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Questions and Answers about the Galileoscope Program with Galileoscope (and U.S.
International Year of Astronomy) Project Director Stephen Pompea

What is the International Year of Astronomy?

The General Assembly of the United Nations has designated
2009 as the International Year of Astronomy (IYA2009). This
year-long global education program commemorates the 400th
anniversary of Galileo’s first astronomical observations
through a telescope. The theme of IYA2009 is The Universe:
Yours to Discover.

The importance of IYA2009 goes well
beyond what can be accomplished in just
one year. Program planners worldwide view 2009 as a year to engage
as many people as possible to the wonders of science and astronomy.
However, the main goal is to use this year to build sustainable, long-
term education programs that will produce measurable changes in
science literacy in school children and in the public at large.

Why is the International Year of Astronomy 2009 important?

The International Year of Astronomy 2009 is a concentrated launch year for long-term
programs to improve science literacy in America and worldwide. The U.S. IYA program
is part of an international effort with participation by 123 countries. The U.S. efforts are
led by the American Astronomical Society, the National Optical Astronomy
Observatory, and the Astronomical Society of the Pacific. The international efforts have
been approved by the United Nations Educational, Scientific and Cultural Organization
(UNESCO) and the International Astronomical Union. The Galileoscope is a cornerstone
project for the worldwide effort and is led by the United States Galileoscope team.

Astronomy is the perfect vehicle both to interest kids in science and to teach the basics
of chemistry, physics, math, and even biology to elementary and middle school kids.
For high school it is the perfect science since it uses biology, chemistry, physics,
geology, and environmental science to study the universe and our place in it.
Astronomy is also a fantastic vehicle for teaching math skills and the scientific process-
how observation and evidence lead to explanation about how the world works.

What is the Galileoscope program?

The Galileoscope program is a grass roots effort to improve the quality of student
telescopes. The project, like other IYA projects, has relied on donated time and initial
production of the telescopes will require philanthropic support. The Galileoscope is a
great example of what we want to achieve in the International Year of Astronomy—
building and distributing a new kind of educational telescope kit. We know that
viewing Saturn, Jupiter, and the Moon through a telescope is a transformative



experience, and can be available even in the largest and most brightly lit cities. We have
designed and hope to soon be building over 1 million small telescopes expressly
designed and optimized to clearly see the Moon and planets.

Who is on your team?

We have a team of fifteen people with a great deal of experience. In includes some of
the top astronomy education experts, optical designers, and experts in manufacturing.
All are volunteering their time and expertise. Some of the key team leaders are Dr. Rick
Fienberg, former editor of Sky & Telescope, Professor Doug Arion, from Carthage
College, and Tom Smith, of Merit Models, our manufacturing partner. Rick brings a
tremendous knowledge of telescopes and how they are used in different settings. Doug
understands the design and system engineering process and how to develop viable
business models for long-term success. Tom knows every aspect of the manufacturing
process and how to ensure the quality we need. We also have Rich Pfisterer and Dr.
Scott Ellis, from Photon Engineering in Tucson, who are top-notch optical designers and
analysts. They have designed or analyzed many of the most advanced space and
ground-based telescopes. Rob Sparks and Dr. Connie Walker from NOAO are leading
the optics and astronomy education side of the project, and they bring a wealth of
experience from their nationwide optics education efforts.

How is the Galileoscope constructed?

The Galileoscope will require some assembly on the part of the end user. The assembly
process has many opportunities for educational experiences and optics experiments.
The tube of the telescope can be used as an optical bench to explore concepts such as
image formation by lenses, the focal length of lenses, and the optical design of a
refracting telescope.




The telescope uses a glass achromat lens with diameter of 51mm with a 500mm focal
length for the objective lens. Coupled with an 18mm focal length eyepiece yields a
magnification of 28x. This design gives a nice magnification while preserving a
reasonably large field of view. The magnification can be doubled with an optional
Barlow lens. The eyepiece holder will accept any 1.25” eyepiece allowing people to
substitute their own eyepieces.

The assembly process itself is tool free. The telescope tube and eyepiece holder utilize a
clamshell design and are made of injection molded plastic. The lenses fit into slots cut
into the tubes to ensure appropriate spacing. After the two halves of the clamshells are
put together, rings fit snugly over the ends to hold them in place (the ring at the front of
the telescope also acts as a light baffle and dew shield). A small nut on the bottom of
the telescope allows it to be attached to a standard camera tripod.

Assembly instructions will be provided in pictorial form to ensure that language
barriers do not hinder the assembly process.

The Galileoscope can be assembled in different configurations. Our telescope kit design is
a Keplerian telescope, made with a positive eyepiece lens arrangement. However, in the
process of building the Galileoscope, the students can also construct the telescope with a
negative lens eyepiece, which is the same design that Galileo pioneered. They can see
Jupiter and Saturn much as Galileo did and gain an appreciation of how careful and
accomplished an observer Galileo was when he observed 400 years ago. Galilean
telescopes have very narrow fields of view and you have to move your eye around to




see the entire field. One of the educational projects would be to compare Galileo’s view
of objects with the view from a Keplerian telescope design.

Every telescope will include a non-removable warning not to look at the Sun. The
warning will be in pictorial form as well for international users. The telescope and its
packaging also has room for the logos of sponsors or for other credit and
acknowledgements.

How many telescopes do you want to build and distribute?

UR/=RONIV=ER1= Producing a million telescopes during IYA2009 and getting them
YOURS TO DISCOVER

into the hands of the public in order for them to experience eye-
popping views of the Moon and planets will be a valuable
contribution to advancing science literacy as well as prompting
curiosity and inquiry among schoolchildren.
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2 : 1. The educational need and demand is certainly there—the
Galileoscope can be used at home, in after-school programs, in

WIYVNOVMYel planetariums, science and nature centers, and in classrooms.

2. There are no telescope kits in the US today that can be assembled by kids and then
used to study the night sky with enough resolving power to see the most popular and
scientifically-interesting objects. In our Hands-On Optics project, we have used and
distributed many thousands of the Project STAR telescope kits that were developed at
Harvard over 20 years ago. These kits sell for $5 but only give 16 power which is
insufficient for seeing the rings of Saturn, even if they had the optical quality, which
they don’t. Our long-term experience with these kits convinced us of a great need in the
U.S. and throughout the world for a quality telescope that can be assembled and used
by kids.

3. The response from the U.S. educational community and from overseas has been
terrific -- proving that there is global interest. The Galileoscope fulfills an unmet, and
very large and long-standing educational need.

4. The telescope kit we designed uses glass objective lenses with excellent color
correction and a sturdy tube of injection-molded plastic that can be stably mounted.
With injection molding the initial mold production costs are high (about $80K), but the
molds are durable enough to produce millions of telescopes. So producing large
numbers is very cost-effective and is key to this project.

The IYA2009 presents us with an opportunity to place quality telescopes that are
educationally effective into the right hands. There are currently more than a million
small telescopes sold worldwide every year. The problem is that many of these are
never used for astronomy because they have unrealistically high magnification, poor
image quality, and are hard to point and use. In fact, many of these telescopes frustrate



children and adults, turning them away from astronomy. The Galileoscope addresses
these design and usability problems.

How much will your kit cost?

Producing the telescope in the bulk quantities will allow the cost to remain around $10
plus shipping. The final cost depends greatly on the quantities ordered. We are aiming
to place the first order in September in order to have a significant number of telescopes
available for the 100 Hours of Astronomy event in April, which coincides with the visit
of Galileo’s telescope from Florence to the Franklin Institute in Philadelphia.

How will these telescopes be educationally transformative?

The telescope can be used in a wide variety of settings, including grades 4-12
classrooms, home schooling environments, science centers, and even in community
college and university programs. It is important to realize that we are not only
designing and manufacturing telescopes in this project. The strength and effectiveness
of a program like this greatly depends on the educational materials created to
complement the telescope, the distribution network, and the professional development
plan.

What do you mean?

The core educational experience for children, regardless of the educational
environment, must be defined, tested, and validated. We have done this over the past 5
years in our NSF-funded Hands-On Optics program for middle school and upper
elementary school children (a partnership of the National Optical Astronomy
Observatory, the Optical Society of America, and the SPIE-the International Society for
Optical Engineering). We are also building on well-tested telescope-based activities
from the MicroObservatory program at Harvard and from the Lawrence Hall of Science
at UC Berkeley. Like all educational programs at NOAO, we are congruent with and
responsive to the National Science Education Standards and always link to national and
state science standards. Additionally we support the National Council of Teachers of
Mathematics (NCTM) math standards as well as technology education standards.

We know the kinds of educational experiences we want kids to have. Our kit is
designed to be a full-up light and color experimentation station. As the telescope is
being built, a student team makes predictions, conducts experiments, and learns how
images can be formed by lenses. For example, they study what would happen to the
image if you cover up half of the lens. Most are surprised that the picture doesn’t get cut
in half or go away but just gets dimmer. They learn that each little part of the lens helps
form the entire image. They also learn about focal lengths, image formation by different
types of lenses, resolution, refraction, and how the eye forms an image.

What else do they learn?

They really get a feel for the scientific process-how experimentation leads to predictions
and then conclusions based on evidence. As in the case of the lens experiment I just
described, the cognitive dissonance created when their prediction doesn’t come true is
very useful to them for understanding how science changes and corrects itself. The core
curriculum for the Galileoscope is based on increasing both knowledge and a sense of
wonder about how things work.



Knowledge and wonder?

Yes, it was Francis Bacon who said that “all knowledge and wonder (which is the seed
of knowledge) is an impression of pleasure in itself.” The Galileoscope will cultivate a
sense of wonder at the magic of both optics and astronomy, will help students become
more knowledgeable about how light works, and will also show that scientific
discovery (such as looking at Jupiter and Saturn) is a pleasurable and even
transformative experience.

What can you see with the telescopes and what can be learned?

What can be observed with the Galileoscope? The best views are of the key objects
Galileo observed that influenced his views on astronomy. The telescope is optimized to
provide high-quality views of: - '

a. Mountains and craters on the Moon, which
revealed to Galileo that the Moon is a craggy
world like Earth, not a smooth heavenly
sphere.

b. Four moons circling Jupiter, which revealed
to Galileo that there can be more than one
center of motion in the universe, and that a
planet can move through space without losing
its satellites (at once removing one of the main
objections to the heliocentric cosmology,
namely, that if Earth were to orbit the Sun, it
would leave the Moon behind).

c. More stars in the Pleiades and Beehive star
clusters than can be seen with the unaided eye,
which revealed to Galileo that nature is filled
with wonders never before imagined-literally
more than meets the eye. A large number of
double stars can be resolved with the
Galileoscope and bright nebulae like the Orion
nebula will be easily seen.
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How are the telescopes used once they are assembled?

In the observations just described, the goal is not to just see these objects but to track
and record one’s own observations. Our program is titled: “In the Footsteps of Galileo”
and that well describes our program. For example, in looking at the Moon, you can
make sketches of craters and mountains on the Moon much as Galileo did. You can
observe the phases of Venus, just as Galileo did. In looking at Jupiter, you can watch
over the period of a week, mapping the positions of the largest (Galilean) satellites.
Looking at the rings of Saturn, you can sketch them and compare your drawings to
Galileo’s. You will discover that you can see the rings better than Galileo ever could!

Better than Galileo?

Yes, Galileo described Saturn as having “ears” but he could never see it clearly enough
to identify it as a ring or rings. Understanding Galileo’s telescope and his observational
skill is a teachable moment. Lenses were not easy to fabricate in the early 1600’s and it
was a form of secret knowledge exactly how they should be made and arranged to
make a telescope.

How will the telescopes be distributed?

We have been working with several large educational networks to ensure that the
telescopes will be used most effectively and can be distributed in the U.S and elsewhere
most efficiently. The National Optical Observatory, the Astronomical Society of the
Pacific (one of the most respected astronomy education organizations in the world) and
the Association of Science Technology Centers have been working for four years to train
astronomy educators at small science and nature centers and small planetariums. In this
NSF-funded Astronomy from the Ground Up project (which is still continuing) we now
have trained over 250 educators at nearly that many institutions. The Galileoscopes will
be going directly to them. The Hands-On Optics project has worked with after-school
programs in California, Colorado, New Mexico, Washington, Oregon, and Maryland
and with larger science centers across the country. These partners are ready for the
Galileoscopes. New partners in the distribution effort are also possible. Each country is
working on their own distribution plan to their educational institutions, national
observatories, planetariums, and science centers.

Will amateur astronomy clubs be involved?

Yes, very much so. In the US, the Astronomical Society of the Pacific has run a NASA-
sponsored Night Sky Network of amateur astronomy clubs who are active in
astronomy education. We will be working with their top 100 clubs nationwide to help
them use the Galileoscope in their educational settings. Most countries are incorporating
amateur astronomers into their plans to use the Galileoscopes. We also see an effective
distribution network in the Astronomical League, a network of astronomy clubs.

How about planetariums?

The project has received perhaps the greatest response from small planetariums, which
often have vigorous outreach programs. We are working with the International
Planetarium Society, which is the umbrella organization for the very active regional US
planetarium societies such as the Middle Atlantic, Great Lakes, and Pacific Planetarium
groups. Planetarium educators have the right combination of know-how in astronomy
and in astronomy education to be among our most effective educational partners.



You mentioned professional development. How will you train educators to use the
kits?

Much of our work in setting up professional development networks and in developing
materials has been completed. Professional development can be delivered in person in
many cases, but can be more cost-effective when delivered via web-based programs and
videos. Key regional training centers for in-house workshops are the Astronomical
Society of the Pacific Project ASTRO training sites in San Francisco, Tucson (NOAO),
New Jersey (New Jersey Astronomy Center), Hawaii (Gemini Observatory), Ohio
(Cincinnati Observatory) Texas (UT-Austin), Boston (Harvard Smithsonian Center for
Astrophysics), Colorado (CU-Boulder) and many others. Many of these sites will be key
sites for the International Year of Astronomy Galileo Teacher Training Program, which
will be training teachers to use the Galileoscopes in their classes and to do other IYA-
related activities as well as to increase their astronomy content knowledge. NOAO and
Astronomical Society of the Pacific professional development experts will play key roles
in delivering face-to-face and on-line workshops.

What are the main project risks?

First, I'd like to start by outlining the project’s strengths, and steps taken to minimize
risk: The design of the telescope kit and related educational materials are both excellent
and nearly complete. Manufacturing and testing prototypes have uncovered various
issues and these are being corrected before the final molds are made.

Our manufacturing partner, Merit Models of Racine Wisconsin is a quality-oriented
company with considerable experience in projects of this type. We have various
checkpoints in the manufacturing cycle to ensure quality. Some of the best optical
designers and optical system analysts in the country have volunteered their time for the
design and have done a terrific job making the optical design robust. As project
manager, I also bring over 30 years of astronomy education experience to the project, as
well as more than a dozen years of optical and systems engineering experience both in
industry and observatory settings.

The distribution networks are well established. Distribution will go directly to our
educational partners after shipments are received in bulk at key ports in each country.
We may however, encounter distribution challenges in some of the smaller countries.
There is also a major localization and translation effort just getting underway.

Our key area of concern right now is to make sure production volume is high enough to
keep the price low. Pricing depends on the initial order, not on expected long-term
volume over several years. We are in the process of collecting orders from
approximately 60 countries. Many countries, because of economic issues, cannot afford
to order many units at this time, so we may need an underwriter to get production
started. We have designed a plan where science centers and planetariums in the United
States will partner with educational organizations in developing countries to ensure
that they also receive Galileoscopes. For decent pricing, we need at least 150,000 units
(and preferably twice that many). If the initial order is less than this, the price jumps
considerably and many countries and organizations ordering early will have to be
queried to see how they want to proceed with their orders. This would add delay to the
project and throw off the timing, both for production and for the education plans that



have been developed to complement the Galileoscopes. On the positive side, several
large initial orders will keep the price reasonable possibly leading to additional orders.

What is the present status of the project? (August 2008)?

We are in final prototyping and testing, and are getting very excited about starting full-
up production for the International Year of Astronomy. We are very excited each time
we make an improvement. When I was working on NASA missions at Martin Marietta
in the 1980’s I found a way to greatly improve the performance of an infrared space
telescope. But this project is even more satisfying to me—to greatly improve the quality
of telescopes that can be distributed around the world. The project members have been
observing the Moon, Saturn, and Jupiter this year with our prototypes and are thrilled
with how much we can see in a small quality instrument like the Galileoscope. In our
testing process we have shown many of our friends and neighbors, and their children
these views of Jupiter and Saturn. It has been very fulfilling to see how excited they get
when they see these planets for the first time in a quality, well-designed educational
telescope.

For more information contact

Dr. Stephen M. Pompea

Project Director

International Year of Astronomy 2009
National Optical Astronomy Observatory
950 N. Cherry Avenue

Tucson, Arizona, 85719 U.S.A.

Voice: 520.318.8285

Cell: 520.907.2493

spompea@noao.edu

Latest prototype of th€alileoscope used in testing. The
final Galileoscope colors will be different than this versior
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