ISSUE 69

Double Exponential Disks
and a Model for Star
Formation in
Dwarf Galaxies
By Deidre Hunter
Tiny dwarf irregulars are the most numerous galaxy in
the Universe, but it is the giant spiral galaxies that
have traditionally attracted the most attention. Most
dwarfs, like spirals, are continuously forming new
stars from the gas between the stars, even as old stars
die off. However, the standard model that explains the
formation of gas clouds that then form stars in spiral
disks fails for dwarf galaxies and the outer parts of
spirals.
In a now famous model derived by Toomre in
1964, a rotating disk of gas and stars has a threshold
gas density, defined by the competition in a portion of
gas between gravity within the gas wanting to pull it
into a dense cloud and gravity from the galaxy itself
wanting to pull the cloud apart. If the gas between the
stars is denser than this threshold, the gas is unstable, Fig. 1. A color composite image of the dwarf irregular galaxy DDO 63. The blue
gravity within the gas wins, and dense clouds will regions are concentrations of young stars; the diffuse greenish/redish area is the
form. Star formation is inevitable. If the interstellar extended disk of older stars.
gas is less dense than this threshold, the gas is stable,
clouds will not form, and star formation will not happen.
tiny galaxies and in the outer parts of spiral galaxies. This lead
Kennicutt showed in 1989 that this model explains where star
us to examine more local effects.
formation takes place in spiral disks. As you go out from the
To address the question of what regulates star formation
center of a galaxy, the gas density drops, and he found that at
in tiny galaxies, I and my collaborators have conducted a multithe radius where most of the nebulae end in spirals, the gas
wavelength survey of 136 reasonably normal, relatively nearby
density drops below the Toomre threshold. Gas is too stable to
dwarf irregular galaxies. The sample spans a large range in
form stars further out.
galactic parameters, including a factor of 10,000 in luminosity.
However, this model predicts that dwarf galaxies should
Current star formation rates range from nothing measurable
not be forming stars at all: most have gas densities below the
going on at all to the entire galaxy being engulfed in star
threshold everywhere. Similarly, in spiral galaxies star-forming
formation. We use images of nebulae to trace the most recent
regions are found beyond the radius where the gas density
star formation (</=10 Myrs), and broad-band images to show
drops below the threshold. These results imply that processes
the distribution of older stars. Most of the images were
other than large-scale spontaneous instabilities are important in
obtained with cameras on the Perkins 1.8 meter or Hall 1.1
Continued next page

meter telescopes over the past 10 years. We also have maps
disks are common in dwarf galaxies.
of the gas in some of the galaxies obtained with the VLA
People measure where the transition from the one
radio interferometer in New Mexico.
exponential to the other exponential occurs in terms of the
In normal galaxy disks the density of stars, like that of
inner scale-length, the rate at which the starlight is declining.
the gas, drops off with distance from the center of the galaxy.
For irregular galaxies the break occurs at a radius of 1.5-1.7
This is reflected in the starlight, which drops off as well, and
scale-lengths. The breaks in the profiles of most spirals occur
it drops off in an exponential fashion. This means that a plot
further out, around 4 scale-lengths.
of surface brightness in magnitudes versus distance from the
Observation of these double exponentials motivated my
center of the galaxy is a straight line. This is shown in the
collaborator Bruce Elmegreen at IBM T. J. Watson Research
figure where the brightness of the stars in the galaxy DDO
Center to construct a new model of star formation that
63 (Figure 1) is plotted as a function of distance from the
reproduces the observed double exponential profile. The
galaxy center (Figure 2; the solid black dots). It has been
model is based on the concept that both gravitational
known for many decades that dwarf irregular galaxies have
instabilities, as in the Toomre model, and compression due to
“exponential” disks like giant spirals.
turbulence trigger star formation. The main ingredients of the
However, while most of the survey galaxies have a
model are: a generally smooth decline of gas density with
surface brightness profile that is well fitted with a single
distance from the galaxy center, turbulence that drops to a low
exponential disk, we were very surprised to discover that
level in the outer part of the disk, a distribution in the local
there are others that have
gas density with a
more complex profiles.
dispersion that increases
One-quarter of our sample
with the level of
show a two-part profile in
turbulence, a density
which the light in the outer
threshold for selfpart of the galaxy (blue
gravity to overcome
line in Figure 2) drops
forces wanting to pull
more steeply than in the
the gas cloud apart (the
inner galaxy (red line in
Toomre model), and a
Figure 2); in a few, the
local star formation rate
light in the outer parts
that increases with the
drops less steeply. The
local gas density when
transition
from
one
the Toomre threshold is
exponential to the other is
exceeded.
very sharp, and the second
In this model,
exponential continues as
the inner exponential
far as we measure it.
occurs
where
the
Breaks to a second
average gas density
exponential profile have
exceeds the threshold,
been seen in the outer
regardless
of
the
parts of spirals as well.
turbulence. The outer
They are now also seen in Fig. 2. Brightness of DDO 63 in annuli as a function of radius from the center of the exponential
occurs
disks at high redshifts galaxy. The solid circles are the broad-band starlight, and this galaxy shows a double where the gas density is
(0.6<z<1.0). But this is the exponential disk. The starred points are nebulae, a tracer of the most recent star below the threshold, but
first time we have realized formation.
a low level of turbulence
that double exponential
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remains. The turbulence and other dynamical processes are able
to form clouds that locally exceed the stability threshold, but
not very often. As a result, star-forming clouds become patchy
in the outer disk, making the star formation gradient
significantly steeper than in the inner disk.
The location of the transition from one exponential to the
other increases with higher surface density because more
unstable inner disks have their inner exponentials extend further
out before the transition occurs. This explains why dwarf
galaxies, whose gas lies everywhere below the Toomre
threshold, have breaks occurring closer into the center than
spirals. When the outer gas profile is shallower, the star
formation profile varies between a nearly pure exponential and
a shallow outer exponential, depending on details in the
distribution of the gas. So, under certain circumstances one can
get a second exponential that rises in the outer parts of the
galaxy, or one that doesn’t change at all.
For the first time, we have a model for star formation that
is applicable to dwarf irregular galaxies. While this model is not
complete, it finally gives us something concrete to work with.
Bruce’s model also has the beauty of making predictions that
we can actually measure – differences between the
characteristics of the gas beyond the transition radius relative to
interior to that radius, and between galaxies that have a double
exponential in their starlight and those that do not. Thus, we
will be able to test the model using maps of the gas obtained
with the VLA. We use images of nebulae to trace the most
recent star formation (</=10 Myrs), and broad-band images to
show the distribution of older stars. Most of the images were
obtained with cameras on the Perkins 1.8 meter or Hall 1.1
meter telescopes over the past 10 years. We also have maps of
the gas in some of the galaxies obtained with the VLA radio
interferometer in New Mexico.
In normal galaxy disks the density of stars, like that of the
gas, drops off with distance from the center of the galaxy. This
is reflected in the starlight, which drops off as well, and it drops
off in an exponential fashion. This means that a plot of surface
brightness in magnitudes versus distance from the center of the
galaxy is a straight line. This is shown in the figure where the
brightness of the stars in the galaxy DDO 63 (Figure 1) is
plotted as a function of distance from the galaxy center (Figure
2; the solid black dots). It has been known for many decades
that dwarf irregular galaxies have “exponential” disks like giant
spirals.
However, while most of the survey galaxies have a surface
brightness profile that is well fitted with a single exponential
disk, we were very surprised to discover that there are others
that have more complex profiles. One-quarter of our sample
show a two-part profile in which the light in the outer part of
the galaxy (blue line in Figure 2) drops more steeply than in the
inner galaxy (red line in Figure 2); in a few, the light in the outer
parts drops less steeply. The transition from one exponential to
the other is very sharp, and the second exponential continues as
far as we measure it. Breaks to a second exponential profile
have been seen in the outer parts of spirals as well. They are
now also seen in disks at high redshifts (0.6<z<1.0). But this is

the first time we have realized that double exponential disks are
common in dwarf galaxies.
People measure where the transition from the one
exponential to the other exponential occurs in terms of the
inner scale-length, the rate at which the starlight is declining.
For irregular galaxies the break occurs at a radius of 1.5-1.7
scale-lengths. The breaks in the profiles of most spirals occur
further out, around 4 scale-lengths.
Observation of these double exponentials motivated my
collaborator Bruce Elmegreen at IBM T. J. Watson Research
Center to construct a new model of star formation that
reproduces the observed double exponential profile. The model
is based on the concept that both gravitational instabilities, as
in the Toomre model, and compression due to turbulence
trigger star formation. The main ingredients of the model are:
a generally smooth decline of gas density with distance from
the galaxy center, turbulence that drops to a low level in the
outer part of the disk, a distribution in the local gas density
with a dispersion that increases with the level of turbulence, a
density threshold for self-gravity to overcome Coriolis and
pressure forces (the Toomre model), and a local star formation
rate that increases with the local gas density when the Toomre
threshold is exceeded.
In this model, the inner exponential occurs where the
average gas density exceeds the threshold, regardless of the
turbulence. The outer exponential occurs where the gas density
is below the threshold, but a low level of turbulence remains.
The turbulence and other dynamical processes are able to form
clouds that locally exceed the stability threshold, but not very
often. As a result, star-forming clouds become patchy in the
outer disk, making the star formation gradient significantly
steeper than in the inner disk.
The location of the transition from one exponential to the
other increases with higher surface density because more
unstable inner disks have their inner exponentials extend
further out before the transition occurs. This explains why
dwarf galaxies, whose gas lies everywhere below the Toomre
threshold, have breaks occurring closer into the center than
spirals. When the outer gas profile is shallower, the star
formation profile varies between a nearly pure exponential and
a shallow outer exponential, depending on details in the
distribution of the gas. So, under certain circumstances one can
get a second exponential that rises in the outer parts of the
galaxy, or one that doesn’t change at all.
For the first time, we have a model for star formation that
is applicable to dwarf irregular galaxies. While this model is
not complete, it finally gives us something concrete to work
with. Bruce’s model also has the beauty of making predictions
that we can actually measure – differences between the
characteristics of the gas beyond the transition radius relative
to interior to that radius, and between galaxies that have a
double exponential in their starlight and those that do not.
Thus, we will be able to test the model using maps of the gas
obtained with the VLA.
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New Horizons Update
By Will Grundy
New Horizons is NASA’s mission to Pluto and the Kuiper belt.
The author is a member of the New Horizons science team and
has previously described the mission in Lowell Observer Issue
54, back in 2002. A lot has happened since then. These are
exciting times for New Horizons, now awaiting final approval
from the White House for launch in early 2006.
The spacecraft was built over the past few years at the
Applied Physics Laboratory (APL) of Johns Hopkins
University, in Maryland. Scientific instruments were
contributed by Southwest Research Institute, APL, Stanford
University, Ball Aerospace, and the University of Colorado.
After enduring extensive testing (“shaking and baking”), New
Horizons has been delivered to Kennedy Space Center at Cape
Canaveral, where it will soon be stacked atop an Atlas V
rocket. The first and second stages of the launch vehicle have
already been assembled, and the 3rd stage (a Star 48B solid
fuel motor) and the probe itself will soon be mounted on top.
Up-to-date information on launch preparations, including
photographs, can be found at http://pluto.jhuapl.edu/.
As New Horizons prepares for launch, exciting new
scientific discoveries have been announced, making the
summary of Pluto science which appeared in Issue 65 of the
Lowell Observer already seem a little obsolete. First, new
worlds have been discovered in the Kuiper belt that are similar
to Pluto in terms of their sizes and surface compositions. These
still-unnamed, icy planets (with provisional designations 2003
UB313 and 2005 FY9), probably have atmospheres and
seasonal weather patterns much like Pluto’s. For 75 years,
Pluto had enjoyed the unique position of being the only known
example of an “ice dwarf” planet in our solar system, but now
suddenly it has company. This development is great for Pluto

Launch Complex 41 at KSC, where New Horizons launch is planned.
The VIF (Vertical Integration Facility) where the rocket is assembled,
is visible at upper left. The rocket would be rolled out to the launch
pad shortly before the launch window opens. The 4 towers around
the pad are for lightning protection.

The New Horizons probe being worked on in a
clean room at Kennedy Space Center. It is covered
in thermal blankets to help control its thermal
environment in deep space. In the background is
part of the cowling for the nose of the rocket which
will protect the probe from the Earth's atmosphere
during launch.

science, because now we can begin to do comparative
planetology between Pluto and its siblings.
Second, two more moons of Pluto were discovered in
deep Hubble Space Telescope images taken by a team
including Marc Buie at Lowell Observatory. These new
moons, provisionally called P1 and P2, are very dim objects,
much fainter than Pluto's larger moon Charon (announced in
1978 by Jim Christy of the Naval Observatory in Flagstaff).
Their discovery brings a scientific bonanza for New Horizons
– twice as many objects to explore! – but it also means we need
to completely rethink the already tightly packed schedule of
events around the time of the Pluto flyby in July 2015.
Additional (unwelcome) excitement for New Horizons
arrived with Hurricane Wilma. The storm’s high winds
damaged the roll-up door of the VIF (Vertical Integration
Facility), the assembly site for the Atlas V rocket. One of the
Atlas’s five strap-on solid rocket boosters was bumped by the
wind-damaged door and has been replaced by a spare.
Fortunately, no serious damage was sustained.
The launch window for New Horizons extends more than
a month, from January 11 to February 14. I hope to soon be
reporting in these pages on a successful launch and on our
plans for a Jupiter flyby and gravity assist in early 2007.
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Thank you, APS!!
The new look of the Lowell Observer is a direct result of printing
services that have been donated by APS. We are very grateful for their
support over the years and appreciate this most recent in-kind

Lowell Instrument Maker Retires

About

The Lowell Observer
The Lowell staff gathered in
the Rotunda October 28 for a
reception in honor of Jim
Darwin, long-time instrument
maker at the Observatory.
Jim retired December 1 after
nearly 17 years of dedicated
service. During his career at
Lowell, Mr. Darwin built the
mechanical parts for several
major instruments now in use
on Lowell telescopes. He
made components used in
major overhauls of the
LONEOS Schmidt Telescope
and the 42-inch John S. Hall
Telescope, and played a key
role in building the recently
completed dual-channel, high-speed CCD camera (HIPO) for the SOFIA airborne
observatory. And, Jim contributed in countless other ways to the routine maintenance
and improvement of most Lowell technical facilities.
Jim came to Lowell having had very little experience with computers and left as a
master of computer aided design and computer controlled machining. This transition
was self motivated and is an accomplishment from which the Observatory derived great
benefit. Jim is a nationally known gunsmith, a skilled leather worker, and an avid hiker
and cross-country skier. He and his wife, Judy, have been valued members of the Lowell
family and we wish them the very best.

Friends of Lowell Observatory
receive the newsletter as a benefit
of membership.
Memberships start at $35.
For information, questions,
comments on membership or
address changes, please
contact Rusty Tweed at
(928) 774-3358, ext. 267 or email him at tweedr@lowell.edu.
For information on public tours
call (928) 774-2096.
The Lowell Observer
is published quarterly by:
Lowell Observatory
1400 West Mars Hill Road
Flagstaff, AZ 86001-4499
Internet address:
http://www.lowell.edu/
For comments about the
newsletter, contact Cynthia
at kanners@ameritech.net.
Contents copyrighted
by Lowell Observatory
ISSN 1054-0059.

Robert Millis
Director, Lowell Observatory
Cynthia Webster Kanner
Editor, The Lowell Observer
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The Discovery Channel
Telescope: A Progress Report
By Bob Millis
In mid-September, construction of the enclosure for the Discovery
Channel Telescope and the nearby mirror coating facility began at
Happy Jack. BEC Southwest, Inc., general contractor on the
project, went to work and the dirt began to fly immediately. Major
excavation for the telescope pier and for the 15 piers that will bear
the weight of the building was the first order of business, followed
soon after by excavation for the foundation of the mirror coating
facility. Installation of forms and steel reinforcing rods (“rebar”)
came next. By October 18, concrete was being poured, reaching a
high point of 200 cubic yards in one day on October 28.
At this writing, the telescope building piers are finished, the
giant telescope pier is nearly finished, and the “pony wall”
connecting the building piers is half finished. The 30-inch
diameter, 35-ft-long caisson for the hydraulic elevator piston has
been sunk into the ground and grouted in place. The foundation of
the mirror coating building is complete, most of the extensive
subfloor plumbing for that building is in place, and the floor will
be poured in a matter of days. Plumbing and electrical
connections between the two buildings also are in progress. If the
weather continues to be kind, erection of steel is expected early in
the new year.
While all of this was happening, Adams Trenching began
burying six 2-inch-diameter conduits beginning at the Happy Jack
Ranger Station. The route goes up and over one mountain and
thence up to the summit of the Happy Jack site – a distance of
approximately one mile. Except for installation of periodic pull
boxes, this work is complete. Power, phone, and data cables will

Progress continues on the DCT site summit over-excavation.

Auxiliary building central area is compacted and will be ready for
additional concrete work in early December.

The big “pour” – concrete goes in to form the foundation for the telescope
pedestal.
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be pulled through the conduits in the spring.
All of this activity is taking place under the watchful
eyes of Gary Robertson, DCT construction manager; Jose
Turan of M3 Engineering and Technology; and John
James, BEC's job foreman. After so many years of
dreaming, planning, and designing, it is exciting and
gratifying to see the DCT facility at last begin to emerge
from the ground.
Meanwhile, diagonally across the country at
Corning’s Canton, New York plant another major DCT
milestone was reached. On September 29, DCT Project
Manager, Byron Smith, and I had the pleasure of
inspecting the completed primary mirror blank for the
Discovery Channel Telescope. The mirror, which
commenced production in September, 2003, is
approximately 14 feet in diameter, 4 inches thick, and
ground to within the thickness of a sheet of paper of its
final shape. The mirror will be moved in the spring to a
different vendor who will begin the painstaking process of
grinding and polishing the surface to its final precise
figure.
Our thanks go out to all who have contributed to the
Discovery Channel Telescope project. Your help has been
crucial to the project and we continue to need your
support.

Formwork for telescope pier nears completion and will be prepped for anchor
bolt template installation. All construction photos by Gary Robertson, DCT
Facility Construction Manager.

Completed primary mirror blank for the Discovery Channel Telescope. From left to right:
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Percival Lowell’s First
Telescope

As Lowell grew older, he kept the telescope and used it
at least occasionally. In 1894, Lowell decided to build an
observatory in the Southwest, and dispatched Andrew
Douglass to test various sites in Arizona Territory. Soon after
arriving at Flagstaff, Douglass sighted Gale’s Comet, which
By Kevin Schindler
was discovered earlier that month by an observer in the
Southern Hemisphere but which had until now eluded
Lowell Observatory’s history is highlighted by a number of
Northern Hemisphere astronomers. Douglass informed
significant events, including the Observatory’s establishment
Lowell of this observation via a coded telegram (so no-one
as the first permanent scientific institution in Flagstaff, V.M.
else could find out until they were ready to make an official
Slipher’s revolutionary recessional velocity discoveries, the
announcement to the scientific world). In early May, Lowell
detection of Pluto, and the alliance with Discovery
set up the trusty 2.25-inch telescope in Boston and viewed the
Communications that will spawn a new era of Lowell
comet for himself.
discoveries. Each of these events was made possible with the
In recent years, the telescope has been stored in its
use of specific, unique telescopes, including a six-inch Clark
original
mahogany case in a basement vault of the Slipher
refractor, 24-inch Clark refractor, 13-inch astrograph, and
Building.
However, as part of a Rotunda Library Museum
soon-to-be-built 4.2 meter telescope.
renovation,
funded by the Flagstaff Cultural Partners,
None of these seminal episodes could have taken place,
Principal
Financial
Group, and Tourism Cares for Tomorrow,
however, without the initial passion of Percival Lowell. Like
the
telescope
will
be brought back to life as an
fellow Harvard graduate Theodore Roosevelt, who was once
educational/historical
display.
described as “pure action,” Lowell parlayed his enthusiasms
The main body of the telescope is 30 inches long, and it
into actions, in this case by building an observatory. It might
is mounted on a claw stand.
be argued, then, that Lowell’s very
Four eyepieces exist, allowing
curiosity in matters astronomical
for magnifications of 50, 80,
was another important component
110, and 140 times. It is not
of Observatory history.
known how much the telescope
So, what first drew Lowell to
originally cost, but an undated
astronomy? He recalled that his
yet
similar-era
Casella
first conscious memory of any
catalogue
lists
a
telescope
event was viewing Donati’s
whose description closely
Comet in 1858, when he was three
matches Lowell’s. The price is
years old. However, he said his
given as £18. In 1870, the
true fascination with astronomy
average price per pound was
began in 1870, at the age of 15.
$5.588 (from a dollar/pound
As with the events mentioned
historical conversion Web site),
above, a telescope once again
so the cost of the telescope in
played a major part in the story, in
dollars would have been about
this case a birthday present from
$100 (using the Consumer Price
his mother. Percival’s first glance
Index, this is nearly $1400 in
Percival
first
telescope,
now
on
display
on
Lowell
Observatory.
through this magnificent 2.25-inch
today’s money).
brass instrument piqued his
Putting
the
telescope
on
display now is timely, as it
interest in the wonders of space.
allows
us
to
make
certain
comparisons
with the DCT. While
The telescope was made by the L.P. Casella firm of
first
telescope
initially
fired
his fascination about
Lowell’s
London, “Instruments Maker to the Admiralty & Ordinance”.
space,
which
he
eventually
crystallized
by building the
Under the leadership of Louis Paschal Casella, the company
Observatory,
DCT
will
also
serve
as
a
catalyst
in taking the
started operations in 1848 and built numerous types of
Observatory
into
a
new
era
of
discoveries.
(Of course,
meteorological, optical, mathematical, and photographic
physical
comparisons
between
the
two
aren’t
so
balanced.
instruments. Casella’s clients included the Prince of Wales
For
instance,
with
a
lens
diameter
of
2.25
inches,
you
would
and various government agencies.
have
to
line
up
about
73
similar
lenses
to
equal
the
diameter
Percival first used the telescope on the roof of the family
of the DCT mirror – equivalent to comparing the diameter of
home at the corner of Heath and Warren streets in Brookline,
Hawaii’s Big Island to that of Earth.)
Massachusetts (Percival’s father Augustus later named this
The 2.25-inch Casella telescope is an important part of
home Sevenels, representing the seven Ls (Lowells) living
Lowell’s
legacy. It opened the eyes of an individual to space,
there.) One of Percival’s favorite objects to view was Mars,
and
led
to
the creation of an observatory that has continued to
and through this telescope he purportedly distinguished
more eyes.
open
many
changing features of the polar regions.
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Volunteers Making
a Difference
By Rusty Tweed
Ed Nettell’s introduction to Lowell Observatory was like
many others’; it began on a guided public tour. However
with that visit and subsequent visits, he became
increasingly interested in the historic preservation efforts
at Lowell Observatory and decided to become involved in
those efforts directly by volunteering.
Ed explained that he had heard of the Observatory
much earlier in his life. “I took two astronomy courses at
U.C. Berkeley in 1945; in both of them the instructors
spoke often about Lowell Observatory.”
As a
mathematics teacher and a career counselor at a
community college, his career strayed from astronomy.
However he continued to recommend courses to his students in
the language of astronomy -- mathematics. “The biggest
challenge was to get the students into math courses early.
Many students realized too late, the importance of basic math
in careers of all types.”
Shortly after retiring in 1990 Ed moved to Flagstaff and
has now volunteered at Lowell for seven years. His first project
began in the vault of the Slipher Building where many of the
photographic glass plates are stored. “The earliest glass plates
I came upon were from 1855, when Percival Lowell was an
infant.” Ed continued, “we made prints from glass plates then
we digitally scanned the prints and placed them onto CDs.
They were indexed and are now available by request through
Lowell’s web site. Finally, each glass plate was placed in an
archival envelope and returned to the vault.” This enormous
effort required about six years to complete and included
preserving 1,699 glass plates. It was accomplished largely by
the efforts of Ed, former volunteer Eva Stone and Lowell’s
librarian Antoinette Beiser.
Currently Ed is working through the observational log
books of Percival Lowell and A.E. Douglas. Page by page he
is scanning these books of notes, sketches and detailed
drawings recorded by the two astronomers early in their
careers. These are not yet available through the Lowell
Observatory web site but he is optimistic that they will be soon.
Ed indicated the best part of volunteering at Lowell is
“enjoying the association with the people here.” He added that
he always thought the Observatory offered a supportive and
welcoming environment in which to work. “Just as I have taken
an interest in Lowell and the Lowell people, they have taken an
interest in me and the preservation projects in which I have
been involved. I’m glad to be able to contribute my time and

energy.”
We are very appreciative of the hard work and
enthusiasm of all of our volunteers. Volunteers in 2005
included Marty Hecht, Marie Schimmelpenninck, Jill Allen,
Steve Ruff, Bud Swanson, Kris Naylor, Drew Baumgartel,
Nick Melena, Kevin Gardner, Delyan Mandushev, Zachary
Schierl, Sue Durling, Ashley Bachus, Joel Bettigole, Suzy
Bloom, Glen Mishkin, Christine Sapio, Graham Vickowski,
Carmen Winn and Robyn Slayton.
The Observatory welcomes inquiries about volunteering
opportunities. Please call and talk with the appropriate person
below to see if there is a match between your availability and
interests, and the projects where we need help. Our main
number is 928-774-3358.

Volunterr contacts:
*Antoinette Beiser for Historic Preservation and
Library projects
*Kevin Schindler for Public outreach and education
volunteer
positions,
see
www.lowell.edu/Public/Volunteer/ for descriptions.
*Robin Melena for light administrative tasks, in
particular answering the phones during lunch break
or when the receptionist runs errands.
*Jerry McGlothlin for outside maintenance such as
raking and invasive weed pulling.
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