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MIRA Goes to School
MIRA docent Tom Lougheed recently visited the fourth
grade of  the Santa Rita School in Salinas to talk about

astronomy and show the children projected images of  the
Sun. In these photos, set among excerpts from the students’

thank-you notes, Tom sets up his equipment and points out a
sunspot to his young audience. See also Q&A, page 3.
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Free tours of  the MIRA Oliver Observing Station
on Chews Ridge on the following Sunday after-
noons, 2:30-4:00: 11 July, 1 August, 12 September,
3 October.
Reservations are required; call 883-1000.

MIRA co-founder Sandra Weaver and sister  Janice Uguccioni at Kitt
Peak National Observatory.  Among other noteworthy domes are the
4-meter (largest), Warner & Swasey Schmidt (next to left), and the
oddly-shaped dome of  the Steward Observatory. Below, Dr. Russ
Walker discusses with Dr. Bruce Weaver the high-resolution
spectroscopic data Bruce obtained during his observing run at Kitt
Peak.

Our Far-flung Correspondents, I.

Our Far-flung Correspondents, II.
Oliver Observing Station caretaker Ivan Eberle journeyed to the site of
MIRA’s founding, the Warner and Swasey Observatory in Cleveland,
Ohio. Below, another view of  the observatory.
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&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.

Alan Perez of  the Santa Rita Elementary School (see
cover) asks, “Why doesn’t a big asteroid hit [the Earth]?”

Tamara Homan and Tom
Lougheed reply,

Asteroids hit us all the
time; they’re just very small.
When we see dust in the air
as sunshine comes in through
a window, some is house dust
(lint), and some astronomers
estimate that about half of
the rest is brand new rock
dust from meteorites (aster-
oids) that fall into the atmo-
sphere and burn up. Meteor-
ites are mostly chips off  of
big asteroids, or are small
asteroids themselves.

Earth’s atmosphere protects
us very well, so even an asteroid
as big as an SUV would still burn up easily. About 65 million
of  years ago, an asteroid a few miles across hit the Earth,
and did make it all the way to the surface. This asteroid
kicked up so much dust that not enough sunshine came
through, and the plants died, then so did the dinosaurs. This
has only happened two or three times since life started on
the Earth, though.

Earth is actually a really small target for asteroids, not
big like Jupiter or the Sun. Think about throwing a pebble at
a fire hydrant one block away. It’s hard to hit, right? (Maybe
it would be good to just think about it. If  there are things
near the fire hydrant, you might get in trouble.) Now think
about throwing a pebble at a big tree. The pebble is much
more likely to hit the tree. In space, the size of  Earth is
more like that fire hydrant than like the tree.

A few years ago, some astronomers decided to see if
they could find out how many big asteroids could hit the
Earth, so they started Project Space Watch. They use

telescopes to track Potentially Hazardous Asteroids (PHAs),
just to be sure. They have found none ready to hit us so far,
so we’re pretty safe.

There is more information on the MIRA web site:
www.mira.org.  If  you look in the Field Trips to the Stars
(solar system, asteroids), you’ll learn about how many have
been discovered, what the orbits are like, and even a picture
of  one visited by a space probe.  From the welcome page
you can even see the results of  research by MIRA astrono-

mer Dr. Russ Walker on
the sizes and other
characteristics of  many
known asteroids.

If  you’d like to see a
picture of what the
asteroids look like in
space, go to this website,
and scroll down until
you see the picture with
the flashing yellow
arrows. This shows how
fast asteroids move
through the sky in a few
minutes compared to
stars, which are too far
away for us to notice the
stars moving.

Project Space Watch (University of  Arizona - Lunar and
Planetary Laboratory
http://spacewatch.lpl.arizona.edu/

NASA Jet Propulsion Laboratory: Near-Earth Asteroid
Tracking (NEAT) http://neat.jpl.nasa.gov/

Thanks for your great question, Alan. Keep looking at
the stars, and keep asking questions!

By a happy coincidence, Alan’s question is directly related to this
issue’s feature artcile by MIRA astronomer Elizabeth Barker. Turn to
page 4 to learn more about NEOs (Near-Earth Objects) and about
MIRA’s participation in scientific research designed to keep Alan, and
the rest of  us, safe and happy. --Ed.

Artist’s conception of  a (very large) asteroid hitting the Earth.
Image by Don Davis.
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Near-Earth Objects: Should We be Worried?
by Elizabeth A. Barker, MIRA Astronomer

Anyone who has been listening to astronomy news lately
will surely have heard about the asteroids that have come
relatively close to the Earth.  Why are we hearing so much
about these near misses now?  Why haven’t we been worried
about them before now?  Are they really a threat?  What are
they anyway?  All of  these are excellent questions, but to start,
we will examine what these things are.

Near-Earth Objects (NEOs) are
comets and asteroids that come to
within 1.3 AU (approximately 120
million miles) or less of the Sun,
which is certainly in the vicinity of  the
Earth’s orbit of  1 AU (93 million
miles).  Most asteroids reside in the
main asteroid belt, between the orbits
of  Mars and Jupiter (see Figure 1).
But those in the Earth’s vicinity have
been nudged into new orbits by
gravitational tugs by nearby planets or
through collisions with other asteroids.
Very small NEOs constantly bombard
Earth.

NEOs on a collision course with
the Earth that are less than a few
meters in diameter usually disintegrate
in the atmosphere.  We see them at
night as occasional shooting stars or
as meteor showers.  Rarely, we find
the remnants of an NEO as a
meteorite on the Earth’s surface.  The
larger the initial NEO is, the more likely it will survive to
impact the Earth’s surface.  NEOs between  several tens of
meters and several hundreds of  meters in diameter can cause
significant damage to civilization.

While it is easy to imagine the devastation that can be
produced by a 100-meter diameter (the size of  a football field)
asteroid at the impact site, enormous destruction can take
place far from the point of impact.   Global wildfires are
possible, as well as pollution created from falling debris kicked
out of  the impact site, significant blocking of  sunlight due to
dust, and toxic chemicals being thrown into the atmosphere.
All of these things presume an impact on land.  Since the
Earth’s surface is approximately 70% water, it is much more
likely that such an impact will occur in the ocean.  The threat
of  the subsequent deep ocean wave, or tsunami, holds enor-

mous destruction potential, since most of  the world’s popula-
tion is concentrated on coastlines.  Tsunamis have the ability to
transmit large amounts of  energy over great distances, thereby
spreading the destruction over larger areas.

While the size of  an NEO is certainly significant, compo-
sition also plays an important role.  Since an object is classified

as an NEO using its orbit only,
compositions among NEOs can
and do vary widely.  Comets have
long been regarded as mostly water
ice with embedded dust, possibly
with rocky cores, commonly
referred to as “dirty snowballs.”
Recent research seems to indicate
that a large fraction of  a comet’s
mass may be lost as “mud” and left
in the path of  its orbit, which could
lead to a new description of
comets as “snowy mud balls.”
Asteroids are considered to be
rocky or metallic, most commonly
consisting of  nickel or iron.
Determining accurate composi-
tions, and thereby densities, of
these objects is a requirement for

finding the corresponding threat
or hazard potential.

NEO hazard potential is
determined by several factors.

As we have already seen, size has a direct effect on the severity
of  the destruction upon impact.  Composition, or more
specifically density, is vital, since knowing both the size and
density allows us to determine the object’s mass.  The velocity,
which includes both speed and direction, of  the approaching
asteroid or comet is also very important.  The kinetic energy
of an object is directly related to the mass and the square of
the velocity.  The Torino Scale has been created to correlate
the available kinetic energy and impact probability of  an NEO
and to assign a corresponding value according to its impact
hazard.

The Torino Scale (see Figure 2) ranges from zero to ten,
with ten meaning the total devastation of  life on Earth.  The
vast majority of  NEOs have Torino scale ratings of  zero,
indicating that they are no hazard.  But the Torino rating of  an
NEO often changes in time as the object’s orbit is further

Figure 1.  The main asteroid belt and orbits of  the inner planets
are shown.  An example of  an NEO and its orbit are also
shown.
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nudged by subsequent interactions with planets and collisions
with other small bodies.  Frequent monitoring is required to
maintain an accurate classification.

NEOs have received more exposure in the media in
recent years as we learn more about them and begin to
understand the threat they pose to society.  Up until the 1970s,
the astronomical community did not realize the potential
danger presented by NEOs.  At the time, these objects were
considered nuisances on photographic plates.  The U. S.
Department of  Defense detected surprising numbers of
NEOs striking the Earth’s upper
atmosphere, which had to be
reconciled with current solar
system theory.  Computerized,
theoretical models suggested
that many Main Belt asteroids
would be nudged into new
orbits, many near Earth, by
gravitational interactions with
planets.  The advent of  high-
sensitivity CCD cameras has
allowed astronomers to detect
multitudes of  asteroids, proving
the theories correct.  Now our
Congressional representatives
have realized the necessity of
studying NEOs and NASA has
allocated funds to investigate the
potential threat.

As we continue to study
these objects, our detectors
become increasingly sensitive,
which allows us to discover
fainter NEOs. Generally, these
fainter objects are smaller or
farther away, or both.  The
farther away an NEO is when we
discover it, the more time we
have to get additional observations to verify its path.  If  as a
society we were prepared to intervene with an NEO on a
direct collision course with Earth, early detection would
provide more opportunity to deflect the object.  A small
deflection performed at a large distance from Earth produces
a large change of  course near the Earth.  Actual destruction of
an NEO is problematic, since “blowing it up” merely sends
many smaller particles in unpredictable directions, many of
which may still be on a course to Earth.

Astronomers and planetary scientists are working to
predict the possible results of an impact of an NEO with the
Earth.  Many factors are involved, some of  which we do not
know precisely (not all of  which have been identified), but it is

clear that the results of a moderately sized asteroid impacting
the Earth would be many times worse than any known nuclear
explosion.  The effects would range from complete, local
destruction to global catastrophe.  Thus, the danger (no matter
how small in probability) is real and as of  now, cannot be
mitigated.  As our detection capability becomes better, we will
be able to detect possible threats sooner, which would allow
for development of  plans of  action.

The most important factors in determining the magnitude
of an impact are the size of the asteroid and its speed.  MIRA

astronomer Dr. Russell
Walker and I are working on
a NASA-sponsored project
to determine the sizes of
about a hundred NEOs for
which there are space probe
infrared measurements.
Results from our earlier
research on ordinary aster-
oids is posted on the MIRA
webpage.  We are also
preparing a CDROM for
California eighth-grade
science teachers to introduce
NEOs to classrooms
throughout the state.

So, how often do these
objects collide with the Earth?
Well, we are constantly being
bombarded by the very
smallest NEOs, which usually
burn in the atmosphere.
Astronomers estimate that
NEOs with moderate diam-
eters of 60 meters to 1
kilometer impact the Earth
every 1,000 to 100,000 years.
Given that wide range and

uncertainty, statistics would suggest that you trouble yourself
with more immediate concerns.  For now, the potential
hazards that people create for themselves, like the alarming
rate of  environmental degradation, should be far more
worrisome.  But, in the case of  your survival after an extremely
rare, substantial NEO impact, your earthquake preparedness
kit will serve you as well as or better than anything else.

Rest assured, now that NEOs are a national priority, we
will be hearing about these objects more frequently as we
discover them.  Maybe one day we will be ready to deflect an
NEO that is headed straight for us.  But first, we need to focus
our resources on finding and characterizing them.  Stay tuned!

Figure 2.  The Torino Scale. For an object making a close
approach to Earth, its categorization on the Torino Scale is
dependent upon its placement within this plot showing kinetic
energy versus collision probability. (One MT = 4.3 x 10^15 J.)
The left-hand scale also indicates approximate sizes for asteroidal
objects having typical encounter velocities. For an object that makes
multiple close approaches over a set of  dates, a Torino Scale value
should be determined for each approach. It may be convenient to
summarize such an object by the greatest Torino Scale value within
the set. (Copyright (c) 1999 Richard P. Binzel, Massachusetts
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The Summer Sky
by Dr. Whitney Shane, MIRA’s Charles Hitchcock Adams Fellow

Fixed Stars

Some years ago this column had occasion to discuss
planetary nebulae, using the Ring Nebula in Lyra,
everyone’s favorite, as an example. The simple morphology
of  the Ring Nebula makes it ideal for this purpose. It can
be explained as a slightly ellipsoidal expanding shell, where
the asymmetry is due to a slight anisotropy in the initial
expansion velocity.

Very few planetary nebulae
have the simple structure of  the
Ring Nebula. In fact, there is a
baffling variety in the shapes of
these objects. Most of  them,
however, show symmetry about a
plane, which we might identify with
the equator of  the central star. The
expansion seems to take place
mainly in the direction of the
poles. This could be caused by the
presence of  a massive ring of
material around the equator, which
would direct the expansion toward
the poles. This ring might have
been left over from the giant phase
of  the star.

This agreeable situation came to
an abrupt end when Hubble Space
Telescope images of  planetary
nebulae, starting with the Cat’s Eye
Nebula (NGC 6543), showed far more complex structures
than had been previously suspected. This complexity,
particularly its fine detail, could not be explained by the
model of  an equatorial ring directing a general expansion
toward the poles.

Attempts to explain these structures seem to fall into
two categories. The presence of  a companion star would
provide both the dynamical perturbations and the symme-
try plane (in this case the orbital plane) required by the
observations. A magnetic field strong enough to dominate
the expansion motions could also explain much of  what is
observed. Both of  these processes have been worked out in
some detail. Unfortunately, it is very difficult to verify
directly the presence of a companion or of a magnetic
field, so much work, both observational and theoretical,

remains to be done.

The Cat’s Eye Nebula, which seems to have been at the
root of  all this trouble, is quite small, only about 20 arc
seconds, bright and easily observed with a moderate sized
telescope. Its blue-green color is striking and the central star
is easily seen. It is far north and thus almost always observ-
able. The nearest bright star is Aldhibah (zeta Draconis),

about 5.5 degrees almost due
west. It is a bit surprising that it
did not find its way into Messier’s
catalog. Perhaps it was too small
to be easily distinguished from a
star. At any rate, it could not have
been mistaken for a comet, which
might in itself  have kept it off  the
list.

Even ground based observa-
tions show that there is some-
thing exceptional about the Cat’s
Eye Nebula. Instead of a single
elliptical ring, there are two, both
of about the same size and
oriented at right angles to one
another. It seems quite certain
that these are on opposite sides of
the plane of  symmetry, for
otherwise they would interfere
with one another. Their difference
in orientation is hard to explain, as

is the fact that they are nearly concentric. The whole object
is embedded in a rather prominent halo. Among the wide
variety of  planetary nebulae, there are very few that look
anything like this one.

Planets

Mercury can be seen in the evening only with difficulty
from the northern hemisphere during July, but it will be
favorably placed as a morning object in the middle of
September.

Venus, having transited the Sun in the early morning of
June 8 without serious consequences, will appear in the
eastern morning sky in early July, where it will remain, very
favorably placed for observation, throughout the remainder
of  the summer. Mars will not be observable at all during

The complex structure of  the Cat’s Eye Nebula may be seen
easily in this MIRA image of the object, made with the 36-
inch telescope and the ST-7 CCD camera.



7SUMMER 2004
the summer. It will reach conjunction with the Sun on
September 15 and not reappear until the end of  October.

Jupiter will be visible low in the western evening sky
until about the middle of  August, when it will become lost
in the twilight. It will reach conjunction on September 22.

Saturn will be in conjunction on July 8 and will become
visible again low in the morning sky during August. During
September it will be in Gemini and will rise after midnight.

Uranus, which will be in Aquarius, will be at opposition
on August 27. Neptune, in Capricornus, will be at opposi-
tion on August 6. Both will be quite far south and thus
unfavorably located for observation.

Meteor Showers

The Perseids, the best known of  all meteor showers,
will suffer little from moonlight at maximum on the
morning of  August 12. Multiple peaks were observed in the
1990s when the parent comet, Swift-Tuttle, was nearby, but
in the last few years only the traditional peak has been seen.
Some calculations predict a return of  the temporary
maximum this year, coinciding closely in time with the
traditional maximum. As usual for the Perseids, the best
time for observation is from somewhat before midnight
onward. The maximum activity is predicted to occur shortly
before dawn on August 12.

The second and third strongest showers, the Southern
delta-Aquarids on July 27 and the alpha-Capricornids on
July 29, fall too close to full moon to be of  much interest
this year. A number of  weaker showers during the quarter
will be of  interest only to observers with extraordinary
patience.

Comets

Comet NEAT (2001 Q4) moved into the northwestern
evening sky in June and will remain observable there during
the whole summer quarter, moving from Ursa Major
through Draco and into Ursa Minor by the end of  the
quarter. It will fade from magnitude 6 to magnitude 9 as it
recedes from both the Sun and the Earth.

Comet LINEAR (2002 T7), which was becoming
brighter at the beginning of  the year, will be too close to
the Sun or too far south for observations during the rest of
this year.

Comet LINEAR (2003 K4) will brighten from magni-
tude 7 to 6 as it approaches perihelion. It will move from
Hercules into Virgo and will disappear behind the Sun in
September.

Comet Tabur (2003 T3) will fade from magnitude 9 to

Our Far-flung Correspondents, III.

11 as it recedes from the Sun, moving from Camelopardus
toward Ursa Major by the end of  August.

Not yet easily observable is LINEAR (2003 T4), which
will reach magnitude 6 in early 2005, before it disappears
behind the Sun.

Eclipses

There will be no eclipses during the summer. We will
have to wait until October, when there will be a partial solar
eclipse and a total lunar eclipse, the latter partly visible from
our location.

Dennis Simcoe Shane of  Newton, Massachusetts makes an excellent
start to a lifetime of  great intellectual achievement by reading his
grandfather’s column in the MIRA Newsletter. Perhaps he will join
us as a contributor before too long.
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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!

Brian Ashurst
Laura Brisby

John Mulshine


