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Thanks to the vision of a Silicon Valley
legend, the world’s most ambitious
telescope network to date will soon keep
astronomers in the dark around the clock.
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telescopes on their way to Chile will soon join a

network whose aim is to stop the Sun from rising.
For astronomers, the coming dawn usually means
that
hat th
tthe chance to study a new supernova or planet is
abo to end. But this growing network of telescopes
about
distributed around the globe promises to keep observers
in the dark 24 hours a day.
Earlier this year the Las Cumbres Observatory Global
Telescope (LCOGT) installed a 1-meter (39-inch) telescope
at McDonald Observatory near Fort Davis, Texas. Pictured
on the following page, it’s the ﬁrst of up to 40 scopes
designed and fabricated at LCOGT’s headquarters in
Goleta, California, and destined for observatories around
the world. The three 1-meter telescopes headed to Chile’s
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Cerro Tololo Inter-American Observatory will be the next
to come online.
If all goes according to plan, LCOGT will have a
network of telescopes at six sites worldwide within two
years. Each site will start with at least one 1-meter and one
0.4-meter telescope. By the time the network is complete,
LCOGT will deploy as many as ﬁfteen 1-meter telescopes
and two-dozen 0.4-meter instruments. They will join a
pair of 2-meter telescopes built by Telescope Technologies in the U.K. and already stationed at observatories in
Hawaii and Australia.
One major objective of this ambitious project is to do
unprecedented science by capturing time-sensitive events
and transient objects such as supernovae, exoplanets, and
near-Earth objects — “anything that orbits, pulsates, or
blows up,” says LCOGT science director Tim Brown.
LCOGT astronomers want to respond quickly to events
that can only be observed for a short time. The telescope
network will also target speciﬁc objects over longer time
periods, making extended observations that are not
possible with just one telescope. “To do the physics to
understand a lot of objects out there, you need to watch
what they’re doing on their time scales, which are hours,
minutes, half a day,” says Brown. “And that’s something
that the current suite of facilities is ill-prepared to do.”
Three Northern Hemisphere observatories and three
more in the Southern Hemisphere will host the LCOGT
telescopes in exchange for observing time. Negotiations
are also underway for a site in China. “Our goal is to have
the entire southern network up and running this year,”
says vice president of operations Mike Falarski. Located in
Australia, South Africa, and Chile, these telescopes will
have many scientiﬁc objectives, including the search for
planets orbiting stars in the Milky Way’s central bulge,
which is best seen from the Southern Hemisphere.
Observatories in Hawaii and the Canary Islands
will begin receiving 1-meter telescopes in the coming
years. During that time the telescopes will also multiply.
McDonald Observatory will gain at least another 1-meter
telescope and three 0.4-meter telescopes, if not more.

and points to a drawing of a horseshoe mount. “I thought,
that’s an interesting design for a telescope,” he says, referring to the drawing he ﬁrst saw more than 50 years ago.
Just down the hall, assembly rooms hold the 1-meter-telescope mounts being readied for the network — royal-blue,
slightly modiﬁed versions of this very design.
Rosing’s love of astronomy runs through his earliest
memories. As a 3½-year old, he studied the night sky
with his grandfather from their Cleveland backyard. By
high school, he was building telescopes and developing
an interest in computers that would take him into the
highest ranks of Apple, Sun Microsystems, Sun Labs, and
Google. Even though the internet, robotic telescopes, and

Front page:
Equipment gets
a shakedown
test at LCOGT
headquarters in
Goleta, California. Below:
The LCOGT
reﬂector at
McDonald
Observatory
in Texas is the
network’s ﬁrst
1-meter scope.
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Computer Guru and Telescope Nut
Both professional astronomers and “citizen scientists” will
use the network. This is particularly important to LCOGT
founder Wayne Rosing, former vice president of engineering at Google and a self-described telescope nut.
Inside LCOGT’s Goleta headquarters, Rosing takes a
well-worn copy of Scientiﬁc American’s classic Amateur
Telescope Making, Book One oﬀ the shelf, ﬂips through it,
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CCD cameras were still relatively new in 1984, he was
already thinking of combining these technologies to create an array of telescopes all over the world.
Rosing founded Las Cumbres Observatory as a nonproﬁt organization in 1992. When he retired from Google
in 2005, Rosing began transforming the project from a
one-person dream to an organization with close to 50
employees — from astronomers to software engineers
and machinists.
The idea of a worldwide telescope network is not new.
For example, in 1995, the Global Oscillation Network
Group deployed a six-station network to continuously
monitor solar oscillations. The collaborative Whole Earth
Telescope has studied variable stars by picking a few targets each year and patching together time on telescopes
around the world. And a Denmark-based project, Stellar
Observations Network Group, also plans an eight-node
network of 1-meter telescopes; the prototype was installed
on Tenerife in the Canary Islands earlier this year.
But Rosing’s aim is to organize a network that is more
than just a series of telescopes ﬁ lling the observing gaps
that occur when the Sun rises at speciﬁc sites. With its
combination of custom telescopes and top-ﬂight software
controlling them simultaneously, LCOGT really is like a
single robotic telescope operating on a global scale.

✪
✪
✪

Rosing didn’t want to waste time wrangling with
someone else’s technology, so he built his own. Almost
everything in the network — from the clamshell enclosures for the 0.4-meter telescopes known as Aqawans (“to
be dry” in the local Chumash language) to the spectrographs — is designed and built in Goleta. A piece of
equipment begins as a computer model, and it later heads
through the machine shop, assembly areas, and the headquarter’s observatories for testing.
A few years ago, the LCOGT team built a small-scale
prototype telescope. After ironing out several issues with
the drive system, the design was scaled up for the 0.4meter telescopes, and then scaled up again, with several
modiﬁcations, for use with the new 1-meter scopes.
Everything happens by way of parallel development.
Mechanical engineers design, build, and test telescopes,
while software engineers are writing code. It’s a way
to kick start the network’s evolution that involves little
bureaucracy, but with a fair amount of risk. Rosing estimates the project, which he and his wife support through
a private foundation, will cost tens of millions of dollars.
For the rest of the astronomy community, there will be
no cost at all. The entire network, from software to hardware, will be open source. Even LCOGT’s observational
data will be available online.

When completed, the LCOGT network will have
telescopes at premium observing sites in both hemispheres that, given clear skies, can follow objects
uninterrupted for 24 hours a day.

Present sites
Proposed site
Headquarters

LCOGT
Goleta, California

✪

✪ ✪ MCDONALD

Fort Davis, Texas

TEIDE
Canary Islands

China

✪

✪

FAULKES NORTH
Haleakala, Hawaii
CERRO TOLOLO
Cerro Tololo, Chile

✪

SUTHERLAND
South Africa

✪

FAULKES SOUTH
Siding Spring, Australia

✪

BIGSTOCK.COM / LCOGT

©2012 New Track Media, LLC. Reprinted with permission from Sky & Telescope.

sky & telescope • October 2012

A 1-meter telescope is lowered
into LCOGT’s
observatory for
testing. Its basic
design can be
traced to a book
on amateur telescope making.

From Parking Lot to Mountaintop
Inside an observatory dome in LCOGT’s back parking
lot, mechanical engineer Matt Dubberley presses a few
buttons on a laptop. A horseshoe mount holding a 1-meter
telescope whirs into a slow waltz. A few yards away, two
0.4-meter telescopes sit inside one of the Aqawans, waiting for nightfall. Servers lined up inside a neighboring
shipping container manage all the data streaming in from
the sky. Back inside his oﬃce, Dubberley clicks through a
computer model of the same telescope he just tested. The
models help LCOGT’s engineers reﬁne the equipment.
The 1-meter telescopes slew rapidly and can smoothly
track objects with arcsecond precision for extended peri-

Apart from the 2-meter Faulkes reﬂectors already in operation,
almost all of the network telescopes and scientiﬁc instruments
are being designed and fabricated at LCOGT’s headquarters.

ods. They also have optical performance that is limited
only by the astronomical seeing at their sites.
Much of the work right now at LCOGT headquarters is
focused on the ﬁrst-to-deploy 1-meter telescopes. In early
spring, just before the 1-meter telescope was shipped to
the McDonald Observatory, LCOGT astronomer Rachel
Street and others were hard at work in front of their computer monitors, putting the telescope through its paces.
“This is our test-bed for everything — hardware, software,
operations, and science operations as well,” says Street.
“We’re basically throwing at it the sorts of observations we
want to do, and seeing whether or not it can do them.”
Once the LCOGT team deems the telescope network
ready, the process for using it will require nothing more
complex than an internet connection and a web browser.
When observations are approved, astronomers will review
the details of their observing plan online. Later, they can
log on to track the progress of their observations and
obtain immediate feedback on their results.
Users won’t see the incredibly intricate software that the
LCOGT staﬀ says outshines even their custom telescopes.
“The complexity is in the software, because it’s a lot easier
to change software remotely than it is to change hardware,”
says Eric Hawkins, LCOGT’s director of engineering. By
some estimates, the code is currently only halfway to where
it will be when the entire network is in place.
Most robotic telescopes perform a single task, night
after night. In LCOGT’s case, each telescope will need to
respond quickly, switching from tracking an asteroid to
following up a supernova. The scheduler lies at the heart
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Clamshell enclosures called Aqawans (“to be dry” in the Native
American Chumash language) will house smaller telescopes.

of the network’s software. It makes the decisions on how
to distribute observations around the network.
To do this, the scheduler looks at each proposal’s
priority level, which has been assigned by a telescope-allocation committee. The scheduler also takes into account
where and when each celestial target will be visible. Longterm projects that involve multiple targets and sequential
observations, in which each observation depends on the
success of a previous one, require even more ﬁnesse.
Weighing all of these considerations, the scheduler produces a daily observing program for each observatory.
Observing schedules are based on ideal conditions. “Conditions, however, are never ideal,” says Eric
Saunders, the scheduler’s architect. Astronomers may
change their existing proposals or introduce new ones.
A gamma-ray burst might require the scheduler to drop
everything to respond. Clouds can blanket a site or technical diﬃculties can fell a telescope. All of these things
need to be taken into account. LCOGT’s software team
is working toward a scheduler that can make minute-byminute adaptations to new developments. Faced with a
just-spotted supernova or an incoming thunderstorm,
the scheduler can redistribute observations to make sure
astronomers gather the data they need.

Telescope North to the exploding star and gathered observations that are still fueling important scientiﬁc research
papers.
LCOGT astronomers are also using the Faulkes telescopes to study some of the more than 2,000 planet candidates spotted by NASA’s Kepler mission. These exoplanets
transit their parent stars, causing the star to dim, if only
by a tiny fraction. Once the LCOGT network is complete,
its ﬂexibility and speedy reaction time will be a boon to
astronomers investigating these planetary transits, which
generally last for just a few hours, says Street.
Street and her colleagues are also contributing data
to international groups that search for planets by gravitational microlensing. The gravitational ﬁeld around
massive stars can act as a lens, focusing the light of more
distant stars as seen from Earth. If a planet orbits the star,
its own gravity can bend the light coming from the more
distant star. To ﬁnd an exoplanet this way, astronomers
must catch a microlensing event during its short lifespan,
which can range from days to months. Having a number
of telescopes with ample observing time is critical for
attaining suﬃcient coverage of the event.
One of the important roles of a telescope network such
as LCOGT is to provide follow-up study of objects discovered by larger telescopes, says Michael Strauss, a Princeton University astronomer involved in the 8.4-meter Large
Synoptic Survey Telescope, a project in which LCOGT
is also a partner. “Las Cumbres is very much oriented
toward giving astronomers the facilities they need to fol-

Faulkes Telescopes North and South
Even though the LCOGT-made telescopes are just starting to see ﬁrst light, LCOGT’s dozen staﬀ astronomers
have already been studying supernovae, exoplanets, and
near-Earth objects with a pair of 2-meter telescopes that
are part of the network. Known as the Faulkes Telescope
North and Faulkes Telescope South, they are located on
Hawaii’s Haleakalā (on Maui) and at Siding Spring Observatory in Australia. Because of their expertise and ability
to respond quickly, LCOGT’s astronomers are collaborating with multiple surveys for supernovae and exoplanets.
Last summer, the Palomar Transient Factory caught
an exceptional supernova in spiral galaxy M101 less than
a day after it exploded. The LCOGT supernova group, led
by staﬀ scientist Andy Howell, quickly turned the Faulkes

A primary goal of the network is the ability to respond
quickly to transient objects such as this supernova in M101,
recorded by LCOGT’s Benjamin Fulton in August 2011.

Faulkes Telescope South in Australia
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low up transient and variable objects that require continuous monitoring or that need a quick response,”
he says.
LCOGT is also contributing to the work of the Panoramic Survey Telescope & Rapid Response System, a
wide-ﬁeld imaging facility on Haleakalā only a football
ﬁeld’s distance from Faulkes Telescope North. This sky
survey searches for asteroids that come close to Earth.

The Amateur Connection

S&T: ROBERT NAEYE

LCOGT’s astronomers and other professionals aren’t the
only ones who will use the network to better understand
asteroids, exoplanets, and more. While the exact design
of the program is still in the works, Edward Gomez,
LCOGT’s education director, estimates there will likely be
as many as 100 hours of observation time with network
telescopes set aside daily for citizen scientists.
Educational projects will include comet and asteroid
research, exoplanets, and astrophotography. As much as
half of the 0.4-meter telescope’s time and some fraction
of the 1-meter’s time will be dedicated to citizen scientists
pursuing scientiﬁc research. The 2-meter Faulkes telescopes already have educational projects with schools in
the United Kingdom and Hawaii. In addition, LCOGT’s
current citizen-science project, Agent Exoplanet, provides
images from the Faulkes telescopes and from a LCOGTbuilt 0.8-meter telescope housed in an observatory near
Goleta. Anyone can visit LCOGT’s website and study
transiting exoplanets by measuring the changing bright-

nesses of their host stars, helping the LCOGT science
team learn more about each planet.
As the telescopes have started settling into place, Rosing and others have set their sights on data calibration.
“Making our data easily interchangeable is going to be
highly valuable,” says Rosing. With telescope time in high
demand, the full network will eventually be capable of
providing nearly 60,000 hours of annual observing time
to astronomers of all levels.
And these hours might be used to pursue high-level
research that, even now, seems nearly impossible. Today,
an astronomer traveling to an observatory that allocates
blocks of observing time by the week may run into logistical and ﬁnancial barriers when trying to gather a handful
of observations over the course of several months. But
within a few years, the LCOGT team hopes astronomers
using its network can make the same observations from
anywhere in the world with a few keystrokes on a laptop.
In fact, one of the biggest challenges may be that
astronomers must recalibrate their own vision to take
advantage of what a global robotic telescope oﬀers. With
the network, almost any observation can be made at any
time. “This is going to be something very, very new, and
it’s a diﬀerent mindset,” says Street. “We’re still learning
how to make best use of it.” ✦
Cameron Walker covers science, travel, and the environment
and writes for the blog The Last Word On Nothing.

Faulkes Telescope North in Hawaii
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