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    January 9th, 7:30pm, MPC Lecture Forum. The
27th Annual Chesley Bonestell Memorial Lecture:
“New Horizons Bags the Last Planet,” by Dr.
Jeffrey M. Moore, New Horizons Co-Investigator,
NASA-Ames.

This has been a very good year for both education and
research at MIRA. The article later in this Newsletter shows an
excellent example of how these two meld together to great
effect.

But these programs, plus the refurbishment of the
power systems at the Oliver Observing Station this past
summer have had a serious impact on our finances.  Please
join with the MIRA Staff and Board of Directors in
making an end-of-year gift to MIRA so that we can con-
tinue these programs at the same highly productive level
next year.

Many of our Friends make a donation of appreciated
stock, which can help with their taxes.  If  you would like to
explore that method of giving to MIRA, please contact us
for details.

Happy Holidays!

A few hours before Comet 67P/Churyumov-Gerasimenko reached its
closest point to the Sun in its orbit around the Sun (perihelion), the
European Space Agency satellite Rosetta, whose progress we have been
following in the MIRA Newsletter, took this image. The image,
showing gas and dust spraying into space, was taken on 12 August
2015. Copyright ESA/Rosetta/MPS.

Rosetta mission at Perihelion

Mechelle’s Progress

A baby picture, so to speak: one of the last parts of
the MIRA high-resultion spectrograph (MIRA Echelle
Spectrograph: Mechelle) takes shape at the DFM
shops in Colorado. This part holds the fiber optic
cables in place where they inject the light from the
telescope into the spectrograph.
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A Scientific Breakthrough by MIRA Interns
by Dr. Wm. Bruce Weaver

For potential MIRA interns, one of  the most attractive
features is that they get to participate in the day-to-day
scientific experience: slow progress without any answers in
the back of the book.  While they may be using techniques
that would not surprise astronomers from other observato-
ries, the details and results of what they are doing have
never been seen before.  For us, it is the standard rhythm of
astronomy; for
them, it is
often an
invitation to
their future.

I’d like to
report on one
of the exciting
results from
one intern
project this
summer.  A
few years ago
I had an idea
that, if it
worked,
would greatly
increase the
accuracy of
the data from
over 10,000
spectra taken
at the Oliver
Observing
Station.  These
are only
spectra taken
with the
current Charge
Coupled
Device (CCD) cameras; they do not include over 18,000
taken with the old Reticon system or (really old) photo-
graphic spectra.

The idea was to improve the accuracy of these spectra
by performing a sensitivity calibration of  every single pixel for
every possible color to which it might be exposed.  Such a
computationally intensive technique would be unimaginable
before the days of  really fast desktop computers.  Even
today, applying this technique to the results of  a night of

observing takes the fastest computer many hours.

So what’s the problem that I’m so excited about
solving?  Let’s look at a spectrum I took last month.  Figure
1 shows a part of the blue spectrum of Pleione, a barely
visible star in the Pleiades Cluster.  What makes Pleione
interesting is that this hot star blows off a shell of cooling

gas every 40
years or so.
I’ve been
following the
changes in
this star’s
spectrum for
13 years now.

Every
vertical line in
the spectrum
tells a story
about some
chemical in
the atmo-
sphere of the
star: what
chemical,
what pres-
sure, what
temperature,
what turbu-
lence, and
many other
features of
the environ-
ment in
which the line
was formed.
The more

precise the measurement, the more accurate the determina-
tion of these properties, some of which leave only faint
clues.

Figure 1a shows all of the spectrum in the top expo-
sure.  The middle band shows increasing magnification of a
piece of the spectrum around a vertical hydrogen line.  In
the most magnified image, st the bottom, the individual
pieces of the image, pixels, can be seen as squares of
uniform brightness. They are about 1/4 the thickness of  a

Figure 1: Top: the blue part of  the spectrum of  the star Pleione taken with the MIRA telescope and
spectrograph last month.
Middle: A magnified image of the region around a strong hydrogen line.  The other vertical lines are due
to other elements in the expanding shell around the star.
Bottom: A highly magnified view of the hydrogen-line region.  The picture shows that the image is made
up of square pixels, each acting like a separate detector.
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human hair. Each one of  these acts like an individual sensor;
there are over a quarter million of these pixels in a single
spectrum.  Each pixel has its own sensitivity to light of
different colors.  If  this individual performance of  each
pixel is not taken into account, the final accuracy is limited to
a few percent, no mater how long an exposure is taken.  If
we had a way to calibrate each pixel individually, we could
correct for this limitation and tease more subtle clues to the
nature of the star out of the spectrum.

Working with an intern a couple years ago, we tried a

test that showed the technique of calibrating each pixel as a
separate sensor held promise of perhaps improving the
precision of  the spectra by as much as a factor of  two.
This year I offered this project to potential intern Madeline
Parker, a Monterey resident now at Southern Methodist
University.  She agreed and we used funds from a grant
from the William McCaskey & Adaline Dinsmore Chapman

Foundation to purchase 18 precision filters needed to
calibrate the pixels at 18 pre-selected colors.

Similar to the process for many interns, Madeline had
first to understand the problem and formulate an approach
to solve it.  This can be a bit frustrating to students used to
preformulated classroom experiments.  In real research,
there is no standard approach to a problem; no established
framework into which the intern can plug in the current
numbers.  Over a couple weeks of  discussion, the problem
came into focus.  Concurrently, she learned a scientific
programming language, Fortran.  There were two very
different programs that she had to design, write, and test:
the first, which creates the calibration for each one of the
quarter million pixels on the test CCD and a second, which
applies the correction to a CCD exposure.  She had to
extend her internship for a few days to finish her project.

As it took two people to take the calibration exposures,
Monterey High School sophomore Daniel Liao joined the
project for a week to help make the careful measurements
in the optics lab of  the MIRA Knox Shops.

There are no guarantees in research.  All scientists work
on many projects that end in failure.  We had hoped for as
much as a doubling of our accuracy but would have been
happy with a 25% or better improvement.

The results are shown in Figure 4.  The left panel shows
a small patch of  an uncorrected exposure of  a uniformly
illuminated scene.  Each rectangle represents the brightness
of an individual pixel.  A perfect CCD would show all the
pixels at the same level.  The typical variation between these

Figure 3. Monterey High School sophomore Daniel Liao checks the
alignment of  the optics in the sensitometer used to calibrate the CCD.
To avoid contamination with ambient light, all the calibration
exposures had to be made in total darkness.

Figure 2: Madeline Parker works in the MIRA Ralph Knox
Machine Shop to make a holder for the high-precision filters needed
for the calibration of  the CCD.
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pixels is about 400 units1.  On the right hand side is the same
part of the same exposure after the pixel-by-pixel correc-
tion is applied.  The typical variation is now only 25 units!2

We had hoped for a 50 percent improvement, we got
over 1500 percent improvement! Thanks Madeline, Great
job!

Figure 4. Final results.  On the left, a part of  an exposure of  a uniformly-illuminated scene; on the right, the same sub-image after the correction
was applied.  Each box in the image represents the strength of the signal reported by a pixel.  A perfect CCD would have shown a flat plot.  The
corrected image has only about 6 percent of  the noise of  the raw image.

Notes
1. For the technical types, the standard deviation is

about 400 analog-to-digital units (ADU). The standard error
of  the mean (SEM) is 1.05 ADUs.

2. 25 ADUs, SEM=0.07!

On the Cover
If  you’re looking up while there are thin layers of  ice

clouds overhead, 22-degree halos or Sun Dogs around the
Sun (see cover) are not very rare. However, this spectacular
display of ice halo phenomena captured by Joshua Thomas

on 9 January of this year at sunrise at Red River, New
Mexico is certainly rare. Keep looking up--there is a lot of
awe-inspiring nature above the treetops.
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The Winter Sky
by Dr. Arthur Babcock

As the quarter begins, everyone’s favorite winter
constellation—Orion—rises in early evening, and with it,
the Orion Nebula, M42 (and M43). It is a naked-eye
Messier object: the middle star of  the three stars forming
Orion’s “sword” hanging from his “belt” is distinctly fuzzy
to the unaided eye. Just about any optical aid, such as a pair
of binoculars, reveals it to be a cloud of fluorescent gas,
primarily hydrogen, ionized by young, massive stars within
it. Walter Scott Houston, who for many years wrote the
“Deep-Sky Wonders” column for Sky & Telescope maga-
zine, writes that “The Orion Nebula has inspired more
adjectives than any other deep-sky object.” 1  Indeed, the
nebula has served as inspiration for some very distinguished
writers. In his poem “Merlin and Vivien,” Alfred, Lord
Tennyson imagines the effect of  M42 on Merlin as he
reflects upon fame:

     … That other fame, …
     I cared not for it: a single misty star,
     Which is the second in a line of stars
     That seem a sword beneath a belt of three,
     I never gazed upon it but I dreamt
     Of  some vast charm concluded in that star
     To make fame nothing.

Houston also points out that M42 was the first nebula
to be photographed, by Henry Draper, and that William
Huggins’s spectroscopy of  M42 helped established that
some of the nebulae are composed of glowing gas,
whereas others, which today we call galaxies, show spectra
similar to those of  stars. Houston also relates the legend
that the first object William Herschel observed through his
first successful telescope was the Orion Nebula, and that it
was the last object he observed through the 48-inch
telescope before he retired that instrument.

Tennyson, Herschel, Draper… if  these figures cannot
inspire you to go outside on a chilly winter night to observe
the Orion Nebula, I don’t know what to tell you.

The cluster at the center of the nebula usually appears
in small instruments as four fairly bright stars, which gave
rise to the name Trapezium Cluster. In fact, though, with
good conditions, a telescope larger than six inches in

diameter will show five or six stars. Looking back at my
observing notes from 20 years ago, it seems that sometimes
I had no trouble discerning six stars with my 14.5”
Dobsonian, but at other times my notes read “only four
stars.” I think it is mainly a matter of  good seeing (a steady
atmosphere with crisp star images) rather than faintness.

Planets

I reported in the Winter 2014 Newsletter that in January,
2015, it would be possible to see all five naked-eye planets
(Mercury, Venus, Mars, Jupiter, and Saturn) in the course of
a single night. It was not possible to see all five planets
simultaneously; Jupiter was too far from Mars for the two
to be above the horizon at the same time. From about 20
January 2016 through 20 February, however, it will be
possible to see the five naked-eye planets simultaneously. This
will occur in the morning, however, and you will need a
fairly unobstructed view of the eastern horizon to catch
Mercury, the last planet to rise, shortly before dawn. This
event is much rarer than seeing the five planets in the course
of one night; it last occurred in January of 2005.

1. This quote, and the anecdotal information that follows it,
is from Walter Scott Houston, Deep-Sky Wonders, selections and
commentary by Stephen James O’Meara (Cambridge, MA: Sky
Publishing Corporation, 1999).

The constellation Orion
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A Hubble Space Telescope image of  the heart of  the Orion Nebula, showing
many more stars than the six I can see in my 14.5-inch scope. Image:
NASA/ESA

Mercury is well placed in the evening sky in late
December and early January. It reaches greatest elongation
west of  the Sun on 7 February, when it can be observed as
a morning object. On 9 May (not a winter date, but it
seems significant enough to mention it here), Mercury will
transit the disc of the Sun.

Venus undergoes a
close conjunction with
Saturn on the morning of
9 January. At their closest,
the two planets will be only
5 arc minutes apart, but at
that moment they will be
below the horizon for us.
Still, before dawn on 9
January, as seen from the
Central Coast, they will be
about one-half degree
apart, which should be
quite dramatic.

Mars is a morning
object throughout the
quarter, rising at 2am in late
December. By 20 March, it
rises at about 11:30pm.

Jupiter rises at about
11:30pm at the start of the season, and shows a disc of 38
arc seconds. It is at opposition on 7 March (i.e., is due south
at midnight, is visible all night, and is closest to Earth,
showing a disc of 44 arc seconds). By the end of the
quarter, it will have become an evening object, rising
around 5pm.

Saturn See Venus. At the end of  the quarter, near
midnight, Saturn will be fairly close to Mars. It will not be a
dramatic conjunction, but should make a nice sight all the
same.

Uranus devotees, the winter of 2016 is the season for
you! The planet will be visible in the evening sky nearly the
entire quarter, finally succumbing to the glare of the Sun in
mid-March.

Neptune will be an evening object until early February,
when it is too close to the Sun for observation. The planet
reappears in the morning sky at the end of  the quarter.

Meteor Showers

The Quadrantid meteor shower is expected to peak
on the night of  3-4 January. The Moon will not interfere
much. Some meteor activity from this shower can be
expected each night from 1 to 6 January.

Comets

The best hope for comets is again C/2013 US10
(Catalina). At this writing (early December), it is reported to
be around 6 to 6.5 magnitude and may brighten by about
one magnitude by mid-January. Some observers have

reported seeing it in
binoculars At the start of
the quarter, it will be
visible from about
4:00am to 6:00am, but
rises earlier as January
progresses, becoming a
late-evening object about
20 January. It will be
visible all night, but
getting fainter, from 29
January until 6 February.
As I wrote in the last issue
of the Newsletter, the
website in-the-sky.org is a
very useful source of
information on the
observability and location
of comets and other
celestial objects. Finder
charts and further infor-
mation about comets may

be found on Seiichi Yoshida’s Home Page.

Eclipses

I am certainly jumping the gun, but I cannot resist
pointing out that our country will enjoy a total eclipse of
the Sun on 21 August 2017. The path of totality runs from
Oregon to South Carolina. Then, not seven years later, we
get another one, on 8 April 2024. This time the path of
totality runs from Mexico through Texas and into Maine.
Make your plans now!

MIRA will offer two eclipse preparatory classes in
2017 for the Friends. One will focus  on how best to
observe the August solar eclipse; the other will bear on the
remarkable celestial details that make solar eclipses possible.

Just after the end of winter, but it seems prudent to
mention it now,  there will be a penumbral eclipse of  the
Moon on 23 March. A penumbral lunar eclipse occurs
when the Moon passes just north or south of the umbra,
which is the darkest part of  the Earth’s shadow. Passing
through the less intense part of  the Earth’s shadow, the
penumbra, the Moon will be dimmed much less (perhaps
even negligibly) than during a total lunar eclipse.
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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
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Chris Reed, OOS Caretaker

Dr. Whitney Shane, Astronomer and Charles
Hitchcock Adams Fellow
Joanna Sorci, Librarian

Dr. Russell Walker, Astronomer
Peg Winston, Volunteer
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Gordon Jones, Chairman
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