Gyrochronology: An Improved Way of Measuring the Ages of Stars
By Sydney Barnes

Things in our world come into being, exist in time, and
eventually cease to be. Their properties usually change as
they age, so that specifying the age of something, whether it
be a human being, a tree, or a star, immediately gives us a
good idea of what some of its properties might be. A toddler,
a teenager, and a retiree have distinctly different issues. Stars
are similar. Their ages encapsulate much of their behavior.
More generally, the ages of stars constitute the ticks of the
abstract cosmic clock that tells us how astronomical phenomena change over time. Unlike people, stars do not have birth
certificates or families jamming an increasing number of candles into a cake every year, so one has to derive their ages
using guile.
Let us begin going forward by first stepping back. The
age of something is the difference in time between the present
and its birth, measured using some suitable clock. But what
exactly is a clock? Underlying the physical aspects that we
normally associate with a clock is a variable that changes in a
predictable manner with time. For example, when we say that
a pea plant is 38 days old, we are using the number of times
that the Sun has risen/set over the horizon as the variable that
measures the age of the plant. The number of times the earth
has orbited the Sun is also one such variable, and its units are
obviously years. The two clocks are related. For objects that
have existed before someone started counting the years since
they came into being, one has to use variables intrinsic to the
object to find their ages. For certain trees, a good intrinsic
variable to use is the number of annual growth rings, a number exactly equal to the number of times the earth has gone
around the Sun since the tree started growing. (The related
field of “dendrochronology'' was developed by former Lowell
astronomer, A. E. Douglass.)
Before we discuss what variables might be available
for stars, it is worth considering what properties are desirable
for such variables. For instance, the use of astronomical phenomena like diurnal and seasonal cycles to measure time can
be traced to the fact that any earthling can agree about the
underlying variable. If one wishes to use a variable that has
universal validity, one may want to use the oscillations of
certain light waves, as in atomic clocks. The diurnal or annual
clock provided by the Earth's motion is very close to linear,
meaning that the variable (number of days or years) increases
by amounts proportional to the time elapsed. However, the
variables supplied by nature do not routinely have this property of linearity. For example, the variable used in deriving
radioactive ages is exponential, but the idea of a variable
(continued on page 2)

Equal-age curves (isochrones) with marked ages, as determined from gyrochronology, for three wide binary systems, the astronomical equivalent of twins.
The axes are the two relevant measurable properties for each star, B - V color,
and rotation period, P. Note that for all three wide binary systems, gyrochronology yields substantially the same age for both components.
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changing steadily with age can be suitably generalized to
take this into account. Furthermore, the available variables
might depend on other factors in addition to time. For example, the heights of people are dependent, not only on their
ages, but also on their sex, race, and other factors. The stellar
variables we can observe have both these complexities. The
story of stellar ages is therefore the story of the search for
appropriately well-behaved variables that can be measured
remotely and manipulated into providing accurate ages.
One such variable is the brightness of a star, or more precisely, the variation in brightness of a group of coeval (equal
age) stars. The collective brightness measurements of such a
group of stars form a distinctive pattern when plotted against
various other stellar observables, such as temperature
(connoisseurs will recognize this as the Hertzsprung-Russell
diagram), and the variations of these patterns with age can be
used to derive the age of a star cluster by what is now called
the “isochrone” technique. However, the brightness of a star
changes only slowly over its life, making it similar to using
gray hairs as an age indicator for retirees, teenagers, and toddlers. The isochrone method can be generalized to find the
age of a single star provided we can measure the distance to
it. However, measuring the distances to single stars is difficult, and the resultant ages have uncertainties approaching
100 percent. Even after the precise all-sky survey for these
distances conducted by the European Hipparcos satellite mission, we know the distances to only about 20,000 stars better
than ~10 percent, an uncertainty resulting in a solar twin being assigned an age anywhere between 2 and 10 billion years!
Thus, a variable independent of distance is desirable, and one
that changes more rapidly than a star's brightness does.
Beginning in the 1960s, Olin Wilson and his intellectual
heirs developed another variable, called chromospheric emission, to derive the ages of stars. This variable is independent
of distance, but various technical issues limit the precision of
chromospheric ages to about 50 percent. In 1972, Andrew
Skumanich noticed that a certain measure of the rotation rate
of a star declined steadily with age. This measure has intrinsic
ambiguities. However, improvements in detector technology
over the intervening decades have made another measure of
stellar rotation, the rotation period, P, of the star, routinely
available. This is free of the previous ambiguities and can be
measured very precisely. Gyrochronology uses this variable
to measure stellar ages.
In 2003, after constructing a large database of stellar rotation periods, I noticed that for most stars in open clusters of
known ages, the rotation period, P, of the star could be written as a product of two mathematically separable functions of
a star's color, B-V (an easily and precisely measured proxy for
a star's mass), and its age, t, thus: P = f (B-V) . g(t), where f
and g are potentially determinable functions of the color and
age respectively. If this is true, then simply measuring the
color, B-V, and the rotation period, P, would allow the unknown age, t, to be found for any “suitable” star, by finding
the numerical age, t, that satisfies the above expression.
( “Suitable” means that it is on the main sequence, is not
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pathological in some way, has a mass between 0.5 and 1.2
solar masses, and has a measured rotation period.) Over the
past three years at Lowell, I have determined these universal
functions f and g, and shown that they are tightly related to
the age, t. As a result, I was able to construct an explicit
expression for the age, t, in terms of the measured color and
period of each star. Furthermore, unlike the previous
isochrone and chromospheric ages, where the uncertainties
are mostly a matter of divination, gyrochronology permits the
hardnosed analytical calculation of the age uncertainties. This
is the gist of a paper that has been accepted for publication in
the Nov. 2007 issue of the Astrophysical Journal (available
online at www.arxiv.org/0704.3068).
The formulation described above for the stellar age is true
for all suitable stars, whether they are in clusters or not. Because most nearby stars that can be studied intensively for
planets, or whatever other property, are not in clusters, the
generality of the formulation is useful. For example, the
Kepler satellite will be monitoring thousands of non-cluster
stars intensively to detect the tiny dips in brightness that occur when their planets transit them. Fortuitously, the same
data used for planet detection will also identify the stellar
rotation periods because starspots will undoubtedly modulate
the received signal. Gyrochronology will enable us to calculate their ages, and learn how planetary systems change with
age.
Are these ages testable? How can one decide whether one
clock is better than another? One way of assessing the accuracy of a clock is by examining how closely the ages of twins,
determined separately using the clock, match. For stars, the
equivalent is the independent derivation of the ages of wide
binary stars, generally believed to have been born simultaneously. (“Wide” means that they are separated by distances too
large to have engaged in any tidal hanky-panky.) The results
of performing such a test on gyrochronology are displayed in
Fig.1. The three pairs of stars for which rotation period data
are currently available do indeed result in gyro ages that agree
within the quoted errors, in contrast to the mixed results from
prior methods. Thus, I like to say that “gyrochronology turns
a rotating star into a clock, sets it using the Sun, and demonstrates that it keeps time well.”
Over the next few years, I hope to test and develop gyrochronology further. In fact, gyrochronology is an application
of a general (CgI) theory of rotating stars that I proposed in
2003. This theory divides low-mass stars into two main
groups, C denoting stars with dominant convective magnetic
dynamos, and I denoting stars with dominant interface dynamos. The I stars constitute the vast majority of solar-type
stars, and are the ones for which gyrochronology works. The
g stars are in transition from C- to I type. Stars are apparently
both giant light bulbs and also self-organizing magnets, and
their story includes not just gravity and nuclear forces, but
also electromagnetism. Exploring and understanding these
behaviors of stars is likely to keep my collaborators and me
very busy even as we continue to tick off our own steadily
increasing ages, and eventually cease to be.
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Summer REU Program
by Amanda Zangari

3
of the monsoons in early July. I had never gone outside to
just watch rain before, especially not with a group of astronomers who actually welcomed the precipitation and the month
of cloudy nights it would bring. Though after a completely
dry June, Flagstaff really did need the rain.
Now that I'm home, I miss far more than the weather.
Everyone was kind and welcoming throughout my 10 weeks
of work. The interns and I were even invited to participate in
the twice-weekly volleyball games, regardless of our talent
level or lack thereof (though I may just be speaking for myself here). As the summer went on, many of the staff began to
recognize me and I seemed to get rides up Mars Hill more
often than I walked. As I'm writing this, an e-mail pops into
my box to tell me that there are snacks waiting in the Planetary Research Center lobby. I'm 2500 miles away from the
observatory and four days away from my senior year at
Wellesley College, though someday, I hope to come back to
Lowell.

Sabbatical at Lowell Observatory
Amanda Zangari, from Wellesley College, worked with astronomer Phil Massey
modeling the physical properties of hot, luminous stars in the Magellanic Clouds,
using data he had obtained on one of the Magellan 6.5-meter telescopes.

This summer I was one of eight astronomy, physics, and
geology students who spent 10 weeks living in Flagstaff and
working on astrophysics related projects as part of the Research Experiences for Undergraduates program sponsored by
the National Science Foundation and Northern Arizona University. Five of us worked at Lowell and we all had different
advisors and worked on very different projects: David Miller
with Georgi Mandushev on Cepheid variables, Lea Zernow
with Deidre Hunter on star formation, Becky Engley on
comet scale lengths with Dave Schleicher, and Zoe Ames
with Lisa Prato on T Tauri stars.
Under the guidance of Dr. Phil Massey, I studied O stars in
the Magellenic Clouds. I ran atmospheric modeling programs
to determine the physical properties of these hottest stars,
specifically, temperature, surface gravity, and mass loss rate.
I wrote several programs to compare the results of the models,
several of which Dr. Massey tells me he will use after my
departure. In the end, I found good results for two-thirds of
the stars I looked at. Now that the summer is over, I'm working on writing my work up to be published in a journal. Stay
tuned!
A highlight of the summer was when we observed for
three nights out on Anderson Mesa thanks to the generosity of
Brian Skiff, Jim Elliot, and Bob Millis. Despite doubts about
the weather, we did see stars and took enough data to make
six color-composite images as well as image Quaoar.
Lowell was a great place to work in the summer months.
The low humidity and cool temperatures due to Flagstaff's
high altitude were a welcome relief from the typical muggy
summer days at my Rhode Island home. I even found myself
outside with the staff, enthusiastically greeting the first rains

Young-Cheol Kim, a full professor in the Astronomy department at Yonsei University in Seoul, Korea, is doing his
sabbatical year at Lowell Observatory. He is working with
Lowell astronomer Sydney Barnes on understanding stellar
activity utilizing the standard stellar structure theory. He
hopes by combining his expertise in standard stellar models
with Dr. Barnes’s insight into stellar rotation that they will be
able to clarify the connection between the magnetic activities
and the structural characteristics of stars. Dr. Kim’s wife, Suk
Won Yoon, and their children, U Jung Kim and Hee Jung
Kim, accompanied him to Flagstaff and are planning on staying through January of next year.

Visiting astronomer, Young-Cheol Kim, in his office at Lowell.
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Helen Horstman Retires
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Lowell Observatory Bulletins Scanned
by the Astrophysical Data System
by Wes Lockwood

Director Bob Millis, with his longtime administrative assistant, Helen Horstman,
at her retirement party.

Soon after arriving in a snowstorm on Mars Hill in March,
1964, Helen Horstman was given the task of assisting retiring
astronomer E.C. Slipher with cleaning out his office. This was
a monumental job, as E. C. had occupied the office since
moving in sometime in 1917. It took several months to organize the hundreds of glass plate negatives and move them
to the basement vault. With this task behind her, she made the
move over to the brand new Planetary Research Center, now
the Hendricks Center for Planetary Studies.
Helen became the secretary/receptionist/butler/
coffeemaker there, typed numerous NASA and NSF grant
proposals and reports, assisted astronomers with manuscript
preparation, and did film editing and cataloguing for the
Planetary Patrol in the late 1960s and ’70s. Part of her job
included transporting drawers of IBM punch cards down the
hill to Northern Arizona University for sorting.
Helen eventually served as administrative assistant to the
Director of the Planetary Research Center, Bill Baum, was
assistant to three development managers, and was administrative assistant to Lowell Directors Art Hoag and Bob Millis.
After diligently serving the Observatory for over 43 years, she
is certainly missed. Helen intends to spend some time organizing her own home and then hopes to put her recollections
of life at Lowell to use by volunteering in the archives.

For years now, NASA’s Astrophysics Data System (ADS),
hosted by Harvard University, has been scanning and placing
online all sorts of astronomical literature including observatory publications, periodicals, and monographs. It’s a priceless resource for today’s busy researchers who seldom have
time to search around in musty library basements for hard-tofind literature.
After some serious salvage archaeology late last summer
in the Observatory vault and reprint collections, we were able
to accumulate an entire set of unbound Lowell Observatory
Bulletins from 1903 until 1983, 166 items in all. Many Bulletins numbered in the hundreds but there were a few where
only a single copy could be found. These are now online and
available for browsing volume by volume at http://adsabs.
harvard.edu/bulletins_service.html.
Percival Lowell himself, in a frenetic sustained burst of
activity, was responsible for many early publications beginning with No. 1 in 1903 and ending with No. 78, published a
few months after his 1916 demise. The series continued with
some vigor until 1927 but was followed by an alarming 30year dry spell, interrupted by only one contribution, No. 88 in
1935. Without doubt, the Great Depression was at fault as the
Observatory struggled to stay afloat. Finally, in 1957, the
paced picked up again, marking the beginning of Henry Giclas’ highly productive proper motion program and an intense
run of publications by resident photometric genius, Harold
Johnson, who produced eight Bulletins in eight months in
1957-59. The series ended finally in 1983, with a conference
volume edited by Otto Franz and Robert Harrington. For
comparison, a particularly dense series from Kitt Peak National Observatory that began in 1959 ended a short 15 years
later in 1973. Times were changing and costly in-house publications were giving way to the subscription periodicals we
still rely upon today to disseminate our results.
With the Observatory’s historic output now stored on hard
disks at several locations, we can relax in the knowledge that
anyone who wishes can take a peek, and that our duty as sole
custodian has been in part outsourced.

Wes Lockwood holding one of the original Lowell Observatory Bulletins.
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Lowell Astronomers Find Largest
Known Extrasolar Planet
An international team of astronomers with the Transatlantic Exoplanet Survey, including Lowell astronomers
Georgi Mandushev and Ted Dunham, have discovered TrES4, a new extrasolar planet in the constellation of Hercules.
The astronomers were looking for transiting planets – planets
that pass in front of their home star – using a network of small
automated telescopes in Arizona, California, and the Canary
Islands. TrES-4 was discovered less than half a degree (about
the size of the full Moon) from the team’s third planet, TrES3.
"TrES-4 is the largest known exoplanet," said Mandushev,
lead author of the paper announcing the discovery. "It is about
70 percent bigger than Jupiter, but less massive, making it a
planet of extremely low density. Its mean density is only
about 0.2 grams per cubic centimeter, or about the density of
balsa wood! And because of the planet’s relatively weak pull
on its upper atmosphere, some of the atmosphere probably
escapes in a comet-like tail." TrES-4 is about 1400 light years
away and orbits its host star in three and a half days. Being
only about 4.5 million miles from its home star, the planet is
also very hot, about 1,600 Kelvin or 2,300 degrees Fahrenheit.

Dr. Georgi Mandushev has co-discovered the largest extrasolar planet ever found.
In this illustration by Jeff Hall, the planet is seen at left, with material escaping
from its atmosphere. Its brilliant star is seen at right.

"TrES-4 appears to be something of a theoretical problem,” said Dunham. "It is larger relative to its mass than current models of superheated giant planets can presently explain. Problems are good though, since we learn new things
by solving them.”
The host star of TrEs-4, cataloged as GSC 02620-00648, is
also intriguing. Mandushev explains: “The host star of TrES-4
appears to be about the same age as our Sun, but because it is
more massive, it has evolved faster. It has become what astronomers call a ‘subgiant’, or a star that has exhausted all of
its hydrogen fuel in the core and is on its way to becoming a
‘red giant’, a huge, cool red star like Arcturus or Aldebaran.”
The TrES team’s paper on their latest exoplanet discovery
will be published in Astrophysical Journal in the near future.
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Discovery Channel Telescope Milestone
By Bob Millis

The Discovery Channel Telescope mirror being lifted and moved to the
polishing machine at UA College of Optical Sciences.
(Matthew S. Brailey, Office of Communications, University of Arizona)

More than a year ago, the 14-ft-diameter primary mirror
for the Discovery Channel Telescope was delivered to the
College of Optical Sciences at the University of Arizona in
Tucson. Lowell had contracted with the University to take
the Corning ULE mirror blank, which already had been
ground to within the thickness of a sheet of paper of its desired final profile, and bring its front surface to the precise
shape and smoothness required by a modern highperformance telescope. This painstaking figuring and polishing process was expected to take approximately two years,
but could not begin until a number of major preparatory tasks
had been completed. These included (1) major modifications
to the College's largest polishing machine, (2) design and construction of a sophisticated hydraulic system to support the
mirror, (3) precisely positioning and bonding 120 attachment
pucks to the back surface of the mirror, (4) acquisition and
installation of a number of special items of test equipment,
and (5) complete and thorough analysis of every step and system to be sure everything would perform as expected.
At last these preparatory tasks were completed and the
mirror was slowly and carefully lifted from its storage container and moved to the polishing machine. On August 15,
the figuring and polishing process began. This is an excruciatingly slow iterative endeavor characterized by periods of
polishing followed by careful measurement of the shape and
condition of the mirror surface with instruments looking
down from a perch several stories directly above the polishing
machine. It’s not a place where you want to drop a wrench.
The mirror is shaped by abrasion. The up-facing mirror
turns slowly about its optical axis on the polishing machine's
giant turntable. A long trombone-like arm, extending above
and across the mirror, carries an assembly which turns a pad
that makes contact with the mirror surface. The pad, impregnated with the appropriate abrasive material and lubricated by
(continued on page 6)
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a fluid — rotates, while also moving to and fro across the mirror. Pads of different shape and stiffness are used depending
on what needs to be accomplished at a particular time. This
delicate dance is watched over by opticians with decades of
experience, but is controlled by the computerized brain of the
machine. Long thought to be more an art than a science, the
fabrication of large telescope mirrors is now a happy marriage
of both.
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72-inch Perkins Telescope Mirror
Support System and Realuminization
By Ralph Nye

One of the most important optical components of a reflecting telescope is the primary mirror. It gathers an enormous
amount of light and concentrates this light against the secondary mirror to form a magnified image of the object being
observed. The Perkins primary mirror is 72” in diameter, 10
inches thick, and weighs 2,300 pounds. That’s quite a hunk of
glass, but not thick enough to maintain the 50 millionths of an
inch accuracy of the front reflecting surface. Measures need
to be taken to maintain the optical perfection of its reflecting
surface.

The first run for the DCT primary mirror on the polishing machine.

Arizona K-12 Educational Opportunities
By Dave Schleicher

A major goal of Lowell Observatory's Public Program is to
bring its astronomy education programs to students at the
K-12 levels. As most readers are aware, however, limited
budgets at many public schools have resulted in fewer school
groups taking advantage of the many special program offerings at the Observatory.
The Arizona School Tax Credit program is one opportunity that Friends of Lowell can take advantage of by making
a significant contribution at no net expense. In brief, any person paying State of Arizona taxes can earn a tax credit for
donating up to $200 for extracurricular activities at public
(either traditional or charter) schools. An Arizona couple filing jointly may donate up to $400. As a tax credit, each dollar
up to the limit will be fully refunded at tax time or correspondingly decrease the amount of tax owed to the state. The
donation must be made to a specific school, and may be designated for a specific type of extracurricular activity, such as
science field trips. In the case of Flagstaff area schools, a
$200 donation would cover the typical cost of a half-day trip
to Lowell Observatory. We hope that if you have not previously taken advantage of the Arizona School Tax Credit program to control where some of your tax dollars go, you might
consider participating in this win-win opportunity.

The mirror cell being lowered out of the way so the primary mirror
can be lowered into its shipping box and delivered to the Naval
Observatory for realuminization. Note the brackets attached to the
telescope tube holding the mirror band.

The Perkins telescope mirror is located near the back of
the telescope tube and sits on an airbag to prevent the mirror
from bending under its own weight. Due to the great amount
of surface area, only 15 ounces per square inch of air pressure
is needed at the zenith (straight up) position. About 95 percent
of the mirror’s weight is then supported by air and five percent of the weight rests against three defining pads that are
used for mirror alignment. When the telescope is moved to a
more horizontal position, less air pressure is required on the
back of the mirror and some type of edge support system is
needed to prevent edge load bending. A reinforced neoprene
tube embedded in the side wall of the a close fitting mirror
cell filled with about two quarts of mercury is used for this
purpose. The mercury has a buoyant effect and moves around
inside the tube depending on telescope orientation. With the
air support and mercury system, the mirror only moves about
.002 in its mirror cell. This very slight movement is not
enough to effect observations.
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Mike DiVittorio from the United States Naval Observatory (at left), and
Lowell’s Director of Technical Services, Ralph Nye, dissolve the old aluminum coating from the 72-in mirror with a solution of copper sulfate and
hydrochloric acid. This is rinsed off with a soap solution, followed by distilled
water. The process can take up to an hour, although further careful cleaning
with a fine calcium carbonate powder may be necessary. This also is rinsed
with distilled water and then blown off with dry nitrogen gas.

The 72-inch mirror’s surface is coated with a highly reflective aluminum coating to enhance reflectivity. Although the
surface is periodically cleaned, oxidation occurs over time
and this coating must be replaced every two years. Due to the
high precision of the mirror’s surface the coating must be
very thin. Colleagues at the U.S. Naval Observatory apply
about 1,000 angstroms of thickness in a controlled vacuum
environment.
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Realuminization of the primary mirror usually takes about
five days of heavy work for three people. To remove the
2,300-lb. mirror, the telescope is locked in the zenith position.
All electronics, wires, tubes etc. are removed from the back of
the telescope. The air support system and mirror defining
pads are removed. Mercury is drained from the mirror cell.
Heavy rails are positioned on the dome floor to roll heavy
mirror handling equipment under the telescope. Using the
floor elevator under the telescope, the five-ton mirror cell and
mirror are lowered about three feet and retained by four heavy
threaded rods attached to the telescope. A three-legged fixture
is mounted on the elevator cart and pushes the mirror up out
of the mirror cell. This leaves just enough clearance to attach
a heavy neoprene padded, two piece stainless steel ring
around the circumference of the mirror. Using brackets attached to the telescope tube, the mirror is temporarily hung on
the back of the telescope while the heavy mirror cell is rolled
away. A large padded box is then rolled in under the mirror
and with the aid of the floor elevator, the mirror is placed in
the box. The mirror and mirror box are taken to the U. S.
Naval Observatory on a flat bed truck for the aluminizing
process.
After arrival at the Naval Observatory, the mirror is taken
out of the box and placed on a mirror cleaning cart. The old
mirror coating is carefully removed with a solution of hydrochloric acid and copper sulfate, then washed with special soap
and distilled water. After being rinsed with distilled water and
blown off with dry nitrogen gas, the mirror is mounted vertically inside a large vacuum chamber. At one end of the vacuum chamber pure aluminum strips are hung over a symmetrical series of wires. When the appropriate vacuum is reached,
electrical current is applied to the array of symmetrical wires.
As the pure aluminum strips start to vaporize, the aluminum
molecules travel in a straight line across the vacuum tank and
deposit an even coating of aluminum over the entire surface
of the mirror. The mirror is now ready for reinstallation in the
telescope.

Albert Rhodes from the Naval Observatory opens the aluminizing
chamber prior to installing the mirror for recoating. The symmetrical
series of wires that vaporize the aluminum are located on the right side
of the chamber; the mirror will hang on the hooks on the left. The
chamber is a dust free atmosphere that is normally always closed.
The finished mirror with a perfect coating!

2007 Public Program Fall Special Events
October Hours (unless otherwise noted) Daytime 9AM-5PM;
Monday through Saturday nights opening at 5:30 PM, no admissions after 9:30 PM
Sun 14

Autumn Star Fest

Sat 20 Orionid Meteor Shower (evening) — Indoor programs
will focus on meteor showers. Telescope viewing of various
celestial objects is included in the evening’s activities.

November

Hours (unless otherwise noted) Daytime Noon5PM; W/F/Sat nights opening at 5:30 PM; no admissions after
9:30 PM

Wed 7
Flagstaff Night (evening) — Flagstaff residents
(must show valid drivers license or utility bill) pay half price for
entrance.
Sun 11 Veteran’s Weekend Star Fest (evening) — This special
event will feature indoor programs and numerous telescopes
set up for viewing throughout the Lowell campus.
21, 23, 24 Thanksgiving Star Fest (evening) — Lowell Observatory will celebrate Thanksgiving with a special Star Fest. This
special event will feature indoor programs and numerous telescopes set up for viewing throughout the Lowell campus.

December

Hours (unless otherwise noted) Daytime Noon5PM; W/F/Sat nights opening at 5:30 PM; no admissions after
9:30 PM

1,7,8,14,15,19,21,22 Holiday Skies (evening) — Our evening
presentation discusses the mythology and science of the winter
sky, including a discussion of the Star of Bethlehem. Evening
programs begin at 5:00 p.m.
Wed 12 Geminid Meteor Shower (evening) — Indoor programs
will focus on meteor showers. Telescope viewing of various
celestial objects is included in the evening’s activities.
26,27,28,29,30 Holiday Star Fest (evening) — Lowell Observatory will celebrate the holidays with a Star Fest. This special
event will feature numerous telescopes set up for viewing
throughout the Lowell campus.
Closed Dates: November 22, December 5, December 24-25
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