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The Sun Also Surprises:
Our Star, Other Stars, and Global Warming
By Jeffrey C. Hall
The recently released movie The Day After Tomorrow does
not waste time getting down to business. In short order, we see
Tokyo business people brained by basketball-sized hail,
downtown Los Angeles spectacularly shredded by tornadoes
with attitude, and New York inundated by the mother of all
storm surges.
Government officials quickly become
concerned about all this, and at a tense meeting, one fellow
brushes off the idea that humans could have caused it, saying
something like: “The only thing that can cause this kind of
climate change is the Sun!” At which point a NASA scientist
steps forward and intones, with a straight face: “We checked!
Solar output is normal today.”
The idea that the Sun, perhaps having eaten a really bad
burrito, could issue some sort of cataclysmic belch that would
send Earth into a global ice age in 96 hours is only part of the
drivel being visited upon audiences this summer. But the idea
that the Sun plays a role – perhaps significant – in long-term
climate change is much less far-fetched. Understanding the
Sun’s role in global climate change involves scientists from
many disciplines, including climatologists, solar physicists,
and stellar astronomers such as Wes Lockwood and me here
at Lowell. Interpreting the results of the many studies
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underway, as well as the vast databases of direct and proxy
climatic data, is a high-profile and contentious business.
Implementing responses to accepted interpretations involves
policy makers at the highest levels of United States and
international agencies. It’s a complex and politicized business,
but a fascinating one to be involved with. Where does Lowell
research fit in this picture? Let’s see…
The Maunder Minimum
In 1890, the British astronomer E. Walter Maunder reported in
the journal Monthly Notices of the Royal Astronomical Society
that “for a period of about seventy years, ending in 1716, there
seems to have been a very remarkable interruption of the
ordinary course of the [sun]spot cycle.” Maunder’s short note,
and a few more following it, were not influential. However, in
1976, an astronomer named John Eddy, then at the High Altitude
Observatory in Boulder, Colorado, published a paper in Science
(vol. 192, p. 1189) that renewed interest in the strange cessation
of the solar activity cycle between 1645 and 1715, and coined
the term “Maunder Minimum” to describe it.
The Maunder Minimum can be seen in Figure 1, in which
the sunspot number is plotted for the past 400 years (detailed
spot records began with the invention of the telescope in 1610).
The solar activity cycle all but vanished after 1645, and not until
about 1715 did it cough back into life. (Eddy has also noted that
the dates of the Maunder Minimum coincide almost exactly with
the reign of Louis XIV – the “Sun King.”)
This period of solar inactivity has drawn great interest
because it coincides neatly with one of the severe episodes of
Europe’s Little Ice Age, a period of cool weather that persisted,
with varying intensity, from the 14th to 19th centuries. Another
round of unusually cold weather occurred around 1816, widely
recorded in the United States, and this period coincides with
another round of decreased solar activity now known as the
Dalton Minimum (also evident in Figure 1). As the source of
energy input to the terrestrial climate system, the Sun seems an
obvious suspect in global climate change. But to approach an
understanding of the problem, we need to look well beyond
sunspots.

New Astronomers Coming to Lowell
Fascinating Discovery at Lowell

Continued next page

The
Lowell

2

FIGURE 1. The sunspot number over the past four centuries. The roughly
11-year rise and fall of the solar activity cycles is obvious, as is the
absence of the cycle during the Maunder Minimum of 1645-1715. Another
period of weak cycles, called the Dalton Minimum, occurred around 18001820. From a talk presented at Lowell Observatory by Karen Harvey
(1997).

The Total Solar Irradiance
On October 25, 1978, a satellite called NIMBUS-7 was launched
into Earth orbit from Vandenburg Air Force base in California.
Aboard the satellite was an instrument called the Earth Radiation
Budget Experiment, or ERBE. This instrument began the first
direct space-based measurements of the total solar irradiance
(TSI) – the brightness of the Sun as seen at the Earth. Attempts to
measure the so-called “solar constant” had been made for
decades, but these ground-based efforts were enormously
complicated by scattering of sunlight by Earth’s atmosphere.
From space, the measurement was simplified, though still by no
means easy. Since NIMBUS-7, a steady progression of satellites
has been launched to continue this important series of
observations. The most recent is the Solar Radiation and Climate
Experiment (SORCE). Learn all about this project at
http://lasp.colorado.edu/sorce.
Twenty-six years of TSI observations have produced the data
shown in Figure 2. The x-axis shows the date, beginning in 1978,
and the y-axis shows the solar irradiance, measured in watts per
square meter. The top part of this figure, labeled “a) Original
Data,” shows the raw observations from six different instruments.
As is obvious, different instruments give slightly different values
for the Sun’s brightness. This is not surprising; after all, if you
measure the temperature with two thermometers, you will likely
not get exactly the same reading from each. The trick is to take
these different series and combine them correctly into a single
calibration.
In the best spirit of scientific debate, there are two opinions.
The middle panel shows the final TSI composite, as assembled by
Claus Fröhlich of the Physikalisch-Meteorologisches
Observatorium Davos (PMOD), in Davos, Switzerland. The
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bottom panel shows the composite, as assembled by the
Active Cavity Radiometer Irradiance Monitor (ACRIM)
team, led by Richard Willson of Columbia University. The
key difference in these two calibrations is seen in the low
points of each of the solar brightness curves in 1986 and
1996. The PMOD calibration shows equal brightness at
these two points, while the ACRIM calibration shows a rise.
Despite this discrepancy, the two composites both
show similar behavior: the overall brightness of the Sun
rises and falls slowly, varying by about 0.1%, or one part in
1,000, from minimum to maximum. Importantly, this
variation is precisely in phase with the sunspot cycle. Since
the activity cycle is caused by a periodic rise and fall in the
Sun’s level of magnetic activity (which causes phenomena
like sunspots, prominences, and flares), we reach the
important inference that the Sun’s brightness is affected by
its magnetic activity level, being slightly brighter during
times of high activity, and slightly dimmer when activity is
low.
Now, go back to the Maunder Minimum. Apparently,
the Sun “turned off” magnetically for 70 years. Does this

FIGURE 2. The current record of observations of the Sun’s brightness. At
top are the individual time series from the various satellites that have
observed the TSI since 1978. Two slightly differing final calibrations
appear in the middle and lower panel, but in both cases, we see that the
Sun’s brightness changes over the course of its activity cycle. Courtesy
Claus Fröhlich.
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mean the Sun was systematically dimmer for seven decades?
And if so, doesn’t it make sense that cold weather might occur
if solar irradiance remained low for that long? It certainly
seems plausible, but there are problems – the main one being
that a 0.1% variation just isn’t very much. Climate models
suggest that a 0.1% variation is not enough to explain longterm climate change, and certainly cannot account for much
of the observed global warming of a full degree Fahrenheit
over the past century. Since we did not observe conditions in
the Maunder Minimum with precise instrumentation, how can
we really know what the Sun was doing back then? Part of
the answer may lie in the stars.
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And when we observe Sun-like stars from several years we
see some that cycle, and some that don’t.
This gets us to the key point: are the flat-activity stars
(i.e., the ones that don’t cycle) in Maunder Minima like the
Sun’s? And if they are, what is their magnetic activity like?
Would they really be very dim?

The Elusive Maunder Minimum
There is evidence in the literature that stars in Maunder
Minimum-like states may actually be in a greatly reduced
magnetic activity state. It has been hypothesized that when
the Sun entered its Maunder Minimum, its magnetic activity
subsided to a level well below that of its present activity
minimum. This is an absolutely critical supposition. If the
Cycling Stars and Flat Stars
Sun were very magnetically inactive in the Maunder
Here at Lowell Observatory, my colleague Wes Lockwood
Minimum, it might also have been dimmer than it gets at its
and I are conducting ongoing observations of the Sun, and of
current cycle minima. The present 0.1% variation may be
more than 100 of the most nearly solar-like stars in the sky.
misleading by virtue of the brevity of the record; perhaps, in
Our project, the Solar-Stellar Spectrograph (SSS) is
the Maunder Minimum, the Sun was 0.3% or 0.4% dimmer
complementary to a similar observing program, operated at
than it is today. If so,
the Mount Wilson
then maybe solar
Observatory
from
brightness variations
1966 to 2004, most
are actually three or
recently by Harvard
four times larger than
astronomer Sallie
we think they are, in
Baliunas and her
which case the Sun
colleagues. The idea
could be an essential
is simple: observe
– even dominant –
stars like the Sun and,
mechanism in global
under the assumption
climate change.
that all stars obey the
Many climatologists
same laws of physics,
have used this “dim
form hypotheses
Maunder Sun” idea
about solar behavior
in
reconstructing
from the behavior of
solar irradiance
the stars.
variations and in
There is a big
producing climate
problem, though.
change estimates
When we look at the
Sun, we can take FIGURE 3. Solar activity cycle 23 as measured by the Solar-Stellar Spectrograph. Our data are over the past decade.
However, the
gorgeous images. But calibrated to several other commonly used quantities, which is why the plot has multiple y-axis.
when we observe Sun- The rise of the activity cycle to a maximum in 2000, as well as the odd second peak of the cycle SSS data have shown
otherwise. In a paper
like stars, all we see in 2002, are clearly visible. Plot from the SSS project by J. Hall.
to be published soon
are point sources,
in The Astrophysical Journal, Wes Lockwood and I
much too far away to actually observe, much less count, spots
demonstrate that flat activity stars do not necessarily lie in
or other activity indicators. To get around this problem, we
extremely low magnetic states. Moreover, the physical
use a spectrograph, dispersing sunlight and starlight into its
effects that cause variations in the calcium lines are so
component wavelengths, and measuring certain features in
numerous and arise from so many sources that these
the spectra sensitive to activity. In particular, we have
observations may not be able to discriminate easily between
observed the same spectral features that Baliunas has been:
Maunder and non-Maunder stars. While our data do not
two prominent absorption lines of singly ionized calcium. We
disprove the idea that the Sun may have been faint during its
have measured the amount of energy emitted in these lines for
Maunder Minimum, they do show that flat activity stars are
the Sun since 1994, and 3,039 observations (and counting)
not necessarily in extremely low-activity states, and, by
later, just look at the beautiful manifestation of the solar
inference, that they are not necessarily extremely dim. This
activity cycle in the spectra! (Figure 3).
paper refutes an extremely widely cited result that stars – and
Now the power of this method becomes clear. We can’t
by inference the Sun – do typically become noticeably less
take pictures of the stars, but we can observe their spectra.
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active, and possibly much dimmer, during flat activity states
like the Maunder Minimum. The result is drawing lots of
attention from astronomers and climatologists alike, even
though the paper is still in its “preprint” stage.
What does this mean for the whole global warming
debate? Our data suggest it is not valid to assume the Sun
was excessively dim during the Maunder Minimum and,
conversely, that it is not excessively brighter now than it was
earlier. So, climate reconstructions based on a highly
variable Sun, while not invalidated by our results, are not
supported by them. This generally supports the idea that
human influences on climate change play a major role in
modern global warming, particularly since 1970.
But remember: science can never be reduced into the
black and white sound bites of modern news reporting.
“Global warming is a hoax” is as silly a statement as “People
are destroying the planet.” Undoubtedly, the Sun plays some
role in climate change on time scales from decades to
millennia. Five billion years from now, the Sun will really
prove the point, as it expands to become a red giant and
roasts what will be, by then, an already substantially warmed
Earth. But the stellar data suggest that, at least for now,
Maunder Minimum stars don’t necessarily change their
brightnesses significantly. The Sun does appear to have been
in a state, over the past 400 years, that would tend to warm
Earth somewhat, so humans are likely not solely responsible
for the overall warming of the past few centuries. But neither
are we off the hook, if the stars that do not exhibit activity
cycles indeed let us see through a glass, however darkly, to
our own Sun four centuries ago.

FIGURE 4. At top is the activity record of a star with clear variability, and
at bottom is another star with minimal variation and no clear evidence of
an activity cycle. Plot from the SSS project by J. Hall.
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Lisa Prato at her old graduate school office at the State University of New
York at Stony Brook on the day after her thesis defense in 1998.

Two New Astronomers Coming to Lowell
In August, two young astronomers will take up tenure-track positions at the Observatory.
Sydney Barnes is no newcomer to Lowell having spent the interval from 1997 to 1999 as the
first Lowell Postdoctoral Fellow. Dr. Barnes received his Ph.D. from Yale University. His
research has featured a sustained effort to understand processes that determine the spin rates
of stars similar to the Sun.
Lisa Prato comes to Lowell from a postdoctoral fellowship at UCLA. Dr. Prato, who
has been a frequent user of the 10-meter Keck Telescopes, received her Ph.D. from the State
University of New York at Stony Brook. Her research focuses on close binary stars with
particular emphasis on systems including a very low mass or even substellar component.
We look forward to welcoming our new colleagues to Mars Hill.

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 Jacqita Bailey at
(928) 774-3358, ext. 211 or email her at jbailey@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

Sydney Barnes (at left) atop Mt. Humphries with a friend.
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The Bright Future of
Remote Observing
By Will Grundy
I get funny looks when I say “I’m sure glad I don’t have to go
to Hawaii for the observing run next week,” but it’s true:
remote observing is beginning to dramatically change the
way astronomers work. These days, most of my Mauna Kea
observing is done from my office or even from home,
eliminating the lengthy hassles and expense of traveling to
and from Hawaii and giving me the flexibility to schedule
observing runs to better fit scientific objectives, rather than
calendar constraints.
NASA’s Infrared Telescope Facility (IRTF) on Mauna
Kea is one of the leaders of the remote observing trend. In an
era of 8 and 10-meter telescopes, a three-meter telescope like
IRTF needs to be nimble to compete, so IRTF has made many
changes to facilitate remote observing. Over the past year,
remote observing at the IRTF has increased from a quarter to
a third of the total observing time, with the increase showing
no sign of slowing.
In traditional observing at large telescopes, the observer
logs into a special observer’s computer console in the control
room and runs the camera or other instrument to collect data,
while a telescope operator sits at the operator’s console
nearby, and moves the telescope as requested by the observer.
In remote observing, the Internet allows the observer to log
into the observer’s computer from anywhere in the world,
while communicating with the telescope operator via Internet
videoconferencing.
A team of observers can log in from several different
cities at once. I have observed Neptune’s moon Triton
repeatedly with Dr. Leslie Young of the Southwest Research
Institute in Boulder, Colorado. One of us usually runs the
infrared spectrometer on those sessions, while the other runs

The author, Will Grundy, observing remotely from
his office on Mars Hill.

a guider camera, keeping the telescope aimed accurately. If
either one of us experiences network problems, the other can
take over both tasks and prevent interruptions in the data
collection. These observations enabled us to work out how
nitrogen and methane ices are distributed spatially over
Triton’s cryogenic surface.
My own use of remote observing techniques has been to
study ices on the surfaces of bodies in the outer solar system.
Infrared spectroscopy is a sensitive tool for detecting different
ices, including ordinary water ice as well as ices of carbon
dioxide, methane, nitrogen, ammonia, methanol, sulfur
dioxide, carbon monoxide, and other volatile chemicals that
freeze solid at cryogenic temperatures far from the sun. After
discovering carbon dioxide ice on the surface of the Uranian
moon Ariel (Lowell Observer issue 58), my collaborators and
I have been using a series of three-hour remote IRTF runs to
map out how the CO2 ice is distributed on Ariel’s surface in an
effort to determine if it is produced by charged particle

This is a view of the Mauna Kea summit. The Infrared Telescope Facility (IRTF) is the dome at left in the foreground.
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bombardment, delivered by impacting comets, or originates
from Ariel’s interior. As mentioned, we have also been
monitoring Neptune’s moon Triton, trying to catch it in the act
next time it undergoes one of its occasional outbursts. During
these mysterious episodes, Triton’s color becomes redder and
its surface ices may change their distribution. The first year of
our observations, we mapped out the distributions of CH4, N2,
CO2, and H2O ices on Triton’s surface, for comparison against
future data. Each month that Triton is available, we request a
single two-hour remote run to check if anything has changed
relative to our initial baseline.
Remote observing is ideal for repeated brief visits spaced
regularly over time to monitor gradually unfolding events like
slow changes of seasons in the outer solar system. It is also
great for routine monitoring to see when infrequent events
occur, such as eruptions. Dr. Julie Rathbun (formerly at
Lowell, now at University of Redlands), used remote
observing at IRTF to discover a 540 day cycle in the eruptions
of the volcano Loki on Jupiter’s moon Io.
Remote observing also makes it much easier to share the
fun with others. Earlier this year, an 8th grade science teacher
from Kayenta Middle School came to Flagstaff to do an IRTF
run with me. We did infrared spectroscopy of Saturnian
satellites to look for new chemical species; he ran the
spectrometer while I ran the guider camera. We weren’t lucky
enough to make any new discoveries on that particular night,
but having directly participated in the research, he was better
able to communicate the adventure of scientific inquiry to his
students in Kayenta.
Sometimes it can be disconcerting, observing remotely
with dark, clear skies over Mauna Kea, when outside the
window in Flagstaff it’s cloudy or snowing, or the sun has
already risen. Hawaii is three time zones west of Arizona, so
sunrise in Arizona occurs well before the night is over in
Hawaii. Dr. Rick Binzel of MIT has observed remotely on
Mauna Kea from as far away as Paris, halfway around the
globe. It’s morning in Paris when it’s evening in Hawaii, so Dr.
Binzel could connect up and begin his observing run while
enjoying his morning café au lait and pain au chocolat.
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Observing during ordinary business hours has a certain
appeal, compared with fighting jet lag and high altitude to
stay up all night observing the old way.

A nearly silhouetted John Spencer observes “in” Hawaii from his
office at Lowell Observatory in Flagstaff in November 2001. On the
computer screen are spectra of the atmosphere of Jupiter’s moon Io,
taken minutes earlier at the NASA Infrared Telescope on Mauna Kea,
Hawaii, and transferred over the Internet to Flagstaff for real-time
analysis.
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Thank You, Honeywell!

At left, Pam Ross, Honeywell Aerospace Business
Partnerships Manager, presents a generous
contribution from Honeywell Hometown
Solutions to Lowell Director, Bob Millis in
support of the Navajo-Hopi Educational Outreach
Program. Photo: Lowell Observatory.

The Jack Clifford Asteroid

Surrounded by family, Advisory
Board Member, Jack Clifford
(center), shows off “his” asteroid at
a recent naming ceremony at
Challenger Space Center. The
asteroid was named to honor Jack
Clifford. Pictured at far left, Lowell
Observatory director Bob Millis.
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Passages
By Bob Millis
Director
In the past year, Lowell Observatory has lost two stalwart
supporters and members of the Lowell Advisory Board.
John Rhodes passed away August 24, 2003. Mr.
Rhodes served in the U.S. House of Representatives from
1952 until his retirement in 1982. He was a widely
respected statesman who served Arizona and our nation
well. Mr. Rhodes was the House minority leader at the
time of Richard Nixon’s resignation and he played a key
role in securing funding for the Central Arizona Project,
which brings Colorado River water into the central and
southern deserts of our state. John took an active interest in
the Observatory and was of crucial help in securing funding
for the Steele Visitor Center, which opened on the
Observatory campus in 1994. Although for decades John
Rhodes held a position of great importance and power, and
participated in truly historic national events, he remained a
humble and approachable individual. As a Congressman,
he emphasized the importance of remembering that “one
can disagree without being disagreeable.” Another thing I’ll
always remember about John: I don’t believe I ever visited
him when he did not find a way during our conversation to
compliment his wife, Betty, and acknowledge how
important she had been to his success.

John Rhodes

Bill Sinton at work at Lowell Observatory in the early
1960s.

Bill Sinton, a widely respected planetary astronomer, died,
March 16, 2004. Bill was a member of the staff of Lowell
Observatory from 1957 to 1965. While at Lowell, he met
and married his wife, Marge, who was also a staff member
at the time. Dr. Sinton moved to the University of Hawaii
in 1965 and spent the remainder of his professional career
as a member of the U. H. faculty. Bill helped guide the
development of the 14,000-foot summit of Mauna Kea into
arguably the premier observatory site in the world.
Throughout his years in Hawaii, Bill conducted a
productive program of research applying especially
infrared techniques to the study of solar system bodies. In
1989, he retired from the University and he and Marge
moved back to Flagstaff. Bill was promptly appointed as
an adjunct member of the Lowell staff and soon thereafter
became a member of the Advisory Board. In addition to his
astronomical endeavors, Bill was a ham radio enthusiast, as
well as the builder and operator of an impressive model
railroad in the yard outside the Sinton home. In his book,
“I Choose to Live,” Bill recounts his long struggle with
ALS, Lou Gehrig’s disease. As Bill and Marge coped with
this horrible affliction, they gave us all a tangible
demonstration of the meaning of the words “courage” and
“commitment.”
Both John Rhodes and Bill Sinton will be long
remembered for their uncommon abilities and
accomplishments. We are proud to be able to count them
among the individuals who have cared deeply about the
Lowell Observatory and we shall surely miss them.
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F INANCIAL R EPORT
LOWELL OBSERVATORY
STATEMENT OF FINANCIAL POSITION
DECEMBER 31, 2003 (AUDITED)

Assets
Cash and Cash Equivalents
Research Grants Receivable
Contribution Receivables
Inventory and other Assets
Total Current Assets

Sources of Revenue
$1,438,855
289,777
913,299
57,249
2,699,180

7,739,635
Contributions Receivable, long term
5,148,398
Investments, unrestricted
33,592,039
Investments, restricted
400,000
Collection Item (Stevens Duryea)
4,778,347
Property, plant and equipment
$54,357,599
Total assets
Liabilities and Net Assets
Current Liabilities
Accounts payable
Accrued liabilities
Deferred research grant revenue
Total current liabilities

LOWELL OBSERVATORY
ACTIVITY INFORMATION
DECEMBER 31, 2003 (AUDITED)

$111,232
450,187
99,569
$660,988

1% - Miscellaneous income

44% Contributions

39% Investment income

2% Public program revenue
14% Grant and contract
revenue

Revenue and other support
Contributions
Grant and contract Revenue
Public program revenue
Investment income
Miscellaneous income
Total support and revenue

$9,870,894
3,156,113
448,647
8,632,060
179,348
$22,287,062

Expenses by Category

Net Assets
Unrestricted
Temporarily restricted
Permanently restricted
Total net assets

$6,746,269
9,846,518
37,103,824
$53,696,611

Total liabilities & net assets:

$54,357,599

22% Management and
general operations
3% Fundraising
8% Public programs

67% Research

Expenses
Research
Public Programs
Fundraising
Management and General Operations
Total expenses

$3,235,803
410,803
159,246
1,049,662
$4,855,514
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Fascinating Discovery
at Lowell
By Cynthia W. Kanner
On the evening of May 10, 2004,
Lowell Observatory’s Near-Earth
Object Search program’s Brian
Skiff made an amazing asteroid
discovery – one of only two
discovered so far with an orbit
entirely within Earth’s. The
object, named 2004 JG6, was, at
discovery, between Earth and
Venus and goes around the Sun
in just six months, making it the
asteroid with the shortest known
orbital period. Most inner-solar
system small bodies are located
between Mars and Jupiter and
take several years to orbit the Sun.
“What makes this asteroid unique in
our experience is that, on average, it
is the second closest solar system
object orbiting the Sun,” said Edward
Bowell, LONEOS director. Only the planet
Mercury is known to orbit closer.
The asteroid crosses the orbits of Venus and
Mercury, passing less than 30 million miles from the
Sun every six months and, depending on the locations of
the Earth and Mercury, passing possibly as close as 3.5 million
miles and 2 million miles, respectively. These types of objects are
thought to be rare and difficult to discover because they stay in the daylight sky most of the time. It is thought that only two percent
of all near-Earth objects orbit entirely within Earth’s orbit. “I immediately noticed the unusual motion,” said discoverer, Brian Skiff,
“so it was certain that it was of more than ordinary interest.”
Just over a year ago, the discovery of the first asteroid found entirely within Earth’s orbit was made by the Lincoln Laboratory
Near-Earth Asteroid Research project. Dubbed 2003 CP20, it is larger and more distant from the Sun than 2004 JG6, which is likely
between 500 meters and 1 km in diameter. Even though it passes close to Earth, the object poses no danger of colliding with our planet
in the foreseeable future.

For more information and diagrams regarding this object, visit the following sites:
LONEOS = http://asteroid.lowell.edu/asteroid/loneos/loneos_disc.html
MPC (Minor Planet Center) = http://cfa-www.harvard.edu/iau/mpc.html
MPC’s official discovery announcement:
http://cfa-www.harvard.edu/mpec/K04/K04J60.html
JPL (Jet Propulsion Laboratory) orbit diagram/animations: http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr= 2004+JG6
Static view of 2004 JG6 by Tom Polakis : http://www.psiaz.com/polakis/misc/2004JG6.jpg
Diagram of 2004JG6 (shown above) by Larry Wasserman, Astronomer, Lowell Observatory:
http://www.lowell.edu/press_room/2004JG6.pdf

