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Kitt Peak National Observatory on the block?
Several of the most productive American telescopes of the twentieth
century are in danger of  being closed. Dr. Bruce Weaver explains why

astronomers have only themselves to blame (p. 4).
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MIRA Astronomy Club

   Sunday, June 8, 2:30-4:00pm Free tour of  the
  Oliver Observation Station. Reservations are required;
  call 883-1000.

The MIRA Astronomy Club (formerly the MIRA
Observers Group) meets on the first Thursday of  each
month at 7pm at the Hamming Astronomy Center. Friends
of  MIRA may join the club without any charge. For more
information, call Tami at 883-1000.

Big Data at MIRA
Dr. Bruce Weaver wrote in the Fall 2012 Newsletter

about MIRA’s huge collection of  glass photographic plates
made by him at various locations in the 1970s. Now we
have acquired a high-resolution scanner to digitize these
plates, and we are
beginning to
realize exactly
how huge the
collection is.

Doug
Warner, who is
managing the
scanning opera-
tion, reports that
the scanner, a
Canon 9000F,
was designed to
scan 120-size
photographic film
and had to be
modified so that
the 7.75” x 7.75”
glass plates can sit
directly on the
platen. The area
of the plate that is
scanned in each
pass is still the size
of 120 film,
however, so it
requires three
passes to scan each plate. At the maximum resolution
available on the scanner—9600 pixels per inch—each pass
requires about an hour.

Each scan produces a 3.66 gigabyte file; a full plate
would be about 11 gigabytes.

Just displaying so large a file is daunting; our usual

A tiny (four percent) section of an archival Schmidt spectral plate shows a few typical spectra and
an exciting, unusual emission-line spectrum. These plates cover so much of  the sky in a single

exposure that they are perfect for discovering rare, unusual stars that are often the key to
understanding special phases of the life-cycles of stars.

image processing software can’t handle so big a file and we
had to acquire special software. And storage of the data is a
non-trivial matter: there are about 400 plates, and, when

scanned, they will
require 4.4
terabytes (14
terabytes with
backup). If a
book is typically
two megabytes, 14
terabytes is the
equivalent of the
text of seven billion
books!

  Sunday, July 13, 2:30-4:00pm Free tour of  the
  Oliver Observation Station. Reservations are required;
  call 883-1000.
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“Most astronomers are faced with the problem of having a telescope
that is smaller than the largest” - W. Hiltner, 1958

“If  this research is so good, why is it not proposed for a larger
telescope?” - Anonymous NSF referee in a review of a MIRA
research proposal, 2000

Every culture, whether one in the sciences, arts, technolo-
gies, or politics, has an illogical dogma that has a serious impact
on its ability to advance.  These usually exist for complicated
reasons, often historical, but always mixed with the long-lasting
effects of  strong personalities.

In
astronomy,
that dogma
is that the
quality and
importance
of the
astronomy is
directly
proportional
to the size
(and cost) of
the telescope
used.  First,
and most
importantly,
it is easy to
demonstrate

that this is not true.  See the list in the side bar letter I recently
wrote to Science, the weekly journal of the American Associa-
tion for the Advancement of  Science.  For even more details,
read my chapter in a recent book on small telescopes at http:/
/www.mira.org/research/smallTel2.pdf.  In short, more than
half  of  the major discoveries of   20th Century astronomy (e.g.,
exoplanets, optical and radio pulsars, dark matter, dark energy,
etc.) were made with small telescopes or, as in the case of
quasars, could have been made with a small telescope.

I think there are several reasons for the myth that one
needs only the largest telescopes to do good astronomy.
Americans, who led the development of 20th Century
astronomy1, like big machines.  We Americans believe that

was responsible for the
first modern 60-inch
reflector, the Yerkes 40-
inch refractor, the 100-
inch Hooker telescope,
and, of course, the 200-
inch Hale telescope at Mt.
Palomar2.  The 200-inch
is now considered a small
telescope.

While the grand
telescopes left in Hale’s
wake were privately
funded, the funding of
American science in the
post-war era was taken over by the U.S. government.  It was
not long after this windfall for the sciences that the costs of this
funding source lived up to the fears of the critics of this shift
from private philanthropy.  Scientists spend a large fraction of
their time writing grant requests for massively oversubscribed
funds and then, of course, spending many days a year review-
ing the proposals of  other scientists.

The most exciting results in science are unexpected--in
astronomy, serendipitous as well--but these typically come
from high-risk, high-payoff experiments that, as they usually
challenge established theory, usually fail.  But reviewers and
government funders are extremely reticent to fund ideas that
will probably fail.  As a corollary, they strongly prefer short-
term experiments so they have not committed funds for an
extended period for a failed, or worse, uninteresting, result.  A
mega-telescope costs more than $100,000/night to operate; a
telescope like MIRA’s costs a few hundred dollars/night.
Modern detectors have made a MIRA-like one-meter tele-
scope equivalent to a 300-inch telescope in the days when
Palomar used photographic emulsions.  That means that the
MIRA telescope today can explore ten times more of the

The Sad Tale of  Professional Astronomer
Telescope Envy

by Dr. Wm. Bruce Weaver
bigness has a beauty of its
own.  In astronomy, this
was the legacy of the great
American astronomer
George Ellery Hale, who

1. Ithink it is fair to say that the Europeans have pulled
even by now.

The first exoplanets were discovered with small
telescopes: a 75-inch in France and a telescope

roughly equivalent to a 20-inch at Lick
Observatory.

The first observations suggesting dark
matter were done with an 18-inch
telescope at Mt. Palomar. Much of

the early dark energy work was also
done with what are now considered

small telescopes.

2. and the California Institute of  Technology!
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Universe than could the 200-inch in the photographic era.  That
is a lot of unexplored Universe!

Large instruments, whether they be super colliders or
extraordinarily large telescopes, have associated with them an
endless litany of superlatives: farthest, smallest, oldest, faintest,
...  These are interesting properties of studies but, when
constantly used, make funders deaf to  science requests that
don’t use these words.

Very simply, astronomers have been claiming for decades
now that only the largest, most expensive telescopes can reach
the superlatives.  Now funding agencies believe them and
major observatory facilities like Lick on Mt. Hamilton and Kitt
Peak National Observatory (KPNO) in Arizona may soon be
closed.  The proposed rescheduling of the KPNO funds to
fund some small fraction of the cost of an extremely large
telescope3  is particularly onerous as the initial concept for
KPNO was to provide a national telescope facility for the
many astronomers at universities that could not afford major
telescope facilities or that were located east of the Rockies
where the atmospheric conditions obviate much optical
astronomy.  They’ve closed all the smaller telescopes and their
biggest ones, like the 4-meter, are expected to be closed as
well.

Biology types know that most research is supported by
less than the most expensive, most powerful microscope.  In
astronomy, there are certain, very exciting types of  research that
can be done only with the largest possible telescope; but most
research, much of it just as exciting, can be conducted with
smaller, much less expensive instruments.  And failure, in search
of the scientific home run, can be affordable.

I like to shock my astronomical colleagues by telling them
that large telescopes are there to support the work of small
telescopes-the opposite of the current astronomical dogma .
You just have to learn to boast about your scientific results, not
the size of the telescope you used.

Small Telescopes, Big Rewards
THE CLOSING OF LICK OBSERVATORY (“LICK Observatory in
trouble as austerity starts to bite,” Y. Bhattacharjee, Science, 13
December 2013, p. 1299) and all the major national optical
telescopes on Kitt Peak National Observatory (“Money woes
cloud future of workhorse U.S. telescopes,” Y. Bhattacharjee,
Science, 20 December 2013, p. 1425) should hardly come as a
surprise to astronomers. For many years, we have argued to
funding agencies, often through prestigious decadal surveys,
that to do the most important astronomy, only the largest and
most expensive telescopes would suffice. Now that the funding
agencies believe us, we are facing the consequences. The
endgame of advocating increasingly expensive instruments has
already been demonstrated by particle physicists with the
cancellation of the Superconducting Super Collider in 1993.
Many of the greatest discoveries in astronomy in the 20th
century were made with small telescopes of their time. Optical
pulsars, radio pulsars, and exoplanets were all first observed
with small telescopes.
Some discoveries made with large telescopes could have been
made with small telescopes (such as quasistellar objects), and
others were made by both large and small telescopes (such as
Sco X-1). The initial evidence for dark matter came from an 18-
inch telescope. With the advent of affordable, back-illuminated
charge-coupled devices, a 1-m telescope can explore an order of
magnitude more of the universe than could the Palomar 200-inch
telescope (now considered a candidate for small-telescope
funding) in the photographic era.

Astronomers are getting what they asked for: A very limited
number of telescopes so large and expensive that the workhorses
of astronomy, the smaller telescopes that can afford to do the
riskier and potentially more rewarding science, have been
sacrificed. Lick Observatory, one of the most prestigious in the
world, and all the important optical telescopes at Kitt Peak National
Observatory are not the first. The smaller telescopes at Kitt Peak
National Observatory and Lick had already been shuttered. More
ominous, along with the hardware, the astronomers and students
at the many smaller institutions are being sacrificed as well.

WILLIAM BRUCE WEAVER

Letter to Science

3. After the Europeans build their Extremely Large
Telescope (ELT) they have plans for an Overwhelmingly
Large Telescope (OWL). It’s hard to guess what the
follow-on will be dubbed. The Ring Nebula

(M57) imaged with an
electronic detector and the
MIRA 36-in. telescope
(right) compares rather
favorably with the same
object photographed on

film with the 200-inch at
Mt. Palomar (left). Note
the nebular detail in the

MIRA image.
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The Spring Sky
by Arthur Babcock

Why is spring the season for observing galaxies? It’s
because our Galaxy is shaped like a flattened pinwheel.
During the summer and winter evenings, with the Milky
Way overhead, we look through the disc of  the Galaxy,
and the stars, nebulae, dust, and gas block the view of
objects such as galaxies that are far away. In spring and fall,
our line of sight is roughly at ninety degrees to the plane of
the Galaxy, and there is much less material blocking our
view.

Two of  my
favorite galaxies
of spring are
M104, also
known as the
Sombrero Galaxy,
and NGC 4565.
At the start of the
quarter, they both
transit (cross the
meridian) around
1am, but by late
May, they are
evening  objects,
transiting around
10pm. Both are
spiral galaxies seen
edge-on, and
NGC 4565 in
particular, with its
thin disk (it is also
known as the Needle Galaxy), illustrates admirably why we
see much farther when we look away from the plane of
our Galaxy. I have read that M104 can be seen with small
telescopes and even with binoculars, but that it requires a
six-inch scope to see the dark dust lane. NGC 4565 needs
aperture: if  memory serves, I first observed it with my ten-
inch, and often enjoyed the view in my large Dobsonian.

Planets

Mercury vanishes in the Sun’s glare in mid-April. It reap-
pears in the evening sky in May, reaching greatest elongation
on the 30th. It will be visible until about mid June.

Venus is the bright planet in the morning sky at the
start of  the quarter.  It passes two degrees south of  the

The Sombrero Galaxy (M104) imaged with the MIRA 36-inch telescope.

Moon on 25 May, and will remain visible in the morning
sky throughout the quarter.

Mars is at opposition on 8 April, rising near sunset and
visible all night. It passes three degrees north of the Moon
on 14 April, and will remain visible in the evening sky
throughout the period.

Jupiter is well placed at the start of the quarter, and
moves lower in the evening sky as we move into June.

Saturn rises
in late evening at
the start of the
quarter. On 10
May it is at
opposition and
visible all night.
Three times
during the quarter,
on 17 April, 14
May, and 19 June,
Saturn passes
within less than a
degree of the
Moon. Indeed,
the Moon actually
occults Saturn on
each of those
dates, but the
occultations are
visible only from

certain locales in the Southern Hemisphere.

Uranus is lost in the Sun’s glare at the start of  the
quarter. It begins to be observable in mid-May in the
eastern dawn sky and remains in the eastern morning sky
through the end of the season.

Neptune spends the quarter in the constellation
Aquarius. Early in the season, it can be found in the eastern
dawn sky. By mid-June, it rises around 1am.

Meteor Showers

Here we go again. There is the possibility of a dramatic
celestial event this quarter. In this case, there will be a
meteor shower on the night of 23-24 May when the Earth
passes within 280,000 miles of the orbit of Comet
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209P/LINEAR and its debris trail. This comet, discovered
in 2004, passed very close to Jupiter in February, 2012. This
event perturbed the comet into a new orbit. Some initial
analysis predicted a meteor storm, with a rate of 1,000
meteors per hour (for the sake of comparison, the Perseid
meteor shower in August typically has an hourly rate of 80).
But, as in the case of  Comet ISON, it is prudent to hedge
one’s bets; the experts cited in the May issue of  Sky &
Telescope predict hourly rates between 100 and 400, but add
that “storm levels cannot be excluded,” or some such
waffle language. In any event, observing conditions for us
will be good. The radiant (the point in the sky from which
the meteors appear to emanate) is near Polaris, the pre-
dicted duration of the shower is from 10:40pm PDT on
23 May to 1:50am on 24 May, and the Moon does not rise
until about 3am. And it’s even not a school night.

Apart from this shower/storm, the best bet for
meteors this quarter is the Eta Aquarids shower, on the
night of  5 May. The Moon rises around 12:30am, but the
late evening hours may give a nice show.

Comets

The brightest comets of the season, C/2012 K1
(PanSTARRS) and C/2012 X1 (LINEAR), are expected to
get no brighter than 8th magnitude. Finder charts and news
about other observable comets that may happen by are
available at heavens-above.com.

NGC 4565, the Needle Galaxy, imaged with the MIRA 36-in. telescope.

Eclipses

There will be a total eclipse of the Moon visible from
the Central Coast on the night of 14-15 April. The partial
phase of the eclipse begins at 10:58pm; totality begins at
12:07am and ends at 1:25am; the partial eclipse ends at
2:33am.

No other eclipses this quarter will be visible from
California.

Shop at Amazon and Support
MIRA

The online retailer Amazon has launched a philanthropic
program called AmazonSmile. Customers select a charitable
organization from a large database, and Amazon will donate
0.5% of the customers’ purchase to that organization. Not
all items for sale are included. Look for the phrase “eligible
for AmazonSmile donation” on the item’s product detail
page. We have begun to receive contributions from this
program.

If, as we hope, you would like to support MIRA this
way, search for “Monterey Institute for Research in As-
tronomy” in the database, not “MIRA.” Alternatively, you
can just type in the city name Monterey to see all the eligible
organiztions in the area.

To reach AmazonSmile, point your browser at the URL
https://smile.amazon.com. You can also go to the regular
Amazon site and search for “smile.”
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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.
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