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MIRA’s Class of  2015
High-school and college interns pose in front of

the Hamming Astronomy Center.
 See On the Cover, p. 2.
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Interns, from left to right, are Madeline Parker, Natasha
Dadlani, Daniel Liao, Alivia Guzman, Martin Smith, Tiffany
Thisner, Teja Gambhir, and Lucas Tilley. Astronomers in the
picture, from left to right, are Drs. Russ Walker, Whitney
Shane, Arthur Babcock, and Bruce Weaver.

Sadly, MIRA lost a great friend on May 1st.  Jim
Neeland contributed information-technology services
for the last ten years at the Hamming Astronomy
Center in Marina and the Oliver Observing Station on
Chews Ridge.  Jim devised what Dr. Bruce Weaver
termed a “new paradigm” for controlling CCD
cameras mounted on the 36-inch telescope. To reach
the control room from the telescope requires a 140-
foot cable, but commercial CCDs usually come with a
short cable with unique proprietary connectors. By
mounting lightweight computers on the telescope, the
short cable supplied with the camera can be plugged
into one of these computers and the computer
operated from the control room via a simple Ethernet
connection. He also was key in developing instrumen-
tation and web pages to monitor the solar, wind and
generator systems at the observatory.

Jim graduated from Cal Tech where he was an
accomplished inventor holding a patent on solid-state
lasers. He had a long career with Hughes Research
Labs from which he retired in 1997 and then recently
retired a second time from Delphi Systems in Malibu,
CA. He will be greatly missed for his companionship
and generous services to MIRA.

The family has asked that contributions in his
memory be made to MIRA. We expect the Jim
Neeland Fund will be used to upgrade our Internet
system, an area to which Jim devoted much of his
effort. If  you’d like to contribute, please contact Tami
or Bruce at MIRA.

James Neeland

Thomas Bohn, who achieved a degree of distinction at
MIRA for serving as an intern for three summers, still hasn’t
had enough astronomy: he has been accepted into the Ph.D.
program in Physics with an emphasis on Astrophysics and
Astronomy at the University of California, Riverside.

Thomas writes, “My summers at MIRA have been
some of  the best experiences in my educational career. I still
remember various IRAF commands including epar, tvmark,
and mknobsfile (I’m sure someone there will get a kick out
of this). I really appreciate all the time and support you’ve
given me these past years.”

Good luck, Thomas, and stay in touch.

Speaking of  Interns

Teja Gambhir discusses her work on some of  MIRA’s data on the
NASA Deep Impact mission with Dr. Bruce Weaver.

Sunday, July 26, 2:30-4:00pm Free tour of  the
Oliver Observing Station. Reservations are required;
call 883-1000.

Sunday, August 30, 2:30-4:00pm Free tour of  the
Oliver Observing Station. Reservations are required;
call 883-1000.

Friday, August 14 Friends’ night at the Oliver
Observing Station. Reservations and membership in
the Friends of MIRA are required; call 883-1000.

On the Cover

--Gary Love
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The Baches medium-resolution spectrograph, pur-
chased with a dedicated grant, permits all of  the visible
spectrum to be recorded at once.

Why another spectrograph?  The Baches spectrograph
does not provide higher resolution spectra than the spec-
trograph currently on the telescope, it takes longer to record
a spectrum, and it does not work in the ultraviolet part of
the spectrum.  However, it is an excellent instrument for
student use and, on the research side, it permits much more
of the spectrum to be imaged at once by breaking the
spectrum into strips and arranging the strips on a square
sensor.  It also provides a test bed for development of
hardware and software for the MIRA very high resolution

The Baches Echelle Spectrograph

Intern Daniel Liao and Dr. Bruce Weaaver work with the new
specrograph.

spectrograph (MIRA Echelle = Mechelle) which is of the
same design type.

Red is at the top and blue at the bottom.  The small
group of lines at the very top left is due to oxygen in the
Earth’s atmosphere.  All the other dark, vertical bands are
caused by atoms and molecules in the atmosphere of the
Sun.

The Baches spectrograph and its Remote Calibration Unit.

Strips of the spectrum of the Sun, using the recently acquired Baches echelle spectrograph. 
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Scientific Modeling III:

Gods and Demons
by Dr. Wm. Bruce Weaver

It is almost impossible to think of  a theory, much less a
more complicated computer model or simulation, of a
physical phenomenon that does not require some seemingly
ad hoc components.  In the most attractive theories, these
components are universal constants--values that seem
fundamental to the way Nature made the Universe and for
which there is no underlying rationale; they just are. For
example, in the world’s most famous equation

          E= mc2,

the c2 stands for the speed
of light times itself.  The
relationship can be derived
but the value for the speed
of light can only be
measured; it is not made
of  more basic parts.
Another such constant is
the mass of the proton.
Several famous scientists,
usually in the twilight of
their research years, have
tried to reduce such
constants to the minimum
number of fundamental
values.

The idea of fudge
factors has been around
for over 300 years.  If  you
fudge results it means to
manipulate the facts to
arrive at a predetermined
result.  Fudge factors in
science are not quite so
underhanded but it does mean that you had to introduce an
ad hoc, or arbitrary, factor into your theory to make it come
out the way you hoped--typically, to match what is ob-
served.  Scientists hate the idea of  using fudge factors--it is
basically a glaring statement that their explanation is, at best,
not complete or, at worst, just plain wrong.1

The existence of fudge factors in the study of the
atmospheres of stars is one of the prime reasons I under-
took to create a new method for determining the properties
of  stellar atmospheres.  Stellar atmospheres are at the heart
of almost everything you read about the Universe.  By using
stellar atmospheres, astronomers can determine how much
of  each element is in a star.2

Stars formed more recently have more of  the heavy
elements that were formed in the centers of  stars and then
spewed out into the interstellar medium to form new stars.

Thus the ages of stars,
clusters of stars, and
galaxies, as well as how the
Universe evolves with time
is tied to our understand-
ing of  stellar atmospheres.
Indeed, with the exception
of the Sun, almost every-
thing we know about stars
comes from the light from
the stars, all of which
passes through their
atmospheres. It is a
spectacular human achieve-
ment that, from a tiny
amount of ancient light
emitting from an unre-
solved spot on the sky, we
are able to discern the
most intimate details of a
distant star.

The fudge factor that
annoys me the most in

astronomy is “microturbulence”.  In the 1930s, it was
becoming clear that just applying what was recently learned
about quantum mechanics and atomic physics was not
enough to construct a theory that accurately reproduced the
appearance of stellar spectra.

Figure 1 shows a MIRA spectrum of the scattered

1This does not mean that if a theory has no fudge
factors, it must be right. Sometimes you just get lucky with
the wrong explanation.

2Stellar atmosphere models also tell us about how
temperatures, pressures, winds, and other features change
above the surface of  the star.

Otto Struve (1897-1963), one of the most famous atronomers of the 20th
century, was the fourth and last in a line of  eminent astronomers.  While

modern astronomers publish about one research paper per 18 months, he and
his collaborators published about one per month.
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sunlight in the sky.  If  it were a color picture, it would be
ultraviolet on the left transitioning to green on the right. The
vertical dark bands are called “atomic lines” or “lines” for
short.  Each line, with its unique color, represents a change
in energy of  a particular type of  atom in the atmosphere of
the Sun.  The problem facing astronomers was that the
observed spectral lines were much wider than the theory
predicted.  So, in 1934, Otto Struve, the fourth and last in a
line of  famous astronomers, and C.T. Elvey solved the
problem by using a fudge factor.  His genius was in picking
a great name: turbulence, later microturbulence.

It is perfectly reasonable to think that the hot gases of a
star’s atmosphere might be turbulent but inventing a fudge
factor which you change until you get the right answer is not
proof of that.  What is worse, as more precise measure-
ments of the spectral lines were made it became necessary
to add “macro-turbulence” and then “meso-turbulence”
three arbitrary fudge factors that astronomers could change
until their theories gave the right answers.

Although the idea of turbulence in the hot gases of a
stellar atmosphere is intuitively attractive, several astrono-
mers have pointed out that there is no physical or theoretical
evidence for it.  However, since this very useful way to
tweak the results of your calculations has been around for
many decades, it has now taken on the mantle of dogma--

1. A solar spectrum taken with the MIRA telescope during
commissioning of  the low-resolution spectrograph by observing the
sunlight scattered by the Earth’s atmosphere.

3. On the left, a closeup image of the surface
of the Sun; the right, the results of Dr.
Frank Robinson’s simulation of  convective cells
at the surface of the Sun.  Are they the same?

an idea to be accepted without argument.  To make the
concept even more obviously wrong, some modelers use
different microturbulence velocities for different elements in
the same star!  Small changes in the assumed micro-
turbulence velocities result in very large changes in the
derived abundances which, in turn, change our understand-
ing of  how our Milky Way Galaxy has evolved over its
lifetime.

Examples of what my Stellar Atmosphere Simulation
(SASi) predicts with and without microturbulence are
shown in Figure 2. In one of the first applications of SASi,
we were able to dispense with the arbitrary turbulence
factors by including a physical model of turbulence devel-
oped by Dr. Frank Robinson of  Yale University (Figure 3).
Since only the average properties of the detailed model of

Robinson are
needed, MIRA
physicist Gary
Love and I
characterized the
details of turbu-
lence with aver-
ages throughout
the stellar atmo-
sphere in SASi.
The results are
shown in Figure

4.  Eureka!  After nearly a century, the need for three
arbitrary fudge factors may be finally over.

(continued on page 6)

2. SASi, like any other model of the solar spectrum predicts
absorption lines that are too narrow if  arbitrary turbulent
velocities of 2.6 km/sec (about 6,000 miles per hour!) are
not included in the calculation.

4.  Including Dr. Robinson’s explicit convection in SASi’s calculations
produces the correct results without an arbitrary microtubulent
velocity.  BASS 2000 is the measured solar absorption line (darker
line); the other three curves are from different solar structure models
used by SASi.  The best structure model is by Anderson.
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(Scientific Modeling III, continued)There are factors in physics that may lie between

fundamental constants and fudge factors. A simple
example is the equation for the force of  gravity, that
mysterious force that keeps us stuck to the Earth.  It is
clear that under ordinary (nonrelativistic) circumstances,
the force of gravity is proportional to the product of
the masses involved divided by the square of the
distance between them.

Force = G x mass1 x mass2  / d2 , where d is the
distance between them.

The
factor in
question is the
“G”.  No
matter what
units you use
(e.g., English
or metric or
ancient
Roman), you
need to
multiply by
some number
that you can

only determine from experiments.  That is, there is no
way to figure out what “G” should be from physics.
This makes it sound like a fundamental constant.  But,
unlike constants like the speed of light (miles per hour
or kilometers per fortnight), G has to have really
strange units (distance3 / (time2 x mass)) to make the
answer, the force of  gravity, have the units of  force,
which is pounds.

Now gravity is the force that dominates the lives
of stars, galaxies, and the Universe so the “G” factor
is, arguably, the most important number in the Uni-
verse.  The fact that we have no theory that explains
these odd units when we do calculations is just more
embarrassing evidence that we really don’t know very
much about gravity.  Perhaps a few generations of
scientists from now will uncover more basic units that
explain this situation.

I should point out that this interpretation of  the properties/
units of G generated some heated discussions at MIRA.  It is
one of the joys of science, I think, that even what is taught at the
high school level is still uncertain.  What a great playground
science is!

Gravity pulling two masses together.
Without the gravitational constant “G” , not

only is the number from the calculation
wrong, but so are the units of  force.

A thank-you note to MIRA from the Chartwell School.

There are other, less obvious fudge factors in our
attempts to model stellar atmospheres.  At MIRA, we’re on
the hunt to turn over the rocks under which they’re hiding
and try to constrain them as much as possible.  Most of the
rest seem to be involved with the fundamental physics of
how atoms form spectral lines; surprisingly, much of  this
well-observed process is poorly understood.  For two of
the most important factors, there is not even a good atomic
physics theory and, for another, stellar results seem to
disagree with those from the laboratory.  Constraining these
factors, that, because of their very poorly understood
values, have become fudge factors in their own right, is the
basic goal of SASi.
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The Summer Sky
by Arthur Babcock

Venus and Jupiter reached an extremely close conjunc-
tion on 30 June (fortunately, this event was mentioned in the
Spring Newsletter).

Planets

Mercury is visible in the morning sky for the first half
of  July. It passes within a degree of  Jupiter on 6-7 August,
and the two planets set just after the Sun.

Venus reaches its
maximum brightness (-4.7
magnitude) on 9 July and
comes fairly close to
Jupiter on 31 July. It will
not be visible during most
of August, and becomes a
morning object in Sep-
tember.

Mars is difficult or
impossible to observe for
most of  the quarter.

Jupiter will vanish in
the glare of the Sun in
early August, and reap-
pears in the morning sky
by mid-September.

Saturn  is well-placed
for observation during
much of the period.

Uranus rises near
midnight in early July. By
September, it rises in mid-evening.

Neptune rises in late evening at the start of  the quarter.
By September, it will be visible all night (be still, my heart!).

Meteor Showers

The best meteor shower of  summer is the Perseids.
This year, the peak is predicted for 12 August, but meteors
are generally viewable from 9 August through 13 August.

The MIRA 36-inch telescope silhouetted against the summer Milky Way in
this image by Friend of  MIRA Ken Hess.

We may even see some on our Friends Night on 14 August
(see the Calendar, p. 2). For once, the Moon, which is new
on 14 August, will not interfere. The Zenithal Hourly Rate
may be as high as 90 (ZHR is the number of meteors an
average observer may see in one hour from a dark-sky site
such as Chews Ridge). The Southern Delta Aquariids peak
on 29 July, but the Moon, illuminated 95%, will wash them
out.

Comets
There do not seem to

be many bright comets for
the summer. Comet 67P
Churyumov–Gerasimenko,
which we have followed in
articles on Rosetta and the
Philae lander, reaches
perihelion on 13 August
and may reach magnitude
10, when it emerges from
behind the Sun in Septem-
ber. A shout out to Philae,
which awoke, refreshed, on
13 June with the increased
sunlight of  the comet’s
spproach to the Sun. Seiichi
Yoshida’s Home Page is a
good source for informa-
tion on comets.

Eclipses
There will be no lunar

or solar eclipses visible
from the Central Coast
during the quarter. How-
ever, a few days after the

end of summer, on 27 September, we can enjoy a total
lunar eclipse. When the Moon rises at 6:52pm, it will already
be almost in total eclipse. The early to middle evening hours
will be the time to watch the progress of the eclipse.



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
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Dr. Craig Chester, Astronomer & President

Dr. Donna Dulo, Docent
Dr. James Eagle, Docent
Brian Jacobson, Docent

Gary Love, Physicist
Chris Reed, OOS Caretaker

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

Dr. Russell Walker, Astronomer
Peg Winston, Volunteer

The MIRA Board of Directors
Gordon Jones, Chairman

Dr. Craig Chester, President
Alan Crockett, Secretary
Anthony Troia, Treasurer

Homer Bosserman
Gary Love

Richard Stedman
Dr. Wm. Bruce Weaver


