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Imaged with the 36-inch Telescope by MIRA Summer Interns
Damien Young and John Hammond (left to right, inset)

The Dumbbell Nebula (M27)
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Following a tradition begun last year, the 2003 Chesley
Bonestell Memorial Lecture will take place in early 2004, on
Saturday, January 31, at 7:30 pm in Monterey Peninsula
College Lecture Forum 102.

Dr. Garth Illingworth, Professor of  Astronomy and
Astrophysics, Lick Observatory, will speak on "Studying the
Formation of  Galaxies at the Beginning of  Time with the
World's Most Powerful Telescopes." Dr. Illingworth is using
the Hubble Space Telescope and the the world's largest
optical telescope, the Keck Telescope, to study the birth of
galaxies at the beginning of  the Universe.

The Bonestell Lecture is part of  MIRA’s series of  free
public lectures bringing the exciting world of  astronomy to
the central coast. The Bonestell lecture series memorializes
the late space artist, architect, and astronomer Chesley
Bonestell, who died in 1986.

The MIRA image of  the Dumbbell Nebula on the
cover was planned, taken, and processed by John
Hammond and Damien Young, interns at MIRA during the
summer of  2003. John and Damien and both students in
Monterey High’s Monterey Academy of  Oceanographic
Science program.

The color version of  the image may be seen on the
MIRA web site, www.mira.org. Select the “Image Gallery”
from the main menu.

Arthur Babcock instructs intern Damien Young in the use of  one of
the imaging computers at the Oliver Observing Station.

2003 Bonestell Lecture

Grant for New MIRA Phone System

Monterey Peninsula Volunteer Services has awarded
MIRA $1500 toward the purchase of  a new telephone
system.

Our old system was a hand-me-down from a company
that had discovered, shortly after purchasing it, that it was
inadequate for their needs and difficult to use. Although
MIRA managed to use it for five years, it had become
increasingly capricious in its behavior.

Installation of  the new system was donated by Kim and
Laura Cohan’s company, Telemetrix.

Near-Earth Asteroids

MIRA astronomers have been awarded a NASA
research grant on near-Earth asteroids. They will use data
from space-borne infrared imaging to calculate the sizes of
these objects (which could become intensely interesting if
one of  these asteroids should head our way!).

Additionally, MIRA will produce an educational project
on minor solar system bodies, especially these NEAs. The
project will provide instructional materials to all California
teachers as well as to MIRA docents.

We are planning a feature article on these projects in a
future issue of  the Newsletter.

31 January 2004 (Saturday) Bonestell Lecture (see article
  on this page). 7:30pm, Monterey Peninsula College
  Lecture Forum 102. Free and open to the public.
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MIRA in Fiction

Mystery reader and Friend of  MIRA Barbara Babcock
alerted us to MIRA’s first appearance (that we’re aware of)
in a work of  fiction, a cameo in Presumption of  Death
(Delacorte, 2003) by Perri O’Shaughnessy (the pseudonym
of  sisters Pamela and Mary O’Shaughnessy).

The authors were unavailable for questions about their
inspiration, but we’re happy to report that they did their
astronomical homework.  References to the Milky Way,
Summer Triangle, and Trifid Nebula are accurate and enrich
the sense of  place, which is largely Monterey County and
especially Carmel Valley. And the following excerpt is a
pretty accurate description of the control room of the
Oliver Observing Station:

Midnight on this same magnificent Tuesday night
on Chews Ridge, ambient light low, skies crystalline.
David Cowan saw the Trifid Nebula materialize on
his screen as the thirty-six-inch reflector followed its
computerized instructions. The light in the control
room had been set as dimly as possible to see the
detail. “Ray, you have to see this,” he said.

Ray, at the next table full of  computer equip-
ment, grunted and came over. A small astrophysicist
with a beard, he worked at MIRA full-time.

“Beautiful,” he said.

You’ll have to read it yourself  to see who the villains
are, but we do think the fictional astronomer is a bit stuffy
– not at all like the MIRA astronomers!  Please let us know
if  you spot other fanciful MIRA sightings.

New MIRA CCD Camera
MIRA has a new electronic camera, funded jointly by

the American Astronomical Society and the Friends of
MIRA.

The new camera utilizes a 1024x1048 back-illuminated
chip for high quantum efficiency (sensitivity). Each pixel
measures 0.0005 inches on a side, which yields an ideal
resolution (about 1/4 arcsecond) for the combination of
MIRA’s 36-inch telescope and the excellent conditions at
Chews Ridge. The camera will be put into service in
MIRA’s gravitational lens research project, headed by Dr.
Whitney Shane.

MIRA’s new camera, mounted on the filter wheel

Dr. Weaver leads a discussion of  CSUMB students “First light” with the new CCD: globular cluster M92
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The very heart of  the OOS is the battery system through
which all our power flows.  As anyone who has taken our
Sunday tour or read the Newsletter over the years knows, the
Observing Station is located beyond the reach of  any public
utilities.  Computers, telescopes, electronic cameras, the
refrigerator, light bulbs … just like any everyday home, we
depend on electricity for everything we do.

From the initial designs for our mountain outpost, we
knew we wanted to depend, as much as possible, on alternative

power sources.  There are several pros and cons to alternative
power sources but the two that are available to us, wind and
solar power, are variable.  Even when they can produce all the
power we need, their supply is constantly fluctuating.  So all
the power from our ten-kilowatt wind turbine, our two-
kilowatt tracking solar cell system, and our backup generators
(for those cloudy days and windless nights) is stored in two
banks of  special deep-discharge batteries.

How exciting can 5,000 pounds of  batteries be?  Probably
not terribly exciting but amazingly complicated and they have
our full attention because every watt of  power at the OOS
flows through them.  However, after twenty years, our two

Hopefully you can include MIRA on your holiday gift-
giving list.  Despite the unfortunate financial setbacks all
non-profits suffered the last three years, MIRA has been
expanding both our education and research programs.  The
number of  student visitors to the Hamming Astronomy
Center has probably doubled in the last two years and our
research has expanded beyond stars and galaxies to include
solar system objects like asteroids and comets.

Two new instruments are in the works: one to discover
newly formed stars, the other for very high-resolution
observations of  celestial objects in the infrared part of  the
spectrum.  Both of  these projects are proceeding a bit
slowly because of  our shoestring budget but will greatly
enhance our observing capabilities when completed.

Your year-end gift can help us continue to expand
both our world-class astronomical research and education
programs.  Thanks for your support.

banks of  19 batteries each were an inhomogeneous collection
of  old and new replacements.  Unfortunately, a battery bank
performs somewhat like the weakest battery in the bank and,
as a result, our storage capacity had fallen to about half  of  the
design level, requiring us to use our generators much more
than we would like.

Thanks to a generous grant from the AT&T Pebble Beach
National Pro-Am, in November we were able to replace the old
banks with new, higher quality batteries which, with special
care, we hope will last up to 20 more years.  Each battery
weighs nearly 140 pounds and caretaker Ivan Eberle, with the
help of  MIRA’s part-time machinist Robert Jones, loaded
them by hand at the Ralph Knox Shop in Marina and un-
loaded them and connected them at the OOS.  The whole
project, including the repair of  some of  the storage room
damaged by battery acid, took several days.

This installation, just in time for winter, is a great relief
for us.  After a one month break-in period, we’ll be able to
determine if  the new batteries live up to our expectations.
Stay tuned for a progress report in a forthcoming Newsletter.

The Heart of the Oliver
Observing Station
by Dr. Wm. Bruce Weaver

MIRA’s wind turbine, on one of  those days when the wind
doesn’t blow

Holiday Season Gifts

Sky & Telescope Subscriptions
Friends of  MIRA may subscribe to Sky & Telescope at

the discount rate of $39.95 for a one-year subscription (the
current regular price is $49.95). For more information, call
Susan at 883-1000.
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Since we know how far away the Sun is and how large it
appears, we can calculate its size.  Based on the orbits of  the
planets around the Sun, we also know the mass of  the Sun.
Now we can calculate the average density (mass/volume) of
the Sun.  It turns out to be about 1.4 grams/cm3 or about 40%
denser than water.

We also know, from both everyday experience and the fact
that life has existed on the Earth for a very long time, that the
Sun is neither expanding not contracting.  Therefore, the
pressure inside at any point pressing outward just balances the
weight of  the gas pressing down from above.  The pressure at
the center is due to the weight of  all the gas above it.  The
weight of  the gas is due to its density and how far it is from
the center, but if  we guess that the average density occurs
halfway between the middle and the surface, we can then
estimate the central pressure at about 1000 times the atmo-
spheric pressure at sea level on the Earth.

So, returning to the perfect gas law, if  we take that point
halfway between the center and the surface of  the Sun, we’ll
estimate the density is close to 1.4 grams/cm3 and the pressure
is about half  that at the center.  This lets us calculate the
typical temperature inside the Sun as about 10 million degrees.
Of  course the detailed structure inside the Sun will not be
quite so simple but we now know what ballpark we’re in: the
temperature inside the Sun is several million degrees.

So to estimate the temperature inside the Sun, we had to
know the distance to the Sun, its apparent size, and the orbit
of  the Earth to estimate its volume and average density.  Then
we needed to know that it is not expanding or contracting so
that the pressure balances the weight.  Now we need the
perfect gas law and the sensible estimate that, about halfway
between the center and the surface, the pressure and densities
are their average values for the whole star.

Of  course, astronomers have much more detailed models
on how the temperature, pressure, and density of  the Sun vary
from the core to the surface by considering all the details of
the properties of  the solar material, radiation, convection,
conduction, etc.  But, as great as those detailed computer-
aided models are, if  they stray too far from the simple calcula-
tion we’ve discussed here, they’ll be met with considerable
skepticism.  Current detailed models estimate that the mid-
point is about 5 million degrees and the temperature doesn’t
rise to 10 million until about 15% the radius of the Sun.

Notes

1 Perfect modifies gas, not the law!

Q. How do you know the temperature inside the Sun?

A.  What a great question!  This really raises two issues:
how do you know about things you cannot sense directly
and, more specifically, is there a simple way to estimate the
temperature inside the Sun where no probe will ever visit?

Actually, sensing things directly is not as great as it first
seems.  Not surprisingly, your senses, just like scientific
instruments, are constantly in the process of  calibration and
accommodation.  How bright is that light in the distance?  What
you sense depends on your dark adaptation, if  required; the
background; any stray light (glare); color of  the light; and
many other factors.  It is easy to imagine analogous ques-
tions for hearing.  The old experiment of  putting one hand
in cold water and the other in hot, then putting both of
them in tepid water shows yet another way in which your
senses can give inconsistent results.  Folks have been
puzzling about this issue since ancient Greek and Chinese
times.

Whether we are trying to estimate the temperature
inside the Sun or the properties of  an atomic nucleus, we
often have to extend our senses not only with instruments
like telescopes or microscopes but also combining observa-
tions with what we know about physics and chemistry.

Most physics and chemistry is a bit easier than as-
tronomy.  You can take what you’re interested in and
perform active experiments on it by mixing it with chemi-
cals or shooting protons at it or just breaking it apart and
looking at the pieces.  Almost all astronomy has to be done
at a distance and the high temperature of the Sun assures us
that we will never be able to send a probe into it.  The
probe would vaporize immediately.

So we can’t use our senses directly (sticking our finger
into the Sun).  We can’t extend our senses with an instru-
ment (a probe into the Sun’s interior) and we can’t do an
experiment (hard to imagine…build another Sun?).  There-
fore, we’ll have to estimate the temperature by what we
observe about the Sun combined by logic with known
physical laws.

What we can use is the perfect1 gas law, which states
that the pressure of  a gas is proportional to its density and
temperature.  For example, if  you heat a gas in a container,
the pressure will increase.  So, if  we can estimate the

&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.

pressure  and density of  the gas in the Sun, we can calcu-
late the temperature.
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The Winter Sky
by Dr. Whitney Shane, MIRA’s Charles Hitchcock Adams Fellow

Fixed Stars

As the Milky Way disappears into the evening twilight
during the late winter months, one of  the last parts we see
is the Orion region. No doubt the most exciting object in
this region is the Orion Nebula, Messier 42, which we
discussed a year ago. This is just the central part of  a large
region of  star formation, which is of  particular interest to
the astronomers at MIRA. However, those of  us who look
farther afield need not despair, because just as Orion is
disappearing in the southwest, an even larger region of  star
formation comes into view in the northeast, in the form of
the very active galaxy, Messier 82.

If  you can find
M81 (following the
instructions in our
spring 2000 column),
then you can find
M82 as well, because
it lies just 0.6 degrees
almost due north of
M81. It is an irregular
galaxy, much smaller
and fainter than M81,
but still easily visible
with a small telescope.
It is the second
member of small
group of  galaxies
associated with M81.
The third member of
the group is also an
irregular galaxy,
NGC3077, about the
same distance east and a bit south of M81. In addition,
there are several very faint and diffuse dwarf  galaxies in the
neighborhood.

Messier 81 is a very normal looking spiral galaxy, with
narrow, well defined arms and a symmetrical appearance
(which, as it turns out, is rather deceiving). It has been
much observed by radio astronomers, with the aim of
testing dynamical theories. A great annoyance is the pres-

ence of  M82 nearby, because it is a strong and complex
radio source, and its diffraction pattern overlaps the image
of  M81 and seriously degrades the observations. Many
hours have been spent trying to remove this nuisance.

But M82 is itself  well worth the careful study that has
recently been devoted to it. Optically it is not very promi-
nent, appearing as a very dusty irregular galaxy seen edge
on, so that the bright parts of  the galaxy are largely ob-
scured. Most other forms of  radiation, such as radio,
infrared and x-ray, are not much disturbed by dust, and
reach the observer in great quantity, so that the galaxy is
really much brighter than its optical appearance suggests.

The x-ray radiation
in particular, with its
distribution over
many discrete
sources, suggests that
much of  the activity
must be in the form
of  supernovae.
These result from
the formation and
rapid evolution of
very massive stars in
an environment rich
in dust and gas. The
x-ray and radio
radiation come
directly from these
supernovae and their
interaction with the
immediate surround-
ings. The infrared

radiation comes largely from dust heated by the supernovae
and other massive stars, which have not yet reached super-
nova stage. This heated dust must fill much of  the inner
part of  the galaxy.

Because of the strong dust extinction, most of the light
that we see from M82 comes from the outer part of  the
galaxy. However, we do see some of  the light from the
central part indirectly. We observe streamers extending

M82
(N.A. Sharp/NOAO/AURA/NSF)



7WINTER 2003

outward from the galaxy, perpendicular to the plane. We
think that these are streams of  dust, blown out of  this
region by the generation of  so much energy there. These
streams are illuminated by these same stars and are visible
to us only after they reached a height well above the plane
of  the galaxy. Messier 82 would certainly appear much
brighter if  it were seen pole on.

Messier 82 is the nearest of  a growing number of  what
we have come to call starburst galaxies. The existence of
such objects tends to confirm our picture of  the evolution
of  large galaxies. These may begin as smaller objects,
possibly formed in groups because of  the way in which the
material of  the early universe condenses. These objects
occasionally collide with one another and coalesce into
larger objects, a process which astronomers picturesquely
refer to as “cannibalism.” Since the small objects usually are
rich in dust and gas, this process will increase the gas
content of  the larger object, leading to a sudden increase in
star formation rate. It is interesting to see this taking place
so close by. Perhaps NGC3077 will be next.

Planets

Mercury will be visible during the latter part of  January
in the southeast morning sky, but a much more favorable
apparition occurs toward the end of  March, when it will be
relatively high in the western sky after sunset. Mercury will
not be alone at that time, because for a period of  about two
weeks all five naked eye planets will be visible in the
evening sky.

Venus continues to be visible low in the southwestern
evening sky. As the quarter progresses, it will move north-
ward and away from the Sun, reaching greatest elongation
on March 29 and creating a favorable observing opportu-
nity.

Mars will continue to be well observable in the evening
sky as it moves from Pisces into Taurus during the quarter.
As if  to make up for last fall, Mars will not be in opposition
again until early next year. There will be two lunar occulta-
tions of  Mars during the quarter, neither one visible from
our part of  the world.

Jupiter rises in the early evening at the beginning of  the
quarter and is stationary on January 4. It reaches opposition
on March 4 and can be seen during the whole night for the
rest of  the quarter.

Saturn passes opposition just as the quarter begins, and,

being a slow mover, remains in Gemini for several months.
It is stationary on March 7. It will remain visible until after
midnight during the whole quarter.

Meteor Showers

The only spectacular meteor shower in the winter
quarter is the Quadrantids, which peaks on the night of
January 3 and has a very short duration. Unfortunately this
is only three days before full moon, so that moonlight will
spoil the show this year. Two weak showers may be of
interest to some observers. These are the delta Cancrids and
the delta Leonids. The former peaks on January 17 and
might be observed during the first three weeks of  the new
year, while the latter peaks on February 25 and is active
between February 15 and March 10. These are both very
sparse showers of  faint meteors, best suited for telescopic
observation. They are easily confused with the very diffuse
Virginids, which may be observed at any time during the
quarter.

Comets

A new comet, C/2003 T3 (Tabur) was discovered on
October 14, and it is refreshing to have a new comet which
does not bear the name “LINEAR.” At discovery it was
twelfth magnitude, and it may reach eighth magnitude by
March. However, it will then be too close to the Sun for
observation. Later in the year it will start fading, but it
should then become observable in the northern sky.

Comet LINEAR (2002 T7) continues to brighten and it
should be visible as a ninth magnitude object in the western
evening sky in January and February, after which it gets too
close to the Sun for observation.

Among the periodic comets, 2P/Encke is brightening
rapidly and should now be well visible with binoculars as a
diffuse object of  seventh magnitude. Two more recently
discovered comets are worthy of  mention. 88P/Howell,
whose orbit was changed significantly by a passage near
Jupiter in 1978, can be seen as a tenth magnitude object
during March, after passing solar conjunction, and 78P/
Gehrels will be very favorably placed for observation later
in the year.

Eclipses

The winter quarter this year falls outside of  the eclipse
season, and in fact the only eclipse that will be visible in
2004  from our region is a total lunar eclipse in October.
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Welcome to our new Friends

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 corporate 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

Thanks!

Meaghan Duffy & family
Andrea Polanco


