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The Discovery Channel
Telescope
By Bob Millis
A couple of issues ago, I wrote in this space about change.
The piece concluded with a cryptic statement hinting that a
major development was in the offing which likely would
bring substantial change to Lowell. Well, here it is. On
October 15, in a Mars Hill press conference, an agreement
between the Observatory and Discovery Communications,
Inc. (DCI) to build a major new $30 million telescope in
Northern Arizona was announced.
The Discovery Channel Telescope is to be a modern,
4-meter-class telescope with a uniquely wide field-of-view
and uncommon versatility. This telescope will have about
five-and-a-half times the light gathering capacity of the
Perkins Telescope, which has been Lowell’s main research
telescope for the past four decades. When the Perkins
Telescope was moved from Ohio to Anderson Mesa in
1960, it was among the 15 largest telescopes in the world.
Now it is not in the top 100, so the Discovery Channel
Telescope will allow Lowell to make up a considerable
amount of lost ground in the global astronomical pecking
order.
But the Discovery Channel Telescope offers far more
The
than simply greater light gathering power.
sophisticated $7 million prime focus camera system will
allow deep, high-resolution imaging of an area 4 full moons
on a side in a single exposure. Consequently, the telescope

Inside highlights of the
Discovery Channel Telescope
Science objectives and requirements
Plans for construction
Ongoing testing of proposed facility site

will have unprecedented power for surveys and, as discussed
elsewhere in this issue, will allow a major leap forward in the
search for faint moving objects in the Solar System, for planets
circling other stars, and a wide range of other important classes
of astronomical objects and phenomena.
The DCT is more than just a survey telescope, however.
With a simple rotation of the gimbal-mounted prime focus
assembly, the telescope’s optical system is converted to a more
conventional Ritchey-Chretien (RC) configuration. In this
mode, the telescope will be used for spectroscopy, near-IR
imaging, and a variety of other applications. Because of this
flexibility, the Discovery Channel Telescope, unlike other
survey telescopes currently being discussed, will not be
compromised in the bright of the moon.
It is difficult to overstate the importance of this
development to the Observatory. The DCT will give a
substantial boost to most Observatory research programs and,
in some cases, will enable Lowell scientists to make major
advances in areas of high scientific interest. Beyond the purely
research objectives, the partners envision that the Discovery
Channel Telescope will be a unique tool for public education in
science and technology. Discovery Communications, Inc.,
through, for example, the Discovery Channel, the Science
Channel, and Discovery.Com, will deliver the story of the
telescope and the exciting discoveries it produces to hundreds
of millions of viewers around the globe.
In the stories that follow, you will read in more detail
about the science objectives and requirements of the telescope,
the step-by-step plan for its construction, and the ongoing
testing of the proposed site for the new facility. We have a long
ways to go before the telescope will first view the sky, and we
need to raise a significant amount of additional money to finish
the project. But, at long last, with DCI’s substantial financial
support and the arrival of project manager Tom Sebring, we are
on our way.
The Lowell staff joins me in expressing our sincere
appreciation to the staff of DCI, to the DCI board, and
especially to John Hendricks, Founder, Chairman, and CEO of
Discovery Communications, Inc. It was primarily Mr.
Hendricks’s vision and imagination that ultimately led to this
unique partnership. We relish the prospect of the next few
years as we forge ahead with DCI down a pathway of pure
Discovery.
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Science Objectives and
Requirements for the
Discovery Channel Telescope
By Ted Dunham, DCT Project Scientist
When undertaking a major project it is essential to be clear
about what it is the project is expected to do. This is obvious,
but turns out to be problematic much more often than one might
expect. At Lowell, we have been thinking about this problem
for over six years, so we had a good grip on it before the project
started in earnest earlier this year. However, we felt that it was
important to make a thorough review of the situation to insure
that we weren’t overlooking anything that might have come up
recently. In addition, we wanted to identify potential facets of
the telescope that we felt we definitely would not need, with a
view toward simplifying the telescope and reducing its cost.
To this end, a science committee for the Discovery
Channel Telescope (DCT) was formed including as members
Lowell astronomers Tom Bida, Marc Buie, Deidre Hunter, Phil
Massey, and John Spencer, as well as myself. We also included
several astronomers from the US Naval Observatory Flagstaff
Station (USNOFS) with an eye toward possible future
collaboration with them either on the telescope itself or in the
area of instrumentation. Our charter was to compile the primary
science objectives for the telescope, establish the top-level
telescope performance factors required to meet these objectives
as well as the instrumentation complement needed, review the
site testing results, and provide ongoing review and assistance in
dealing with implementation questions as development
proceeds.
Our review resulted in a lengthy document describing a
wide-ranging science program reflecting the diverse interests of
the Lowell and USNOFS staff. Projects in the realm of
cosmology, extragalactic research, galactic and stellar science,
planetary science, and even man-made objects are included in
the report. The vast amount of data obtained by the prime focus
camera makes archival research projects interesting as well. To
give a sense of the range of DCT science programs the
following paragraphs give short descriptions of a few projects.
Near-Earth Asteroid Search
In 1998, Congress directed NASA to discover 90% of nearEarth asteroids larger than 1 km in diameter within ten years.
Several NASA-sponsored programs are presently underway
including the LONEOS project at Lowell, but the overall NASA
program is unlikely to meet the Congressional mandate. The
DCT with its prime focus camera would result in ten times the
discovery rate of all current programs combined, and the large
aperture of the telescope would allow the size limit to be
reduced to 1/4 km! A primary requirement of NEA searching is
broad areal coverage. DCT will be capable of imaging most of
the available dark sky within a month. The amount of time
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required to meet the Congressional mandate would depend on
the outcome of the telescope time allocation process.
Kuiper Belt Object Search
In the last decade or so, it has become clear that a large number
of small icy objects are present in orbits beyond that of
Neptune. This belt of objects is known as the Kuiper belt. The
physical properties and orbital statistics of these objects hold
clues to the environment present in the distant reaches of the
solar system during its formation as well as the subsequent
orbital evolution of the outer solar system. The first step in
realizing the potential that these objects hold is to find a lot of
them and define good orbits for them so we don’t subsequently
lose track of them. The DCT prime focus camera is again an
ideal instrument for this purpose. The total number of known
Kuiper Belt Objects is approximately 750. DCT will discover
this many in a single week of clear dark time!
Brown Dwarf Distances
Brown dwarfs are objects that are similar to stars, but too small
to generate energy by fusing hydrogen as the Sun does. They
are very faint and cool by stellar standards, so faint that the first
ones have only recently been discovered using infrared
observations. Brown dwarfs may be common objects in the
Galaxy, though the list of known objects is currently short. The
first step in understanding the properties of brown dwarfs is to
find the distance to a number of them. Once the distance to an
object is known, its apparent brightness can be used to
determine its intrinsic luminosity. The key instrumentation
requirements for determining brown dwarf distances are a large
telescope equipped with a sensitive infrared imaging system.
Massive Star Evolution and Metallicity
Stars, like people, come in a variety of different sizes and
personalities. The most massive stars are literally one in a
million and live a flamboyant but short life. A very massive star
produces such a prodigious power output that it is evaporating,
literally blowing its atmosphere off into space. It may end up
losing fully half of its mass before it becomes a supernova. The
rate at which a massive star evaporates depends on its “metal”
content or metallicity, but the details of how this works are still
murky. (In astronomer-speak, metals are all elements except
hydrogen and helium). The nearby galaxies of the local group
provide a good test because their metallicity varies by a factor
of 20 and the massive stars in these galaxies are also near
enough to observe. The first step is to find enough of these rare
stars to figure out how metallicity affects mass loss. The DCT
prime focus camera will be very helpful in this endeavor as the
figure opposite shows. It takes ten images from the prime focus
camera of the Kitt Peak 4-meter Mayall telescope to cover the
Andromeda galaxy, but only one DCT frame! Subsequent study
of the massive stars discovered will require a camera at the RC
(Ritchey-Chretien) focus with good ultraviolet performance as
well as an optical spectrograph.
Galactic Structure
Dwarf Irregular galaxies are the most common variety in the
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universe, but are faint and therefore not as well understood as
their brighter compatriots. Even the basic structure of these
galaxies is not understood. Though they are called Irregular,
they do possess a vaguely oval shape, but whether they are
disks seen on edge or more like a football is not known.
There is a way to find out, though, by measuring the relative
amount of random stellar motion to the rotational motion of
the galaxy. This is a very difficult observation, due both to the
faintness of the galaxies and the low velocities involved. A
high resolution spectrograph is needed for this project.
The main features of the telescope that emerged from or
were confirmed by our review include:
* 4-meter telescope with 2 degree field at prime focus, 30
arcminutes at RC
* Tumbling top end to allow rapid change from prime to RC
focus during the night
* Altitude-Azimuth mount with rapid resetting to an adjacent
2 degree field
* RC instrument payload capacity of 3,000-5,000 pounds
* No Nasmyth focus positions, but retain option of future
implementation
* Telescope image quality that degrades the best quartile site
seeing by < 10%
* Sophisticated tracking and guiding features to support solar
system research

Observer
The major instrumentation conclusions we reached
were:
* Prime focus optical camera with 2 degree field of
view and rapid readout
* Optical camera at RC focus with 15 arcmin field and
excellent ultraviolet performance.
* Optical spectrograph for the RC focus
* Infrared imager and spectrograph for the RC focus,
hopefully a single instrument
It should be noted that the DCT development
project does not include RC instruments within its
scope. These will either have to be grant funded or
provided by partners.
Now that the telescope mirror blanks are in
fabrication and the optical design study is underway we
will be busy working out details and compromises as
problems are revealed and the design becomes firmer.
The next five years promise to be a wild ride!

Astronomer Phil Massey has been imaging the Andromeda galaxy with the Kitt Peak
Mosaic camera in ten 0.6 by 0.6 degree fields shown by the small squares. The large
square denotes the 2 degree (diagonal) field of view offered by the DCT and prime
focus camera.
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Site Testing for the
Discovery Channel
Telescope
By Tom Bida
One of the most important aspects of
building a new telescope is choosing the
site where the facility will be located. In
order to take full advantage of a new
technology telescope with exquisite
image quality characteristics such as the
DCT, the telescope site must deliver good,
consistent “seeing.”
Seeing is the
astronomical term that describes how well
objects can be resolved on the sky, or in
other words, how tightly focused stellar
images are when light enters the telescope
aperture. If the images entering the
telescope are poor in quality, then the
capabilities of the system will be wasted
to some degree. In general, if a site can
deliver on average “sub-arcsecond”
seeing, then by today’s standards such a
site holds promise as a high-quality
telescope site. In addition, a telescope and
its instrumentation are in part designed
around the image quality characteristics
of the site. To put these matters into
perspective, a penny subtends an angle of
1 arcsecond at a distance of about 2.5
miles. At prime focus of the DCT, the
light from a 1 arcsec width star will
project to a circle only 45 microns in

Figure 2. The site test system telescope mounted on its pier, with CCD camera (right) and lunar
scintillation head (left) installed. Photo by Tom Bida.

diameter, or 3 pixels (resolution
elements) in the camera; an optimallysampled stellar image would project to 2
pixels. The more tightly focused the
image, the higher the signal in each pixel,
and the better the data quality and
therefore the science derived from it.
In the summer of 2000, we ran a
concentrated campaign of comparative
testing of several sites in Northern
Arizona by use of two portable, identical
DIMM systems (differential image
motion monitor). The DIMM measures
the integrated seeing produced by the

Figure 1. The Happy Jack test site as viewed from the northwest in March 2003. Photo by Tom
Bida.

atmosphere by taking very fast (10 millisecond = 0.01 second) images of a bright
star. Our DIMM systems are the same
telescope systems that are used
worldwide by the Lowell planetary
occultations group, built around 14”
Celestron telescopes with cooled, fast
readout CCD cameras. That summer, one
system was taken into the field on most
clear nights by two young researchers,
and the other system was run
simultaneously at Anderson Mesa to
provide a benchmark comparison. The
results of the 2000 campaign were quite
good – each of the 3 principal sites
delivered a median seeing value of 1.05
arcseconds or better over about 9
evenings per site. The best of the three, a
small mountain near Happy Jack,
produced median seeing of 0.86 arcsec,
and we were thus pleasantly surprised to
find such a potentially high-quality site so
close to home.
Based on the 2000 results, and
considering several other site qualities,
we proceeded to semi-permanently install
a DIMM system at the Happy Jack site in
fall 2002. The site test “facility” includes
a pier and roll-off shed for the telescope,
a 14’ trailer that was a family camper in a
previous life, an enclosure, and most
recently, a 40’ tower for weather
instrumentation (Figures 1 and 2). In
parallel with the DIMM, we run a lunar
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direction at night is 24 deg S of W; in
general, we see the best night-time image
quality when the wind is steady from the SW.
The peak gust measured thus far was 45 mph.
We have recently deployed an 8-element
array of wind sensors on the 40’ tower
(Figure 4), allowing us to measure the height
of the transition from turbulent to smooth
flow over the summit, which will help to
define how high the telescope pier needs to
be.
In summary, site testing at the DCT
telescope site is proceeding apace, and come
January 2004 we will have a complete fourseason look at the observing conditions at
Happy Jack.

Figure 3. Happy Jack site DIMM seeing distribution for the first half of 2003. Plot by Tom
Bida.

scintillation monitoring (LSM) system when the moon is near
full. The LSM will provide additional information on the
turbulence profile of the atmosphere above the site. Full-up
nightly operation of the overall system began in January 2003,
with two full-time observers and an analyst staffing the project.
Through the winter, the site was accessible only by hiking 1/3
mile and 200’ up from the highway – fortunately the majority of
the test equipment was installed ahead of the snow, and the
observers were very pleased to have the trailer for shelter from the
cold and persistent SW wind.
Observing continued unabated until the late onset of
monsoon season around 15 July. The DIMM results obtained to
date, shown in the seeing distribution of Figure 3, cover 85 days
and 336 hours of testing. The median seeing over this period has
been very good: 0.85 arcsec. An important element of this
distribution is that more than 69% of the image quality samples
are sub-arcsecond. This high level of performance means that the
far greater proportion of data taken with the DCT can be expected
to have very good image quality. And there will be many nights
of true excellence: one full night of testing this March yielded
median seeing of 0.52 arcsec.
Another aspect of site testing involves evaluating the site
environmental conditions through use of an automated weather
station, installed at Happy Jack in January. With continuous
logging of standard weather measurements (temperature, dew
point, pressure, rainfall, wind speed and direction), seeing data
can be correlated with changes in local conditions. In addition,
the wind vector is being measured at multiple heights to
characterize the wind profile over the summit. The Happy Jack
site is under quite a steady breeze, which bodes well for observing Figure 4. Installation of wind sensing instrumentation on the 40’ tower.
since smooth flow over a telescope minimizes turbulence. The Photo by Len Bright.
average wind velocity at 16’ is 9.5 mph, and the median wind
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Donor Profile: Don Trantow
By Kristi Phillips

After retiring in 1997 from
a long career as a
bookkeeper, Washington
native
Don
Trantow
celebrated his freedom by
going on a train trip: he
attended an Astronomical
Society of the Pacific
conference in Chicago, and
then visited his brother in
Cincinnati.
On his train ride
home, he pondered what
he wanted to do with the
rest of his life. “That’s
when the real fun began,”
Trantow says. Honoring
his lifelong interest in
astronomy – a passion first sparked by reading Pictorial
Astronomy in his youth – Trantow decided he wanted to
replace the aging roll-off roof observatory that he had built in
1976 in the backyard of his home on Bainbridge Island with a
new and improved facility. Shortly after drafting his plan, he
hired an architect to design the structure and then retained a
contractor to build it. Construction began in April 1998 and
took several months to complete. The finished product was a
12-foot by 22-foot, 2-story structure with an Ash
Manufacturing Company dome, which houses a 12-inch
Meade LX200 telescope.
“I’m out there observing every night the weather
permits,” Trantow says. His favorite objects to view are double
stars and planets Mars, Jupiter and Saturn. “Astronomy for me
is a hobby, it’s fun.”
At about the same time he was building his improved
observatory, Trantow began thinking about the need to put his
affairs in order. With no spouse or heirs to provide for,
Trantow decided he wanted to leave his estate to a respected
research observatory. With fondness, he recalled his very first
visit to Lowell Observatory in the early 70s. “It was a chance
to visit the place where Percival Lowell had done his life’s
work, including his passionate study of planet Mars,” Trantow
says. “I also have a great interest in Mars, and I was inspired
to build my observatory in 1976 to pursue my interest in
observing the Red Planet.”
So in the late-90s, Trantow made another pilgrimage to
Lowell. Much had changed in the 25 years since his first visit.
The Steele Visitor Center had been built and the Observatory’s
public programs were thriving. But one thing had stayed the
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same: the Observatory and its people had retained the
warmth and accessibility he had experienced on his initial
visit. “That visit confirmed that Lowell was the place where
I wanted to leave my legacy,” says Trantow.
Working with the Observatory and an estate lawyer,
Trantow made arrangements to include Lowell Observatory
in his will; in doing so, he became a charter member of the
Percival Lowell Society, a recognition program for those
who make planned gifts to the Observatory.
“Lowell Observatory is a very viable institution that
needs to be supported,” Trantow says. “I wanted to play a
small role in helping secure its future.”
Trantow continues to play a meaningful role in the life
of the Observatory. In 2001, Trustee William Putnam invited
Trantow to serve on Lowell’s Advisory Board – a position
Trantow has eagerly assumed for two years now.
“The greatest advantage to serving on the board is
being able to form a close relationship with the Observatory
and the people here,” Trantow says.
Trantow says he finds immense value in his association
with Lowell Observatory. Since his retirement, he also has
time to cultivate his other passions. Not only is Trantow a
dedicated amateur astronomer – or, in his words, a “cosmic
sight-seer” – he also finds joy in collecting rocks and
exploring old mining camps in Nevada, remodeling his
home in Washington, playing golf, and attending astronomy
conferences. And if his myriad adventures also involve a
train ride, Trantow says he considers that an added bonus.
Trantow says his legacy gift to Lowell Observatory fills
him with a sense of accomplishment. “My legacy will live
on through Lowell,” he says. “That makes me feel good.”

The Trantow Observatory
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Astronomer Sally Oey receives
Prestigious Grant
By Kristi Phillips
In July, Lowell astronomer Sally Oey became one of six
astronomers to earn the National Science Foundation’s
prestigious CAREER grant, a five-year award given every year
to the country’s most promising scientists. Under the grant
program, Oey will receive $423,000, part of which will support
a postdoctoral scientist to assist with her research program.
Award recipients are selected based on creative research
proposals and career development plans that effectively
integrate research and education within the context of their
particular home institution’s mission.
“This is an exciting thing to have happen for me and
Lowell Observatory,” says Oey, who began working at Lowell
in February 2001.
The NSF program recognizes Oey as an academic leader
for the 21st century and is designed to support her research and
education efforts. Oey’s research focuses on the formation of
nebulae and nebular gas, the evolution of galactic
superbubbles, and on how abundances of the fundamental
elements can be used to determine the formation and evolution
of galaxies, and by extension, the Universe. It is this last area –
using elemental abundances found in galaxies to help unravel
clues about their origin – that Oey’s CAREER grant largely
will be used to address.
Fundamental to her research is the question “Did large
galaxies like the Milky Way accrete and form mostly as single,
large entities, or were they assembled from a host of merging
galaxies?” To address this question, it is first important to
realize that supernova explosions and stellar burning create all
the fundamental elements except hydrogen and helium.
Because the elements are tracers of previous stellar
populations, the very first stars would be free of any such
elements and would contain only hydrogen and helium. Small
stars have long lifetimes, and the expectation is that some of
these primordial stars should be present today – though none
have been found. The missing stars imply, says Oey, that there
are important factors in the formation and early evolution of
our Galaxy that scientists do not currently understand.
With the CAREER grant, Oey will examine this
phenomenon and seek to answer related questions. For
example, she wonders, “What is the average abundance of
elements expected from a single generation of stars?” This
represents the “building block” abundance that allows
astronomers to determine how many generations have
contributed to a system of given element abundance. With
knowledge of the building blocks, Oey and her colleagues can
use the variation in adundances between different stars or
nebulae to estimate how many generations of star formation
have taken place. In a sense, Oey says she is using the elements
as a sort of “fossil record” to determine how galaxies, and

ultimately, the Universe, formed and evolved.
“This is a newer research area for me,” Oey says. “With
this grant, I will be able to establish this part of my research
program, and in so doing, help further diversify the body of
scientific work performed by Lowell astronomers.”
Within the realm of education, Oey plays an active role
in Lowell Observatory’s Navajo-Hopi outreach program,
which seeks to improve science and astronomy education
among Native American students attending schools on the
reservation. In addition, Oey participates in the Research
Experience for Undergraduates (REU) program sponsored by
the NSF and administered through Northern Arizona
University’s Department of Physics and Astronomy. Through
this competitive program, undergraduate college students from
around the country work on research projects with individual
scientists at NAU, Lowell Observatory and the U.S. Naval
Observatory.
Oey will also use her CAREER grant to support Lowell’s
general public program initiatives, including updating displays
and exhibits on the Mars Hill campus. In addition, she will
help Jeff Hall develop interactive activities for the Lowell
Observatory Public Astronomical Research Center
(LOPARC), a public observatory that is accessible on the
Internet.
For more information about Oey, visit her personal home
page at http://www.lowell.edu/users/oey/.
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announce a partnership
to build a
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The Discovery
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See related stories on the
cover and inside this
historic edition of
The Lowell Observer.

Concept rendering of the Discovery Channel Telescope dome.
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