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Ground Broken for
the Discovery
Channel Telescope
By Bob Millis, Director
On a pleasant summer morning, under a
clear, blue Arizona sky, about 120 people
from across the U.S. gathered to break
ground for construction of the Discovery
Channel Telescope at Happy Jack.
Discovery Communications executives;
Lowell staff, board members, and
supporters; astronomers from a number of
observatories
and
universities;
representatives of major contractors on the
DCT project; plus local political leaders
were present on July 12 to commemorate
this important milestone.
Upon arrival, participants found a
newly completed road leading to the
summit and the building site leveled in
preparation for construction. Plans call for Bob Millis, left, Henry Brill, USFS Ranger, and Carrie Passmore, Senior Vice President, Public
all concrete and steel work for the Partnerships, Discovery Communications, break ground at the site of the future Discovery
telescope enclosure and nearby auxiliary Channel Telescope.
In his remarks to the assembled group, Discovery
building to be completed before year end. Power and
Communications Founder and Chairman John Hendricks spoke
communications cables will also be brought to the site this
about the possibilities, both humbling and exhilarating, that
year via underground conduits.
would be revealed by the new telescope, and predicted that the
DCT will bring awe, excitement, and entertainment for
generations to come. Larry Sears, USFS District Ranger for
the Mogollon Rim District noted the fruitful collaboration that
has existed between Lowell and the Forest Service over the past
90-some years. The establishment of the DCT at Happy Jack,
within the Coconino National Forest, opens a new chapter in
Ground Broken for the Discovery Channel Telescope
that collaboration. Lowell Putnam, standing in for his father,
Bill Putnam, Trustee of the Observatory, talked about the new
Behind the Scenes with the Discovery Channel Telescope
project in the context of the history of our institution and linked
the DCT to the original vision and aspirations of Percival
Deep Impact a Smashing Success
Lowell.
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Byron Smith, DCT Project Manager, described the
technical attributes of the telescope and enclosure, pointing
out innovative aspects in the design of both. Stephen
Reverand, Discovery’s Vice President for Production and
Special Projects, described Discovery Communications’
plans for educational television programs and other
educational products based on the DCT. In addition, when
completed, the telescope will have real-time capability to
bring celestial images to 91 million households in the United
States and 450 million households worldwide served by
Discovery.
Following the formal remarks, Lowell Director, Bob
Millis, along with representatives from Discovery, USFS,
and the the DCT project team, took part in the obligatory
ceremonial turning of the soil.
That accomplished,
attendees adjourned to Mormon Lake where a tasty barbecue
lunch was served and a short Discovery Communications
video featuring a crucial step in the fabrication of the DCT
main mirror was shown. It was a glorious day!

John Hendricks, Founder and Chairman, Discovery
Communications, describes the exciting ways results from DCT can
be shared with a worldwide audience.

Part of the some 120 members of the audience listens during the
groundbreaking ceremony.

Bob Millis (at right) and from left Larry Sears, John Hendricks, Henry
Brill, Carrie Passmore and Lowell Putnam (behind Millis) gather to
break ground for Lowell Observtory’s Discovery Channel Telescope.
All photos: Lowell Observatory
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Behind the Scenes with the
Discovery Channel Telescope
By Byron Smith, Project Manager
DCT Update
The construction of the Discovery Channel Telescope, a 4.2meter telescope near Flagstaff, Arizona, by Lowell Observatory
and Discovery Communications, is moving steadily forward.
The telescope site has been the focus of much activity with the
completion of the access road, an official groundbreaking
ceremony, and commencement of construction on the
foundations and steel framework for the building that will
ultimately house the telescope. In Canton, New York, Corning
Inc. is putting the finishing touches on the nearly three and a half
ton primary mirror blank, grinding the mirror surface within a
few thousandths of an inch of the perfect shape and preparing it
for the next step, the long process of polishing to optical quality.
At Goodrich Corp. in Connecticut and VertexRSI in Texas, work
continues on the design of the telescope. And, in Tucson,
architects at M3 Engineering & Technology are finishing the
interior design details of the telescope building.

3

Observer
gravity, wind, and temperature changes which all act to distort
the near perfect optical surfaces.
To avoid reinvention of the wheel, where possible, the
DCT is based on existing telescope designs. However, the
DCT’s unique capabilities often call for new solutions, and one
of these solutions is the control circuitry for the 120 actuators.
The capability to rapidly survey the sky requires a telescope
that can finish taking an image, move quickly from one position
to the next, and be ready to take another image. Existing
telescopes of similar size can often take a few minutes to get
the optics readjusted and ready to take an image, but the DCT
has to be ready within a few seconds.
To accomplish this task, each of the 120 actuators will
have its own tiny computer. A central computer located at the
bottom of the telescope will instruct each actuator just how
hard to push or pull on the mirror and monitor their progress.
Each actuator in turn will use its sensor to measure the force it
is applying to the mirror, and based on a computer program,
drive its motor to adjust the force to the correct level. The trick
is doing this all with exceptional accuracy to maintain the right
mirror shape, high speed to have the mirror adjusted in time,
and low power consumption to minimize heating near the
telescope, which can blur the images it takes.
Oliver Wiecha, DCT Electrical Engineer Manager, has
undertaken the design of this control circuitry. By employing
his broad experience in the design of precision electronics and
the latest high-accuracy low-power microchips, Oliver is
creating circuit boards that will accomplish all the necessary
tasks with better speed, accuracy, and power consumption than
existing designs. Once the circuit boards are completed, the

Meanwhile, back on Mars Hill...
At the DCT project office, located at Lowell Observatory, the
project team is working with the contractors on the design and
construction of the telescope and is developing some of the
telescope components in house. One of the current development
projects is the active
mirror support system for
the primary mirror. The
weight of the massive
primary
mirror
is
supported on a proverbial
bed-of-nails
by
120
actuators. Each of these
actuators consists of a
sensor to measure the
force they apply to the
mirror, a control circuit,
and a small electric motor
with which to push or pull.
By computer control,
these actuators can very
finely reposition the mirror
to maintain alignment
between the other parts of
the telescope, and even
ever-so-slightly bend the
mirror to adjust its shape.
These adjustments are
necessary to maintain the
telescope in precise focus, Backside of the primary mirror support for the 4.2-meter SOAR telescope, a similar design to the DCT with 120
counteracting the effects of actuators that support the mirror and adjust its surface.
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computer program to make each actuator
work will be written and the control circuit
tested to make sure it performs as planned.
Once the individual actuators are
working as planned, they will be connected to
and tested with the central computer to
coordinate the action of all 120 actuators.
This work will proceed in parallel with the
polishing of the primary mirror and finally the
mirror will be joined with its support. An
interferometer, which uses laser light
reflected off the mirror to very accurately
measure its shape, will then be used to
determine that the combined mirror and
support system is working properly and ready
for operation in the telescope.
The actuator controllers are but small
parts in a very large and complicated system,
each component of which must perform
properly to ensure that the telescope can
deliver the best images possible. Through
careful attention to the design of these small
parts and by ensuring that parts work with
sub-systems, sub-systems work with systems,
and every system works in concert, the DCT
will perform to the best of its potential as an
astronomical tool of tremendous capability.
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Oliver Wiecha, DCT Electrical Engineering Manager, at work testing circuitry for the
DCT.

Prototype circuits being developed for DCT.

DCT project manager Byron Smith describes telescope progress
during the July 12 groundbreaking ceremony. All photos: Lowell
Observatory
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Passages
Longtime Lowell Advisory
Board member, Gibson Reaves,
passed away April 8, 2005 after a
lengthy illness. He served on the
Board from its inception in 1988
until his death and, before that,
was a patron of the Observatory
archives who provided the
archival staff with valued
guidance and insight regarding
Percival Lowell’s contributions to
astronomy. We always looked
forward to Gibson’s visits to
Mars Hill. He was a considerate,
gentle man who endeared himself
to many on the staff. Melinda
Linzey, in the days when she was
tucked away answering the
phones, recalls that Gibson
always went out of his way to
come by and say hello. Helen
Horstman was impressed by
Gibson’s interest in everything
and everyone, not just topics and
persons
astronomical,
and
remembers with amusement the 3x5 cards he would pull from his shirt pocket to
scribble notes each time a new topic of interest came up in conversation.
Dr. Reaves, an astronomer and gifted teacher, served for 42 years on the faculty
of the University of Southern California – a position he retired from in 1994. His
research interests ran the gamut from dwarf galaxies (a term he coined), to the
Hirayama family of asteroids, to a variety of topics in the history of astronomy. He
was awarded the USC Associates Award for Excellence in Teaching in 1974; Asteroid
(3007) Reaves was named in his honor in 1985.
Lowell astronomer Deidre Hunter recalls Gibson as one of her scientific
predecessors and points out that the “GR” in the name of a favorite research target,
dwarf galaxy GR8, stands for Gibson Reaves. Dr. Hunter especially admired Gibson’s
dedication to helping minorities in astronomy and remembers his boundless
enthusiasm, modesty, and generosity of spirit.
In a letter to his former student, Don Thompson, Dr. Reeves wrote, “Did you
notice that in the Odyssey, Homer always commented on the beauty of the dawn, the
rosy-fingered dawn, but never, as I recall, on the beauty of the sunset. I guess they
always went to bed early and got up early. I am a sunset type myself.” The sunset
types on Mars Hill will miss Gibson very much.
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The Deep Impact of Tempel 1:
A Smashing Success!
By Dave Schleicher
As most readers are aware, NASA’s Deep Impact spacecraft
successfully collided with Comet Tempel 1 late in the evening
of July 3rd (early on the 4th, Independence Day, for the eastern
half of the U.S.). I refer you to last quarter’s newsletter for a
more detailed description of the spacecraft and its goals, but in
brief, the Deep Impact mission was designed to hit the ice and
dirt nucleus of Comet Tempel 1 with a “copper bullet” to learn
about the physical structure of the nucleus by seeing what
would happen. Since the projectile had a known mass and
velocity, it was easy to calculate how much energy would be
released during the collision, which was expected to be the
equivalent of five tons of TNT. By combining this information
with what was observed to occur, including the brightness of
the fireball when the bullet (and part of the nucleus) vaporized
on impact; details of the size and depth of the resulting crater,
and the amount and type of material ejected into space during
the formation of the crater; it was hoped that researchers would
learn about the density of the ice (very solid, or porous); the
typical sizes of grains of dirt that are mixed in with the ice; and
much more.

Fig. 2: After passing by the nucleus, the flyby spacecraft spun around
and continued to take data of Tempel 1 and the aftermath of the impact.
This image was obtained 50 minutes following the obliteration of the
copper bullet. The open cone shape of the ejecta plume is more evident
from this view from the rear. Image credit: NASA/JPL-Caltech/UMD

Fig. 1: This high resolution image of Comet Tempel 1 was taken by the flyby
spacecraft 67 seconds after its mate, the impactor, collided with the nucleus,
creating the ejecta plume at the lower-left. Various topographic features are
visible on the remainder of the surface, including scalloped edges and possibly
impact craters formed from collisions long ago. Image credit: NASA/JPLCaltech/UMD

To achieve this, the spacecraft was actually composed
of two parts – the projectile, with a camera and thrusters on
board to maneuver it, and the main flyby spacecraft, with
more instrumentation. As planned, after carefully aiming to
hit a three-mile diameter target with a bullet moving six
miles per second originally launched from Earth, the two
spacecraft sections separated about 24 hours prior to the
encounter. The flyby portion then slowed down, so that by
the time it arrived at the comet 14 minutes after the slightly
faster projectile, the nucleus would have moved about 300
miles out of the way. During this 24-hour interval, the
projectile’s path to the nucleus was slightly adjusted several
times to ensure a “hit”; note that at separation the bullet left
the “barrel” still about 500,000 miles from its target! As it
turns out, if no adjustments had been made, it would have
missed the nucleus by only a few miles, but with the
adjustments the comet was hit within a mile of the desired
location – a bull’s-eye!
So what happened? My own hope, but not my
expectation, was that the copper bullet would go in one side
and come back out the other! Others were betting that it
would disappear into the interior and nothing would happen.
An explosion and associated fireball did, indeed, occur and
was seen from the flyby spacecraft, but it was less bright
than expected, and none of the Earth-based telescopes
detected the actual explosion. It is as yet unclear why it was
so faint, but much of the light might have been trapped under
the surface of the nucleus. Within a minute, the ejecta plume
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from the newly forming crater began to be visible, both by the
spacecraft, by the Hubble and Spitzer Space Telescopes, and
from telescopes near the West Coast of the U.S., from Hawaii,
and from here at Lowell Observatory. While the spacecraft
could view the plume of ejecta expanding away from the
surface of the nucleus in the shape of a cone, from Earth all
that was discerned at first was a rapid brightening at the center
of the comet’s diffuse coma. This was due to sunlight
reflected by the dust and ice grains in the ejecta. Ultimately,
the inner-most part of the comet’s coma increased in
brightness by between six and eight times its original value,
while the total brightness of the comet increased by about 1020 percent. Although all of the ejecta should have been
released during the first few minutes, the brightness kept
increasing for more than an hour (see Fig. 3), apparently
because it took this long for the dust particles to disperse
enough so that they could all be seen (when thick, particles
closer to the observer can block the light from those behind).
Unfortunately, the initially thick plume of material also meant
that the fresh crater was blocked from view by the flyby
spacecraft, and so it is still uncertain what the actual size of the
crater is! There is hope that additional enhancements of the
images of the nucleus taken by the flyby spacecraft will
eventually permit a size to be determined.
We can, however, place a lower limit on the size of a
crater based on the amount of ice that was released into the
coma and subsequently vaporized. Using a photometer at the
Lowell 31-inch telescope, I obtained measurements of

Observer
different molecular species on 12 consecutive nights beginning
June 29th. By comparing the amount of water before the
impact to the several nights afterwards, we can estimate the
total number of water molecules in excess of what were
previously in the coma, and this was roughly 5x1032. This
corresponds to about 16 million kilograms of ice (2.2 lbs per
kilogram), or an ice cube about 25 meters (80 ft) on each side.
Other researchers have estimated that the amount of excess dust
was perhaps as much as 10 million kilograms, or nearly as
much dirt as ice. One might therefore guess that the crater was
perhaps about one-third to one-half the size of a football
field...all caused by a copper bullet about one-half the size of a
refrigerator.
While few astronomers attempted to measure the amount
of water released (and fewer were successful), images of
Tempel 1 in the hours and days following impact were obtained
by hundreds of astronomers worldwide. At Lowell, Dr. Marc
Buie used a camera, Mimir (Lowell Observer Issue 61, Winter
2004), which takes images in the infrared part of the spectrum
with the Perkins 72-inch telescope. And two students working
with me obtained images at visible and near-ultraviolet
wavelengths from the Hall 42-inch telescope. One, Kate
Barnes, is an undergraduate at Franklin and Marshall College
and spent 10 weeks of the summer at Lowell Observatory to
both observe and analyze CCD imaging of Comet Tempel 1.
The other, Nicole Baugh, worked with me during the summer
of 2003, and is now a graduate student at the University of
Arizona. In addition to assisting with the observing in early

Fig. 3: This plot shows the relative excess brightness of the comet caused by dust grains in the ejecta
plume during the 70 minutes following the impact. The filled symbols are measurements from images
taken using a broadband red filter, while the open symbols are from images obtained using a V band
(green) filter. We have adjusted the scale for the V band points to match the red data during the first
20 minutes. Note that the two data sets diverge later, implying a change in the color of the dust. Images
were obtained with the Hall 42-inch telescope late on the evening of July 3rd.
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Fig. 4: Nightly sequence of images of the ejecta plume. Images (top row) were obtained with the Hall 42-inch telescope and the broadband red
filter. Each initial image first had a pre-impact image subtracted from it, thereby completely removing Comet Tempel 1’s coma, and only leaving
the newly produced plume of material. The truncated ejecta cone moving towards the right looks like an arc because we are seeing it nearly
side on. Within a day it begins to form its own dust tail due to radiation pressure from the Sun (at the upper right) which pushes lightweight
grains away towards the lower left. Each image shows a field of view of about 70,000 miles (nine times the diameter of Earth). Model images
of a synthetic ejecta plume (bottom row) provide a good match to the observations. All of the particles in this model have sizes less than 2.5
microns, smaller than predicted prior to the encounter.

July, Nicole will continue analyzing our images during her fall
semester.
What we (and the rest of the world) saw was the ejecta
plume in the shape of an arc moving slowly (astronomically
speaking) away from the nucleus, with an initial speed of about
0.14 miles per second. Because the material was mostly
composed of small grains of ice and dirt and the plume was
generally in the direction of the Sun, the sunlight itself
(photons of light) progressively slowed the grains down,
eventually stopping them and then pushing them away from
the Sun. In fact, this is the identical process by which the dust
tail observed in many comets is formed. The efficiency of this
process, known as radiation pressure, can be used to determine
the size of the particles, since smaller (and therefore less
massive particles) get slowed down more quickly than large
grains. Quite unexpectedly, some of the grains associated with
the ejecta plume had already been stopped and begun to be
pushed away from the Sun only 24 hours after their release
from the nucleus. Moreover, the motion of nearly all of the
plume material was reversed only five to six days after impact
(see Figure 4). In other words, the ejecta plume began forming
its own “tail” within a day, and in less than a week almost all
of the material had moved into this tail.
In an attempt to extract detailed results of this
phenomenon, I decided to modify an existing model my former
postdoc Tony Farnham and I developed to produce synthetic
jets similar to those we observed in Comets Hale-Bopp and
Hyakutake. In the case of an impact event, the material is
released in the shape of an open cone, and I was able to test a

variety of opening angles and directions, along with various
outflow velocities and particle sizes. The best model solution
is also shown in the multi-panel figure, and an animation is
available on the Lowell Web site (www.lowell.edu, follow the
Research link to Comets). From this modeling effort, I was
able to conclude that the the largest particles were about 2.5
microns in diameter, with particles ranging down to about 0.5
microns. This smaller size corresponds to the wavelength of
visible light, and we can’t see any smaller particles simply
because they are too small to reflect the light. The surprise
here is that the largest particles are smaller than was expected
prior to the Deep Impact encounter; imagine a world, or at
least the site of the impact, composed of ice and talcum
powder but almost nothing as large as a grain of sand.
As might be expected, far more work remains to be
done, both in analyzing our own data sets as well as by other
astronomers with their respective observations. If past
spacecraft missions are a guide, we will all be kept very busy
for at least many months to come.
For more images and other results, go to one or more of the
following Web sites:
http://www.nasa.gov/deepimpact
http://deepimpact.jpl.nasa.gov
http://www.deepimpact.umd.edu
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Friends of Lowell Making a Difference
By Rusty Tweed
Friends of Lowell Observatory, Jim and Vivian Crisman,
recently made arrangements to name Lowell Observatory the
primary beneficiary in their estate plans. We are very
appreciative of their commitment to ensuring the long-term
success and stability of this institution and grateful for their
generosity. On a recent visit to Lowell, the Crismans discussed
why they decided to name Lowell Observatory in their wills,
making them charter members of The Percival Lowell Society.
What do you like the most about Lowell Observatory?
The unique combination of research with outreach and
education, especially to schoolchildren, make what Lowell
does so important. We are very excited about the new research
that will be possible with the Discovery Channel Telescope and
the potential it has to expand astronomy outreach and education
to a whole new audience. We believe that it will inspire the
next generation of young and curious minds.
The Lowell staff has always been friendly and approachable
and, in particular, Bob Millis and Kevin Schindler have made
us feel very welcome here. Earlier this year we took Carolyn
Shoemaker out to lunch and we certainly treasure that
friendship.
What do you consider to be the benefits of your involvement
with Lowell?
We don’t belong to Lowell because of any tangible benefits we
receive – these are not significant. We are part of this institution
because we care about it; we care about what it does, and all
that it has accomplished.
Why did you decide to make a planned gift?
We have provided for our three children, however they are
adults and are financially independent. That meant we could
also consider a gift to a non-profit organization.
Why did you choose Lowell?
Since Lowell is privately funded, we know how critical this
kind of gift is to the future of this institution. Also, because of
Lowell’s relatively small size, we know that our money will

have a greater impact here – our gift will not be just a small
drop in a large bucket, it will really make a difference. That’s
very important to us.
Our favorite place is Lowell. We’ve been coming here since
we moved to Arizona in 1985. The more you see the
Observatory, the more you want to do something to help and
be a part of it.
The Crismans have been interested in astronomy since 1981
when Jim sold his stamp collection to buy his first telescope,
an 11-inch Celestron, which he still uses. Shortly after
moving to Arizona, Jim founded the Sun City West
Astronomy Club and served as the President for 13 years,
while Vivian served as Secretary-Treasurer for 15 years. I
thank them for their support and for sharing their story.
To find out more about The Percival Lowell Society visit
http://www.lowell.edu/friends/pl_society.html or contact the
Observatory at 928-774-3358. Please use the enclosed
envelope to request information about planned giving, or to
make a charitable contribution to the Observatory.
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Development Announcements
By Rusty Tweed

The VIP event. Please mark your calendar for this year’s annual VIP event, which has been scheduled for November 12 from
4 p.m. to 7 p.m. This event is open to Friends of Lowell Observatory who have a Friends-level ($100) membership or greater.
Invitations will be sent in mid-October.
The Bronze Cast Campaign. We still have a number of spaces available in the sidewalk at our Mars Hill campus for our
commemorative bronze cast bricks (see picture below). With a charitable gift of at least $500, in addition to your membership dues,
we will add the name you specify to the walkway that surrounds the island of lupines between the Planetary Research Center and the
Slipher Building. Please contact our development office to reserve a space.
New Added Benefits for Members. We have recently designed a section of our Web site that is especially for the Friends
of Lowell Observatory. Some of the features available at our new Lowell Astronomy Forum are available to any Internet user, however,
certain features are only available to the Friends. Check the Web site at http://kraken.lowell.edu/astro-forum/index.php and then send
e-mail to Jeffrey Hall to gain access to the Member’s Corner. If you have a Contributor-level membership, you have exclusive access
to yet another suite of online features.
We hope this online forum will provide another way for all of our members, near or far, to stay connected with the Observatory,
and will provide benefits that do not require a visit to Mars Hill. We encourage you to register and participate to help build the online
forum into a valuable resource.

