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Very High-Resolution Spectroscopy at Kitt Peak National
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Sunday, 12 December, 4-7pm: MIRA Holiday Party
     at the Hamming Astronomy Center

Fassnacht Lectures on Gravitational
Lenses

On 7 August, Dr. Chris Fassnacht of  the University of
California at Davis spoke on “Measuring the Size and Age
of  the Universe with Gravitational Lenses” to a large
audience at the Monterey Peninsula College. Below, Dr.
Fassnacht confers with MIRA’s Dr. Whitney Shane on
MIRA’s ongoing research on these fascinating objects.

Chews Ridge Weather Station
Available Online

Thanks in large measure to the efforts of  MIRA
volunteer Jim Neeland, MIRA astronomers and other
interested parties can get vital information on the current
weather at the Oliver Observing Station before they go
there. Humidity and wind speed are particularly important;
as with most observatories, if  these two factors are not
below acceptable levels, attempting observations with the
36-inch telescope poses the risk of  environmental damage
to telescope and instruments.

This weather information is available to all on MIRA’s
web site, www.mira.org. Give it a try!

Sky & Telescope Subscriptions

As a membership benefit, Friends of  MIRA may
subscribe to Sky & Telescope at the discount rate of  $32.95
for a one-year subscription (the current regular price is
$42.95). For more information, call Susan at 883-1000.

Friends Night at Oliver Observing
Station

Spring weather has been dificult in the past two years,
but we’re determined to try extra hard this coming spring.
Saturday, 5 March is the first date with the following
Saturday, 12 March an alternative weather date. If  we are
clouded out on the first night, we’ll actually receive a bonus:
Mercury will be in the best position for observations in
2005 on the 12th!

On the Cover

Top image: the high-resolution yellow and red spectrum
of  the twilight sky over Kitt Peak National Observatory. In
order to fit a significant amount of  spectrum on the detec-
tor the spectrum is split into many segments, the reddest at
the top left and the yellowest at the bottom right.

Bottom image: The dome of  the famous 84-inch
telescope is seen on the left in this scene illuminated by the
setting Arizona sun. Light from stars strikes the flat mirror
(center) which directs it to the 36-inch telescope mirror
installed in the top of  the tower (right). The light then enters
the shaft, seen in front of  the flat mirror, and passes down
into the basement of  the building, which houses the high-
resolution spectrograph.

See Dr. Bruce Weaver’s article on pages 4-5 of  this
issue.
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WISE Mission Selected by NASA Congressman Sam Farr Visits MIRA

NASA announced in August that the Wide-field
Infrared Survey Explorer (WISE) mission has been selected
as part of  NASA’s Medium Class Explorer program. The
WISE satellite, to be launched in 2008, will survey the entire
sky in the mid-infrared with greater sensitivity than has ever
been achieved before.

Dr. Russell Walker of  MIRA is a member of  the WISE
team.

The Orion region in visible light (left) and infrared (right)
(NASA image)

Educational Project on NEOs
Completed

MIRA astronomer Elizabeth Barker has produced an
educational CD-ROM entitled “Near-Earth Objects: Are We
Doomed?” as part of  a NASA grant to MIRA. This CD will
be distributed to every eighth-grade science teacher in the
state of  California. Elizabeth wrote about Near-Earth
Objects in the last issue (Summer 2004) of the MIRA
Newsletter. Eventually, we hope to add this presentation to
our “Field Trips to the Stars” web pages.

MIRA astronomers Elizabeth Barker and Dr. Sumita
Jayaraman are leaving MIRA to assume new positions
elsewhere.

Sumita will be affiliated with the Infrared Processing
and Analysis Center (IPAC) of  the Jet Propulsion Lab, and
Elizabeth will be at the Space Telescope Science Center
(STScI) in Baltimore.

While we are of  course disappointed to see them go,
MIRA wishes both of  these folks well in their new posi-
tions.

Two MIRA Astronomers Move On

Monterey Peninsula Volunteer
Services Awards Grant to MIRA

MIRA has received a grant of  $1,500 from Monterey
Peninsula Volunteer Services for acquisition of  a new
computer accounting system. With the help of  Friend of
MIRA Ron Chester, our Administrator, Susan Avery, is hard
at work converting our old system to the new.

MPVS operates a thrift shop at 655 Broadway in
Seaside. Donations of  salable items to the shop allow
MPVS to support non-profit organizations throughout the
Monterey Peninsula. We encourage our Friends to visit the
shop and familiarize themselves with MPVS operations!

Rep. Farr visited MIRA’s Hamming Astronomy Center
to learn about our research and education programs and to
discuss funding for the construction of  library and office
space in the “high bay” part of  the Center.

Below, he poses with Dr. Bruce Weaver at the conclu-
sion of his visit.

MIRA Astronomers to Publish Article
Drs. Bruce Weaver and Arthur Babcock recently

completed an article on “A Deep Objective Prism Survey
for Classical T Tauri Stars in the Sigma Orionis Region.” It
will appear in the November, 2004, issue of  Publications of
the Astronomical Society of  the Pacific.
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Reading the DNA of the Universe
II. Up Close and Personal

By Dr. Wm. Bruce Weaver

As discussed in earlier MIRA Newsletter articles
on spectroscopy,1 most of  what we know about
the universe comes from our analysis of  the

brightness of the light from celestial objects at different
colors.  Examples that we’ve published in the Newsletter and,
for that matter, in professional astrophysical journals, have
all been of  spectra taken with low to moderate resolution.
By spreading the light out only a moderate amount in color,
more colors can be observed at one time and objects can be
observed in shorter times.

Somewhat surprisingly, these low- or moderate-
resolution spectra are typical of  the work currently done
with the world’s largest telescopes because they also are
trying to go as faint as possible.  This means that high-
resolution spectra are now usually taken with smaller
telescopes.  This is counter-intuitive as high-resolution
spectra, where the light is spread out more, requires either
larger telescopes or longer exposure times to observe the
same object.  But the largest telescopes are studying very
faint objects that smaller telescopes cannot, leaving not-so-
faint objects and most of  the high-resolution astronomy to
smaller telescopes.

Since it is slower and more difficult, why do high-

The most attractive technique uses a low-resolution
grating in a special way to break up the light very finely.2
Unfortunately, this technique results in a bunch of  snippets
of  the spectrum piled on top of  each other—sort of  like
projecting 30 movies on the screen at the same time!  This
confusion is sorted out by using prisms to spread the pieces
out on the CCD electronic sensor.

To gain some experience with these types of  spectro-
graphs, in April I observed with the highest resolution
spectrograph at Kitt Peak National Observatory.  The
scientific purpose was to search for a little studied effect of
atomic physics, the Stark effect, in the spectra of  hot stars
with peculiar atmospheres.  The effect is so slight that only
very high-resolution spectra should detect it.

I learned a lot about the practical care and feeding of
such a spectrograph and was just delighted at the high-
resolution spectra that reveal an unexamined wealth of
information about the objects I observed.  Of  course, the

resolution spectroscopy?  The reason is simple: the more
you spread out the light, the more details about the atoms
and molecules in the distant object become visible.

Some astronomers at MIRA are becoming interested in
the vast wealth of  information available in high-resolution
spectra, especially in the atmospheres of  stars.  Building a
high-resolution spectrograph is an expensive proposition so
we’ve started to study carefully the best ways to design and
build such an instrument.

Fig. 2 After three days of  data reduction, intensity tracings of  the
spectral bands of  the comparison hot supergiant star Deneb can be
spread out in colors (wavelengths) from the yellow (5500Å) to the red
(8900Å). Note that many of  the segments overlap, providing two
exposures of  some parts of  the spectrum.

Fig. 3 One of  the tracings is isolated to permit us to focus our
attention on one of  a dozen spectral lines being studied.
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hard part is learning to understand the spectra that reveal
the most intimate secrets of  these stars.  It takes a week of
work just to convert one night’s observations into usable
graphs like the ones shown here.

Since returning to Monterey, I’ve been spending about
half  my time working on a design for a MIRA high-
resolution spectrograph.  In order for it to be as stable as
possible, we will put it on the floor below the telescope,
built on a granite slab, and enclosed in a temperature-
controlled case. Light from the telescope will be “piped” to

the spectrograph with a 1/10 millimeter diameter glass
fiber.  We just completed a week of  tests on the latest fiber
to confirm that it would be suitable for the job.  It passed
with flying colors.

Although there is much design and testing yet to be

Fig. 1. The spectrum of  Antares. After four nights of  observing hot stars, for variety I decided to take an  exposure
of  the much more complicated spectrum of  this very cool supergiant star which pulsates in a semi-regular manner.

Fig. 4 Now we’re closing in on one of  the targets. An interesting
sidelight is the strong hydrogen absorption line between 6560Å and
6580Å, with the bright emission line on its right shoulder. This
indicates hot gas being ejected from the atmosphere towards Earth.

done, the next step may be the most difficult: how do we
attract the funding to build what will be one of the highest
resolution astronomical spectrographs in the world?  Well,
all of  MIRA’s projects have started with a great idea and no
funding; why should this one be any different?

Notes
1 E.g., “Reluctantly Retiring the Reticon” (MIRA

Newsletter Vol. 25, No.3) and “Reading the DNA of  the
Universe: I. Why” (MIRA Newsletter Vol. 24, No.3).

2 For all you technical types who read our Newsletter,
this is an echelle grating, used in high orders.

Fig. 5 Here is the prize at the end of  the spectral rainbow: an
absorption line of  neutral silicon at 6524Å which will serve as one
of  the comparisons against which to measure the shape of  the same
line in the program stars.
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The Fall Sky
by Dr. Whitney Shane, MIRA’s Charles Hitchcock Adams Fellow

Fixed Stars

When we look at the Milky Way, which is in full view
during the fall, we cannot fail to notice the Cygnus Rift, a
dark band that divides the bright Milky Way into two
parallel parts. This band extends from Cygnus all the way
down to Aquila and beyond. For us,
this is a perfectly obvious example of
interstellar extinction. We understand
it as a nearby band of  interstellar
dust, which blocks the light from the
more distant stars making up the
bright Milky Way. It is therefore
remarkable that it took astronomers
so long to recognize interstellar dust
as an important component of  the
Galaxy, and subsequently of  all spiral
galaxies.

Although the presence of
discrete dust clouds had already been
suspected by William Herschel and
many of  his successors, it was only
in 1930 that R.J. Trumpler demon-
strated that dust was to be found
throughout interstellar space. He did
this in an interesting way. He realized
that the apparent density of stars in a
star cluster, or, if  you prefer, the
surface brightness, should be inde-
pendent of the distance to the
cluster. The total brightness will
decrease with the square of the
distance, but so will the apparent
area, leaving the surface brightness unchanged. Looking at
clusters of  similar appearance but different size, he found
that the smaller the apparent size, the lower the surface
brightness. He could best explain this if  he assumed that
interstellar space was full of  some absorbing material, like
dust.

We can speculate on why it took so long to make this
very fundamental discovery. Perhaps this is a case of
astronomical wishful thinking. In the early twentieth
century, models of  the Galaxy, which at the time was
essentially the whole known universe, were based largely on
star counts. The “Kapteyn universe,” which showed the

Sun near the middle of  an irregular disk of  stars whose
density decreased in all directions, was one of  these. As we
now know, this result was due to the more distant stars
suffering from extinction, so that they appeared more
distant and thus more thinly distributed than they really
were. Admitting the possibility of  extinction meant that the

method of star counts became
essentially useless, at least as it had
been applied hitherto. This robbed
astronomers of one of their most
powerful tools in the study of  the
structure of  the known universe. No
wonder they were so reluctant to
accept it!

Interstellar matter can be ob-
served in many ways, but it is the
extinction that is most widely noted
and most troublesome to astrono-
mers. There are three main aspects of
extinction. The first, and most
important, is the dimming of  light
from a star due to the intervening
dust. Clearly, the dust will absorb or
scatter a certain amount of  the
starlight, so that the star will not
appear as bright as it otherwise
would. This is an unwelcome compli-
cation when one wants to determine
the absolute brightness of a star at
known distance or the distance to a
star of  known or assumed absolute
brightness.

Second, the extinction depends
on the wavelength of  the light. The longer the wavelength
compared to the particle size, the less the extinction, as long
as the particles are not too large. Thus red light passes more
easily than blue, and a star suffering from extinction
appears reddened. We can usually estimate the reddening by
comparing the apparent color of the star to the color that it
should have according to its spectrum. Although the
relation between reddening and extinction is not the same
in all regions of  space, probably because of  differing
chemical composition of  the dust, a standard reddening law
will suffice for most purposes. Thus, annoying as the
extinction sometimes is, without the reddening astronomers

The Milky Way in Cygnus
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would be even worse off  than they already are.

A third effect is the polarization of  light. This is usually
a very small effect, and quite hard to measure, but it can
give us additional information about the interstellar me-
dium. Dust particles are generally not round but are longer
in one dimension that in the others. They also spin or
tumble in space because of, among other things, collisions
with other particles. If  there is a magnetic field present, as
there almost always is, they will tumble with their spin axis
aligned with the magnetic field. This aligns the particles
themselves perpendicular to the field, and this is the
direction of  polarization in which the most light is ab-
sorbed. Thus the light left unabsorbed is generally polarized
in the direction of  the magnetic field. As you can well
imagine, there were many conflicting theories presented
before the astronomers got this straightened out, around
the middle of  the twentieth century. We can now map the
magnetic field in the nearby parts of  the Galaxy, and we
find that it is generally aligned with the spiral arms, as we
would expect from dynamical arguments.

Planets

Mercury will be visible with great difficulty low in the
southwest evening sky in the middle of  November and
again low in the southeast morning sky toward the end of
December. This is not the time to be observing Mercury.

Venus will remain in the eastern morning sky during
the whole quarter, but the best observing will be in Octo-
ber. By December it will rise only two hours before the Sun
and will be observable only during twilight.

Mars will become visible low in the eastern morning
sky at the end of  October, and its visibility will increase
very gradually during the rest of  the year.

Jupiter will also become visible in the eastern morning
sky during October and its visibility will also improve as the
year nears its end. On November 9 Jupiter will be occulted
by the Moon, the first of  11 such occultations during this
and next year. This is the first of  four lunar occultations of
planets that will occur during November. None of  them
will be visible from our region.

Saturn starts the quarter high in the morning sky and
will become increasingly well placed for observation as the
quarter progresses.

Meteor Showers

Two important meteor showers will dominate the fall
observing season. The Orionids, which peak on October
21, form a complex shower which may be observed during
the whole month of  October. The Geminids, one of  the
most intense showers of  the whole year, will peak on

December 13 and should be observable for a few days on
either side of  this date. Both showers enjoy an almost
moonless sky and are visible during the whole night.

The Leonids, whose dramatic return during the last few
years has attracted so much attention, are now well past
their peak, and only modest activity is anticipated. They
should be at maximum on November 17 and are best
observed after midnight, when the radiant has risen and the
Moon set.

Among the lesser known showers, we should note the
Draconids, on October 8, which are known to produce
occasional unexpected outbursts. Two other weak showers
which, nevertheless, sometimes show strong outbursts are
the Alpha-Monocerotids on November 21 and the
Phoenicids on December 6, the latter mainly visible from
the southern hemisphere.

Comets

The brightest of  a considerable number of  periodic
comets currently visible is 78P/Gehrels. It should reach
perihelion and opposition almost simultaneously (very
unusual for a comet) in October when it is expected to
reach tenth magnitude.

Comet 2002 T7 (LINEAR) has been one of the
brightest comets of  the year thus far, but it has been mainly
visible from the southern hemisphere. It may, however,
reappear for northern observers as a thirteenth magnitude
object around the end of  October.

Another bright comet is 2001 Q4 (NEAT) which is
now well past maximum but should remain visible as a
telescopic object for the rest of  the year.

Comet 2003 T4 (LINEAR) is brightening slowly and
should reach eleventh magnitude by the end of  the year, but
it is located below the pole and fairly close to the horizon,
so it is not a convenient object for observation.

Eclipses

There will be two eclipses in October. The first is a
partial solar eclipse on October 14, visible from the far
northern Pacific Ocean and surrounding regions, but not
from our area.

Of more interest to us is a total lunar eclipse on the
evening of  October 27. The eclipse will begin slightly
before moonrise, but we should be able to see most of  it.
The circumstances are similar to those of  the eclipse of
November 8, 2003, but a little more favorable, in that it will
occur about  80 minutes later, giving us that much more
time to admire it.
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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 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

Thanks!

Brashear Chong
Kenneth P. Lange

Marcelo & Elizabeth Rizzo
Beth Shirk & Anne Hietbrink


