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Image of  Comet 67P/Churyumov-Gerasimenko from a distance of
about 530 km by the OSIRIS camera of the Rosetta spacecraft. Our

best guess is that two comet nuclei fused together in a slow- to
moderate-speed impact. Image: European Space Agency (ESA).
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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.

At lunch in the Hamming Astronomy Center recently,
MIRA intern Jorge Carranza  asked if the distance between
Earth and the Moon were increasing or decreasing. Dr. Bruce
Weaver replied that the distance is increasing by about 1.5
inches a year, whereupon intern Molly McNeely asked, “Why?”
Dr. Whitney Shane replied, and the Newsletter is pleased to share
Dr. Shane’s answer with its readers:

To answer this question properly we require someone
who is an expert in the motion of the Moon (infamous as
probably the most complex and difficult problem in all
astronomy) and geophysics. We have sought such a person
among the staff members at MIRA and come up empty
handed. We are therefore reduced to providing some hints as
to where the answer might be found.

I need not explain here how the gravitational attraction of
the Moon on the Earth produces the tides, both in the oceans
and to a lesser extent in the body of the Earth. If the Earth
with its oceans were completely flexible then high tide would
occur directly under the Moon and on the opposite side of the
Earth. However, the Earth is not so cooperative so that the
tides are dragged along as the Earth rotates. This asymmetry
applies a moment of force to the Moon, making it want to
move faster in its orbit. The result, of course, is the opposite.

As it increases its speed it moves into a slightly larger orbit,
which causes it to move more slowly and be slightly more
distant. The opposing force, applied to the Earth, causes it to
rotate more slowly. The latter effect has been known for a long
time, and it requires us to reset our clocks every year or so to
make up for the lengthening of the day by about 14 microsec-
onds per year. This difference accumulates to about one second
per year; hence the added leap second every year or two. The
change in the Moon’s orbit is much more subtle, but it has
now also been measured.

The end result of  all this will be that the Earth’s rotation
will slow down until the same side always faces the Moon, just
as the Moon has slowed its rotation so that the same side now
always faces the Earth. The day will be as long as the month,
and the month will be longer than it is now. For the astrono-
mer, the bad news is that there will be no more total solar
eclipses, because the apparent diameter of a more distant
Moon will be insufficient to cover the Sun. For a real answer to
your question you will need to find an expert in these subjects.
Good luck!

   Sunday, 7 December, 4-8pm Annual Holiday
Potluck at theHamming Astronomy Center. There will
be a presentation by a MIRA staff  member. RSVP to
883-1000.

The rotation of the Earth causes the tides to lead the direction to the
Moon, causing the Moon to drift away from the Earth due to its
increase in orbital speed, and causing the rotation of  the Earth to slow.
Eventually, the day and month will settle at about 55 days.

Tides occur on both sides of the Earth since the water and land on the
side opposite the Moon are attracted to the Moon less than is the center
of the Earth.
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Intern Season comes to a close
The summer of 2014 was highly productive at MIRA,

with seven intelligent, motivated, and hard-working high-
school and college interns working with five mentors from
the MIRA staff.

They appear to have enjoyed themselves. Haleh
Matinrad sent this e-mail a week or so after she left MIRA
for her junior year of high school,

“Hi Dr. Babcock! I just wanted to thank you and Dr.
Shane for this past summer. I had a lot of  fun and it was a
great opportunity for me! I will for sure recommend this
internship to other students at my school who are interested
for next summer.”

And Molly McFeely wrote of  her experience at MIRA,

“These past nine weeks have come with many lessons,
from as expected as learning about stellar atmospheres and
general astronomy to as unexpected as learning about
expository writing, programming computers, different
methods of problem solving, or whatever interesting stories
my boss decides to share with me each day. As if  that
weren’t enough, at the Oliver Observing Station, I got to
learn about how the observatory uses alternative energy,
how it is generated and stored, and how the telescope
captures the night sky. The telescope is simply fascinating,
and I got to both observe and learn about the Moon,
Saturn, the Ring Nebula, and M13! It was incredibly hum-
bling pondering the age and vastness of the cosmos, and it
is an experience that I will cherish forever.”

We thank the Friends of  MIRA and the foundations
that support our internship program.

Interns Edgard Hernandez and Haleh Matinrad and Dr. Whitney
Shane in the Oliver Observing Station control room as they wait for
sunset and an evening of  observing with the MIRA 36-inch telescope.

Interns Molly McFeely and Jorge Carranza get their first instruction
on the complex of instruments on the MIRA telescope that convert the
faint light of  stars and galaxies to data and, hopefully, new discoveries.

Coming  in future issues...

What do spherical cows, stellar atmospheres, and ice
cubes have in common? A series of forthcoming articles by
Dr. Weaver will explain how these disparate items fit
together in a scientist’s world view.

Don’t miss this series by letting your membership in the
Friends of MIRA lapse!
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Rosetta: Around the Sun with Comet 67P/Churyumov-Gerasimenko

Interns and astronomers at work on the second floor of  the Hamming Astronomy Center in Summer, 2014

The ten-year epic voyage of  the European Space Agency’s
Rosetta mission is very much like the ten-year journey of
Odysseus.  First, after being funded in 1993, there was the
effort to design and build the spacecraft.  Then, because of a
failure of an ESA Ariane rocket in 2003, the launch was
delayed until March of  2004.  Now, in 2014, the ten-year
odyssey to Comet 67P/Churyumov-Gerasimenko is com-
plete.  But, as with Odysseus, there is much work to be done
after arrival.

In order to match the orbit of Comet 67P/Churyumov-
Gerasimenko, numerous boosts to Rosetta’s orbit were
employed by having the probe pass close to the Earth or Mars.
See http://sci.esa.int/where_is_rosetta/ for an excellent
animation of the circuitous path Rosetta took through the inner
Solar System to match the orbit of the target.

Along the way, Rosetta took advantage of  its orbit into the
asteroid belt to visit asteroid Steins in September of 2008 and
asteroid Lutetia in July of 2010.  The latter was especially
interesting because, by observing the distortion of  the radio
communication from Rosetta as it passed by Lutetia, astrono-
mers were able to determine the density of  the asteroid, sized
75 x 63 x 47 miles.  It is so dense that an iron core, perhaps
molten like that of  the Earth, is very likely.

As the only power source was a solar panel array, in order
to save energy as the probe was at its farthest distances from
the Sun, reducing the solar power to just 4% that on Earth,
Rosetta was put into a deep hibernation.  With one-way radio
delays of nearly an hour at these distances, the probe was

pretty much on its own, using minimal computer power to
look after itself and carefully positioned heaters to keep the
vital parts of the spacecraft from freezing in deep space.

Finally, in January of  this year, the spacecraft came out of
hibernation. I imagine more than a few astronomers were

by Dr. Wm. Bruce Weaver

Asteroid Lutetia, imaged by Rosetta’s OSIRIS camera.
A heart of molten iron?
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holding their breath to see if 20 years of hard work was going
to pay off! A couple months later, Rosetta started the delicate
maneuvers to approach 67P/Churyumov-Gerasimenko .  In
August, Rosetta arrived at its new home.  See http://
www.esa.int/spaceinimages/Images/2014/08/
NavCam_animation_6_August for a great video of 101
images from the Rosetta NAVCAM as Rosetta approaches the
comet.

A Bit of Help from MIRA

A comet, like any other wild creature, must be approached
with caution.  Besides the delicacy of matching speeds with a
large object at 36,000 mph, comet environments are not
benign.  High-speed dust, ices, and jets of gas are constantly
being ejected by the large ice ball as it approaches the Sun.
One of  these high-speed projectiles, even if  tiny, could do
serious damage to the spacecraft.

MIRA’s Dr. Russell Walker, along with several others of
the WISE Satellite team, measured the properties of 67P/
Churyumov-Gerasimenko when it was about the same
distance from the Sun as it would be at the time of the Rosetta
encounter in August 2014.  They found that the typical dust
grain was about one millimeter in size.  At these distances from
the Sun, the comet was found to be producing about 20
pounds of this material per second.  Rosetta detected the first
dust grains - about 1/10th of a millimeter in size -  on 13
August.  Of course, the impact rate will increase dramatically as
the comet and Rosetta, which will be put into an orbit around
the comet, approach the Sun.  The closest approach to the Sun
will be next August.

Probably the most exciting part of the mission will occur
in November of this year when a 200-pound lander, named

Sunset on Lutetia as Rosetta passes by

Philae, will gently attach itself to the surface of  67P/
Churyumov-Gerasimenko and use its ten instruments to probe
the surface.  It will also probe a foot below the surface, look
for organic molecules, take panoramic vacation pictures, and
analyze gases as they are released into the comet tail.  Dr.
Walker’s team found that the reflectivity of  the surface of
67P/Churyumov-Gerasimenko is about 5% - about the same
as fresh asphalt - so think of an icy dirt ball covered with
carbon particles.

The mission concludes in December of 2015, when the
plucky probe will be turned off.  But before then, we are in
for a very exciting time.  For updates and great pictures, visit
http://www.esa.int/Our_Activities/Space_Science/Rosetta
frequently. I will.
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The Fall Sky
by Arthur Babcock

The Demon Star

The second-brightest star in the constellation Perseus is
Beta Persei (the brightest star in a constellation is alpha, and
so on through the Greek alphabet); it also has the Arabic
name Algol, and the nickname Demon Star. It was discov-
ered to vary in brightness in the seventeenth century. In
1782-83, the English amateur astronomer John Goodricke
determined that its period is regular: it spends most of  its
time at magnitude 2.1, but every 2.867 days, it drops to
magnitude 3.4 (one third as bright; in the astronmical
magnitude scale, the larger the
number, the fainter the star).
Goodricke proposed a
mechanism for this: another
body passes in front of the star
at regular intervals, blocking its
light. It turns out that Algol is
an eclipsing binary whose oribital
plane lies in the line of sight
from Earth, so that each of the
stars eclipses the other. When
the fainter star blocks the light
of the brighter, the 1.3-
magnitude drop takes place.
This difference is large enough
to detect with the naked eye,
but it takes photoelectric
equipment to detect the dips
when the brighter star eclipses
the fainter. (It is not known whether Algol’s “demonic”
aura has anything to do with its variability; the constellations
are full of mythological figures with all sorts of interesting
qualities.)

I am going to suggest an observing project for the
Newsletter’s readers: observe the dimming and/or brighten-
ing of Algol. This can be done with the naked eye; a pair
of binoculars could also be used.

To do this, you need to locate Algol, so I have pre-
pared a chart of  the constellation Perseus. Perseus is best
observed in late fall and winter. In September, it transits
(i.e., passes almost exactly overhead as seen from central
California) at around 4am, but by late November, it transits
around 11pm, and can be observed comfortably in the
evening.

Next, you need to know when to observe Algol. The
Royal Astronomical Society of  Canada’s Observer’s Handbook
lists the minima of Algol in its monthly calendars, that is, the
exact moment the star is at its faintest. I have selected two
dates in November that might work out well. On 19
November, Algol’s minimum is at 10:35pm PST. The entire
eclipse lasts 10 hours, so Algol should start to dim around
5:35pm, and should have regained all its lost brightness by
3:35am. On 22 November, the minimum is at 4:13pm,
which is before sunset, but you can watch it brighten in the

early evening, until the eclipse
ends at 9:13pm.

To know when, and how
much, a variable star changes
brightness, you need comparison
stars, i.e. nearby non-variable
stars of known magnitude.
There are a few on the chart,
marked with their magnitudes
(1.8, 2.1, 2.9, 3.0).  Thus, when
Algol is not being eclipsed and
is at maximum brightness, it
ought to look about as bright
as the star marked 2.1. At
minimum, it should be a tad
fainter than the stars marked
2.9 and 3.0. What if  it’s about
halfway between 2.1 and 3.0?
Call it 2.5, perhaps?

If  you try this project, you will be doing photometry. The
word “photometry” derives from Greek photos (light) and
metron (measure) and is indeed the science of the measure-
ment of light. Modern astronomers use electronic photom-
eters and CCD cameras along with broad-band or narrow-
band filters to measure a star’s brightness on the magnitude
scale and its color, expressed as the difference in the star’s
magnitude between two different filters. One of  the most
common photometric systems is UBVRI, standing for
ultraviolet, blue, visual, red, and infrared, developed by H.
Johnson, G. Kron, and A. Cousins. The B-V color index is
perhaps the most common expression of  a star’s color.

But complex and expensive equipment is not the only
means of  doing photometry. Indeed, the magnitude system
we use today goes back to the ancient Greeks, who called

Algol

1.8

2.1

2.9

3.0



7SUMMER 2014
the brightest stars “first magnitude,” because they were the
first stars to appear in the evening. The Greeks observed
with the naked eye, of course, and went down to 6th
magnitude, which is about the limit of  naked-eye visibility.
Even when the telescope came along, the human eye was
the most available detector. The V filter, a yellowish-green
color, is a lasting legacy of  observations made with the
human eye, naked or otherwise (yellowish-green is in the
center of the wavelengths the human eye can see).

If this sort of thing appeals to you, you need to know
about the American Association of  Variable-Star Observ-
ers. The AAVSO was founded in 1911 and has collected
and analyzed more than 20,000,000 variable-star measure-
ments made largely by amateur astronomers using tele-
scopes, binoculars, or the naked eye, and makes the data
available to research astronomers and educators. There is a
section of  the group for CCD photometry now, but the
vast majority of  AAVSO measurements were made by the
human eye. Their web site, www.aavso.org, has extensive
information about variable-star observing. I especially
recommend an introductory tutorial they have prepared
with Algol and nine other variable stars observable in every
season of  the year. Click on “getting started,” then “10-star
Training Tutorial for the Northern Hemisphere.” You can
download the tutorial without joining the organization.

Planets

Mercury is rather difficult to observe during most of
the quarter, but makes up for it by putting on its best
morning apparition of the year in the last week of October
and the first week of  November.

Venus will be visible in the southwestern twilight early
in December, but is otherwise too close to the Sun to be
observed.

Mars  spends the quarter low in the western sky. On 27
September, it passes within three degrees of the red
supergiant star Antares (whose name means “rival of
Mars”).

Jupiter begins the quarter low in the morning sky. By
December, it will rise in mid-evening.

Saturn will be visible low in the western sky at the start
of the season, but by the end of October, it will have
vanished in the glare of the Sun. It will reappear in morning
twilight in early December.

Uranus is well placed for observation during most of
the quarter.

Neptune, too, is favorably placed during the period.

Meteor Showers

We will have better cooperation from the Moon this
quarter than we have sometimes had for the major meteor
showers of fall.

The Orionids are predicted to peak around 20-21
October. This is just a couple of  days shy of  New Moon,
so that body will not interfere.

The Leonids on 16-17 November will be free of
moonlight until 2:00am.

The Geminids on 14 December will have the most
interference from the Moon, which rises shortly before
1:00am.

Comets

Comet C/2014 E2 (Jacques) may reach magnitude 6,
making it visible in small telescopes and large binoculars. C/
2013 V5 (Oukaimeden) is predicted to reach magnitude 5.

As always, Seiichi Yoshida’s Home Page will provide
up-to-date information and finding charts.

Eclipses

As promised in the last issue, October brings two
eclipses visible from the central coast. On the eighth, there
will be a total lunar eclipse. Viewing it, however, will cost
you some sleep: the partial phase begins at 2:18am PDT.
Totality lasts from 3:27am to 4:22am.

On 23 October, we will be treated to a partial solar
eclipse beginning at 1:54pm. Maximum eclipse occurs at
3:15pm, and the eclipse ends at 4:33pm. A considerable
fraction of the solar disc will be covered by the Moon, and
the dimming of ambient light should be noticeable.
Warning: even a partially-eclipsed Sun is bright enough to
cause permanent eye damage if  you observe it directly. Use
a proper solar filter or the pinhole projection method. See
Dr. Bruce Weaver’s article, “Observing the Sun Safely with
Pinhole Projection,” in the Summer 2012 Newsletter, which is
available online at www.mira.org.
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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
Dr. Craig Chester, Astronomer & President

Dr. Martin Cohen, Astronomer
Dr. Donna Dulo, Astronomer

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
Doug Warner, Volunteer Researcher

Peg Winston, Volunteer

Thanks!

Welcome to our new Friends

Susan Kurtz
Mibs & Joe McCarthy
Jefferson McCollum
C. Larry O’Rourke

Scott Runyon
Carolyn Sinclair

Leonard Sokolowski
Peg Winston


