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Decoding the Mysteries of  the Universe
Drs. Arthur Babcock (pictured here), James Eagle, and Wm. Bruce Weaver gave
a three-lecture course on astronomy under the auspices of the Osher Lifelong
Learning Institute at California State University at Monterey Bay. Nearly forty

appreciative students signed up for the course.
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Sunday, May 19, 2:30-4:00pm Free tour of  the
Oliver Observing Station. Reservations are required;
call 883-1000.

Sunday, June 23, 2:30-4:00pm Free tour of  the
Oliver Observing Station. Reservations are required;
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.

Elevations on Mars
by Dr. Arthur Babcock

An attendee of  MIRA’s lecture on Mars last November
called a few days later to ask how elevations are reckoned
on Mars. That is, when we say that the elevation of  Chews
Ridge is 5045 feet, for example, we mean 5045 feet above
mean sea level. But there are no oceans on Mars, so if the
Martian volcano Olympus Mons has an elevation of 21
kilometers, that’s 21 kilometers above what? I happened to
take the call, and my first response was that the question was
indeed interesting but I had no idea how to answer it.
Fortunately, some digging on the Internet and in MIRA’s
Priscilla Bok library gave me the answer.

The need for a reference zero elevation on Mars arose
in the 1970s, when the Mariner and Viking missions permit-
ted the mapping of the Martian surface. Scientists of the
U.S. Geological Survey decided to set as the zero point the
elevation at which the atmospheric pressure on Mars equals
6.1 millibars; the average atmospheric pressure at sea level
on Earth, for the sake of  comparison, is 1013.25 millibars.
This is a somewhat arbitrary standard, although the figure
of 6.1 millibars does correspond to a physical reality: it is
the lowest pressure at which water can exist in a liquid state
(at lower pressures, only water vapor can be found).

Incidentally, zero longitude on Mars was also set
arbitrarily, but much earlier. Two German astronomers in
the early nineteenth century selected a small feature on the
surface of the planet as the point of zero longitude. Space-
Age scientists kept this line as zero longitude, although the
vastly better views of the Martian surface enabled them to
choose a smaller feature, and thus define the line with

greater precision. The rotation of Mars defines the equator,
so latitude was not a problem.

Readers who want to know more about the topogra-
phy of Mars may consult Michael H. Carr, The Surface of
Mars (Cambridge University Press, 2006).

Administrator’s Corner
by Tami Huntley

We are closer than ever to being able to send out our
announcements as e-mail. If you would like to be included
in our e-mail list, please drop me a line at th@mira.org.

Please Check Your Name . . .

on our annual donors list in this newsletter.  We want to
make this list as accurate as possible and to properly thank
the great Friends of MIRA who support our endeavors in
research and education in astronomy.

There are several potential sources of  errors.  Occasion-
ally, we find that letters to and from MIRA get lost in the
mail, but we have no way of knowing unless you e-mail or
telephone us with an inquiry.  Also, if  you’re missing a
contribution acknowledgment letter or Newsletter, please let
us know––they’re easy to replace.  Likewise, our database
program hiccups now and then (actually, a big hiccup in
December) and we have to try to fill in the entries since the
previous week’s backup.

Finally, of  course, we’re just as human as the next folks,
and we sometimes just make mistakes.  We’d like to fix
those as well.  So, if  there is something amiss with your
entry in the donors list, please let us know.  We want to get
the list right and we want to correct any issues that we can.

Thanks again for being a Friend of MIRA—your
support makes our programs possible.
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MIRA gratefully acknowledges memberships and gifts for 2012 from individuals,
families, corporations, and foundations.
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by Dr. Whitney Shane
A phone call from one of our readers reminded us of

a phenomenon which often puzzles the careful observer of
the seasons. He correctly understood that the shortest day
of the year 2012 was on December 21, so he naturally
expected that this would also be the date of the earliest
sunset and the latest sunrise. To his dismay, he observed that
the earliest sunset occurred about two weeks earlier and the
latest sunrise two weeks later. He asked us to explain this
discrepancy.

If we were to set
our clocks by the stars
all would be very easy
since the Earth rotates
quite uniformly on its
axis, but then the 24-
hour day would be four
minutes shorter than the
solar day, and we would
have a daylight problem.
We choose instead to set
our clocks by the Sun. (I
will neglect here the
complications of time
zones and daylight saving time, as they are of no astro-
nomical interest). As the Earth orbits the Sun, the Sun
appears to move eastward across the sky against the
background of  stars. If  it moved at a constant rate and
followed the equator, all would be well. In fact, it does
neither, so we have invented an imaginary object called the
“mean sun” which behaves in this ideal way and makes a
full circuit of the sky in one year, just as does the real Sun.
We set our clocks to follow the mean sun. We must now
examine the difference in motions between the real and the
mean sun.

The most important difference is that the real Sun does
not follow the equator but rather the ecliptic, which is a
plane tilted about 23 degrees from the equator. This is,
among other things, the cause of  the seasons. But in
addition, it causes the Sun to change its longitude (astrono-

mers call this right ascension) more rapidly when it is far
from the equator than when near. To see this, just look at a
globe (if you can find one) and see how the meridians
converge toward the pole. Furthermore, at maximum
distance north or south the Sun crosses the meridians at right
angles, whereas near the equator it moves diagonally. In
other words, the Sun moves eastward more rapidly in
summer and winter than in spring and fall.

The second effect, which is only a little less important, is
that the Sun does not move at a constant rate against the
stellar background. In its elliptic orbit, the Earth is closest to
the Sun in early January, so that on account of  the smaller
separation and the greater speed of the Earth, the apparent
motion of  the Sun is greatest in winter and least in summer.

Putting all this together, we see that the real Sun speeds
eastward with respect to the mean sun in winter (late
December) and also, but much more slowly, in summer. In
spring and fall it drops behind to the west. The result is that
in early December, the real Sun is still west of the mean sun

and thus sets and rises a
bit too early, while as we
get into January, the real
Sun has caught up with
and passed the mean sun
so that sunrise and sunset
are both a little too late.
This explains why the
earliest sunset comes
before the shortest day
and the latest sunrise
after. The mathematical
formulation of  all this is
called the equation of
time, and it is often a

source of great puzzlement to beginning astronomy students
and sometimes to their professors as well.

The Equation of Time

Can you spot the blooper in the following quotation
from the Astronomical Society of  the Pacific’s “Astronomy
Beat”?

“Pluto is a challenging dwarf  planet to study: it’s small,
dim, and far away. In March 2007, a team of  astronomers
readied the 6.5-meter MMT to observe the occultation of
Pluto by a faint star. But instead of  being cut off, the star’s
light dimmed as it passed through Pluto’s atmosphere,
resulting in an unexpected set of  observations.”

The answer is on page 5.

Blooper Department

II
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Near-Earth Objects

by Dr. Russ Walker
On February 15th an object 55 feet in diameter and

weighing 10,000 tons entered the atmosphere at 40,000
mph, and disintegrated over the Russian city of
Chelyabinsk. The event lasted 32.5 seconds, released nearly
500 kilotons of  energy, damaged thousands of  buildings,
and injured more than a thousand people. A few hours
later the near-Earth asteroid 2012 DA14 flew by Earth only
17,000 miles above the surface on a near-miss trajectory
significantly different from that of  the Chelyabinsk meteor.
2012 DA14, discovered in February of  last year by the La
Sagra Sky Survey in southern Spain, is about the size of  the
object that exploded over the Tunguska River in Siberia in
1908, and leveled more than 800 square miles of forest.
These recent unrelated events highlight the fact that Earth
lives in a cosmic shooting gallery.

The number, sizes, orbits and composition of  Near-
Earth Objects (NEOs) are needed to defend our home
planet from this threat. Some ground-based observing
programs dedicated to this task are: the Spacewatch,
Catalina, and Mt. Lemmon Sky Surveys (U. of   Arizona);
LINEAR (MIT) ; Pan-STARRS (U. of  Hawaii); the Siding
Spring Observatory (Australia); La Sagra Sky Survey
(Spain), and many hundreds of  amateur astronomers.

NEOSSat, the world’s first space telescope dedicated
to detecting and tracking asteroids, was launched February
25 of  this year by the Canadian Space Agency. It will detect
only NEOs several times larger than 2012 DA14, but that
reside mostly inside the Earth’s orbit and are therefore very
difficult to find from the ground.

Potentially hazardous asteroids (PHAs) are NEOs with
orbits closest to Earth and are massive enough to cause
damage on a regional or global scale. The current and most
credible estimate of the number and sizes of PHAs is due
to observations from Earth orbit by NASA’s Wide-field
Infrared Survey Explorer (WISE). MIRA astronomers
were key to the success of the NEO part of the mission
that observed 454 previously known NEOs and discov-
ered 146 NEOs, including 21 PHAs and 17 comets. WISE
astronomers estimate there are 4700 PHAs with diameters
greater than a football field, and only 20% to 30% have
been found.

The good news is that about 95% (980) of the aster-
oids large enough to cause extinction of civilization (like the
dinosaurs’ demise 65 million years ago) have been found,
and none are in orbits that threaten Earth in the foreseeable
future. The bad news is that the number of asteroids

increases rapidly with decreasing size. It is estimated that
fewer than 1% of  NEOs as large as 2012 DA14, which
could devastate the bay area from Santa Cruz to Carmel
including Watsonville and Salinas, have been found. There is
still much to do!

MIRA’s Wish List
by Dr. Wm Bruce Weaver

At a recent adult class I presented, the question came
up as to MIRA’s current hardware needs. I realized my only
list was in my head. So here is a current, albeit partial, list.
Of course, if you have a two-year-old computer to spare
because you upgraded to something fancier, it will be much
younger than some of the computers used in our intern
program. If  any of  these interest you, please contact Tami
Huntley or me at MIRA.

Partial list of current needs at MIRA

Replacement of four 10-year old computers used by
interns: $1000 each.

Graphics and statistical software: $1200
One work table and two chairs: $600
Miscellaneous laboratory materials: $700
Calibrated power supply and measurement diodes for
intern calibrations project: $1800
Two Netbook controllers for Oliver Observing Station
instruments: $700 each.
20 narrow-band calibration filters for the intern program:
$2500
Custom light table for study of archival glass plates: $2500
High school intern scholarship: $4000
Intel multiprocessor board (MIC/PHI) for stellar atmo-
sphere modeling: $4000
High-performance scientific workstation computer for the
MIC/PHI: $5500
High-performance scientific workstation computer: $5100
CCD camera for spectrograph: $28500
Finder/guider for MIRA Echelle spectrograph: $2500

Answer to the Blooper Question
Pluto is indeed far away, but not nearly far enough to

be occulted by a faint star (a star passing in front of Pluto
as seen from Earth). The text was soon corrected to state
that a faint star was occulted by Pluto.
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The Spring Sky
by Rod Norden

The twin 10-meter Keck telescopes observing the galactic center with adaptive optics. The two bright
lines are the laser beams described in the text. Photo credit: Ethan Tweedie.

Near the end of this quarter, when the constellation
Sagittarius becomes observable, my enjoyment of  it will be
enhanced by my interest in some recent findings concerning
the supermassive black hole at the center of  the Milky Way
in Sagittarius.  A star has been found orbiting the black hole
with the very short period of only 11.5 years using the
adaptive optics technique on the Keck telescope in Hawaii.
This new find and another star with a 16-year period and
many others with periods of  60 years or more will permit
many exciting experiments to be performed on the central
black hole of  our galaxy.

The tech-
nique that made
this kind of
resolution with
earthbound
telescopes
possible is called
adaptive optics.
There are several
varieties, but they
all work to
correct the
“twinkling” of
stars whose light
waves have been
distorted by the
different layers
of heat and
winds in the
atmosphere.
The technique
used at Keck
and at Lick
Observatory here is called Laser Guide Star Adaptive
Optics, and it can allow the telescope using it to operate
virtually as well as it would in space.

Here at Lick [Rod is an operator of the Lick 36-inch
refractor—Ed.], a powerful 20-watt laser emitting a fre-
quency that will excite the thin layer of sodium atoms
about 60 miles up in the atmosphere is mounted on the 3-
meter Shane reflector.  When it is in operation, it causes a 2-
arc second artificial star to appear very near the field of
view actually being studied.  Just before focus is reached, a
small deformable mirror is inserted in the light path.  On
the back of the mirror is a matrix of small pistons which

can push or pull the mirror hundreds of times per second
as commanded by the computer that analyzes the incoming
wave of  light from the artificial star.  The adjustments
generate a new wave of light that is nearly as perfect as it
was before the atmospheric distortion occurred.  This
corrected light is sent to the instrument being used for the
experiment.

The Keck telescope, operating in the near infrared to
see through the dust between us and the center of the
galaxy 26000 light years away, can resolve individual stars

located very
near the very
massive black
hole located
there.  If the
positions of the
stars are plotted
over time, their
orbits can be
carefully ana-
lyzed.

Andrea
Ghez and her
team from
UCLA found
the very short
period stars
recently.  The
team has been
studying the
galactic center
since 1998.  As
adaptive optics

have improved, better resolution has been possible.  Long
period analyses of the positions of stars orbiting the
invisible black hole are allowing a number of experiments
to take place.  The stars are actually moving at more than
250,000 miles per hour at their closest approach to the
black hole.  The newly found star will be closest in 2018.

Among the experiments being performed are studying
growth of the central black hole over time, and trying to
find why there seems to be a massive black hole at the
center of  most if  not all galaxies.  A very important test is
to see whether Einstein’s general theory of  relativity applies
to masses in orbit near a black hole.  The general theory,
published in 1915, predicted that objects in elliptical orbits
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would exhibit a very slight shift forward of the point of
closest approach in the orbit.  In our solar system, the
shifting of the elliptical orbit of the planet Mercury was
found to be exactly as Einstein predicted, and slightly
different from the prediction of Newtonian gravitational
mechanics.  Astronomers had not been able to account for
the differences until Einstein.

I can’t wait until the Sun clears away from Sagittarius to
look in the direction of  the Milky Way’s center and imagine
the incredible action taking place there!

Planets

Mercury begins the period rising shortly before the
Sun until it reaches superior conjunction on 11 May.  After
this date, Mercury becomes visible in the evening sky and is
within 3 degrees of  Venus and Jupiter, forming a spectacu-
lar triple conjunction 25-27 May low in the west-northwest
shortly after sunset.  Binoculars will help viewing this
conjunction, but be sure not to look until after the Sun has
set.

Venus becomes visible low in the west after sunset in
May.  Because of  the poor angle of  the ecliptic with the
horizon for us above the equator, Venus will very gradually
emerge from the Sun’s glare.  Venus will join in the triple
conjunction of  Mercury, Venus, and Jupiter the last week
of  May.  Note also that Venus will pass through the open
cluster M35 on 4 June.

Mars reaches conjunction with the Sun on 18 April and
will gradually become visible low in the early morning sky
by June.

Jupiter begins the period well placed in Taurus near
the Hyades, but is getting ever closer to the Sun becoming
lost in the Sun’s glare by mid-May.  The crescent Moon will
pass close to Jupiter on 14 April and 12 May.  In late May it
will be part of the spectacular triple conjunction described
above.  Jupiter reaches conjunction with the Sun on 16
June.

Saturn begins the period rising in the eastern sky about
10pm, heading toward opposition to the Sun on 28 April.
At that time, the sphere of Saturn will appear 19 arc
seconds in diameter, and the rings 43 arc seconds across.
We are looking at the north side of  Saturn’s rings, and their
angle gradually widens from 18 to 22 degrees during 2013,
as Saturn spends the year around the Libra-Virgo border.

Uranus reached conjunction on 29 March, and spends
the period in the early morning sky in Pisces.

Neptune rises earlier every morning in Aquarius until
mid-June when it rises near midnight.

Pluto remains faint in crowded Sagittarius until it reaches
opposition 2 July at magnitude 14.2.  Later in the summer it
will pass close to a couple of  star clusters.  I will cover
these events in the next report.

Meteor Showers

The Lyrid meteor shower comes to maximum on 22
April.  The Zenith Hourly Rate (ZHR) can be over 20
under good conditions, but the nearly full Moon will
interfere with observing the shower.

The Eta Aquarids meteor shower comes to maximum
on 5 May.  The ZHR can be over 60 under good condi-
tions, and the waning Moon will not interfere with observ-
ing the shower.  This shower is associated with Halley’s
Comet, as are the Orionids in October.

Comets

Comet C/2011 L4 (PanSTARRS) was a 3rd magnitude
comet in mid-March when it finally became visible in
northern latitudes.  The comet will move north in declina-
tion as it fades from view.  It did not brighten as much as
hoped for while lost in the solar glare. After the comet
came into view in the Southern Hemisphere in January, it
was fainter than hoped for, but was still visible to the naked
eye.

Comet C/2012 S1 (ISON) may become an extremely
bright comet in November and December.  Keep watching
the news of this comet which could be the best of our
lifetime.

Comet finder charts with current magnitudes can be
found on Heavens-Above.com, which is an excellent site
for locator charts for many orbiting satellites.  Please be
aware that overall comet magnitudes are averaged over the
area of the coma and nucleus of the comet, so comets
appear as a fainter smudge on the sky than its magnitude
indicates.

Eclipses

Unfortunately, one eclipse may barely be visible during
the period.  On 25 May, the extreme southern limb of  the
Moon will just graze the penumbra of  the earth’s shadow.
It will be extremely difficult to detect any darkening on the
limb at maximum eclipse at 9:10 pm PDT (4:10UT).  The
only reason I mention the eclipse is that it is the first eclipse
in a new lunar Saros cycle (#150), and eclipses in this series
will run for another 1262 years!  The longest lunar eclipse
of Saros 150 will occur on 4 July 2680.  The very last
member of this cycle will be another very slight penumbral
eclipse on 30 June 3275.



Visit our Web site and Field Trips to the Stars:

E-mail us at mira@mira.org

NON-PROFIT ORG.
U.S. POSTAGE

PAID
PERMIT NO. 16

MARINA, CA 93933

Staff

*  *  *
The Monterey Institute for Research in Astronomy owns and operates

the Oliver Observing Station under permit from the U.S. Dept. of
Agriculture-Forest Service.

*  *  *
The Monterey Institute for Research in Astronomy owns and operates

the Richard W. Hamming Astronomy Center and the Ralph Knox Shops
through an arrangement with the U.S. Dept. of  Education.

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

RETURN SERVICE
REQUESTED

200 Eighth Street
Marina, CA  93933

Monterey Institute for Research in Astronomy

(831) 883-1000
(fax) (831) 883-1031
www.mira.org

Gordon Jones, Chair, Board of Directors
Dr. Wm. Bruce Weaver, Astronomer & Director

Tami Huntley, Administrator
Dr. Arthur Babcock, Astronomer

Dr. Dean Bailey, Volunteer Researcher
Donna Ball, Office Volunteer

Elizabeth Cameron, OOS Caretaker
Dr. Craig Chester, Astronomer & President

Dr. Martin Cohen, Astronomer
Dr. Donna Dulo, Docent
Dr. James Eagle, Docent
Brian Jacobson, Docent

Gary Love, Physicist
Jim Neeland, Volunteer Systems Administrator
Dr. Whitney Shane, Astronomer and Charles

Hitchcock Adams Fellow
Joanna Sorci, Librarian

Dr. Russell Walker, Astronomer

Thanks!

Welcome to our new Friends

Rebecca Cerniceros
Darryl S. Donnelly
Jeff Gose
Warren Herz
Arnold Klemola
David Kretzman

Kathryn Lett
Thomas Manemeit
Debby Segura
Matthew Sotak
Don & Diane Thomas
Mr. & Mrs. Wirtanen


