fade?  How did the image
change shape with time? What are the
differences between the day before and the

day after the impact?   It is time to
discover the more subtle scientific
gems hidden from view in the raw
data.

To see the latest images and spectra, check the MIRA web site
(www.mira.org).  As the calibrations are completed, more images and
spectra will be added.--Ed.

Russ Walker examines a direct image of  Comet Tempel
1 taken moments before through the MIRA 36-inch

telescope.

Friends’ Night at the Oliver Observing Station

Bruce Weaver chats with the crowd at the Friends of  MIRA night on
the 36-inch telescope, August, 2005.
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Erica Scheidt and Holly Keifer anticipate an evening of
observing on the 36-inch telescope.
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The Fall Sky
by Dr. Whitney Shane, MIRA’s Charles Hitchcock Adams Fellow

Fixed Stars

Of  the few galactic clusters that are recognizable with
the unaided eye, the Pleiades is certainly the most evident.
You will find it easily in the eastern sky, if  you are willing
to stay up a little late. It is exceptional mainly for the fact
that it is so very close to the Sun, only about 130 parsecs
away. The only closer ones are the Hyades, which is less
striking because of  the absence of  bright stars, and the very
sparse and difficult Coma cluster.

The Pleiades is a
cluster of  average age, as
galactic clusters go, about
100 million years. This is
estimated by examining
the Hertzsprung-Russell
diagram, where we plot
the brightness of  each star
against its temperature (or
spectral type). As the stars
age, they exhaust their
hydrogen and become
larger and cooler. This
happens first for the
brightest stars. By com-
paring the diagram for the
Pleiades with the corre-
sponding diagrams for the
youngest clusters, we can
see at which brightness
the stars have begun to
cool. From stellar evolu-
tion calculations, we can
then determine the age at
which this would happen.
A simple, but not very accurate, way to do this would be to
calculate the rate at which hydrogen must be burned in
order to maintain the luminosity of the star and then
calculate the age at which most of  the hydrogen would be
used up.

Although we see only seven stars with the unaided eye,
the Pleiades is a relatively rich cluster, with about 100
known members; but as is the case with almost all open
clusters, the mass is not sufficient to hold it together against
its own internal motions and the tidal forces of  the Galaxy.

Thus, after another 1000 million years or so, the Pleiades
will no longer be seen as a star cluster, but it can then still
be identified as a moving group, indicating that the stars
have a common origin. There are now many such moving
groups known, each of  which must have been, at one time,
a star cluster.

Before the stars were formed, the Pleiades, like every
other beginning star cluster, must have been a large cloud
of  dust and gas. Much of  the material goes into the

formation of  the stars,
but some always remains.
This is then often ex-
pelled from the cluster by
the radiation pressure of
the stars. In the case of
the Pleiades, however,
there is still enough that it
can easily be observed as
reflection nebulae around
the brightest stars. This
seems to suggest that very
massive stars, which
would have been bright
enough to drive out the
gas, never formed in the
Pleiades. Such stars, if
they had ever existed,
would by now have
completed their evolution
and exist only as faint
white dwarfs, which it
would be very hard to
identify, even at this
modest distance.

The hottest (and brightest) stars in the Pleiades have
surface temperatures of  14000 K or less. This is not
enough to ionize the surrounding gas, so we see only the
scattered light from the dust. Since dust scatters blue light
more effectively than red, we see these reflection nebulae as
somewhat more blue than the stars themselves. If  the
hottest stars were 25000 K or hotter, as is the case in some
very young star clusters such as the Rosette Nebula, the gas
would be ionized and the nebulosity would appear red
because of  the red emission line of  hydrogen. Such star
clusters, however, are rare because the bright stars have very

The Pleiades (M45) photographed by Chuck Vaughn.
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short lives and they tend to expel the dust through the
radiation pressure. This apparently did not happen to the
Pleiades.

Planets

Although Mercury is at eastern elongation in early
November, it is too far south for observation from the
northern hemisphere. A better observing opportunity will
be in early December, when it will rise well before the Sun.

Venus is also quite far south for northern observers,
but it remains very well observable during the whole
quarter. It will be brightest in early December.

Mars executes retrograde motion during almost the
whole quarter and is in opposition on November 7, when it
will be very well placed for observation from the northern
hemisphere. Confusing internet messages to the contrary
notwithstanding, there is nothing very special about this
opposition. By the end of  December, Mars will have moved
into the evening sky. If  you happen to be in northeast
Siberia on December 12, you can enjoy seeing Mars being
occulted by the Moon.

Jupiter, which is in conjunction with the Sun in late
October, will reappear in the morning twilight in November
and become better observable as the year draws to a close.

Saturn, moving very slowly, remains in Cancer during
the whole quarter and is stationary on November 22. It
begins as a morning object in October, but by the end of
the year it is visible for almost the whole night.

Uranus and Neptune are now past opposition. We
observed both from the Oliver Observing Station on the
night of  13 August.

Meteor Showers

The fall quarter is rich in meteor showers, some of
which are quite interesting and a few of  which can be
observed without much interference from the Moon.

The quarter opens with the Draconids, a stream which
is highly variable, sometimes reaching storm intensity. The
parent comet, 21P/Giacobini-Zinner, is now close to
perihelion, so this might be a promising year for a storm,
although theoretical predictions do not indicate this. The
predicted peak falls after sunrise on October 8, so, with the
Moon near first quarter, the best observing opportunity
would be in the early morning hours.

The Orionids reach their peak on October 21, which is
so close to full moon that observing is not likely to be

rewarding.
The Taurids, which are divided into two closely related

streams, peak in early November and are observable over a
period of  two weeks. They are thought to produce more
than their share of  fireballs. The Moon is favorable for
observations this year.

Two of  the quarter’s most promising showers, the
Leonids, peaking on November 17, and the Geminids on
December 14, are both within a day of  full moon, so that
neither one will be usefully observable this year.

Finally, the Ursids, a rather poor shower with mainly
faint meteors but occasional outbursts, will peak on De-
cember 22. The Moon is near last quarter, so evening
observations are indicated.

Comets

There are no bright comets to be expected in the fall
quarter. In fact, the brightest may be Comet 9P/Tempel 1,
which was the target of  the Deep Impact experiment in
July. The results of  this experiment as obtained at MIRA
are described elsewhere in this Newsletter. The comet
survived the experiment, but it is now fading and visible
only with difficulty, low in the southwestern evening sky.

Two other periodic comets are currently visible, 161P/
2004  V2 Hartley-IRAS very low in the evening sky and
21P Giacobini-Zinner in the morning sky. Both are well
past perihelion and fading rapidly.

A newly discovered comet, C2005 P3 Swan, is already
past perihelion and fading rapidly, but being far north it is
observable all night, best in the morning hours. It is
expected to be magnitude 13 and fading in October.

Comet C2005 E2 McNaught is still approaching
perihelion and should reach tenth magnitude early next
year. Although still very far south, it is observable in the
evening sky. It will gradually move north as the quarter
progresses.

 Eclipses

The eclipses return on October 3 when there will be an
annular solar eclipse. The eclipse will begin just off  the
coast of  Spain at sunrise and move southeasterly across
northeastern Africa, ending in the Indian Ocean at sunset.

A partial lunar eclipse will take place on the early
morning of  October 17. The whole eclipse will be visible
from our area, although it will end only shortly before
moonset.
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*  *  *
The Monterey Institute for Research in Astronomy owns and operates
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Friends of Membership
I would like to become a Friend of  MIRA and receive the
quarterly MIRA Newsletter.
Enclosed is my membership donation of  $_______________
In addition, I am making a special contribution of ________

$2500 Associates Circle                   $100 Sponsor
$1000 Associate                              $50 Family
$500 Patron                                    $35 Member
$250 Sustaining                               $15 Student
MIRA welcomes cor porate and business members. Contributions

are tax deductible as allowed by law.

Name_________________________________________

Address_______________________________________

City, State, Zip___________________________________

Phone/e-mail____________________________________

Visit our Web site and Field Trips to the Stars:
www.mira.org

E-mail us at mira@mira.org

Welcome to our new Friends
Sue & Jeff  Braff

Holly Carson
Bill & Beth Crockett

Kirk Goldberg
Debra & Max Gramespacher

Danny Jokelson
Eugene & Karen Leydiker

Larry Omoto
Jana Osato

Elizabeth Rogers-Monighetti
Erica Scheidt & David Scardina

Thanks!


