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A Message from the Conference Chairman
In the summer of 2008, planetarians met to "Explore the Edge" of our chosen profession in
Chicago. The following IPS 2008 Proceedings are one result of this meeting. I am grateful to
all those who contributed their expertise as presenters and exhibitors. I extend a heartfelt
thanks to the IPS 2008 sponsors, whose major financial support allowed the Adler Planetarium
to host the largest conference in IPS history; and to the Conference committees and Adler staff
who developed and coordinated the many aspects of this major event.
Special thanks go to Adler Astronomer Larry Ciupik for his editorial work. I hope the text that
follows helps you find your own answers to the main question posed at the conference: what is
the future viability of planetaria in a world increasingly overwhelmed, even bombarded, by
information? One possible answer comes from a presentation made by Adler Vice President for
Collections Dr. Marv Bolt. Though he was referencing 18th century mechanisms, it holds true
today: "Lasting success requires the audience's inspiration, not the demonstrator's." Through
the decades IPS and its members have aimed to do just that -- inspire the public audience -and this aim is its lasting and future success.
It was wonderful to see so many of you in Chicago at IPS 2008. Thanks to all of my fellow
planetarians for the work you do and best wishes for your success in the future.
Paul H. Knappenberger Jr.
IPS 2008 Organizing Committee
President, Adler Planetarium
June 2009

A Message from the IPS President
Dear Colleagues,
IPS is pleased to provide these Proceedings for the 2008 IPS Conference as one of the benefits
of your membership. This was a unique conference in many ways with the highest number of
attendees and therefore an impressive body of documents is included in this compilation.
The theme of this exciting conference was “Exploring the Edge” and that is just what attendees
did. For those of you who attended the Conference, this can be a review of some of the
absorbing sessions you attended and a chance to read about what you missed during your busy
schedule. Members who were unable to attend, you can enjoy studying these documents and
thereby discover the powerful insight that can be gained by “Exploring the Edge”.
As you survey the papers provided in this document you can be assured that you will be
impressed and find inspiration from the work of your talented IPS colleagues and friends.
Susan Reynolds Button
IPS President 2007-2008
Quarks to Clusters
June 2009
IPS 2008 Conference Proceedings
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Note from the Editor
The enclosed proceedings of the IPS 2008 conference contain all the written papers submitted
subsequent to its conclusion, and they represent almost all of the presentations during the
meeting. I would like to thank the IPS 2008 sponsors, the IPS officers, our local advisors, all
those who presented at the meeting, and the IPS 2008 team here at Adler for their assistance in
presenting the IPS2008 meeting. I would like to especially thank Adler President Paul
Knappenberger for his support and management of IPS 2008, and Karen Donnelly for her help
in compiling the table of contents and general organization of these proceedings. I also want to
thank Dale Smith for his help in duplicating these proceedings.
Larry A. Ciupik
Project Manager, IPS 2008
Astronomer, Adler Planetarium
June 2009
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In Search of Our cosmic origins – a European Planetarium Show for the
IYA09
Acker, Agnès
Association des Planetariums de Langue Française, Observatoire/Université UdS,
11 rue de l’université – F67000 Strasbourg, France
acker@astro.u-strasbg.fr - ackeragnes@orange.fr
Boffin, Henri
ESO
Karl-Schwarzschild-str. 2, 85748 Garching, Germany
hboffin@eso.org

As part of a wide range of education and public outreach activities for the International
Year of Astronomy 2009, the European Southern Observatory (ESO) has collaborated
with the Association of French-speaking Planetariums (APLF) and other partners in
Europe to produce a new planetarium show, 30 minutes in length, and centred on the
global ground-based astronomical Atacama Large Millimeter/ submillimeter Array (ALMA)
project.
The emphasis of the new planetarium show is the incomparable scientific endeavour that
the ALMA project represents. Edited by world experts Mirage3D, the show includes
unique animations and footage, leading the viewer from the first observations by Galileo,
400 years ago, to the world of modern astronomy, moving from the optical wavelength
domain to explore the millimetre-wave view of the Universe, and leaving light-polluted
cities for unique settings in some of the highest and driest places on Earth. A young
woman astronomer guides the public throughout the story.
The show is currently available in French and English. Several other language versions
are in preparation: German, Italian, Spanish and Chilean Spanish. Further languages are
being planned: Danish, Dutch, Greek, Japanese, Portuguese, and Brazilian Portuguese.
The show will be available in 3 different formats: full dome video, classical with video
windows, and classical. It will be available to all planetariums worldwide for a small fee,
depending on the type and the size of the planetarium, to cover basic costs.
PLANETARIUMS, organize an annual conference (held
in Paris in May 2009), realise booklets, CD-Roms, and
postcards.

The « Association des Planetariums de Langue
Française » (APLF, French speaking Planetariums
Association, www.aplf-planetariums.org ) is born in
1984 and shares regularly more than 100 members in
France, and also in Belgium, Morocco, QuebecCanada.
APLF
realizes
an
annual
Journal

To offer to all theatres the possibility to buy shows on
high quality without high expenses, APLF products and
distributes since 2001 shows on an European level : a
show dedicated to the Earth observed by satellites was
performed in 2001, with the French Space Agency
(CNES). A show on the mysteries of the southern sky
discovered thanks the VLT was distributed to 45
planetariums in 2002-2003, in collaboration with the
European Southern Observatory (ESO) for its 40th
Anniversary.
The APLF and ESO wanted to pursue this collaboration
on the occasion of the IYA 2009 and came up with the
idea to make a planetarium show about ALMA.
IPS 2008 Conference Proceedings ! 1

The aim of the ALMA show
The « Atacama
Array »

Large

Millimeter/submillimeter

ALMA,
the
Atacama
Large
Millimeter/submillimeter Array is argua-bly the largest
astronomical project in existence. It is currently being
built by partners from Europe (ESO), North America
(under the leadership of NRAO), and East Asia (NAOJ),
on the 5,000 metre high plateau of Chajnantor in the
arid Chilean Atacama Desert. With its fully
reconfigurable array of 66 antennas, ALMA will study
the Universe in the millimetre/submillimetre wave-length
domain. Light at these wave-lengths shines from vast
cold clouds in interstellar space, and from galaxies with
very high redshifts – the waves being stretched and
“reddened” more and more by the expansion of the
Universe.
ALMA is the most powerful telescope for
observing the cool Universe — the relic radiation of the

APLF and ESO signed an agreement to
produce a multi-language show of 30 minute duration,
centred on ALMA. The organisational structure is
similar to the one of 2002, with a working group
composed of director of planetaria with a lot of
experience in charge of the production of the show,
while a European committee pilots the whole project
and a scientific committee checks the scientific
accuracy of the show. The delegate producer is the
well-known society Mirage 3D, lead by Robin Sip.
The show is available in 3 different formats: full
dome video, AllSky immersive projection and video
windows, and images projection with video window for
the smaller planetariums.
Our aim is to bring the most recent answers to
our question : « where do we come from?» on two
temporal scales : origin of our home planet, the Earth,
and origin of the galaxies and the Universe. The show
is scientifically correct, avoiding naïve representations,
bringing simple and clear explanations on invisible light,
the redshift and expansion of the universe. The
scientific message are also attractive, bringing dream,
contemplation, musical happiness, thanks the talent of
Robin Sip and the M3D team.
A rich story

primordial universe in the Big Bang model, and the
molecular gas and dust that constitute the building
blocks of stars, planetary systems, galaxies, and life
itself. By providing scientists with detailed images of
stars and planets being born in gas clouds near our
Solar System, and detecting distant galaxies forming at
the edge of the observable Universe, which we see as
they were roughly ten billion years ago, it will let
astronomers address some of the deepest questions of
our cosmic origins.
ALMA’s construction will be completed around
2013, but early scientific observations with a partial
array will begin around 2011.
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The story begins in the workshop of Galileo,
reproduced with a lot of details: Galileo noted his
observations on a book, and the Jupiter and satellites
observations are shown as a movie, flying into space
where we see the Jupiter’s system followed by the solar
system. Thanks to Galileo's observations, it became
clearer that we don't have an Earth centred universe.
This was a big astronomical advance.

Coming back to Earth, we land in the Atacama
Desert at an altitude of 5000 m, where workers are
building the ALMA foundations in extreme conditions.
The Sun sets and we enjoy the Milky Way in all its
glory, discerning dark, strangely shaped clouds of dust
and gas. How can astronomers study these dark areas?

study light from some of the more distant objects in the
Universe, long wavelengths need to be detected.

The invisible light. We meet our compagnone Ariane,
an ESO astronomer. She is sitting near a fire, and
explains us that bright yellow flames are very hot, while
the ash will become red, and finally dark : but we can
feel another form of radiation in the form of the heat.
And so we see that the colours and temperature are
related: cool matter radiates infrared light. As in a
rainbow the « white light » will be split into many
different wavelenghts, and if we study colder and colder
matter, we need to study at longer and longer
wavelengths, reaching the infrared and then millimetre
radio waves. To capture these long waves, we need
bigger and bigger receptors, called radio telescopes.

The quest for the origins of the primordial galaxies.
Thanks to ALMA, we may confirm the scenario of the
story of the observable Universe, beginning with the
first image detected with the WMAP satellite. The initial
inhomogeneities reveal themselves in the distribution of
matter, which expands and cools to form great
structures of galaxies: an impressive simulation in
agreement with the galaxies distribution shown by the
LEDA database from Georges Paturel (Observatoire de
Lyon, France).

The galaxies. Going back to the Atacama desert, we
discover the mysteries of the starry night. We look at
the Milky Way, this huge family of stars, gas and dust,
and start a journey in the Universe: we cross many
stars, nebulae, and discover the shape of Milky Way,
that of a spiral galaxy.
Other galaxies appear : some spirals, other like
a cosmic bird resulting from the collision of 3 galaxies,
as a simulation done by Françoise Combes (Paris,
France) shows us. At the edge of our journey we see
smaller and smaller galaxies, which are also redder and
redder, with many of them being in interaction.
Galaxies are co-moving on the expanding fabric
of space and their light waves are elongated and
reddened more and more as their distance increase.
The further away things are, the redder they appear. To

ALMA will detect many more galaxies at larger
redshift than before (for example faint red galaxies in
the UKDSS Ultra-Deep Survey) and could explore the
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primordial Universe. So we will learn us if stars were
born before or after galaxies.

The formation of the planets. Coming back on Earth,
we explore the dusty clouds in which stars are forming
like the Eagle nebula. Theoretical scenario proposes
that stars will emerge, surrounded by a dusty disc, in
which dust form peebles, planetesimals, and finally,
planets.
To verify this story, ALMA, with the very high
spatial resolution provided by this revolutionary
interferometer, will give us a close look at protoplanetary discs where we will see planets in the making.
By doing so, we will learn more about the origins of our
own Earth.
A final « dish dance » on the « Nutcracker »
music from Tchaikovsky closes the show.
A unique event for IYA2009
The show will serve as an opening for the IYA 2009 in
many Planetariums in France. Then over 2009, the
show will be featured in all the participating theatres
across Europe and Chile, and elsewhere.
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The SVL, A Working Laboratory Inside A Museum
Julieta Aguilera, Doug Roberts, Mark SubbaRao, Christine Minerva,
Michelle Nichols, Jose Francisco Salgado, Robert Kooima*
Adler Planetarium & Astronomy Museum, United States
*University of Illinois at Chicago, United States

In May of 2007, the Space Visualization Laboratory (SVL) opened at Adler Planetarium &
Astronomy Museum. This working laboratory bridges research and technology with the
experience of museum visitors. First, new technologies and visualization tools allow
scientists, artists, educators and engineers to create new interactive experiences for
museum visitors. Second, the devices in the laboratory enable the exploration of new
ways for both experts and the public to interact with many types of large astronomical
datasets. Third, new technologies and modes of interaction are developed and evaluated
on visitors to support shows and exhibit production. Finally, the laboratory is located on
the exhibitions floor, allowing visitors to get an insider view of the production process
and contribute to the ongoing growth of the museum. To this end, the many aspects of
the SVL are evaluated in terms of audience experience and working space in three
different modes the times when the laboratory is open for the public to engage with
content experts, the times when the laboratory is open for the public to explore on their
own, and the times that visitors can see staff working through a glass wall.
Introduction
The Space Visualization Laboratory (SVL) exists within
the exhibit gallery space of the Adler Planetarium and
Astronomy Museum. The first part of this paper gives
an overview of the Adler, its vision and history. The
second part describes the mission of the SVL as it
extends Adler’s visitor experience. The laboratory
facility itself is then described. A year after opening
SVL, two surveys were executed to evaluate how SVL
is currently perceived by museum visitors. The
conclusion draws attention to challenges ahead based
on both the survey design and its results.
The Adler Planetarium & Astronomy Museum
In 1928, Max Adler decided to invest part of his fortune
in a public facility that would benefit future generations.
He learned of a mechanism which could replicate the
night sky and decided to build the first modern
planetarium in the Western Hemisphere (Fig. 1). In a
further demonstration of foresight, Mr. Adler also
acquired an impressive collection of historical artifacts
in astronomy, navigation, time keeping and engineering.
The space race era later saw the founding of the
Chicago Planetarium Society, the strengthening of the
professional staff and the expansion and modernizing of
the education program.
In recent years, a sequence of expansions has not only
opened up new galleries but has also paved the way
toward the use of new technologies.

Figure 1. The Adler, then(1930) and now (2008).

The Space Visualization Laboratory
Inaugurated in May of 2007, the SVL is located in the
exhibitions lower level area (Fig. 2), among galleries
and the definiti Theater. The SVL Mission is to enable
exploration through visualization.

Figure 2. The Space Visualization Laboratory

Goals of the SVL include:
IPS 2008 Conference Proceedings ✯ 5

•
•
•
•
•
•

To create unique visualization experiences for Adler
visitors.
Facilitate reuse of visual content in multiple venues.
Create interactive visualization tools that Adler staff
can use to present space science content in unique
ways (i.e., theaters and programs).
Support use of visualization in research areas at
Adler and partner institutions.
Raise awareness of visualization activities at SVL in
the space visualization community.
Connect Adler to R&D at other institutions, including
universities, museums and corporations. This
leverages cutting-edge technology to keep up with
advances in the field.

The SVL contains a variety of devices that allow 2D and
3D imaging, immersion, interactivity, and high resolution
viewing, as either personal or group experiences
(Fig.3). Devices are assembled and positioned in the
space as required by testing and presentation needs.
This image shows some of the devices currently in
place at the Lab.

•
•
•

Meetings and workshops
Interaction with historical instruments
Multimedia (other)

The core SVL team consists of astronomy,
visualization, programming and design experts as well
as interns with exceptional talent and interest in science
and technology. Staff from other Adler departments
such as Education, Exhibition Design, Information
Systems, and Media are part of the expanded team
within the museum.
Outside of Adler, SVL staff interface with experts in
technology, science and education. Over the past year,
Aaron Price from Tufts University spent a week at SVL
conducting a study on stereo visualization and learning,
to investigate if 3D visualization contributes to better
understanding. The Museum of Science & Industry, SciTech Cooperative Outreach ProgrammE (MSCOPE)
group and the Kavli Institute for Cosmological Physics
(KICP) from the University of Chicago have been
working on visualizations and conducting presentations
respectively as part of their outreach efforts. SVL has
hosted visiting scientists from NASA’s STEREO and
Mars Reconnaissance Orbiter missions. For the past
year, staff have conducted testing and evaluation on
Microsoft Research’s WorldWide Telescope. Joint work
with the Electronic Visualization Laboratory from the
University of Illinois at Chicago, and Northwestern
University has also taken place on a regular basis.
The surveys

Figure
3. Current devices used at SVL.

The SVL connects visualization efforts at Adler through
many venues and topic areas:
• Crown 3-D Theater (stereoscopic content)
• definiti [full-dome digital] Theater (software and
content)
• Universe Theater (renovation, stereoscopic HD
content)
• Cyberspace (software and content)
• Moonwall (hardware, software, content)
• Exploration of Human Computer Interaction and
Augmented Reality
• 3D interactivity, game development
• Research support (Astronomy, History of Astronomy,
Education)
• Astronomy public outreach support (interactive
presentations using lab devices)
6 ✯ IPS 2008 Conference Proceedings

Besides the research and development work that
happens behind its glass wall, SVL is open to the public
Monday through Friday from 2pm to 3:30pm, where
people come in to the laboratory, attend presentations
by astronomy related experts that take advantage of the
SVL’s sophisticated devices, ask questions to experts
and/or explore the laboratory on their own. Since May
2007, over 16,000 people have visited SVL. Two
surveys were conducted in June of 2008: one for
people who actually came inside the laboratory, and
one for people who could only see the laboratory from
outside the glass wall.
People inside the laboratory
The survey was run from 5/28/08 to 6/17/08 during
open (facilitated) hours (M-F 2-3:30pm). The survey
represents the typical end of the school year crowd
which is mostly parents with groups of kids, for a total of
108 self-selecting people. The survey data was
collected in SVL using laptops running Survey Monkey,
and the people who participated received a poster as a
thank-you gift. The diagrams below show visitor
characteristics.

Gender and age:
• 54% Female
• 42% Male
• 4% No answer

• 47% 17 and under
• 24% 18-35
• 16% 36-50
• 14% 51 and up

Why did you come in?
• 36% Interest in space,
astronomy, technology
• 28% Curiosity, looks
fun
• 16% Vacation, part of
the Adler experience
• 16% Someone told me
to come in (friend,
relative, staff)
• 4% void

Comfort with science:
• 5% Extremely
uncomfortable
• 13% A little
uncomfortable
• 52% Pretty comfortable
• 30% Very comfortable

What did you do today?
1.
2.
3.
4.
5.
1.
2.
3.
4.

68 people listened to an astronomy conversation
58 Played with an interactive program
54 Watched a video/animation
41 Asked a staff member a question about science
5. 41 Talked to a friend or relative about what they saw or did

Seventy to eighty percent of visitors agree or strongly
agree with the following statements:
• I learned something new at the SVL.
• Visiting the Space Visualization Laboratory
enhanced my experience of the planetarium.
• I will return to the Space Visualization Laboratory if I
visit the Adler again.
• The Space Visualization Lab visualizes current
astronomy research.
After experiencing SVL 93 percent of people said they
were inspired to learn more about what they saw.
Sixty-eight percent of people said yes to the following
statement:
“I learned that the visualizations developed at the SVL
staff will eventually be used in Adler exhibits and
shows.”
When asked to write three words that reflected their
SVL experience, respondents only mentioned words
relating to technology four times. This points to the fact
that the technology did not overwhelm visitors, who
were more likely to write words relating to affective
themes, like "inspirational" or "interesting". While SVL is
filled with technology, visitors seemed to find that the
feelings its content inspired in them better described the
space.
Visitor comments was an optional field in the survey,
but people left a number of positive remarks there:
• “My son and I thoroughly enjoyed the Space
Visualization Lab. He played with the computer and
we listened to an astronomer speak about Gamma
Rays”
• “I am going to make sure that I tell almost all my
friends about this place!”
• “It was awesome. I would come back again.”
• “I thought the presentation was quite interesting, I
learned a few new things and I thought it was cool I
could talk to a professional.”
• “I thought it was very inspiring”
• “Very helpful”
People looking at the laboratory from behind the
glass wall
The survey was conducted from 6/17/08 to 6/19/08
during hours when the lab was not open for visitation.
Besides this being an end of the school year crowd, it
was also a free admission week so the public was not
necessarily return visitors. 61 self-selecting people filled
out the survey. Data was collected just outside of SVL
using laptops running Survey Monkey, and the people
who participated also received a poster.
The following
characteristics.

diagrams

show

outside

visitor
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Gender and age:
• 64% Female
• 36% Male

• 44% 17 and under
• 44% 18-35
• 8% 36-50
• 3% 51 and up

compare visitation and behavior tracking with other
spaces within the museum to find out if there are
significant differences in ages, group size, group
configuration, time spent at particular devices, and
other characteristics.
Furthermore we need to communicate the research part
of the SVL mission to the public. This more complex
aspect was not specifically targeted in the surveys,
even though it appeared as either expectation or
association for many people, but it is one of SVL’s
major goals so it should be evaluated in more detail.
Over the course of a year, the SVL has seen its initial
goals accomplished: the surveys show that the public’s
understanding of the laboratory within the museum is
quite apparent, both from inside and outside of the
room itself. Future surveys should help us better focus
on how to articulate the more challenging goals to
come.
http://adlerplanetarium.org/svl/

When asked, “What does the room look like?”, most
people described it as a laboratory, a classroom, a
technology space, a place to study astronomical
phenomena and a social area. Most people looked
inside and made an inference. Only 4 out of 61 people
read the informational signs or watched the overview
video. 88.5% of respondents said they would like to
come in. It was not clear to most how publicly
accessible the space is.
Challenges ahead
Based on the survey data, a number of challenges and
opportunities await us.
We need to help people understand what is happening
in the laboratory, especially during times when the
space is not facilitated so they can make deeper
inferences than what the outside survey showed us. To
this purpose, we need to improve electronic signage so,
like the devices, it can be reconfigured and changed
easily. Once these changes have been made, we would
like to repeat the surveys to note any differences.
This evaluation project has also prompted us to look at
other types of surveys that may need to be done to give
us a more complete picture of the SVL visitor
experience, especially how it relates to the Adler visit as
a whole. What do people do after visiting SVL? We
have seen people return, but we need to quantify this.
Is the SVL innovative and changeable enough that
people want to come back to the Adler because of it?
Finally, we need to collect data as to how if the SVL
experience is helping shape the entire museum
experience in any particular way. In this regard, we plan
to study the navigation patterns of the space and
8 ! IPS 2008 Conference Proceedings

"Full-dome system at the Planetarium of Pamplona"
Jauregui, F., Manzanal, R. & Armentia, J.
Planetario de Pamplona
Sancho Ramirez, s/n
31008 Pamplona
SPAIN

We describe and affordable solution that the Planetarium of Pamplona (Spain) has
adopted to allow full-dome video (2K) at its dome. Using 4 DLP videoprojectors, with the
intersection at the zenith of the dome, a proprietary distortion system has been
developed, including antimask for dark scenes, mechanical shutters controlled for the
transitions to the dark sky sequences, that will be provided by the Zeiss Mark VI optomechanical projector. There is no real time simulation of the sky, but all the full-dome
sequences pre-rendered for the different projectors -aimed to each cardinal point- can be
managed with Dataton Watchout audiovisual control software.
The Planetario de Pamplona Star Theater
Opened in late ‘93, the Planetario de Pamplona still has
one of the largest domes in Spain, a 20 m (60 feet), not
tilted, white screen over a plateau with more than 200
seats. In the center there is a Zeiss Mark VI A optomechanical star projector, mounted on a lift that allows
us to completely remove it from the room. The seats are
arranged in a concentric way, but we cleared an area of
the plateau near the control desk, and the main
entrance corridor in order to have a chance to define a
privileged direction for our projection. Unlike most of
Zeiss planetariums, ours has the South above the
control desk, so the main projection area on the dome
focuses on the south.
The Fulldome System
The new audiovisual equipment, set up in the second
half of 2007 is the most important update of our
projection system in 15 years. Our main goal was to be
able to override the slide dependency, and make the
leap to a digital projection system. Our star projector is
working well and we are happy with the starry night it
produces, so we still don’t want to replace it. That’s why
we chose a 2k fulldome system: it is the cheapest one
which allows us a reasonable quality for video fulldome,
although it isn’t good enough for re-creating a starry sky
comparable to that of the Zeiss projector.
The projectors
We have installed four Projection Design F3+ DLP
video-projectors with 0.8 lenses that cover the entire
dome. The image of every projector is adjusted almost
without overlapping in the zenith and in the horizon, so
in the central area of the images we have almost 1050
pixels from the horizon to the zenith (around 2k’s the
visible part of the meridian). The projectors have a

shutter that we control via the RS232 port. We use one
of the two projector lamps because the dome is white
and the illuminance of the room that produces the
system is good enough with just one lamp. If we use all
the power of the projectors, it is more difficult to get
used to darkness when we switch to the Zeiss stars.
The control system
We still have our Omni Q system in use to control the
cove lights, the lift and some parameters of the new
arrangement. In particular, we control the power on and
the shutters of the video projectors (via RS232 port),
and we send some data to the A/V manager software.
The video fulldome images are controlled via Dataton’s
WATCHOUT. We have four computers (players), each
one of them directly connected to the DVI input of its
corresponding projector. They are connected in a serial
form which allows us to define one of them (the number
1) as the master of the cluster. This spears us an extra
control computer. We use Omni Q to give the
commands to Watchout. The master computer receives
them through its RS232 port and automatically sends
the corresponding actions to the other three. These
commands tell the system things like: “turn to clock
mode”, “load the XXX show”, “play the show you have
loaded”, “start reading SMPTE code”, “STOP”, etc. The
synchronization among the different systems (Zeiss,
Omni Q and Watchout) is made via the time codes
played with the sound control system software. We use
a multi-track software to play all the audio files, the
SMPTE file and the special time code used by the Zeiss
system. Currently we are installing a new sound
system: amplifiers, speakers, subwoofers, digital mixer
in order to get a Dolby 5.1 sound system that we plan to
set ut by the new school year.
The way to projection
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Our system has some peculiarities that makes it
special. This means that we have to make some extra
processes in between the dome master and the
projected images. These steps are quite automated but
we have to launch and control them prior to creating the
four video files we give to Watchout. Watchout, in our
arrangement, acts as a video fulldome postproduction
and player software. We produce the sequences using
3D or 2D software and, in many cases, we complete
these sequences adding some elements directly with
Watchout. This gives us the capability of editing
complex sequences in the last steps of their creation
and, at the same time, gives us the chance to render
less complex fulldome sequences. Watchout has
become an essential production tool for us. We
designed this system to project video fulldome
sequences but we have started to play starry skies too.
They are based on the images created by some
commercial astronomy software and animated with the
fulldome plugin for After Effects that people from
Navegar Foundation, in Multimeios, Portugal have
developed. We only use these scenes when the starry
sky has not the leading role, but is used as a
background that holds other elements that are in the
front. Every time we want to talk about constellations,
diurnal, precessional or other movements and if we
want to talk about the beauty of the dark sky, we close
the shutters of the projectors, avoid all kind of light
pollution on the dome and turn the opto-mechanical
stars on.

Production area
One of our biggest challenges is to transfer our school
offer into this new format. This year we have offered 13
different shows to our community and we don’t want
them to feel that a technological update means a loss in
their choice range. So, we have a plan to change most
of those shows into our fulldome format in the next two
or three years. We have already started that transfer
which means that this year we hope to be able to
present four of them in the new format. We have
finished two: “The night of the Vampire” and “Looking
upwards” and we are in the way of making “Grandma
Earth” for the beginning of the new school year. We
plan to make one more “The world of Fugaz” before the
end of the year. At the same time, we have to create
new shows. In the second half of 2007 we started to
produce a new show for kids titled “A very spaecial
Vampire” which is the second part of our particular
veggie vampire adventures saga. We presented it last
Christmas. Now, we are involved in the production of a
show in collaboration with all the other planetariums of
Spain. It is part of our contribution to the IYA2009
Spanish node. This show deals with the topic of
Evolution and links the two main characters of 2009:
Astronomy and Biology, Galileo-Kepler and Darwin.
Obviously, the production of this show is planned to be
done with the help of several Spanish companies and
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institutions.
Technicians
of
several
Spanish
planetariums (La Coruña, Madrid, Cuenca, Tenerife,
Las Palmas…) are also involved in this production,
under the direction of Fernando Jauregui, Astrophysicist
of the Planetario de Pamplona.

Audience Response in the Planetarium: Adapting Education Research Techniques to
Provide Increased Engagement and Program Evaluation Concurrently (Poster)
Audra Baleisis & Michael Magee
Flandrau Science Center, The University of Arizona, 1601 E. University Blvd., Tucson, AZ 85719
E-mail address: audrute@mac.com; mvmagee@ns.arizona.edu

We discuss prototyping a planetarium show that combines audience response
technology with simple, yet powerful, educational techniques such as misconceptions
research and peer instruction to enable personalized learning in a group setting. Our
initial experiences with audiences in a portable planetarium space have uncovered
strengths and challenges that are unique to an immersive environment. We present these
findings to stimulate discussion about developing cutting edge educational experiences
for the planetarium.
Introduction
During the last two years, we have been developing
planetarium programming that provides a more
personalized experience for an audience than do
traditional, lecture-based shows. Our goal is to increase
visitor engagement with the content and concepts in a
planetarium show. To aid in this we have chosen to
incorporate many ideas from reformed science teaching
research (Posner, Strike, Hewson & Gerzog, 1982) and
focus on a narrow topic – the motion of planets in our
solar system. We chose this topic for a number of
reasons: (1) it was conceptual rather than factual, (2) it
related to something people can observe with the naked
eye in the night sky after their visit, regardless of
location or time since the presentation, and (3) it was a
concept that is well suited to exploration in immersive
theater setting.
Visitor experiences at a live planetarium show depend
heavily on who is giving the presentation. A person who
understands both the subject matter and the unique
needs of different audiences is a more effective
teacher. This includes knowing something about what
an audience thinks or knows (their preconceptions)
when they come in to the planetarium. For instance,
many planetariums have shows that are aimed at
different age groups. Imagine knowing what expertise
people in your audience have, and being able to explain
an astronomy concept to them in terms of ideas they
already understand. The other part to understanding an
audience is knowing how to help them learn, which
requires familiarity with techniques that encourage
learning for specific audiences.
Three powerful ways to encourage deeper engagement
with astronomy, that have been used in schools and
college classrooms in recent years are: (1) using

audience response devices, (2) using peer instruction,
(3) and taking into account audience misconceptions
when designing a lesson. We have incorporated
additional techniques in developing this show, but we
will focus on these three here in order to highlight a
common strength. Each of these techniques
encourages audience engagement with subject matter
while giving feedback to a presenter (or show
developer) on how well the show is increasing
conceptual understanding for that audience.
Before they walk in the door
Audience preconceptions
A person who has not learned much about astronomy
prior to the visit will hold some beliefs that are
inconsistent with expert ideas about how the universe
works. There will be other concepts which that novice
has never thought much about, and if asked might
guess an answer. Being aware of visitors’ pre-existing
ideas is extremely useful in helping them learn,
because it allows the instructor to choose an
appropriate level of instruction and guidance. Research
about misconceptions aims to clarify the question “What
is the audience thinking about this topic before they
walk into the theater?” This is best accomplished
through carefully constructed surveys and interviews
administered prior to a show.
A number of studies have investigated astronomy
misconceptions among students: how the sky moves,
the causes of the seasons or moon phases, and the
distribution of planets and stars in the universe. Using
instruments like the Astronomy Diagnostic Test
(Hufnagel, 2002), research has shown that most people
have a limited understanding of astronomy concepts.
Studies have focused on K-12 children and non-science
major college students (Smith & Treagust, 1988;
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Vosniadou & Brewer, 1994; Trumper, 2001; Zeilik,
Schau & Mattern, 1999; Simonelli and Pilachowski,
2003; Barnett et al., 2005). The concept we are
interested in exploring with our audience, the orientation
of the planet orbits in the Solar System, was not
included in any of these studies. We feel it is well suited
to a planetarium’s strengths, such as displaying an
immersive night sky across a range of nights, and
showing the ecliptic “line” that the planets lie along.
We began our show development by designing 6
variations on a one-page visitor survey. Our goal was to
learn what our audience knew and thought about Solar
System object motions. To begin the prototyping we
asked visitors to the planetarium at Flandrau Science
Center to answer a question that invited a written
answer (e.g. “What do you think the solar system is?”)
followed by a space to draw, and instructions draw how
they thought objects in the Solar System moved. This
approach of eliciting learner ideas through drawings has
been used in other science teaching settings, such as
the “Picturing To Learn” project at MIT and “A Private
Universe” from the Harvard-Smithsonian Center for
Astrophysics.
The survey also asked respondents for minimal
personal data to help us understand who was
answering: rough grade level, gender, and zip code. We
collected surveys before planetarium shows, and have
just begun to follow up with interviews to ask
respondents to explain their answers in greater detail.
We hope the interviews will supplement our
understanding of the audience in two key areas: (1)
how they think motion occur in time, and (2) in 3dimensional space, which are both excluded by a flat,
paper survey.

Figure 1. A solar system survey handed out to visitors.
The responses can seem reasonable to someone with
a deep knowledge of the subject, but an interview may
uncover subtle misconceptions.
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Early results
Science concepts are not intrinsically “easy” or “hard.”
In judging what an audience understands about a
concept it is important to consider the following: Have
people ever been taught that concept in school? What
have they seen in books, on the Internet and television?
What have they remembered from those encounters?
Preliminary survey responses showed how visitor
uncertainty or confusion could be hidden by jargon.
Consider the responses shown in Figure 1. The term
“heavenly bodies” may mean asteroids and comets, or
as in another visitor response, include stars and
galaxies. In addition, a drawing that might show a
roughly circular path around the Sun but no planets
could mean many things. An interview would have
helped probe these explanations and drawings further.
While jargon can be a useful shortcut for experts, it can
also hide a variety of misconceptions for a novice,
which is why exploring beyond a single question can be
very fruitful. The more complete picture we can build of
our audiences, the more relevant our programming can
be.
After they sit down
While conducting the solar system survey and
interviews, we had a chance to test some early versions
of instruction with students at a science-themed
summer camp. All of our prototyping was conducted
using a portable digital planetarium – a Digitalis
Digitarium Alpha system. Although the summer camp
occurred too early to incorporate much survey data into
the instruction we developed, we were able to explore
the use of audience response devices and peer
instruction. We used the Qwidzom Q5 audience
response system. For this part, we chose to focus on
connecting a physical, 3-dimensional paper model of
the solar system with what people observed in the night
sky on the dome.
Clickers
At a basic level, audience response devices are a
computerized way of allowing people to vote
anonymously. They can be set so that no one in the
audience knows how other visitors voted, which we
believe encourages visitors to express an opinion or a
guess. But there is another way to look at clickers - as a
form of ongoing assessment of the planetarium learning
experience. In other words, what does the audience
hear in what the presenter is saying? Are they learning
or merely listening? If the questions used with clickers
are designed well, they provide insight into what the
audience has understood of the program. Poorly
designed questions, on the other hand, include obvious
right or wrong answers and provide poor feedback
about audience learning.

Peer Instruction
The term “peer instruction” is used here to refer to a
technique that has been used in college classrooms to
teach physics (Mazur, 1997) among other topics. It
consists of posing discussion questions to students to
discuss with their neighbors in class. The questions are
presented after a brief introduction to a topic, and
designed to gauge how well students have understood
the concept just presented to them. The students first
submit an answer individually using the clickers, then
they discuss their answer with a neighbor. If the two
students’ answers are in conflict, they try to convince
each other of their own point of view. This process
allows students to articulate concepts to each other in
their own words, and challenges them to defend their
own thinking. The choice to keep voting results secret
allows the instructor to see how the class has voted on
average and gauge whether a discussion amongst pairs
of students is useful, or if further instruction is needed.
Results
Audiences, both in school groups and family/friend
groups had little difficulty using the basic functions of
the clicker devices after an introduction. Having backlit
numbers and a screen was essential for using the
devices while the planetarium projector was in use.
Finally, when we did not reveal how the group had
voted, audience members were more focused on the
material we were presenting.
Peer instruction translated very badly, very
unexpectedly, and very well into the planetarium
setting. Our results were worse than expected as a
means in terms of getting people to talk with us (the
presenters) and with each other. Consider that in a
school classroom, there is time for the teacher to build
trust that a student won’t be silenced, laughed at or
otherwise penalized for a guess. The planetarium
audience is not always a class of students who know
each other and who have experience talking to each
other. There are no grades to encourage participation.
All of these can be barriers to successful peer
interactions. Getting people to talk with each other was
also difficult because the roles of father to child could
be different than between friends. Groups came to this
situation with pre-set roles concerning speaking and
knowledge – “dad has all the answers”, “kids can’t know
more than parents”, “I’m not the science-y one in this
couple.”
Peer instruction worked unexpectedly in the
planetarium in a few ways as well. Audience members
were surprisingly good at picking up the “right answer”
from our reaction to their wrong answers. In other
words, if a question was not phrased carefully, the
answer we were hoping to hear could be inferred from

the format of the question. They persistently (at times
insistently) asked us for the “answer” at the end of the
show - Were the solar system orbits in a plane or
random? Finally, although any single person may not
have come in with all the tools (factual knowledge,
logical thinking, and spatial visualization skills) to
“solve” the problem we presented, a small group was
more likely to succeed than an individual, and working
together the audience made use of many people’s
skills.
Finally, some parts of peer instruction translated very
well to the planetarium. People re-explained concepts in
their own words to their neighbors, sometimes providing
much more relevant analogies or examples than we
had. This will also provide us with a way to start
collecting
audience-created,
“natural
language”
explanations that may work for a variety of future
audiences.
Future work
We are still redesigning and collecting visitor surveys
and interviews. Visitor responses will be used to
construct the questions we will ask them to vote on in
future versions of this concept. This will be followed by
show script development by integration of audience
responses (during the show) with the cumulative
experiences we gather while piloting the show material.
What we hope to accomplish is a more personalized
planetarium visitor experience, by giving people the
chance to engage with questions we pose. More
importantly, they will have the chance to interact with
those around them, by discussing material and
articulating their point of view.
We hope that by partnering with other planetaria, we
will be able to reproduce our surveys on a larger scale
thereby making a significant impact on the planetarium
community as a whole. References/Links
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TraVis – A Virtual Reality Interactive Application For Scientific And
Aerospace Visualization And Simulation

Figure 1 – TraVis logo
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TraVis is a virtual reality application used both for collaborative engineering and space research, and
for scientific communication, because it allows to simulate scientific data in a precise, simple and
immersive way. TraVis has been developed by a group of grant fellows of CIFS (Consorzio
Interuniversitario di Fisica Spaziale, Turin) in partnership with Thales Alenia Space Italia Turin,
thanks to a public funding for Aeronautic and Space research allocated by Piedmont Region. The
project involved also some students from Turin Politecnico and Università degli studi. TraVis
(TRAjectory VISualization) is customized to better simulate space missions and universe exploration
in a CAVE (Cave Automatic Virtual Environment), but it can be used as a common VRML (Virtual
Reality Markup Language) viewer, because it allows to describe in a configuration file any scene and
to visualize it also on a simple PC. The scene can include for example planets, stars, galaxies and
spacecrafts. The user can associate an animation to each object and view a simulation. Interaction is
guaranteed by different devices (e.g. mouse, Nintendo Wiimote, tracking system) and thanks to a
simple menu. Another TraVis possible use is virtual mock-up analysis, but TraVis versatility allows
to use it in very different contexts.

Figure 2 – Astro-VR project and parts involvedTraVis architecture
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Context of development and use
TraVis (Trajectory Visualization) development started
with a thesis in May 2006 in Thales Alenia Space Italia
Turin (TAS-I). The developers were two students Turin
Polytechnic. The aim of the thesis was to develop an
application to simulate, in a virtual reality interactive
environment, spacecraft trajectories. In the meantime
CIFS (Consorzio Interuniversitario di Fisica Spaziale,
Turin) won a public funding for Aeronautic and Space
research allocated by Piedmont Region (Italy) and
started with TAS-I the Astro-VR project. TraVis
developers became CIFS grant fellows and the
application requirements were extended to satisfy
Astro-VR goal: to create a virtual reality interactive
application for scientific communication addressed both
to common people and scientists with specific
applications in space physics and astrophysics. In
January 2008 CIFS employed as grant fellows also two
students from Turin University.
TraVis is still growing, but it can be already used in
many different contexts. In TAS-I it is used for:
o trajectories simulation
o virtual mock-ups analysis
o TAS-I products presentation to customers and
visitors
The software has been also used in many scientific
public exhibitions, like the stereo wall of the
Astronomical Park INFINI.TO opened in September
2007: TraVis was installed in a particular saddle
structure to show spacecraft Rosetta and its mission.
Other TraVis applications and future developments are
illustrated below.
TraVis is based on a C++ graphic engine (built upon
OpenSG libraries). TraVis can be used both on a single
PC and in a CAVE (Cave Automatic Virtual
Environment) system. A CAVE (figure 4) is a sort of
cubical room made up of a variable number of walls
(normally from three to six). On each wall a
stereoscopic view is projected to simulate a virtual
environment around the user.
When running in a CAVE, the application must be
installed on a cluster of PCs: a master PC and a pair of
server PCs to render the stereoscopic scene for each
wall of the CAVE.
On each PC it is installed at least one of the application
modules:
o client module (on master PC): it manages master
operator interactions, calculates the scene and
coordinates all the other modules
o server modules (on each server PCs): they render
the scene in the CAVE
o device module: it manages CAVE operator’s
interaction device/s (mouse and/or Nintendo
Wiimote).
When you use TraVis on a single PC you only need to
start client module. If you run TraVis in a CAVE, you
need to install a server module on each server PC and
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the device module on one of the server PCs (or on a
dedicated PC).
There are two types of user:
o the master operator (operator on the master PC)
o the CAVE operator (operator in the CAVE)
Both master and CAVE operator can interact with the
simulation, but in different ways, as it will be soon
explained.
When the master operator runs the application, it will
appear a window with a graphic interface, which allows
to select the configuration file describing the scene to
load. The configuration file allows to define the 3D
models to load and all their features. TraVis is provided
with a good number of configuration files for different
scenes (e.g. Cassini mission or International Space
Station orbit), so an early user can select one of these
files and the scene will be loaded automatically. If the
user wants to visualize a different scene, he can edit a
new configuration file and load it.
Once selected the configuration file, the application
loads the whole scene. From this point on, the user can
interact with the simulation using several methods of
interaction:
o mouse: the master operator can move the mouse
and keep pressed left button to rotate camera
around the scene, right button to move forward or
backward, middle button to pan
o tracked device: in general a tracked device can be
any device provided with at least three buttons (like
a mouse or a Nintendo Wiimote, figure 3) and
recognized by the tracking system. The CAVE
operator can move the camera moving the device in
space: the camera will move accordingly with the
device. This device can also be used to pick the
objects in the scene and move them
o menu: there are two similar menus, one for the
master operator (on the graphic interface of master
PC) and one for the CAVE operator (a 3D menu in
the scene). They allows for example to control time
flow, set camera navigation mode, jump from an
object to another.

Figure 3 - A Nintendo Wiimote
TraVis functionalities
Now let’s see more in detail what you can do with
TraVis. All the following features live together in a single
application, and you can use each functionality in any
context.

3.1

Virtual Mock-up analysis

o
o

o
o

Figure 4 – TraVis allows to take measurements (see
red line)
TraVis can be considered a VRML viewer usable in a
CAVE and with a lot of additional features:
o take measurements between two points (figure 4)
o view dynamic section: cut with a mobile plane the
3D models and see their section
o pick and move each 3D model which compose the
virtual mock-up
o change view mode for each 3D model: you can hide
or view in wire frame any 3D model
o change scene illumination: in the configuration file
you can define one or more lights and place them in
the scene. During simulation you can switch them
off, if you want.

Figure 5 –Trajectories displayed with TraVis
3.2
Trajectories simulation
TraVis is more than a VRML viewer, it’s a simulator.
In the configuration file you can assign a static position
or an animation to each 3D model. There are two types
of animation:
o file animation: you can assign to each animated
object an animation file containing on each row
position and orientation of the object in a specified
date, in chronological order
o ephemerides animation: ephemerides are tables
containing data which allow to calculate position of
celestial bodies.
Once the simulation has started, each animated object
will move accordingly to the current date of the
simulation. To help analyze trajectories, TraVis has
other particular features:

o

time control: jump from a date to another one or
speed up/ slow down time flow
trajectories visualization: you can specify in the
configuration file if you want to see a line along one
or more trajectories. You can choose to see the
whole trajectories or the already done trajectories or
both (figure 5)
informative messages: you can write in the
configuration file a list of messages to appear in
specified dates
names visualization: visualize the name of each 3D
model in the scene. It will be easier to find the
objects in the scene (figure 5)
follow function: follow an object along its trajectory.
The selected object will remain in the centre of the
scene as long as you want (figure 6).

Figure 6 – A view of Earth from Hubble with TraVis
3.3
Solar System, Milky Way and Universe
exploration
TraVis is provided with a configuration file which allows
to load in the same scene:
o the Solar System (including some important
spacecrafts)
o the stars of Hipparcos Catalogue
o the galaxies of SDSS (figure 8).
TraVis supplies many features which help exploring the
space:
o trajectories visualization (figure 7)
o informative messages
o names visualization (figure 7)
o follow function
o go to function: jump near each object in the scene
or in a specific region of the sky
o galaxies selection: visualize only a part of the
galaxies (galaxies placed in northern/southern
hemisphere, or a particular type)
o map mode: show the scene from a major distance
with a marker indicating the current position of the
camera
o coordinate system: you can define a coordinate
system and visualize the three axes and the xy
plane
o bookmark: place a bookmark to remember a
particular position.

IPS 2008 Conference Proceedings ✯ 17

o
o
o
o
o

Figure 7 – A view of Solar System with TraVis
3.4
Scientific communication and Entertainment
TraVis can be used as a precise instrument for
scientists or specialists, but also for scientific
communication or entertainment towards a general
public. A CAVE operator can perform, surrounded by a
group of spectators, in the CAVE, and if they like to,
they can experience interaction personally.
Unfortunately sometimes a CAVE operator is not
available. To help solve this problem TraVis provides
some functionalities:
o record: record all your interactions with the scene
o play: load a recorded simulation and see it
whenever you want
o simulation editing: load one or more recorded
simulations of the same scene and see them in
sequence and in loop, if you want
All these features allow to create shows which doesn’t
need operators. You must only load the recorded
simulations and the public will enjoy the show.
Record and play functions can also be useful if you
need to simulate something quite complex or lengthy.
For example you can record a work session, stop the
application whenever you want and restart working in
any other moment from the point you stopped.

asteroids trajectories simulation
cosmologic simulations
interactive map on PDA
physical engine
spacecraft landing and rover operations simulation

Precision problems and solutions
One of the main problems encountered by TraVis
developers is number precision: TraVis can display big
scenes with both “little” objects like International Space
Station and “big” objects like galaxies. Graphic cards
precision is not enough to represent with sufficient
precision this type of scenes, so the objects far from the
centre of the scene flicker.
TraVis developers mixed different solutions to solve this
problem:
1. Instead of moving the camera in the scene, the
whole scene moves respect to the camera. The
visual effect is the same, but in this way the camera
is always in the center of the scene and all the
objects near the camera are also near the center.
Objects far from the camera still flicker, but they are
so far that the user can’t see flickering.
2. The user can define more sub-scenes with different
measurement units. For example the Universe can
be divided in:
o a sub-scene representing the Earth and its
satellites
o a sub-scene with the Solar System
o a sub-scene with the stars of Hipparcos
Catalogue
o a sub-scene with the galaxies
The graphic engine renders each sub-scene in a
different rendering step: from the “biggest” subscene to the “littlest” one.
3. Camera position is represented by four floating
point numbers using a PSC (Power Scaled
Coordinates) notation. A 3D point (x, y, z, s)

(

s

s

s

)

corresponds to x ⋅ 10 , y ⋅ 10 , z ⋅ 10 . With this
method we can position camera in every sub-scene
without precision loss. This representation derives
from an idea described in the paper “A
Transparently Scalable Visualization Architecture
for Exploring the Universe” (Fu and Hanson).
Conclusions

Figure 8 – A view of galaxies with TraVis
Future possible uses
There are a lot of different contexts in which we could
use TraVis and lots of new functionalities which could
be very useful. TraVis is still in development and we
hope that all our ideas will become real soon:
o automatic video recording
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Travis can play an interesting role in astronomical parks
and planetaria. This document mainly aims to briefly
introduce the software TraVis, its context of use and its
functionalities. CIFS and Thales Alenia Space Italia
Turin should be glad to have collaborations about
Aerospace and Astronomical data simulation and
related problems.
People

TraVis developers and collaborators
CIFS:
Christian Bar
Manuela Marello
Federico dell’Anese
Tuinchi Cerutti
Turin Polytechnic:
Carlo Vizzi, Domenico Troiano
TAS-I:
Lorenzo Rocci, Pier Luigi Giorgi

Other Astro-VR participants
CIFS Director:
Attilio Ferrari
TAS-I:
Valter Basso, Enrico Gaia
Turin University:
Antonaldo Diaferio, Nello
Lucenteforte
INAF and OATO:
Paola Rossi, Edoardo Trussoni
Eagle Code:
Vittorio Marchisio

Balossino,

Maurizio
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NASA IBEX Solar Boundary Museum Resources for International Year of
Astronomy
Lindsay Bartolone and Susan Wagner

Adler Planetarium & Astronomy Museum, 1300 S. Lake Shore Drive, Chicago, IL 60605
lbartolone@adlerplanetarium.org, swagner@adlerplanetarium.org
This presentation for museum and other informal educators will introduce materials that can be used to support
IYA efforts during 2009 from NASA's Interstellar Boundary Explorer (IBEX) mission. Learn how to receive a free
planetarium show, floor activity materials and posters. These activities and materials have been based upon
education research conducted in museums to address misconceptions about plasma, space science missions
and the structure of the universe. Prepare yourself to help your visitors engage with newly released NASA data
IBEX missions during 2009. Learn about other ways to utilize NASA IYA materials and projects at your
institution.

• Introduction
Just as Galileo used a new tool to look into space to
see something no one had seen in the same way
before, NASA’s Interstellar Boundary Explorer (IBEX)
mission will use a new tool to discover the boundaries
of our Solar System in a way no one has ever done
before. The IBEX mission will measure energetic
neutral atoms to “image” the boundary region of the
Solar System for the first time from a highly elliptical
orbit around the Earth. Launch is currently scheduled
for September 2008 and the first results will be released
in 2009 during the International Year of Astronomy.
• Program Description
The Education and Public Outreach (E/PO) program is
an integral part of the IBEX mission. It supports NASA’s
strategic coordination framework, is designed to inspire
the next generation of explorers in science and
technology and will engage the public in the excitement
of innovative research. As a mission of exploration and
discovery, the IBEX mission and E/PO program will
provide the public with never before seen views of the
boundary of the solar system.
o

Purpose and Goals

The purpose of the IBEX E/PO program is to inspire the
next generation of explorers by highlighting the
exploration and discovery aspects of the IBEX mission
and offering broad educational and societal benefits
beyond the scientific opportunities brought by imaging
the global interaction between the solar wind and the
interstellar medium.
The goals of the Interstellar Boundary Explorer
E/PO are to:
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• Communicate the scientific goals and results of the
IBEX mission to the public in various locations and
formats in ways that make the science, technology,
engineering and math relevant to the learner.
• Address the needs of students/individuals with
learning disabilities.
• Involve minority communities in our educational
efforts.
• Conduct educational research about the public
understanding of the boundaries of the Solar
System, existence and behavior of charged
particles, and mixing of fluids.
• Contribute to educational endeavors of NASA’s
Science Mission Directorate E/PO Initiatives.
A number of activities have been chosen to help a
national audience achieve the goals of the IBEX E/PO
Program. Those activities include:
• Create educational products and demonstrations to
be distributed with the show, including interactive
software for use on electronic kiosks.
• Partner with the Special Needs Working Group and
the International Dyslexia Association to create
educational products accessible to individuals with
special needs; specifically dyslexia, visualimpairment and hearing-impairment.
• Produce and distribute Spanish Language versions
of our educational products and interactive software
for teachers and students.
• Collaborate with Los Alamos National Labs Center
for Space Science Exploration Staff5 to sustain and
improve the Los Alamos Space Science Outreach
Teacher Workshop, which targets teachers of
Hispanic and Native American students in New
Mexico and is now being expanded to include
teachers of Hispanic students nationally.
• Collaborate with Lawrence Hall of Science and
Great Explorations in Math and Science to create
and fund the Space Science Core Curriculum Strand

for grades 6-8 based on National Science Education
Standards.
• Determine the needs of our audiences and assess
and evaluate the success of our program to address
those needs.
• To ensure close alignment with NASA’s educational
endeavors we will work closely with NASA’s Science
Mission Directorate E/PO Initiatives.
o

Evaluation
Research

and

Educational

Early in the E/PO program, the E/PO team met with the
researcher from Program Evaluation and Research
Group, Lesley University to determine the scope of
program evaluation that would take place over the life of
the mission. Both parties agreed that the first step
should be to conduct a needs assessment evaluation to
determine what the audiences of IBEX’s E/PO
Programs knew and were interested in about the
science of the IBEX mission. Since a large portion of
the activities were going to take place in an informal
setting, PERG conducted a front-end evaluation,
interviewing 90 visitors at 3 science museums about
their knowledge of the solar system, the Sun, and
states of matter (including plasma), as well as their
interest in unmanned space science missions and the
people who work on them.
The E/PO team also formed a plan for formative
and summative evaluation with the PERG team. This
plan includes focus groups and surveys on the
TimeSpace Planetarium show module, focus groups
and surveys for the full length planetarium show, focus
groups (including groups of differently-abled users) for
the website, rapid prototyping of educational products,
observation and impact evaluation for Teacher and
Student workshops at LANL and a summative
evaluation of the entire program.
Currently,
unpublished memos and reports from the front-end
evaluation, module focus groups and surveys, and full
show focus group are available by contacting the first
author of this paper.

the boundary, and the international team that works
together to create and support the mission. An
‘animatic,’ which consists of still pictures and simple
narration, was created for the full show. This animatic
was shown to two focus groups of high school students.
Data from the focus groups was quite consistent.
Participants found the show engaging and entertaining.
Some participants were confused by the content, and
would have liked more context for some of the ideas.
They had several specific suggestions, which were
taken into account when Adler staff revised the
narration and visuals.
Adler will partner with specialists to produce the
show in other formats including digital portable dome
format. The show will be translated into Spanish and
will be closed captioned for the hearing impaired.
Dome-masters for this show will be available for the
cost of shipping and handling.
o

Adler leads the design and content creation of several
IBEX themed educational products, which range from
Museum floor demonstration resources, to educational
posters/postcards for families, to electronic materials for
individuals with dyslexia, to tactile products for
individuals with visual impairments. The educational
content for the products is chosen using the results
from the Front end evaluation, conducted by PERG and
the ability of these new resources to fill a hole in
existing NASA educational material portfolios. The
products are submitted to NASA’s Science mission
directorate
education
product
review
and
communication review prior to production. Currently,
eleven products have been prototyped and submitted
for NASA review and more are in development. Once
approved these products will be available in print and
electronic
copies
from
the
IBEX
website,
http://ibex.swri.edu/planetaria/index.shtml.
More
products are anticipated for after launch and data
release.
o

o

Educational Products

Website

Planetarium Module and Full Show

The show production process began with the creation of
an IBEX themed module that integrated into Adler’s
existing Digistar3 planetarium show called TimeSpace.
That module was used as a prototype for audience
focus groups and surveys, which helped determine the
content of our full-length production.
The full-length show, Search for the Edge of the
Solar System, will concentrate on the science of the
Solar System boundary, how the IBEX mission explores

Adler has created and maintains an educational website
where people can learn about the mission. It provides
access to electronic versions of the educational
products and distribution of products that cannot be
downloaded. The address for the website is
http://ibex.swri.edu. All sections of the website are
section 508 compliant and accessible to screen-reading
software applications. The IBEX website will be
mirrored in Spanish. The IBEX web team will produce
interactive online activities that allow visitors to explore
IBEX mission and science related content. Monthly
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highlights will feature different individuals that work on
the IBEX mission in order to describe the different types
of jobs, preparations and backgrounds needed to make
a mission successful. The highlights are emailed
monthly to subscribers, people wishing to subscribe can
do so through the website. The website also contains
information and links for researchers and IBEX team
members.
o

GEMS Space Science Sequence

IBEX has collaborated with Lawrence Hall of Science
and Great Explorations in Math and Science and other
NASA missions to create and fund the Space Science
Core Curriculum Sequence for grades 6-8 based on
National Science Education Standards. The purpose of
this program component is to create a coherent, inquirydriven and standards-based curriculum sequence that
will increase public understanding of foundational
concepts in space science, and will spotlight the
excitement of current missions.
The learning goals of the Sequence are to build full
student understanding of key space science concepts
outlined in national and state education guidelines, and
to provide students with experience in using scientific
inquiry methods, including using scientific models and
evidence-based explanations. More details, including
an informational video and ordering information can be
found
at
http://www.lhs.berkeley.edu/gems/CurriculumSequence
s.htm.

o

Los Alamos Space Science Outreach
Teacher and Student Workshops

Los Alamos National Laboratory Center for Space
Science Exploration (LANLCSSE) will engage master
teachers in sustained learning activities directly tied to
IBEX thus supporting improved science, math, and
technology content knowledge as well as life-long
learning process skills. The Los Alamos Space Science
Outreach (LASSO) science education effort adheres to
an effective instructional model based on education
research and cognitive theory. During the program,
teachers will critically investigate projects through the
examination of basic and advanced science concepts
behind the project goals. The teachers will incorporate
what they learn into standards-based lessons and
activities that will be featured on the IBEX website.
LANLCSSE will also sponsor the student robotics
workshops, which bring the excitement and education
of engineering design to area schools.
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o

Collaborative Programs

In order to ensure close alignment with NASA’s
educational endeavors, the IBEX E/PO team works
closely with NASA’s Science Mission Directorate E/PO
Initiatives. IBEX contributes to the collective efforts of
Heliophysics Mission E/POs, such as Sun-Earth Day.
IBEX is working together with the Heliophysics Forum
to revise the “Sun-Earth Viewer” to include appropriate
IBEX related resources. IBEX plans to make use of
available NASA infrastructure to disseminate products,
especially the Museum Alliance, and NASA’s IYA
website, http://astronomy2009.nasa.gov/.
• Conclusion
Four hundred years after Galileo used the telescope for
the first time to discover the heavens, NASA’s IBEX
team will use new tools to discover the boundaries of
the Solar System. In a year where the Universe is
“yours to discover,” the IBEX team is providing many
resources to help people discover the boundaries of the
Solar System for themselves even as the first scientific
results are returned in 2009.
References
Interstellar Boundary Explorer E/PO Team. (2008)
IBEX: Interstellar Boundary Explorer. Retrieved
May 23, 2008 from http://ibex.swri.edu
Great Explorations in Math and Science. (2008) LHS
GEMS, Core Curriculum Sequences. Retrieved
May
30,
2008
from
http://www.lhs.berkeley.edu/gems/CurriculumSeq
uences.htm
National Aeronautics and Space Administration. (2008)
International Year of Astronomy 2009. Retrieved
May
30,
2008
from
http://astronomy2009.nasa.gov/

Indigenous Sky Knowledge (Panel)
Panelists:
Chad “Kalepa” Baybayan (Hawaiian), Polynesian Voyaging Society, Hawaii, USA
David Begay (Navajo), Indigenous Education Institute, Santa Fe, NM, USA
Nancy Maryboy (Cherokee/Navajo), Indigenous Education Institute, Santa Fe, NM, USA
José “Pepe” Huchim Herrera (Yucatec Maya), Uxmal Archeological Site, Yucatán, México
Moderator and Translator:
Isabel Hawkins, Space Sciences Laboratory, University of California, Berkeley, USA
Convener and Correspondent:
Philip Sakimoto, Dept. of Physics, University of Notre Dame, Notre Dame, IN 46556 USA
psakimot@nd.edu

Indigenous sky knowledge is held in sacred trust by Native people around the world.
While certain levels of its richness and depth are rarely shared with outsiders, there are
some levels that can be shared and brought into public planetariums. In this panel,
Native experts discuss a variety of issues surrounding Indigenous sky knowledge
including how it is recovered and preserved, how they would like it to be displayed, and
how intellectual property rights might be preserved. The intent is to lay a framework that
might lead to mutually beneficial collaborations between Native astronomers and the
international planetarium community.
Introduction
The plenary panel on Indigenous Sky Knowledge gave
IPS delegates the rare privilege of hearing Indigenous
knowledge holders speak about the significance of their
knowledge and cultures as it relates to the sky.
The very presence of the Indigenous panelists loudly
proclaimed the message that Indigenous cultures are
alive today. Knowledge that was nearly exterminated is
being recovered—and in some cases reinvented—
through the work of our panelists and their counterparts
in Indigenous communities around the world. This
landmark panel presentation was a major step in
kindling a new paradigm for planetarians. Planetariums
can provide Indigenous people with opportunities to
speak for themselves—to share their own knowledge in
their own languages and in other ways that they
consider authentic and appropriate. This all-too-brief
panel presentation showed the power of hearing directly
from those who live lives shaped by their own
Indigenous cultures.

translating between those two languages during the
panel presentations. Drs. Sakimoto and Hawkins have
spent many years working on projects aimed at building
understanding and trust between Indigenous knowledge
holders and Western-trained scientists and educators.
This panel was a direct outgrowth of that work.
The Living Mayan Culture
The first panelist to speak, Archaeologist José “Pepe”
Huchim Herrera, is Yucatec Maya and Director of the
Uxmal Archeological Site, a World Heritage Site in
Yucatán, México. His Western world credentials are a
B.S. in Archaeology and an M.S. in Architecture from
the Autonomous University of the Yucatán (UADY) in
Mérida and the research work he has done on
astronomical alignments at Chichén Itzá, Uxmal, and
other ancient Mayan cities. Indeed, he is credited with
noticing for the first time (in modern times) the equinox
alignment at the Temple of the Sun at Dzibilchaltún.

The panel was convened by Dr. Philip Sakimoto, former
Acting Director of NASA’s Space Science Education
and Public Outreach Program, who is now at the
University of Notre Dame. The moderator was Dr.
Isabel Hawkins of the University of California at
Berkeley’s Space Sciences Laboratory.
Born and
raised in Argentina, Dr. Hawkins is bilingual in Spanish
and English.
She therefore took on the task of
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As did all of the panelists, Pepe began his talk by
introducing himself in his own language which, in his
case, is Yucatec Maya. He then translated his words
into Spanish, the Western language commonly spoken
in the area in which he lives. Dr. Hawkins then
translated the Spanish into English.
This seemingly convoluted chain of languages vividly
illustrated the importance of Indigenous languages.
Indigenous knowledge is typically transmitted orally and
contains concepts that are intimately tied to the Native
language. When translated into a Western language,
such as English or Spanish, much of the meaning is
lost, despite the best efforts of even the most
experienced translators.
Equinox sunrise at the Temple of the Sun at
Dzibilchaltún.
His more deeply-rooted credentials, however, are
through his family heritage and his upbringing. His
family name Huchim, in Maya, means “those with
accurate aim,” indicating that his ancestors were good
hunters and warriors. The name Huchim has been
known in the Yucatán peninsula for hundreds of years
th
and is cited in a pre-Hispanic 16 century Mayan
book—the “Chilam Balam de Calkini.” At least seven
generations of Huchim’s are thus known to have lived in
the Yucatán since before the Spanish conquest. Pepe
Huchim was born in the Mayan town of Muna, in the
vicinity of the ancient Mayan city of Uxmal (700-1000
C.E.) in the Yucatán peninsula. His native language is
Yucatec Maya, a language that has been spoken in the
Yucatán for more than 2,000 years and is still spoken
today by more than 1 million Maya living in the region.
His grandfather and father both worked as caretakers of
Uxmal, and his father was born in a Mayan hut located
20 meters northeast of the largest temple in Uxmal, the
Pyramid of the Soothsayer or, in Spanish, Adivino.
Pepe himself grew up in Uxmal living in the same hut as
a child. He helped his father and the archeologists
working at the site by climbing the giant and incredibly
steep pyramid eight times a day to carry buckets of
material used for the restoration of the Adivino.

Archeologist Huchim went on to share some of the
research he is conducting with his own people in rural
towns like San Simón, Santa Elena, and Xculok in the
Puuc region near Uxmal. Farmers there still use their
knowledge of the movements of the Sun to predict
seasonal change, and they use their knowledge of the
stars (especially the Pleiades) to plan their agricultural
cycles and their ceremonies. During this panel, Pepe
Huchim showed photographs of his informants (a 110year old woman from Xculok and a couple, each 95years of age, form San Simón) and a video of a woman
nearing 80 years of age who talked about how her
family planned their maize planting according to the
stars.

Yucatec Mayan Elders

The Uxmal Archeological Site
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Pepe Huchim emphasized the fact that in preColumbian times, the Maya recorded the cycles of
celestial objects including the Sun, the Moon, and the
planets in books or codices using hieroglyphs and
base-20 mathematics. The Maya invented the concept
of zero independently from other cultures, and used
systematic observations of the Sun and Moon to devise
an extremely accurate calendar system and to predict
eclipses.

Page from the Mayan Codex kept in Dresden, Germany
with eclipse prediction tables and eclipse glyphs with
“dark” for the Moon and the symmetric “light” for the
Sun.
Pepe Huchim is working with Dr. Hawkins on
developing education and outreach programs that
integrate astronomy within the rich context of the living
culture of the Mayan world today. Some of this work
can be seen on the Traditions of the Sun Web site at
http://www.traditionsofthesun.org/ and in the book that
can also be found at the same site—“U Uúchbenil le
K’ino’” that juxtaposes Mayan and contemporary NASA
knowledge about the Sun and its importance throughout
time and cultures.
The book is written in three
languages, Yucatec Maya, Spanish, and English. It
showcases the ancient and modern astronomical
knowledge held by countless generations of Maya in
this region. UC Berkeley, in partnership with the
Instituto Nacional de Antropologia e Historia (National
Institute of Anthropology and History) and with funding
through NASA’s Sun-Earth Connection Education
Forum grant, began the We are One Under the Sun
project in 2006 as an outgrowth of an earlier project,
Ancient Observatories, Timeless Knowledge. We are
One Under the Sun has sponsored dozens of
workshops in México and in the U.S. to foster interest in
NASA heliophysics within a cultural context for Latinos
and Hispanics. Evaluation of the program by the
independent firm Contemporánea has yielded results
indicating that this type of juxtaposition of Indigenous
and contemporary astronomies enhances access to
science and provides underserved groups with a sense
of belonging to the scientific community. The results
also showed that this type of program increased the
understanding and knowledge of astronomy among the
participants because they were able to connect new
knowledge with their existing cultural framework in
which Indigenous astronomy was valued.

Middle school girls in Chiapas build a paper sundial and
use shadows to tell solar time.

Hawaiian Navigation

The Hōkūle’a led a movement to revitalize Polynesian
navigation.
The second panelist was Chad “Kālepa” Baybayan, a
Native Hawaiian who has served as captain and
navigator aboard the Hawaiian deep-sea voyaging
canoes Hōkūle’a, Hawai’iloa, and Hōkūalaka’i. He has
been an active participant in the Polynesian voyaging
movement since 1975, and he has sailed on all major
voyages of the Hōkūle’a throughout Polynesia,
Micronesia, the west coast of North America, and
Japan. He currently serves as the resident captain and
navigator aboard Hōkūalaka’i, the newest of a fleet of
voyaging canoes that are symbolic of the growing
interest among local Hawaiian communities in the
voyaging arts.
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Kālepa holds a Master’s degree in education, and he
currently he works for ‘Aha Pünana Leo Inc., a nonprofit
organization whose mission is the revitalization and
preservation of the Hawaiian language. He serves as
the Operations Director for Mahele Honua Kai (Aquatics
Activities Division), and he is currently working on
establishing Hōkūalaka’i as a cornerstone voyaging
program located in Keaukaha, a Hawaiian homestead
community, on the island of Hawai’i.
Speaking first in his Native Hawaiian language and then
in English, Kālepa (which translates to English as The
Ruffling Sails), described the lengthy process through
which he and his Hawaiian crewmates reconstructed
knowledge of the means by which Polynesian
navigators found they way across the Pacific Ocean.

Wayfinding Revival
The relearning of the navigational practices that
Polynesian mariners may have employed came out of a
process that brought together the oceanic wayfinding
skill of a traditional navigator from the remote atoll of
Satawal in the Caroline Islands of Micronesia and a
quiet planetarium operator from the Bishop Museum in
Honolulu, Hawai’i.

Learning the art of Polynesian navigation.
After losing his father, Mau Piailug learned the art of
wayfinding under the tutelage of his grandfather. Mau
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meaning “strong” was raised in one of the seven canoe
houses that men on his island divide themselves
among. Given the limited ability for Mau’s tiny atoll to
sustain the local inhabitants, these familial canoe
houses serve as internal social structures that train
future navigators, construct and maintain the voyaging
and fishing canoe fleet, and act as distribution centers
to share the catch among the islanders upon the return
of the fishing expedition from the remote reefs and
uninhabited islands hidden beyond the visible range of
Satawal’s horizon. It is Mau’s strong oceanic sense
and his proven prowess as a traditional wayfinder that
led to his successful 2,400 nautical mile navigation of
Hōkūle’a to Tahiti in 1976.
Measuring altitude.
After Mau’s premature departure in 1976, an increased
interest in the voyaging arts among young Hawaiians
led to an effort to re-engineer the art. Nainoa
Thompson, a crewmember who had the opportunity to
observe Mau’s talents, led this effort. Nainoa enrolled
himself in a course of study that would allow him to
develop the skill set that his ancestral navigators would
have had to possess. Meteorology, oceanography, and
astronomy were core fields of study that would anchor
his growing knowledge of non-instrument navigation.
Interspersing these studies with local canoe expeditions
off the coast of O’ahu and between the islands of
Hawai’i, his voyaging skill set grew quickly. On one of
his expeditions he incorrectly predicted where he
thought the Moon should rise, it was that mistake and
his thirst to understand and learn about the night sky
that led him to the planetarium on the campus of the
Bishop Museum.
Will Kyselka, then the Bishop’s lead planetarium
operator, received a phone call in the spring of 1977
from Nainoa. Nainoa asked if Will could help solve
questions about the transit of the Moon on its monthly
journey around the Earth and where it would rise on the
horizon each night.
Will invited Nainoa to the
planetarium so that they could both look at the question
with the planetarium and come to a collective
understanding that would answer Nainoa’s questions.
This initial investigation led to Nainoa spending many
days in the planetarium with Will, taking imaginary star
journeys between the latitudes of Hawai’i and Tahiti.
This relationship between the young novice Hawaiian
navigator and the elderly planetarium sage continues to
this day, asking and answering questions, exploring and
discovering as a team through the dome environment of
the planetarium. In 1979, Mau Piailug returned to
Hawai’i to help Nainoa further develop his skill as a
navigator by strengthening his wayfinding and oceanic
senses through a more rigorous course of study on the
ocean. After a 30-year period of rediscovery, an
Indigenous oceanic paradigm of looking to the stars to
guide their explorations was restored and a new
generation of modern wayfinders emerged.

evaluated, and refined, and today it serves as the basis
for teaching in many voyaging programs.
Today, there are five large voyaging canoes in Hawai’i,
with another two under construction. There are also
another three active canoes in the South Pacific. All of
the canoes have programs that interact locally with
learners of all ages. In 1992, on a voyage to the South
Pacific, Hōkūle’a crewmembers, students in Hawai’i,
and astronauts aboard the space shuttle Columbia held
a 3-way radio conference exploring the many
similarities that traditional and modern day explorer’s
and their vessels share.

A new generation of modern wayfinders.
Between 2007 and 2008, nine of Mau’s students from
Polynesia were invited to Satawal to be ceremoniously
graduated as Pwo navigators, the highest rank of the
traditional wayfinder in the Carolinian hierarchy of
oceanic non-instrument navigators. Today’s growing
community of Polynesian navigators can draw their
acquired skills from the collaborative mentorship and
efforts of both a traditional navigator and a western
astronomer. Mau Pialug and Will Kyselka’s collective
contributions highlight an effort in which both cultural
and western astronomers shared equally to help lead
the emerging revival of oceanic voyaging and following
ancient star paths back to historical homelands.
Voyaging, at sea and in space.

We are all in this canoe together.
Educational Impacts
Ten years after the 1976 voyage, with enough practical
wayfinding experience behind the voyaging-rediscovery
movement, it became quite evident that there was a
developing body of knowledge that could be drawn
upon for teaching. Lessons in cultural astronomy,
wayfinding, seamanship, sustainability, stewardship,
and leadership could be developed to serve a rapidly
growing audience of young people who were searching
for a dynamic and culturally engaging environment from
which to learn. Curriculum was developed from within
the ranks of the many educators who served as
crewmembers. Over time, this curriculum was tested,

The new ‘Imiloa Astronomy Center in Hilo, Hawai’i, has
been leading the way in the development of Indigenous
astronomy by turning its planetarium into a classroom
and canoe house to train future navigators. Much like
the tradition of collaborating teachers Mau Piailug and
Will Kyselka, cultural and western astronomers continue
to find ways in which to collaborate and strengthen an
Indigenous paradigm for viewing and learning about the
sky through their own histories and practices. For the
past two years, ‘Imiloa has sponsored a three day
workshop focused on “Wayfinding Skills.” This annual
event attracted over 160 students in its second running.
Additional workshops are scheduled for the fall of 2008
and the spring of 2009.
Navajo Astronomy
The concluding speakers were Drs. Nancy Maryboy
(Cherokee/Navajo) and David Begay (Navajo), who are
known in the planetarium world as the original creators
of the Navajo cylinder for portable StarLab
planetariums. In the Native world, they are known for
their work in Indigenous education with an emphasis on
Navajo and Cherokee astronomy. They each hold a
doctoral degree in Indigenous Science Education,
specializing in Diné astronomy and cosmology.
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Together, they were the founders of the Indigenous
Education Institute, an internationally recognized
organization dedicated to the preservation and
contemporary application of ancient Indigenous
traditional knowledge.
Because Navajo tradition vests some knowledge in
women and other knowledge in men, Drs. Maryboy and
Begay function as a team in most facets of their work,
including the presentation they did together for this
panel.
In their work, they stress the importance of conducting
research from an Indigenous perspective and
presenting it as much as possible as Native people
would present it.
This requires knowledge of
Indigenous protocols and how to follow them at all
times.
The primary focus of their work is on observation- and
place-based astronomy. They have spent many years
closely observing of patterns and cycles of the sky as
seen from the American Southwest. In so doing, they
draw from the deeper aspects and significance of
concepts held in the Navajo language.

The Navajo Universe
Much of the research of Indigenous astronomers is
based on closely held cultural knowledge and complex
language structures. Most non-Natives do not have
easy access to this type of knowledge. This is partly
why it is so important that Indigenous peoples conduct
and present this kind of research themselves.
In working with Western scientists, it is important to find
the right people with whom to collaborate—people who
respect Indigenous knowledge and who have an open,
unbiased approach to Indigenous astronomy and
protocol.
Collaborations cannot be entered into
casually.
It is essential to establish long-term
relationships in which authenticity and integrity are
primary values. This is a two-way process in which the
accepted protocols and methodologies of both Western
and Indigenous ways of knowing are upheld.
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Drs. Maryboy and Begay expressed thanks to Drs.
Hawkins and Sakimoto for upholding Western scientific
integrity while respecting Indigenous knowledge in their
collaborations with Indigenous scientists.
They are currently working with Dr. Hawkins on an
NSF-funded project called The Cosmic Serpent aimed
at introducing Western museum and science center
educators to working with Indigenous people and
cultures
With Dr. Sakimoto, they are working on a NASA-funded
project aimed at exploring the use of digital
planetariums to recover and teach Native sky
knowledge. Their previously published book and audio
CD on Navajo and Western astronomy (Sharing the
Skies: Navajo and Western Cosmos) is being used as
the basis for developing Navajo Sky modules at the
University of Notre Dame’s Digital Visualization
Theater. They are also working with animators from the
Cherokee Nation to develop Cherokee star story
modules at Notre Dame. In the long term, these
modules are targeted at introducing Navajo and
Cherokee youths to their own sky traditions while also
introducing them to Western astronomy.

Sample images being used to construct
a digital Navajo Sky.
In-Dome Session
In an evening session in the Adler Planetarium’s Sky
Theater, IPS delegates were treated to a special
showing of the Navajo Sky and the Hawaiian Navigation
Sky, both described in person by the respective
Indigenous experts.
The Navajo Sky was a preliminary version of the sky
being developed at the Notre Dame DVT in
collaboration with the Indigenous Education Institute.
This was the first presentation of the Navajo Sky to a
planetarium audience. Drs. Maryboy and Begay gave
the audience a brief introduction to the sky as the
Navajo see it: facing east and watching the sky just
before dawn for signs indicating the cycles of seasons
and the rhythms of life. They described some of the sky
figures and touched upon their significance in Navajo
culture.

The Hawaiian Sky was a representation of the way that
Hawaiian Navigators see the sky. Developed under
Navigator Baybayan’s direction at the ‘Imiloa
Planetarium, it consists of markings and lines indicating
compass houses and navigational star lines.
K#lepa described the four major star lines and how they
are used for wayfinding. He also showed how star pairs
can be used as guides to knowing when you have
arrived at the latitude of your destination, including a
special pair of stars in the hook of Scorpio that show
when one is at the latitude of Chicago.
Although the Navajo and Hawaiian skies were
developed independently, they were shown together
because they use the same technology. Both of them
were produced using SkySkan’s Digital Sky 2 software
in Definiti theaters. Digital image files were imported
and manipulated through the use of custom scripts
programmed in DS2. The images then appear attached
to the sky as seen from Earth in a manner similar to that
in which Western constellations or celestial coordinates
are typically displayed. SkySkan, Inc. facilitated the
process of importing the Navajo and Hawaiian sky files
into the temporary Definiti system set up in the Adler’s
Sky Theater for the IPS meeting.
Although relatively simple to create in a technical
sense, the Navajo and Hawaiian skies represent
countless centuries of accumulated Indigenous
knowledge. They are also the culmination of decades
of work that the Indigenous experts put into recovering
and distilling their traditional knowledge. The digital
versions of the Indigenous skies serve as a valuable
tool that Indigenous experts can use as an aid when
sharing their knowledge.
Conclusions
The true impact of hearing directly from Indigenous
astronomers cannot adequately be described in writing.
Both in the panel session and in the dome, a sense of
the immense depth and significance of meaning that
lies beyond the simple star patterns and stories clearly
came through.

We hope that this experience encourages more
planetariums to offer their services and facilities to
Indigenous astronomers. Planetariums can serve as
research instruments for recovering lost star knowledge
and as aids for helping convey that knowledge to
others. When offering their assistance, it is incumbent
upon planetariums to do so in ways that clearly honor
the sacred depths of Indigenous knowledge, respect the
rights of Indigenous communities to retain title to their
own knowledge, and let Indigenous experts determine
how it will be displayed and described.
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Na ‘Ohana Hoku ‘Eha: The Four Star Families
Kâlepa Baybayan, Navigator In-Residence
Imiloa Astronomy Center of Hawai’I, 600 `Imiloa Place, Hilo, Hawai`i 96720
808-969-9737, Email: kalepa_b@leoki.uhh.hawaii.edu
The sky has been divided into four different star lines, each taking up about one quarter of the sky. When
sailing out on the open ocean, Hawaiian Navigators use these starlines to help them navigate their way
across the sea. This poster, Na ‘Ohana Hoku ‘Eha: The Four Star Families, was created for this year’s 2008
‘Imi Na’auao Wayfinding Skills Workshop Conference that was held in late March at the ‘Imiloa Astronomy
Center of Hawaii. Included in this poster is the Hawaiian Star Compass, descriptions of each starline, the
stars and constellations within them, and the mo’olelo or stories behind how some of them came to be.
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How Do We Know?
Karrie Berglund
Director of Education
Digitalis Education Solutions, Inc.
PO Box 2976
Bremerton, WA 98310 USA
+1.360.616.8915
karrie@DigitalisEducation.com
This workshop is based on Digitalis' lesson plan of the same name. It discusses major developments in
th
three time periods: Ancient Greco-Roman times, the 16th and 17 centuries, and the late 19th century to
today. Topics covered include:
* How do we learn about the universe? (By studying light, with the naked eye or using tools such as
telescopes, spectroscopes, etc.)
* How do we know that planets orbit the sun and not the earth?
* How did scientists determine the distance to the sun?
* And much, much more.
This and all Digitalis lesson plans are freely available at: DigitalisEducation.com/curricula.html

Kindergarten through second grades (Five to seven
years old)
• “Moving Right Along” is an introduction to Earth's
rotation and revolution and how those movements
affect our view of the sky.
• “Sky Stories” introduces students to the pictures and
stories of some Greco-Roman constellations, as well
as reasons why constellations were created.
• “What's Up” explores what we can see in the sky
(stars, planets, the moon) and differences between
those objects.

determine latitude and compass points, and observe
how our location on Earth affects our view of the sky.
• “Solstice and Equinox” explores the relevance of
solstices and equinoxes, including how they relate to
the seasons we experience.
• “World in Motion” explores what is in motion in our
solar system, that Earth's movements give us the day
and the year, that gravity keeps planets in orbit
around the sun and the moon in orbit around the
earth, how to recognize a planet in the night sky, and
prograde and retrograde planetary motion.
• “Mars” explores how to recognize the Red Planet in
the sky, what makes Mars interesting, and past and
future exploration missions to this planet.

Third through fifth grades (Eight to 10 years old)
6. “Planets” explores the differences between stars and
planets, how we can recognize a planet in the night
sky, and planetary motion (prograde and retrograde).
7. “Star Quest” introduces some Greco-Roman
constellations; students also learn to use star maps
to find the pictures in the sky.
8. “Stellar Lunar” explores stars, constellations, and the
phases of the moon. Students learn what causes the
phases and the name of each phase as they model
the earth, moon, and sun system.
9. “Moons of the Solar System” explores differences
between planets and moons, and introduces students
to major moons of the solar system.

Ninth through twelfth grades (14 through 18 years
old)
• “Astrology: Fact or Fiction?” debunks astrology,
explores the differences between science and
pseudoscience, introduces students to the ecliptic
and precession, and explains how and why the
zodiac signs were created.
• “How do we Know?” explores how we know what we
know about our universe by looking at developments
in three major eras: Greco-Roman times, 17th
century, and late 19th century to today.
• “Hubble Space Telescope” explores why the Hubble
Space Telescope is in space, as well as several
discoveries it has made.

Digitalis Open Astronomy Curricula Topics by Age
Group

Sixth through eighth grades (11 through 13 years
old)
• “Halloween Astronomy” introduces the history and
mythology of Halloween and its relationship with
solstices and equinoxes.
• “Stellar Navigation,” written for the northern
hemisphere, introduces students to the idea of
navigating by the stars. Students learn to use stars to
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The Vitoria Planetarium, Espirito Santo State, Brazil, is strongly committed to the
development of educational materials and strategies for science teaching based on
Astronomy for both formal basic education and public outreach. One of the strategies is
the organization of Science contents in “thematic axis”. Several Astronomy and Natural
and Exact Sciences related contents are organized around the adopted “Earth and
Universe” axis. Another strategy is to present Astronomy contents as an exploration of
space and time that is done in a gradual way. The exploration starts on Earth, using a
local point of view, in the initial grades, then moves up to space, adopting a heliocentric
vision, and to the universe in large scale, in the final grades. This sequence is used as a
strategy to enable the construction, by the students, of a tridimensional spatial mental
representation of astronomical objects and phenomena coherent with the scientific
vision – one of the great challenges and difficulties of Astronomy teaching in Basic
Education.
Introduction
The Vitoria Planetarium, located in Espirito Santo State,
Brazil, is a partnership between two public institutions:
the Vitoria City Hall and the Federal University of
Espirito Santo.
Brazil is a developing country in which great efforts and
investments are needed to improve the quality of the
basic education, especially the basic public education,
which serves the major part of the country’s students.
The Vitoria Planetarium participates of these efforts –
especially those related to the improvement of the
education in Science – and is strongly committed to the
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development of educational materials and strategies for
science teaching based on Astronomy, for both formal
basic education and public outreach.
Purpose
This paper aims to describe some of the main general
strategies that has been developed and adopted by the
Vitoria Planetarium in the planning and making of
educational activities dedicated to basic education
students and teachers, such as planetarium
presentations, workshops and continuing formation
courses for Science teachers.
Methods

As a result of a research about the content and nature
of the Astronomy knowledge of Brazilian Basic
Education students and teachers, performed some
years ago (BISCH, 1998), we conclude that this
knowledge has three main general characteristics.
1. It is based on memorized information acquired
on the textbooks that are fragmented and
repeated
without
criticism,
without
understanding their true meaning and related
concepts, such as: “the Sun is fifth magnitude
star”, without knowing exactly what is a “fifth
magnitude” or even a star; “the earth has
flattened poles”, and it is thought that it is heavy
flattened; “the Earth’s axis is tilted”, but without
having an idea respect to what reference it is
tilted.
2. It
includes
many
realistic
ingenuous
conceptions, in which things are considered to
be exactly as they appear to be to our
perception. For example, the stars have tips,
the Earth is flat, the Moon is a disc and vertical
direction is absolute on Earth’s surface (always
heading to the same direction).
3. The spatial mental representation of the
astronomical objects and of the space where
they are is more topological than geometrical.
True distances and proportions are not
generally considered and the correct spatial
tridimensional representation is not well
understood.
All these three characteristics create serious difficulties
to an introduction and understanding of the scientific
vision about the universe in the Basic Education. So we
have been devising strategies and educational
materials that enable to overcome them.
The development of these educational materials and
methods is carried out by a team involving Basic
Education teachers of the Municipal Secretariat of
Education of Vitoria and teachers and students of the
Federal University of Espirito Santo from the Science
Education and Plastic Arts areas. The team’s
composition was intended to favor the linking between
academic knowledge and the practical experience of
Basic Education teachers. The materials and continuing
formation courses for Basic Education teachers has
been developed and executed in partnership with the
Continuing Formation Center in Mathematics and
Science Education of the Federal University of Espirito
Santo. All the work has also been carried out based on
the pedagogical and programmatic recommendations of
the Brazilian National Curricular Parameters (NCPs) for
the Basic Education.
Results

One of the used strategies to overcome the detected
fragmented knowledge is the organization of Science
contents in “thematic axis”. We have adopted the main
axis “Earth and Universe” – one of the four thematic
axis recommended by the NCPs (BRAZIL, 1998) – in
this organization. Several Astronomy contents, and
others Natural and Exact Sciences contents related to
them, are organized around the adopted axis in an
articulated way. For example, a planetarium
presentation about the Sun-Earth-Moon system is
followed and related with what can be observed in a
visit to a coastal ecosystem – called “manguezal” – that
is forged by the tides.
Another strategy is to present Astronomy content as an
exploration of space and time that is done in a gradual
way. The exploration starts on Earth, using a local,
geocentric point of view, in the initial grades of the
Basic Education, then moves up to space, adopting a
heliocentric vision, and to the universe in large scale, in
the final grades. This sequence is used as a strategy to
overcome
the
detected
topological
spatial
representation and enable the construction, by the
students, of a tridimensional spatial mental
representation of astronomical objects and phenomena
coherent with the scientific vision – one of the great
challenges and difficulties of Astronomy teaching in
Basic Education.
In the initial grades, the view from a local referential is
worked by means of practical activities of naked eyes
observation and recognition of the sky and of the
astronomical objects movements, developed either
outdoors or indoors, in a planetarium, emphasizing the
phenomena observation and description. To the final
grades we propose practical activities with three
dimensional models of the Sun-Earth-Moon system and
of the solar system objects that enable the explanation
of the basic astronomical phenomena from a
heliocentric point of view and its articulation with the
geocentric point of view worked out in the initial grades.
Conclusions
An exact evaluation of the effectiveness of the
strategies and if the implementations of them we
conducted are adequate deserve some more
investigation. Nevertheless the strategies have been
extremely important to give us a reference thread to
plan and organize the varied activities developed by
Vitoria Planetarium devoted to Basic Education. They
have been successfully applied especially in continuing
formation courses for Basic Education teachers, but
also in workshops and courses for students and public
outreach
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Celebrating the International Year of Astronomy: “And There Was Light”
A Workshop in the STARLAB/Science One Planetarium
Jeanne E. Bishop
Westlake Schools Planetarium
24525 Hilliard Road
Westlake, OH 44145
jeanneebishop@wowway.com
Throughout much of history people have assumed or concluded that the Earth is at the center of the
Universe. Geocentric thinking is the logical outcome of what we normally view from the Earth.
Compounding the logic from what people normally see, medieval Church teaching combined with
Aristotle’s dogma solidly pointed almost everyone to believe that the Earth is the stationary Center of
Everything. Copernicus’ radical Heliocentric Theory had little impact until Galileo used his telescope to
th
magnify a few sky objects. In 2009 planetariums and astronomy celebrate the 400 anniversary of Galileo’s
astronomical use of the telescope, the real beginning of change in public consciousness about the
universe. In this portable planetarium workshop we will explore participatory ways to tell the story of the
transformation using the STARLAB sky and small handheld telescopes. We will contrast how each new
telescope view tore away parts of the Aristotle/Ptolemy teachings. (The title of this workshop is used with
a bow to the book of the same name by Rudolf Thiel.)
Notes for reference
--The International Year of Astronomy (IYA2009) is a
global celebration of astronomy and its contributions to
th
society and culture. It is motivated by the 400
anniversary of Galileo’s astronomical discoveries using
his self-made telescopes.
--Today we take for granted Earth rotation and
revolution, nature of planets, and extent of the
Universe.
--Try to forget what we “know” about the nature of
Earth motions, the Solar System, and Universe.
--Watch the Diurnal Motion of Sun, Stars, Moon, and
Planets. Discuss what this view suggests about the
nature of the sky objects and the Universe.
--Note that planets (“wandering stars”) change places
against the stars and that the sun moves consistently
eastward through the constellations. Discuss what this
suggests.
--Early views of the sky resulted in a very different way
of thinking of the Earth and the Universe
(Mythological astronomy in many places, including
Babylonia; Theoretical cosmology developed in ancient
Greece)
--Aristotle (384-322 BC) built a cosmology from earlier
Greek ideas and detailed reasoning, often removed
from observation (metaphysics).
Aristotle’s ideas
became dogma in Europe during the Middle Ages and
the early Renaissance: The Universe cannot be infinite
extended since a line from the Earth’s center to an
infinitely distant body could not make a complete
circular revolution in a day; the heavens are without
beginning and imperishable (that is immutable); the
Universe is spherical because the sphere is the most

perfect shape; the Earth is at rest in the center of the
universe within a series of concentric spheres
containing the Moon, Sun, and planets; the outermost
sphere turns fastest is most perfect, and is the primary
divine cause of motion; the motion of the heavens is
toward the right since this is the most honorable
direction; the stars are at rest and only the spheres
move; the spheres are composed of a superior element,
not the normal elements such as fire and earth; since
we see only one side of the Moon, it must not rotate;
the planets have to be attached to spheres or they
would make great sounds traveling through the medium
of space. Aristotle’s concept of the sphere and circle as
perfect, along with his other ideas affected many later
theories, including Ptolemy and Copernicus. Careful
preservation of details led to combination of Aristotle’s
ideas with Roman Catholic Church doctrine.
--Aristarchus c. 280 BC) and Archimedes (287-212 BC).
Archimedes mentions Aristarchus having the idea that
the Earth rotates and revolves about the sun.
Archimedes neither accepts or rejects this but reasons
that if this is so, the fixed stars must be very distant
since they do not get bunched up or spread apart on
the ecliptic when Earth is either closest or farthest from
them.
--Note the nature of retrograde motion.
--Ptolemy (c. 140 AD, book Almagest) accounted for
retrograde motion with epicycles, but is still an Earthcentered (geocentric) theory. No proof.
--Copernicus (1473-1543, book De Revolutionibus,
1543) carefully developed the theory that the Earth
rotates and revolves (heliocentric theory), although
cannot give proof. Arguments were mathematical,
based on circles, and follow methods of Ptolemy. An
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atmosphere of religious division following the
Reformation led to atmosphere of intellectual
intolerance. The prevailing Humanist atmosphere 50
years earlier could have let his heliocentric theory
blossom. But Copernicius’ work was too late for this.
--Tycho Brahe (1546-1601) used (non-telescopic)
instruments to record planet positions. Since he could
not observe parallax of any star, he concluded that the
Earth cannot revolve. (Good thinking, but annual
parallax is less than a second of arc for the closest star,
and his instruments could not detect this.)
Created his own theory with Earth as center, with the
sun revolving about Earth, and other planets revolving
about the sun.
--Johannes Kepler (1571-1630) interpreted Brahe’s
data to put forth his three “laws” (first called “laws” by
Descartes). The planets move about the sun in ellipses
(1609 and 1619). Also significant, Kepler discovered
that the planes of all the planet orbits pass through the
sun (perhaps this also should have been a elevated to
the status of “law”).
--Suppose you, an educated person, had lived at
this time. What would you have thought about the
organization of the Universe?
Enter Galileo Galilei (1564-1642). Probably he was not
the first “real” (or thorough) scientist (William Gilbert of
England, 1544-1603, used what we would call the
scientific method to study magnetism). Galileo was not
the first to defend the Copernican system in writing after
Copernicus. And he was not the one who invented the
telescope (Hans Lippershey of Holland reinvented after
Thomas Digges and possibly others of the previous
century).
BUT Galileo did:
--Become interested in astronomy viewing Kepler’s
supernova of 1604 with instruments he had made for
the Venetian military.
--Construct telescopes (one convex lens and one
concave lens to make magnified upright images) that
magnified up to 20 times. Galileo made his first one
better than any previous ones within one day of hearing
of the invention. (Term “telescope” was first suggested
by Ioannes Demisiani of Greece and introduced at the
Lyncean Academy in Rome at a banquet held in honor
of Galileo on April 14, 1611—following success of his
book, Starry Messenger.)
--View craters and mountains several km high on the
Moon; four moons of Jupiter on January 8, 15, 17, and
20; sunspots (probably third person to see with a
telescope), many more stars than seen by eye alone—
some 500 new in Orion with 80 near Belt and Sword
and 40 new Pleiades stars; the vast number of stars in
the Milky Way; Saturn with “lumps” on either side; and
phases of Venus.
Galileo made most of these
discoveries within one year. So 2009 is very good
timing for the IYA.
View low-magnification slides of Jupiter and four
Galilean moons, Saturn, and Venus with Learning
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Technologies hand-held telescope, much like
Galileo’s.
--Publish The Starry Messenger (Siderius Nuncius)
March, 1610, letting people know of many new stars,
craters of the moon and the Galilean satellites (he
called “Medician planets” in honor of his patron). (Also
wrote a small book about sunspots in 1613.)
--Publish Dialogue on the Two Chief World Systems,
March 1632. Galileo brashly used a Socratic dialogue
technique that made the current Pope look like a
simpleton defending the geocentric theory. Galileo was
in trouble, confined to house-arrest for the rest of his
life.
--Found the science of dynamics, being the first to use
graphs to show acceleration, studied pendulums,
pulleys, hydrostatics, and constructed many other
technical aids besides his telescopes:
compound
microscope, a device like a slide rule for calculations, a
Galilean thermometer.
--Almost always used the scientific method in his work.
Exception: Wrong theory of tides that he probably knew
was incorrect but proposed anyway to try to prove the
Copernican theory. Einstein noted that although he
was a scientist, he did not always use scientific thinking
--Argue with those who did not use observations,
especially followers of Aristotle—the “paripatetics” (socalled because they walked as they argued from logic.)
Galileo gave Aristotle-based public lectures as required,
but he held to experiment-based thinking and to the
Copernican theory.
When he tutored students
individually, he passed on his own ideas to them.
--Within a generation was extremely instrumental in
changing popular thinking from the geocentric to the
heliocentric
paradigm.
Galileo’s
observations
undermined the old ideas of Aristotle and hinted that
Copernicus must be right. Church had little effect on the
expansion of the heliocentric idea. Real proofs came
after acceptance:
Annual parallax, aberration of
starlight, and annual Doppler shift of starlight (real
proofs of revolution). The Foucault Pendulum, the
Coriolis Deflection, and daily Doppler shift of starlight,
proofs of Earth rotation, also came later.
--The U.S. and French constitutions of the late 1700’s
probably were influenced by the new way of looking at
the world—a rotating, revolving body—a free object in
space with people who should also have greater
freedoms.
IF GALILEO HAD NOTICED IN 1584, WHILE A
MEDICAL STUDENT IN PISA, THAT THE PENDULUM
HE TIMED WITH HIS PULSE (TO SHOW PERIOD
DEPENDS ONLY ON LENGTH) STARTED TURNING
IN A CIRCLE, HE WOULD HAVE PROVIDED THE
FIRST REAL PROOF OF EARTH ROTATION.
Turn on small LED candles (tealights): “And There Was
Light.” Note that following Galileo’s contributions, there
was intellectual light.

Discussion: Does awareness of the real nature of
the universe affect your thinking about other
things?
Discussion: Ralph Waldo Emerson said, “There is
properly no history; only biography.” Based on the
story of the development of human thinking about
the nature of the solar system, do you agree?
Discussion: Does the story of development of
human thinking about the nature of the solar
system and the Universe as a whole deserve a
place in planetarium programs and education
generally? How can this best be done?
SOME RESOURCES:
Dreyer, J.L.E. A History of Astronomy From Thales to
Kepler, Dover Publications, 1953.
Gribbin, John. The Scientists: A History of Science
Told Through the Lives of Its Greatest Inventors, 2007,
Random House.
Ley, Willy. Watchers of the Skies, The Viking Press,
1966.
Sobel, Dava. Galileo’s Daughter: A Historical Memoir
of Science, Faith, and Love, Walker and Company,
1999.
Thiel, Rudolf. And There Was Light: The Discovery of
the Universe, Alfred A Knopf, 1967.
www.astronomy2009.org
Official site for the
International Year of Astronomy (IYA2009)
STARLAB/Science One (now of Buffalo, New York):
Cardboard hand-held telescope that inverts image but
is close to power of one of Galileo’s telescopes.
Small tea lights (flickering battery-operated “candles”)
two/$1.00, are available at U.S. dollar stores.
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The Viability of Planetarium Theaters: Lessons from the past for the future
(Panel)
Marvin Bolt
Adler Planetarium, 1300 S Lake Shore Drive, Chicago, IL 60605
The viability of planetarium theaters in the near future depends on how well the shows in
these theaters will provide audiences with engaging, compelling, and authentic
experiences that connect audiences to the wonders of the universe.
At the core of “planetarium” is the word “planet,” Greek
for “wandering star.” Those wandering stars drew the
special attention of ancient Greeks and other early
cultures because of the messages that these planets
conveyed to them. I would like to draw our collective
attention not to planets but to previous planetariums,
and to reflect on the messages that they conveyed. In
particular, I want us to consider the audiences to whom
these messages were directed, and to consider these
questions for each planetarium device shown.

1. What is the technology?
a. What are its competitors?
b. Who presents it?
2. Who is the target audience?
a. What is the unique audience experience?
b. What is the desired audience response?
The challenge goes to you, the word’s leaders of our
profession, to answer these questions in order to
maintain the health and viability of planetariums today
and in the near future.
Until recently, we thought it was impossible for the
ancients to have built a geared planetarium. A century
ago, divers exploring an ancient Greek shipwreck
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discovered a device now known as the Antikythera
mechanism. It is the earliest known geared device,
keeping track of the sun and moon, and possibly
eclipses. It seems to have had a fairly select educated
user audience rather than a public demonstration, and
the response was probably relief at not having to do
geometry.
The first device called a planetarium was one by
Giovanni de Dondi in the 14th century. The manuscript
laying out its details labeled it as a planetary device [in
Latin, the adjective is planetarum] and from it we get the
word planetarium. It has seven different sides and
faces, one for each of the seven classical planets,
Mercury through Saturn as well as the sun and the
moon. The audience is small, primarily a noble or
cultured audience. The intended response was awe and
wonder. The mechanical complexity, with its gears and
th
wheels, made an impressive statement in the 14
century, providing evidence of divine order, reinforcing
the piety of the Christian audience.

Perhaps more familiar is the public astronomical clock,
th
the most well-known the 15 -century town clock in
Prague. The portrayal of time through the dials and the
moving figures shows divine order and encourages
moral behavior. This public display is the only place
(aside from church) where ordinary folks could have this
experience and have their Christian piety encouraged.

named. The lesson is clear: lasting success requires
the audience’s inspiration, not the demonstrator’s.

The Prague astronomical clock functions similarly to
other forms of church architecture, such as high vaulted
ceilings that lead the eye upward towards God, richly
illustrated frescoes and church ceilings that portray the
population of heaven, or stained-glass windows that tell
stories of Biblical history or of saints.
For several centuries afterwards, clocks for private or
public audiences encouraged similar notions of order,
piety, and worship because of their demonstration of
the rationality, predictability, and divine providential rule
of the universe.

The orrery motivated a century’s worth of planetarium
devices, such as this Adler artifact made by Benjamin
Martin about 1750. Martin was one of many public
lecturers who offered their demonstration devices for
sale to their audiences. Buyers could use one to
remember the lecture or to teach their friends and
family. In addition to reinforcing belief in a divinely
ordered world, these devices marked their owners as
sophisticated knowers of the latest knowledge that
reason, not observation, enabled. The planetarium of
the 18th century helped to create and motivate
Enlightenment thought, indoctrinating its users into the
contemporary scientific worldview.
A new era began with the acceptance of the
th
Copernican system at the end of the 17 century. The
Copernican system not only changed the centrality of
earth to that of the sun, but the focus was now not on
the sky’s appearances that anyone could observe.
Hundreds and even thousands of planetarium machines
were built to celebrate the new worldview that was
apprehended only through reason. One of the first
modern planetaria is one built in England by George
Graham in 1705; it is now at the Adler and on display
for this conference. A clockmaker, Graham made it to
celebrate the divine order and regularity of world, but
married that idea to champion the Copernican
worldview. One problem: it takes a month to move the
moon around earth, a year for the earth to orbit the sun.
That’s not a very exciting after-dinner show. To fix that
problem, the next model, now in the collection at
Oxford’s Museum for the History of Science, has a hand
crank so that viewers could see the earth and moon
move as they watched. This version was presented to
the fourth Earl of Orrery, after whom the device was

It was one thing to see a tabletop model of the heavens
that provided a nice Copernican understanding, but it
avoided any connection to the movements of the night
sky. There were nonetheless attempts to reach
audiences with an artificial experience of the night sky.
These were room-size immersive planetariums, such as
Roger Long’s Globe at Cambridge and the Gottorp
Globe in Denmark, now in St. Petersburg, Russia.
By the early 20th century, audiences wanted this
artificial sky because of a new context and need:
because of increased city lights and light pollution, it
was difficult for people to see the stars, to encounter
nature. The Atwood Sphere (built for the Chicago
Academy of Sciences and now at the Adler) was built
as part of a movement to make people more aware of
the natural world.
By entering the Atwood Sphere, people could be
immersed in an artificial night sky so that they could
learn the constellations more efficiently. The intended
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response, though, was to be motivated by the Atwood
and to encounter and to enjoy nature directly.

hundred planetarium theaters in schools throughout the
state. Here the audience was school children, the
experience science education, and the desired
response a science career.
Today’s planetariums are optical systems, digital
systems, and hybrid systems that use stills, video,
computer generated graphics, and all sorts of electronic
material. The competitors are many: movies, IMAX,
personal computers, gaming, and other personal media.
In past centuries and decades, planetarium
technologies had few if any competitors; for our
predecessors, they had the only game or show in town.
That is not the case today. So, how do we distinguish
ourselves from our competitors, or take advantage of
their potential as collaborators?

The Atwood Sphere motivated the first Zeiss optical
projection system, which did more than enable a more
realistic night sky in a larger theater. It was the theater
itself of the 1920s that provided one of the motivations
for its audiences.

Accounts of planetarium shows in the 1920s and 1930s
make it clear that the planetarium theater was a species
of theater, one in which education and social
acceptability were important factors for motivating or
even permitting audiences to attend. Max Adler, the
Adler’s founder said this explicitly: his goal for the
institution was to inspire visitors to see the wonder,
majesty, and order of the heavens. In short, a traditional
type theater setting was a motivator, competitor, and
the format for this new type of planetarium.
Of the many changes and developments that occurred
in the 20th century, we will mention just one of them, the
Spitz planetarium. Its motivator was the Cold War with
the Soviet Union. As we know, as a response to Sputnik
and the Cold War, Pennsylvania alone built several
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Today, for many of our visitors, the planetarium show
provides the first experience of a star-filled sky. Even
so, planetarium theaters do not offer an authentic
experience; they provide a facsimile of the universe.
What this means is that the planetarium theater, while
the signature piece of our institutions, has to provide a
great experience aside from, or independent of,
providing an authentic experience.
The key to the success of the theater, then, is not
authenticity but rather its immersive ability to inspire
and to transport you to different times and places. It is,
as Jordan Marché has described, a theater of space
and time. What that means is that at some time or place
in the total visitor experience of which the planetarium
show is a major part, we must provide the authenticity
that is lacking in the theater itself. At times that
authenticity involves access to artifacts, connection with
experts, or face-to-face contact with real live
interpreters, docents, educators, scholars, or some
other form of authentic experience. After all the
simulations, graphic panels, and even planetarium
theater experiences, there needs to be some authentic
element to the exploration of the universe beyond Earth
that your planetarium show enables. So what is that
authentic element that distinguishes a visit to your
planetarium from a TV show, a documentary, an
Internet website, or other media?
We use planetariums to provide creative ways to teach
astronomy, of course, and also math, science, literature
and other subjects that intersect with astronomy, as well
as providing a great venue for storytelling, or light
shows or sound shows that provide memorable
experiences.
But whatever the content that we are trying to convey or
provide to our audiences, what remains is our central
task to identify our audiences and satisfy their needs for
inspiration and emotional connection to something
greater than themselves. At the IPS conference in 2108

— and what better place to hold it in Baghdad, in the
cradle of civilization, one of the first locations to record
astronomical observations — what are they going to
st
say about the 21 century and its planetarium
technologies and most of all, the experiences they
provided?
During this conference, we are asking you to consider
developing in more explicit ways answers to several
questions. Which audiences are we after? What unique
experiences can we offer them? How are we inspiring
them, and what are we inspiring them to do? What
response do we want them to make? Is it merely
intellectual, or emotional as well? Only after analyzing
our audiences and establishing how we can engage
them can we determine what our message is going to
be, what our stories are going to be, whether we use
live or canned programs, or even what technologies we
are going to use to create them. As we go through the
sessions here at this conference, we invite you to
consider these questions as you hear presenters, see
different technologies, and encounter different
experiences. Some of your answers will apply well to
many institutions, while others will be specific for your
local situation. At the end of the conference, we will
come together in a breakout session to share answers
and to develop them further.
I offer to this audience an example of the larger picture
that we are developing at the Adler. We are creating a
planetarium show experience that extends beyond the
domed planetarium theater. The planetarium show is
the core inspirational experience that extends
throughout the museum, which provides supplementary
and complementary exhibits and programming, and
outside the museum, using online and mobile phone
technology. The planetarium theater experience
extends the sky show out of the theater, into the
museum, and beyond the museum walls.

Apollo window, just in case the need arose. And it did
arise….
And the Apollo 13 astronauts succeeded, and came
home safely….

This is perhaps the most famous example of a
planetarium fully meeting its audience needs!
It is unlikely that the lives of our planetarium audiences
depend on how well we understand our audience
needs. Instead, what is at stake is the life of our own
planetarium and perhaps of the medium itself.

I conclude with an observation about a space mission
40 years ago. On the way to the moon, an explosion
destroyed part of the Apollo 13 spacecraft.
Carbon dioxide levels increased to dangerous levels.
The temperature plunged. The crew, in great danger,
continued on their voyage towards the moon, and then
swung around the far side, anxious to return home.
The flight controllers soon realized they were not on the
right path. The path had been calculated assuming they
would have jettisoned the lunar module and collected
moon rocks. They had to adjust the flight path. There
was a serious problem. If they came in too steep, the
craft would burn up: if they came in too shallow, they
would bounce off and continue flying through space …
forever, never to return. The astronauts had to navigate
home. NASA had trained them for many hours in the
Morehead Planetarium in North Carolina to learn the
constellations that they could see through the small
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Galileo -- The Magic of the Telescope -- A New Full-Dome Planetarium Show
Robert Bonadurer
Director, Planetarium & Imax
Milwaukee Public Museum
800 West Wells Street
Milwaukee, WI 53233
414.278.6985
bonadurer@mpm.edu
The Daniel M. Soref Planetarium at the Milwaukee Public Museum is developing a distinctive planetarium
show simply called Galileo. This program will tell the tale of the telescope through the eyes of Galileo
Galilei and today’s astronomers. It will be completed in June 2009. The impetus of the show is IYA and the
th
400 year anniversary of the telescope. The show's focus will be on story of Galileo personally--and how
his telescope started the path to today's powerful telescopes that peer deep into the cosmos. This show
will feature hypothetical conversations between present day astronomers and Galileo. Educationally,
Galileo will reveal the basics on how telescopes work. How they collect and focus light. It will also teach
other forms of “light” by introducing the electromagnetic spectrum. Throughout the show Galileo will
connect audiences to the human spirit involved in exploration and discovery.

Caption: Spitzer Space Telescope
Galileo us funded by an Educational and Public
Outreach grant from the Spitzer Space Telescope. It
will be available to other Planetariums in late summer of
2009.
Education Goals

Caption: Galileo Portrait by DiTito
The main goal of Galileo:
The Magic of the
Telescope’s Dream will be to inspire audiences on the
“magical” abilities of the telescope. More specifically, it
will educate visitors on the basics on how telescopes
work. How they collect and focus light. It will also
teach how other forms of “light” by introducing the
electromagnetic spectrum.
Here NASA’s great
observatories can be explained. The Spitzer Space
Telescope will be highlighted as an excellent example
of these “flying” telescopes. All along the way, Galileo’s
Dream will connect planetarium patrons to human spirit
involved in exploration and discovery.
Other goals include:
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10.
Develop
companion
activities
and
demonstrations for museum and planetarium educators.o
11.
Work with local astronomy clubs for opening
night and special events.

VI.

Conversations Two:
Galileo Ask Today’s Astronomers Questions

Other Show Ideas

Show Synopsis & Outline
Imagine if Galileo was alive today. Awed by today’s
towering telescopes! Astonished that some are located
in space! Amazed by the dazzling pictures. Ah, if we
all could see the world 400 years into the future. This is
Galileo: The Magic of the Telescope—an inspiring
Planetarium show that brings into focus the joy of
discovery through the telescope.

(Picture GalileoPortriat1 here)
Caption: Galileo Portrait by Leoni
Show starts with Galileo in later years—under
house arrest for advocating the Earth moves. He
dreams a powerful dream. He wonders what it would
be like in the future—say 400 years….(use wormhole
th
(Picture Galileo Telescope here)
effect) and arrives today—the 400 anniversary of the
Caption: Galileo’s Telescope
telescope!
o
At first he is awed yet skeptical by today’s
I. Conversations One:
towering telescopes!
Today’s Astronomers Ask Galileo Questions.
(A similar response many people gave Galileo 400
years ago.) He keeps seeing the unseen with bigger
II.
Galileo’s Magical Night
telescopes.
His First Discoveries
1.
At each stop, he could talk to an astronomer—
His Quest to Advance Science
this could be a real astronomer or a voice. The show
will always come back to a main narrator to provide
III.
How the Telescope Works
consistency and a continuing thread through out the
• Lenses and Mirrors Collecting and Focusing show.
Light
•
Teach telescope basics. Galileo talks about
how his scope worked back in 1610. He brags about all
IV.
Bigger & Better
he saw—Jupiter’s Moons, Sunspots, Saturn’s “ears!”
Telescopes from 1610 to Today
•
He (audience) learns how telescopes work
Advances in the Electromagnetic Spectrum
today. Show basics of reflective telescope.
•
Introduce how time exposure photographs
V.
Space Telescopes
work.
o Hubble, Spitzer, Chandra, James Webb and•
Introduce electromagnetic spectrum.
Spitzer
•
Maybe how interferometry works.
o

•
•
•

•
•
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•
•
•

•
•

Maybe adaptive optics (great way to explain5.
twinkling).
Introduce space telescopes—Hubble, Spitzer,
etc.
Over all this content-Galileo slowly grows more
to appreciate what the telescope can do. He learns that
today’s astronomers also suffer from public skepticism.
He is no longer jealous, but feels a bond with today’s
astronomers. Show ends with warms words on the
power of human curiosity.
PS: Galileo wants to see how telescopes have
progresses in another 400 years.
Show ends with futuristic Moon or Mars base
with telescopes galore.

Target Audience
The target audience for Galileo’s Dream will be school
groups grades 5 and above and general public
audiences at planetariums, museums and science
centers.
National Education Science Standards
relating to the content of the show from grades 5-12
include:
1.

Science and technology have advanced
through contributions of many different people, in
different cultures, at different times in history. Science
and technology have contributed enormously to
economic growth and productivity among societies and
groups within societies.

2.

Technology influences society through its
products and processes. Technology influences the
quality of life and the ways people act and interact.
Technological changes are often accompanied by
social, political, and economic changes that can be
beneficial or detrimental to individuals and to society.
Social needs, attitudes, and values influence the
direction of technological development.

3.

The Sun is a major source of energy for
changes on the earth's surface. The Sun loses energy
by emitting light. A tiny fraction of that light reaches the
earth, transferring energy from the sun to the earth. The
sun's energy arrives as light with a range of
wavelengths, consisting of visible light, infrared, and
ultraviolet radiation.

4.

Electromagnetic waves result when a charged
object is accelerated or decelerated. Electromagnetic
waves include radio waves (the longest wavelength),
microwaves, infrared radiation (radiant heat), visible
light, ultraviolet radiation, x-rays, and gamma rays. The
energy of electromagnetic waves is carried in packets
whose magnitude is inversely proportional to the
wavelength.

Each kind of atom or molecule can gain or lose
energy only in particular discrete amounts and thus can
absorb and emit light only at wavelengths
corresponding to these amounts. These wavelengths
can be used to identify the substance.
Content from the show will also be available at Spitzer
Science Center’s Cool Cosmos website. This will help
planetarium school groups and general public
audiences further connect to the infrared universe and
how telescopes work.
Show Development
Galileo will feature original music, art, animation and
narration. It will also incorporate many NASA images,
video and animation.
It will specifically use Spitzer
imagery and data.
Dr. Michelle Thaller will oversee the development of the
program. Robert Bonadurer, Director of the Daniel M.
Soref Planetarium at the Milwaukee Public Museum,
will direct the production of the show.

Caption: Honey, I Shrunk the Solar System Poster
Bonadurer has written and produced over 20
astronomical films and planetarium shows. His latest
creation—The Stars at Night Are Big and Bright—is a
featured success as the opening show for Planetarium
in Texas at UT Arlington. Another recent production is
the short film Volcano in the Sky: The Story of Eta
Carinae. According to Jim Manning, Director of STSCI
Office of Public Outreach, “Volcano is a little gem of a
program—crisp, clean and extremely well done.”
Examples of Mr. Bonadurer’s other works include
Honey, I Shrunk the Solar System, (IPS Script writing
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nd

2 Place 2006) Amazing Stargazing and Aurora! Jim
Sweitzer, President of Science Communications, noted
this about Mr. Bonadurer’s efforts, “His programs really
connect well with the average planetarium visitor
because they are fresh and imaginative. He knows how
to teach astronomy effectively to a wide range of
audiences.”
About the Milwaukee Public Museum and the Daniel
M. Soref Planetarium
The Milwaukee Public Museum is a natural and human
history museum located in downtown Milwaukee,
Wisconsin.

Timeline:
This show will be produced by January 2009—in time
for the 400th anniversary of the telescope. The following
is a tentative schedule:
March 2008
July 2008

Outline approved
Story Board: First Draft, Animators
Hired, Preliminary Visuals Started
October 2008
Final Story Board Completed
Visuals Ongoing
February 2009
Script written
March 2009
Musician and Narrators Hired
April 2009
Voices recorded
May 2009
Visuals Completed, Music Mixed
June 2009
Final Mix Done
August 2009
Show kits for Distribution
Distribution:
Galileo will be distributed by the Milwaukee Public
Museum in August 2009. It will be distributed at a
modest cost to planetariums nationwide. This includes
script, video, slides and soundtrack. It will available as
both a full-dome and slide based planetarium show.
Many planetariums need quality shows at a low price
and have responded enthusiastically to previous offers.
Cost for the show will be based on distribution
preparation, hardware, and mailing. It is projected that
approximately 100 planetariums will purchase the show.

(Picture MPM Outside here)
Caption: Milwaukee Public Museum Theater
The museum was chartered in 1882 and opened to the
public in 1884. MPM has three floors of exhibits that
encompass life-size dioramas, walk-through villages,
world cultures, dinosaurs, a rain forest and a live
butterfly garden, as well as the Humphrey IMAX Dome
Theater and the Daniel M. Soref Planetarium. The
museum houses more than 4.5 million objects and
hosts nearly half a million visitors each year. The MPM
is operated by Milwaukee Public Museum, Inc., a
private, non-profit company, and its facilities and
collections are held in trust and supported by
Milwaukee County for the benefit of the public.

Average attendance for the show for each planetarium
is projected to be approximately 5,000 people. If these
projections are met, the show will reach 500,000
people. News of the show will be spread through
attendance at conferences, free listings in regional
planetariums newsletters and journals, announcements
on the Planetarium’s international list service, and e-list
mailings to national science teachers, and Spitzer’s
Cool Cosmos Website.

In November 2006, the Daniel M. Soref Planetarium
opened to public audiences. This 74-foot diameter
theater, 270-seat theater is one of the largest in the
nation. It features Evans & Sutherland’s Digistar 3 fulldome projection system.
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Astronomy Education Facilitated by Combining Live Digital Planetarium
Shows and Interactive Exhibits
Lars Broman, Teknoland, Lbr@teknoland.se
Per Broman, Broman Planetarium and Backyard Cosmos, pbr@planetarium.se

We have since 20 years worked with combining live planetarium shows with interactive
exhibits: Astronomia traveling exhibition 1989-91, Falun Science Center 1992-2001,
Science Circus traveling exhibition1998, Teknoland outdoor science center 2000-1. We
taught the BSc course Communicating Science 2002-5 and the Master's Program Science
Communication 2003-7; both at Dalarna University. We have very good experiences of
combining planetarium shows and interactive exhibitions, but until recently, we have
used opto-mechanical Starlab projectors under the dome, usually mixing live
performances of a planetarian with taped audio-visual shows.
A number of bachelor and master theses, supervised by us and others, have proven the
usefulness of the combination in a number of aspects. During the last two years, we have
begun to teach astronomy using a Digital Starlab projector, and we have found that fulldome video together with good software is an excellent tool in teaching astronomy.
Therefore, the new science center Backyard Cosmos, which now is being developed and
hopefully will open in a permanent place within a year, will feature not only a 5-m
planetarium but also an astronomical exhibition with some 12 interactive exhibits. Parts
of backyard Cosmos have been set up temporarily in a number of places and also
studied by science communication master students. In the poster, our experience from
these and the earlier events will be presented with text and photos.
Astronomical interactive exhibits
Exhibits originated in Astronomia
Rotating earth
A slowly rotating earth globe has some tiny
sundials placed on it. The reasons for day and
night are easily seen as well as the difference
of time at different longitudes.
Quatro stagioni
The four seasons are demonstrated
by four places of the earth around
the sun. The tilt of the earth's axis
shows the difference between
winter, spring, summer and fall.
Here is shown the Backyard Cosmos
version.

Interactive LED star chart
By turning switches you can see which stars
belong to a certain constellation.
Exhibits originating in Falun Science Center
Beer cans at earth, moon, and Jupiter
Three beer cans are filled with beer, styrofoam
pebbles and sand, respectively.

Lunar phases
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At Falun Science Center, we had made it "life-size" with
the visitor's head as the earth in center of the lunar orbit
and the moon rotating just above the head, size ca. 10
cm and orbit radius ca. 1.5 m; illuminated from one side
(by sunrays). Here shown is the Backyard Cosmos
version.

Please take off your shoes before entering Kepler's
dance floor! Three visitors can walk each an orbit
around the sun in pace with the folk tune Gånglåt från
Äppelbo: the almost circular orbit of planet earth, the
slightly oval orbit of planet Mars, and the rather longish
orbit of comet Encke. In the model, one step = 2 weeks
in reality. The lengths of the steps vary with the size of
the orbit and with the distance to the sun, in accordance
with Johannes Kepler's laws from the first part of the
17th century.
Walk on the moon
We did this using a 2 m dia. fiberglass ball, painted grey
and a 10 m high tower above it. The idea originates
from Clore Garden of science in Rehovot, Israel.

Exhibits from 27 Steps to the Universe
This IPS Special publication includes 27 astronomical
experiments to be used in school or in connection with
a planetarium. Some of these are:
Size of the earth
Distance to the moon (the coin trick)
Distance to the sun
Parallax
3D stellar charts
Exhibits on Astro/Cosmonaut virtues
These we saw for the first time at Smithsonian Space
Exhibition in 1966, and especially the first one is now
present in most science centers world wide:
Stable hand
Quick response
Docking a satellite (distance judgment)
Other Exhibits
Aligned earth globe
Powers of 10 (from Futures' Museum and Broman and
Ott, The Scientific Paradigm)
Exhibits from Teknoland
Kepler's dance
It took two years to find out how to make this exhibit
correctly.

The gravitation on the moon is only 1/6 of that on the
earth. That was why it was so easy for Armstrong,
Aldrin and the other lunar travelers during the years
around 1970 to walk on the moon. By using the harness
that is hanging in the tower you can walk on
Teknoland's moon and experience the week gravitation.
OBS! This exhibit may only be used with assistance of
Teknoland's personnel! Personnel is in place by the
exhibit several times daily.
Milky Way: A three-dimensional constellation
This is based on the ideas from 27 Steps to the
Universe, but using the most recent data on stellar
distances.
The exhibit contains small balls - stars - as stars are
distributed in the Milky Way. They represent some stars
in the Milky Way that make up one of the most well
known constellations. But since stars are at different
distances, it is only from our place in the Milky way that
certain groups of stars look like e. g. Big dipper, Orion,
Cassiopeia, the Lion, and the Swan.
Which constellation does the exhibit contain? You will
probably recognize it if you watch it through the cometshaped hole - the earth's place in the Milky Way!
TEKNOLAND's solar system
We have over the years since the early 1970ties built
models of the solar system with the sun and the (then)
9 planets. The one we built for Futures' Museum in
Borlänge in the scale 1:1 billion in 1986 was recognized
by Guinness' Book as "The world's largest scale model"
for a couple of years since it covered the whole earth
with Proxima Centauri placed in Melbourne.
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At Teknoland, there is a scale model the sun and
the nine planets. The scale is very small, just 1:10
billions, in order to make most planets fit inside
Teknoland. In this scale, the size of the earth is only
1.5 mm.
The sun is furthest away at Teknoland, and then five
planets in their proportional distances from the sun.
Four planets are outside Teknoland: Saturn in the lobby
of the Sports Museum. Uranus in the lobby of the
Lugnet swimming pool. Neptune in the entrance of
Dalarna University main building. Pluto in the entrance
of Hotel Scandic.
Yourself a sun-dial
Instead of just watching the shadow from a stick, you
move to make your shadow - the true interactive
sundial.

Galilei's observatory
Here you can redo Galilei's observations both in a small
telescope, watching the sun, Venus and Jupiter's
moons, and by walking over to them - in the scale 1:1
billion and watch what is going on with your naked
eyes.
The Full-Dome Video Planetarium and Conclusions
As has been shown by us and by students of ours,
planetariums are very important complements to
science centers. One reason is that girls tend to get
more interested in science from planetarium visits than
boys, while boys tend to be more affected by
experimenting. Today, another aspect has become
clear: In many countries, girls go on to higher studies to
a larger extent than boys. A consequence could be that
in order to increase the interest in science among boys,
planetariums should provide astronomical hands-on
exhibits as a complement to the shows under the dome.

Stand straight on a grey stone so your shadow points
towards the white stone. What time is it?
Since the sun's path over the sky changes a little from
day to day, the places of the stones have to be changed
from time to time. (Please don't move any stones
yourself, let Teknolands personnel do the adjustments!)
Astronaut scales
In space you cannot use regular scales, since they
require the presence of gravitation. Instead, you have to
use the relation between the mass and the period of
motion when the mass is attached to a spring (with a
known spring constant). It took over 25 years of
experimenting to find out a way that the astronaut
scales could be conveniently used in a science center
setting.
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Furthermore, as was originally shown by Franck
Pettersen, the educational impact of adding hands-on
activities (for teachers on northern lights) is quite large.
Studies by master students in science communication
at Dalarna University in Falun/Borlänge, Sweden have
indicated the same. We have recently used the
combination of live presentations under a small dome
together with interactive exhibits and computer
information when presenting solar energy to 8-graders
and letting a master student evaluate both the whole
exhibition and the different components (asking the
pupils to grade how much they liked the activity and
how much they thought they had learnt from it. Both the
planetarium show (again, highest grades among girls)
and the experiments (liked most by boys) got good
grades, and the exhibition was liked better than other
activities they had been subject to during the day.
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Colors of Light
Dayle L. Brown
Pegasus Productions
6109 Tamerlane Drive
South Bend, IN 46614
574-217-8557
pegasusproductions.net
dayledavid@comcast.net
Participants in this hands-on workshop will experience a variety of activities designed to help students
examine the information to be learned about stars from their light. We will also explore the eye’s reaction
to light and color.
I. Your Eyes and Color
A. Anatomy of the eye
1. Pupil, Lens, Iris
2. Retina – Rods & Cones
B. Activities
1. Iris Adapts to Light: Students work in pairs:
one “scientist” and one “lab rat”. Scientists up on knees
to get a good look at the lab rats’ eyes. Lab rats look
up to the top of the dome. Observe eye’s reaction to
dimming and sudden brightening of house lights.
Change rolls. Goes quickly.
2. Black/White vs. Color Vision: Slowly dim
house lights until most of the people show by raising
hands that they no longer can see color. There WILL
be some hold-outs. A volunteer does the dimming
while I circle around behind the people discreetly
putting up patches of colored paper with Velcro tabs. A
color wheel is up on the other side of the dome. Then,
when I’m pretty sure it’s dark enough, I ask the
audience if they can see the color of one of the squares
(colors of construction paper). Someone will guess, but
they won’t all agree. Ask how we can all agree. (More
light) I have deliberately selected a gray piece of paper
because nobody ever guesses gray. I have a black
Velcro tab on both sides of the gray paper, or I couldn’t
tell either. This usually convinces most of the audience
that they truly are color blind in dim light.
II. Colors & Space
A. Star Color (use tube light or Starlab side lamps)
1. Temperature – Demonstrate with tube light
on a dimmer or Starlab side lamps.
2. Visit Red, then Blue Stars using either light
cabinet or volunteers with flashlights modified
with red, blue, and green filters.
a. Examine clothing
b. Switch back and forth
B. Nature of Light
1. Reflection & Absorption
2. Demonstrate under red, blue light using
student clothing.
C. Mystery Cloth (Select cloth with strong primary
colors.)
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1. Examine under red, blue, green light. Try to
determine colors using clues from discussion
on reflection/absorption.
2. True Color? Mix colors of light:
a. Blue & Green? (aqua)
b. Blue & Red? (violet)
c. Red & Green? (yellow!)
d. All? (white)
3. Examine mystery cloth under white light.
D. Color Filters
1. Distribute Color Analyzers
a. Examine under colors of light
b. Find Diffraction grating
2. Use to examine Mystery Cloth
3. Examine “Eyes” & “Shuttle” messages
E. Diffraction Grating
1. See spectrum
2. Spectral analysis/stellar composition: I
briefly touch on this using transparencies held
up to side lamps showing the spectral
signatures of different elements.
F.
Visible & Invisible Light
1. Wavelengths/frequencies: A glow-in-thedark slinky works nicely to demonstrate this
principle.
2. Discuss some of the different invisible forms
of light familiar to students
a. X-ray (X-rays held up to side lamps)
b. Radio
c. Etc.
3. UV: Include black light in light cabinet. (UV
flashlights now available.)
a. Flourescence – Hydrogen converts
UV – red light
b. Tonic water fluoresces. Remove
label.
b. Secret messages on back of Color
Analyzers
c. UV beads change color when
exposed to UV light.
(Source: Educational Innovations, Inc.)

Credits:
Askins, Michael; John Erickson, Alan J. Friedman, Alan
Gould, and John-Michael Seltzer. Colors and Space.
Planetarium Activities for Student Success (PASS)
Volume 8. Jointly published by the Lawrence Hall of
Science, Berkeley, CA & the New York Hall of Science,
Corona, NY. 1990.
Mallon, Gerald L. Activity 5: “Light and the Eye”. pp.
20-22.
Activities for the School Planetarium.
Planetarium Activities for Student Success (PASS),
Volume 2. The Regents of the University of California,
Berkeley, CA. 1993.
Sneider, Cary & Cheryll Hawthorne, Color Analyzers.
Great Explorations in Math and Science (GEMS).
Lawrence Hall of Science, The Regents of the
University of California, Berkeley, CA. 1989.
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Let There Be Night Beyond the Dome
Chuck Bueter
Nightwise.org
15893 Ashville Ln. Granger, IN, 46530
bueter@nightwise.org
Let There Be Night is a combined planetarium program and collection of resources that advocate for dark
skies. To be distributed by the Great Lakes Planetarium Association, the program’s DVD allows multiple
users to select the content that is appropriate for their respective facility, audience, and needs. A featured
in-dome activity conveys three aspects of light pollution and requires visitors to propose solutions. Details
are at www.LetThereBeNight.com.
Let There Be Night originated as a segmented
planetarium program for small and portable domes to
support dark sky advocacy during and after the 2009
International Year of Astronomy (IYA2009). Several
parties contributed existing copyrighted content as
individual chapters on a DVD, allowing the planetarium
directors to interweave the selected chapters that are
most suitable for their facility and audience with their
own live presentations.
A sample program at a school planetarium, for
example, may have the following outline:
1.

2.

3.

4.
5.

Open to a darkening sky with pre-recorded Day
and Night, a Pacific Northwest Nations story told by
Dovie Thomason and used with permission of the Lunar
& Planetary Institute’s SkyTellers program. Under only
a starfield with no special effects, listeners hear how the
balance between day and night came to be, allowing
the planetarium presenter to introduce the challenges to
that balance.
Acknowledge the need for light in modern society, yet
allow participants to discover side effects of technology.
Conduct in-dome demonstrations using unshielded
mini-flashlights in “candle mode” to guide participants to
identify three aspects of light pollution (glare, light
trespass, and sky glow) and to discover benefits of fully
shielded lights. Under the dome, some visitors can
cover the exposed light source to eliminate the errant
light and its impact.
Present in-dome There Once Was a Sky Full of
Stars, written by Bob Crelin and illustrated by Amie
Ziner. Either read the book live to your audience, or
play the pre-recorded video made by the book’s
creators. In small settings, the demo with flashlight in
“candle mode” against an illustrated streetlight in the
book works equally well.
Conduct a live, traditional presentation of
constellations and celestial highlights at that time using
the planetarium projector and effects.
Segue to the constellation Orion and present a
live primer on how students and visitors can contribute
their observations of Orion to the Globe at Night
(http://www.globe.gov/GaN/) star count. This citizen52 ✯ IPS 2008 Conference Proceedings

scientist experiment is one of the Cornerstone Projects
of the 2009 International Year of Astronomy.
In order to serve the mid-sized planetariums that have
limited technology (say, just a video projector), the Let
There Be Night project team is writing a scripted
program in chapters that expands slightly beyond the
confines of outdoor lighting issues. While astronomers
have been bell-ringers initiating awareness, outdoor
issues
extend
into
personal
safety,
energy
conservation, and preservation of natural habitats. With
Galileo as the narrator cast from a Second Life avatar
(see Figure 1), the storyline features the significance of
400 years, Galileo’s key observations, what is at risk
from poor outdoor lighting, and how to quantify light
pollution.

Figure 1. A Galileo avatar from the 3D virtual world of
Second Life will narrate the proposed planetarium
program.
Because the Let There Be Night planetarium program
was to be duplicated on a DVD, the project team of
Chuck Bueter and Art Klinger had extra digital capacity
on the disc. Therefore, we chose to bundle additional
resources onto the DVD that would help dark sky
advocates both in-dome and beyond. For example, the
Southeastern
Planetarium
Association
(SEPA)
generously contributed its Saving the Night program,

written and narrated by David Levy. While it was
created for the planetarium community, the story can
now be presented in other settings, such as libraries,
classrooms, or club meetings. While SEPA had freely
availed Saving the Night as a large-file download, the
Let There Be Night DVD gets it in the hands of more
potential presenters.
In support of the US IYA Dark Skies Working Group, a
proposed video tutorial will assist dark sky advocates
who are approaching city councils, architecture
associations, and other organizations who are
unfamiliar with outdoor lighting issues. A proposed
PowerPoint presentation on the DVD will give dark sky
advocates a template for presenting dark-skies material
to the public. Other digital content is pending.
In a novel approach yet to be tested, the planetarium
program is designed to drive adult planetarium visitors
to a Second Life site equivalent to a “holodeck” at which
they can modify the outdoor lighting in a poorly lit scene
and view the impact of their actions in a 3D virtual
world. Similarly, perhaps Second Life visitors will be
driven to their local planetarium to continue the
experience.
The DVD compilation is only a portion of the original Let
There Be Night program funded by a 2008 Toyota
TAPESTRY grant. The Let There Be Night project
team is coordinating a community-wide experiment with
the support of the local school district. Over 6,000
students in grades 3-8 will participate in the 2009 Globe
at Night program, observing Orion with the naked eye in
the last two weeks of March, plotting local results, and
buttressing outdoor observations with discussions in the
classroom. Concurrently, a team from each of 13
elementary and middle schools will quantify sky glow
using Sky Quality Meters (SQMs) (see Figure 2). In
May 2009, a group of students will report their findings
and outdoor lighting recommendations to the school
board.

Figure 2. Students will use Sky Quality Meters (SQMs)
to quantify the sky glow above each of thirteen schools.
The
Let
There
Be
Night
website
at
www.LetThereBeNight.com will contain links to other
material that complements the program, such as
classroom lessons, notes for planetarians, and books
about the storied constellation Orion.
The Toyota TAPESTRY grant has spurred financial and
in-kind assistance from several parties in addition to the
supporters mentioned above.
The Great Lakes
Planetarium Association is also aiding production of the
planetarium production; the National Optical Astronomy
Observatory is offering professional guidance with the
Globe at Night experiment; the Penn-Harris-Madison
Educational Foundation is purchasing SQMs and
relevant books for 13 libraries in the school district; and
Patrick Rumley continues to embrace astronomy
education with website advise and complimentary
hosting services.
We thank you all for furthering the educational
opportunities for our children. Many of the kids we
meet have never marveled at a truly dark sky, though
most parents are eager to share some experience they
had under a pristine sky at least once. For the kids,
though, the degraded sky they usually see today is their
expectation of what a baseline night sky should look
like. We encourage the planetarium community to
embrace dark sky advocacy and Let There Be Night.
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Metamorphosis: Taking “The Moonrock Rock” from 2D to 3D
Lonny Buinis
RaritanValley Community College
ATTN: Office of Instructional Technology
PO Box 3300
Somerville, NJ 08876
e-mail: lbuinis@raritanval.edu
It happened to Homer Simpson! How does a 2-dimensional character enter the 3D world? When it became
practical to create animation on personal computers, Raritan Valley Community College Planetarium
obtained permission to use a song in shows for children. In 1992 a student worker created a simple 2-D
animation accompanying the song “The Moonrock Rock”. The combination has been wildly popular in our
preschool/kindergarten programs. Hear about our recent project to update the song with fully 3-D
characters, and see Mr. Moonrock and the Rockettes!
Good afternoon! I’m going to describe a little of
the impetus that led us to our ongoing project to update
a 2-D music video for kids about space. The new
version has 3-D characters. It hasn’t been easy, but it’s
not impossible!
I used to work in a Planetarium. Around the
time it became practical to do 3-D animation on a
personal computer my planetarium job at Raritan Valley
Community College (RVCC) was eliminated. I’m sure
no one here has ever heard of anything like that
happening!
Not long after RVCC Planetarium opened in
1990, we started doing 2-D animation on a PC. We had
two IBM 286’s – that’s fully seven computer generations
ago! Each computer had an entire 1 megabyte of RAM,
a roomy 20-megabyte hard drive, and a 2-D animation
program called Autodesk Animator. State-of-the-art in
1991!
Our student worker, Joe Gibriano, took on a
project to learn and use Animator to create an
animation to an existing song, “The Moonrock Rock”.
The Planetarium subsequently obtained the rights to
use this and other songs from the children’s music CD
"Journey Into Space," by Jane Murphy. Today we still
use these songs for our Preschool/Kindergarten show
“Rockin’ Rocket Ride”. Here are the last two stanzas of
the five-stanza Moonrock video as it was created and is
still being used…
{Play last two stanzas of original DVD video “The
Moonrock Rock”.
Duration: 1 min. 26 sec.}
Recently, our Planetarium director Jerry Vinski
and I had the idea that it was time to update the song.
The video you’ve just seen is still enormously popular
with our younger audiences, even with its simple
animation technique. Our competition for the attention
of even young children now comes from many places…
television, movies, Web Flash animation, virtual worlds,
and more. Think of the elaborate production values that
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go into the TV program “Teletubbies”… and that is
directed at infants!
We couldn’t compete with companies like
Disney/Pixar or Dreamworks, but we did aspire to a
higher level. You can,too! How much higher depends
upon your own resources, time, and determination. I
hope to show that those resources needn’t be
prohibitive. In the video we’ve just seen, had you
noticed the arm swing on the three Rockettes behind
Mr. Moonrock? Only two frames!
{Bodily demonstrate}
Simple, but effective! How did we go about doing
something more sophisticated?
First, I followed the tradition of animators before
the digital era. I created a series of 2-D storyboards
which tell the action in key scenes. I made rough
drawings with pencil and paper of each of the 47
scenes, one for each line of the song. This took a few
hours in one afternoon. The quality was very crude!
The objective was to capture the intent of the story in
the song as quickly as possible with no regard to
technique or a polished look.

(figure 1 “MRRstoryboardPanel45.jpg”)

Next, I scanned all the drawings and assembled
them as a slideshow in Microsoft PowerPoint. It was
relatively easy to time the slideshow slide-by-slide to
the music. The finished product gave us a fairly good
idea of how the scenes would play. It made a positive
impression on a few children at last year’s Triple
Conjunction conference of three planetarium societies
local to the east coast of the United States: Great
Lakes, South-East, and Mid-Atlantic.
{Play PowerPoint, Duration 3 min. 13 sec.}
For the 3-D animation, I anticipated that the
most daunting task would be synchronizing the mouth
movements of the four characters to the portions of the
existing sound track that each one sang. There is now
affordable software that did not exist 16 years ago
which reduced this task from potentially months to only
days.
The program Poser 7, from e-Frontier, costs
about $250 ($150 with an educational discount from
places
like
www.journeyed.com
or
www.academicsuperstore.com).
It comes with a
standard module called Talk Designer. To use it, your
3D model must have associated “visemes”, a term that
comes from the words “visual” and “phonemes.”
Phonemes are basic units of speech, like vowel sounds,
diphthongs, and consonants. Visemes include the
position of jaw, mouth, and lips in a 3-D character.
Many Poser characters have already been created with
these in place.

Initial lip-synch results were fair. They got
better when I manually adjusted key frames and mouth
positions. Results improved even more dramatically
when I downloaded and installed a recent, free patch to
Poser 7 from e-Frontier’s Website.

{ video 2: “MrMoonrock1-1new.avi”, 150x150, 4 sec.}
Still, I could not get Mr. Moonrock to resemble a
more satisfactory image I had created in a different
modeling program.

{figure 2:
“MrMoonRock_testagainstApollo17landscape.jpg”}
{video 1: “GlyptodonTest1-1_05.avi”, 294x300,
4 sec.}
Talk Designer then coordinates these automatically with
a .WAV file sound track and supplemental plain text.

This is partly because I am a novice Poser user, but
also because Poser was not intended as a modeling
program. Rather, modelers generally create and edit
their subject in a dedicated 3-D program like Maya,
Carerra, or 3D Studio MAX and then import it into
Poser. I was dissatisfied with my last results…
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least one person who has a proclivity for this type of
work in his or her spare time, or a student worker, you
can end up with something worthwhile.
It’s not
impossible! It’s exciting that we live in a time when one
person can do on one machine what it used to take an
army of workers.
We hope to provide the finished product, a 3-D,
animated music space video for kids, “The Moonrock
Rock”, as a commercially-available product in the near
future. We invite your input. Thank you!
Lonny Buinis
Instructional Designer
lbuinis@raritanval.edu
908-526-1200 ext. 8306

{ video 3:“MrMoonrockDisplace.avi”, 147x150, 4 sec.}
At last, I returned to an earlier, more
intimidating idea. For the more sophisticated program
3D Studio MAX, from Autodesk (c. $3,500), there is a
third-party plug-in called “Voice-O-Matic”, from Di-OMatic (www.di-o-matic.com). It works analogously as
Talk Designer in Poser. I learned how to assemble
viseme morph targets - models with altered expressions
- in 3D Studio MAX and to animate the morphs with a
sound track, a supplementary text file, and Voice-OMatic. Here’s what we have so far…
{Show first stanza of current production, in
progress, c. 35 sec.}
In conclusion, for any 3-D animation project
there are high learning curves and a need for much
patience and time. However, if you can dedicate at
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Jerry Vinski
Director, RVCC Planetarium
jvinski@raritanval.edu
908-526-1200 ext. 8395

How Should a Planetarium Teach? Developing a Pedagogical Framework
for a Planetarium Show
Lee Carkner
John Deere Planetarium, Augustana College
639 38th Street
Rock Island, IL 61201
leecarkner@augustana.edu
Planetarium shows can be organized around a basic conceptual framework that
determines the manner in which the astronomical content is presented. Two common
frameworks are the “observational”, which is organized by how and where astronomical
objects are viewed and the “theoretical”, which is organized by the structure of modern
astrophysics. The strengths and weaknesses of both approaches will be discussed
along with some ideas for utilizing the best attributes of each.
When writing a planetarium show the first question we
usually ask is, “What should we teach?” Should we
offer a tour of constellations or recent results from the
Mars rovers? Perhaps we are illustrating an eclipse of
the moon or how black holes are formed. Since much
of the show production involves assembling content,
this question is a logical starting point. As we work on
the show, however, we have to ask a second question,
“What do we want our audience to learn?” Even if the
general topic is the same, we would produce
dramatically different kinds of shows for a kindergarten
field trip, a group of college students, or people
attending laser rock show. We also have to deal with
the fact, as all teachers must, that only a small portion
of the information we include will be remembered by the
audience.
There is, however, a third question we should ask which
is “How should we teach?” We are not just providing a
series of facts to the audience, but also a way of
thinking about astronomy. In some sense, we are
defining to our audience what astronomy is. We should
then ask ourselves, “How can we organize this material
to present a particular way of thinking about the
universe?” We all have some kind of conceptual
framework we use in our shows, and I think it is
worthwhile to examine the message that it is sending.
Our goal as educators is not just to transmit information
or promote astronomy (although those things are
important), but to present a useful way of thinking about
the natural world.
While there are many kinds of frameworks one could
use, here I would like to discuss two, the “observational”
and the “theoretical”. An observational framework is
organized around relative positions of astronomical
objects and the way in which we might observe them.
For example, an observationally framed show might

begin with pointing out the Summer Triangle and then
move into a discussion of objects within the triangle,
such as the double star Alberio and the Ring Nebula.
We might also refer to the observational framework as
“amateur”, as it closely resembles the way an amateur
astronomer might organize a night of viewing. There is
a lot to recommend this framework. Astronomy has
traditionally been seen as a “spatial” discipline,
concerned with sky maps and coordinates. People also
generally respond well to visual information and helping
people locate things in the sky for themselves inspires
an interest in astronomy that lingers even after the
show is over.
We should also note that the
planetarium itself is essentially a spatial simulator.
The observational model has one significant drawback;
objects located near each other in the sky do not
necessarily have any astrophysical connection. Our
previous example centered on the Summer Triangle
had us discussing double stars followed by planetary
nebula, which are two discrete physical phenomena
with little to connect them. This suggests using a
different organizational frame work which I call
“theoretical” or “professional” (I am a little leery of using
“professional” and “amateur”, since in the vernacular,
“professional” is usually thought of as being superior to
“amateur”, a connotation I don’t mean to imply here).
The theoretical framework would base a show around
key astrophysical concepts; the way a research
astrophysicist would develop a uniform model to explain
his data. A show organized on a “theoretical” basis
might start with star formation and then move on to
discuss the main sequence, white dwarfs and planetary
nebulae. The advantage here is that the audience
would gain an understanding not just of the properties
of specific objects, but of the concept of stellar
evolution, a key component of modern astrophysics.
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In order to choose which framework to use we need to
go back to our second question, “What do we want our
audience to learn?” The answer to this depends in part
on knowing what they know already.
Given the
diversity of audiences, and the lack of formal astronomy
classes at most public schools, this can be a difficult
question. I have done some work on this problem by
surveying by general astronomy students at Augustana
College, a small liberal arts school in western Illinois. I
found that despite the fact that TV was the most
significant source of astronomy information for my
students, most know some basic facts about
astronomy.
Most of the students had a general
familiarity with constellations and knew something
about the structure of the galaxy and universe. On the
other hand, they knew very little about astrophysics, not
just specific concepts, but basic idea that astronomy is
about physics. I have also noticed a similar pattern with
grade school students, who tend to know some
astronomy facts and something about structure, but
generally are not taught much about the bigger picture
(which of course is very complex and difficult for
elementary school teachers to introduce).
I also feel that these ideas that the students are lacking
really are the core of what modern astrophysics is.
Most people know the stars as dots that make up
constellations, but they do not know how the use of the
laws of physics has allowed us to determine stellar
compositions, temperatures, masses and evolutionary
states. The idea of astrophysics as a methodology for
developing a systematic explanation of the universe
rather than just a bunch of facts is an important one and
worth emphasizing. Of course we can’t explain all of
the physics of the universe in a 20 minute planetarium
show, but I think we can get across the idea that
science can build theories and these theories can be
tested.
It is important, however, not to forget about the power of
the observational framework. Our observations lead us
to build theories and all theories need to be tested by
observation. We also want to connect our planetarium
show to the backyard stargazing experience. Ideally,
we would like to express our theoretical ideas in ways
that lend themselves to observation. We can discuss
the importance of blackbody radiation while pointing out
Betelgeuse and Rigel. We can discuss the formation of
massive stars in Orion and then look at the death of
massive stars at the near-by Crab Nebula. In this way
our audiences can learn to navigate around the sky and
understand some basic astrophysical concepts and
illustrates how the framework we use for our
planetarium shows communicates the essential nature
of astronomy.
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Digital Image Capture for the Planetarium:
A working pipeline for filling the dome with still and video imagery
Tom Casey
Home Run Pictures
100 First Avenue, Suite 450
Pittsburgh, PA 15222
mailto:tom@homerunpictures.com
Carolyn Sumners
Houston Museum of Natural Science One Hermann Circle Drive
Houston, TX 77030
mailto:csumners@hmns.org
Digital tools now available allow the planetarium content creator to capture imagery that previously
required expensive equipment and a difficult processing pipeline. This workshop will compare the
cameras and lens equipment that is now obtainable, describe a working pipeline using standard image
processing applications, and provide creative guidelines for creating the most dramatic imagery. Imagery
capture appropriate for use in traditional planetariums as all-sky images and in fulldome video equipped
planetariums, including the small portables is now within reach of everyone. From Earthbound subjects to
the International Space Station, we will cover the use of digital camera capture for still images and timelapse video.
PRESENTERS:
Tom Casey is President and Creative Director for Home Run Pictures, an animation and special effects studio that
for over 20 years has been creating visual content for planetariums. He is currently partnered with Rice University’s
Space Institute and the Houston Museum of Natural Science in the five year Immersive Earth Project funded by the
NASA REASoN educational outreach to create content for fulldome planetarium shows. His studio also has
provided content for educational science documentaries produced for the Discovery Channel, National Geographic
and PBS Networks.
Carolyn Sumners is Vice President for Astronomy and Physics at the Houston Museum of Natural Science and a
38 year veteran of the planetarium profession. The Museum’s Burke Baker Planetarium opened the first fulldome
digital theater in the US and has led in the production of shows using digital image capture – including flying a
fisheye still camera to the International Space Station.
INTRODUCTION:
Until recently, capturing imagery for the all-sky or
fulldome video environment of a planetarium required
expensive camera rigs followed by a difficult processing
pipeline. Now that the photography market has become
a digital realm that has all changed. It is now possible
to readily obtain and easily utilize equipment and
software applications that deliver professional quality
imagery at a somewhat reasonable cost.
The equipment is available, but finding a workable
match-up of camera and lens to achieve a fulldome
image can be frustrating. The photography market is
not aware of our unique needs and is probably not
seeing us as a market that would be profitable to the
extent they desire, due to the limited number of facilities
that would purchase equipment. But there are cameras

and lenses available that suit our needs… you just need
to know what to look for.
What is the problem?
What we need to accomplish our capture of fulldome
imagery is a digital camera and lens that provides a
circle image that has the proper spatial geometry for
projection onto our domes. Digital cameras of a wide
variety are plentiful. And a lens, typically called a
“fisheye” lens, is appropriate to match up with those
cameras for our purposes. Unfortunately this “fisheye”
is a specialty lens and there is not much demand for it
in traditional photography.
Few have been
manufactured over the years and few are being
produced today. Interesting is the fact that originally
these lenses were called “full sky” lenses and were
described as being primarily intended for the astronomy
and meteorology sciences.
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After obtaining a lens, the user is confronted with
another issue. For technical reasons we will only cover
briefly here, digital camera manufacturers design their
cameras with a sensor that is not the same size as the
traditional film camera frame. It was decided that a
smaller sensor would technically achieve their purposes
better. Thus most digital cameras today are not what
we call “full-frame.”
It is simpler to design a digital sensor to accurately read
the light rays passing through the central part of a lens
because the angle at which they are striking the sensor
is closer to a perpendicular angle. A smaller sensor
has the effect of increasing the focal length of a lens,
i.e., a wide-angle view becomes more telescopic. Not a
huge issue in a more normal view lens, but totally
undesirable for a fisheye. For our use, we need the
fisheye lens to project the entire circle of its view onto
the sensor… a smaller than full-frame sensor crops off
parts of the circle making the image unusable for our
purposes.
So our problem is to find a camera with a sensor that
matches up exactly to what a particular fisheye is
seeing… the end result being a full circle representing
the entire area of a planetarium dome. Taking the few
possible fisheye lenses and mounting them on an
appropriate digital camera body can, at times, end up
being a challenge and some very radical and awkward
adapter arrangements have been attempted. Our goal
here is to find various practical match-ups that are
portable and easy to use in the field.
There are two basic types of digital camera sensors we
are interested in… a full frame sensor that is the same
size as a typical film camera’s film plane, and an APS
size sensor which is smaller, but usually consistent
across cameras we desire to use. Figure 1. compares
sensor sizes for two camera brands, Nikon and Canon.

Figure 1.
The superimposed blue circle represents the image two
varieties of fisheye lenses project onto the film plane.
You can see that unless we match-up the proper lens
with the proper sensor we will not see the entire circle
that we need. Compounding this issue is the fact that a
particular fisheye may only be available with a single
mount type, thus making it impossible to use with a
camera of a differing brand, unless an adapter is
available.
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There are two manufacturers that are or have been
making fisheye lenses that we have found will work for
our needs. Nikon has several lens models that it has
made over the years… all now only available used.
These Nikkor lenses project a circle that requires a full
frame digital camera. The currently manufactured
Nikon fisheye is not a full circle version and will not
work for us. Obviously these lenses have Nikon
mounts. Sigma currently makes fisheye lenses, one a
full frame version, and also one that will work with the
smaller APS sensor. Their lenses come in both Nikon
and Canon mounts.
The camera bodies we have found most often to meet
our needs for fulldome are Nikon and Canon. A
discontinued professional camera from Kodak, the
DCS/Pro also will meet our needs, and is usually fitted
with a Nikon lens mount although a Canon mount was
also made. These cameras come in various Megapixel
sizes… 10Mp, 12Mp, 14Mp, or 21Mp and also feature
either CCD or CMOS sensors.
Choosing between these various models first depends
on which fisheye lens you can acquire, then on how
many pixels are sufficient for your particular dome
setup. Are more pixels better? Maybe less is sufficient.
More pixels may be overkill for the size of your dome.
Also, the newer sensors being designed for cameras
tend to have better solved the noise problem in low light
shots. Will you be shooting a lot of low light situations?
This then may be an issue. There are no easy
guidelines to make your decision simple… asking the
opinion of someone who already has a camera/lens
match-up or testing out the various match-ups yourself
is the only way to know for sure.
Capturing and Processing
A very important decision when shooting will be
exposure. Just like film cameras, digital cameras
deliver their best images when the exposure is just
right. Since we are dealing with a very wide field of
view in a fisheye lens, the camera’s through-the-lens
metering may not be as accurate as needed… they are
designed to interpret the views of more normal lenses.
Some older fisheye lenses will not function at all with
the camera’s internal exposure meter and will need to
be set manually.
A hand-held light meter with an “incidence” capability is
an excellent way of getting the correct exposure. These
meters have a tiny white semi-sphere that measures
the light in the entire scene… kind of like a small dome,
you could say. Although there are other manufacturers,
Sekonic makes several excellent models of light meters
with prices ranging from inexpensive to ridiculous. The
Studio Deluxe is my favorite, it is compact, doesn’t need
batteries and is designed in the older analog style. The

compact FlashMate and the fancier FlashMaster are
good digital versions. Their other models cost more
and have features the fulldome photographer will
probably never need.
All professional-level digital cameras can save files in
an image format called RAW. Although each camera
make has its own version of RAW, it essentially is a file
that saves all the information that the sensor saw during
capture of an image. The lower-end cameras that only
save in JPG format initially create a RAW file, but
immediately convert that file to the JPG format. During
this conversion, the camera’s microprocessor makes all
the decisions about exposure, color, contrast, detail,
color temperature, etc. and you are stuck with what it
determines… only limited changes can be made to this
file after the image is saved.
Also, the JPG format is a compressed format, so you
are losing some of what your camera originally saw for
the sake of a smaller file size.
Most fulldome
processing pipelines are best served by an
uncompressed format, as you do not want to lose any
quality along the way to projecting your image on the
dome.
Another advantage of RAW is that the format saves the
image information across a 7-f/stop exposure range.
This allows you a lot of flexibility, either in the
assurance that a wrongly exposed image will still be
usable or in other creative ways we will explain later in
this paper when we discuss the processing pipeline.
Simply, if your camera will shoot RAW… do it!
Your RAW images can be “converted” to a usable
format in the standard image processing application
called Adobe Photoshop through its RAW converter.
Some camera manufacturers also provide an
application for their particular version of RAW, but they
usually do not have as many options available as found
in Photoshop. Lightroom and Aperture are alternative
applications to Photoshop, directed more at
photographers and their processing pipelines. They
also allow for many adjustment variables, are less
expensive and may be sufficient for your needs.
The RAW interface comes up (Figure 2.) in Photoshop
when you try to open a RAW file. There are several
“tabs” leading to other pages that allow you to adjust
many variables. You can change the color temperature
and tint of the image, adjust the exposure across the
captured seven f/stop range, correct for sharpness,
brightness, contrast and saturation, etc… and all with
much more range than if you had started with a JPG
file.

Figure 2.
The other tabs contain an almost endless amount of
sliders to adjust everything you might ever need.
Sliders are available to adjust things like level of detail,
color noise, chromatic aberration, vignetting, etc. All
these may sound overwhelming and unnecessary but
when shooting with a fisheye lens (a very radical wideangle lens) there are many details that you may desire
to “fix” in your captured images before projecting on the
dome.
Also, the RAW process is in a 16 bit format image,
meaning it has 16 levels of color information instead of
the typical 8 bit file we are accustomed to (280 trillion
instead of 16 million colors). More color information to
work with means less loss until you convert down to an
8 bit file for final use. There are also “color space”
decisions that you can make in the RAW conversion
depending on what processing pipeline or projection
setup your fulldome system is accustomed to.
As you learn what works best on your dome, you will
appreciate the options that the RAW path offers you.
Fulldome projection systems are demanding in their
needs. One area of demand presents a definite reason
for giving yourself as much control as possible over the
imagery you capture. Typical images that look good in
other media will not project well on the dome. One
reason is that a bright highlight area in our image will
wash out the area on the opposite side of the dome.
Being able to have more control over the intensities of
shadow and highlight areas can help with this issue.
Furthermore, every dome setup is unique… different
projectors, different graphic cards feeding those
projectors and differing reflective qualities on the dome
surface. Being able to control all aspects of your
captures is a must to create good quality fulldome
images.
In the Field
One of the most important things to do “religiously” is
follow a back-up plan. Every image you capture is
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probably not easily repeatable, so losing your data due
to a mistake is a hard lesson all of us want to avoid.
The flash cards digital cameras use to store images
come in a variety of sizes and the sizes are getting
larger all the time. Where once a 1 Gb card was
considered huge, today there are 2, 4, 8, and 16 Gb
versions with larger ones on the way. Although a larger
card is tempting, remember that these cards are not
perfect. Cards occasionally become corrupted and
need reformatting. All your data on a corrupt card is
lost. It is preferable to have several smaller size cards,
so that if this happens your data loss is less. Even with
an average amount of shooting, you will experience a
corrupted card, so don’t expect your cards to be your
backup plan.

Figure 3.

A laptop computer is a necessary tool out in the field
along with a couple portable hard drives and a box of
DVDs. Take your flash cards at regular times (every
evening on a multi-day trip) and copy them to the
portable hard drives and also to a DVD. Portable drives
are extremely sturdy, but they will occasionally become
corrupt so the DVD’s are your final backup media.
Most of the higher-end cameras will allow you to
operate them in what is called “tethered” mode… that is
connected via USB or FireWire to your laptop. You can
then control your tripod-mounted camera from the
laptop and even have the images displayed on your
screen and then saved directly on the computer’s hard
drive. It works great if you are shooting a time-lapse
sequence. Figures 3. shows the screen view for the
Kodak SLR/Pro’s capture program, DCS Camera
Manager.
All the options available in your camera’s interface are
also available in the tethered mode as shown in Figure
4. is another tabbed page in the DCS Camera Manager
application. It is easy to setup and begin capturing a
sequence of images this way. And being able to
preview on your laptop’s larger screen is a big plus.
Also, being able to directly save to your computer’s
larger hard drive allows for longer sequences.

Figure 4.
There are several models of laptops that are designed
for “rougher” treatment and if you plan on going to wet,
dusty or high-altitude locations to capture imagery,
consider getting one of these. We are shooting for
planetarium programs, so traveling to desert
environments simulating the surface of Mars, or to the
top of Mauna Loa in Hawaii where the telescopes are is
a possibility.
Dust and moisture don’t mix with
computers and hard drives become less, shall we say,
usable at higher altitudes.
My favorites are the Panasonic Toughbooks. Designed
to “military specs,” they solve all those potential issues
you might run into in the field. There are several models
to choose from, but they all are much more expensive
than a typical Windows laptop. There also are a few
stand-alone data storage devices being marketed.
Essentially, these units are hard drives with a simple
OS and usually a screen. They have slots for SD and
CF cards built in and allow you to skip the use of a
computer in the process of backing up to the hard drive
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in the unit. The ones with a large screen also are great
for reviewing the day’s collection of imagery. Epsom
makes a couple models that are nice if you are going
somewhere where a laptop is not convenient. There
are lots of other manufacturers as well who make these
units.
Experience
With the information here, you might expect to jump
right in and begin capturing fulldome imagery, but
remember, it will take some time before you are
completely happy with the images you capture. There
is a learning curve that will depend on the camera and
lens you choose, the pipeline you follow to process the
imagery and the dome projection system that displays
the results.
Most of our experience has been gleaned during actual
productions, like the NASA REASoN funded Immersive
Earth projects. For “Dinosaur Prophecy,” we traveled to
locations where dinosaur fossils or tracks could be
found and used the imagery to fill in the story between
the CGI animation sequences where we brought the
dinosaurs to life. For “Secrets of the Dead Sea Scrolls,”
almost the entire show was captured imagery.
At the Houston Museum of Natural Science, we have
begun to send out fisheye equipped cameras with
researchers or scientists traveling to distant locations.
For these photographic novices, we have developed a
successful training course – even when using a
camera/lens combination that requires more difficult
manual settings. Scenes for the HMNS produced
fulldome shows, “Lucy’s Cradle” and “Ice Worlds” were
captured by researchers on their first fulldome
photographic safaris.
Sending a fisheye/camera combination into orbit with
the STS 120 astronauts proved to be most challenging.
Because of certification issues, we were forced to use a
traditional Nikon 35 mm film camera body with a Nikkor
8 mm fisheye lens… the resulting film being scanned to
create our digital images. The film-scanning route has
an effective limitation for the resolution of the final
images.
In general, the ability to send a camera wherever the
action is can be incredibly valuable, especially in
building up a large library of good quality fulldome
imagery.
Creative Considerations
Briefly, there are some creative guidelines that we can
mention here that will help you capture better fulldome

fisheye images. Some of these may seem obvious, but
after using our cameras for several years now, we have
learned that the obvious is not always what it seems
when shooting through a fisheye lens for display on an
immersive fulldome projection system.
First, it is surprising how many times, when handing a
camera mounted with a fisheye lens to an inquisitive
admirer, that the person pears through the viewfinder
and with glee responds, “wow,” but all the while is
holding the camera in the typical camera position…
straight forward. With a fisheye lens to capture images
for fulldome use, the proper position would be straight
up, or close to straight up if your dome is tilted.
This is not immediately evident until you think about
what you are capturing… an image that will be viewed
on a dome creating the illusion of an immersive
environment. When I use one of my cameras in a
tourist location, I often catch a lot of people gazing up
into the sky wondering what I am photographing with
my strange looking camera.
When shooting time-lapse sequences, a tripod is
obviously a must… the images must sequence through
from a fixed camera view to further the illusion. But a
tripod is also a good tool for a single shot as well.
Since we are enlarging these images potentially up to
maybe 60 feet across in a larger dome, any slight
vibration can destroy the sharpness of the image. And
any lack of sharpness is multiplied in the dome.
Scene composition must consider the final presentation
in the dome. Since fisheye lenses are extreme wide
angle lenses, they make everything look farther away.
This does not make for a dramatic fulldome scene.
Composing a shot so that there is something in the
foreground, hopefully “looming” over our heads, will
always create a more “dimensional” looking scene.
Give the viewer something to convey the threedimensional quality of the immersive display they are
experiencing.
The imagery captured in the Shuttle and Space Station
also necessitated a technique that can be used in a
production to enhance your show. By “walking” through
a smaller, tight environment while taking images, a
tunneling effect, which works well on the dome, can be
achieved. Also, if your image is of a high enough
resolution, you can zoom into the image to create
interesting movement. In-orbit photography also faced
lighting challenges not found in outdoor images on
Earth. Experiments with using a flash and bouncing the
flash off of a white wall behind the camera were
somewhat successful… remember that a flash unit has
a much narrower light-spread than your fisheye lenses
view.
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Lastly, remember that this image will be displayed in a
dome, where the projection of a bright area will wash
out the area directly across, or end up flooding the
entire planetarium with enough light that the immersive
illusion is lost. The best images will have large dark
areas in the composition, emphasizing the main focus
point we want our audience to be looking towards.
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CONCLUSION:
With the digital camera tools now available, quality
image capture for use in fulldome productions is readily
available to anyone willing to dive in and learn the
processes necessary to fill the dome with exciting
imagery.

REFLECTIONS ON WHAT IT MEANS TO BE A PLANETARIAN:
WHAT WE DO AND WHY WE DO IT (KEYNOTE SPEAKER)
Von Del Chamberlain
In 1972 Frank Jettner, first editor of The Planetarian, wrote: “The word ‘planetarian’ is not
found in any dictionary . . . this new name represents by definition any person associated
in some manner with a planetarium of any size or type . . . teacher, student, professor,
docent, technician, writer, artist, entertainer, guest . . .” This presentation will attempt to
identify the essence of our profession by sketching its evolution from earliest origins to
the present.
I dedicate this talk to the memory of the late Frank C.
Jettner Jr. my classmate in the department of
astronomy at the University of Michigan during the
years 1958 and 59. It was the Publication Committee,
headed by Frank, who, in 1971 derived the title
“Planetarian,” referring to people engaged as
professionals in the planetarium field, and even more
specifically for the name of the Journal of the
International Planetarium Society for which Frank
Jettner served as the first editor. Frank died at age 69
on 2 October 2005.

INTRODUCTION
I am surely one of the oldest planetarians here today,
although some of you have been in the field longer than
I have. I am sure you have heard, and I am here to
verify, that old people like to reminisce over the past.
That is what I was invited here to do.
I have had the good fortune to cross paths with
a large number of well-known and very talented people,
but I want you to know that I consider you -- all of you -to be as important as any I have ever known. When I
contemplate the vast number of lives you have touched,
and continue to touch, with positive results, I am
overwhelmed with the cosmic power you represent. I
recall, as I am sure you can also, many people who
have casually commented that being in a particular
planetarium at a specific time made a great difference
in the rest of their lives. Some of these are people we
come into brief contact with and then lose track of, while
others are people of considerable note. If we could only
know the overall effects that all planetarians, throughout
the history of our field, have had upon humanity, I
believe we would be greatly impressed. We would feel
exalted about being planetarians!
So, what is it that planetarians do, and why do
they do it? We could formulate a large number of
answers and put them into a few categories.

What do we do?
We educate, we entertain, and we do some
research.
We are science educators with greatest
emphasis on the space sciences, especially astronomy,
but we find ourselves involved in aspects of theater,
literature, exploration, anthropology, other sciences
and, of course, science education.
We entertain with drama,
extravaganzas, light and music shows.

visual

art

Some of us engage in astronomical research,
science education research, cultural astronomy
research and other fields of investigation.
Our
technologies even offer research in applied spatial
mathematics.
Why do we do what we do?
One reason is because our technology makes it
possible to do what we chose to do. It is akin to asking
why people climb high mountains with the answer,
“because it is there.” We take the challenge to apply our
audio visual technologies in clever and interesting ways
which we think other people will derive some benefit
from.
Another reason we do what we do is because
we believe we are expected to do it. We come into jobs
in planetariums with understandings of what
planetariums are designed to do and we commit
ourselves to doing these things.
In addition, we
observe what other planetariums do and our tendency
is to follow suite and do many of the same things,
always striving to do them better, and we apply these
skills to different and new situations and circumstances.
In addition, we are requested to do many things
by individuals and groups, including educators,
professional groups, colleagues, friends and, of course,
bosses.
Probably the most important reason of all that
we do what we do is simply because we are motivated
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to do it, inspired to follow deep interests that have
developed throughout our lives.
REFLECTIONS
We will come back to this, but now lets consider
what was involved in giving us the opportunity of being
planetarians, of doing what we chose to do. I do not
pretend to be a scholar of the history of the planetarium
field, but I wish to comment on some items that have
made it possible for us to do what we do --which have
brought us to the point where we find ourselves as we
sit together in Chicago in the year 2008. So, please
bear with me as I give you some reflections as seen by
one who has spent his professional life in being a
planetarian. I give you these reflections in the form of a
story that begins along, long, long time ago. Some 14
billion years ago --There was no Earth. There was no
Sun, no stars, for the universe had not yet been born.
What there was was something infinitely small,
infinitely dense; it was the “primordial atom.” This
strange thing did not exist within the universe—it WAS
the universe. Everything was inside it, including space
and time. There was nothing which was outside of it.
Then something of consequence happened.
The Primordial Atom exploded! It burst forth, flinging
matter, space and time into existence. At first there
was only energy; intense radiant energy! Then, some
of the energy began to transform into matter and for
reasons we do not completely comprehend this matter
began to accumulate into units, some of them beginning
to take on beautiful spiral form. Within these units
gravity ruled, causing little knots of material to gather
and contract. The temperature inside these clumps
went up and up until thermonuclear birthed stars
breathed radiant energy into surrounding space. Star
birth begat chemistry and a new stage of evolution
began: hydrogen had fused into elements like helium,
then carbon, nitrogen and oxygen. Some of the stars
contained great amounts of matter causing them to
burn furiously. These super giants reached stages of
instability and, reminding us of the Primordial Atom
itself, exploded, flinging the enriched material into
space, and in the process forming still heavier elements
like iron and many others, to mix with clouds which
would yet form stars.
Again and again massive stars formed and exploded.
New stars had traces of the enriched material and
planetary embryos swarmed with some of them. At
least one of these acquired a fleet of planets: several
rocky midgets and some gas giants. On one of the
rocky planets a miraculous thing occurred. Creatures
appeared: swimming within its waters; squirming and
crawling on its surface; flying, soaring in the air. One
creature rose up on two legs. It looked into the sky. It
looked into the earth. It looked into itself. It thought
about all of the things it saw, and began to recognize
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itself as an atoms way of knowing atoms, a stars way of
studying stars, even the universes way of contemplating
itself. As such thoughts flowed through its collective
mind, over the eons of time that it walked the surface of
this jewel of the universe, it looked up, looked down,
looked in, looked all around, and it thought about all that
it began to comprehend, and with great feeling and
reverence it said within its mind:
Oh our Mother the Earth!
Oh our Father the Sky!
Your children are we,
And with tired backs we bring you the gifts that you
love.
Then weave for us a garment of brightness.
May the warp be the white light of morning.
May the weft be the red light of evening.
May the fringes be the falling rain.
May the border be the standing rainbow.
Then weave for us a garment of brightness,
That we may walk fittingly where grass is green,
That we may walk fittingly where birds sing.
Oh our Mother the Earth.
Oh our Father the Sky.1
This upright creature, along with many others,
continued to be nurtured by Mother Earth and Father
Sky on this planet blessed with just the right conditions,
right size, favored location relative to the star blazing in
its sky, rotating on its tilted axis so that a wave of light
swept round the planet, followed by the wave of
darkness as portions of the terra in turned away from
the star.
Within this darkness, a few of the two-leggeds chose,
occasionally, to stand with eyes turned upward to the
twinkling myriad of tiny lights adorning the face of night.
Questions migrated around within the minds of these
who dared to look into darkness, and when these very
first pairs of human eyes looked up at the starbedecked heaven, patterns began to be implanted onto
memory cells. These patterns would persist, evolve and
become associated with many things; stark reality of
distant thermonuclear power-plants combined with gray
matter to give birth to celestial constellations!
Most of the upright creatures who began to dominate
the other children of Mother Earth feared night. In that
long-ago yet not quite forgotten antiquity, looking into
the night was, indeed, a fearful thing, frightful in so
many respects. Stars and darkness go together.
Darkness and fear conjoin. As the waves of darkness
rolled across them, they rolled stones across the
entrances of their cave homes to block unwanted
access, and that was not enough; they lay down and
tried to close their minds to the very thought of night
and darkness; but their night-bound dreams tended to
visualize terrible things. With the ascending tide of

light, they would arise, rejoice and go about the
business of survival, struggling to erase memory of dark
and frightful dreams.

light from objects which could not be touched and to
separate light into its rainbow composition.

Survival meant finding food. It meant finding protection
from other creatures, including from other two-legged
uprights who cherished strange beliefs that made them
different, beliefs to be feared, branding them not worthy
to be included among the REAL human beings.

Where earlier models intended to portray the starry
heavens and movements of planets had been God’seye views -- looking at things from the outside --finally,
cosmic models more nearly resembled what was seen
as people looked up into the heavens, and exploration
of constellations took on a more public format.

On and on it went. Propagating. Protecting.
Finding food. Finding better and better methods of
finding food, eventually cultivating some of it, finding
better methods of defense and even of attempting
extermination of those deemed inferior or threatening.
Finding ways to move about, over the surface, over the
oceans; fantasizing about soaring like birds through the
air.
Populations of cultures increased, cultures
considering themselves to be intelligent, sophisticated,
advanced, yet skeptical and distrusting of other cultures
founded on different beliefs.

About the year labeled 1660, one named Andreas
made an 11 foot diameter hollow copper globe ,
designed by another named Adam Oelschlager, court
mathematician and librarian to Duke Frederick of
Holstein-Gottrop. The globe had a map of the known
world on the outside and ten or so people could go
inside and sit while the inner surface, illuminated by oil
lamps, revealed gilded stars and constellation figures
revolving around them to simulate the starry firmament.
This “Gottrop Globe” had a long history and now
resides at a Museum in Leningrad.

Still, there were those who climbed up to hilltops and
looked into the night, and they, too, sought better
methods of comprehending what they saw there. These
“Beholders and expounders of heaven”2 built into their
mental structure of starry heaven remembrance of old
stories of gods, heroes, dreams and hopes.
Constellations held treasuries of values, beliefs,
imagined powers that represented security along with
fear and fanciful stories told just for fun.

Other globes followed and in 1758 Roger Long,
Lowndes’ professor of astronomy in Cambridge,
England created an 18 foot diameter globe inside which
30 people could sit on a platform while the globe
revolved around them so that they could observe stars
glittering like those of the sky, being produced by holes
pierced into the globe with external lightning. Alas, this
cleaver invention was eventually cut up and sold as
scrap metal (a replica of it was later made).

More and more time passed.
Amid wars, amid
exploration, amid invention, ancient philosophy grew
into science. Still, there were those who looked into the
night, now sensing profound beauty in place of fear.
Both poets and scientists attempted to express the
beholding the night experience. Constellations became
charts to survey, map, guide, and catalog what could be
seen, but not reached.

Jumping ahead to 1911 and to a city named Chicago,
W. W. Atwood, president of Clark University designed a
15-foot diameter globe for the Chicago Academy of
Sciences. This one had 692 holes for stars down to the
fourth magnitude with selected fifth magnitude ones
carefully drilled into curved sheets of galvanized iron.
Lamps, disks and apertures, which could be opened or
closed, revealed various positions of Sun, Moon and
planets. This wonderful creation can still be enjoyed at
Adler Planetarium.

The scientific minds worked with models, always
seeking comprehension of what was observed in the
starry night. These bore names such as Thales,
Anaxagoroas,
Pythagoras,
Philolaus,
Aristotle,
Aristarchus, Eratosthenes, Ptolemy, Hipparchus.
Scientific and artistic minds combined, to create star
globes: best known from antiquity, the Atlante
Farnesiano held atop the shoulders of the kneeling
Atlas (c.a. 300 B.C.). It is said that one named
Archimedes invented “a miniature representation of the
vast vault of heaven . . . a globe which could be rotated
so that the seven wanderers went through various and
divergent movements with their different rates of
speed.”3 Human ingenuity manufactured tools called
astrolabes to measure the heavens, orreries to model
movements of planetary bodies and clocks to monitor
time; Along came Copernicus, Tycho Brahe, Hans
Lippershey, Galileo, Isaac Newton, William Herschel.
Now, telescopes were employed to gather and focus

Tiny globes with gleaming star-holes evolved into larger
ones until the Deutsches Museum engaged the German
optical company named Zeiss to make a grand model
of the cosmos. Supposedly, the initial concept was a
very large celestial globe which would rotate about
audiences. Attached to the inside of the giant hollow
sphere would be many small electric star-bulbs and
illuminated disks driven by gears for Sun, Moon and
planets.
The man assigned to plan this, Walter
Bauersfeld, became discouraged and composed a letter
to the Deutsches Museum expressing failure in coming
up with a satisfactory way of creating the device they
wanted to model the visible sky. But he put the letter
aside for a few days. Then, during that critical window
of time, came one of those hallelujah moments -- a
brilliant idea caught fire within the imagination of Walter
Bauersfeld; instead of individual electric stars and
planets attached to a bulky, and likely noisy, revolving
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theater, why not have a stationary dome-shaped screen
beneath which projectors could cast images to simulate
the heavens. Because that fateful letter was not sent, a
new profession would come into existence, and in 1924
the Zeiss Works demonstrated, atop their own building,
the first modern planetarium into which thousands
paraded to enjoy this “Wonder of Jena.”
One by one, those fabulous cosmic simulators
appeared in selected cities at institutions which could
afford them. One such theater opened in the city of
Chicago in 1930.

And, yes, a new profession was launched. It became
possible for a few of those two-legged intellectuallymotivated humanoids walking around on this planet
called Earth to make their living by expounding
knowledge within those celestial theaters. So now, let
us call those people “planetarians.” Recognizing
unfathomed beauty in the night, these pioneers of
cosmic education entered their temples, stood at
consoles, bowed once to audiences, twice to the
instruments in the centers of the theaters, manipulated
knobs and switches, sprayed stars onto domes and
spewed knowledge intended to stretch mental fibers of
listeners who felt minuscule in beginning to visualize
themselves as part of a vast, mysterious, universe.
They found agreement with Albert Einstein when he
said: + THE MOST BEAUTIFUL EXPERIENCE WE
CAN HAVE IS THE MYSTERIOUS.
IT IS THE
FUNDAMENTAL EMOTION WHICH STANDS AT THE
CRADLE OF TRUE ART AND TRUE SCIENCE.
They acquiesced with Llewlyn Powys:
+ No sight that human eyes can look upon is more
provocative of awe than is the night sky scattered thick
with stars. (Llewlyn Powys, Impassioned Clay)
Along came a man named Armand Spitz, a full
time school teacher and part-time lecturer at the Fells
planetarium in Philadelphia, who invented a modestly
priced planetarium that could be afforded by small
museums and even schools.
The number of cosmic education dwellings
accelerated as did those who furbished them: Zeiss,
Spitz, Goto, Minolta and others.
The people who managed and operated
planetariums were hired from here and there and once
in a while they talked to each other. Then, a group of
planetarians from the larger institutions formed a sort of
club, meeting from time to time to enjoy each other’s
company, to dine in exotic restaurants atop skyscrapers
in the grand cities of the world as they boasted about
their facilities and informally discussed common
interests. They made it a point of NOT creating a
formal organization. As time went on they noted, some
of them with concern, the growing numbers of small
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planetariums that were typically staffed with people not
having advanced credentials. “If we ignore them,” one
of those big-city planetarium directors is remembered
to have said, “perhaps they will go away.”
But they didn’t go away. The smaller, less well
endowed planetarians, not having the benefit of
guidance from their bigger brothers, started getting
together. There was a meeting in Cleveland, Ohio;
another at Cranbrook Institute of Science near Detroit,
Michigan. Then planetarium organizations came into
existence: in 1964-5, the Great Lakes Planetarium
Association(GLPA),followed by the Mid Atlantic
Planetarium Society (MAPS) and then others: Their
gatherings were specifically structured with bylaws and
mission statements focused on the things all
planetariums held in common, especially on helping
each other become better emissaries of science
education. Meeting in these regional groups, they
presented papers, shared programs they had created,
and published their thinking and their work.
At a meeting titled Conference of American
Planetarium Educators (CAPE), held at Michigan State
University in October 1970 the regional groups came
together to organize what was first named the
International Society of Planetarium Educators (ISPE)
and later renamed the International Planetarium Society
(IPS).So, the regional groups conjoined every couple of
years into an international body to share ideas aimed at
becoming the best they could be. At first these
gatherings were international by name only, but
regional groups outside of America formed and the
quality of what took place at IPS conferences attracted
an ever growing diversity until the name “international”
bespoke the true nature of what it intended. The
regional organizations continued to be strong while IPS,
a confederation of regionals, had truly become a planetwide organization dedicated to improving what
planetarians did.
And so we see that the smaller, less
prestigious, not-as-well qualified institutions had led
their bigger brothers into becoming a forum of
professionals always seeking excellence in doing what
they did.
While all this organizing was going on, some of
the most exciting things ever to occur on the planet
called Earth were taking place and planetarians were
caught up right at the heart of it.
In 1957 a man-made satellite had beeped its
way round the planet to be followed by a host of such
satellites. Then, boosted atop more and more powerful
engines, machines were thrown into earth orbit.
I am astonished to stand here and realize that
many of you did not experience those years that seem
to me so recent. You were not here to witness the first
close-up pictures of the moon as cameras crashed into

its surface. Some of you were not alive during that
Christmas time to hear astronaut Borman read from the
book of Genesis as he and his mates orbited the Moon,
when Archibald MacLeish attempted to express a new
perspective for all mankind by writing:

discoveries of time and space; a playhouse for artistic
expression of beauty in the night; an analog device for
scientific and cultural research; a theater for intellectual
entertainment; indeed, an arena to behold and expound
upon the heavens.

+ To see the Earth as it truly is, small and blue
and beautiful in that eternal silence where it floats, is to
see ourselves as riders on the earth together, brothers
on that bright loveliness in the eternal cold – brothers
who know now they are truly brothers.

No story ever really ends, but I must bring this
one to at least a temporary conclusion.

Many of you were not here when we began to
rediscover Planet Earth by being able to see it from afar
for the first time. We had realized an idea paraphrased
from Socrates who lived ca. 500 B.C.:

So that’s the part of the story I wanted to review with
you -- a story which began a long, long time ago -- a
story that brings us together in Chicago, hosted by one
of the early and still finest planetariums in all the world.
We have come here to talk with each other about what
we do, why we do it and how we can do it better. We
are at the zenith of an evolutionary track that began
with a flourish some 14 billion years ago and deposits
us together, here and now. From those who, over time,
have turned eyes to the cosmos, wanting to know,
inventing ways to discover, means to explore and
methods to interpret and educate, we are the ones who
have chosen to use knowledge and technology to
portray the universe as best we know it. WE ARE
PLANETARIANS! WE ARE THE INTERNATIONAL
PLANETARIUM SOCIETY! Recently I spent some time
inside Webster’s Dictionary checking to see if the word
“planetarian” really defines what we are. As Frank
Jettner, 37 years ago, I, too, did not find the word
“planetarian” in my dictionary. Of course I found that
the root word, “planet,” comes from the Greek, meaning
“wanderer” and that it refers to the original seven
celestial bodies that had, since earliest times, been
observed to wander through the starry sky. I found that
the word “planetary” was used for relating to those
heavenly bodies, or that it might be used to indicate
“belonging to the Earth,” or to something that is global
or world wide. Then I checked on how the suffix “ian”
would modify words and found that it means: “one that
is of, relating or belonging to, or one skilled or
specializing in whatever the suffix was attached to.

+ Man must rise above the Earth -- To the top
of the atmosphere and beyond --For only thus will he
fully understand the world in which he lives.
Some of you were not here when a model-T
spacecraft piloted by two men settled onto the lunar
surface. Pause a moment and picture yourself inside
that now-primitive fragile, spindly little machine -imagine that you sit there looking out a tiny window onto
that desolate dusty, pock-marked landscape where no
breezes blew and there was no air to breathe, with your
cabin mate nearby, one other orbiting above, and the
rest of humanity a quarter of a million miles across the
vacuum of space.
Yes, it seems a bit strange to stand here and
address so many people who were not here on that
Sunday morning, when the world stopped, watched and
listened as a man bounded down a ladder and called
out:
That’s one small step for a man -- one giant
leap for mankind. What a leap it was! From Earthbound to step forth onto another world! A moment of
transference of a species that evolved from space and
time in a 14 billion year history!
Those were, indeed, the most exciting of times
and planetarians were an important part of the mixture
of monumental history taking place. They created
programs with titles such as “Footprints on the Moon.”
The National Aeronautics and Space Administration
certainly recognized the importance of planetarians who
were invited as VIPs to sit in the stands and watch
Saturn-V rockets launch people beyond the atmosphere
to explore our closest neighbor planet. Our paths were
crossed by people whose names will forever stand in
human history: Wehrner von Braun, James Van Allen,
Neil Armstrong, Buzz Aldrin, Michael Collins – the list
goes on . . . and on.
Well, planetariums continued to evolve, with
digital, fiber-optic and laser projectors added into the
mix. Yes, planetariums had become a powerful type of
presentation facility: a classroom to teach the latest

CONCLUSION

When I checked on the internet I found that
there is a “kinetic visual novel” of Japanese origin with
the name “Planetarian” -- a sophisticated computer
game. In addition, I was not surprised to find that there
is a project called “Planetarian” with the mission of
inspiring environmental awareness and educating
young people concerning environmental issues. This
project defines a Planetarian to be “a humanitarian who
cares for our planet.”
So, from that bit of scholarly research, I
concluded that the word Planetarian can be said to refer
to one belonging to and caring for Earth; one skilled or
specializing in planets, or, perhaps in models of the
solar system. When all this is considered in the light of
history with its modern connotations, the word certainly
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can mean “an earthling who specializes in the use of
planetariums.” Abstracting this a bit, we can think of
ourselves as “wanderers, or explorers, who use
planetariums and related presentation technologies to
interpret and enhance human understanding and
exploration of the cosmos.”

Everyone of you is part of continuing evolving
planetarium history – the decisions you make -- the
instruments you invent and use -- the programs you
create and present -- the “classes” you teach -- those
you bring into the field and “train” create planetarium
history!

Explaining the term “planetarian” in his editorial
comments in 1972, Frank Jettner wrote . . . “The word
‘planetarian’ is not found in any dictionary . .. this new
name represents by definition . . .
any person
associated in some manner with a planetarium of any
size or type . . . teacher, student, professor, docent,
technician, writer, artist, entertainer, guest . . .”

For me, at least, and likely for many of you, the
prime motivation remains the view you experience
when you wander out into the middle of the night, as I
did when I began formulating this talk. It is that mindshaking, breath-taking, overwhelming beauty that
penetrates into our deepest parts as those beams of
various brightness, color, and composition infiltrate
upturned eyes energizing receptive wondering minds.
Planetarians do what they do because they have
acquired the ability to see beauty in the country night
scattered thick with stars. They do what they do
because they delight in doing it. That still is what it is all
about. If there is ONE primary reason why we continue
to do what we do -- if there is ONE primary purpose for
the existence of our profession -- I suggest that is it. In
summary, I leave you with these final thoughts: we
planetarians area product of billions of years of energy
billowing out of the great explosive birth of space, time
and matter; we are a product of universal forces
working within a particular clump of that space-timematter; we are descended from and have a special
affiliation with those very ancient ones who stood in
wonder on hilltops with upturned eyes; we have
inherited tools derived from a long chain of human
invention, the finest tools the world has ever known, to
use in order to interest, inspire, inform and educate
others about what human eyes have always been able
to see and slowly been able to more and more fully
comprehend. From the primordial atom until now, our
particular niche in the history of everything -- our unique
profession -- has materialized, and here we are.

So, here today, let us credit those early
planetarians with having done a fine job in labeling us
as they did some thirty seven years ago.
The work of exploration of the near cosmos,
together with the work of continuing to explore the
remote universe with optical eyes accelerates as
laboratories orbit Earth; remote eyes probe planets and
their satellites, asteroids and comets; telescopes
beyond the atmosphere scan the heavens across the
entire electromagnetic spectrum and planetarians retain
a most significant role, helping people of all walks of
life, all around the globe, better comprehend the
cosmos they are part of.
From where I stand, having experienced a
substantial portion of the history of planetarians doing
what planetarians do, it is amazing to realize that we
can now directly manipulate data gathered from the
world’s greatest technologies of exploration to “fly” our
audiences throughout the discernable universe in a few
moments while they sense through their own eyes what
it has taken mankind his entire history to visualize.
Just pause and think about it! Consider what
we have at our fingertips to present to our audiences!
Contemplate the opportunities you have and ponder the
responsibility that accompanies opportunity! You are at
the forefront of the current Great Age of Exploration.
You are pivotal in helping people know something about
the moment when we have arrived at the stage when
we begin to move outward from the world which has
nourished us from our beginnings to the present.
So I say to you: appreciate the past which has
given you opportunity to explore the future! appreciate
those who braved to look into the night with the
excitement of discovery in place of fear which had
persisted for so long! appreciate those who have
applied brilliant minds to theory, invention of
technologies, scientific application of those technologies
and persistence in turning dreams into reality.
Planetarians, one and all, go forth and do what your
preparation and passion leads you to do. And, as you
do what you do, carefully consider why you do it!
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The story goes on each and every time you
step into the console, turn the equipment on and
engage in your exclusive part of history making of the
planetarium profession. We ARE Planetarians! We
have opportunity unexcelled! Let us go and do what we
have chosen to do, and do it better than ever before!
NOTES:
1. From Four Winds, Poems From Indian Rituals,
collected by Gene Meany Hodge, Sunstone Press,
Santa Fe, 1972.
2. A phrase from Posidonius (135-51 B.C.)
3. The McLaughlin Planetarium, Royal
Museum, Toronto, H. C. King, 1968, p. 17.

Ontario

The NEW Rio de Janeiro Planetarium (Poster)
Alexandre Cherman, Rio de Janeiro Planetarium, R. Vice-Governador Rubens Berardo, 100, Rio de Janeiro,
RJ

22451-070, BRAZIL

e-mail: acherman@rio.rj.gov.br

The Rio de Janeiro Planetarium will open a third dome (inauguration in August, 2008),
installed some 55km from its “mother institution”. The new dome will be fully digital.
In the year 2008, the Rio de Janeiro Planetarium
th
celebrates the 10 anniversary os its new dome. The
original dome, currently under maintanance, celebrates
th
its 38 anniversary. But do to geographical peculiarities
of a large city such as Rio de Janeiro, the institution felt
the need to expand its territory. It was noted that most
schools located on the West part of the city did not
attend the Planetarium due to difficuties in
transportation.

The new dome will be fully digital and will most likely
house a DigiStar 3 from Evans and Sutherland. Two
astronomers have already been trained by E&S to
operate the new equipment.
Recognizing the underprivileged conditions of the area,
the new planetarium will not charge for the shows.

Trying to reach out towards this repressed audience,
composed mostly by underprivileged children, the Rio
de Janeiro Planetarium will open a third dome
(inauguration planned for August, 2008). Different from
both domes that it already has, this new dome is being
installed some 55km from the other two, in the outskirts
of the city. It is part of a larger entertainment area called
“Children’s City”.

The Association of Brazilian Planetariums (Poster)
Alexandre Cherman, Rio de Janeiro Planetarium, R. Vice-Governador Rubens Berardo, 100, Rio de Janeiro,
RJ

22451-070, BRAZIL

e-mail: acherman@rio.rj.gov.br

The Association of Brazilian Planetariums (ABP) was founded in 1995, in Campinas. It
currently has 15 institutional members and a lot more individual members. Brazil has 30
active fixed-dome planetariums
The Brazilian Planetarium community is relatively small
if you keep in mind that Brazil is the 4th largest country
in the world (larger than the continental USA). Most of
the planetariums were installed in the 1970’s by Zeiss,
as part of a commercial agreement between Brazil and
East Germany. It is natural, therefore, that members of
this community have always been close to each other.
Even though there had been the occasional gathering
of Brazilian planetarians, a formal Association of
Brazilian Planetariums (ABP) was formed only in 1995
(after a brief attempt to form a larger, Latin American
Association, in 1994, in the wake of the total solar
eclipse that was seen from the South of Brazil). ABP
was founded in 1995, in Campinas.
Since then, every year the planetarians meet in a preselected city to interact, exchanging knowledge,
experiences and anecdotes. ABP currently has 15

institutional members and a lot more individual
members (individual members do not pay any fee, but
must attend a meeting to join). Brazil has 30 active
fixed-dome planetariums. As of 2007, four members of
ABP have become members of IPS as well (Rio de
Janeiro Planetarium, Pará Planetarium, Porto Alegre
Planetarium and OmnisLux, the Zeiss representative to
Brazil), making ABP the newest IPS affiliate (and first in
South America).
The list of institutional members of ABP follows: São
Paulo Planetarium; UFG Planetarium; Rio de Janeiro
Planetarium; UFSC Planetarium; UFSM Planetarium;
UFRGS Planetarium; CEP Planetarium; Paraíba
Planetarium;
Campinas
Planetarium;
UFES
Planetarium; Fortaleza Planetarium; Pará Planetarium;
Brotas Planetarium; Bagozzi Planetarium and SBEA
Planetarium.
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Once Again: Puppets in the Dome (Paper)
Alexandre Cherman, Rio de Janeiro Planetarium, R. Vice-Governador Rubens Berardo, 100, Rio de Janeiro,
RJ

22451-070, BRAZIL

e-mail: acherman@rio.rj.gov.br

After their fair share of success in the last IPS Meeting (Melbourne, 2006), the puppets are
back! In this oral presentation I would like not only to show some footage of our latest
puppet show (Pegasus), but also make a very brief description of the whole process of
shooting and projecting the puppets inside the starry dome.
One of the main concerns in producing a planetarium
show targeted for children is to turn an Astronomy
lesson into an entertaining and fun experience.
Possibliy the most common venue to do that is to
produce a story that will be presented inside the dome.
Such a production will certainly involve the creation of a
few characters who will interact with the night sky (and
other planetarium resources) to transmit astronomical
information to the children.
The obvious choice to construct such animated
characters is computer graphics. Costs, however, could
become prohibitive. Since 2003, the Rio de Janeiro
Planetarium has invested in a different type of
animation: puppets!
Our pioneer show is called “The Science Project”, and
tells the story fo two alien brothers that get first price in
their school’s science fair, with a project on our Solar
System. It is our most popular show to date, written by
astronomer Alexandre Cherman and directed by
astronomer Fernando Vieira. Puppets were made and
manipulated by Heleno Hauer, a local puppeteer, and
his crew.
After sucha success, the Rio de Janeiro Planetarium
produced two other shows using puppets: “The
Adventures of Two Sun Beams” (not showing anymore)
and “Pegasus”. The latter is a very bold and rewarding
experience, using puppets to tell the children about
some legends and constellations in the sky.
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Skyline: Teaching an Old Dog New Tricks
Kevin Conod & Mary Hiller
Dreyfuss Planetarium
The Newark Museum
49 Washington Street
Newark, NJ 07102
kconod@newarkmuseum.org
mhiller@newarkmuseum.org

The Newark Museum has offered a night sky hotline called the Newark Skyline for almost
three decades. Technologies have changed from old tape answering machines to
electronic voicemail. This presentation offers some tips for bringing that old Skyline into
the digital age.
The idea of having an astronomy hotline has been
around for many years. These recorded updates on the
night sky have been a very popular offering at
planetariums and astronomy clubs.
Though various answering machines and “electronic
secretaries” were available to businesses for decades,
answering machines became more commonly available
in the 1970s. The technology changed over the years
from reel to reel tape to cassette to mini-cassette and
finally digital models were introduced in the late-1980s.
The Newark Museum began offering its hotline service
back in the mid-1970s during the height of interest over
Comet Kohoutek. It features the usual information about
moon phases, sunrise/sunset times, eclipses, meteor
showers and other upcoming astronomical events.

dreaded “VOX” voice activated circuits, which had the
rather annoying feature of stopping the recording if you
paused more than two or three seconds. These had the
habit of cutting you off in the middle of a recording,
forcing one to have to do the entire recording all over
again. With digital machines, laboriously recorded
Skyline messages could be wiped clean by even brief
power failures.

Kevin Conod took over recording the Museum’s
planetarium hotline in 1989. He felt that it needed its
own identity so instead of simply calling it the
“planetarium hotline” It was dubbed the Newark Skyline.

The Skyline remained popular through the early 1990s.
As technology changed, it became more and more
difficult to find answering machines suitable for use as a
Skyline. Outgoing messages became shorter, some
machines offered only 30 second outgoing digital
messages. Worse, almost all machines had the

As in many institutions, later in the 1990s our collection
of various and sundry answering machines was
replaced by a centralized voicemail system. This
offered some advantages in that there was no dreaded
VOX circuit and messages could be fairly long.
Originally night sky updates and planetarium show
information were combined into a single recording so it
had to be brief. Having multiple voicemail “boxes”
allowed us to split these into separate recordings.
So there was some improvement, but recording was still
difficult. Our voicemail system is the Audix system. This
allows you to stop a recording but there’s no rewind
feature so if you make a mistake you have to go back to
the beginning, play through the entire message and
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then start recording at the appropriate spot. As you can
imagine, recording is still an involved process!
We always thought there must be a better way to do
this. The obvious solution would be to make the
recording digitally, thus allowing easy editing. Problem
was that there was no easy way to get the recording
onto the voicemail system.
A couple of years ago we came across a device in an
electronics catalog that would do the trick. This device
goes by the odd name of “That” and it is widely used by
radio stations and TV crews. It allows audio sources to
be sent to and from a phone line.1
An audio source such as a computer can be connected
to the input. The level can be adjusted with a small
knob on the front of the box. It can be left permanently
attached to the phone. Note we use the “That-2” model
that has a couple of different inputs and outputs. A
simpler model, the That-1, is smaller and cheaper and
would suffice for most uses.
For recording on a computer we found a free open
source application called Audacity2. It is available for
Mac, Windows, Linux, and other operating systems. It is
fairly easy to use and has lots of features.

The setup is straight forward. The output of the
soundcard on your computer goes to the That box. In
order to avoid having to crawl under your desk to
unplug your speakers, we suggest getting or making a
simple splitter (usually a 3.5 mm male mini plug on one
end and two females on the other). Note that the That
box is mono – you can disconnect one of the wires on
one side of the splitter for a mono signal to the That box
and have a stereo signal going to the speakers. The
cable going from the splitter to the That box is a 3.5 mm
male mini plug on one end and a standard male RCA
plug on the other.
The box connects to the base of a phone while the
handset plugs into the box. The small grey button
switches from the handset to the audio input so the
phone can be used normally when you are not
recording. As mentioned, this can be left permanently
attached to the phone, so that recording and updating
the Skyline requires no setup.
Keep in mind that mailboxes on many voicemail
systems are limited; ours can record 3 or 4 minutes.
This is not a problem as this is probably the limit of
caller’s attention span anyway.

You’ll need a microphone of course and USB
microphones are becoming more widely available. We
use one called a Blue Snowball which is available for
3
about $100.

1

That-2 is manufactured by JK Audio, Inc., 1311 E 6th
Street, Sandwich, Illinois 60548 USA, www.jkaudio.com
2
See audacity.sourceforge.net
3
Manufactured by Blue Microphones, based in
Westlake Village, California, USA, www.bluemic.com
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Thus far this method of recording has really worked out
well. Audacity can be used to easily edit the recorded
Skyline, then played back through the That box and
recorded onto the voicemail system.
This method also has the advantage of being able to
update portions of a message without rerecording the
whole thing. You can also keep back up copies in case
your voicemail system crashes or is upgraded.

Podcasting
Obviously, once you’ve got your skyline in digital
format, it can also be made available on your website
as well. When our museum began to offer podcasts, we
had hoped that we could simply use the files we created
for our skyline. Unfortunately the IT staff did not want to
get into loading updated podcasts a couple of times per
month.
So the planetarium’s Assistant Manager, Mary Hiller,
who had taken over the skyline recordings in 2004,
created a new monthly podcast called “Highlights of the
New Jersey Skies” summarizing upcoming astronomical
events. These are 5 to 8 minutes long.
This podcast is made available on the Museum’s
website alongside audio exhibit tours that visitors can
download onto their iPod or MP3 player (See:
www.newarkmuseum.org click on “General Information”
and “Podcasts”). It is also available through iTunes.
Of course, you can simply export your skyline
recordings as an MP3 file and plop it onto your website
and make it available very easily. We try to keep the file
size reasonable for download - 4 to 5 megabytes.
If you do want to make it available for download to
iPods and MP3 Players you do need to go through
some extra steps. MP3 tags are important for storing
and displaying information about your podcast (i.e. title,
author, date, etc.). The tags can also include an image
and a transcript of your podcast. We use a free utility
called MPS Tag Tool4. An outline of the procedure we
use to prepare the podcast is included at the end of this
paper.
In the past we’ve tried adding music to the background
of our Skyline recordings, but we found the low fidelity
of the voicemail system, phone lines and cell phones
made it difficult to understand the narrative. Podcasts
allows you to add background music and it becomes a
more professional sounding presentation.

Astronomical Podcast procedure
1. Write the podcast script
2. Record podcast script
a. Audacity
b. Blue “Snowball” microphone
3. Edit podcast audio
a. Add music
b. Remove noise/errors
4. Save podcast as mp3 file
a. We use “most compatible” option
b. We use 80 bps bitrate to minimize size
of podcast
5. Load podcast into MP3 Tag Tool program.
You’ll need to create to sets of tags for both
new and old iPods.
6. ID3 v1.1 – used for old iPods and readers
a. Enter information for:
i. Title
ii. Artist
iii. Album
iv. Year
v. Genre
b. Notice that MPEG info changes as you
select “Write Tags”
c. Select “Write Tags”
i. Otherwise information will not
be saved.
7. ID3 v2.x – used for new iPods and readers
a. Enter information for:
i. Title
ii. Artist
iii. Album
iv. Year
v. Genre
b. Select “Write Tags”
i. Otherwise information will not
be saved.

Conclusion
Recording skyline information digitally has a number of
big advantages. It allows you to edit and change your
recordings easily and have backup copies. This can
also allow you to make them available to a wider
audience through podcasting, which also allows you to
make it a more professional sounding presentation.

4

8. Lyrics: Transcript of the podcast
a. Copy and paste into Notepad program
first
b. Check for errors in characters, boxes
instead of characters, etc…
c. Correct errors, then copy and paste into
“Lyrics” box
d. Check again for errors, just in case.
e. Select “Write Tags”
i. Otherwise information will not
be saved

Available from massid3lib.sourceforge.net
IPS 2008 Conference Proceedings ✯ 75

9. Picture: A 300x300 pixel 72 dpi resolution
image that corresponds to a topic in the
podcast
a. Select “Load Picture”
b. Browse and select file from computer
c. Picture type should be set to “other”
d. Picture description: A short description
of your picture.
e. Select “Write Tags”
i. Otherwise information will not
be saved
10. Now, all pertinent information has been saved
to the mp3 file and it is ready for upload.
11. XML file – This file is needed to display
pertinent information about the podcast on the
web.
a. Sections that need to be updated for
every podcast are
i. Date and time of creation
ii. Length of podcast
iii. Size of file
iv. Description of podcast
v. Etc.
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Integrating the Planetarium Experience in a School Field Trip Program:
Water is Life at Griffith Observatory
L. Danly, Griffith Observatory
After re-opening to the public in November, 2006, Griffith Observatory initiated an all-new
school program offered only to 5th grade classes and designed to the 5th grade
curriculum as proscribed by California state standards, 5th grade text books, and 5th
grade teachers. The new program includes guided gallery programs, a demonstration
program, an observation program through Griffith Observatory telescopes, and a new
planetarium program, Water is Life. I will describe how the content for the program is
introduced and reinforced through different learning modalities, with an emphasis on the
capstone experience provided in the planetarium program.

GRIFFITH OBSERVATORY
Since 1935, Griffith Observatory has been an icon of,
among other things, learning and astronomy for the City
of Los Angeles. The main attractions: the 12” Zeiss
refracting telescope and the planetarium with its Zeiss
Mark IV projector. Two main galleries on a single-level
floor contained classic and memorable exhibits, the
Foucault Pendulum, the Tesla coil, a camera obscura
and a coelostat, among others. The magnificent
grounds, classic architecture, and sweeping views of
the City and the Pacific Ocean all contribute to a
memorable experience for the people of southern
California, who hold a lasting, inter-generational
fondness for Griffith Observatory. The free admission
doesn’t hurt, either.
From 2001 to 2006, Griffith Observatory closed its
doors to the public and undertook an extensive, 93
million dollar renovation. Two additional lower floors of
exhibits were added, including several video/multimedia
screens for digital content. A new theater, the Leonard
Nimoy Event Horizon, was built to accommodate a wide
array of public and educational programming. And the
new Samuel Oschin Planetarium opened featuring an
Evans and Sutherland Digistar 3 all-dome video system
using their new, state-of-the-art digital laser projectors.
The new Ziess Mark IX star projector underwent custom
modifications to provide Griffith Observatory visitors
with the most spectacular view of the night sky that can
be achieved in a planetarium dome.
With that palette of environments for memorable
learning experiences, Griffith Observatory set out to
develop both public and educational programming. At
the top of the list was a school field trip program during
the morning hours on weekdays (Griffith Observatory is
open to the public from 12:00 noon to 10:00 p.m.).
Shortly after its opening in 1935, Griffith Observatory
had initiated one of the first school visit programs in the

region and generations of Los Angeles-area students
made the pilgrimage in buses up Mount Hollywood to
experience the Observatory. Five years was long
enough to wait, and the children of Los Angeles were
ready – now. The edict was clear and it came from the
Mayor’s office.
THE NEW GRIFFITH
FIELD TRIP PROGRAM

OBSERVATORY

SCHOOL

From the start it was evident that the new school field
trip program would have to be developed in two phases.
There was no time to develop a new planetarium
program. Our directive was to open the school program
in three months. The first year’s pilot program would be
limited to guided, interactive tours through the exhibit
galleries and at the telescopes.
The next decision was audience: how many could we
serve? Whom should we serve? As in many states,
astronomy is studied in the California schools in the 3rd,
th
th
5 , and 8 grades. We decided to limit our program to
only one grade and match the curriculum of the school
program closely to the state content standards for that
grade. The students would be able to integrate the
lessons and experiences better with minds that were
already fertile with the content points we were
emphasizing. The teachers, too, would benefit from the
reinforcement to their teaching that was afforded by
closely matching our curriculum to theirs. We also
reasoned we would be able to provide the Griffith
Observatory experience to more children, rather than
risking duplicate field trips for children over successive
years, an outcome more likely, too, for the more
privileged schools.
In part because of operational considerations, and in
part because of the curriculum, we decided to focus on
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the 5 grade. The curriculum includes a focus on the
solar system and the planets as physical worlds, a good
match to Griffith Observatory’s new exhibit on the solar
system in the Gunther Depths of Space. The curriculum
also has an extensive section on water – the water
cycle, the oceans, the sources of fresh water and their
value, particularly in parched southern California. The
opportunity to create a curriculum centered on water in
the solar system (and therefore astrobiology, a topic of
great personal interest) was at hand. Additional content
standards on weather, photosynthesis and the
interactions of carbon dioxide, oxygen, and sugars
pointed toward a program based on the chemistry of life
and the search for habitable conditions in the solar
system.
Phase I, carried out in the spring term of 2007 (after a
November 4, 2006 re-opening!), consisted of just the
gallery programs and the telescope. (That year, we
were fortunate enough to have small enough numbers
and Venus as a daytime object so that students were
able to observe a planet through our Zeiss 12”
telescope.) Phase II of the pilot was carried out in the
2007-2008 school year just ended. It built on the
gallery experiences from the previous year, expanding
the field trip with two new theatre programs: a
demonstration program (that includes, among others,
the popular make-a-comet demo) and a new full-dome
planetarium program, Water is Life.
The field trip program is two and a half hours long, from
9:30 a.m. – 12:00 noon. Half of the program is held in
the galleries and includes units on the sun and its place
in the pantheon of stars, the periodic table, telescopes,
the solar system, and of course, the pendulum and the
Tesla Coil. Also included in that seventy-five minutes is
a trip to the roof to see the historic Zeiss telescope and
view the sun through C-8s with solar filters. While in
line, the students get to see our most recent exhibit: the
fire-ravaged hillsides of Griffith Park, a fine reminder of
the importance of water.
It is in this context that our two theatre programs, the
Leonard Nimoy Event Horizon demo program and the
Samuel Oschin Planetarium program, Water Is Life,
were conceived and developed. The word-count limit
prohibits a detailed description of both so the remainder
of this article will focus on the planetarium show. In
summary, the LNEH demo program (which never really
got a name) includes the widely-performed Make-aComet demo with dry ice and common household
ingredients and a slide show of the most recent results
and images from NASA missions on the search for and
understanding of water on Mars, on icy moons, and in
the outskirts of the solar system.

WATER IS LIFE
Unlike many planetarium programs, Water Is Life
begins with a completely overcast (full-dome video) sky!
In fact, it’s raining. Thunder rumbles from the beautiful,
new 30.2 digital sound system. The water we drink
comes from the ocean, we describe. Not directly,
though. Evaporation and precipitation are essential in
providing fresh water. Visits to immersive environments
including an alpine glacier, the spring thaw in the Sierra
Mountains, and the ocean depths provide a vivid
illustration of Earth’s water cycle. During a sunset, we
wonder, if water is so important to life on Earth, could
we find it out there among the stars?
The Zeiss Mark IX is the star of the middle section. We
review the basic motions of the sky, the cardinal
directions, and the changing constellations. A focus on
the winter constellations relating to water underscores
how water has been important to all cultures throughout
history. The section ends with a contemplative (and
motionless) moment under the Zeiss stars. The water
we drink, in fact all the water on Earth and in the solar
system started as a gas between the stars. If it is so
abundant in the solar system and beyond, are there
other places we might find it in a liquid form?
The contemplative mood is broken with the
reintroduction of the D3/laser system for a countdown
and launch to space from Griffith Observatory, the
scene of our earlier sunset. (We do worry what
message we are sending when we torch Griffith Park
every day in this scene.) We fly to Mars and describe
current efforts to find evidence for liquid water in its
past. We visit Jupiter and its moons, diving below the
surface of Europa to examine whether the conditions
are right for life. We ride alongside a comet and learn
how comets may have been important to delivering
water (and other volatiles) to the inner solar system in
the past. We return to our beautiful, blue, watery world
and contemplate our deep connection to the cosmos as
the sun rises, of course, over Griffith Observatory.
Water Is Life was produced in a Herculean effort by
Don Dixon, Patrick So, Chris Butler, and Robert
Wimmer. The environments in Part I were primarily 2-D
with some 3-D effects; in some cases, we used crossfades from still frames. The launch and journey through
the solar system were created in Cinema4-D using
textures adapted from NSSDC data. The sound track
was needle-drop music and sound effects in a stereo
mix. Recently the sound was re-mixed and installed to
take advantage of the more sophisticated sound
system, just in time for a special summer run of the
program directed at family audiences.
Water Is Life is a live performance delivered each day
by the Observatory Lecturer staff.
Training the
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performers also had to be fast – our first rehearsal
under the dome was one week prior to the arrival of the
first school group. The focus of the training was not the
content (the program is tightly scripted and the content
is, well, elementary) but centered on finding an
emotional connection between the students and our
watery planet, hoping to inspire a sense of caring and
stewardship.
REFLECTIONS AND OBSERVATIONS
The curriculum drove everything. Once the decision
th
was made to focus on 5 grade, the content for the
program was clear and the toughest job was just
making it happen on the short time scale and limited
resources we had. For the gallery and demo program,
we provided the staff the basic content points and then
gave wide latitude in their delivery; they were more
teachers than lecturers. The planetarium program,
however, was tightly scripted so that the theatrical
impact of that venue could be fully utilized.
We say the same thing several different times in several
different ways. We worried, at first, that we were too
repetitive. Every content point is repeated at least twice
through different learning modalities.
Evaporation,
condensation, and sublimation are seen in the LNEH
demo program (in addition to water in its three phases,
we use dry ice to illustrate sublimation) and in the
planetarium show. The role of the sun as the provider
of energy for planetary surface life shows up on the roof
during solar observing, in the coelostat/sun/stars
gallery, in the solar system exhibit, in the LNEH demo
program and in the planetarium program. And so on.
Teachers tell us they love the repetition; apparently
there is no such thing as too many times. But variety is
the spice of learning. The same content experienced
through many different sensory experiences stands the
best chance of sticking.
You can do a lot with few resources. As much as I hate
to admit it. Water Is Life was produced for under $2000,
excluding staff time. And the staff time amounted to
three FTE for three months (two of the production team
are half-time). The $2000 excludes, of course, the hard
costs of the new planetarium system. Investment in
infrastructure and capability pays off. Necessity was the
mother of invention, a long tradition in the planetarium
world. The tools are more sophisticated, but creativity
and inventiveness by the production staff was, as usual,
the most precious resource.
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Music Design for Fulldome Movies
Michael Daut, Director of Show Production/Marketing
Evans & Sutherland, 770 Komas Drive, Salt Lake City, UT 84108
mdaut@es.com
In a fulldome movie, if the visuals provide the spectacle and the words provide the story,
then the music truly provides the emotion. Through examples from an actual spotting
session from our show Seven Wonders we’ll discuss the design of the musical structure
of the show, using techniques that date back to the operas of Richard Wagner and are
still used today in the film industry. You’ll gain a sense of how orchestration and melody
contribute to the emotional landscape of a fulldome feature.
In the fulldome production process, music composition
is a key component in the storytelling process. An
effective musical score can elevate a show to a higher
level of quality and improve the audience experience
significantly. We will briefly examine music’s role in a
fulldome feature and how it can be artfully crafted to
achieve the producer and director’s vision.
In a fulldome movie, the visuals provide the spectacle;
the narration provides the story; and the music provides
the emotion.
Let’s begin with a bit of music theory. What is music?
Webster’s defines music as “beauty of form, harmony,
and expression of emotion”. Instrumental music lacks
lyrics to tell a story, so it communicates a “feel” with
rhythm, melody and harmony. Instrumental music can
be either slow, fast, or somewhere in between. It can
be intensely percussive or only lightly percussive.
Orchestration can be thick or sparse.
Different
instruments carry varied emotional colors.
For
example, the sound of an oboe evokes a much more
melancholy and serene feel than a trumpet, which tends
to feel more majestic and triumphant. A combination
and variation of these qualities can produce different
emotional landscapes to underscore your film.
Music is also made up of essential elements that each
play a role in conveying the overall feel and emotion.
The first is melody. This is a musical phrase that we
can hang our ears on. It’s the part of the music that we
can hum aloud. Melody is the most recognizable and
memorable part of the music. Music without melody
feels incomplete, unsatisfying and unmemorable.
The second is harmony. Harmony provides additional
notes that support and move with the melody, often
forming musical chords.
Chords are essentially
complementary tones that sound together to provide
fullness and richness to the musical sound. Harmonies
can be simple or complex. They can be stacked
vertically as sustained chords that back the movement
of the melody (homophonic harmony), or they can be
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alternate melodies that chase and interweave around
the primary melody. This polyphonic harmony style is
often found in the works of Johann Sebastian Bach,
specifically his fugues. Obviously homophonic and
polyphonic styles have very different feels. Additionally,
harmony can be voiced with many instruments or the
same instrument for different effect.
Choosing
instrument voicings is much like choosing colors on a
paint palette. Each color provides a different tonality to
the musical sound.
The third element that comprises music is tempo. This
is essentially the speed at which the music is played. It
can be very fast or very slow and everything in
between. In musical terminology the following tempo
markings move from the very fastest to the very
slowest: prestissimo, presto, allegro, moderato, adagio,
largo, and grave. Clearly the speed of the music
evokes very different emotions.
Now let’s apply some of the musical theory principles to
a practical way of structuring a musical composition to
reinforce a film’s structure. We’ll look at a case study of
how we designed the music for our fulldome feature,
Seven Wonders.
In the film, we presented recreations of the seven
wonders of the ancient world and CG representations of
our selections of the seven wonders of the universe.
We needed a musical landscape diverse enough to
represent each of these “wonders”, and at the same
time, we needed a musical core to connect these
disparate elements.
To achieve this we marked up the existing script for our
composer to identify key emotional moments in the
show and to describe the type of musical feel we
wanted at each moment. We provided this script
markup with a rough cut of the movie. This script
markup served as a remote spotting session for our
composer. In actual spotting sessions, the director
goes through the show or script in real time with the

composer to spot transitions and music feel for each
section.
Just as a story constantly moves forward through peaks
and valleys toward a climax, so should music structure.
To help communicate the type of music we were after,
we used evocative phrases like the following: “carefree,
breezy feel,” and “passionate, solid, enduring; Egyptian
voicings,” and “ancient sound, old instruments.
Moderate but moving forward,” and “Suddenly more
modern, playful.”
Descriptions like the above served to guide the
composition process without being too restrictive and
dictatorial. Remember, your composer will almost
always understand the language of music better than
you, so let them run with your suggestions.
Another powerful technique we employed in Seven
Wonders was the establishment of themes, known as
leitmotifs throughout the show. A leitmotif is a recurrent
theme throughout a musical or literary composition,
associated with a particular person, idea, or situation.
In short, each character gets their own signature
melody that follows them through the film. Leitmotifs
were used extensively by Richard Wagner in his operas
and are most often associated with his work; however,
they are used extensively in modern film scores,
especially by John Williams. Williams used leitmotifs
extensively in film scores for Star Wars and the Indiana
Jones movies (among others).
The power of leitmotifs is multifaceted, since they
provide a familiar melody for each character, and
depending on how these melodies are orchestrated with
various instruments, how harmonies are constructed
around them, and the speed at which they are played,
they can provide an emotional context for a specific
character or even a group of characters at a specific
moment in a film.
In Seven Wonders, we established a “Seven Wonders”
theme that could be colored differently throughout the
show depending on the type of wonder we experienced
at that point in the movie. This technique worked
beautifully to establish a familiar melody that the
audience could remember and gave us the ability to
change the emotional texture of this theme as the
scenes required.
When approaching the musical score for a fulldome
movie, consider the emotional structure of your show.
Use descriptive words to capture essence of music for
your composer. Work with your composer to achieve a
score that conveys emotion. Balance music with other
elements, picture, sound design and narration to
achieve synthesis of all components.
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Ideal Production Workflow for Fulldome Movies
Michael Daut, Director of Show Production/Marketing
Evans & Sutherland, 770 Komas Drive, Salt Lake City, UT 84108
mdaut@es.com
We will walk through the production process for creating fulldome movies and identify
and describe the distinct phases of production from development, to preproduction, to
production, to post-production. We will look in some detail at these phases and the
activities that occur within each. These processes build upon each other and ramp up in
intensity as the movie nears completion. The completed show that finally ends up on the
dome is a culmination of these processes working together effectively.
Producing movies for fulldome theaters can be a
complicated, if not overwhelming process. There are
many people with specialized talents that must be
brought together as a team to make the movie a
success.
This process is very similar to what
Hollywood producers use to create a feature film. To
help make sense of the production process, the feature
film industry has broken down the process into phases
or stages, and these production phases are completely
relevant to fulldome movie production.
The production phases we’ll be looking at have been
around for over 100 years, so we won’t be looking at new
techniques; rather, we’ll be learning from time-tested
methods. By dividing the process into phases, we provide
structure to help organize tasks that need to be completed
together at a specific time within the process. Each
production phase has unique functions and goals, and in
many cases each phase builds upon the work done in
previous phases. It’s important to know when to do which
tasks in the middle of the process so that the production
elements all complete on time.
Here are the five Production Phases we’ll be
discussing: Development, Preproduction, Production,
Post-Production and Distribution. Let’s start with Phase
One: Development. The Development phase asks the
question: “What do I want to produce?” It’s a good
question, actually. There are hundreds and thousands
of ideas that you can consider at any given time, and
the development phase helps you sift through them to
find the one or two ideas that are worth the investment
of the next 9 to 12 months of your life.
In the Development phase it’s important to generate as
many ideas as possible to give yourself the greatest
chance at finding a good one, or preferably a great one.
This brainstorming process often leads to research into
the topics you’re considering to see if there is enough
interesting material there to support a fulldome movie.
Once you have gone through this brainstorming
process, it’s time to sift through the ideas you’ve
generated to find the best of the best. You may end up
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with a handful of good ideas that you like and want to
develop into a movie. Choose your favorite one or two
of these and write a treatment.
What is a treatment?
A treatment is something
between an outline and a script. It’s a brief synopsis of
the story, including key structural points and major
scenes. It’s designed to help you tell the story of your
movie as a short story so that you can get a concise
look at the flow of the story and the film’s structure. In
treatment form you should be able to spot structural and
story problems before you get into the scripting phase.
It’s important to keep this document to a maximum of
five pages. This forces you to be brief and not spend
too much time describing individual scenes. This is
your first pass at the storytelling process.
Phase Two is called Preproduction. In this phase you plan
your production, flesh out your script and story, and get
your movie ready to go into production. Tasks during this
phase include assembling your production team (writer,
director, animators, sound designer, composer, talent,
etc.), creating a storyboard (drawings of key visuals for
sequences throughout your entire movie), writing the script
(yet leaving it open to revision and refinement), and
establishing your budget and schedule.
The more thoroughly and carefully you devise your
production plan in this phase, the easier the rest of the
process will be. This is your chance to get organized
and think through the potential pitfalls you may
encounter in the rest of the production process. Aside
from the necessary administrative tasks, Preproduction
is also about pre-visualizing and understanding the
movie you want to make. A video animatic is an
essential tool during this phase. An animatic is a rough
assembly of your show on video using the stills from
your storyboard cut to a scratch voice-over of the script.
This is a key step in the process because it gives you
the first look at your film as a film. Watching it
projected, you can get a great feel for the timing of
shots, the effectiveness of the script, and most
importantly, the overall pacing of the show.

Some critical tips during Preproduction: 1) keep your
script and storyboard fluid so that they can be easily
changed as needed; 2) schedule adequate time for
post-production, rendering and encoding. Remember,
ALL films will ALWAYS run out of two things: time and
money. Make sure you budget yours carefully.
The next and often longest phase is simply called
Production. This is where you create the movie. Tasks
in this phase include rough animation (anything from 3D
wireframes to low-resolution fully textured animations),
animation sequence rendering, review of animations on
the dome, final (full-resolution) animation, music spotting
(deciding the emotional flow of the music throughout the
show), sound design (the sound effects of the CGI world
of your movie), and narration recording.
It’s worthwhile to discuss the different approaches to
reviewing fulldome animation during this phase. First,
animation is an expensive medium. All the elements
have to be built as wireframe models in a 3D computer
animation program; then these models have to be
textured with computer-painted images, photographic
images, or a combination of both. Effects such as
particle streams need to be simulated and then added
to the animations, etc. The animations then need to be
rendered one frame at a time at about 4K x 4K
resolution (which takes a LONG time). The bottom line,
though, is how these animations work and look
aesthetically on the dome. The challenge is deciding
when in the process to review things on the dome. It’s
faster and easier to review rough animations or even
wireframes on the dome, but this begs the question,
“how much can you really evaluate at such low
resolution?” It’s a difficult question. Certain things like
motion paths and placement of volumes on the dome
show up quite well. Evaluating the “look” of animation
requires more work and higher resolution rendering.
There’s no easy answer. You have to find the process
that works best for you and your animation team. One
important consideration is the power of your render
farm. If you have sufficient nodes to process 4K frames
quickly, then consider doing several passes at 4K
during the process. Even a half-resolution render is
often quite adequate for most scenes.
The important point is that you must “final” scenes
throughout the process. “Final” scenes have been
approved for final animation, and therefore can be
considered finished. You must final your scenes, or
your animators will keep working on them! There’s
more than enough work in the process. Finalize scenes
and move on to the next ones. You will also want to
create a trailer for your show at some point in this
phase to begin promoting your movie.
The fourth phase is called Post-Production. In many
ways this is the most important part of the process
because in this phase you are creating the audience

experience. With that said, the production process is
like a chain, and each link must be equally strong;
however, no phase in the process has more power to
shape the show into its final form. Through the postproduction or editing process, you assemble the
individual elements together into the complete show
that the audience will watch. The movie you deliver at
the end of this phase is the only version of the show
that your audience will see, so it must faithfully serve
the overall vision of the project.
Tasks in the phase include final animation rendering
(that should have already been occurring in the
Production phase), editing, compositing of elements,
effects, final picture, final music, sound design,
narration editing and placement, and final mix.
When putting the final version of the show together, an
important question to consider is “what to lock first?” In
other words, will the timed sequence of pictures
become finalized first so that narration can be cut to the
picture, or will the narration become the master timing
reference for the picture edit. Generally speaking, it
makes more sense to lock the pictures first (since the
visuals in fulldome are so massive) and edit the
narration to match.
For music-based shows, the
opposite is often true, since the flow of the music is
paramount in those cases.
A few post-production tips: 1) write to the picture as
much as possible, and use post-production to rewrite
and revise your narration script; 2) hold off on your final
narration record as long as possible because the script
will most likely change; 3) edit and thin the narration
track ruthlessly in the mix. Remember, most sciencebased documentary movies will have 40 minutes of
script for a twenty-minute show!
The final phase we’ll lightly touch on is Distribution.
This is when you release your movie to the general
market.
Tasks in this phase include marketing,
choosing a distributor for your film (or deciding whether
you want to be the distributor yourself), encoding the
show for various theaters, storing and archiving the
master show dome original sequence in standard file
formats. Your movie is finished at this point, so you
have the opportunity to clean up the files created during
production. Delete unused files, especially unfinished
work-in-progress versions of the scenes. Archive your
final master sequence and decide whether you also
want to archive individual unedited scenes.
You will also use this final phase to promote your film,
so you’ll likely create a DVD of your show and trailer
and other marketing materials to support your sales.
In summary, the production process can be daunting,
but by dividing it into digestible steps, the process can
be approachable and ultimately extremely satisfying.
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Stereo Imagery for Fulldome
Michael Daut, Director of Show Production/Marketing
Evans & Sutherland, 770 Komas Drive, Salt Lake City, UT 84108
mdaut@es.com
3D has become the latest buzzword in the Feature Film industry, and it has now become
an interesting topic in the world of fulldome digital production. We will discuss the
techniques and challenges for producing 3D for the dome and explain the various display
methods available for projecting and viewing 3D in a fulldome environment. We will also
screen some short examples of 3D produced for the dome.
For fulldome stereo applications there are two essential
parts to the 3D stereo process that are very different
from one another. The first essential part of the
process involves the techniques used to create imagery
for both the left eye and the right eye. The second
essential part involves methods and techniques for
displaying and viewing stereo in a fulldome theater.

which is a very unpleasing and rather uncomfortable
experience.

Techniques for Creating Left/Right Eye Imagery

E&S’ patent pending Spherical 3D™ technique (for real
time computer graphics) and Micoy’s patented
Hologramic 3D technique (for prerendered fulldome
video) are the only techniques that can create stereo
imagery that fully wraps around the entire dome. With
this software, the eyes look all around the dome,
allowing perfect 3D stereo everywhere the audience
looks within the dome. With these techniques for
creating fulldome stereo, the entire dome can now be in
3D,
allowing
audiences
to
experience
the
immersiveness of true Spherical 3D.

Let’s begin with the techniques for creating left/right eye
imagery.
For flat-screen theaters, stereo can be
achieved by filming a scene with two cameras that are
offset from one another by a certain distance, called the
interocular distance, essentially the distance between
our two eyes. For most stereo scenes, this distance is
set to about 2.5 to 3.5 inches between the two camera
lenses. This technique also works in CGI environments
by introducing a second virtual camera that is separated
from the first by a specific interocular distance.
This “front facing stereo” technique works perfectly well
for flat screen theaters where the 3D image is
completely in front of the audience. When applied to a
fulldome scene, two fisheye cameras separated by a
specific interocular distance will produce a stereo effect,
but with significant shortcomings. Looking forward in
the dome viewing about a 90° spread across the front,
the stereo effect works as expected because the
cameras are separated along an axis parallel to the
front of the dome (just as our eyes would be separated
when looking forward).
The problem comes in when we look to the left or the
right in the dome. Since the cameras are separated to
provide optimal stereo when facing forward, to the left
and right the cameras completely overlap one another,
so there is only an image for one eye, and therefore no
stereo effect exists to the right or left in the dome.
Looking backward, our right eye sees what the front
facing left eye sees, and vice versa, so the stereo
image in the back of the dome reverses, causing
foreground objects to become background objects,
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In short, the front facing stereo technique only provides
stereo imagery in the front 90° in the dome, and
therefore fails to take advantage of the immersive
nature of the dome’s wraparound canvas.

Stereo Display Techniques
Although many stereo display and stereo viewing
techniques exist, there are only four techniques that
work successfully in dome theaters. Each technique
requires the audience to wear special 3D glasses, and
each technique has its pluses and minuses.
Anaglyph Stereo
This technique uses red and cyan (or red and blue)
filters on the viewing glasses (left eye is filtered red and
right eye is filtered blue or cyan). The left eye image
and the right eye image are composited together into
one scene and similarly filtered so that the red filter
cancels out one image and the blue filter cancels out
the other image. This results in one image per eye,
thereby creating the stereo effect. This technique
requires only one set of video projectors since the
stereo information is combined into a single image.
On a positive side, the glasses are very inexpensive
and can be made of cardboard, and any existing theater

can run a prerendered anaglyph 3D show without any
additional hardware (besides the glasses of course).
On a negative side, the anaglyph stereo technique
provides very poor color reproduction and glasses
reduce the brightness of the display by about 50% or
more.
ColorCode 3D Stereo
This technique is considered quasi-anaglyphic because
it uses color filters (amber/blue) to display the stereo
image; however, ColorCode 3D also uses a patented
image processing technique that preserves a significant
amount of the color space, offering vastly superior color
reproduction over traditional anaglyph stereo methods.
This technique also uses very inexpensive glasses. As
with anaglyph stereo, the left and right eye images are
color filtered and composited into one image.
On a positive note, in addition to the inexpensive
glasses and the superior color reproduction, any
fulldome theater can run a prerendered ColorCode 3D
show without additional hardware.
On a negative note, shows must be encoded in the
ColorCode 3D format in order to achieve the proper
stereo effect, and the color reproduction is not “perfect”.
There is noticeable loss of color fidelity with this
technique. ColorCode 3D also reduces the brightness
of the display by about 50%.
INFITEC 3D Stereo
This display technique is vastly superior to the methods
mentioned above.
It is also significantly more
expensive to implement in a fulldome theater. INFITEC
3D stereo uses color filters in the projectors and the
audience’s 3D glasses that separate the RGB spectrum
into upper and lower frequencies in such a way that the
upper frequencies of RGB are seen by one eye and the
lower frequencies of RGB are seen by the other eye.
The combined stereo image contains the entire color
spectrum offering audiences excellent, if not nearly
perfect color reproduction.
This technique requires a second set of projectors in
the theater to display the stereo effect (one set of
projectors for each eye). For example a six DLP
projector fulldome system would need to be a 12
projector system for INFITEC 3D; a two projector SXRD
system would need to be a four projector SXRD system
to display INFITEC 3D, etc. Doubling the projectors
also doubles the brightness of the image, making this

display technique one of the brightest available. This
technique also requires a second image generator to
feed imagery to the second set of projectors, thus
increasing the overall cost of the system.
On a positive note, INFITEC 3D provides outstanding
color reproduction and high brightness. The glasses,
although expensive, contain no electronics and can be
cleaned in a dish washer.
On a negative note, this technique requires expensive
glasses (between $150 and $600 each), and a second
set of projectors with a second image generator.
Active Stereo
The final stereo display technique uses battery-powered
glasses that have built-in LCD shutters to alternately
blank each eye. A set of IR or WiFi emitters installed in
the theater surround the audience and send a signal (in
perfect synchronization with the video playback or real
time system) to the glasses. This signal that runs at 60
Hz blanks each eye alternately every 60th of a second,
so that over one second each eye sees 30 frames of
imagery. This method requires fulldome video to be
encoded at 60 frames per second with left and right
frames interleaved throughout the video. At 60 fps, the
sequence would play back as follows: LRLRLRLRLR,
etc. so that each eye would end up seeing 30 frames
per second.
On the positive side, this technique requires only one
set of fulldome projectors and offers high brightness
and outstanding color reproduction (equal to or greater
than INFITEC 3D).
On the negative side, the glasses are the most
expensive 3D glasses available (upwards of $500 per
pair) and because they contain electronic components,
they cannot be machine-washed. Their lenses have to
be hand-cleaned.
All of the above stereo display techniques work well in a
fulldome environment, and the choice of the technique
to employ in a specific theater will depend on an
owner’s preferences and available budget. All of the
above techniques can display either front facing stereo
or Spherical 3D stereo, depending on how the content
was produced and mastered for left/right eye stereo.
Fulldome stereo is an exciting new frontier that has the
potential to shape the future of fulldome movies and
theater experiences.
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The Audience-Centered Planetarium Experience of STARBALL: An Example
of a Low Tech Alternative to the Theme Park Ride Planetarium Show
John Kaufmann and Daniel C. Dennis
The Ethereal Mutt, Ltd.
th
1617 8 Ave N
Seattle, WA 98019
johnkaufmann@mac.com
dcdennis7@gmail.com

The leading edge of planetarium programming has for some time been the creation of
more and more visually and aurally immersive environments, attempting to "shock and
awe" the audience member into willing submission - a state of being in which the passive
viewer's senses may be dulled into a uniform and entirely predictable response. As IPS
2008 asks how planetaria will remain viable in the future and how we might better
educate ourselves and our audiences, this paper makes the modest (and yet somewhat
radical) proposition that the answer lies not in greater and more expensive technology,
but in the audience's expanded level of involvement in the program. Is it possible (or
desirable) to get audience members to speak up, to think creatively, and to affect the
outcome of a program? What are the implications of such an interrogation for the
possibilities of both entertainment and education in the planetarium? This paper seeks
to briefly address these questions and outline the philosophy and methods behind an
audience-centered planetarium experience.
Getting to Know the Audience
A pre-programmed planetarium program, like
movies and television, offers one-way story telling:
communication to an audience. However, every
audience has its own story to tell. An audience’s age,
mood, education level, imagination, and special
interests all affect its story. External factors like time of
day, temperature in the room, and reason for gathering
also play a part in the story. Whether or not the
audience speaks a word, it is always sharing its story.
A recorded program is deaf to the audience’s story,
but a live presenter can incorporate the audience’s
story into her own. When this happens, the
communication becomes two-way, and a new story
emerges.
A good presenter is able to alter the
prepared script and trust the validity of this new story.
The sky also has an organic story to tell, one that is
deeper and more personal than the myths that we hear
over and over.
To explore this idea, we have
developed Starball. This paper will go deeper into the
philosophy of Starball, and the tricks and tools we use
to coax stories out of audience members and the skies
above them.
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Considering Audience Perspectives
Our first job is to create an environment where the
audience feels comfortable sharing its story. We want
to embrace that much maligned idea of “audience
participation.” This isn’t an easy task if one wants to get
beyond the “How y’all doing today?” level of audience
involvement. In Starball, we want audiences to share
their dreams, sing songs, and create original
constellations and myths, and in order to achieve this
high level of participation, a few things must be
considered.
Every audience member has a story to tell, but has
no intention of sharing it. We live in a world where the
majority of information and entertainment comes to us
via mass media. We are conditioned to be on the
receiving end of this one-way communication.
Audience members, drained from a busy day, find their
seats and relax, assuming no responsibility for the
event. Additionally, most people cringe at the very
thought of audience participation. They imagine being
put “on the spot,” or made the butt of a joke, and they
prefer to remain anonymous.
There are different levels of audience involvement.
A cartoon Martian can look down from the dome and
say “Hey, everybody! Say ‘super duper!’ with me!” The
ensuing response has no effect on the Martian, and
thus does not affect the course of the program.

However, a live actor asking the same question can
respond in relation to the volume and intensity of the
audience’s “super duper!”
In the case of a live
presenter, the audience not only responds to the show,
but they affect it. Audience members can sense this
and recognize their active role in the program. We use
such involvement early in Starball to groom the
audience for more extensive participation later in the
program.
When an audience is empowered during a show,
the presenter must accept that the show becomes less
of a consistent “product.” Like a recorded show, a live
show has a consistent script, visuals, sky settings, etc.
The variable element is the audience, and success
hinges on making the audience a part of the show. To
invite an audience to participate is hard work though.
They resist, reveal their ignorance, try to show up the
presenter, tell bad jokes, and take the show in the
“wrong” direction. And yet this invitation to participate is
what creates a memorable and fun learning
environment.
Building Trust through Consistency
There is no foolproof method for getting an
audience to share its side of the story. There are,
however, two guiding principles that stack the odds in
the show’s favor. First, the presenter establishes and
adheres to consistent rules. These rules are for control,
but also to create a structure that establishes
expectations for the audience. People will enter into a
clear structure much more readily if they know when it
is their “turn.” Second, the presenter must establish
and retain the audience’s trust and must be vigilant in
accepting what is shared and in defending a person’s
right to share. If these two principles are followed, the
audience begins to accept its shared responsibility for
the success of the program.
Starting with these two rules, we developed
Starball at the Willard Smith Planetarium at Pacific
Science Center in Seattle. We wanted to create an allages show that communicated the magic of skymythology by guiding the audience through the creation
of new constellations and myths every night. We
shared the belief that ancient constellations had been
born as ancient people projected their dreams, fears
and stories into the stars. We wanted the inspiration for
our new constellations and stories to come from the live
audience, and we wanted those constellations and
stories to reflect the dreams and fears of today’s world.
Putting Theory into Practice
In the show, we play the roles of Conductor and
Proxy, names specifically chosen to be generic and
imply facilitators of the event. We work to establish the
world and the rules from the moment the audience
enters the space.

Each audience member is handed a piece of paper
and a pen and asked to write down a remembered
dream. They are told they only have a few minutes to
finish and that what they write will remain anonymous.
The time limit is to keep people from over-thinking; we
want them to trust their impulses. The anonymity is to
encourage honesty and to establish trust. The dreams
are gathered and shuffled into a big box.
In the Willard Smith Planetarium, audience
members sit in a circle around the perimeter. The
audience is asked to make eye contact with someone
across the room. The eye contact is important, as it
reminds them that they are all in this live event together,
and plants the seed that they are accountable to each
other for the success of the program. We also tell them
that to call out “Proxy, assist me!” if they have a
question at anytime. We have them practice saying this
phrase out loud because doing so elicits laughter and
we find that audience members are much more likely to
speak up if they have heard their voices aloud.
The music in the show is performed live. Musical
vibrations work on a physical level, relaxing the mind
and loosening its grip on lists, schedules, and to-do
lists. Music placed at the beginning of a show is no
accident; it creates space and time to allow an audience
to transition from a hectic day to the world of the event.
Without this transition time, the audience spends the
first part of the show “catching up” to the performance.
Audience members are put into the role of
“villagers” who have sneaked out past curfew to attend
this secret program. They have come to rebel against
an evil “world regime” that is trying to eliminate clear
night skies – a calculated attempt by the regime to
disconnect the masses from the personal messages
people discover in the stars. The audience’s task: to
reconnect to the stars by creating their own sky
mythology complete with original constellations and
sky-myths. The roles and task of the audience stay
consistent throughout, and audience members must
work together to succeed.
Under the current “world regime” most people never
have a chance to see a clear sky, so Conductor and
Proxy give a lesson in the mechanics of the night sky.
This provides a context for the audience’s original
constellations later in the program. For example, an
image of new birth may be at home in the east, where
new stars are born into the sky, and images of
constancy may be at home in the north, where, from our
Seattle context, the stars never set. (We look forward
to someday performing the show in the Southern
Hemisphere.)
As the world turns, a constellation in the east rises
toward the zenith. This is the sky joining into the
storytelling, giving a context of birth, death and journey.
We follow constellations over time, noting how an
image born in the east will eventually “die” in the west.
We’ve not found a better way to help audiences
connect to the mechanics of the sky. The show is
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improvised, but within the parameters and structure that
the sky provides.
The inspiration for the audience’s constellations
comes from the anonymous dreams written at the
beginning of the show. When the audience is fully
initiated, dreams are drawn at random and read aloud
by audience members.
This creates a sense of
communion with the group. We use a flashlight so the
reader can see the dream while others listen under the
stars. This puts the reader at ease, as he or she is less
“on the spot” in the dark. Dreams are ideal material for
us to work with because they are very personal and
revealing, without always seeming so for the dreamer.
The meanings of dreams are open to interpretation, but
the images and symbols are dramatic, playful, and often
archetypal.
As the dome becomes populated with original
constellations, we ask the audience to make
connections between the constellations. For example,
someone may offer that “the Automated Teller Machine
in the North spits out Blue Frogs.” It doesn’t matter
what the connection is as long as the audience is
creatively connecting the constellations and working
within the mechanics of the sky. We might ask, “Why is
the ATM Machine in the North?” And someone might
respond, “Because Blue Frog currency is a constant in
our world, and we need 24-hour ATM access.” The
show ends with a sing-along of a song the audience
writes with us for their annual night-sky celebration.
Conclusions
We know what you are thinking – “Do people
actually participate?” We’ve been doing the show in
different venues for over six years and can honestly say
that people do. Some more than others and some
more seriously or playfully than others, but they all
respond as a group. We believe in the theory behind
Starball – the best way to communicate the mechanics
and spirit of sky-watching is to draw on observation,
creativity, and the subconscious mind we access
through our dreams. The show works in practice,
however, because we take intentional care of the
audience from the moment they enter the planetarium.
Starball is effective because it establishes clear rules
and earns audience member’s trust, enabling them to
enter into the event as participants, co-creators, and
storytellers.
John Kaufmann is currently pursuing his MFA in
Directing in the Department of Theatre at the University
of Iowa.
Daniel C. Dennis is currently pursuing his PhD in
Interdisciplinary Arts at Ohio University.
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They are both former supervisors of the Willard Smith
Planetarium at Pacific Science Center in Seattle.

Home-made, Short Fulldome Pieces for a Small Dome
Jack Dunn
Mueller Planetarium
210 Morrill Hall, University of Nebraska State Museum
University of Nebraska – Lincoln, Lincoln, NE 68588-0375
jdunn@spacelaser.com

Many planetarians are in that transition to digital. I have a one person staff - me. Can I
create some material that is useful for local audiences without a graphics staff and the
budget of Pixar? Yes, if you have the right expectations. I will show clips from and
explain some short pieces I've done honoring a local astronaut, an amateur
astrophotographer and more. And this applies no matter what fulldome system you use.
Mueller Planetarium went fulldome in 2007, and
certainly it has changed my life as well as introducing
new challenges. I suspect my experience in that
respect is one being duplicated all across the world. As
a planetarian in a 9.3-meter dome, I’m not a large
facility. I am the only regular staff member. I can count
on one student worker whom I share with other parts of
the Museum. She can substitute for me in running
shows, but in practicality doesn’t have the time to
participate in show production. After the budget cuts of
a few years ago, I’m not even a full-time staffer. And
the Museum itself is very short on staff. There’s no IT
person and one exhibit person and I are the only staff
who have any ability to work on a computer beyond
using Word and the internet!
So, as you can tell, I
don’t have a large staff available to create new digital
content. I’m on my own.
That being said, I’ve been working with digital video
editing for the past few years. I saw what was coming in
the demise of the slide projector. We experienced a
devastating attack by university “safety” officials who
made us get rid of all our special effects as they were
not “manufactured” by a company. At that time I knew
in order to do any effects at all, they would have to be
done in video. So, I started teaching myself Adobe
Premier in earnest. I read every tutorial I could find and
began producing as much content as I could in video.
As a result, I haven’t used film or slides in quite some
time.
So, you might ask, can’t I call upon university
computing students to do some work for me? Surely
they would be thrilled to see their work on the dome. In
a large university, my problem is that other departments
are like fiefdoms or city-states. Trying to convince
departmental staff to even come over and see fulldome
has been a chore.
I am trying to enlist my
administration to help encourage these people.
Department heads can more easily communicate with

other department heads. But they have so far been
slow and unsuccessful in pursuing this. So, I continue
on my own.
I know I don’t have the time or staff to create full-blown
graphics extravaganzas such as seen in fulldome
shows I have purchased.
But I would suggest that
there are things that one can do given a bit of initiative
that will prove useful. I have concentrated on making
short fulldome clips which I use before the fulldome
shows and with special audiences.
What I want to emphasize is that this idea, while
certainly not a new one, is something I would like to
encourage my colleagues to try.
It is equipment
independent, since, as far as I know, every fulldome
system out there makes provisions for creating material.
And even beyond that, you can work with Adobe
Premier and the Adobe After Effects plug-ins available
to create fulldome movies. I have seen far too many
people who think that they can’t match the extensive
graphic efforts of major fulldome shows. So they
restrict their own fulldome content to scripts with the sky
or they don’t try any programming at all.
Educationally, there is bread and butter material that
involves the sky. But I would like you to try even more
ideas. And with my presentation, I will show some clips
from what I have produced.
First of all, most of you have seen “Viewspace.” It is a
wonderful application to run in your lobby. It got me to
thinking, everybody loves those beautiful Hubble
images.
They are art to me as much as science.
Wouldn’t our audiences love to just sit and watch
Hubble images on the whole dome? Sure, we can use
them in other programming.
But the images
themselves have an artistic ambiance. So, I created
what I called “Relaxing Space.”
Five minutes of
Hubble images, filling the dome to some appropriate
space music. I’ve used it for some audiences to fill the
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time before shows. And I’m also working on our
university’s Health and Human Services office to make
this a part of “relaxation” programs.
As I said, not a new idea. But a good learning
experience for me none-the-less in understanding how
to use images in fulldome.
Something Imax filmmakers learned long ago was that
with a big picture, you don’t move the image too quickly.
With fulldome, that’s still true. Most of the time, on
these images, we want to let the audience’s eyes to
have time to investigate the image – to look around and
get perspective. Some images I will leave as stills.
Some, I’ll pan or zoom. But unless an effect calls for it
– I won’t move the image quickly.
“Relaxing Space”
proved that sometimes, it’s ok to just shut up and not be
too chatty. Sometimes, folks just want to appreciate the
beauty.

(Rick Johnson’s photography
The first Nebraskan to go into space is Clay Anderson
who grew up in Ashland, NE. He’s been a friend for a
number of years, and last summer (’07) my wife and I
went to Kennedy Space Center for his launch. Clay has
become quite a local celebrity since he spent five and
one half months onboard the International Space
Station. To connect with our community, I knew we
would want to feature his experiences in the
planetarium. During his stay on ISS, he would e-mail
me new photos. And when he returned, I combined
those with more archived photography from his mission,
my own launch photos, and some video footage into
another short feature. Most of (but not all) these
images and footage were, of course, not shot as
fisheyes.
So I had to convert them into partial
fulldomes.
(from “Relaxing Space”)
Along the same lines, an old friend by the name of Rick
Johnson has retired to a new lakefront home in
Minnesota.
He has always been active in
astrophotography, but in more recent years has totally
embraced the CCD and image processing. I created a
similar piece using his photography. Today, I think
most of the public believes all astrophotos are taken by
Hubble – or at least at observatories on mountaintops.
That is hardly the case. And Rick’s work points out
what incredible imaging can be done by amateurs.
This is a total change from the situation that existed
when I was in school, but fulldome is a great way to
illustrate this.

90 ✯ IPS 2008 Conference Proceedings

More learning here, as one soon realizes you don’t
want to try and stretch a human figure shot
conventionally across the dome. You end up with the
poor guy’s feet in front of you and his head stretched
over your back!

similar in fulldome? I adapted the images and movies
as I did in the Clay Anderson movie.
There’s no
soundtrack, and I narrate it “live.” In the past it would
have taken considerable work to create an all-sky from
one of the Martian panoramas shot by the craft. This
June, I did it in minutes. Now of course, re-rendering
the entire 4 minute movie does take some time. But
that can be done while I’m doing other work.

On STS-120, which was the shuttle flight Clay used for
return to Earth, a fisheye lens camera did fly. I suspect
Tony Butterfield of the Houston Museum will give a talk
detailing the work they did to get the fisheye shots.
Clay was in at least two of them and so I incorporated
those fisheyes into my short movie.
th

Finally, 2008 is the 50 anniversary year for our
Planetarium. For Astronomy Day I created a small
tribute, but then modified my Rick Johnson
Astrophotography piece to include a salute to the 50
years of Mueller Planetarium.

And then, there is Mars Phoenix. In the past, I created
powerpoints that I used for pre-show information on
missions like the Mars Rovers. Could I do something
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All in all, these short movies did take considerable time
to create. I tended to remake them over and over as I
would adjust the pacing and position of the images.
What works on a computer screen is totally different
when you see it on the dome.
Although this was more time than I might have spent
years ago throwing together a few slides, I feel the
results are easily worth it. Audiences are far more
involved and intimate with the images in this new
medium. If you have questions, feel free to contact me
via e-mail.

(This photo by Taylor Chonis
Observatory – Lincoln, NE)

taken
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The 4D Universe Stereographic Show
Attilio Ferrari (University of Turin, Italy)
Giosuè Boetto Cohen (Italian Space Agency - ASI)
Klaus Dolag (Max Planck Institute for Astrophysics, Munich)
Claudio Gheller, Antonella Guidazzoli, Silvano Imboden (CINECA, Italy)
We present a set of stereo animations that will be mounted in a show on the evolution of
the Universe from the initial Big-Bang to the formation of galaxies and stars. All
animations are based on scientific data and simulations and rendered using the public
ray-tracing software Splotch.
1. Overview
According to the standard theory of the Big- Bang, our
Universe came into existence as a singularity around
13.7 billion years ago, and inflated from a very dense,
hot and homogeneous state to the expanded, cooled
and very structured present state. Planets, stars,
galaxies and all the different objects and aggregations
that we observe today have formed, as the result of a
fine interplay of gravitational forces with a number of
different physical processes, namely fluid dynamic
effects (shock waves, turbulence), magnetic fields
generation and dissipation, thermonuclear activity and
associated feedback (e.g. supernova explosions).
Cosmologists adopt numerical simulations as an
effective instrument to investigate and understand the
evolution of such a complicated system within the
framework of the expanding space-time of the Universe.
The resulting data are huge and complex and require
effective tools to be explored by experts and presented
to the public in the attempt to illustrate the most
complicated and innovative aspects and concepts of
science. Visualization represents the most immediate
and intuitive way of approaching such problems. The
visual rendering of the universe and its evolution can
represent a spectacular approach toward the intuitive
explanation of the complex phenomena that are at the
base of our incredibly fascinating cosmological theories.
The opportunity to use 3D digital visualization and
Virtual Reality techniques, further enhances the impact
for the communication and push toward a new
approach to the cultural and scientific heritage.
here we illustrate the prototype version of the show
realized for the Virtual Reality facility of the new Turin
Planetarium, with the objective of describing with a
visual scientifically correct approach the story of the
Universe. An effective implementation of this approach
is extremely challenging, and often leads to nonrigorous or even misleading realizations. For instance
we mention the difficulties in effectively give a graphic
representation of the three-dimensional space in which
matter, stars and galaxies are born, move, evolve and
interact leading to the wonderful texture that we
observe in the sky.

We have exploited an unprecedented combination of
numerical modeling, astronomical observational data
and advanced volume rendering techniques, to create a
4D reconstruction of the life of the Universe. The full 3D
volumetric
representation
is
provided
by
a
stereographic rendering based on the graphic software
Splotch
(http://www.mpa.garching.mpg.de/~kdolag/Splotch/), a
public ray-tracing software, specifically designed to
render in a fast and effective way the results of
cosmological, or, more generally, astrophysical
simulations. Splotch rendering algorithm is designed in
order to deal with point-like data, optimizing the raytracing calculation by ordering the particles as a
function of their “depth'' defined as a function of one of
the coordinates or other associated parameter. Realistic
three-dimensional impressions are reached through a
composition of the final color in each pixel properly
calculating emission and absorption of individual
volume elements. The detailed description of the
algorithms Splotch relies on can be found in [1].
The final results are animations displaying a flight
through a volume representative of the Universe,
following its evolution. In the first two animations the
focus is on the complex architecture of space-time and,
zooming on a comoving region, on the evolution of the
initial sound-like perturbations in the distribution of dark
matter. We then concentrate on a cluster of galaxies,
and the thousands of small objects, the galaxies, which
compose it. Finally, we zoom onto a single galaxy,
showing the fascinating structures of a spiral structure,
representative of our own Milky Way.

Figure 1: Representation of the geometry of the
space-time in the very first instants of the Big Bang.
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2 The first instants
The representation of the first few instants after the Big
Bang is an incredibly difficult task. Nothing that we can
conceive is able to properly describe what happened in
that initial time frame. We have adopted an abstract
geometric representation, in which a spherical
symmetric mesh represents the expanding space-time
(figure 1). Since Splotch renders only point-like data,
this part of the movie, based on polygonal data, was
modeled and rendered using a commercial 3d graphic
package: Autodesk 3DStudio Max. One of the cells of
the spherical mesh is selected and represents the
comoving sample volume where the subsequent stages
take place.
The first of these stages, which consists in the growth of
random fluctuations in the energy field is rendered by
Splotch as shown in figure 2.

formation of the galaxy clusters, still connected to each
other by filamentary structures. At the end, the movie
zooms into a spiral galaxy, like the Milky Way, for a final
fly-by. In this case the galaxy is artificially constructed
from an astronomical image (as described in the next
section), as it is still impossible to obtain such detailed
and realistic galaxies directly within cosmological
simulations.

Figure3: Sequence of ray-tracing a flight through the
evolving structure from a cosmological simulation. Here,
different components, gas and stars, are visualized
together, but using two different colour tables. The
colour table for the gas is specially trimmed to become
transparent at high densities, so that stars inside the
forming gaseous atmosphere are visible.
Figure 2: Random fluctuations of the energy field in the
first phase of the evolution of the universe.
3. The Evolution of cosmological structures
For a project like the 4D Universe, we chose to create
images making use of data from an extremely high
resolution simulation. We used a simulation of a large
cosmic structure which connects 4 very massive galaxy
clusters [2]. Figure 3 shows some frames extracted
from the cosmological part of the movie. The flight
through an evolving cosmic structure starts at early
times (the so-called dark ages), where the matter in the
universe is in a cold and neutral state. First objects
collapse and form proto-galaxies embedded in a heated
atmosphere, hosting the first stars and quasars (QSOs).
The high energy light from those stars/QSOs heats and
ionizes the material in the universe. Although
cosmological simulations cannot take this effect into
account self-consistently, the adoption of a timedependent background radiation field mimics the effects
of re-heating the universe and reveals the fine,
filamentary structures formed until that point. Larger
and larger structures form within a long and violent
process of merging of smaller structures leading to the
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4. The Galaxy
Galaxies, and in particular spiral galaxies, are amongst
the most spectacular objects in the universe. For many
galaxies, high resolution images have been caught
which provide a detailed description of their structure
and morphological features.
However, for the sake of 4D visualization, several
difficulties must be overcome. First, even the ultimate
cosmological simulations fail to produce spiral galaxies
as detailed as we observe them in the real world. This
is due to limitations in resolution and impossibility to
properly include all key physical processes important to
form a spiral galaxy from first principles. Second, any
observation of a galaxy reflects only 2D projected
images of the object. The detailed 3D shape of the
galaxy is unobservable. Furthermore, no time evolution
can be observed, the dynamical time-scale being
hundreds of millions of years. We solved these
problems by a proper modeling of the galaxy and its
evolution, based on observations combined with
theoretical predictions of their dynamics. The galaxy
model is built in two main steps: the reconstruction of
the 3D geometry (based on the Galaxian code) and the
time evolution (based on the EvolveGalaxy code).

Step 1: in order to reconstruct the spatial distribution of
the basic matter components of the galaxy (the disk,
with stars and gas, the bulge and the globular cluster)
we have developed a code called Galaxian, which
works as follows.
o A specific galaxy is selected and its high
resolution image converted to a raw format
(more easily readable by our code) with a depth
of 256 colors. This is the main data input of the
code. For the planetarium movie, we have
chosen the M51a spiral galaxy, also known as
the Whirlpool Galaxy.
o In order to generate a 3D distribution close to
that of the gas distributed in the galaxy, we
define for each image's pixel a point, with zcoordinate randomly extracted from a Gaussian
distribution centered on the galactic plane,
setting sigma much smaller than the galaxy
radius. In this way we mimic the planar
geometry of the spiral galaxy. Around each
point, a cloud of N points is generated with
spherical symmetry. The points get the color of
the pixel in which it falls in. This permits to
define a volumetric point distribution avoiding
the emergence of un-physical graphic effects.
o Disk stars are represented by points with
random positions covering the whole galaxy
map. The three coordinates are generated
following a Gaussian probability function with
dispersions sigma_x ~ sigma_y >> sigma_z in
order to get an oblate spheroidal distribution.
Bulge stars are generated at the center of the
galaxy with a quasi--spherical distribution.
o Finally, a spherically symmetric distribution of
globular clusters is generated around the
galaxy. Each globular cluster accounts for
several thousands (the precise number being
random) of stars.
Step 2: giving a self-consistent numerical description of
the galaxy dynamics is an outstanding task, which is
only marginally accomplished by the most advanced
and expensive numerical simulations. For our purposes,
a simpler approach is sufficient. Such an approach is
implemented in the EvolveGalaxy code, according to
the following steps.
o A typical galaxy rotation curve is used to make
all the gas and stars points on the disk rotate,
according to the differential rotation law. This
results in a purely kinematics approach (no
dynamics considered).
o The stars in the bulge and in the globular
clusters rotate around the galaxy center, each
with its own constant velocity, calculated in
order to balance the gravitational attraction of
the matter distributed inside the orbit.
o Equations of motion of the disk points are
integrated using a simple first order integration
method. Due to the kinematics approach and

o

the amplification of numerical errors, the
description is acceptable for a limited time
range only. After a few hundred million years,
the point distribution becomes meaningless and
the simulation must be stopped.
At proper time intervals, the point distribution
can be rendered calling Splotch directly from
inside EvolveGalaxy. The code can be used on
multiprocessor computers, making each
computing element calculating a different
fraction of the whole time evolution, strongly
accelerating the rendering process. Figure 4
shows the result of this process.

Figure 4: Sequence of ray-tracing a flight through a
reconstructed galaxy planted into the cosmological
simulation. Here the different components, gas in the
disk, stars in the disk, bulge and globular clusters are
visualized together. However, every gas and star
particle has a vector array directly reflecting its RGB
colors, which is used instead of the color look-up table.
The reconstruction is based on the colors composed
from a real, optical observation.
5. Conclusions
The scientific animations described above will be used
to create a show in which a scientist/actor will illustrate
in words the meaning of the images. The show will be
tested in the Turin Planetarium and will be available for
other scientific museums and exhibits in Italian and
English version in the next six months.
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Music Under the Dome – Techniques that Maximize Impact! (Workshop)
Shai Fishman - Fish-i Studios
3909 N Ceanothus Pl
Calabasas, California 91302
+1 818 441 8989
shai@fish-i.com, shaifishman@gmail.com
http://www.fish-i.com

Adam Barnes - Houston Museum of Natural Science
One Hermann Circle Drive
Houston, Texas 77030
abarnes@hmns.org

This Workshop is designed to give planetarians an idea of the complex process that goes
into creating a soundtrack and/or original score to Full Dome productions. The
presentation introduces new composing and scoring techniques for planetarium shows,
featuring methods for creating anticipation, increasing the effect of visuals, and
developing audience identification with characters.
A few important things about music for films:
• Music for films is different from concert music. It is not
meant to be heard without the overlay of the film it
serves and thus, it is only as good as the way it serves
the picture it's under.
• Theme music and sound effects are not something we
know from our life's experiences. We don't hear scary
music when we open the door to a dark room, or while
walking in a secluded parking lot and we do not wake
up with the theme music that fits our mood at the time.
Music, basically, tells us what to feel, even if the
narration or the visuals do not support the music's
direction, it will serve as a sign for what's coming or as
the director's/composer's tool to get
the audience in a specific mood as a setup for an
upcoming event in the film.
• Sound effects are not real and the majority of them
have to be invented and designed to describe events
for which the audience has no idea what sound should
be heard. Examples are: a spacecraft landing,
dinosaurs conversing, stars colliding and flying objects
in space. They all do not have a known sound that we
can recall from our reality and this is another great
place for the composer or sound engineer to take the
artistic liberty in creating the mood and atmosphere for
the film. <PLAY>

• Serving as house composer for NASA (immersive
earth grant) and the Houston Museum of Natural
Science (HMNS), composer Shai Fishman was
commissioned to create music for docudramas that are
larger than life. The music had to support events which
are out of the ordinary and on a very large scope. It was
a main target to make the music sound different and
unique, even cutting edge, to better enhance the
incredible visuals and crucial stories it accompanies.
The goal was to be always innovative and fresh.
In the last four years, more than 10 original scores were
composed by Shai Fishman for productions by the
Houston Museum of Natural Science, including:
Secrets of the Dead Sea, Fantasy Worlds, It’s About
Time, Future Moon, Earth’s Wild Ride, Microcosm,
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Dinosaur Prophecy, Amazing Astronomers
Antiquity, Star of Bethlehem, and Lucy’s Cradle.

of

Each of these compositions strikes a different mood
and is designed to produce a different audience effect.
To analyze the creative process in producing the score
for these different shows, workshop participants
observe and experience the compositional techniques
in a number of ways:
• View clips from features with/without the music to fully
understand the music’s power in creating mood and
emotion.
• View clips with/without sound effects, to fully grasp the
way sound effects make the drama more real and
identifiable.
• Watch the same video clip with two different kinds of
music to witness how music can make you feel
contradicting emotions while watching the same clip.
• Learn about the collaboration between the chief video
engineer and the musician who work together in
creating the complete experience. Understanding how
versions of the film progress as video layers are added,
how the music follows and gets layers of its own and
how ideas for enhancing the film’s impact pop in to the
artist’s head when they bounce versions of each other
and thus develop the film as the process evolves.
• Participants received a sample CD of Shai Fishman’s
music which was discussed in the presentation, to
further listen to the nuances and details discussed in
the presentation.
• Every participant was also given a DVD which
contains video clips of the materials discusses, to
accompany the music CD.
More presentation CD’s and DVD’s which contain
samples of HMNS’ films and Shai Fishman’s music can
be obtained, free of charge, from:
Fish-I Studios
shaifishman@gmail.com
Or by calling 818.441.8989
And from
HMNS
abarnes@hmns.org
713.639.4638
Each film has demanded different music with a variety
of themes and customized flow of action. Adam Barnes
has worked with Shai Fishman to coordinate the visual
elements, sound effects, and narration for each

production. This “paper” is a presentation of music and
sounds that make a visual experience come alive. This
document describes the presentation, but cannot
replicate the audio component.
Before composing a score, preliminary work is required.
The score must capture the writer's, director's and
producer's visions and in many cases unite many
people’s story. After all, everyone sees the final
product in his head as being perfect, but there are many
kinds of perfect, no kind is better than the other, each
decision maker may want a different style of music,
from modern to classical, from acoustic to electronic but
there has to be a unified line to the music, like a story
that cannot be broken and a plot that has to be
consistent throughout the film. - The composer’s difficult
task is to find the common denominator, sort of speak,
and he must consider the energy of the visuals,
determining when to build, remain steady, or conclude a
musical experience, as long as the message and style
of the film stay intact and everyone’s happy… Both the
script and the flow of the action in the visuals define the
build up points. The composer must also consider the
characters and the emotion associated with them.
These characters can include both humans, such as the
children and their grandfather in Earth’s Wild Ride
or the doctors in Microcosm, and animals, such as
the different dinosaurs in Dinosaur Prophecy. The
composer must also identify the drama and the most
dramatic events of the show. Even shows that are
basically documentaries have dramatic moments that
must be captured and emphasized through the music.
Once these items are all identified, discussed, and
defined, the actual composing can begin.
The scoring process is a tedious one. The composer
will usually begin to write the music in his head or while
playing his main instrument, recording it, while watching
a first draft of the film. Then the main motives are
composed and the dramatic points in the film are
recognized. The composer has an array of instruments
to choose from when arranging and orchestrating his
music in order to achieve the desired mood and size of
the piece. The tempo of the piece and the instruments
and scales they play in is a crucial tool in creating the
right emotion and focus. This focus is a tricky one. A
big part of the music has to be composed and arranged
in such a way that it is not in the narration’s way, after
all, that’s where the audience gets the important, often
educational information. A good narrator also has the
heavy responsibility of having to carry out the drama
and most of the acting in the film, (having the only
speaking role in most cases).
Thus, the composer will strive to let the music be
supportive but keep it from being overcrowding, making
sure it is memorable and yet out of the visual's way and
well under the narrator.
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It is most important for the composer to notice the peak
dramatic event of the show and build up towards that
one main point. Also, there will always be limitations of
length, style and tempo. Let’s assume that a given
sequence in the film is 1 minute long, it will limit the
composer to creating a theme that has a beginning,
middle and an end and is in a tempo that suits the
scenes atmosphere AND is comprised of an
arrangement in which there is a full orchestra. This
makes for an almost impossible feat of scoring.
Plus, there are sound effects that have to be layered on
the music AND narrations in the front of the sound
panorama… All these factors have to be taken into
consideration when the composer approaches a scoring
job, all the while trying to do his absolute best in making
everyone happy with the music (director, producer and
himself) and making the music memorable. After all, it
will be very easy just playing a musical pad or to strum
a guitar underneath the visuals and be done with it, but
there is always a challenge to create music that means
something, that has an existence not only within the
movie, in the context, but to create a piece that can hold
its own and be listened to even without the film playing,
letting it be descriptive, original, meaningful and brilliant
as can be. The composer has done a good job when
the music is able to tell the story even without having to
watch the film. When it generates the desired emotion
and excites even without the aid of sound effects,
narrations and even the moving picture.
Several techniques give music its focus:
1.Themes & Characters (motives)
2. Composition (considering ‘Time’
and ‘Tempo’)
3. Arrangement
4. Key, Dynamics and Melody
Several techniques are used to make the music stand
out or blend into the background, be prominent or
submit to the visuals and narrations:
1. Orchestration
2. Mix and panorama
3. EQ, mastering and effects
Music tells the audience what to feel. There is a
dramatic difference between watching an immersive
video with and without music. <PLAY>
Specific compositions illustrate how techniques can be
applied. "Secrets of the Dead Sea" showed
landscapes from Israel and Egypt and required a fusion
between music styles and instruments. The sound track
features original Arabic, ethnic instruments, like the
Joomboosh, Zorne, Darbukas and Arabic flute, set in
contrast with classical instruments like the acoustic
guitar, classical flute, contrabass and tambourine. The
ethnic instruments and accompanying scales placed the
audience in each location of the show. <PLAY>
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This show also has a theme song titled Winds of Time.
The song has a top 40 production style and features
ethnic instruments playing western elements, it is sung
with both English and Hebrew lyrics. <PLAY>
Classic astronomy themed planetarium shows like
Future Moon, narrated by Walter Cronkite, require
music in the style of a great composer, specifically, this
feature's director wanted to achieve the musical style of
Aaron Copeland. That request called for the use of
MIDI - Musical Instrument Digital Interface. This is
basically the use of computers, synthesizers and
electronic instruments like keyboards, drum machines
and sample-loop players with the intention of recreating
and simulating the acoustic, natural authentic sound of
live instruments like guitars, string sections, pianos,
brass instruments and woodwinds. 10-20 years ago,
computers, memory sizes and hard drives capacities
were insufficient in allowing the producer and composer
to have enough CPU power and memory to work with
enough virtual instruments to achieve a truly convincing
orchestral sound. Furthermore, recording techniques
and size limitations prevented big companies from
creating extensive libraries of sample sounds.
Recording ALL the instrument’s articulations and to
cover the mass variety of instruments in existence
would have been virtually impossible at the time. Today,
the technology and hard drive sizes do exist and they
offer unparalleled opportunities for the talented and
innovative producer/composer in creating any sound
with the ability to simulate and recreate every
instrument he pleases.
Today, a production that uses a symphonic orchestra
will cost anywhere from $50,000 to $120,000 to record,
whereas using sampled sounds of live instruments
played well by a skilled musician, using a MIDI
controlled synthesizer and a strong PC or MAC, make
for a cheaper, much more comfortable and flexible way
to achieve this. Creating live sounds and simulating live
instruments with MIDI gives the effect of a large
orchestra in the dome. The added value of MIDI is that

we do not need to drag 120 musicians to the studio
every time the director or producer decide they need a
"small" change or a tweak in the film's timing or editing
(which happens A LOT!). This is why the composer and
production have to consider the flexibility and cost
effectiveness when using. <PLAY>

In Microcosm, there is real adventure and the urgent
need to save a patient while exploring the human body.
In this production sound effects make the action real
and build the excitement. Modern music is used
whenever available in order to convey the sense or
urgency and energy that only modern music and
modern sounds (drum loops, electric instruments etc.)
can achieve. Watching a clip of a fight sequence
between the micro shuttle and the virus, with and
without sound effects, is the perfect example. <PLAY>

and electronic, new age versions of mainly the same
music (to allow for the coupling to exist in the music too)
was used to accompany the extraordinary visual art
created by the VGA designers. <PLAY>

The most entertaining musical twist involved the use of
Twinkle, Twinkle Little Star sung by a child as the
lights come up and the audience prepares to leave.
This is a good example of sampling: This recording
technique allows the producer/composer to first record
a live singer (in this case, a 7-year-old child) on neutral
terms, allowing her to sing at her own rhythm and in her
own scale and only later, build the production,
arrangement and production around her. This process
could not have been done any differently in this case
due to the fact that it would have been incredibly
complex and intricate to get an inexperienced childsinger to sing in pitch, stay in rhythm and sing in the
style of this huge production if she were the last one to
be recorded.. This simple song captures the wonder
within this unique show – and on another note, keeps
the audience inside the theatre, making all the people
who appear in the end credits very happy... <PLAY>
Dinosaur Prophecy introduces four dinosaurs in their
environments. In each environment a series of actions
leads to the dinosaur’s death. Each dinosaur received a
musical treatment to establish its character and match
its movements. The themed music also helps
audiences identify with the joy and plight of each
animal. <PLAY>

Fantasy Worlds invited fantasy in the composer’s work
with many different scenes – some very real and others
very imaginary. The real and imaginary were coupled
which required a similar coupling in the music. Acoustic
compositions were used when showing the real worlds
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at the time, the film's music had to be fairly
conservative, on a classical note and of the highest
class. The major challenge was to create 10 different
classical themes to describe 10 different people, all the
while keeping the themes fresh and unique to set apart
the people and their contribution to our collective
knowledge. <PLAY >

Each dinosaur’s location had to be considered in setting
the themes, such as the use of Chinese music played
by authentic Chinese instruments with the dinosaurs of
China. <PLAY>
With Star of Bethlehem, Shai Fishman faced the
challenge of including classical Christmas music used
to celebrate the season, as well as composing his own
original music, in the style of legendary Christmas
songs. The integration of familiar melodies into the
action gave the show a feeling of comfortable warmth
and holiday joy. New arrangement for well known music
allowed for a new sound and atmosphere which
complimented the film's storyline. This is a good
example of a canvas on which the composer (or
arranger in this case) can take the liberty of creating out
of style, otherwise inappropriate (or even unacceptable)
arrangements for these famed Christmas songs. When
rearranging a standard, the composer (arranger) relies
on the fact that the audience knows the melody very
well and so, it could be shifted, changed and improvised
and still be familiar and comforting. Original composition
is not a factor, as it is certainly not the first time the
audience has heard this song. Here, the full weight of
the artistic accomplishment is credited to the
arrangement and the orchestration. <PLAY>
It's about Time was an exceptional feature in the
sense that it possesses all the attributes of a Sci-fi,
action adventure feature, but still deals with an issue
that is real in theory and as such, it’s music had to
carefully navigate the audience to the place that's
reserved for big action adventure features, all the while
avoiding from being over the top.
Amazing Astronomers of antiquity posed a
challenge: it is a film that tells the story of several of the
brightest and most advanced minds of our history, but
in contrast to the risks and chances these people took
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In "Titanic" Shai Fishman approached the classic story
from another angle which prompted for a similar change
in the music's composition. The director chose to divert
the main focus of the film from the original human
tragedy and the story of the people on board the
Titanic, towards telling the story of the human error that
caused the ship to sink, focusing on the steps that
should have been taken in order to prevent that
tragedy. She connected the iceberg story to us dealing
with global warming and that too, is in human hands to
prevent. The message she wanted to convey is that
everyday human errors cause the ice in the poles to
melt and risk our lives. That statement linked the story
of the Titanic to global warming. The music, in turn, had
to be ominous and premonitory, not as dramatic and
romantic as the original Titanic score, but still, on the
same large, orchestral scope – here, again, we hear the
use of MIDI.
Note how the orchestra sounds
completely live although there was no use of live
instruments on this recording. Therefore, changes in
key, tempo, editing and other arrangement issues the
director wished for, were solved very easily thanks to
the versatility of MIDI <PLAY>

Lucy's Cradle and Icy Worlds have presented the
opportunity to compose music of African nature, using
authentic African instruments (drums, percussions,
African flutes, strummed instruments and vocal samples
from the mother land) and motives, as the film showed
how humans first appear in Africa. These opportunities
are rare when it comes to feature films due to the fact
that music for films is traditionally descriptive to the plot
and characters as opposed to docudramas, in which the
music has more liberty in describing the places and
times where events took place. The challenge here
was to find dramatic points that support the emotion
within the film's message, all the while keeping the style
and atmosphere of the African motives. <PLAY>

The Process of scoring a film
When approaching a film, the composer takes in to
consideration many factors:
• The films general style, genre and period in which it
takes place.
• Main characters and motives
• Arrangements and Orchestration
• Dramatic peak points
At first the composer examines the film's genre,
determining if it is a small scope film dealing with
animals, small objects of scientific nature or an epic
space film that talks about humanity, the universe or the
beginning of time. Is it a war of worlds? Or the mating
habits of insects? They both call for very different music
styles and this issue is the one that determines the
"size" of the music and the compositional motives the
composer will choose when scoring the film <PLAY 2
examples>
Secondly, the main characters are identified and get to
have their own musical motives. They will be used
whenever they appear on screen, in different
arrangements and orchestration as the plot requires.
The side characters may also get light motives of their
own, but more often than not, they will be defined and
accompanied by one of the lead characters motives,
this is the key tool the composer uses to make the
audience identify with a character. The motive can be
so powerful that in some cases a bad character gets
more sympathy in dying than the good character gets in
winning the battle – all of this is in the composer’s able
hands and fingers.

Next, the composer will shift the music from being
played by his main instrument (usually piano or guitar)
<PLAY> to a full arrangement using orchestral
techniques in keeping with his abilities, with the
director's requirements and the canvas that the film
supplies for him. He may choose to leave the motive
bare and simple using the original instrument with one
or two additional accompanying instrument, for support,
<PLAY> or he may fill up the arrangement and open
the motive up to be played by a huge 120-piece
orchestra. <PLAY>
Naturally, the mood, tempo and size of the arrangement
are determined by the point in the film, in which the
piece is featured and by the director's choice of mood
for the scene.
Traditionally, a film will not have more than one
dramatic peak point (if that). It is very important for the
music to have a trail in which it travels, taking the
viewer with it, on a journey that has a high point, a low
point and other key points where the music and the film
have dramatic anchors. It is the composer and director's
job to find and respectively treat these points in such a
way that lets the audience know that we have arrived to
a climatic point in the film and that it is time for the main
dramatic event, “This is the one to remember!”
<PLAY>

In closing, there is a lot that goes into creating a
soundtrack and breathing life onto a film, from start to
finish. There are more topics we haven't covered that
are crucial to making a production actually work, like
mixing – the balance between all the instruments within
an arrangements and the panoramic placement of
every channel (usually 6 channels for full dome
productions), and then the balance and placement of
the music, narrations and sound effects. The best way
to look at it is like preparing an elaborate dish, even if
you have the best of ingredients (musicians) and the
best equipment to cook in, (instruments, studios) but
you fail to mix the right portions that go into the dish – it
will not be successful, no matter what!
Sound design is the art of creating new sound, effects
and basically everything that is not part of the music,
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but is heard. It is the post-music portion of the mix and
is usually carried out by a capable sound engineer.
Mastering is uniting all the sound elements (music,
narrations and sound effects) under one blanket or
envelope of sound. It is a compression of all the
elements and it results in higher volume of the sound
track and in a more unified listening experience.
All this is only on the music side of things... but suffice it
to say that a film that has no music is like food with no
seasoning. Everything is there but it is not memorable,
without taste and really pretty bad. Respectively, a film
that has music that is badly composed or mixed or
arrangements which are overcrowding the narrations is
like the same food, only seasoned too much or too little
- really more of the same…
To make a film work,
really work, all the ingredients that go into creating it
have to be balanced, in good taste and in harmony.
That’s how to truly maximize impact!
<Play Future moon Credits>
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The Skies over Hogwarts
Amie Gallagher
Planetarium at Raritan Valley Community College
PO Box 3300
Somerville, NJ 08876
agallagh@raritanval.edu

While reading the Harry Potter books, several names began to jump out at me. Sirius
Black. Bellatrix Lestrange, Draco Malfoy. Hmm. Those names come from the sky! As
we began to plan our “Skies over Hogwarts” show, we discovered that the Black Family
Tree is rife with star and constellation names. There are more than what’s listed in the
books. It must be a family tradition. Now, when you visit our planetarium, you may
discover that you’ve traveled into our magical world, where an eclectic group of witches
and wizards guide you through a tour of the night sky, pointing out star and constellation
names that JK Rowling used for her characters. In addition to these, we made up our
own Harry Potter-themed constellations.
While reading the Harry Potter books, several
names began to jump out at me. Sirius Black. Bellatrix
Lestrange, Draco Malfoy. Hmm. Those names come
from the sky!
The original idea for this program came from
Patty Seaton of theOwens Science Center in Prince
George's County Public Schools, MD. She had told me
about several Harry Potter-themed shows she’d done at
her planetarium. She was gracious enough to share all
of her ideas with me.
As we began to plan our “Skies over Hogwarts”
show, we discovered that the Black Family Tree is rife
with star and constellation names. There are more
family members with celestial names than what are
mentioned in the books. It must be a family tradition.
We decided that our format would be a tour of the night
sky, pointing out star and constellation names that JK
Rowling used for her characters. In addition to these,
we made up our own Harry Potter-themed
constellations.
While I wrote the script, we had lots of
brainstorming sessions in the office about the exhibits
we should create. We wanted the whole experience to
be magical, not just what you saw in the theater. Each
time we’ve done the show, we’ve added more things
inside and outside the theater. Our first presentation
was in April 2007, followed by twelve since then. More
are planned for this summer and fall.
Most of the time, if you Google “Harry Potter +
Planetarium”, we are the first hit. Warner Bros. legal
department must have an intern searching the ‘net for
Harry Potter references. They found us! And so, now
we publish a disclaimer on our website and in press
releases. We have been kindly granted permission to
use the trademark. We have been given a suggested

admission price. We must keep it family-friendly; and
we cannot share any images or materials we’ve made.
Sorry!
Now for the decorations. As you enter our
building, you purchase your ticket at Hogsmeade (also
known as the gift shop) and get sorted into one of the
Hogwarts Houses. The brick walls leading down our
tunnel say Platforms 9 & 10. You must pass between
them, as if entering Platform 9 ¾, to go to Hogwarts.
The tunnel is lit with floating candles (battery-operated –
yes, the fire marshall asked), and black lights. Along
the walls are framed portraits of great astronomical
thinkers like Copernicus and Galileo, as well as artifacts
from the Founders of Hogwarts School of Witchcraft
and Wizardry. Within the exhibit hall, you can find more
floating candles, Tom Riddle’s diary, Prof. Snape’s
potions cabinet, doorways leading to the Headmaster’s
Office, the Room of Requirement, and the Department
of Mysteries. You can look into the Mirror of Erised
(that mirror from the Sorcerer’s Stone that shows you
what you truly want to see) and see yourself as an
astronaut. Finally, you enter the Great Hall and sit with
other members of your House.
Prof Dumbledore welcomes everyone to
Hogwarts, reminds us of Mr. Filch’s rules, (Put away
those Muggle cell phones.
The best way to
communicate will always be by owl), and does a little
light show, magically changing the sky from blue to red,
and having colored lights chase each other around the
horizon.
Then Professor Trelawney comes in. Her script
has been modified over the past year. In the beginning,
she introduced some constellations, but when we gave
her a crystal ball, she needed to stay near a power
outlet.
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Trelawney leaves after a few dire predictions
(you’ll get in trouble if you forget to do your homework!),
and the Head Girl from Slytherin holds a House
Competition, asking each House to identify pictures
from the movies. Surprisingly, Slytherin House does
well and Griffindor seems to get short-changed on
questions. Then the Sky Tour begins. We’ve written
the script so we cover all the seasons. We can cut and
rearrange things so that whenever during the year we
run this program, we can start with the current night
sky.
The show, as of right now, is pretty staffintensive. Before the show, we need two people at the
counter selling tickets and sorting guests. Two more
people hand out activity sheets to keep you busy while
you wait for the show to start. One or more people
usually explain exhibits.
Once the doors open, one person takes tickets
while one or two people inside direct visitors to sit in
their correct Houses.
For the show itself, staff take on the rolls of
Dumbledore, Trelawney, and Head Girl, while another
staffer runs the automation system in the back of the
room.
We’ve recorded the script so that we can have
one less person in the back during the show.
Responses to the show have been fantastic.
Every show has been sold out well in advance of the
show date. We will continue to offer it in the Summer
and Fall. After all, there are still more Harry Potter
movies coming out for us to take advantage of.
See you under the stars!
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Innovations in Audience Participation, For Both Classic Style and Full Dome
Style
Alan Gould
Director, LHS Holt Planetarium
University of California
Lawrence Hall of Science #5200
Centennial Drive @ Grizzly Peak Blvd
Berkeley, CA 94720-5200
e-mail: agould@berkeley.edu

The Planetarium Activities for Student Success (PASS) series of audience participation
shows is evolving and making advances both for classic style traditional optomechanical based facilities and for new full dome facilities. The basic theory and
principles of audience participation are retained while enhancing a variety of applications
and making implementation of live audience activities easier in a number of respects. I
will give up-to-the-minute state of the art for implementation of PASS show segments
with various projector systems.
Planetarium Activities for Student Success (PASS) is a
set of books and planetarium shows designed for both
experienced planetarium instructors and teachers using
a planetarium for the first time. The series provides a
wealth of ready-to-go ideas and practical suggestions
for planning and presenting entertaining and
educationally effective programs that entail active
participation of audience members. The first four books
in the series provide a general orientation to concept of
audience participation shows. The other books each
present a complete planetarium program and related
classroom activities. The books are available for
purchase individually or as a full set through
http://lawrencehallofscience.org/pass
Learning Technologies, Inc. (LTI) assisted in an NSF
grant project, Participatory Oriented Planetariums for
Schools (POPS) that produced PASS in 1989. LTI was
the publisher of PASS from 2001–2007, and they gave
out complete sets of PASS with each STARLAB
portable planetarium system that they sold.
Full Dome Systems are being installed in a growing
number of venues. There is a desperate need for
content for full dome systems. Technical production of
recorded/rendered programs is generally very
expensive. Fortunately, the classic PASS programs still
work!! The original still images, movies and animations
can still be used, but they must be adapted for full dome
systems and efforts are on order to maximize full-dome
effects capabilities that are built into the full-dome
systems.

LHS has just entered into a new agreement with SkySkan to publish PASS in electronic form. There will be
two modes available, both using the new tag name
iNTERACT!
1. iINTERACT! versions specifically adapted for SkySkan Digital Sky systems and
2. PASS “Classic” iNTERACT! available on DVDs for
use in any system.

Figure 1. PASS iNERACT! logo for new SkySkan electronic PASS product.
This will include the original series of PASS books as
PDF files as well as all images, movies, animations and
music as electronic files for adaptation to various
platforms. This represents a major shift in ease of
implementation of PASS since the product will
intrisically contain everything needed for doing the
shows in any planetarium.
One question that arises all too often is "Are
planetariums different from movies?" or "Aren't movies
better than planetarium shows anyway?" Alan
Friedman, founder of the LHS Holt Planetarium, often
pointed out that planetariums have the potential for a
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very elevated sense of group experience and group
interaction.
Recorded planetarium shows are a passive experience,
with little audience “community spirit.”
Live audience participation shows allow create group
interactions and experiences that cannot be matched by
IMAX, movies, or recorded shows. We should exploit
this capability to the fullest.

Figure 3. Cover of PASS volume 1

Figure 2. Involving audience in activities makes for very
engaging and effective planetarium shows and create a
great communal experience.
What follows is a brief outline of the content of the
PASS series. [Note: PASS Volume 3 is being
discontinued in the iNTERACT product and the Volume
numbers are being dropped.]
PASS Volume 1 Planetarium Educator's Workshop
Guide
 Module 1: Communication
 Module 2: A Framework for Examining Planetarium
Programs
 Module 3: Organizational Patterns
 Module 4: How the Students See It
 Module 5: Questioning Strategies
 Module 6: Activities for the Planetarium
 Module 7: Creating a Planetarium Program
 Module 8: Teaching Across the Curriculum
 Module 9: Devising An Action Plan

PASS Volume 2 Activities for the Planetarium
 Primary School (Grades K–2)
 Activity 1: Let’s Look At the Sky
 Activity 2: Shapes In the Sky
 Activity 3: Night and Day
 Activity 4: Long Days, Short Days
 Upper Elementary School (Grades 3–5)
 Activity 5: Light and the Eye
 Activity 6: How Do the Stars Appear to Move?
 Activity 7: Plotting the Paths of Meteors
 Activity 8: Measuring the Brightness of Stars
 Middle School (Grades 6–9)
 Activity 9: Observing a Variable Star
 Activity 10: Using a Blink Comparator
 Activity
11:
Mythology:
Explaining
the
Unexplainable
 Activity 12: The Reasons for Seasons
 Activity 13: False Color Map of the Milky Way
 Activity 14: Stars Through the Ages
 Activity 15: What's Your Sign?
 Activity 16: The Trip To Treasure Island
PASS Volume 3 Resources
PASS Volume 4: A Manual for Using Portable
Planetariums
PASS Volume 5
Constellations Tonight
 Star Maps for Photocopy
 Introduction
 ACTIVITY: Sky Map Activity
 Motion of the Stars
 Versions of the Big Dipper (optional)
Classroom Activities
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Creating Constellations
Using Star Maps
Astronomy Quiz
More Mythology





PASS Volume 6
Red Planet Mars
 ACTIVITY: Finding Red Stars
 ACTIVITY: Find the Planet
 Telescope Views
 ACTIVITY: Telescope Observing and Sketching
 Lowell and Canals
 The Mariner and Viking Missions
 The Surface of Mars
 Martian Meteorite (Optional)
 The Space Telescope and Canals Mars
 Pathfinder
 ACTIVITY: Exobiology
 Science Fiction Martian
 Future Mars Exploration
 Classroom Activities
 Simulating the Solar System
 Creatures From Omicron
 Astronomy Quiz: Planets
PASS Volume 7
Moons of the Solar System
 ACTIVITY: Observing Phases of the Moon
 ACTIVITY: Explaining the Phases of the Moon
 The Moon Through a Telescope
 ACTIVITY: The Galilean Moons of Jupiter
 Tour of Moons
 Classroom Activities
 The Phases of Jupiter’s Moons
 More on Tracking of Jupiter’s Moons
 Meteoroids & Craters
 Building a Lunar Settlement
 Moon Maps
PASS Volume 8
 ACTIVITY: Colors and Temperatures of Stars
 ACTIVITY: What Color Are Your Blue Jeans?
 ACTIVITY: The Magic Cloth
 ACTIVITY: Filters
 ACTIVITY: Diffraction Gratings
 ACTIVITY: What Stars Are Made Of
 Invisible Colors
 ACTIVITY: The Secret Message
(in UltraViolet Light)
 Classroom Activities
 Mixing
 ColorsSpectroscopes
— Elementary Version/Advanced Version
PASS Volume 9
 ACTIVITY: Introduction: Guess What It Is…
 Powers of Ten
 ACTIVITY: How Do We Tell Distance By Radar?



 Radar Mapping
ACTIVITY: How Do We Tell Distance By Parallax?
 Light-Years
 Brightness of Stars
ACTIVITY: Cepheid Variable Stars
Classroom Activities
 A Question of Scale
 Your Galactic Address
 Parallax—How Far Is it?
 Stretching Infinity
 A Ballooning Universe
 The Expanding Universe

PASS Volume 10
 Getting Sky Oriented
 ACTIVITY: Navigating Tool—Your Hand
 ACTIVITY: Navigating Tool—The Kamal
 ACTIVITY: Navigating Tool—Compass
 Columbus’s Navigating Tools
 Latitude and Longitude
 Summary of Discoverers of America

Consequences of Discovery
 Classroom Activities
 What Shape Is the Earth?
 How Big Is the Earth?
 Who Was Right?
 What’s Your Latitude?
 Hands-on Model of a Lunar Eclipse
 Students’ Ideas About Columbus
 Student Questionnaire .
PASS Volume 11
 ACTIVITY: Hupa People: Who Live Where The
Trails Lead Home
 Hupa Cultural Calendar
 ACTIVITY: Hupa Sunrise Watching
—The Solar Year
 Medicine Wheel
 The Anasazi People: Ancient Ones
 The Maya: First People
 The Inca of Macchu Picchu:
People of the Sun
 Classroom Activities
 Observing Where the Sun Sets
 Morning Star and Evening Star
 Aztec and Mayan Math
PASS Volume 12
 Gerald Hawkins Makes a Guess
 ACTIVITY: Predicting Today’s Sunset
 Reconstructing Stonehenge
 ACTIVITY: Marking Risings and Settings
 ACTIVITY: Tracking the Migration of Sunset
 Hawkins’ Conclusion
 Classroom Activities
 Azimuth and Horizons
 Creating a Horizon Sun Calendar
 Solar Motion Demonstrator
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Sunrises at Stonehenge
Many Moonrises

PASS Volume 13
 Introduction to the Northern Lights
 ACTIVITY: Seasons Above the Arctic Circle—
Predicting Sunsets
 ACTIVITY: Light on the World
 Living in the Arctic
 What the Northern Lights Look Like
 Historical Interpretations
 Scientific Explanation of the Aurorae
 The Sun
 The Earth’s Magnetic Field In the Atmosphere
 Spacecraft Studies of Aurorae
 ACTIVITY: Drawing the Northern Lights
 Classroom Activities
 Travel Guide to the Northern Lights
 Aurora Altitudes
 Colors of the Aurorae
 Aurora on Other Planets?
 Morning Star and the Northern Lights
 High Voltage Aurora Simulator
 Aurora Images on the Internet
PASS Volume 14
Introduction
 ACTIVITY: The Sun As A Time Keeper
 Different Views of the Sun
 Sunspots
 ACTIVITY: Differential Rotation
 ACTIVITY: A Magnetic Earth Around a Magnetic Sun
 Conclusion
 Classroom Activities
 Where’s East and West?
 Safely Observing the Sun
 Simple Sun Observations
 Magnetic Field Mapping Solar Storms
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Making of First Digital Planetarium in Russia.
Yaroslav Gubchenko <gubchsocom@aol.com>

As it is known, the process of planetarium
evolution began almost one hundred years ago.
Planetariums were built in many places including
Chicago, where the first America planetarium was built
in 1930. The first planetarium in Russia, or in the USSR
as it was called in those times, was built in 1929 in
Moscow. The next time the most effort of planetarium
building across the world occurred was after the
beginning of the Cosmic Era inspiring young people,
and children to gather knowledge about the sky and to
dream about space exploration and traveling. The
number of planetariums swiftly increased and now there
are more than 3,500 planetariums in the world and
about 40 in Russia. But before the present time there
were not any up-to-date planetariums in Russia.
However, at the ending of the eighties, because
of the difficult economic situation in USSR, and after in
Russia, the governmental support for planetariums and
many other cultural and education organizations was
cut off for a long time. And while the rest of the world
developed the new technologies of digital projection
and 3D graphics, we were forced to stand down and
use only what we already had. But there was an
understanding that if this situation remained, soon there
would be no place for planetariums in the area of visual
entertainment.
As many others planetariums in Russia, the
Nizhny Novgorod Planetarium was founded after World
War 2 in 1948. But the place for the Planetarium wasn’t
good because it was on the territory of an old Russian
monastery directly in building of church. That situation
had a strong influence on planetarium structure and its
abilities. At the beginning there was installed a simple
optical projector made in Moscow, but it was changed
to a Zeiss Skymaster ZKP2 in time and the planetarium
used it until the reconstruction process.
The city of Nizhny Novgorod is one of the most
industrial and scientific centers in Russia, located 400
miles East of Moscow. The level of the city is the cause
of higher public attention for astronomical education
and people’s interest in the sky and astronomy.

So, because of that, there is a scientific council in
our Planetarium lead by honorable scientists of our city
-- many of them known in Europe and the US. Just now
the chairman of the council is a Russian Academy of
Science correspondent, professor in astrophysics V.V.
Kocharovsky. Also N. Novgorod Planetarium had an
initiative to organize a Russian Planetarium Association
in 1994 and became an affiliate of the International
Planetarium Society.
N. Novgorod Planetarium acheived a leading role
in Russia among all planetariums. That gave us an
ability to begin the process of building a new
planetarium in May of 2005 and we received full support
from city and state authorities. The building would be
impossible without that support.
The process of building the new Planetarium
began in the same time with a reconstruction of N.
Novgorod City Circus, located on the same street. In
fact there is a movie theatre and one of the biggest
malls in our city in the same block. So, finally, we have
four entertainment buildings within a couple of minutes
of walking distance at the bank of Oka river with a
beautiful view of the higher part of the city. That was
very good for attracting the public.
The new planetarium was not planned like just a
simple planetarium as it was before. We planned and
built a complex of four auditoriums and an observatory.
I think the last, the observatory – is a very rare thing. In
N. Novgorod with a population on 2 million people,
there was only a couple of observatories – in one
institute and on the roof of astronomy laboratory in the
State University! The building of the new one is a major
achievement. But the largest achievement is the new
big dome of New Planetarium. The Planetarium
complex consists of four auditoriums. The first and main
one is a new 54 foot dome, the “Star Theatre”, that
holds about 180 people. The second – the “Astronomy”
dome, was where the old ZKP2 was moved, because it
works very well. The third – the “Planet” auditorium is a
showroom for demonstrating stereo programs. Actually,
it is a small movie theatre inside the Planetarium. And
the last – the “Cosmonautics” hall – is a rare place not
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just for Russia but I think, maybe for the rest of the
world. There was installed a completely real “Soyz
TMA” spacecraft training simulator. This spacecraft was
recently used for astronauts traveling to the ISS and
back to Earth. There are only three of these training
simulators in Russia – in Zvezdniy City, where
cosmonauts
and
astronauts
are
trained,
in
Novocherkassk, where this equipment is built and now
in our Planetarium in Nizhny Novgorod. So, every visitor
now can not only look up at the stars under the dome
but also try to be a real astronaut for himself and dock
with the ISS or travel a couple of circles around the
Earth.
But the main feature in our Planetarium is a new,
big Star Theatre dome. The construction of a 54 foot
perfect hemisphere itself was a very difficult problem for
the workers, but they were successful and in 2006 the
dome was installed. So we come to the biggest problem
for the Planetarium building – the full dome digital
visualization system. We looked for the best solution,
trying to choose between well known popular products.
But at the end we came to extraordinary decision.
We decided not to buy an existing system, but to
develop new one. And here the young N. Novgorod
programming company – “Argus Computer Vision”
came to help.
The key of the “Argus Digital Planetarium”
system was six Projection Design F30 digital projectors
which were ordered in 2006. They provide a sky
resolution of about 3k x 3k pixels or 9 megapixels. Each
projector is controlled by a single workstation PC. Each
of them is controlled by a synchronizing workstation,
which also provides sound playing. There is one more
server, most powerful, that is used for show production.
The playback and show production software is so
simple and so universal that you can install it on any
modern PC you have!
The main problem in our case, however, I think,
as in every multi-projection system, became the
problem of edge blending. The basis of that problem is
that every digital projector cannot give true black, they
may produce some grey. If you have a single, good
quality projector you’ll never see that, but in a multiprojection system the intersection of grey gives us
lighter grey, and everybody can see that. So, in our
case that problem became number one, because we
need to look at stars on an almost black sky. And this
problem was successfully solved by “Argus”. And on
opening event of N. Novgorod Planetarium in October
4th, 2007 we all saw almost ideal edge blending under
the dome. And Mr. Martin George, the president of IPS
at this time, who was at that event, noticed, that the
result that we archived is one of the best he’d ever
seen.
Mr. George saw only four working projectors
which covering 75% of sky, but now that the system is
fully functional we can cover entire dome.
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As the basis for show production software
“Argus” choose the open source astronomical
application Stellarium. Of course it was completely
upgraded for use in full dome projection. Stellarium
provides us the ability to see the stars, space, our
planetary system with a good level of 3D graphics and it
is well detailed. Well, what are the main changes we did
in Stellarium? At first, we gave it the ability to render
video files based on scripting codes, that describe
actions inside Stellarium. All those actions can be
played and rendered to video. The video file renders
with 9 megapixel resolution in special fisheye
projection. The second, we now can import any video
file in any scene and show it in on any part of the dome.
So, most simply, we can watch ordinary movies under
the dome with dome correction. After that correction we
have a sense that the movie is on the screen and that
screen is hanging in the space under the dome. And
third, we gave Stellarium the ability to import extra 3D
models of spacecraft, asteroids, other things, maybe.
Also, we now can use high resolution textures of any
object inside Stellarium up to 20K x 20K! Little by little
we add to Stellarium all modern 3D graphics
technologies that are now in use in computer games
and visual effects. In one of the last stages we worked
together with Intel Graphics, an educational program
which opened in N. Novgorod State University.
The rendered program big file cuts six parts
according to the number of projections. The way it cuts
is formed by a special calibration matrix that describes
the position of the projection and the plan of the
projection intersection. The “Argus” program that
combines all the production functions is named “Show
Creator”, and as I already said, can work on any
ordinary modern PC. But using high resolution textures
or HD movies raise system requirements to RAM and
VRAM. The average rendering speed of the show is
about 1 or 2 frames per second, so to render a 20
minute program you need approximately 5 hours. The
final show consists of six video files in standard AVI
format compressed by an open source XVID video
codec. And entire size of a 20 minutes show is less
than 2Gb, but size strongly depends of the level of
action in the show.
To transfer a show from one configuration to
another or possibly from one planetarium to another we
can use the source rather than cut a big video file.
Possibly that option will be very useful if digital
planetariums in Russia will open in the future. Also we
constructed a sound studio to record our narrators, for
sound editing, and soundtrack mastering.
Finally, I can say that we have completed not
only the full dome show playback station, but the entire
complex of hardware and software to produce, correct,
and play those full dome lectures and shows. Also, one
of the main advantages – the open source code of
Stellarium. Open source means that any programmer,

even a student or amateur can upgrade it, adding new
features and new abilities.
So, that is the way we build N. Novgorod
Planetarium. The first modern, digital Planetarium in
Russia. And we are very proud that the result of our
work had a good assessment from Mr. George, but that
even more important, from the public and visitors in
Russia.
The new Planetarium officially was opened on
October, 4 2007 but actually it operated since the main
building activity was done in 2006. The Planetarium
provides hundreds of events for public and visitors. The
Planetarium always celebrates the known dates in the
history of space exploration and astronomy like April 12,
June 7 (the birthday of world first cosmonaut J.
Gagarin), the World Planetarium Day. N. Novgorod
Planetarium always had a main role in Russian
Planetarium Association (RPA) events. By the way the
2008 RPA conference will be in city of Barnaul and
includes observations of the Solar eclipse. The
Planetarium has a good relationship with organizations
and facilities in N. Novgorod that work for Russian and
also International space programs. The Planetarium is
preparing for the celebration of the 400 year
anniversary of telescopic astronomy and the
International Year of Astronomy in 2009.
Since the opening in 2007 Planetarium, we have
made two big full dome shows -- one for general
audiences and other for just for children, and several
number of short programs that show the stars and
constellation positions during the year. Now, we are
preparing two more complete full dome shows about
extraordinary objects of the universe and Milky Way
galaxy.
Now, that we opened and continue our ordinary
work, we are facing new problems like a management
problem every time we try to do some upgrades. Now
we are at the final stage of testing a complete real-time
projection system based on a powerful cluster we
bought. And the result is amazing.
And at the end of my message I want to quote
one of the honored guests of our Planetarium,
cosmonaut Victor Baturin, who said that he will be not
surprised, if, in 20 years, half of all cosmonauts in
Russia will be from N. Novgorod because as children
they saw the stars under the dome of our Planetarium.
Because of us the universe becomes closer.
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400 years of European Astronomy – a collaboration between ESA and
Europe’s planetaria for the IYA 2009
Peter Habison
Zeiss Planetarium Vienna
Zeiss Planetarium Vienna, Oswald Thomas Platz 1, 1020 Vienna, Austria
peter.habison@astronomie-wien.at

ESA and the German speaking planetaria developed a concept for a planetarium
outreach project within the framework of the International Year of Astronomy 2009. Main
part of the project is a fulldome planetarium show, which begins with Galileo Galilei and
paves its way for modern space astronomy including the Herschel and Planck
cornerstone missions. This new planetarium programme with its emotional and highly
visual content will contribute to promote European space astronomy within the general
public for the coming years and especially during the IYA 2009.
Most of our knowledge about the Universe is based on
findings made by European astronomers like Johannes
Kepler, Galileo Galilei, Giovanni Domenico Cassini,
Isaac Newton, Wilhelm Herschel, Max Planck, not to
mention Aristotele, Ptolemy, Archimedes and numerous
other scholars and scientists of the past. Europe's
heritage of almost three millenniums of astronomical
observations and scientific research has formed a
matchless scientific community. Astronomy is part of
European identity, coming down from world-class
institutes to hundreds of thousands of amateurs and
interested laypersons.
Despite
spectacular
findings
and
awarded
breakthroughs, the significance of European astronomy
is shifting off the focus in general public – especially
space astronomy made in Europe is lacking public
awareness: The Hubble telescope with its huge impact
in celestial imagery is hardly identified as a project with
a 15% European funding and even larger involvement.
The European Space Agency ESA has identified this
problem and is taking action. On the occasion of the
International Year of Astronomy (IYA) 2009, ESA is
producing for the first time a large, high quality
planetarium show, dealing with space astronomy and its
stunning results.
The project began in April 2007 when Austrian, German
and Swiss planetarium directors gathered at the
regional ADP-meeting in Tirol/Austria. Jocelyne
Landeau from ESA together with Axel Krieger from
Schwarz, Peter Habison from Vienna and Adam
Majorosi from Berlin presented the idea of an
international planetarium collaboration for the IYA 2009.
The idea was warmly welcome by the conference
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delegates and the RDP-council. At the same meeting a
working group was established to start with concrete
planning and Adam Majorosi was appointed project
manager. This new cooperation model between
planetaria and the European Space Agency was more
than promising. A pool of interested planetaria and ESA
elaborated a concept and road map of how to create a
product, being similarly useful and fit for planetaria
purposes as supportive to Europe's contribution to
space astronomy. In Autumn 2007 around 25 German
speaking planetaria signed a letter of intent with ESA to
formally start the project. From the beginning of 2008
onwards the ESA/RDP planetarium project gained
speed. In March 2008 ESA selected the production
company and Isabella Buczek with her team in
Kiel/Germany was put in charge of the show production.
For the first time ESA opened its facilities for 360
degree video shootings in real settings. Especially the
main control room at ESOC in Darmstadt and the
ESTEC space laboratories in the Netherlands with the
Herschel and Planck satellites will be a central part of
the project and the show.
The story of the planetarium show itself begins with
Galileo Galilei, who 400 years ago for the first time used
a telescope for astronomical observations. Since that
date the way in which we see the Universe has
changed dramatically. Galilei has paved the way for our
modern scientific understanding, resulting in space
telescopes centuries later to scan the sky in all
wavelengths, including the Herschel and Planck
cornerstone missions of the European Space Agency.

The Main Control Room (MCR) at ESA/ESOC in
Darmstadt – a main venue of the planetarium show.
The show will be produced in full dome video format
with real video, 4K quality animations and space
imagery shown for the first time. In parallel, a classical
version for all planetaria with analogue equipment is
prepared, as they still represent the majority of
planetaria in Europe. The story will have a European
touch: didactic, educational and still emotional and
human. The release of the show is planned for the of
end 2008, on time for the International Year of
Astronomy. For German speaking planetaria the project
contains additional outreach activities in 2009. A space
exhibition will tour through Germany, Austria and
Switzerland, hands on material for schools will be
prepared as well as posters and flyers for marketing
activities.
The next logical step is adapting the planetarium show
to other European languages plus bringing it to the
planetaria of the world. ESA and the German speaking
planetaria are confident that the joint project will reach
large market within the international planetarium
community.
As the IAU puts it on the IYA2009 website “The vision
of the International Year of Astronomy 2009 is to help
the citizens of the world rediscover their place in the
Universe through the day- and night time sky, and
thereby engage a personal sense of wonder and
discovery. All humans should realize the impact of
astronomy and basic sciences on our daily lives, and
understand better how scientific knowledge can
contribute to a more equitable and peaceful society” we
think that this new planetarium programme with its
emotional and highly visual content will contribute to
promote European space astronomy within the general
public for the coming years and especially during the
IYA 2009.
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Making Models – Turning Trash Into Treasure
Mary Elizabeth Hiller
The Newark Museum’s Dreyfuss Planetarium
49 Washington Street
Newark, NJ 07102
mhiller@newarkmuseum.org

Building spacecraft models out of household or inexpensive materials is as easy as 1, 2,
3 when that big, expensive spacecraft model just won’t fit into your little budget.
Cassini-Huygens

Cassini – Huygens Model Front View
In January of 2005, a new exhibit featuring the planet
Saturn was proposed for the Dreyfuss Planetarium
Gallery at The Newark Museum in Newark, New
Jersey. Cassini-Huygens had just arrived in 2004 and
groundbreaking images were fueling the public’s
curiosity about the ringed giant. We wanted to focus a
portion of our display on this mission and one item that
was especially desired was a model of CassiniHuygens.
In searching for companies that had a model readily
available, it soon became apparent that a pre-made
model was entirely out of the question, due to budget
constraints. One company offered a 1:10 scale model
for $19,000 USD, which was almost our entire budget
for the exhibit. We still wanted a model of CassiniHuygens and I offered to build one.
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Cassini – Huygens Model Side View
The process of building Cassini-Huygens began in late
March of 2005. Not being able to find any blueprints or
schematics online, I was challenged to build the model
from scratch. Using only two images of the orbiter, I
began the process of calculating an appropriate size of
the model to fit our display area. I had an area of 6 feet
by 8 feet but only a depth of 20 inches to work with.
The model itself couldn’t stick out of this area by much
for safety reasons, so it made sense to limit the largest
piece of the model to less than 20 inches in width.
Now came the process of finding parts for the model of
appropriate size and shape. This was not an easy task
and took over a month to obtain the parts, most of
which were bought from The Home Depot and WalMart.
Some of the pieces had to be hand-made out of foam
core and PVC pipe. We don’t have a dedicated shop to
which I have access at the museum, so a lot of the
pieces were made in my office.

Martian Rovers
The scale of the finished Cassini-Huygens model is
approximately 1:8. The total cost of the CassiniHuygens model was approximately $200.00 US. Labor
is not included in this amount.

Cassini – Huygens Model Rear View
Since its opening in October of 2005, 27,255 members
of the public have visited the Saturn display. Many of
the school groups and public that have come since its
opening have stood in amazement when told that the
model was made by one of the people who work in the
planetarium. When I talk to them about making the
model, they inevitably ask if it came as a kit. When I tell
them I made it from scratch and had no blueprints to go
by, they stand amazed and impressed. Many of the
parents, teachers and kids ask me what I used to make
it, which leads to the “Guess the Parts of Cassini”
game. Most can identify the shower heads, lampshade
and the section of stovepipe, but most of the other parts
they don’t recognize.
What can you identify?

Remote Controlled MER I
What do you get when you combine cardboard, PVC
pipe, hot glue, stickers and a cheap remote-controlled
vehicle? Martian rovers, of course!
In 2005 the Martian rovers, Spirit and Opportunity, were
continuing to make headlines and inspire the public.
We decided to have a festival to celebrate Astronomy
Day and Earth Day that year and it made sense to have
some kind of activity that dealt with the rovers. Our
budget didn’t allow for the purchase of ready-made
remote controlled rovers. So, how do you create
Martian rovers for very little money that could be used
by the public to run an obstacle course?
Looking at images of Spirit and Opportunity, it became
apparent that the basic shape of the rovers wouldn’t be
too hard to recreate. However, the parts had to be
made of materials that were cheap and easy to acquire.
PVC pipe seemed an obvious choice for the neck and
camera areas. The body of the rover was built from two
layers of cardboard and covered with gold wrapping
paper.
The solar panels were made from rigid
corrugated cardboard, to withstand the eventual
crashes into walls, rocks or legs. I was lucky enough to
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find 2 remote controlled ATVs for $20.00 each at Kmart.

Now that the rovers were constructed, what were we
going to do for an obstacle course? We decided to use
an inflated swimming pool with sand and rock on the
bottom to represent the surface of Mars. Larger,
broken pieces of paving and landscaping stones were
used as the rock “targets”. The goal of the activity was
to have the public drive the rovers over the surface of
Mars and take “samples” and “pictures” of specific rocks
(the targets). The public would then be timed to see
how quickly the mission could be completed.
A queue quickly formed around the pool and didn’t
abate until the museum closed for the day. Since then,
we’ve used the rovers for a Members’ morning at the
museum and multiple summer tent activities, serving
over 450 people in the process. The rovers remain
extremely popular with the public even to this day.

Remote Controlled MER II
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Viable Shows? Experience from the Heart of Europe!
Jirí Holuša
Observatory and Planetarium of Johann Palisa, VŠB – Technical University of Ostrava, 17. listopadu 15, 708 33
Ostrava-Poruba, Czech Republic
E-mail: jiri.holusa@vsb.cz

Different criteria can be used to characterize planetarium shows. Is the show live and/or
recorded? Is the show for children and/or for adults? Does the show use simple or rather
sophisticated technical means? What kind of information does the show provide? How
much emotion does all of this evoke? This paper discusses the viability of several shows
made at the Observatory and Planetarium of Johann Palisa, Czech Republic in relation to
the above-mentioned criteria. The Observatory and Planetarium of Johann Palisa has a
12.5-m dome and its seating capacity is 100. It is equipped with Carl Zeiss star projector
Raumflug Planetarium RFP-DP (installed in 1980), one Barco projector iCon H500 (native
resolution 1920 x 1080), one Proxima Desktop Projector 9240 (resolution 1024 x 768), and
two Hewlett Packard mp3130 Projectors (resolution 800 x 600).
An animated 3D character
Two of the best-known shows are aimed at children.
Uff’s Adventures on Mars, and Uff and Star Monsters
are animated shows that feature an extraterrestrial
character called Uff, who comes from the outside of the
solar system. Traveling in a spaceship, he
communicates with a voice from his home planet. This
voice gives him advice and orders, and even rebukes
him for his mischief. Through this voice, however, he
also learns new things about the universe.

Caption: Uff in his spaceship
What makes those two shows well received? I suggest
that it is due to the rather sophisticated means, namely
3D animations, by which the character Uff is portrayed.
Children identify with this character, which makes the
show emotional for them. To enhance the emotionality
of the show we plan to create a website where children
can communicate with Uff and ask him questions about
the universe, as well as to produce another show in
which children can interact with Uff during the show.

An emotional topic and surprising information
Another well-received show is called Death on the
Threshold of the Universe. This show is dedicated to all
those brave people who died in the space exploration
field. Although this show was intended for adults, it
became frequently attended by school groups (aged 13
–15). What is interesting is that children sit very quietly
during the show. Why? I believe this is because the
show is very emotional. The high emotional level was
achieved through two factors. One factor is that the
show provides information that is rarely presented and
as such might be surprising. The surprise usually
evokes emotion. The second factor is that the subject of
the show is danger and death, which are emotional
issues for every human.

Caption: Danger in the universe
A show with both live and recorded segments
Another Observatory and Planetarium of Johann Palisa
show is called Indian Treasure. It consists of four
segments, two of which are recorded and two live. The
show is for children, but adults may enjoy it as well. The
first segment, which is live, explains why certain
constellations are visible only in certain time of the year.
This helps the audience to understand the second,
recorded segment. It is actually a play about white
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bandits, who stole a buried treasure map from Indians.
To understand the map, one needs to know the
constellations and their visibility throughout the year.
The play can be called an astro-western based on
stereotypical American westerns. Six voices act in this
play: four bandits, the chieftain Rocky Eagle, and a
narrator. The next part, which is live and not
stereotypical at all, talks about several Native American
sites that contain solstice and equinox markers. It is
believed that they helped Native Americans to
determine the solstices and equinoxes. The last
segment consists of a short live introduction to a current
Native American song for children followed by the
playback of the song. During the playback, pictures
from a pow-wow are projected onto the dome, featuring
both children and adults in traditional costumes.

encountered the term engaged Buddhism. Buddhism or
any other spiritual practice can be practiced in
monasteries that are somewhat isolated from the rest of
the world. However, spiritual practice can also reach out
in a more practical manner, e.g., in a social work and in
a work for the environment, with the benefit of the
special skills and insights gained through spiritual
practice. I think the nature of planetarium shows can be
compared to this. There may be marvelous shows
about black holes and quasars, but people may find
them unrelated to their everyday life. Nevertheless, this
not to say, they have no impact on our understanding of
our place in the universe. On the other hand, the
engaged shows relate directly to our perceptions,
beliefs, lifestyles, and decisions. The above-mentioned
show Indian Treasure is like that. It shows the culture of
the Native Americans compared to the stereotypical
view of westerns. The visitors can appreciate the
richness and value of the other culture, and change
their attitudes towards it. I consider this very important
for a balance in today’s world.
At the Observatory and Planetarium of Johann Palisa,
two other shows can be considered both well received
and engaged. One of them, called How People Named
the Sky, deals with the history of constellations.

Caption: The astro-western
One thing that makes this show attractive is the
alternation of live and recorded segments. What is
important here is that the nature of the speech is very
different in those two types of segments. The live
segments use simple narration by a planetarium
presenter, while the recorded play features several
voices of professional actors. This makes it possible
that the possible different levels of professionalism of
the recorded voices of actors and the live speech of a
planetarian presenter do not disrupt the flow of the
program. The other thing that makes this show
successful is that it evokes emotion through the
storyline of a play, through the song during which
children sometimes clap their hands, and through the
different perspectives that the play and the presentation
of Native American sites offer. In addition, explanation
of the visibility of constellations during the year and the
position of the Sun among the stars during the year
helps both children and adults to understand the most
obvious sky phenomenon.
Engaged shows
The above-mentioned show is an “engaged” show. I
have chosen this expression because I have recently
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Caption: An Arabic depiction of Leo

It explains how the zodiac came into being, how the
Greek constellations, many of which are inherited from
Mesopotamia (today’s Iraq), were brought to Europe by
Arabs, and how the European voyages of discovery
made it possible to name new constellations in the
southern hemisphere. Those voyages of discovery
changed the way of thinking and new constellations
were added in the northern hemisphere as well. Adding
new constellations was taboo during the Middle Ages.
The show presents many interesting and even funny
stories connected to the creation of the constellations.
The important thing is that the show presents other
cultures during the history, e.g. Arabic culture, where
the House of Wisdom, a translation and learning center
in Baghdad, prospered during the Arabic Golden Age,
and was famous for its tolerance toward other religions
and cultures.
Another show that can be viewed as engaged, is for
children, and is called Johnny and Lucy exploring the
Earth and the Moon. It uses simple 2D animations
made in-house. The featured characters, schoolchildren
Johnny and Lucy, travel around the world and explore
various ecosystems, finding out about the limits of
physical conditions for life to prosper. After returning
home, they, sitting by the campfire, look at the sky and
ponder if there can be life on the Moon. During their
conversation, many common misconceptions about
space exploration are clarified. Learning more about the
conditions on the Moon, and comparing them to various
ecosystems on the Earth, they reach a conclusion that
life on the Moon is impossible. Being captivated by a
beautiful starry sky, they admit that there might be life
on some exoplanet orbiting another star, although until
now, life was found in the universe nowhere except for
the Earth. They recognize the urgency to protect the
Earth so that it can remain a beautiful, blue, lifesustaining planet.

Another engaged and viable topic for a planetarium
show (currently under preparation at the Observatory
and Planetarium of Johann Palisa) is climate change.
This topic includes a great deal of astronomy, especially
the influence of the Sun on the Earth. A planetarium
show can provide a global view on this issue, both in
terms of time (geological history of the Earth) and in
terms of space (climate on other planets). Such a show
can educate the public on an issue critical to humanity

and dispel some of the misinformation
purposefully about climate change. [1]

spread

Simple live shows versus sophisticated recorded
shows
The planetarium shows can be live or recorded, simple
to sophisticated. The two most natural combinations are
probably simple live shows and sophisticated recorded
shows. For sophisticated recorded shows, a fulldome
projection system and a good deal of finance for show
production are required while the simple live shows are
relatively inexpensive. To make a simple live show, one
needs only a few recordings of suitable music,
knowledge of constellations, stories connected to them,
and good presentation skills. Those simple live shows
are what planetaria were doing under their domes since
their origins. In Gerry Beckstrom’s paper [2] entitled
“What do planetarium visitors actually expect?”, he
answered, “I believe that many still expect to see ‘stars’,
and to learn about the night sky that they can see from
their backyards.” I consider this true. Just recently, I
have overheard a conversation of two young mothers.
One of them recommended to the other to visit the
Ostrava planetarium with her children. The first thing
she mentioned was the starry sky and how beautiful it
was. Secondly, she mentioned the 3D animated
character Uff.
We live in a world where the majority of information is
received through media, not through direct experience.
Although the starry sky projected on the planetarium
dome is not the real sky, it is the truest copy of it, and
thus can give us the experience of the night sky.
Moreover, as there are people who prefer looking into
the campfire or a fireplace to a television, there are
definitely people who prefer to look onto the night sky
instead of seeing a “splashy, ‘edutainment’-type show”.
That is not to say anything against this type of show,
that is to say, there will be demand for both types. The
sky is something which Homo sapiens experienced for
hundreds of thousands of years, similarly as Homo
sapiens experienced sitting by a campfire for at least
tens of thousands of years. Looking up on the sky,
finding constellations, and listening to stories connected
to those constellations can help people to experience
peace and connectedness to themselves and to the
universe. It can help them get over the hustle and
bustle of modern civilization. We may experience a
backlash against media culture in the future. People
may become more hungry to experience the world
directly, whether listening to the bubbling of a creek in
the shadow of a wood, meeting people from other parts
of the world instead of watching the news, or visiting an
exploratorium where they can touch and see for
themselves, and of course visiting a planetarium
because the planetarium is a unique tool for presenting
the starry sky.
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Conclusion
First, to make the shows viable both now and in the
future, they should evoke emotions. This can be
attained through new, surprising information, through a
story, through an emotional topic, through a character
with which visitors identify, through interactivity, and
possibly through presentation of the excitement of
discovery and scientific work. Second, the shows
should contribute to a more humane world, to a balance
both on a personal and global level. This is the most
responsible way, how to make the shows viable both
now and in the future.
References:
[1] William F. Ruddiman: Plows, Plagues, and
Petroleum: How Humans Took Control of Climate.
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[2] Gerry Beckstrom: What Do Planetarium Visitors
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3D DEMYSTIFIED
Martin Howe, Global Immersion
The Barn, Hurstwood Grange, Hurstwood Lane, Haywards Heath, West Sussex, RH17 7QX, UK
email: martin.howe@globalimmersion.com

In the evolving industry of digital fulldome, another technology is growing in popularity –
boasting a list of increasingly interactive and innovative shows and hoping to repeatedly
attract wider audiences with the ‘wow’ factor. Stereoscopic projection solutions are
being integrated into (or even replacing) existing immersive theaters: What, How, and
Why do you choose? With a portfolio that includes the design and installation of more
than one hundred 3D solutions, the team at Global Immersion are well placed to educate
on the ‘ins and outs’ of digital stereo projection. During this session, Martin Howe will
take you through the different tools and techniques that are available and already in use
around the globe – uncovering key benefits and potential setbacks of integrating this
innovative medium into dome theater environments.
Introduction
High field-of-view displays, typically large cylindrical,
spherical or partially spherical displays, are able to be
adapted to project stereoscopic electronic images and
movies. There is a growing interest in adapting these
high field-of-view public theaters to show stereoscopic
content (sometimes referred to as 3D). It is considered
that ‘3D’ can attract a broader audience, differentiate
that theater from others without 3D and add additional
data and depth cues for interpreting specific data.
However, some argue the spatial immersion that
stereoscopic projection offers is already inherently
provided by the high field-of-view nature of the display
environment and that truly accurate stereoscopic
representation can only provided for a very narrow
viewpoint; an audience as small as one, thereby
rendering it inappropriate for large theaters.

Perception
To understand the issue, it is necessary to firstly
understand how we, as humans, perceive the World
around us - to see how we see. In reality this is a very
complex subject which cannot be fully expressed in this
paper, suffice to say that the basic principles are
generally understood and acknowledged but there are
still significant areas of ‘grey’ that are a factor in this
particular area of spatial immersion.
The brain can be regarded as a guessing engine,
constantly evaluating input and comparing it to
experience to create its interpretation of the World
outside. Visual and audible cues are the main input

channel reinforced by touch, experience and learning.
Depending upon the situation the main visual cues are:
Occlusion – Depth of a scene, and in particular, depth
order can be derived from occlusion, where an object
closer to the viewer will obscure objects behind it. Head
movement or movements in the scene, even very small
ones, can derive overall depth relationships.
Perspective – Known shapes, such as circles (coffee
cups), rectilinear surfaces (table tops) provide strong
visual clues for location and orientation.
Lighting, contours and shadows – The nature and
type of lighting provides crucial data for interpreting
shapes of objects (contours) and positions (shadows).
Collimated light from direct sunlight for instance is
typically more helpful that diffuse light of a cloudy day.
Texture gradient – Regular patterns, such as carpets,
wallpaper, fields of wheat, can help identify depth,
perspective and contours.
Known references – Objects of a know size, such as
chairs, cars, and people, provide important reference
data to the local scene for size and position.
Binocular vision – Along the plane of eye separation,
relative distances of close object become obvious (as
each eye has a slightly different view). Perpendicular to
that plane (typically vertically) binocular vision has no
effect, nor does it over larger distances, especially if the
viewer has a dominant eye (which is typical).
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Stereoscopic Projection
Stereoscopic projection uses binocular vision and the
attribute of eye separation to replicate scene depth by
allowing each eye to see a slightly different image of
each scene. This eye separation is replicated in the
content by having two separate physical or virtual
camera positions. There are a number of methods of
achieving this. In a projected large screen theater, they
all use some variant of image filtering to each eye which
is facilitated by glasses worn by each member of the
audience.
The methods and their attributes include:
Active systems: The viewer wears glasses that
alternately blank each eye from the screen (left eye,
right eye, left eye, etc) at a high rate that is not
particularly obvious or intrusive to the viewer (at least
60Hz, ideally as high as 120Hz). The projection system
sequentially projects the image sequence for each eye
at the same rate. A method of synchronizing the glasses
to the projection image frames is used (typically infrared emitters in the theater transmit the synchronizing
signal to the glasses).
Passive systems: Passive systems use inactive
glasses that filter light to each eye by some optical
method. Common systems today use either i) two
projectors with polarizing filters to polarized the light
differently for each eye with corresponding filters in the
glasses ii) anaglyph which use red and blue filtered
lenses for each eye and corresponding red and blue
filtering applied to each projected image iii) Infitec™
which is a trademark for a method using very narrow
band light filters for each of the primary colors of the
image (red, green and blue) shifted slightly in frequency
for each eye with corresponding filters in the glasses.
For very high field-of-view theaters, typically domed
screens with 360 degree by >150 degree field-of-view,
certain techniques are better than others. Polarized
systems are generally not suitable due to their
requirement for high gain non-polarizing screens. The
high gain of these screens causes too much light scatter
back onto the screen surface dramatically reducing
image contrast. Anaglyph systems, although much
lower in cost, have poorer image separation between
eyes (causing image ghosting) and poorer color
reproduction. Active systems and others such as Infitec
(and even combinations of the two), although being
typically more expensive, will yield better results in
terms of color reproduction and image contrast along
with negligible image flicker and ghosting.
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Issues of distance and audience positioning
A prime consideration in certain theater configurations,
particularly ones with dome screens, is that of head
orientation and inter-ocular distance (eye separation).
The problem arises in two instances. If the seating in a
theater is concentric, where all seats face the center of
the theater, then there is no common view of where ‘left’
and ‘right’ is on the screen, and since stereoscopic
projection is based upon generating two sets of image
data horizontally and in line with the plane of the
viewers eye, it is likely that only a few of the audience
members will experience the scene as it was intended.
Some will see the correct eye separation as they will be
seated parallel to the plane of view of eye separation,
some will see no separation as they will be seated at
right angles to the plane of separation, some will see
the exact opposite, with left of the right and vice-versa,
and of course all variations in between.
The other instance is unidirectional (forward facing)
seating under a dome screen. In this case, although the
audience are all seated facing the same way, by the
very fact that the screen is all around them they will
move their head to look around the image. In one
instance, two people on opposite sides of the theater
will look up to the center of the dome and have
opposing left and right views of the data, in other cases
one person could see the same part of the screen by
either tilting their head back or by rotating their head
around – in either case the plane of the viewers eye will
be different to the plane of stereo separation of the
content and in both cases they will be different to each
other – it depends how you look at it, literally!
Peripheral vision
There is an additional, but less well understood attribute
to human vision that lends itself well to immersive
display in high field-of-view theaters, especially dome
screens, which is peripheral vision.
Recent knowledge and theories explain that image data
flows to the brain via two discrete channels, not the left
and right channels that are normally considered, but the
separate channels of central and peripheral vision.
Central vision is the data flow to the brain that focuses
on objects and places in a scene. This focus is typically
also the focus of attention, where we concentrate on, or
at least notice, detail. Almost photographic in nature, it
is believed that images are processed as a sequence of
data, where blinking provides a critical method to
reframe scenes. Peripheral vision is quite different and
is thought to comprise a continual flow of data of the
complete environment.

Whilst most of us will understand the importance of
peripheral vision for recognising danger entering our
scene, it is less well understood how important it is for
creating an internal representation of the external 3D
World. Peripheral vision provides a constant flow of
wide area data to provide context and spatialization of
the 3D World and provides it in a spherical context. The
center of this spherical context coincides exactly with
the fixation point of the central vision, thereby creating a
spatial relationship of the whole scene relative to the
part being ‘looked’ at (focused on). Because by default
we are focused (concentrating on) the central vision, we
are not constantly aware of the peripheral vision but it
provides crucial scene and depth cues to the brain to
fully recreate the 3D World outside.
The uniqueness of a dome theater environment is that
the data being projected is sufficiently broad in terms of
field-of-view, so that central vision and peripheral vision
are both fully employed in relation to interpreting the
data (whereas in television or cinema peripheral data is
either absent or out of context; the room in which the
data is being viewed is also visible and as such is out of
context with the data being presented, therefore the
spatialized peripheral data of the scene is absent). This
cohesiveness and concurrency of central and peripheral
vision in a dome theater can add significantly to the

realism and immersiveness of the experience because
the peripheral data allows a true 3D representation of
the data to be created in the brain.
Finally it should be noted that the use of glasses in a
high field-of-view theater implicitly reduces the
instantaneous field-of-view and obscures peripheral
data. Therefore whilst 3D stereoscopic projection adds
obvious and noticeable additional depth cues to content
(sometimes exaggerated for effect) the subtleties and
perhaps more realistic and natural representations
available in very high field-of-view theaters obviates the
need for additional techniques.
The true benefit of fulldome 3D
At present, views are divided on the true benefits of
employing 3D in high field-of-view theaters and
implementations need to be carefully considered and
reviewed against agreed objectives and goals. As ever,
the choice of content should be a key driver in choice of
solution and in many cases theaters are deciding to
employ stereoscopic systems in addition to those
optimized for monoscopic viewing (where high contrast
and resolution are more crucial for providing realism).
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What We Are Aiming at on “Science Culture Promotion Unit Through
Astronomical Images”
Shoichi Itoh, Hidehiko Agata, Tomoya Nagai, Hirotaka Nakayama, Seiichiro Naito, Akira
Hirai
2-21-1 Osawa, Mitaka
Tokyo, 181-8588 JAPAN
Public Relation Center
National Astronomical Observatory of Japan
National Institute of Natural Sciences

National Astronomical Observatory of Japan (NAOJ) has started a new project, the
Science Culture Promotion Unit in collaboration with Mitaka City Government since last
year. The aim of the project is to help bring up (1) talents who create astronomical
visualized images with scientific accuracy based on theoretical calculation, and (2)
talents who popularize science for people in general, through astronomical images that
National Astronomical Observatory keeps in store, such as the contents of 4D2U, the
four-dimensional digital universe project, and the images taken by Subaru Telescope and
others. This project has this for its objective that the contents and techniques using them
will have the added value in next generations. NAOJ tries to make a contribution towards
Mitaka City becoming the internationally fit place for creating the three dimensional
contents in the future.
Images brought from Space will create Science
Culture
1.
The course for bringing up leading content
makers
NAOJ seeks to encourage two types of talents.
“Scientific Image Creators” produce valuable image
contents using the fruits of astronomical and scientific
researches with stereo and dome theatrical techniques.
“Science Producers” set out with the new purpose of
searching the public needs, sharing scientific
information with general public, and then utilizing
scientific resources for people in general. Science
Culture Promotion Unit (SCPU) will encourage them to
improve their ability and skills throughout the course
and will continue to support their activities when they
have finished the course.
2.
Scientific Images for Everybody
The Universe—How our present world has become
what it is and how to keep our world as it is.
NAOJ keeps a large stock of such true scientific
resources from the pictures which SUBARU, the
gigantic telescope, has taken in deep space, to dynamic
simulations produced by GRAPE, the Japanese
supercomputer with the fastest record holder in the
world.
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We have installed 4D2U stereoscopic dome theater at
Mitaka campus, NAOJ. It was opened for public since
April 28, 2007.
The contents of the 4D2U Theater, such as
mathematical simulations by supercomputer, and
observational data from NAOJ site’s telescopes, were
developed by researchers of NAOJ.
We seek to build 4D Digital Universe Theater Network
connecting with schools, educational facilities,
museums, planetariums, and each homes. The users
can download the software “Mitaka” and simulation
movies created by the calculations by supercomputer.
“Mitaka” is software for visualizing theoretical,
computational, and observational astronomical data,
developed by the Four Dimensional Digital Universe
(4D2U) project of the National Astronomical
Observatory of Japan (NAOJ). Users can seamlessly
navigate across the universe from Earth to the edges of
the known universe. Mitaka is optimized for 3D
visualizations on multiple screens at the 4D2U Theater
in NAOJ's Mitaka headquarters. However, it can also be
used on a single Windows PC.
4D2U, the four-dimensional digital universe project, by
which people can experience the extent of vast space
and time expressed by the stereoscopic view of cosmos
in the cutting edge, shows the new possibility of
astronomical images and has received high valuation.

To popularize the catchphrase, <4D to you: fourdimensional universe to you>, the talents brought up by
the SCPU will develop a network for making people
scientifically-minded and future-oriented.
3.

The city where science promotes the culture
“The accumulation of knowledge” will prove fruitful
for the town. To use science as the resource of society,
SCPU was organized in collaboration or partnership
with private firms, research facilities, industries and the
public.
Mitaka City, where NAOJ is located, is the place where
the citizens feel find astronomy familiar. It is also well
known as the integrated place where animation studios
as well as movie industries gather. SCPU will bring new
values and respectability to the city of Mitaka by
promoting training of (1)talents who create visualized
images produced by 4D2U, and (2)talents who
popularize science among the general public.
We’ll explain about our activities with pictures and
schematic figures.
NAOJ is located in Mitaka City, the suburb area in
Tokyo. Collaboration between NAOJ and Mitaka City
Government brings about the cultural activities at
Mitaka Network University, the nonprofit organization.
They include (1) astronomy lectures, (2) astronomy
pub, (3) star parties, (4) Mobil 4D2U performances, (5)
delivery lessons and star party at the elementary
schools.
We produce two types of talented people. Our main
purpose is to stimulate the regional redevelopment by
Science Culture Promotion. That will also contribute to
solving problem of declining birthrate in Mitaka City.

So, we have started Program for Bring up Talents:
(1) Scientific Image Creators who will reinvigorate
Mitaka Region as the internationally strong place for
creating the 3D contents.
(2) Science Producers who will be outstanding players
in the community of education and industrial world
utilizing 4D2U contents and Subaru images.
The final targets of SCPU are as follows:
1, Fixation of intellectual property rule for National
Astronomical Observatory of Japan.
2, Career path making for postgraduates who don’t
become astronomers(Starting New Businesses etc.)
3, Solving Problem of declining birthrate and graying of
urbanized society (Synchronization with regional
redevelopment plan of Mitaka city)
4, Holding International Science & Image Festival.
We will further explain our idea and flow of this project
in a couple of slides.
This is the detailed schematic diagram of collaboration
between NAOJ and Mitaka City and the flow of our
activities.
The next slide shows the relation between two types of
talents and regional redevelopment that has been
described previously.
Finally we would like to emphasize the meaning of our
project.
Space is a Jewelbox of Wonders for humankind. So,
we will put to practical use our astronomical resources
such as astronomical images through Scientific Image
Creators and Science Producers, and let rise new
science culture at Mitaka.
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The Short Planetarium Show and Its Role in the Planetarium and Classroom
Andrew W. Kerr, PhD
Newhard Planetarium, The University of Findlay 1000 N. Main St. Findlay, OH 45840
Email: kerr@findlay.edu

The typical planetarium show runs for about thirty minutes. For some groups, a show of
this length is too long, especially for the younger children in pre-K through second
grade. In order to maintain the excitement level for these ages, shorter shows may be
more useful. A ten minute show followed by integrated activities or discussion may be
the answer to keeping the attention of these groups. The lack of purchasable
planetarium shorts also leads to a need for the creation of these smaller shows.
The planetarium short show could be a useful tool in several educational
situations. The most obvious place to begin is in the typical astronomy classroom.
Students can create their own planetarium shorts alone or in small groups. This also
helps to reinforce concepts learned in the class. Another area in which creating
planetarium shorts may be useful is in a summer seminar for teachers that live near the
planetarium. A two-week intensive course of writing and producing a ten minute
planetarium show could be offered by the planetarium or a local college in conjunction
with the planetarium. This program would then be used in a class field trip during the
upcoming school year.
I. Introduction
It is a common problem in the planetarium. The
youngest children just cannot sit through a thirty minute
show. Groups of pre-schoolers and kindergartners are
usually very good for the first ten minutes. Then the
noise level begins to steadily increase. By the end of a
thirty minute show, most of the children are completely
distracted. Many of these children’s teachers already
know how to deal with a problem like this. The answer
is to spend shorter amounts of time on each portion of a
lesson, while interspersing activities which relate to the
lesson. It is time that we follow the same model in our
planetariums in order to maintain a high level of
excitement.
Instead of the standard thirty minute
planetarium show, it may be advantageous to use
shorter shows, especially in the case of the younger
visitors to the facility. These short shows can be
interspersed with correlated activities which will keep
the attention of the younger set, much better than a
long show. Some of the best types of activities involve
the children in some sort of physical activity.
Depending on the age of the group, you may wish to
have them color pictures, or act out the lesson (such as
the Earth revolving around the Sun.) We need to
examine the short show in depth to understand what is
truly needed.
II. Description
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How should we define the planetarium short
show? In order to differentiate between the short and a
regular show, there are four main things that we must
consider; length, content, learning objectives, and
associated integrated activities and discussion topics.
The length of the short is probably more
important than even the name “planetarium short”
implies. We must walk a fine balance between being
long enough to convey the information we wish while
still being short enough to keep the excitement level
high for the visiting group. The standard thirty minute
show, while long enough to convey several different
lessons, tends to bore younger children about halfway
through. From personal experience, a good target
length for a short show would be ten minutes. Many
children’s shows are divided into parts of about ten
minutes apiece, and this amount of time tends to be the
limit of a younger child’s attention span.
This
correlation is no accident, and as such, it should be
exploited in the planetarium as well.
How do we convey a message in those ten
minutes of show? It requires a focus that is not required
in the longer show. We must stay right on task,
forsaking a bit of story for content. Instead of relying
upon the storyline, it needs to blend into the lesson.
The story must always be in the background, but it can
be inferred a bit more rather than fully developed. For
younger children, the characters take on much more
importance than the story, so we can use the
characters as basis for the lesson, rather than a basis

for the story. Freed of having to develop the storyline,
we are free to develop the message, and thus we are
able to fully explain the important concept in less time
than we may normally expect.
Since these shows are going to be aimed
mostly at younger children (although adults may benefit
from shorts as well), learning objectives become
especially important.
All states publish learning
objectives for various grade levels in all subjects.
These can be very helpful in preparing planetarium
short shows. For example, in Ohio, we have these
learning objectives in space science for various grades,
including K-2, a natural age group to use in these short
shows. By the end of the second grade, for example,
students should be able to observe how objects in the
daytime and nighttime sky change. This learning
objective can be used to create a show that helps
students to recognize this fact.
Once the show is over, the operator must be
ready to jump in with the integrated activities and
discussion material. So besides the creation of the
show, we must be prepared to create the additional
materials as well. The show and activities need to be
correlated to each other, as well as to the age group
targeted in the show. As stated previously, these
activities do not need to be big. Some sheets to color,
or perhaps have the students act out the astronomical
concept. The important thing is to break up the
program so that the students do not get bored and
turned off to space. Planetariums must generate
excitement, and by the finding the right combination of
show and activities, this may be accomplished.
III. Creation of Planetarium Shorts
Unfortunately, there are very few planetarium
shorts on the market. That means that it falls upon the
individual planetariums to make their own. Besides
making your own, there are other circumstances in
which we can see to the creation of the shorts. A
college astronomy classroom is the perfect setting.
While the shows may not initially be of the quality
required to use, working with the students to make
some modifications can make their shows useful. The
final thought is to bring in the teachers that will be
bringing their students to the planetarium to create
shows specifically for their classes. This could be done
in the summertime as professional development for the
teachers or even offered in conjunction with a college or
university to offer credit to these educators.
Volunteers or student helpers can help in the
creation of these shows, or even create their own. For
the planetarium director with no staff, these ten minute
shorts can be a good way to get started creating shows
for the person with no experience. Having less time to

fill in these programs also means that you can create
more, and the focus on one topic or a smaller number
of topics can make them easier to create in general.
The creative endeavors may help in gaining tenure for
planetarium director’s associated with institutions of
higher learning.
An astronomy classroom at the college level is
the ideal place to create these short programs. I have
used the planetarium short in my astronomy classroom
for three years instead of having the students write a
longer research paper. It seems that the planetarium
show helps the students to retain astronomical
concepts better than a research paper. By placing the
students into groups of three to four, I expect them to
create a ten minute show from concept to script to
finished product.
The students must have three components to
their show. First they must have an audience definition.
I do not require it to be very long, but they must tell
what age group they are aiming their program to as well
as why the show is good for that age group. This may
adapt a bit as the show evolves, so they are required to
turn in their audience definition with their completed
show. The second part is the script. I usually require
three to five pages of typed script as this brings them
very close to the ten minute goal. The last part required
is a fully realized show on a DVD or CD. Since I have
access to Windows based machines in the planetarium,
I usually require them to do it so that it can be read on a
standard DVD player or a Windows PC. Some of the
programs I recommend using are Windows Movie
Maker or Imovie, a sound program called Audacity or
Goldwave, and I allow them to use digital images or
movies that they find online or even draw by hand (or
create and record themselves.)
The final source for creating these shows that I
have envisioned is a two week (or longer) summer
enrichment program for teachers. The teachers would
create shows in much the same way that I have my
students in astronomy class do it, except that the
audience definition would not be necessary as they
would create their shows for their class. Their show
should be something that they would normally do with
their classes, or even something new they would like to
add to their curriculum. This show that they create
would then be used on a visit to the planetarium for
their class in the fall or spring.
In each of the last two possibilities for creating
planetarium short shows, I would allow the creators to
use images that they find (which would then be
credited.) In the case of a show that may actually be
shown to the general public, the images should be free
of copyright issues. This means that it would be best to
actually own the images contained in the shows. As
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long as the weather is good during the creation time, we
could even use telescopes and a CCD to try to take
images that may go with their show.
IV. Conclusion
Imagine a planetarium show for some of the
youngest visitors. It begins with a ten minute show
about how the Earth travels around the Sun and causes
days, years, and seasons. We follow it up with an
activity of either children pretending to be the Earth
walking around the sun or coloring pictures of the Sun
and Earth. After the activity, we get ten more minutes
of a show about the Moon and why it can sometimes be
seen and sometimes not. Then we can expand on the
earlier activity and have the Moon going around the
Earth as Earth goes around the Sun.
Planetarium short shows would be perfect for
the youngest of visitors to the planetarium, but also may
be good for all ages. The short would give us an
opportunity to keep the children interested and involved
active learners instead of passive watchers. Since so
few of these types of shows are available, we need to
begin to create them to see how truly viable they are.
By creating these programs ourselves, or guiding others
in their creation, we can begin to build libraries of these
types of shows that can be shown to the public. For
planetariums to remain viable in the future, we must
compete with all the distractions that the world offers,
and adapt to the changing demands of our public.
Offering different viewing options to those who attend
our facilities can only strengthen planetariums as a
whole.
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Approaching Astronomy Education from the Outside of the Planetarium
Constellation Camera: i-CAN –
Kaoru KIMURA, Takehiko Satoh, Vivian Hoette, Masayuki Ishii
JAPAN SCIENCE FOUNDATION, Science Museum, Tokyo
E-mail: kaoru@jsf.or.jp
Since 2005, we are running a series of wide-field cameras called Interactive Camera
Network (i-CAN) for watching the constellations. Seven i-CANs are operational as of
April, 2008. We are providing the program which used the constellation camera i-CAN as
an approach to the astronomy education from outside of the planetarium.
ASTRONOMY IN JAPAN’S “COURSE OF STUDY”
Learning Astronomy in the classroom
Astronomy subjects are learned at the 4th grade of
elementary school and at the 9th grade (= 3rd grade of
middle school) in Japan. Subjects for 4th graders
include the color and the brightness of stars, and
motion of the Sun, the Moon and stars. Middle school
students learn about the Sun and the Solar System in
the 3rd year. It is important that elementary school
KIDs are able to learn through the observation, that
stars, the Sun and the Moon appear to move across
the sky in the same way every day.
Many KIDs have interest in the star and the universe,
and want to know that mystery. On the other hand, a
major problem teaching is that most elementary school
teachers have little training in science, so that they do
not know much astronomy and have difficulty teaching
that part of the curriculums. And the problem of teacher
training has no easy solution. However many
planetariums in Japan, have links to school curriculumbased show. Teachers take their KIDs to the
planetarium for a reason that they can be instructed by
someone knowledgeable about astronomy.
Planetarium is the most useful teaching aid tool for
Astronomy Education
Planetarium is superior in the following points;
1. It can be seen stars in all winds and weathers.
2. It does not depend in the time.
3. It can reproduce the sky as seen by naked eyes
from any place on the earth.
4. It can rotate corresponding to the requirement to
simulate the diurnal rotation, and to change the
simulated latitude on Earth.
The Planetariums are the most useful teaching aid tool
for Astronomy Education. We often visit the
planetarium and learn astronomy instead of the
observation at night. By observing the day and night
sky at the planetarium, they might learn to identify
sequences of changes and to look for patterns in these
changes quickly. However, in Japan, all of the
elementary school KIDs don't always have an
opportunity to learn astronomy at the planetariums. So

teachers work hard to adopt useful programs provided
by the research community, and Hands-On activities in
their classrooms when they cannot learn at
planetariums. Thus, second most useful tool which can
reproduce the diurnal motion instead of the
planetariums is planetarium software. Planetarium
software is easy to use at the classrooms, but it is
difficult for KIDs to compare the real sky and the
picture of a “small piece” of the sky which is cut out
from the whole sky.
i-CAN for Formal Education
"i-CAN" is so designed that it fits within Japan’s
national standard as defined in “Course of Study”,
especially useful for Elementary School.
If targets of observation are just stars in the sky, there
are easier ways to realize such an observation than
using hard-to-operate telescopes. It is to use highsensitivity and wide-field pan/tilt camera installed in the
box which is covered by a transparent acrylic dome.
The features of i-CAN are;
1. Sufficient wide field allowing clear view of
constellations. The wide-field view is ideal to allow
students recognize constellations and asterisms.
2. The color CCD camera shows colors of stars.
Colored images are allowing recognition of star colors
(taught in elementary schools).
3. It can interactively be operated over the Internet,
allowing the user to view the real time night sky, even
at day-time classes, by utilizing the time difference.
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FIGURE 2. Worldwide i-CAN Network
FIGURE 1. Summer triangle
It is applicable to the standard of the elementary school
in the world. National Science Education Standards in
United States suggest that the goals of astronomy
education in the K-4 grades level should be focus on
describing the properties, locations, and motion of sky
objects from a geocentric perspective.
Therefore we provide a program which used i-CAN
instead of learning at the planetarium. i-CAN can show
the real time night sky by using the time difference
during school hour. Obviously i-CAN shows diurnal
motion of stars clearly even if we only have 10 minutes
in the classroom. It is the real rotation speed of Earth!
Most of Teachers have not actually realized the diurnal
motion of stars, either. Therefore, a very interesting
phenomenon happens in the class; teachers and KIDs
both learn the motion of stars together watching the
screen/monitor.
Watching the live night sky through the i-CAN, it makes
KIDs feel that stars are familiar. And they could have
an interest in watching stars at the home after learning
that. i-CAN might be same as the planetarium software
in a way of showing a piece of the sky, but it gave
surely KIDs an opportunity to observe the night sky at
their backyard.
APPROACH TO ASTRONOMY EDUCATION FROM
OUTSIDE OF THE PLANETARIUM
Worldwide i-CAN Network
7 i-CANs are working for the result of project members
and local stuffs exertions as of April, 2008. Everyone
will be allowed to operate the camera, if operation is
not occupied. We can enjoy the live night sky in
various parts of the world.
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When at the noon in Japan, Yerkes Observatory which
one i-CAN is installed is 9:00 pm (CST). Other i-CANs
were installed in the almost same latitude of Japan,
except Chile. If operators who are accustomed to
watching a night sky, they will be able to understand
easily that a piece of sky providing with i-CAN is as
same as our sky.
KIDs learn the motion of stars
We visited many Elementary Schools in JAPAN, and
developed the classes which i-CAN was used for. We
can fully enjoy the live night sky, if the weather is
permitted on one site of i-CAN.
Japan's national standard "Course of Study" requires
about 13 classes for motion of stars in 4th grade.
Lesson planning of using i-CAN is one of the keys to
understand the motion of stars for elementary school
KIDs. We provided a lesson plan covering such topics
as: what is i-CAN; operation of i-CAN; day and night;
how to use a star finder; finding constellations in the
sky; Milky Way; constellation myths. They look for
summer triangle with the star finder and i-CAN in the
class.
And summer triangle which they found in the screen/
monitor is discussed about shape, size, color of stars
and brightness. Sometimes KIDs discuss for their
homework, how should they do the observation of stars
in the night sky? They make a rule about starting
observation time and a direction for their homework.
Then, they will observe attentively the color of the star,
shape, the size.

Even if i-CAN is compared with planetariums, it is
capable as a tool which observes stars and
understanding motion of stars.
http://rika.educ.kumamoto-u.ac.jp/i-CAN/

FIGURE 3. Motion of stars
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Volunteers put stickers on the stars appearing on the
screen to ascertain the motion of stars in the class. In 3
to 5 minutes, it is clearly to see that those stars moved
on completely same direction from the place where
they put stickers.
Program for Informal Education
We also have programs to watch the real time night
sky at the Science Museum, Tokyo and Yerkes
Observatory. Science Liveshow “UNIVERSE” which
contains “Live Observation” at the Science Museum,
Tokyo is on the weekend of twice a month. And for
Yerkes Astrophysics Academy for Young Scientists
(YAAYS) is once a month. We are using Solar System
Simulator, i-CANs, Internet telescope at the Science
Museum, Tokyo and 24 inch Telescope at the Yerkes
Observatory.
Conclusion
Watching stars at the planetarium is it doesn't depend
on the weather. i-CANs can provide an actual real time
night sky, but we cannot see stars when the weather is
not good. Planetariums are effective in understanding
about spheres, and KIDs are able to easy understand
how stars, planets, the Sun and Moon are moving in
the sky. Though i-CANs cannot see the whole of sky,
cameras have wide field of the view, and KIDs can find
constellations, the big Dipper, summer triangle, and so
on easily. Using star finder helps understanding about
the altitude and the azimuth.
Additionally, KIDs can expect the motion of stars in
whole sky by observing the motion of stars in each
direction. i-CAN shows real stars, so that they have
interest in watching stars. They can observe by using iCAN at the class, they can understand how fast stars
move; it means how fast the earth rotates. Noteworthy,
cameras were installed in different longitude, they
might compare the time difference between each
place. Moreover, they will be allowed to operate the
camera, if operation is not occupied if they want to use
them for their homework. Therefore, interest can be
continued.
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The Big Picture: Comparing Celestial Objects
Karen Klamczynski
Evans & Sutherland
770 Komas Drive
Salt Lake City, Utah 84108
karenk@es.com

Physically comparing apples to oranges in the produce aisle is easy to do; finding a
similar ease for astronomical objects is a challenge for the modern planetarian. This
paper describes an effective but straightforward method of illustrating the differences
among celestial objects, including traits such as relative sizes, rotation rates, colors,
compositions and orientations. A real-time demonstration, already employed at several
planetariums, is presented; similar demonstrations can easily be run or pre-rendered for
use in nearly any dome equipped with video-projection capability. The paper presents
the data necessary to build such demonstrations, including self-consistent schemes for
presenting color variations among stars on the dome. In addition, the paper discusses
pitfalls to avoid when creating a scene that provides perspectives on planetary (and
larger) objects.
Planetarians spend a lot of time trying to put things in
perspective. When I directed a planetarium, my favorite
part of the job was the very beginning of show
production, when I would sit and be inspired by the
blank domed canvas overhead. Oh, the scenes you
can imagine when you disengage yourself from the
restrictions of realities like budget and time! Luckily,
today there are techniques and technologies that allow
nearly any planetarium to give their audiences a feel for
the scale of celestial objects.
Compare-and-contrast is a tried-and-true method of
teaching and learning. In this paper, I’ll outline two
basic methods that I have used to give audiences an
appreciation for the sizes and distances between
planets and stars. The first method was used in a
family show about the solar system, and the second is a
demonstration that brings planets and stars together for
a powerful demonstration of relative size.
At the Barlow Planetarium in Menasha, Wisconsin, I
opened the show “How Big is Big?”
The key
technologies used in this show were a single video
projector and a handful of common objects, including
some from a nearby produce department. I don’t think
anyone particularly noticed that I was shopping with a
ruler in hand! Table 1 lists the physical sizes of each
planet if the Sun were the size of the Barlow’s dome (50
feet). I encourage you to put these numbers in a
spreadsheet and play with modifications to match your
dome; you might consider interior or exterior
measurements in order to get the planet sizes in a
useful range.
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Object

Scaled Diameter

Sun
Mercury
Venus
Earth
Mars
Jupiter
Saturn
Uranus
Neptune
Pluto

50 feet
2.1 inches
5.1 inches
5.5 inches
3.1 inches
61.6 inches
51.4 inches
21.9 inches
20.9 inches
1.0 inches

Table 1: If Sun was the size of our dome
Being a show intended for families with small children,
“How Big is Big?” started with simple definitions like
“comparison” and “scale.” Various puppets were used
and the concept of “relative” sizes was introduced (i.e.
the dolphin puppet is big compared to the finger puppet,
but it is small compared to me, the presenter).
Once the basics were covered, a squash that was 5.5
inches in diameter was held high and declared to
represent the Earth.
The presenter engaged the
audience to visualize how big Venus, Mars and Mercury
are if Earth is the gourd. These were revealed to be a
slightly smaller gourd (Venus), an apple (Mars) and a
ball (Mercury). Extending the scale model to larger
planets can challenge a low- or zero-budget production,
so for giant planets, video images were crafted and
projected at precise sizes on the dome. After Jupiter

was revealed, the entire dome was awash with yellow
light and shown to be the size of the Sun.
Distance was the next challenge, and it turned out to be
a natural extension to take our items and imagine how
far they would be from our dome (Sun). An aerial view
of our campus was a convenient starting point [Figure
1]. Audience members were asked to imagine where in
this picture they should stand with the “ball” Mercury to
represent the proper distance from the Sun.

waters at the shore of Lake Michigan. We suggested
people consider this next time they went to the beach
and found a shell or rock that was about 1 inch in
diameter.

Figure 3: Pluto’s orbit grazes Lake Michigan

Figure 1: Aerial view showing our dome the size of the
Sun (and Mercury to scale)
Audiences were told that the ball was shown in the
picture, but as it was too tiny to see, its position was
highlighted for them [Figure 2].

At the end of the show, audiences took a trip into
space, and the biggest part of the Solar System was
revealed to be the space between all of these familiar
objects. The show was quite well received by all ages.
Some would linger after the show to look at our puppets
or hold Mercury next to Earth and marvel at the
difference in relative size.
The second method for comparison of planetary, and
stellar, sizes involves a full dome demonstration, though
the concept could successfully be used with a partial
dome video system.
The demonstration was inspired by a popular “spam” email, which contains images of detailed 3-D planet
models, starting with small planets and working up to
large stars. This author found several errors in the
common e-mail version and a website that appeared to
be the original source. Data provided in this paper has
been corrected and verified by independent sources.

Figure 2: Mercury’s position highlighted
Using Google maps (though now Google Earth might
offer even better imagery), images of ever-larger
swaths of the geographic region were captured and
presented as the show progress through the planets.
Venus was at a major department store. Earth was one
mile away at the railroad tracks. Mars would reach the
edge of a nearby lake, and so on until we showed
Pluto’s orbit superimposed on a satellite image of
Wisconsin [Figure 3]. It turned out quite nicely that
Pluto (the size of a super ball) just made it to the cool

The demonstration hinges on the concept that to
compare and contrast items easily, we group them
together. An apple and an orange in the produce aisle
are easily compared, one in each hand. Extending this
concept to the planetarium dome, planets and stars are
taken from their normal locations in space and collected
so that the relative sizes are grasped as easily as
comparing a bowl containing blueberries, grapes, an
apple and a melon.
Taking the cue from the “inspirational” e-mail, as well as
the discourse regarding Pluto, the demo began with
Pluto and added the terrestrial planets. Later, it was
decided to make Pluto “optional.” This type of change
is easy to do, even on-the-fly, when the demo is
presented in “real-time” as opposed to playback (video).
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Figure 4 shows a captured image from the beginning of
the demo sans Pluto.

Figure 6: The side-by-side comparison of eight planets,
showing correct relative sizes and rotation rates.
Figure 4: Terrestrial planet comparison
On the dome, this collection of terrestrial planets
assembles and rotates in front of the audience, to
emphasize the 3-D nature of the objects.
Giant planets are added to the demo, one by one. The
audience can travel in and among the planet group;
however, being too close to the group can cause a false
impression of the relative sizes of the objects [Figure 5].
On the other hand, being in the dome and moving
among the objects has a bit of a mitigating effect that is
lost in the flat snapshot.

In the demo, rotation rates are easily shown. Relative
rotation rates were calculated for the Sun and our Solar
System’s planets [Table 2] (Eris and Ceres are left as
an exercise for the reader). In this case, the Earth’s
rotation rate was set based on aesthetics, and this
determined the other planets’ rotation rates. The author
assumes fulldome planetarium systems contain planet
models at their correct sizes, though that data is easily
obtained if needed.
Object

Relative Rotation

Mercury
Venus
Earth
Mars
Jupiter
Saturn
Uranus
Neptune

0.17
-0.04
10
9.75
24.19
22.25
-13.92
14.90

Table 2: Relative rotation rates for the planets

Figure 5: Close to the grouping, Earth appears too large
compared to Jupiter, while Uranus appears much
smaller than Neptune.
An accurate perspective on the relative sizes of the
planets is revealed when the group is put at a distance
from the observer [Figure 6]. When the planets are
viewed from roughly the same distance, we “see”
clearly the differences in these objects and gain
perspective on their relative sizes.
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The Sun and other stars are brought in to continue the
demonstration with stellar objects.
As the demo
includes common bright stars, stars smaller than the
Sun were not specifically included.
An unlimited
number of similar demonstrations can be imagined and
created with the same basic approach. Figures 7 and 8
show additional images from the demonstration, and
Table 3 includes data on stellar sizes.

Sun was left with a yellowish color to avoid confusing or
distracting the audience from the educational parts of
the demo. Note that in real-time demonstrations, things
like star color can be changed before or during the
presentation if desired.
Data on the colors of stars was collected from several
sources, and a summary of relevant information is
shown in Table 4. Mitchell Charity of MIT has published
valuable information on the colors of stars. This author
encourages those interested to delve into his thoughtful
discussion and results of star colors based on stellar
class. Also included here is data obtained from the
University of Nebraska, which presented stellar colors
based on their own blackbody analysis.
Figure 7: The Sun brought in for comparison with the
group of planets.

Object

RGB % MIT

Sun
Sirius A
Pollux
Arcturus
Aldebaran
Rigel
Betelgeuse
Antares

100
71.0
100
100
100
71.4
100
100

96.1
78.0
89.0
87.5
80.0
80.8
79.2
79.2

RGB % UNL
94.9
100
74.5
71.0
51.4
100
54.1
54.1

94.8
51.6
98.1
100
100
60.3
100
100

97.1
71.8
68
76.9
81
84.7
66.7
50

66.9
97.3
28
47.2
56.5
97.3
23.8
0

Table 4: Colors of stars expressed as Red-Green-Blue
percentages using Mitchell Charity’s (MIT) results and
results published by the University of Nebraska-Lincoln
(UNL).
Figure 8: Smallest to largest: Sun, Sirius, Pollux,
Arcturus, Aldebaran, Rigel, Betelgeuse, Antares (barely
in frame). The solar system is barely visible on the
dome near the Sun.
Object

Size

Sun
Sirius A
Pollux
Arcturus
Aldebaran
Rigel
Betelgeuse
Antares

1
1.68
7.79
25.3
46.5
63.7
588
629

Table 3: Stars and their relative sizes, based on angular
diameters cited in CADARS and distances given in
Digital Universe.
While the colors of stars has been studied by theoretical
physicists, showing the colors of stars on the dome is
still a subjective issue. The Sun from space, for
example, would appear to human eyes to be nearly
white, or perhaps even slightly pink (!); however, the

The last, crucial step in creating a demo is to take the
results to the dome and make adjustments.
Considering the colors of stars in particular,
idiosyncrasies of projection technology may require
adjustment from theoretical results. The integrity of the
demonstration can be maintained if the color
adjustments are done in a consistent manner. The
original real-time sequence distributed to the Digistar
Users Group did not use the literal color results of either
MIT or UNL, but a self-consistent adjustment.
Nonetheless, all color schemes were made available,
leaving individuals with the tools needed to present the
demonstration on their domes as they saw fit.
The full dome demonstration is currently in use in
several theaters and was presented by the author to
over 800 county fair goers in southern Utah in 2007.
There, the demonstration held audiences in rapt
attention and elicited many questions, which sparked
additional discussion about planets and stars.
While the immersive nature of digital systems seems to
have the advantages of more visual impact and the
ability to present more scientific information in a single
sequence, the bottom line is putting cosmic items in
perspective is within reach of any planetarian,
regardless of the technology found in the dome.
IPS 2008 Conference Proceedings ✯ 135

Strange Planets: An Interactive Program on NASA’s Kepler Mission
Toshikazu Komatsu
William K. Holt Planetarium
Lawrence Hall of Science
University of California
Berkeley, CA 94720-5200
U.S.A.
tkomatsu@berkeley.edu

In this paper, I will discuss the latest planetarium show from the Holt Planetarium at the
Lawrence Hall of Science, “Strange Planets.” Adapted from a program originally
developed at the Pacific Science Center, this show highlights the upcoming Kepler
Mission from NASA. In it, we discuss techniques to discover extrasolar planets, and in
particular, terrestrial-sized extrasolar planets. The Kepler Mission uses the transit
method of planet detection, and in the show we include various demonstrations and
activities to explain how this works. The main activity is to have the audience interpret a
light-curve and determine for themselves if they have discovered a terrestrial-sized
planet in the habitable zone. This is the very first show developed as a fully live and
interactive fulldome program at the Holt. We are using lessons learned from our
previously published show, “Our Very Own Star,” in the development of the show and its
activities. Funding for the show came from NASA’s Kepler Mission E/PO. It will become
part of the Planetarium Activities for Student Success (PASS) series.

[FIGURE 1. Strange Planets—A show on NASA’S
Kepler Mission.]

[FIGURE 2. PASS Volumes of published programs.]
Many of you may be familiar with the Holt
Planetarium at the Lawrence Hall of Science and the
type of programs we present. We have been
internationally recognized for being a leader in live,
interactive programs, which we have published in
our Planetarium Activites for Student Success
(PASS) series.
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be suitable for life. While these discoveries are
extremely exciting, we still have yet to find any truly
Earth-sized planets that might be suitable for life.

[FIGURE 3. Strange Planets—published jointly by
the Pacific Science Center and the Lawrence Hall of
Science, funded by NASA’s Kepler mission.]
Continuing in that tradition, I am proud to announce the
development of our latest planetarium show, “Strange
Planets.” This program has been adapted from a script
by Steven White, originally produced at the Pacific
Science Center in Seattle, Washington, and is funded
by NASA’s Kepler Mission E/PO. The newest twist in
our development process this time around is that the
Holt now has a digital fulldome system, and this will be
the first program we have developed as a fulldome
program.

[FIGURE 5. Kepler uses the transit method of
planetary discovery.]
NASA’s Kepler Mission, scheduled for launch in
February 2009, will instead be using the Transit Method
to find extrasolar planets. This will allow us to be able to
detect Earth-sized planets, since we will be able to
directly determine the radius of a planet by analyzing
the light curve. This will also allow us to directly
determine the period of the planet’s orbit. More
specifically, using Kepler’s Third Law of Planetary
Motion, we will be able to tell the size of a planet’s orbit,
and therefore if the planet is within the Habitable Zone
of its parent star. The habitable zone is defined as the
distance from a given star where liquid water is
expected to be able to exist on a planet’s surface. So,
we will be able to find Earth-sized planets where life
could actually exist!

[FIGURE 4. Planetary Discoveries.]
First I would like to give a little background on
the Kepler Mission itself. All of you are fully aware that
since the mid-1990s, we have been regularly
discovering planets around stars beyond our Solar
System. As of the writing of this paper, we have
discovered over 300 extrasolar planets. However, most
of these are very large—Jupiter or even more
massive—and tend to be very hot, orbiting very close to
their parent stars. These “hot Jupiters” are not likely to

[FIGURE 6. Kepler’s target area field of view.]
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This is a 3.5-year mission to observe one section of
the sky—staring unblinkingly at 100,000 stars
simultaneously looking for transits. We all got a preview
of what Kepler will be doing with the Transit of Venus in
2004. Kepler will be watching for the same phenomena
happening at other stars. It will be like looking at
100,000 streetlights all at once, and detecting the
miniscule dimming of those lights when a few flies pass
in front. The data we receive from this mission help us
figure out our place in the Galaxy—is a star system like
ours common, or are we rare? Even a negative result
from this mission will teach us something about the
possibility of life in our Galaxy.

[FIGURE 8. “Hot Jupiters” are big and close to their
stars.]
However, by the very nature of the detection method,
there is a bias to find the most massive planets and the
planets orbiting the closest to their parent star—hot
Jupiters. Also, the Spectroscopic Method only gives us
lower limit on the mass of the planet.

[FIGURE 7. Doppler Spectroscopic Method—
periodic red and blue shifting in a star’s spectrum.]
The exciting ramifications of this mission lay the
foundation for our newest show from the Lawrence Hall
of Science. In it, we start off with the Doppler
spectroscopic method, the technique that has allowed
the discovery of most of the hundreds of planets found
so far. By looking at the spectrum of a star,
astronomers like Geoff Marcy of UC Berkeley and
others have noticed periodic redshifting and
blueshifting—the tell-tale wobbling of a star due to a
planet’s gravitational influence—in the spectra of stars.
Through some demonstrations and discussion, we
convey the idea that big planets, like Jupiter, create a
big wobble in a star. And the closer a planet is, the
faster that wobble is.
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[FIGURE 9. Naked-eye stars with planets.]
Having discussed the idea of finding extrasolar
planets at all, we move on to finding a couple of nakedeye stars that have planets. First, we highlight Gamma
Cephei, since that is a star that is visible year-round in
the Northern Hemisphere. We also note Pollux in
Gemini, which is the brightest naked-eye star that has a
planet. Both of these stars systems however are only
known to have hot Jupiters—no Earth-like planets.
Now, using our own Solar System as a
reference and how our planets compare with the hot
Jupiters we have been finding over the last decade and
a half, we discuss through a series of questions what
makes Earth a good place for life to develop.

period, and thus be able to calculate the size of the
orbit. The exact location of a star’s habitable zone
depends on the size and temperature of the individual
star, but this again is relatively easily calculated, and so
we should be able to see quite easily if a newly
discovered planet is orbiting within a given star’s
habitable zone.

[FIGURE 10. Ingredients for life—water is key!]
A protective atmosphere. Abundant resources and
elements. Not too close to the Sun, nor too far. Most
important of all, we need liquid water. So, what we want
to find are Earth-like planets in Earth-like orbits—that is
small planets in the habitable zone of a star. But to
determine the size of an orbit, we need to establish and
use Kepler’s Laws.

[FIGURE 12. Orreries for transit modeling.]
To demonstrate these transits, we have an
orrery, with a model of the Kepler spacecraft pointed at
it—in fact just a light sensor we hook up to a laptop.
®
There is a LEGO version of the orrery on the Kepler
website. The model we are using here will be made part
of another educational kit. We use this orrery to create
a realtime light curve for the audience to see
quantitatively what happens to the light of a star when a
planet transits. We will show what a reduction in
brightness (like a hand, or a transiting planet) affects a
light curve.

[FIGURE 11. Kepler’s Laws of Planetary Motion.]
We just have a quick discussion of Kepler’s
Laws, first published 400 years ago, making them an
element of the upcoming International Year of
Astronomy. The first law, of course, says planetary
orbits are ellipses. We are however, careful to explain
that the orbits are, in fact, near circles, just not perfect
circles. The second law notes the variable speed of
planets as they orbit their stars—sweeping out equal
areas in equal times. This is, of course, a consequence
of gravity, although Kepler himself did not understand
this. And the third law, relating the period of a planet’s
orbit with the size of its orbit is the key for the Kepler
mission. Searching for transits among those 100,000
stars , Kepler will be able to directly observe a planet’s

[FIGURE 13. Light curve example 1.]
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the radius of the Earth—definitely too big and too close
to be in the habitable zone. But, if they can find a planet
roughly the size of the Earth and at roughly the same
orbital distance, then they have made one of the
greatest scientific discoveries ever—another possible
Earth!

[FIGURE 14. Light curve example 2.]
By varying the size of a planet, the audience can see
that a larger planet blocks more light; and by varying
the proximity of a planet to a star, they can see how the
period changes.
[FIGURE 16. Our Very Own Star.]
In a previous paper I presented at IPS 2006, I
discussed our new program at the time—Our Very Own
Star. The end result of that product was our very first
program where all of the show elements—images,
script, and more—were all made available digitally. We
even for the first time created narrated versions of show
sections, making them modular. This was to allow the
end user to create their own hybrid live/narrated show.
While we are currently not pursuing that model with
“Strange Planets,” we are still applying some lessons
we learned from the development process. It was the
first time I had worked extensively with digital images
and video, so there was definitely a learning curve
there, which is serving me well now.
[FIGURE 15. Simulated extrasolar planet light curves.]
After taking a look at a few realtime light curves,
we then give the audience four prepared, simulated
light curves to analyze. The job of the audience then is
to measure the period of a planet’s orbit, and also the
size of the dip in the light curve to determine the radius
of the planet. For simplicity, we assume a Sun-like star
or all of these curves. Now, since our audiences are
primarily elementary school children—this is targeted at
th
for 5 grade and up—we’re not expecting anyone to do
any calculations on the fly in the planetarium. What we
will be doing is creating a reference chart that converts
their measurements for them. So, if the audience
measures a period of 50 days and a change in
brightness of 0.90%, as in the case of chart A, they can
read off their conversion table to see that corresponds
to a planet a mere 0.27 AU from its star and 9.5 times
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[FIGURE 17 Holt is now using definiti & DigitalSky 2.]

As I said at the beginning, “Strange Planets” is
our very first show developed specifically for the digital
fulldome environment. We have, just this past March,
installed a dual defniti PD system from Sky-Skan, Inc.,
removing our venerable GOTO Mercury Projector, first
installed in 1973. So, now all our media must be digital.
While we have the full power of Sky-Skan’s
DigitalSky 2 software at our fingertips, we are still in the
process of learning all the features and potential. As
such, much of what we have done with this program is
still very much accessible to those with classic, or
traditional, (non-digital) domes. We will be using a
number of still images and a few animations—all of
which should still be able to be shown in a non-digital
theater. However, we will definitely be using features of
Digital Sky to, for example, fly above our Solar System
and view it from space when discussing Kepler’s Laws.
Also, the ability to place any image at any location is a
new luxury for us—previously we were limited to the
placement of our four slide projectors—and we are
enjoying that capability in this program, as well as our
other recently converted programs. However, we still
very much plan on continuing to present only live and
interactive shows. So in all likelihood we will be keeping
our programs relatively simple to keep them accessible
to those who have not yet made the leap to fulldome,

but still create a program that fulldome theaters could
make use of.

[FIGURE 18. Strange Planets debuts July 14, 2008.]
“Strange Planets” debuts on Monday, July 14 at
the Holt Planetarium at the Lawrence Hall of Science.
We will be running the show through the remainder of
the summer, and then we will be field-testing in the fall.
We will be sure to let everyone know our results.
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Real-time Digital Dome Rendering Techniques and Technologies
Robert Kooima*, Doug Roberts, Mark SubbaRao
Adler Planetarium & Astronomy Museum, United States
*University of Illinois at Chicago, United States

Multi-projector digital dome systems are becoming commonplace, but real-time software
to drive them is not. The majority of digital dome content is pre-rendered, and existing
real-time software is largely proprietary and expensive. Real-time visualization is a
valued goal as it enables a live planetarium show, an adaptive and interactive visitor
experience, and rapid content creation. Additionally, real-time systems reduce the cost
and complexity of back-end storage and distribution of pre-rendered video. Driving
planetarium domes in real-time is feasible today. The video game industry has driven
commodity graphics hardware capability to incredible heights at affordable prices, and
this trend will certainly continue for the foreseeable future. Complex visualizations once
possible only with off-line rendering can today be rendered at interactive rates. A
complete system to do so costs only a few thousand dollars using off-the-shelf
hardware. But the freely available software, knowledge, and experience to support this
hardware capacity has yet to catch up. In a continuing effort to exploit opportunities
enabled by powerful, new hardware, the staff of the Space Visualization Laboratory at the
Adler Planetarium and Astronomy Museum has installed an inexpensive cluster of offthe-shelf PCs in Adler’s full-dome theater. With this installation, we are working to
implement solutions to the general problems of real-time multi-projector digital dome
display, and to make them freely available, as Open Source software. We hope we can
encourage and assist others in the creation of new dome software and in the adaptation
of existing visualizations to dome display. Toward this end, we discuss techniques for
real-time dome rendering. We enumerate a number of solutions to its two major
challenges: spherical correction and edge blending. Noting the broad range of hardware
in use today, we review the evolution of technology that made each technique possible.
Background
To render a real-time application to a dome display, we
must quantify the dome’s configuration. We assume
one or more projectors filling the surface of the dome.
Each projector is connected to one of the video outputs
of a PC host, or cluster of hosts connected by a
network. Along with the dome radius, we require the
precise position and orientation of each projector
relative to the dome, as well as the field-of-view of
each. Finally, we need some knowledge of how the
projector images overlap and how they are to be
trimmed and blended with one another to obscure the
seams between them.
Real-time 3D Graphics
To make this discussion accessible, let’s review the
fundamentals of real-time 3D graphics. In its most basic
form, real-time 3D imagery consists of vertices
connected to form triangles, which are pixelated and
colored, as in Figure 1.
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Figure 1: Real-time 3D elements: vertices, triangles,
and pixels.
All real-time 3D graphics are composed of these few
basic building blocks. While some rendered objects—
stars, clouds, or galaxies—appear complex, these
vertices and triangles can always be found underlying
them.
The logical structure of a real-time graphics processing
unit (GPU) is shown in Figure 2. An application
enumerates vertices in 3D space. The Vertex
Processing stage computes lighting values and screen
positions for each. The Geometry Processing stage
connects these vertices into triangular geometric
primitives. The Primitive Rasterization stage breaks

each primitive into fragments (a.k.a pixels). Fragment
Processing combines each fragment with a 2D image
describing its color and texture. Finally, fragments are
written to the frame buffer in video RAM (VRAM) and
appear on-screen.
OpenGL
GPU functionality is exposed by an application
programming interface (API). OpenGL is the most
widely used of these. While its competitor, Microsoft’s
Direct3D, sees wider usage in PC and XBox-based
game development, OpenGL is the only cross-platform
graphics API available. Introduced in 1992, it sees
widespread use not only in gaming, but in CAD,
scientific visualization, and digital content creation
across Windows, Linux, and Mac OS X.

to serve as one of the three functional elements: vertex,
geometry, or fragment processing.
This capability has exposed incredible flexibility and has
initiated a fundamental shift in the design of real-time
3D algorithms. The programmable pipeline proves
especially useful in the realm of real-time dome
rendering, as it allows the computational load of
spherical correction and edge blending to be offloaded
from the CPU to the GPU.
Spherical Correction
Real-time rendering is fundamentally linear. Perspective
projection and rasterization assume that the display is
flat. A straight line connecting 2 points in 3D space is
rasterized as a straight line of pixels in the 2D frame
buffer.
Unfortunately, when projecting an image onto a curved
surface, this invariant is no longer guaranteed. A
straight line appears straight only when viewed from the
point of projection. In the most general case, both the
point of projection and the desired point of view may be
positioned anywhere in the dome. If one or both of
these do not lie at the center of the dome, then a
correction must be made.
The process of correcting a single point is relatively
intuitive. Imagine that the dome is positioned like a
camera within the scene to be rendered. See Figure 3.
With the view point at V, point A falls on the dome at I.
But when displayed by a projector positioned at P, a
point falling on the dome at I must instead be drawn at
B. The challenge lies in expressing this in terms of the
operations exposed by OpenGL.
There are a number of approaches to this problem,
each with different strengths and weaknesses. As with
all real-time graphics algorithms, these approaches
have evolved alongside the hardware that enabled
them.

Figure 2: The real-time 3D rendering pipeline.
The API specification is defined by the OpenGL
Architecture Review Board (ARB) Working Group. As
graphics hardware evolves, the ARB extends and
revises the API.
The most significant change seen in nearly 400
extensions, 9 major revisions, and 16 years since the
introduction of OpenGL has been the evolution from
fixed functionality toward programmable functionality.
Refer again to Figure 2. The vertex, geometry, and
fragment processing segments were once fixed
hardware operations. Today, the API represents these
as programmable units.
The OpenGL Shading Language (GLSL) is the ARB
standard language for GPU programming. It allows the
application developer to customize the action performed
by the hardware. Program code written in GLSL is
compiled by the video driver and uploaded to the GPU,

Figure 3: Spherical correction: given a projector at P, a
viewer at V, an object is moved from A to B.
Vertex correction
The simplest means of spherical correction happens on
the CPU. As the application submits each vertex to the
GPU, it pre-distorts its position as described above. The
application must cast a ray from the view point to the
scene vertex, and intersect the ray with the surface of
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the dome. It then determines where that intersection
point falls within the field of view of each projector, and
submits that point to the GPU for rendering.
This technique received a significant boost in 2001 with
the release of the NVIDIA GeForce 3, the first hardware
capable of programmable vertex processing. Vertex
programming allowed the correction to be performed by
the GPU, freeing the application to submit its geometry
normally, and even to preload static geometry into
VRAM. This author applied the technique to the pointbased display of fluid flows on an Elumens VisionDome
V4. A real-time motion-tracked view point and active
stereo projection led to a deeply immersive virtual
reality experience.
The flaw in this approach is that the correction is
performed only at the vertices. Edges connecting these
vertices are still linearly rasterized. So, this approach
works well when rendering points or finely tessellated
models, but fails for large triangles and long lines.
Primitive correction
Given spherically corrected vertices, further action can
be taken to account for the errors that occur during
rasterization.
If the edge connecting two vertices is distorted, then the
distortion will be greatest at the midpoint. Compute the
distance between this midpoint and the spherically
corrected midpoint. If the distance is large, then
subdivide the edge by cutting the triangular primitive in
half.
Recursively apply the same algorithm to the edges of
these sub-primitives, and halt when the magnitude of
the distortion is tolerable. The result will be a retessellation of the scene geometry, adapted to the
dome and view position.
This was the approach taken by Elumens’ SPI API in
2001. The SPI API intercepted all calls to the OpenGL
API and performed the adaptive subdivision
automatically. While it worked correctly, it performed
badly, as the quantity of geometry tended to explode
and overwhelm the GPU’s vertex capacity.
In 2006 this approach received new life with the release
of the NVIDIA GeForce 8800, the first hardware to
expose programmable geometry processing. This
allows the primitive subdivision process to be offloaded
to the GPU, again freeing the application to manage its
geometry normally and eliminating the performance
bottleneck.
Fragment correction
Common practice in dome rendering focuses on
fragment-level spherical correction techniques. These
approaches post-process the rendered image of the
scene. The output of the scene rendering pass is used
as the input to a spherical correction rendering pass. In
practice, this means that an output frame buffer must be
converted to an input texture.
Throughout the history of OpenGL there have been
multiple techniques to accomplish this conversion. Early
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applications simply copied the pixel data in the frame
buffer into the texture buffer. This approach suffered
from poor performance due to the data copy.
The solution to these performance woes would be the
ability to render directly into a texture map. The P-Buffer
and render-to-texture specifications provided this
capability in 2001, though differences between
windowing APIs precluded cross-platform compatibility.
After much deliberation, the OpenGL ARB finally
approved the frame buffer object specification in 2005,
which continues to provide an optimal, cross-platform
solution today.
Fixed-function Fragment Correction
The oldest and most common fragment-level spherical
correction method predates the availability of the
programmable pipeline. It relies only on the availability
of cube map textures, a mechanism approved by the
ARB in 1999 and widely supported by the hardware of
that day, including SGI’s high-end workstations and
NVIDIA’s consumer-grade GeForce 256.
A cube map texture consists of 6 square images
corresponding to the 6 faces of a unit cube centered at
the origin. While the pixels of a normal 2D texture are
indexed using a 2D position (u, v), the pixels of a cube
map are indexed using a 3D vector (x, y, z). This vector
is cast from the origin and strikes the cube on one of its
6 sides. The intersection gives a 2D reference into one
of the 6 images, which is then indexed normally.
If we logically embed the geometry of a dome within the
volume of such a cube, as in Figure 4, then the cube
map lookup mechanism begins to resemble the reverse
of the approach to spherical correction shown in Figure
3.

Figure 4: The surface of a dome embedded within a
cube map.
We begin by rendering the scene once for each side of
the cube. See Figure 5. The perspective projection for
each rendering is centered at the view point, and
encompasses the target cube face. Note that the view
point need not be at the center of the dome. An offset
view point merely entails the application of an off-axis
projection. Once rendered, the image of the scene is
moved from the output frame buffer to the cube map
texture buffer, as described above.

Finally, to generate the spherically correct on-screen
image for display by a given projector, we simply render
a mesh of triangles representing the curved geometry of
the dome itself, as seen from the perspective of that
projector. The 3D position of each vertex of the dome
gives the desired cube map texture look-up vector. The
resulting image appears correct from the defined view
point.

radius of the dome sphere. Given this 3D point, the
original scene rendering’s perspective projection is
applied in reverse, and the result is a 2D pixel reference
in the rendered scene image.
This approach is extremely close to optimal in
performance. Image quality depends only on the
potential sampling mismatch between off-screen and
on-screen fragments. Oversampling the off-screen
buffer hides most issues.
Edge Blending
Figure 6 (top) depicts two images, shown in cyan and
yellow, projected onto a dome. The area of overlap,
shown in green, receives illumination from both
projectors, and will appear doubly bright. In order to
present images of uniform brightness across the entire
surface of the dome, care must be taken to obscure this
discontinuity between projected images. We must be
aware of the area of overlap, trim each projected image,
and blend from one image to the next, as in Figure 6
(bottom). The means for doing this follow from the
mechanism chosen to perform the spherical correction.

Figure 5: Five sides of a cube map showing Adler’s
Mars Transporter Exhibit. The dimmed areas fall
outside of the dome view.
Programmable Fragment Correction
While the cube-map-based fixed-function approach
works well, it does require multiple scene rendering
passes to fill multiple sides of the cube map. An optimal
implementation renders only those cube map sides that
are visible to a given projector, but this can still entail as
many as 3 passes over the scene. Also, the correction
is performed for each vertex of the dome mesh and the
result is linearly interpolated during rasterization. While
this error is independent of scene complexity, a lowresolution mesh can produce divergence on the scale of
multiple pixels.
Given fragment programming capability, the texture
look-up may be handled more delicately. A single 2D
texture per projector will suffice in all cases, and the
correction may be performed per-fragment rather than
per-vertex. Such hardware has been available since
2003, and includes the NVIDIA GeForce FX and ATI
Radeon 9000 series.
For a given projector, the scene is rendered once using
a perspective projection centered at the view point, and
encompassing the section of the dome visible to that
projector. To distort this image for dome display, a
single screen-filling rectangle is drawn. The fragment
program treats this rectangle as a set of rays cast
through all on-screen pixels. The intersection of each
ray with the dome is computed given the position and

Figure 6: A pair of overlapping projections (top) properly
trimmed and blended (bottom).
The fixed-function cube map method renders to the
screen using a polygonal mesh representing the
geometry of the dome. Under these circumstances, we
may simply subdivide the dome mesh along projector
edges. The material properties of the mesh geometry
may be specified such that the cube map texture is
modulated to fade to black, as in Figure 7 (left).
Alternatively, a screen-filling image mask texture may
be used to modulate the cube map image, as in Figure
7 (right). This approach has the advantage of per-pixel
control over trimming and brightness, and may also be
applied to vertex and primitive-based spherical
correction methods. However, both of these blending
approaches require relatively static masks, and can be
difficult to tune interactively.
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The fragment program spherical correction approach
allows masking and blending to be generated
procedurally. The 3D dome surface position of each
fragment gives the spherical position (θ, Φ). With these,
the image may be modulated by an arbitrary function
over θ and Φ, usually a smoothed step function. The
blends may have any gradient, and the parameters of
the gradient function may be tuned interactively.

Figure 7: Blended dome mesh (left) and blending image
mask (right)
.
Conclusion
The problems of real-time dome rendering are not
insurmountable, as evidenced by the variety of
solutions enumerated here. Each of these has a
straightforward implementation, using mechanisms that
port easily between Windows, Mac OS X, Linux, and
others. The range of applicable algorithms allows for an
optimal solution to be selected for any application type
or hardware platform. Most any OpenGL programmer
should be capable of producing a working
implementation given access to only a few hundred
dollars in graphics hardware.
A vast array of real-time visualization tools are already
freely available for a wide variety of display types. We
hope that the rapid decrease in the cost of domecapable hardware will result in a proliferation of domeready real-time software.
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Photographic Fulldome Video - Why it is not IMAX and why we need it
Ways of presenting photographic content on a dome screen
Tom Kwasnitschka, allsky.de
allsky.de - T. Kwasnitschka, W. Ermgassen u. Ges. GbR
Goethestr. 12, 24116 Kiel, Germany
Kwasnitschka@allsky.de

With the maturing of new high resolution imaging technologies, live capture and time
lapse techniques become increasingly attractive for the dome environment. The
budgeting, production workflow and audience acceptance differ from the traditional
computer generated fulldome content but the gain in impact on the audience makes this
approach very rewarding. This talk discusses some challenges and benefits of allsky still
photography, time lapse as well as real time live capture techniques.
Introduction
Ever since the introduction of slide projectors, the
planetarium profession has relied on photographic
media ranging from holiday shots to multi projector
allsky projection and video clips. With the advent of
fulldome video, there has been an overwhelming
dominance of computer generated imagery, defining the
look of cutting edge planetarium shows for almost a
decade. Today, photographic techniques for the digital
dome are coming of age, and a number of big
productions have already incorporated live captured
elements.
Challenges of rendered and photographic content
Computer generated (CG) content has big advantages
illustrating all topics which cannot be resolved on a
scale of the human senses, e.g. almost all astronomical
phenomena.
CG imagery allows perfect freedom of resolution,
duration and camera movement within the scenes. One
also can adjust the exposure and lighting and therefore
accommodate deficits of the individual projection
systems. The biggest yet often overseen drawback is
the unreal simplistic look of rendered content compared
to photographic media.

systems form a bottleneck in terms of resolution, image
quality and homogeneity of multi projector setups. The
average audience tends to compare photographic
content to movies or large format film, not appreciating
the technological differences or the huge jump in
budget.
Yet a clear advantage of photographic content is that it
usually is in accordance with the viewing expectations
of the audience, since the impression of a photographic
movie directly competes with the everyday experience
of the real world. On the technical side, scenes
automatically become more detailed than even in the
most elaborately modeled animations. This may result
in a direct identification of the viewer with the content,
leading to a very strong learning experience.
A challenge is posed by the combination of both kinds
of content. A blend has to be achieved in terms of
image quality and resolution, the change between “real”
and “virtual” look as well as the break between moving
and still content in the case of allskies. Below follow
some case studies of different imaging techniques
along with some empirical remarks to their use.

Talking about photographic content for the fulldome
medium, one has to consider not only the
postproduction but also the extensive field work.
It may be even more expensive than CGI, as the
capture hardware is high end technology and often not
designed for outdoor use. Travel expenses quickly
amount with bad conditions on site. The film set is
difficult to handle as there is no way for the film logistics
to be hidden behind the camera. Returning from the
field, the postproduction can be comparable to or even
more extensive than rendered content when retouching
imperfections. The control over exposure and lighting is
not as ideal as in CG imagery due to the physical
limitation of capturing devices. Finally, the projection
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on the dome. An alternative is offered by the use of
6mm optics which increases the fov to 220° at the
sacrifice of resolution. If this is not acceptable or if there
is a demand for particularly high resolution there is an
option to use a shifted 8mm lens which results in a
truncated image format similar to an OMNIMAX image.
Although by this method there is no complete coverage
of the entire circle of a standard dome master, it offers
the optimum use of an imaging sensor for a
unidirectional or even tilted dome architecture.

Fig. 1 A typical allsky image
Still photography: Allskies
Allskies are panoramic images mapped to a polar
format (fig.1). The study of these still images already
yields most of the rules for successful image
composition. Generally, the special requirements of the
dome as a curved projection surface result in some
important rules to be followed already in the field.
At the beginning stand some geometrical observations.
The most common coordinate system used in dome
production, the polar dome master format, becomes
important while the photographer is still in the field.
Looking through a fisheye lens, the distance of an
object to the camera greatly affects the angular height
of the object in the polar image between the horizon
and the zenith. To be clearly visible on the dome, a
feature must be rather close to the lens because
otherwise it is diminished to a spot along the horizon.
On the other hand, features too close to the camera are
not only vertically exaggerated but also distorted
depending on the individual viewing position in the
dome. The actual rise of an object above the ground
translates to an angular elevation above the spring line.
In a successful image composition, the upper limit of
that object should be 30-40° below the zenith unless the
feature spans all the way across the dome, like i.e. an
arch.
Another important issue is the choice of field of view
that can range from framed images to fully spherical
images. Using a fisheye lens, there are a number of
options which depend on the architecture of the dome
to play back the content. The design of tilted domes or
domes truncated to 160° generally favors the use of an
8mm, 180° field of view (fov) lens, either because the
camera needs to be tilted anyway to mimic the dome
orientation, or because a wider field of view would lead
to unacceptable geometric compression of the image
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This leads to some concepts of dome geometry and
architecture. Dome tilt and seating are the central
aspects and translate into camera setup requirements
in the field. For any producer, the goal should be to
cover a wide range of architectural setups with a single
shot which can lead to compromises such as
remapping the image geometry or sacrificing resolution
by cropping the image.
Tilted domes usually favor a tilted, unidirectional image
composition much like a traditional movie setup. In this
approach, many parallels to the IMAX and much more
to the OMNIMAX filming techniques cannot be denied.
Perhaps the most important difference could be claimed
in the use of a true full circle fisheye lens in fulldome
live capture as opposed to the lenses of IMAX which
use much longer focal lengths, thus not delivering such
a wide immersive field of view.
Flat domes are somewhat different in that they can be
regarded as a 360° panoramic projection that happens
to cover the zenith as well. This means there is a true
left and right viewing direction and, most important,
back facing action.
During the course of a sequence for such a medium,
attention of the audience has to be lead in accordance
to the concepts of human head motion: A scene can
contain multiple points of interest in different quadrants
which split, merge and intersect. Guidance of the view
by playing with shadow and highlight is highly effective
in this respect.
The moving image: Live capture
Fulldome filmmakers face the dilemma of frame rate vs.
resolution vs. angle of view: none of the existing
capture devices fully satisfy the demands in all three
fields. The choice between technologies condenses
down to a decision of time lapse or real time.

illustrates technical
advantages.

Fig. 2 The 6mm fisheye on a digital medium format
camera
Some general questions arise due to the difference
between still and moving photography: How long should
a fulldome sequence be, how long does the audience
need to orient? How quick should movement on screen
be, and in how far is the frame rate a function of this?
How to lead a point of interest across a scene using
moving objects? Naturally, the discussion borrows
ideas from the established film industry. During the
following discussion we look at some concepts for
capture devices developed at allsky.de. All of them use
a single lens, single capture device approach.
Time lapse capture
Technical questions determine the choice of equipment:
The exposure should be controlled manually with an
option for automatic control. The bit depth of the images
is a way to achieve greater dynamic range, but it has
great influence on the post production and the
infrastructure in terms of disk space and render time.
The capture rates vary with the motive and the time
interval. Examples of cloud motion introduce the use of
time lapse on the dome.
Time lapse photography is the art of modeling the
interference of a given rhythm with surrounding events,
and can be subdivided into three cases: Interference
with cyclic events offers the possibility to simulate real
time capture. Interference with chaotic events depends
on the amplitude of the change in the scene. The
biggest problems are caused by linear events like cars
moving along a street, where fast capture rates are
almost inevitable.
The solution used at allsky.de involved a 6mm lens
connected to a digital medium format camera (fig. 2). A
report from the field together with dome examples

and

logistical

problems

and

Fig. 3 The RED One and 6mm lens in China
Real time capture:
Of all photographic techniques, real time capture has
the least limitations regarding choice of motive and
image composition. A movie camera requires the
greatest infrastructure and leaves the least space on
location since the camera ideally is in motion and not
stationary. A great challenge is the change of geometry
along camera motion which has to be taken into
account.
allsky.de first opted for an analog 35mm format using a
6mm lens. The material was subsequently scanned for
digital postproduction. After initial testing of this
workflow, it was found to be too inflexible and cost
intensive. We acquired a RED One digital cinema
camera (fig. 3) which records an image of 2300x4500
pixels, or, a 2.3k dome master (fig. 4). After devising a
number of relays and adaptors, we now have the
possibility to use full circle 6mm and 8mm fisheye optics
with his camera, along with the option to use truncated
8mm optics covering half the dome with a 4k resolution
dome master.
Along with the possibility to record high definition audio
on four channels, the RED camera is easy to handle
and for the first time offers the possibility to produce
high quality live action footage for small to medium
sized domes with a crew of only one or two. The most
outstanding aspect of live capture is the possibility to
include a narrator in the scene who is substituting for an
actual everyday show presenter who may not always be
available in many planetarium business models.
Including the narrating character into the film also
means there is quality control over every show that is
run while at the same time the audience can bond even
better with the content displayed as it is set into context
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to a human being as opposed to the ‘voice of God’
concept.

Fig. 2 Test frame from RED One with 6mm fisheye
C: Thoughts for the future
In a nutshell, live capture is a great tool to enhance the
emotional presence of the audience when trying to
convey a topic the patrons could experience with their
own senses.
As examples of the use of photographic fulldome live
capture grow in numbers, the acceptance may rise as
was the case with digital animations. There is a need to
create an awareness for the difference to the giant
screen formats so audiences will recognize the (live
captured) fulldome format as an experience in its own
right, even though it may much more often be referred
to as a "film" or a "movie" than usual planetarium
productions. The development of an open media
standard and of hardware for capturing will be crucial to
the success of the medium, and the fulldome
community should be convinced to trigger the technical
development towards such tools.
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2008: A Space Science Standard Odyssey with Apologies to Sir Arthur C.
Clarke
Laurel Ladwig
Planetarium Manager
New Mexico Museum of Natural History Foundation
1801 Mountain Road NW
Albuquerque, NM 87104
505.841.5956
laurel@naturalhistoryfoundation.org

Due to No Child Left Behind and smaller school budgets, teachers are now faced with the
growing challenge of procuring approval and funds for field trips. Because we focus on
teaching science standards in every planetarium show, teachers can easily justify the
educational value of a planetarium visit. We have developed show segments that utilize
the planetarium's immersive environment to illustrate some of the most challenging
space science concepts. With a special set of DigitalSky button sequences, our
presenters are able to customize a show according to the grade level of the school
group, either with or without advance notice. We are creating scripts and presenters
guides for each grade level so that new employees who may not have education or
astronomy backgrounds can learn to give effective shows rapidly. The show outlines
and button sets provide a framework for exploring more advanced astronomical topics
and utilizing the extraordinary capabilities of today's digital star projection systems. This
presentation focuses on the challenges and successes of our live educational show
format.

The Foundation of the New Mexico Museum of Natural
History took over the planetarium from the University of
New Mexico on July 1st, 2007. This past year our staff
have been working to enhance our astronomy
education offerings for the people of New Mexico. Our
focus this past year has been integrating New Mexico's
state space science standards into our school shows
and tailoring each show to the grade levels present in
the audience. Our goal is to present quality live
presentations each day. Turning shows on the hour, we
offer two or three full star shows each day and three
pre-recorded presentations that are introduced with a
live star talk of equal length. With no transfer period
last July, starting with experienced staff was essential.
We are currently developing a training program for the
day when former staff members quit knocking on the
door!
Many of the simple state standards are met in all our
planetarium shows, but with our new digital tools we
can illustrate the most difficult standards in new ways.
In addition to the engaging immersive environment,
today's digital planetarium has major advantages when
it comes to teaching space science standards. The

most difficult concepts to grasp from a picture in a book
are what the planetarium illustrates the best. Adding to
the traditional planetarium's ability to manipulate time
and space to recreate an Earth-centered experience
when demonstrating astronomical time cycles (e.g. the
Moon phases, seasons and dance of the planets), we
can now watch those same cycles from different points
in space and can put the pictures found in astronomy
books in motion.
Addressing scale is another challenge for school
science books. Having a full model of the universe to
explore makes addressing scale a whole new
experience as we can now take a slow journey out to
the edge of the universe for a powers of ten experience
with all the fractional exponents
We can also put beautiful astronomical pictures into
context by tying pictures to their locations in space
along with pictures of the instruments that captured the
image. Showing the sky and objects in different
wavelengths and how we collect the light and why the
different wavelengths can show different parts of the

IPS 2008 Conference Proceedings ✯ 151

universe provides an excellent basis for understanding
the electromagnetic spectrum.
One powerful application of the 3D model of the solar
system is to show the parallels between the structure of
the Jupiter system and the solar system - with regular /
irregularly orbiting objects and dense moons / planets
clustered toward the center of the system and gaseous
and icy ones in the outer reaches of the system.
Many of the same visuals can be used for different
grade levels. The astronomical cycles we observe and
experience on Earth are first presented on a very basic
level in early elementary school and then revisited in
both middle and high school. One Moon phase effect
we created involves sitting above the Earth/Moon
system, scaling the objects to many times their actual
size and annotating the position of the moon phases.
By moving through one month we can illustrate just the
Moon shadow and position relationship, but because
the moon phase labels move to match the subtle
change of the Earth's position around the Sun, we can
also show the difference between the sidereal and
synodic month for the high school and college students.
This past year has been spent creating combinations of
imagery that tell the story for the visual learners in the
crowd. Now that the visual content is so much better
and easy to create, the challenge is to get the words
just right! All our presenters have young children in
their lives and are good at communicating with them, so
we draw on that strength and have begun the process
of reviewing our shows and scripts with groups of
teachers to get feedback. To reach a wider audience
we have begun to annotate our shows in Spanish for
bilingual groups. We offer some of our seasonal
evening programs in Spanish, but don't currently have a
fluent staff member on staff for daily shows. This
autumn, we'll be working with an ESL (English as a
Second Language) teacher from the local public system
and recording some of our shows in Spanish. We are
also putting together pre and post-visit activities for
teachers to use in conjunction with their planetarium
visit. In a single show, we can create the experiences
that would require lots of time and careful observation
to learn in the real world. When the students actually
observe it in the real world during post-visit observing
activities, it is a powerful combination.
Presenter resources and training
Initially, we created a quick reference guide for our
presenters with the buttons and effects that relate to
each standard for each grade level and a page of
DigitalSky scripts with one column devoted to each
grade level. We are currently creating a presenter
guide with detailed descriptions of each DigitalSky
button and effect that is related to New Mexico's space
science standards and including talking points and mini152 ✯ IPS 2008 Conference Proceedings

scripts that teach the standard effectively. As this is a
collaborative effort involving the entire staff, we use
Google Docs so that the everyone has access and
editing capability for all our documents. This guide will
be the core reference for our presenter training
program.
For our 3rd grade pilot program we created a show with
all the associated DigitalSky buttons and a full script.
We are working with a group of teachers to get
feedback about
the
show
content
and
are
working to develop pre and post visit activities to
complement the show. While it will be presented
primarily as a live show, we will be recording each
section of the show that focuses on standards in
English and Spanish this fall. This will be presented
with a live star show introduction as backup option in
case a qualified presenter is not available and also for
training new presenters.
Our partnership with the University of New Mexico
remains. We continue to host a section of Astronomy
101 in the dome during the Fall and Spring semesters.
Operating the dome during Astro 101 classes is
excellent review and/or continuing education for our
presenters. We are working with Dr. John McGraw at
UNM to fully illustrate Astronomy 101. In years past, the
professor gave his slide or PowerPoint presentation on
the dome and we illustrated some of the concepts at the
end of class. Now we are using DigitalSky's sweet spot
maneuverability to position imagery above and around
the professor's powerpoint presentation in addition to
the fulldome parts of the class / show to make the
whole class a more immersive experience. Since the
first weeks of Astronomy 101 review the science
standards at a higher level, the imagery we create for
the class is useful for our school groups as well. In
addition, the employees who operate the theater for the
classes receive good continuing education.
The challenge - making ends meet!
Highly trained and experienced staff members are more
expensive than ushers pushing buttons, so having
enough experienced staff to maintain a live component
to all our shows while breaking even financially was our
challenge this year. To make this live-show centered
presentation schedule possible we had to make
adjustments to our schedule. We concentrated the
show schedule to offer presentations only at the times
that historically had the most attendance. To better
serve school groups, in addition to our 5 public shows
per day, 7 days per week, we have an option for a 6th
show available at either end of the day only by
reservation.

This year we relied on evening events with online ticket
sales to make the money to fund our educational
programs. We've continued the popular First Friday
Fractals program with sold out shows each month. Our
Starry Nights program with a 20 minute live star show
followed by observing and astronomy activities has
been more successful than ever before, filling 5 shows
per night. We divided our Starry Nights programming
into Family Nights and Date Nights. For the Family
Nights we added more food and fun to the educational
activities. For the Date Nights we kept the show and
observing, but replaced the science activities with
music, hors d'oeuvres, and a cash bar.
We have received many comments from visitors over
the years who enjoy Starry Nights but also want more
hard science. With our Starry Nights programs, we
focus on the science that has higher entertainment
value and visual appeal, and keep it at a very
accessible level. We have added more of the hard
science that many people want, but there is a limit to
how much will fit in a show that also covers the basics
for the general public. The solution that we found this
year was to collaborate with UNM to fill the hard
science niche by inviting visiting colloquium speakers
from the Physics and Astronomy Department to do
evening lectures. To complement the lecture, we add a
10 minute razzle dazzle star show and, weather
permitting, have observing in our observatory and with
other scopes on our deck.
Teaching the space science standards to every class
that comes to our dome is an odyssey we have just
begun. We continue to develop our programs and to
utilize our digital planetarium more fully each day. Our
goal is to have the high school senior classes of 2020
and beyond walk into Astronomy 101 already knowing
all but the astrophysics.
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Professional Development for Planetarium Staff:
wanted? (Panel)

Is it needed?

What is

Landsberg, R.H.1,2, Ratcliffe, M.3, Murray, M.4
1 (University of Chicago, Department of Astronomy and Astrophysics, 5640 S. Ellis Ave., Chicago, IL 60637) 2
th
(Kavli Institute of Cosmological Physics, 933 E. 56 St., Chicago, IL 60637) 3(Sky-Skan, Inc., 51 Lake St, Nashua,
NH 03060) 4 (Clark Planetarium, Salt Lake City, Utah)
E-mail: randy@oddjob.uchicago.edu

This panel seeks to create a dialog that will explore the need for and the nature of
professional development for planetarium staff. Astronomical data is being amassed at
amazing rates and being made easily accessible. Planetarium technology is advancing:
digital, interactive, 2D & even stereo 3D projection systems. Our understanding of the
Universe is rapidly advancing in many ways (e.g., CMB, early universe, exo-planets, etc.).
How can the planetarium community keep up with these changes and bring exciting
discoveries into our domes? The panel will begin with a summary of the dual drivers for
professional development: 1) tremendous scientific advances (e.g., beyond stars and
constellations) and 2) technological advances. We will review two case studies of
professional development: the KICP Cosmology Short Courses and digital flight schools.
The ensuing discussion will explore what is wanted and why it is wanted, from the
perspectives of astronomers, planetarium staff, planetarium vendors and funding
agencies.
Changing Planetarium Technology
The last decade has experienced an accelerating
growth of digital planetariums. Switching to a digital
planetarium involves changes in both technology and
content. Such change represents a significant cultural
change, not only in the profession, but also offering the
exciting opportunity for important cultural change in
audience experience. Why is this so?
An Earth-Centered View: A Thousand Points of
Light
For thousands of years, the sky has appeared as a
dome over our heads: the familiar celestial sphere.
During the 20th century available technology enabled
audiences to experience the sky through the superb
opto-mechanical star projectors. At the same time star
projectors were invented, astronomical research (by E.
Hubble in particular) was revealing the true nature and
enormous scale of our universe. The ancient and
overriding impression of a celestial sphere,
subconsciously reinforced by star projectors in
planetariums, was being overtaken by new knowledge
of a very large, three dimensional, dynamic universe,
filled with galaxies. Planetariums were incapable of
seamlessly conveying this modern and compelling
aspect of astronomy.
The astronomers themselves pursued their research,
and planetariums remained experts in a purely twodimensional and Earth-bound view of the universe.
While this didn’t limit the drama and excitement of a
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good story, and allowed millions of people to be
inspired by majestic views of the night sky, at its most
fundamental level the planetarium illustrated the ancient
cultural perspective of the night sky.
Changing Science: Astronomy, Astrophysics &
Cosmology
Astronomical research is advancing rapidly, probing
new parts of the universe, observing greater expanses
with better resolution, in multiple wavelengths, and to
greater depths (i.e., further back in time/redshift (z)).
These advances are changing humanity’s view of the
universe.
Even the very culture of how astronomy was done
shifted from single lone observers to very large teams
of scientists generating massive amounts of data, much
of it available to all on-line.
In the first decade of the 21st century, the fruits of these
observations, especially in the form of new large
uniform surveys with large data sets such as the Sloan
Digital Sky Survey (SDSS) and WMAP, began to
appear. SDSS alone mapped a quarter of the sky
including 200 million celestial objects with spectra of
over a million galaxies and quasars. These new
observations transformed our ability to show the
universe and its large-scale 3D structure.

digital projection. Resolution and cost were initially
limiting factors, but this technology made it possible to
take audiences off the Earth and reveal the true nature,
scale and splendor of the universe in seamless motion,
and reveal our place in it.
Digital projection is inherently much more versatile than
opto-mechanical projection. A digital system allows one
to dynamically display images – moving and still regardless of scale, perspective, color, or source:
whether observation, analysis, or simulation. Modern
astronomical databases can be imported, and the
newest discoveries can be explored. Planetariums are
no longer confined to points of light and still images,
and can take audiences to the edge of the visible
universe, traveling back in space and time. We can now
immerse audiences in actual three-dimensional maps of
the universe.

We are the first generation to see the universe on such
majestic scales, in so many frequencies from the radio
to gamma ray, and from so many vantage points other
than from Earth. This new data not only provided a new
view of the universe, but it radically changed our
understanding of its very nature.
Recent scientific highlights include: evidence for a black
hole at the center of the Milky Way, extra-solar planets,
anisotropy of ultra high energy cosmic rays, Dark
Energy, and the size, age, fate, and composition of the
Universe to high precision.
It’s Not Your Father’s Galaxy Anymore.
Much of this is new science, possibly within the last
decade. It’s new science to everyone including the
researchers making the discoveries. It is certainly new
to planetarians who may have completed their studies
more than a decade ago.
For example, most planetarians grew up knowing the
Milky Way as a standard spiral galaxy with little going
on. Today SDSS and the Spitzer Space Telescope
have revealed that we live in a dynamic barred spiral
galaxy with streams of stars passing through the
galactic disk, which is evidence of multiple collisions of
dwarf galaxies with the Milky Way.
Astronomy is changing very rapidly and by the 1990’s,
there was a widening gap between the big compelling
visual stories of modern astronomy and what was
presented in domes.
A New View of the Universe
The capabilities of planetariums began to radically
change in the late 1990’s with the advent of full dome

Conveying the 3D nature and scale of Earth, solar
system, galaxy, and clusters of galaxies is a new and
compelling visual experience that is as powerful and
visceral as the first images of Earth from the Moon
taken by Apollo 8. It changes the audience emotionally,
and engages them in the big story of cosmology, of the
origin and evolution of the universe. Audiences can
learn something that cannot be spoken; they internalize
the sensation of Earth’s place in the cosmos.
The Next Decade of Discovery
Surveys like SDSS are, however, the tip of the iceberg
compared to what is coming in the next decade. For
example, the Large Synoptic Survey Telescope (LSST)
will produce the equivalent of the five-year Sloan survey
every NIGHT (30 Terabytes of data), for TEN years.
Every three nights, the entire northern and a large part
of the southern hemisphere will be recorded to below
25th magnitude. Every object that moves or varies in the
sky will be recorded.
The entire database will be accessible to the general
public through the LSST partner, Google. Anyone with
access to the internet will be able to create their own
time-lapse movies of the universe. LSST is just one
example of the many ground and space based efforts
planned.
How will this affect how astronomy is done? How will
planetariums react to these monumental changes?
These are significant questions that should be
discussed, and planetarians should be deeply engaged
in the debate. We believe the planetarians role remains
one of conveying understanding of what is being
discovered. Moreover, there are mysteries that could be
solved in the next decade, mysteries that are difficult to
convey to audiences, but represent the most exciting
parts of astronomy today.
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The modern planetarium is a tool well suited to
conveying both the excitement and the mystery of
current research to the public, allowing people to
experience a sense of wonder about the universe. The
next ten years are going to be a thrilling time of
discovery. Now is a time when planetarians can tell the
stories of current and future mysteries. As Professor
Mike Turner (University of Chicago/ KICP) responded
when asked what he sees as the role of the planetarium
in the next decade, “Your job is to prepare the audience
for the solving of these mysteries, because some of
them will be solved in the next ten years.” Closely linked
to the goal of sharing research progress with the public
is the ongoing trend of astronomers collaborating with
planetariums.
Astronomers Return to the Dome
In the past, research astronomers rarely used their real
data inside a planetarium because the environment of
an Earth-based view of the night sky augmented by still
images was too limiting. Full dome digital projection
has changed that. Astronomers are now returning to
planetariums to tell the stories of their science. Digital
planetarium technology makes it possible to depict ongoing research in visually appealing ways that engage
audiences.
Astronomers around the world have begun to recognize
the value of the planetarium dome as a forum to
visualize their data and convey their science to the
public. In many cases the researchers are collaborating
directly with planetariums and content providers to port
the data into the dome and to determine how to best
use it: narrative, flight paths, and even how to visualize
it.
These data have appeared as navigable 3D
environments, as real time interactives, and as full
dome movies and animations.
In Chicago, many KICP researchers have experimented
with data in a full dome environment, primarily in
collaboration with the Adler Planetarium and Astronomy
Museum and Sky-Skan, Inc. The seminal example is
the SDSS data set, literally a three dimensional map of
a good fragment of the universe which Josh Frieman
has narrated interactive flights through on a number of
occasions, notably for the New Views of the Universe
workshop and the Festival of Maps.
Other research data that KICP displayed in a dome
include the WMAP full sky map of the Cosmic
Microwave Background, Dark Matter Large Scale
Structure evolution simulations by Andrey Kravtsov and
Nick Gnedin, and Ultra High Energy Cosmic Ray
Showers (UHECRs) as seen by the Pierre Auger
Observatory.
Andrew Hamilton, in collaboration with NOVA and the
Denver Museum of Natural History, developed an
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interactive Black Hole Flight Simulator that calculates
the full Special Relativity equations and then visualizes
them in real time on a dome.
‘Imiloa Science Center in Hilo, Hawaii is exploring data
from Gemini and Subaru Observatories, and the Joint
Astronomy Center, whose offices are located across the
street, in full dome Stereo 3D. In particular the CFHT’s
Deep Field survey and Dr. Brent Tully’s (University of
Hawaii), distribution of galaxies within 300 million light
years of the Milky Way.
The Hayden Planetarium at the American Museum of
Natural History in New York is working with numerous
researchers on a Digital Universe project that links
together many data sets of different sizes and scales.
This is far from a complete list. Expect many more
planetarium researcher collaborations in the future.
A Planetarium Shows Stars…but wait, there’s
more…
This influx of new data can help to change the
expectation of audiences to see “only stars,”
magnificent as a dark night sky is. The celestial objects
visible to the naked eye lie within about 2,000 light
years of Earth. This is a shallow view of an observable
universe that is 13.7 billion light years deep. Data now
exists in digital planetarium systems allowing audiences
to travel from Earth back in time and space to the infant
universe (CMB), a snapshot of the universe at age
380,000 years old.
Such enormous timescales (billions of years) and an
ability to view the universe from the present to its
infancy, could become as essential a part of the
planetarium experience as viewing the night sky.
Experiencing such large scales of time and space may
fundamentally change audiences understanding our
place in the universe. Today, many visuals now exist
that can help tell this story of the nature and evolution of
the universe, a.k.a. cosmology.
Cosmology as an Experience
We have at our fingertips the technology and science to
bring the story of the evolution and origin of the
universe VISUALLY to our audiences for the first time,
using real data. We are the first generation to be able to
do this as well. It is hard not to overemphasize the
importance of this step in the education of the public at
large. The cosmological story told through visuals built
into every digital planetarium system could become as
ubiquitous as the night sky itself.
Next we review two case studies of planetarium
professional development. The first discusses the work
by the KICP in bringing astrophysicists and their
research into direct contact with planetarians. The

second reviews training of staff in digital planetarium
programming, and discusses ways to engage
astronomers in the process.
Professional Development for Planetarium Staff Case Study 1: KICP Cosmology Short Courses
One effort amimed squarly at enabling planetariums to
exhibit cosmology content is the Kavli Institute for
Cosmological Physics (KICP) short courses for
museum
and
planetarium
staff.
(see
http://kicp.uchicago.edu/education/courses)

with the planetarium community to ensure that they are
appropriate and useful. They are mix of lectures,
hands-on laboratory activities, and special tours (e.g. of
research labs and Adler Planetarium & Astronomy
Museum)
with
abundant
time
dedicated
to
discussion/question and answer sessions.
Post course support includes take home resources
(e.g., all presentations and key visuals in electronic
format), follow-up sessions at meetings such as the
Great Lakes Planetarium Association (GLPA) (e.g.,
Frieman 2006, Pryke 2006, & Huterer et al. 2006), and
individualized consulting and advice for participants with
questions and programming in development.
These cosmology courses have been incredibly well
received and resulted in new programming that has
been seen by hundreds of thousands of visitors and
students.

These intensive short courses for informal educators
(a.k.a. professional development) taught by active
researchers offer an effective means to connect the
public with emerging science topics. They offer a
unique mechanism for bridging the gap between current
research and the general public and overcoming the
challenge of integrating complex forefront science
(which is not yet found in text books) into informal
educational settings. Researchers provide the Big
Picture, knowledge of what is and isn’t significant,
intellectual frameworks, answers to questions that arise,
and resources. Informal educators can translate this
new knowledge into content that is interesting and
appropriate for the public and their institution, taking
into account public tastes, misconceptions, pitfalls, and
their local environment.
Since 2003, the Kavli Institute for Cosmological Physics
(KICP) at the University of Chicago has offered
cosmology short courses for museum & planetarium
staff. The goal of these three-day courses is to help
planetarians incorporate modern cosmology into their
programming and to ultimately reach the general public.
These courses are designed to provide a basic
framework for understanding current cosmology as well
as tools and resources for transforming this content into
appropriate materials for planetarium programming
(e.g., animations and visualizations of data sets).
Although fundamentally academic, concentrated and
intense, these courses were developed in collaboration

Preparation: Needs Assessment, Partners, and
Logic
The development of this new form of professional
development was not undertaken in a vacuum. As a
precursor, a three-day short course for college faculty
was presented; its success served as a proof of
concept for intensive cosmology courses. Development
took place over a year in collaboration with the
planetarium community, primarily the GLPA, and
involved a multi-pronged needs assessment. The
assessment included a paper on the issue of current
cosmological research in planetariums presented at the
2002 GLPA meeting (Landsberg 2002), a survey of the
GLPA
executive
committee,
and
individual
consultations.
The collective responses clearly indicated that the
interest was strong and that the need for such a course
was great. Especially notable findings were the current
lack of cosmology content in planetarium programming
(beyond mentioning the Big Bang), and the gap
between the many recent advances in our
understanding of the universe and planetarians’ selfreported understanding of modern cosmology.
The assessment also revealed that there are very
limited professional development opportunities for
planetarium staff, apart from a few exceptions that
focus on planetarium hardware and technology. (This is
in contrast to numerous opportunities for K-12 teachers,
and strongly suggested the need for future planetarium
professional development programs).
An advisory committee comprised of cosmologists and
informal educators guided the course design including
practical matters such as the duration, need for financial
support, and the importance of take home materials.
The committee also developed the intellectual construct
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of grounding courses in the observable universe, which
allows for a natural progression from the familiar to
more abstract cosmology.
The Kavli Courses:
These professional development opportunities have
become a “Signature Program” of the KICP, which has
thus far offered four courses that specifically tailored to
the planetarium community.
All have been
oversubscribed, attended by a broad cross section of
the community including many major planetariums (e.g.,
Hayden, Adler, Denver, and Suginami), and had a
strong representation of smaller institutions.
Total enrollment has been 139 with a number of
participants attending multiple courses. The instructors
are primarily drawn from KICP faculty and provide the
backbone of the course via lectures, first-hand
accounts, laboratory activities, and question and
answer sessions.

majority of participants (>90%) indicated that attending
the course would directly impact their programming.
The one-year follow-up survey revealed that the
inaugural course had and will continue to have a
profound impact. Participants reported 3,245 students
and 82,155 visitors “Experienced Cosmology Content
Directly Influenced by the ‘Origin of Structure in the
Universe’ Short Course” within one year. Other positive
indicators reported by respondents included:
• Direct Impact on Planetarium Shows (71%)
• Major Change in Public Programming or
Teaching (42%)
• New Collaborations (31%)
• New Shows Created Based on Information
Received in Short Course (29%)
Below are selected responses to 1-year follow up
survey.


The courses are academic and endeavor to convey a
large amount of information in a relatively short period
of time, three days, but they also provide narrative
context, a glimpse into the personalities involved, and
ample time for informal interactions with peers and the
larger KICP community. All courses are archived on the
KICP website where one can view more details
including the schedules and slides from individual
lectures.
(http://kicp.uchicago.edu/education/courses).





KICP courses to date:





Chicago Maps the Cosmos (7-9 December
2007)
Big Bang & Beyond, 21st Century Cosmology
(23-25 September 2005)
Extreme Astronomy @ the Planetarium (24-26
September 2004)
Origin of Structure in the Universe (26-28
September 2003)

Evaluation and Impact KICP Courses
The overall reaction to the KICP cosmology short
courses has been very positive and resulted in a strong
and long lasting impact. Course evaluations consist of
a post course survey, follow-up surveys, and informal
reporting (e.g., report of a new show). Additionally, a
critical one-year summative evaluation of the inaugural
2003 course was undertaken to assess the value of the
short course program as a whole.
The post-course survey responses provide interesting
insights into what the planetarium community values in
professional development: The need exists. More
courses and courses on other astrophysical topics were
nearly unanimously endorsed. The courses are
promoting change. For example, the overwhelming
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Most valuable & biggest impact?
Learning about the current state of
cosmological studies
Hearing the primary researchers at U of
Chicago explain their work and their take on the
origin of the universe. Now, when I see their
names and/or photos in periodicals or videos, I
have a new appreciation that I can convey to
my students: I learned this from him/her! (not
from some book, etc.)
Visual
materials:
both
those
supplied
(especially animations, which we'll use this
year) and endorsements of specific images
(e.g. Hubble images) to help us select better
from those already available.
Major change in either your public
programming or teaching?
My experiences at the course made dynamic
changes of presentation themes at the
planetarium and at the lecture such as, from
Tonight
Sky,
Our
Solar
System
or
Constellations to Modern Cosmology, What is
the Dark Matter?, Accelerating Universe, and
the Origin of the Structure in the Universe.
I am now able to discuss cosmology
confidently with students and with members of
the public. I have learned some of the common
misconceptions held by non-scientists, and I am
better able to help them to a greater
understanding. I am now working on teaching
these concepts through my planetarium
productions instead of avoiding these issues.
Additional Comments:
Thank you for a wonderful job. It is wonderful to
have the opportunity to meet and hear current
speakers & information in a setting where we
can ask questions. This allows us all to keep
current & provide accurate information on a



current basis to students & the public alike.
There are very few places to receive
information like this at this level.
The Short Course provided much needed
clarifications of concepts, either poorly
represented or previously not considered

This summative evaluation also revealed rich qualitative
aspects of the impact of professional development
including: attitudinal changes; that “Knowledge”,
“Experts” and “Resources/Visuals” were the considered
the most valuable aspects of the course, and that the
initial needs assessment of the planetarium community
used to design the course had been invaluable. (for
more evaluation details see Landsberg 2004 & 2005)
KICP Lessons Learned & Looking Ahead
The success of the KICP museum and planetarium staff
professional development program provides compelling
evidence that intensive short courses on modern
research topics are an effective means of incorporating
current science into informal programming for the
public. Contemporary science is complex and evolving,
and cosmology is a particularly thorny topic. Museum
and planetarium staff has been profoundly changed,
which will influence future visitor and student
experiences.
Finally, the success of these courses points to a
possible new model for partnerships between academic
research-based institutions and informal educational
institutions (i.e., museums and planetariums), a
connection that has been notoriously difficult to make in
the past.
However, this isn’t the full professional development
story.
Just as the science has advanced, the
technology to display this science has changed
radically. There is clear need for training planetarium
staff in the use of this new technology, particularly those
changing from a conventional to digital system.
Professional Development for Planetarium Staff –
Case Study 2: Digital Sky Academy
The Digital Sky Academy (DSA), training courses
offered by Sky-Skan, is one example of flight school
professional development.
DSA courses conducted
over a two-year period are described in this section for
the purposes of showing how they evolved and to
present different training course models. Various types
of courses are offered by other vendors as well. The
intention of this paper is to encourage discussion
between people who provide professional development,
and to illustrate how solid professional development
might be achieved in future as the digital planetarium
field matures.

Pre-Course Needs Assessment
An informal needs assessment was conducted, based
on discussions, customer requests, and an assessment
of educational needs of the profession based on past
training courses, and the types of questions about
astronomy that arise during the courses. Three key
findings influenced the course format:
1. Technical
Software
Training.
Personal
experience of training on early digital systems
in the 1990’s lacked the ability for each staff
person to train on a keyboard. The detailed
demonstration of software doesn’t teach the
end-user, nor gives sufficient experience for
anyone other than experienced computer
programmers to produce material for the dome.
There is a need for individual hands on
experience as part of training (“learning by
doing”).
2. Astronomy Training.
New digital systems
incorporate astronomical databases (e.g.
SDSS, 2dF) and planetarium staff requires
training in the astronomical story of these data
in order to utilize them to their full potential. It’s
not your father’s universe anymore. Significant
changes both in the story to tell and in the kind
of data coming in the next few years require
astronomical training of those professionals
who are producing shows and telling the story.
3. Continuing Professional Development. There
are challenges with new facilities where the
extremely busy time just before official opening
is an impossible time to concentrate on serious
training on advanced digital planetarium
software systems. Training sessions at different
times are needed, not only once, but as a
continuing series of professional development
courses each year.
Digital Sky Academy Courses
The goal of Sky-Skan’s Digital Sky Academy (DSA)
training sessions is to train people on using the
software and to train on the astronomy content. This
training doesn’t require a dome all the time. Each
person (or pair) is on a keyboard using the software,
and can emulate what the trainer does.
The First Two Years
The first DSA training session was held at IPS2006 in
Melbourne, and the same format followed in 2007 in
Albuquerque, New Mexico, as part of Domefest 2007.
The first session in Melbourne covered beginning and
advanced sessions to the same group on one day.
Multiple computers allowed two or three people per
machine to follow the training in detail.
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opportunity for planetarium staff to meet him personally
and to build connections for use in the future, offering
planetarium staff the direct access to researchers, a
valuable part of continuing professional development.
Two more speakers from KICP were astronomers
Vasos Pavlidou, Ph.D. and Mark SubbaRao, Ph.D.
Vasos spoke about the exciting new astronomy coming
from observations of High Energy Cosmic Rays and the
new Pierre Auger Observatory. Mark spoke about some
of the science in the Sloan Digital Sky Survey, a key
component of the Digital Universe dataset.

The second session in Albuquerque lasted two days
day. The first day was basic introductory training, a
beginners’ course. We covered practical programming
of images, video, how to use the DU dataset, how to
use the exoplanet plug in and the artificial satellite plug
in. The second day was an advanced course focusing
on more detailed programming, reviewing the xml plugins.
2008 Digital Sky Academy
For the IPS2008 training session we added the
astronomical content training to a one-day course. The
course was held at the Kavli Institute for Cosmological
Physics at the University of Chicago. This location
offered the opportunity to have the professional
research astronomers who work at the Institute teach
the astronomy and tell us about some of the interesting
research going on there. Researchers at KICP are very
interested in assisting planetarium staff.

The astronomical sessions were dovetailed into the
technical training, providing a very full and challenging
day. Delegates enjoyed the new format. The event
hosted 24 planetarium staff from four different
countries, including USA, China, Thailand, and Canada.

Why Teach Planetarians?
It needs to be emphasized again, astronomy is
changing, and the planetarium is changing. New ideas
are coming to the fore about the nature and evolution of
the universe, and the new datasets included in digital
planetarium systems enable the story to be told.
A talented individual who knows the story of recent
scientific advances and can also manipulate new digital
software will be able to reinvent traditional storytelling
under the dome in a powerful way. Learning about the
new astronomy also opens up new opportunities to
collaborate with professional astronomers, bringing the
modern researcher into the dome and connecting the
public to exciting new science.
A Vision of Professional Development
What format should professional development take in
the future? Our experiences taken from feedback from
attendees at each of our training courses using different
formats suggest planetarium staff would like on-going,
multi-day, professional development training courses
that provide a combination of scientific and technical
training.
The rapidly evolving nature of digital projection systems
and astronomical research means there is a need for
regular training that addresses both changes.
Planetarium shows and presentations of the future will
need to explain massive 3D datasets in a way that is
not only intelligible, but exciting to audiences.
Understanding new information is one thing but
explaining it in an engaging way is equally important.
This will require change.

Our opening speaker was Professor Michael Turner,
one of the world’s leading cosmologists. In additional to
having him speak, the workshop provided the
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Presentation techniques have changed radically with
technology, and science narratives have grown more
complex. Improving the planetarium experience of the

future will come through training, experimentation, and
objective evaluation.

Pryke, C. "The History of the Universe and the Return
of Einstein's 'Biggest Blunder'", GLPA Merrillville, IN
2006.

We envision that professional development should
teach science content, technical skills, and best
practices in current science story telling and
presentation methodology. The format should allow
time for teaching by example and for individual learning
from experience (e.g., hands-on training, and time for
discussions and questions).
These courses should also be guided by educational
research on how people learn in visually rich
environments. Such professional development, could
be a hybrid of the KICP and DSA courses described in
this paper, and would offer a powerful mix of production
and scientific training taught by teams of researchers,
technology experts, and expert planetarium presenters.
Although the exact format of future professional
development for planetarium staff is not yet certain,
what is certain is that the need already exists and will
continue to grow as science and planetarium
technology continues to change.
•
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Some Tricks Using Partiview 3-D Scene Format
Stuart Levy, NCSA, University of Illinois
http://virdir.ncsa.uiuc.edu/partiview/
The partiview scene file format has gained some following in the planetarium community.
This poster offers tips for creating some useful visual effects, with illustrations, hints,
and pointers to examples.
1. Walking to the stars
Partiview began as a tool to display, in a virtual (CAVE)
environment, collections of starlike particles in 3-D
space, with their luminosity and color depending on perparticle attributes, and their brightness varying
appropriately with distance. It grew a desktop interface,
ways to represent galaxies too (with textured images
attached to particles), time-varying data, annotation
features (boxes, axes, spheres, mesh surfaces),
external control warts, limited database-like operations,
and so on. It reads a variety of simple data formats to
describe settings, collections of particles and other
shapes, etc.

groups, meshes, tiled rendering
http://virdir.ncsa.uiuc.edu/partiview/starwalk
We look at nearby stars on three scales – 8, 30, and
600 parsecs – in the style of Guy Ottewell's
Astronomical Companion, with a galactic-plane grid
and stars planted on stalks extending to the plane.

The AMNH Hayden Planetarium adopted partiview as a
vehicle to display their Digital Universe model of the
Milky Way (http://haydenplanetarium.org/universe/),
and Steve Marx of AMNH made many improvements to
its desktop GUI. Hayden distributes the software in
binary form; its source is also available via CVS.
Other developers, including Uniview (from AMNH,
Linköping University and Sciss AB) and SkySkan's
Digital Sky, have adopted and extended its scene file
format.
Many others, including Dinoj Surendran and Mark
Subbarao of the Cosmus group at U. of Chicago/Adler
Planetarium (http://astro.uchicago.edu/cosmus) have
created a variety of visualizations in this framework,
pushed for new features, and contributed a great deal.
Special thanks to Dinoj for creating the partiview web
page and to Peter Teuben, U. of Maryland, for most of
the reference documentation and for keeping the CVS
archive.

In the main .cf file, each set of stars is in a separate
group (“object g1=stars8”, “object g2=stars30”, ...), so we
can reveal them individually from the GUI panel.
Each group contains its subset of stars, plus a
collection of grid lines coded as mesh objects drawn
in line style. A straight line segment is a degenerate
2x1 mesh:
mesh -c 0 -s line
21
{
-290.396 524.86 0
290.396 524.86 0
}

Star stalks work similarly; colors match their stars'
using -ccolorindex.
Stars orbiting Milky Way center.
Data from A. Ghez; vis. by Cosmus.

Stars + nearby galaxies, from
R. Tully's galaxy catalog.
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Getting fine mesh lines to print well on paper
requires high-resolution imagery – likely larger than
your screen.
See the tilesnap script in

partiview/scripts: note the current field-of-view (fovy)

(e.g. 40 degrees), and run something like:
async tilesnap 40 640x480 4x4 2>recipe.sh

This drives partiview to display and record a grid of
16 snapshots and writes to stderr a recipe for
reassembling them into a single (640*4)x(480*4)
image. The “2>” redirects this into a file; use “sh
recipe.sh” in a shell window to invoke it.

to show nearer ones, or use 3000 to catch nearly all.
The quasars appear far brighter than most AGN
cores, even at their greater distance, so we choose a
smaller polysize scale factor for quasar markers than
for AGNs so the quasars don't swamp the view.

3. Tornado and Storm visualization

polygonal surface meshes, camera-relative object
placement

2. SDSS Active Galaxies and Quasars
texture markers, clipping

http://virdir.ncsa.uiuc.edu/partiview/sdss-agn

Galaxies with active nuclei are marked with
polygons bearing ring textures, coded
to be transparent where black:
texture -M txno ring.pgm
Ring area is proportional to AGN core
luminosity; color comes from LAGN//Lgalaxy
We map marker polygon area, rather than
radius, to be proportional to AGN luminosity,
to get the proper dependence of apparent
brightness with distance, using
eval polysize scalefactor area

Time-series of polygonal meshes in Wavefront .obj
format. We give each the same color, with different
groups getting different colors:
waveobj -time 0 -c 18 thing0.obj
waveobj -time 1 -c 18 thing1.obj
...

“Mullions” (triangular cutouts in triangle facets)
of specified relative size using “mull” controlcommand:
object g1=Water
eval mullions .5
...
object g2=Vort
eval mullions .8
...

and we can adjust these, as with most settings, on
the fly from the command box.

Adding SDSS-classified quasars, marked with cross
textures. Most quasars are very distant,
more so than most Sloan galaxies; we can
adjust the far clip distance (Mpc) to e.g.
clip 1 800
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On-screen labels live in a separate group, using
special tfm syntax to tie them to camera space:
object g1=times
tfm camera -4.5 -3 -20 0 0 0
datatime 0
0 0 0 text t=6560

4. Hipparcos Stars with Space Velocities
dynamic data: warp data-command

5. chromadepth
Colors dynamically by distance from the viewpoint.
Intended for cheap stereo using Chromatek's grating
glasses (which make red things look nearby, blue
ones distant), it also gives visual grouping to
physically-grouped objects – like cluster members –
as they share a common color.
The hipchroma script in the partiview/data directory
loads a red-to-blue colormap, sets a near/far distance
range (in world units, mapped to the colormap's
beginning/end,
respectively),
and
enables
chromadepth:
eval chromacmap chromadepth.cmap
eval chromaparams 0 1000
eval chromadepth on

... to show Hipparcos stars in depth.
Colormap's 0th entry is for nearer-than-near objects; last
entry is for farther-than-far.

Northern winter Milky Way: Auriga, Taurus, Pleiades

Set the slider (thanks to Steve Marx of AMNH!) to
chromarange mode to adjust the far-end of the
distance range.

With space velocities: 110,000 years' motion, extrapolated
from current radial velocity and proper motion, with a dot
every 10,000 years. (How to show animation in print?)

The hipmotion script in partiview/data uses the
warp command to specify that star positions should
be linearly extrapolated as a function of time.
hipbrightv.speck includes three consecutive columns
(vx, vy, vz) with space velocities (km/s). 1 km/s is
close (2%!) to 1 parsec per million years. So to
make the stars move at ~10,000 years/sec we
specify -p (period) of 106/104 = 100, and -z 0 so the
stars are in their initial positions at time 0:
warp -extrap vx -z 0 -p 100 -seconds

You can do polynomial extrapolation too, with
coefficients in consecutive groups of 6, 9, ... terms
(-extrap vx,2 etc.).
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Orion through Perseus, using alternate chromacmap to
map stars' distances to grayscale (though they look
better in color!). Setting polysides 15 and alpha 1,
and disabling textures, shows stars as round opaque
disks.
Chromadepth was proposed and partly implemented by
Prof. Anthony Fairall and his then-student Carl Hultquist
of U. of Capetown, South Africa.

Programming The Universe: Stellarium Scripting As An Inquiry Tool In
Introductory College Astronomy
Audra Baleisis1,2, Erin F. C. Dokter1,3, Michael V. Magee2
1

2

3

The University of Arizona, Flandrau Science Center, Pima Community College
Submitted by: Michael V. Magee, Flandrau: The University of Arizona Science Center, 1601 E. University Blvd.,
University of Arizona, Tucson, AZ 85721 (mvmagee@ns.arizona.edu

In Fall 2007, staff from Flandrau Science Center, Astronomy 101 students at Pima
Community College, and their instructor collaborated in a unique education program.
Using Stellarium, a free, open-source planetarium software package that can be scripted,
small groups of students designed their own 2-5 minute planetarium presentation as an
end-of-semester project. These mini-shows were screened in the planetarium theatre at
Flandrau Science Center during a public show. This poster describes the design of this
program, the specific assignments and experiences that helped students successfully
progress toward their goal, and lessons learned. In the process of developing their
shows, students used a large range of skill sets and knowledge, such as team building,
communication, organization, and critical thinking, as well as creativity. Although there
exists software that simplifies the process of creating a presentation for a planetarium by
providing preset functions, our decision to use Stellarium scripting was intentional.
Specifically, we believe that the process of scripting a show (both conceptually and
algorithmically), encouraged students to investigate the topic they were presenting more
deeply. We hope to be able to repeat this program with future Astronomy 101 classes.
Group shows were screened at the end of the semester
at Flandrau Science Center planetarium theatre using a
Digitarium™ Alpha 2 projector consisting of a
Panasonic DLP video projector with fisheye lens,
Modified PC computer manufactured by Digitalis
Education Solutions, Inc., and Stellarium software
adapted for this system.

Figure 1: Screen shot of Stellarium.

Figure 1: Screen shot
Pilot Stellarium Program
of Stellarium.
This program was a collaboration between the Flandrau
Science Center Planetarium Director (MM), a Stellarium
expert (AB), the Astro 101 instructor (ED), and student
group creators of 2-5 minute planetarium shows.
The project was piloted with a 4-unit Astronomy 101
(lecture + lab) course. Thirty-five students participated
in this project, working in groups of 3 or 4. Groups were
largely self-selected by students. The project was
worth 25% of the total course grade. Benchmark
assignments and class time were included throughout
the semester to help scaffold the project from first use
of Stellarium and
introduction to the planetarium
setting, to scripting and developing shows.

Figure 2: Photo of Digitarium™Alpha 2 projector unit
with Modified PC computer.
Script Excerpt
Excerpt from eclipses script:
date utc 2005:10:03T09:00:00
moveto lat 13.25 lon 28.5
select planet Sun pointer 0
zoom fov 4
wait duration 2
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timerate rate 250
wait duration 17
timerate rate 18
wait duration 11
timerate rate 250
wait duration 10
timerate rate 400
wait duration 30
script action end
(By Celeste, Kitina, Paula, Seulgi)

who only get a lecture-type “Intro to the Night Sky”
presentation.
The role of Stellarium expert was carried out remotely
by assisting groups with scripting problems through email. This necessitated the writing of clear, descriptive
e-mails by groups. The request for more detailed
explanations of a problem often led the students to
come up with solutions before getting further
assistance.
Most students gave very positive feedback about the
project and were supportive of its continued use in the
future.
The interaction between science center (planetarium)
and college class makes for a great forum for research
and collaboration between informal and formal
education.

Figure 3: Screen shot of zodiacal constellations and
Canis Major from script by Danyell, Elias, Korinne, and
Stephanie.
Successes
Overall, the project was a success. Each group created
a working script. Scripts encompassed a large range of
topics, including solar and lunar eclipses, lunar phases,
Jupiter and the Galilean moons, Saturn and its moons,
zodiacal constellations and their brightest stars,
constellation folklore, and the Andromeda galaxy.
Students had to learn about their chosen topic in order
to design their show and/or any audio narration,
facilitating their learning of astronomy. For instance,
students learned that “zooming in” on bright stars did
not result in stellar disk images.
In the course of this project, students had the
opportunity to develop a variety of skills, including
programming, troubleshooting, problem solving, and
teambuilding; in addition to helping students visualize
and understand concepts better than lecture, lab, or
computer simulation/demonstration.
Knowing that their projects would be used as
presentations on the planetarium dome as a “show”
may have helped inspire the students to be more
creative in their thinking and application of their
knowledge and understanding. Engagement in the
project seemed to be much greater than for classes
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Lessons Learned
It was essential to have the support of administrators
and the Instructional Technology staff at Pima
Community College to ensure the success of the
program. This was especially the case when settings in
the computer labs we utilized (during and outside of
class time) needed to be altered in order to allow
scripting in the program files.
While we expected there to be some difficulty for the
shows to make the transition from computer screen to
the dome, most of the projects did very well. The
biggest problems, however, were related to factors such
as: Viewing scale (images on the desktop screen
sometimes ended up being too large or too small once
projected onto the dome), Perspective (viewing an
object on the desktop screen did not give a good sense
of where on the dome it would appear, especially when
landscapes were involved. Sometimes the landscape
would actually block the portion of the image that was
supposed to be the center of attention), and Script
errors (sometimes script errors caused images to
appear below horizons out of view, or the program to
crash. This may have been due in part to
inconsistencies between operating platforms and
methods of editing).
This project required the entire semester to complete.
Students should be introduced to scripting as soon as
possible in the semester. In addition, options for what
the students could select as projects may have been
too broad. The focus could be narrowed to help
students better understand the possibilities.

Scheduling of time in the planetarium was not optimal.
Session scheduling should be conducted as early as
possible, in order to schedule meetings with students in
the classroom as well as visits to the planetarium.
As with any project, some students were very interested
and highly motivated to complete the project, while
others did not care for it. Given the necessity for
computer literacy and significant time outside of class to
work on it, this could be one of several group semesterlong projects or even individual projects.

Resources
Stellarium Software (available for PC, Mac, and
Linux platforms): http://www.stellarium.org
Digitarium Projector:
http://www.digitaliseducation.com/
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Advancing Science Literacy Through Astronomy: What’s Up at the ASP
James Manning, Executive Director
Astronomical Society of the Pacific
jmanning@astrosociety.org
The Astronomical Society of the Pacific (ASP)
celebrates its 120th anniversary year in 2009. Through
its long history, the Society has served scientists,
amateur astronomers, educators of all types, and the
public by communicating and advancing the science of
astronomy even as our understanding of the universe
has changed in remarkable ways. In recent years, the
Society has put a special emphasis on astronomy
education. And more recently, it has re-articulated its
mission as one of advancing science literacy through
engagement in astronomy.
This strategic direction for the ASP not only
continues to make it an excellent partner for the
planetarium community; it also presents new
opportunities for the Society and planetarians to
connect and support each other to achieve common
goals in improving science literacy through the avenue
of astronomy.
Rearticulating the Mission
Compared to many institutions around the
world, the Astronomical Society of the Pacific (ASP) is
not very old. But compared to the United States where
it was born, and compared to the era of the modern
projection planetarium, the ASP is rather old indeed.
And throughout its 120-year history, the Society has
always positioned itself at the intersection of all the
major astronomical constituencies, seeking connections
with and among them. These include the communities
of scientists, educators (formal and informal),
enthusiasts (amateur astronomers), and increasingly,
education and public outreach (EPO) professionals—
with planetarians liberally included in them all.
Also throughout that long history, the Society’s
mission has always been one of increasing public
appreciation and understanding of astronomy, in a
variety of ways. But as the Society, in recent years, has
evolved from a largely club-based to a more causebased approach, it has reviewed that mission, and has
determined, in keeping with a cause-based approach,
that increasing public appreciation and understanding of
astronomy was not an end in itself, but a means to a
larger end—that end being science literacy.
Astronomy is arguably one of the best sciences
with which to advance science literacy, for astronomy
has great “-ables.” It is approachable--one of the most
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esthetic and appealing sciences, with its pretty pictures
and “gee whizzes.” It is also accessible: some of us
have better skies than others, but the sky is available to
everyone. And since astronomy encompasses the
universe—everything we know—it is the closest thing
there is to the Science of Everything. This makes it
connectable to most other sciences. All of these “ables” make astronomy a wonderful avenue to
introduce science and its processes to students and the
public, to characterize science as the adventure of
discovery, to link to other sciences in interdisciplinary
ways, to encourage consideration of science careers in
the young, and to encourage a higher degree of
scientific enlightenment among the public.
With these thoughts in mind, the ASP has
rearticulated its mission to one of increasing the
appreciation and understanding of astronomy by
engaging scientists, educators, enthusiasts, and the
public to advance science and science literacy. We
now have a goal that is bigger than ourselves—as all
good causes should.
Serving Astronomy Intermediaries
The Society, in recent years, has also focused
its attention in key ways on education and public
outreach.
And a primary objective is to serve
astronomy
“intermediaries”—those
people
(like
planetarians) who stand between the science and the
public, who interpret and educate and enlighten about
the process and discoveries of astronomy—as a way to
leverage our resources and maximize our impact. A
primary mechanism for achieving this is to establish,
encourage, and work through networks and
partnerships in our efforts.
This approach has produced a number of
initiatives, networks and products through which we
work to achieve our newly focused mission. A brief
description of those products, services, and networks
follows.
Formal Education Programs and Products
The ASP’s flagship program for K-12 formal
education is Project ASTRO, which pairs volunteer
professional and amateur astronomers with educators
to create teaching teams to improve astronomy and
science teaching in the classroom. The inquiry-based

program has served more than 200,000 students since
1993.
Project ASTRO makes significant use of the
ASP publication The Universe at Your Fingertips,
developed as a compilation of hands-on, inquiry-based,
tested activities for the Project ASTRO program, from
the ASP and other sources. A supplementary volume
called More Universe at Your Fingertips, and a Spanish
language version entitled El Universo a Sus Pies are
also available from the ASP as sources of tested
education activities covering a variety of astronomy
concepts.
Family ASTRO is a spin-off of Project ASTRO
using leader kits to engage families in activities,
programs, and games to help improve the
understanding of astronomy in family groups.
Thousands of families have been involved since this
program’s inception. There is presently a network of 14
Project ASTRO/Family ASTRO sites across the U.S.;
their coordinators meet annually to exchange
innovations and resources.
Supplementing these efforts is the “SLOOH for
Schools” program, a partnership between the ASP and
the SLOOH Online Observatory. The collaboration
develops learning activities for educators to use with
SLOOH’s remote telescopes to provide classroom
activities that inspire and excite students with
technology, hands-on learning, and real science
experiments using professional telescopes directly from
a classroom computer.
An additional resource we use to support formal
educators is the Universe in the Classroom newsletter,
a quarterly publication for teachers of Grades 3-12 that
features astronomy articles, classroom-ready activities,
and resources. We have several thousand subscribers
to the newsletter and many more downloads of the
issues from our Web site, where the publication now
resides.
Another formal educator program that will be
initiated in the future involves NASA’s Stratospheric
Observatory for Infrared Astronomy (SOFIA). The ASP,
in partnership with the SETI Institute, manages the
education and public outreach effort for SOFIA. “First
light” for the observatory is scheduled for 2009, and
once it is in full operation, one of the EPO goals is to fly
high school teachers with researchers on missions,
creating a growing network of teachers with authentic
science experiences in a manner similar to the Project
FOSTER (Flight Opportunities for Science Teacher
EnRichment) program for the Kuiper Airborne
Observatory.

A higher education network that we help to
serve is that of introductory astronomy teachers at
colleges and universities. Every three years, the ASP
organizes” COSMOS in the Classroom,” a hands-on
symposium on teaching astronomy to undergraduate
non-science majors. We believe that this helps to
create an informal “community of practice” among these
teachers.
Proceedings from past meetings are
available through the ASP—including the most recent
held in 2007 at Pomona College in Claremont,
California. The next meeting will be held in 2010.
Informal Education Programs and Products
The Society has also cultivated networks of
informal educators. Among these are the network
resulting from the National Science Foundation-funded
program called “Astronomy from the Ground Up,” which
provides professional development opportunities for
informal educators at small and medium-sized science
and nature centers who are interested in bringing more
astronomy to their audiences.
We use themed
education “toolkits” of hands-on activities, and both onsite workshops and an online distance-learning program
to provide this professional development. This effort
has created a community of practice of 200 and
growing, across the United States and beyond, with the
ability to share experiences and ideas. This effort is
conducted in collaboration with the National Optical
Astronomy Observatory (NOAO) and the Association of
Science-Technology Centers (ASTC).
Another informal network we manage is the
Night Sky Network (NSN)--a collaboration of amateur
astronomy clubs across the United States whose
members are engaging the public through outreach
events. The ASP, under contract to NASA and with the
support of numerous NASA mission partners such as
JPL’s Exoplanet Exploration program, develops toolkits
on astronomical themes, with training DVDs for use by
members of the network, and ongoing support through
monthly newsletters, teleconferences and Web casts
with NASA scientists. Outreach events serving more
than 550,000 people have been conducted since 2004.
More than 200 clubs are presently involved in the NSN.
The Society has received a new National
Science Foundation grant, called “Sharing the
Universe,” to study amateur astronomy clubs to learn
more about why some do public outreach and others
don’t, and to see if we can develop and provide
additional support mechanisms that will help to
establish a culture of outreach among astronomy clubs
in the United States.
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The International Year of Astronomy
In keeping with its newly rearticulated mission,
the ASP has announced a suite of “signature programs”
to advance the goals of IYA and the Society, to be
initiated in 2009 commensurate with the level of funding
obtained and designed to be sustained beyond the IYA
observance:
The Cosmic Companion.
Supported by
NASA’s Science Mission Directorate, this program will
feature publication of a suite of meaningful and
accessible astronomy activities for IYA, both in print and
online, linked to NASA’s IYA calendar of monthly
themes, featured objects and missions, adapted for a
variety of education and outreach users
The Galileo Teacher Training Program. This
U.S. national program will provide for the establishment
of regional centers around the country to train teachers
in doing hands-on astronomy activities with an IYA
focus, beginning with the ASP’s Project ASTRO sites.
The effort will emphasize subjects that Galileo
observed, such as the moons of Jupiter and the phases
of Venus, actively engaging teachers and students in
the process of science. The program will link to the IAU
international cornerstone project of the same name.
Expanding the Informal Universe. This
initiative expands ASP’s professional development
program for informal educators at small and mediumsized museums, parks and nature centers to include
new distance-learning opportunities featuring IYArelated themes and activities as well as tools and
training to enable these educators to provide exciting
public and school programs for IYA and beyond.
The Cosmic Clearinghouse. As a part of the
IAU cornerstone project Portal to the Universe, this
initiative will develop a Web site to serve as an
educational clearinghouse for the best astronomy
outreach resources for formal and informal educators,
with links to existing sites as well as directories of
materials and information in areas in which resources
are currently needed.
The ASP’s IYA Symposium, conducted in
conjunction with the summer meeting of the American
Astronomical Society in late May and early June of
2008, will produce a proceedings volume including
write-ups of the workshops, posters, oral and interactive
presentations conducted as well as an IYA resource
section. We believe that this volume will serve as an
excellent resource for IYA for educators of all stripes.
Let’s Work Together
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The ASP and the planetarium community have
always shared many goals in common, and this
remains especially true for the future with the Society’s
education emphases and interest in science literacy.
This offers many opportunities for working together,
including the following:
•

Join us. Please consider becoming an ASP
member; support us, so we can support you.

•

Make use of our products and services.
Many of them are suitable for the audiences
you also serve.

•

Check out our networks. Let’s explore ways
in which you can plug into them.

•

Attend the conferences. The annual ASP
conference serves EPO and other educators,
and offers opportunities to expand your
personal connections and networks to the
larger education community—as does the
COSMOS in the Classroom gathering every
three years.

•

Partner and collaborate on initiatives. Let’s
explore opportunities to work together on
specific projects.

•

Let us know how we can help you. We see
the planetarium community as an important
astronomical constituency, and we want to
explore ways in which we can most effectively
serve it.

In short, let’s make a difference together—as
we all work to advance science literacy through
engagement in astronomy!
To learn more the ASP’s products, programs
and networks, and more about the Society itself, visit us
at http://www.astrosociety.org.

The Astronomical Society of the Pacific – Education and Public Outreach in
the International Year of Astronomy (Poster)
James G. Manning, Executive Director
Astronomical Society of the Pacific
jmanning@astrosociety.org
At the forefront of sharing the excitement of the
exploration of the universe for 120 years, the
Astronomical Society of the Pacific (ASP) is poised to
use its networks and services to implement education
and outreach programs for the 2009 International Year
of Astronomy (IYA). The ASP is partnering with NASA,
the American Astronomical Society (AAS) and other
astronomy and education organizations on IYA projects,
and
is
developing
signature
programs
for
implementation--with the overarching goal of bringing
together scientists, educators and amateur astronomers
in efforts to improve science education and science
literacy through astronomy.
ASP Signature IYA Projects
1) IYA Cosmic Companion
This initiative, supported by NASA’s Science Mission
Directorate, NASA’s Origins Forum, and others,
features the publication of a suite of meaningful and
accessible astronomy activities for IYA, both in print and
online, linked to NASA’s IYA calendar of monthly
themes, featured objects, and missions.
The

materials and activities would be adapted for use
by a variety of users, including amateur
astronomers engaged in public outreach, teachers
meeting science curriculum goals in the
classroom, informal educators at museums,
planetariums and other venues enhancing their
“free choice” science learning opportunities for
public audiences and other groups. The materials
would be made widely available with training
modules for each version.
Galileo Teacher Training Program
IYA Signature Program)

2)

(A US

As part of the U.S. national IYA effort, working in
collaboration with the American Astronomical Society
and other partners, this program will provide for the
establishment of regional centers around the country to
train teachers in doing hands-on astronomy activities
with an IYA focus, beginning with the ASP’s Project
ASTRO sites. The effort will emphasize subjects that
Galileo observed, such as the moons of Jupiter and the

phases of Venus, actively engaging teachers and
students in the process of science. The program would
send mentor teachers back to their own districts with
experience and materials for training their colleagues.
An additional element will link teachers with
astronomers in their local areas.
3) Expanding the Informal Universe
This initiative expands the ASP’s professional
development program for informal educators at small
and medium-sized museums, parks, and nature and
environmental centers and planetariums to include new
distance-learning opportunities featuring IYA-related
themes and activities as well as tools and training to
enable these educators to providing exciting public and
school programs for IYA and beyond.
4) Cosmic Clearing-House (Part of the IAU IYA
Cornerstone Project “Portal to the Universe”)
Working in concert with the International Astronomical
Union (IAU) IYA cornerstone project Portal to the
Universe and other partners, this initiative will develop a
Web site linked with the Portal to the Universe site to
serve as an educational clearing-house for the best
astronomy outreach resources, activities, images,
materials, guides, facilities and events for a variety of
target audiences from the casual enthusiast to the
professional educator. Sections suitable for teachers,
museum educators, amateur astronomers, after-school
providers, family program leaders, and other groups
would be included, with links to existing useful sites as
well as directories of materials and information in areas
in which resources are currently needed.
Conclusion
By incorporating and communicating IYA-related
themes through already established ASP programs and
resources, and by working with its partners and funding
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support to develop additional IYA initiatives, the ASP
hopes to make an important contribution to providing a
lasting legacy for the International Year of Astronomy
through sustainable programs that also support the
ASP mission to advance science literacy through
engagement in astronomy.
The four projects, scalable according to the level of
funding raised, would thus be developed for
sustainability beyond 2009, as ongoing resources for
anyone interested in astronomy, space science,
education and outreach.
The ASP invites partners, including planetarians and
planetariums, to work with us to help realize mutual
goals and objectives in astronomy education and
outreach for IYA and beyond. For more information
about the ASP, its programs and products, its IYA
initiatives, and membership information, visit us at:
http://www.astrosociety.org.
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Down-to-Earth Astronomy: Hands-on Activities from the Astronomical
Society of the Pacific (Workshop)
James Manning, Executive Director
Astronomical Society of the Pacific
jmanning@astrosociety.org
The Astronomical Society of the Pacific, in partnership
with the NOAO and ASTC, has developed and adapted
a series of hands-on, inquiry-based activities to
demonstrate basic concepts in astronomy as part of the
NSF-funded "Astronomy from the Ground Up" project
designed to increase astronomy education capacity at
small and medium-sized museums, science centers
and nature centers. The program provides both on-site
and online professional development workshops,
activities for use with audiences, and a "community of
practice" to share ideas and provide support. The
objective is to help these informal science education
facilities include more astronomy in their education
offerings to meet perceived audiences needs and
desires. The activities developed, tested and used for
the workshops may also provide planetarians with some
additional ideas, tips and activities for supplementing
their own astronomy education efforts.

participants have access to online resources and a
“community of practice” communicating through emails.
The online model features the same themes
and toolkits, but is conducted over three weeks (six
hours per week) to accommodate participant schedules.
Discussions, activities, and assignments are included,
as well as online “videochats” with content experts,
demonstrated activities, and a question-and-answer
feature. The same follow-up online resources are
offered.
Following are descriptions of several of the
original and adapted hands-on activities used during the
workshops—examples of the “down-to-Earth” activities
used by workshop graduates to enrich their astronomy
offerings for their audiences with hands-on activities
illustrating astronomy concepts.
Solar System in Your Pocket

Program Overview
The Astronomy from the Ground Up (AFGU)
project is designed to meet the needs of educators at
small and medium-sized informal science and nature
venues whose audiences desire more astronomy
programming and whose staffs desire more expertise to
offer it. The program offers both on-site and online
workshops offering training in both content and
methodology, the use of resources and current events
to bolster training and sustain learning and interest, and
a continuing opportunity to remain connected to fellow
workshop participants and the program through on
online “community of practice” to share ideas,
experiences, and information.
The project staff, including the Institute for
Learning Innovation (ILI) in addition to the three project
partners, has developed, tested and assessed both onsite and online workshops to determine which model
works best under what circumstances.
The on-site model comprises three days during
which three themes are explored: size and distance,
patterns and cycles, light and color. Activities include
discussions, demonstrations, hands-on educational
activities (for which toolkits of basic materials are
provided), and assignments designed to explore and
reinforce concepts.
The workshop presents both
content and methodology. Following the workshop,

Originally developed by Amie Gallagher (Raritan Valley
Community College).
Adapted by Suzanne Gurton and Anna Hurst.
© 2008, Astronomy from the Ground UpTM •
Astronomical Society of the Pacific, 390 Ashton Ave.,
San
Francisco,
CA
94112
•
www.astrosociety.org/education.html
Type of Activity: Quick demo/make-and-take.
Set up Time: 5 minutes to pre-cut register tape.
Time to Do: 10 minutes.
Audience age: 8 years and older.
Group size: any number.
1) What’s This Activity About?
You will build a quick model of the solar system by
folding a piece of register tape. The relative distances
between the orbits of the planets will be illustrated.
Images in textbooks often depict the planets squeezed
together, but this model shows how far apart they are,
especially beyond Mars. This is a quick activity that can
be done as a transition in a longer program or as a
demonstration to entertain people waiting in a line. It’s
especially useful if planets are visible.
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2) Materials
For each model:
• 1 meter length of cash register tape.
• 10 round stickers: five large and five small.
• Pencil or marker.
3) Setting Up the Activity
If you are doing this activity with a large group, you can
pre-cut 1 m strips of register tape and divide out groups
of stickers for each participant. If you wish, practice the
steps a few times so you don’t have to refer to your
notes.
4) Suggestions for Introducing the Activity
For any of these scale model activities, it is useful to
start by exploring the notion of models. Referring to
playthings, such as dolls or toy cars, can be a useful
reference for talking about scale models. For a more
thorough exploration of this concept with ideas of how
to introduce and discuss it, see the introduction to the
Saturn Project. Pull out a folded, completed sample of
the model from your pocket. Point out that the planets
never appear in a straight line like this in order out from
the Sun, but this is just a reminder of the radius of the
orbits. The planets would be found somewhere along a
circle this far from the Sun. If you have a board with a
thumbtack, you can tack it to the board at the Sun and
show or draw out the orbits.
5) Doing the Activity
Now have the participants create their own Pocket
Solar System models. Lead them through the following
steps:
1. Place a sticker on each end of the tape, one
large and one small, right at the edge. Label the
large one Sun and the small one Pluto. Even
though Pluto has been reclassified as a dwarf
planet it serves as a useful reference point
here. We can use it as the first example of such
a dwarf planet ever found, just as we’ll use
Ceres to represent the asteroid belt later on.
2. Fold the tape in half, crease it, unfold and lay
flat. Place a large sticker at the halfway point.
You can ask for guesses as to which of the
planets might be at this halfway point. Label
the sticker Uranus.
3. Fold the tape back in half, then in half again. If
there are mixed ages, give those with some
knowledge of fractions the opportunity to show
off by asking “What is half of a half?" Unfold
and lay flat. Place large stickers at the quarter
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mark and 3/4 marks and label as Saturn (closer
to the Sun) and Neptune (closer to Pluto).
4. Fold back into quarters, then in half one more
time. This will give you eighths. Unfold and lay
flat again. Place a large sticker for Jupiter at the
1/8 mark (between the Sun and Saturn), and
label.
5. No need to fold the whole thing up again. If you
take a look, you’ve got the 4 gas giants and
Pluto all on there in the outer solar system. For
the remaining terrestrial planets, you’ll only
need 1/2 of the first 1/8th! That’s the inner
1/16th of your meter. Fold the Sun out to meet
Jupiter to mark the 1/16th spot. A planet does
not go here, but you should label this Ceres to
represent the Asteroid Belt.
6. At this point, things start getting a little crowded
and folding is tough to get precise distances, so
fold the remaining 1/16th in half and crease at
the 1/32nd spot. Place a small sticker for the
Earth just inside this fold (between the Sun and
Ceres) and a small sticker for Mars just outside
the fold (closer to Ceres and the Asteroid Belt)
and label them.
7. Place small stickers for Mercury and then
Venus, between the Earth and Sun, pretty
much dividing the space into thirds and label
them as Mercury closest to the Sun and Venus
closest to the Earth.
6) Wrap-up
At the end of the discussion, be sure to have everyone
put their names on their tapes and fold them up to put it
in their pockets. But before you put them away, here
are some questions you might ask to get participants
thinking about insights they can get from building this
model.
1. Are there any surprises? Look how empty the
outer solar system is: there is a reason they call
it space! And how crowded the inner solar
system is (relatively speaking).
2. Do you know anything about the physical
properties of the ones that are spread out
versus the ones that are crowded in close to the
Sun? All the inner ones are small and rocky and
the outer ones are gassy giants (except small,
icy Pluto).
3. Given this spacing, why do you think little, rocky
Venus can outshine giant Jupiter in the night
sky? Both are covered with highly reflective

clouds, and although it is much smaller, Venus
is also much, much closer.
4. Does anyone know where the Eris, the largest
dwarf planet would go on this model? At 97
A.U., it would more than double the size of the
model. Pluto is on average 40 A.U. [A.U.
stands for Astronomical Unit, roughly the mean
distance from the Earth to the Sun. 1 AU =
149,597,870.691 kilometers, or about 93 million
miles.]
5. On this scale (1 m = 40 A.U.) where would the
nearest star be? After some guesses you could
The Universe in a Different Light:
Game

Card-Sorting

Originally developed by Marni Berendsen for Night Sky
Network. Adapted by Anna Hurst.
© 2008, Astronomy from the Ground UpTM •
Astronomical Society of the Pacific, 390 Ashton Ave.,
San
Francisco,
CA
94112
•
www.astrosociety.org/education.html
Type of Activity: Drop-in station.
Set up Time: minimal.
Time to Do: 10 minutes.
Audience age: 8 years and older, younger children in
family groups.
Group size: up to about six.
1) What’s This Activity About?

bring out your pocket calculator to use in getting
how far away the star would be. This allows
you to talk about how far is a light year and do
the calculations to find that the next nearest star
is about 7 km (4.2 miles) away. They could then
take out a local map to see what is that far
away from where the presentation is
happening. [Calculations: A light year, the
distance light travels in one year, is about
63,240 A.U. (about 9,460,000,000,000 km). The
nearest star is Proxima Centauri (visible from
the Southern Hemisphere), at 4.2 light years.
So, 4.2 l.y. x 63,240 A.U./l.y. x 1 m/ 40 A.U. =
6640.2 m = about 7 km.]
Cut apart the cards and shuffle them. If you have a
more advanced group or want to challenge your
audience, use all 27 cards. For a younger or beginner
group, you could use the beginner cards. Here is a list
of the cards and their levels:
Beginners group (5 items – 3 images of each item).
These cards have a slight gray border:
• Galaxy (M51), (Visible, UV, IR)
• Open star cluster (M45), (Visible, UV, IR)
• Jupiter (Visible, Radio, X-ray)
• Saturn (Visible, Radio, UV)
• Sun (Visible, Radio, UV)
Advanced group (9 items – 3 images of each item).
Five items from beginners group above plus:
• Globular cluster (M13), (Visible, UV, IR)
• Planetary Nebula (M27), (Visible, IR, X-ray)
• Star-forming region (M42), (Visible, IR, UV)
• Supernova remnant (Cass-A), (Visible, IR, X-ray)

Many beautiful astronomical images show things we
could never see with our own eyes, even with the most
powerful telescope. There is light our eyes cannot
detect, but there are many kinds of telescopes to detect
different kinds (energies) of light. This activity explores
the different energies of light and the ways these
different energies of light are useful for studying certain
astronomical objects. Participants will try to match up
the images of the same objects in different energies of
light.

4) Suggestions for Introducing the Activity

2) Materials

If you’ve already tried Red Hot, Blue Hot: Mapping the
Invisible Universe, you can refer to the maps of the
USA shown in different energies. Like those maps,
these cards are images of various types of objects you
might see through a telescope – each in different kinds
of energy (or light). For a more advanced group, you
can add details about the different energies of light,
discussing wavelength, frequency and energy, as well
as some of the different uses for the different energies

• The Universe in a Different Light playing cards*
• The Universe in a Different Light postcards*
*Available in the AFGU toolkit. See below (#8) on how
to obtain.
3) Setting Up the Activity

We’re standing on the surface of Earth looking out at
the Universe. What can we see looking through a
telescope, using our eyes as detectors? We can see
the visible light with our eyes, but we need other kinds
of detectors to see the other kinds of radiation, or
energy. NASA and others
use special telescopes with detectors far more sensitive
than our eyes to detect that energy. These different
kinds of energy tell us different information about
objects we see in the sky.
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of light (radio, infrared, ultraviolet, X-ray, etc.).
5) Doing the Activity
Explain that among the cards, there are three different
images for each object, with nine (or five) objects
represented. Each card tells you on the back whether it
is visible light energy or another kind of light energy and
what that energy is revealing about the object. The card
with the “Visible” light image has the type of object
printed on the back (show an example).
Ask
participants to find which cards go together and sort
them into groups that represent the same object. After
they are finished, bring out the postcards to check their
answers and discuss what the images tell us about
each object.

visible light, revealing many different features of the
objects, such as the bands on Jupiter, the rings of
Saturn, the gas cloud of a nebula or the individual stars
in a cluster.
7) Complementary Activity:
• Red Hot, Blue Hot: Mapping the Invisible Universe.
8) Materials Sources:
The playing cards and postcards are also available as
PDF documents on www.afguonline.org on the Light &
Color page.
Red Hot, Blue Hot: Mapping the Invisible Universe

6) Wrap-up
Have a discussion using the postcards, which indicate
what each image tells us about the object it depicts.
What can each energy of light tell us? What examples
did we see in the images?
• Radio detectors can reveal magnetic fields and cold
clouds of gas and dust. In the images on the cards, the
strong magnetic fields of Jupiter and the sunspots on
the surface of our Sun are revealed with radio.
• Infrared detectors find the gas and dust being warmed
by nearby stars. Gas and dust combine to make new
stars. In the images, the following are revealed with
infrared light: warm dust left over from a supernova
explosion, the dusty regions of Galaxy M51, the dust
left over from the formation of stars in M45, high
concentrations of dust in M42, the dusty cloud around a
dying star and the heat absorbed from the Sun and
radiated by Saturn and its rings.
• Ultraviolet detectors show us where the hot young
stars are. In the images, white dwarfs in M13, young hot
stars in M45 and M42, the auroras on Saturn, and hot
flares looping out of the Sun at temperatures over a
million degrees are revealed with ultraviolet light.
• X-ray detectors reveal massive black holes in the
centers of galaxies. In the images, material from an
explosion in Cassiopeia-A crashing into interstellar gas
and dust, the auroras on Jupiter and the white dwarf at
the center of a planetary nebula are revealed with Xray.
None of this would be revealed just by looking at stars
or planets in the galaxy with our eyes (visible light). Our
understanding of the Universe would be greatly limited
if we could only observe distant objects with visible
light. That said, there is also a great deal revealed with
visible light. Each set of images include one using
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Originally developed by Marni Berendsen for the Night
Sky Network. Adapted by Anna Hurst.
TM

© 2008, Astronomy from the Ground Up
•
Astronomical Society of the Pacific, 390 Ashton Ave.,
San
Francisco,
CA
94112
•
www.astrosociety.org/education.html
Type of Activity: Drop-in station or classroom,
facilitated.
Set up Time: 15 minutes (plus time to freeze ice and
boil heat pack).
Time to Do: 20 minutes.
Audience age: 10 years and older.
Group size: up to 10.
1) What’s This Activity About?
Many astronomical images show galaxies, nebulae and
other objects in bright rainbow colors, but these are not
the colors we would see if looking at these objects with
our eyes, since the light from these objects may not be
visible to us. Scientists chose the colors in the image to
represent the invisible wavelengths of light. This activity
explores the ideas of invisible light and representational
color and lets participants create their own
representational color map of the temperature of a
surface.
2) Materials
• Cookie sheet. *
• Heat pack. *
• Ice on a flat plate or Styrofoam tray.
• Colored tiles * or squares of paper or felt (at least four
different colors).
• Rusty the infrared dog and U.S.A. postcards. *
• Astronomical images with representational color
(optional).
• Color key worksheet (page 5).

*Indicates that this material is included in the AFGU
toolkit. See materials sources (#7).
3) Setting Up the Activity
You will need to be sure to have ice and a charged heat
pack for this activity. You could freeze some water in a
flat Styrofoam tray (such as the kind used for meat) to
have a nice flat block of ice that will fit under the cookie
sheet. If the heat pack is solid, you’ll need to boil it in
water for ten minutes. Alternatively, you could use a
heating pad, but you should consider how to hide the
cord. Shortly before starting the activity, without letting
the participants see, activate the heat pack and place it
and the ice under the cookie sheet. Be sure to have a
variety of colored squares ready. There should be
more than enough to cover the surface of the cookie
sheet with a variety of color combinations. Also have
the postcards on hand.
4) Suggestions for Introducing the Activity
Scientists learn a lot from the light we see coming to us
from the rest of the Universe. But there is more to light
than just the colors of light we see in a rainbow. There
is more energetic light (e.g., UV, X-ray, gamma ray) and
less energetic light (e.g., infrared and radio) that our
eyes are not sensitive to, that we cannot detect. We
need different kinds of detectors. To get a complete
picture and understanding of something, we need to
look at it in a variety of ways. Show the satellite image
of U.S.A. Is this what the U.S. looks like from a satellite
out in space? What can we tell from this? Can we see
where the mountains are? How about the forests?
Deserts? By just looking, can we tell where it is warm or
cold? Can we tell where the rocks are naturally
radioactive? Where is cell phone coverage best? For
those we need special detectors. You can’t use just
your eyes.
Now show the other images of the U.S. Start with the
temperature map. Explain that this map is used to show
the temperature of the air in various parts of the
country. Is the air or the land that color? Now take a
look at the gamma ray map. Natural radioactivity is
common in the rocks and soil that make up our planet.
There is nowhere on Earth that you cannot find natural
radioactivity. Radioactive rocks naturally emit gamma
rays – in very low doses. If you look at a rock, can you
tell if it is radioactive? Here is a map of the natural
emission of gamma rays. Is the ground really these
colors? Where are the gamma rays weakest? How can
you tell? The map is using different colors to represent
different intensities of gamma-ray radiation and the key
tells us what the colors mean. Finally, take a look at the
map showing cell phone reception. A cell phone is like a
radio receiver. How do you know where the signal is

strong? Can you look around you and see the radio
waves coming at you? What do you need to do? What
do you suppose the shading on this cell phone
coverage map represents? This could once again be
using different colors to represent different signal
strengths. Would it be OK to use blue instead of gray
for the strong signal? Of course, as long as you have an
explanation of what the colors mean.
The same is true for some of the great astronomy
pictures you see. The colors are beautiful, but often
they are representational color, telling a much richer
story to the astronomer who created it.
An alternative to using the postcards is to ask what you
can tell about someone just by looking at him or her.
Can you tell if that person has high blood pressure? Or
whether he had gone a week without taking a bath?
What detectors would you use to find out those things?
What does a doctor use to know if you have a broken
bone? What would you use to find out if I have a fever?
You need different measuring/detecting devices to learn
these things. You can’t just use your eyes.
The Universe in a Different Light card-sorting game is a
nice complement to this activity. If you would like to use
it, this would be a good time, before moving on to the
main part of this activity.
5) Doing the Activity
Show photo of Rusty, the dog. Can you tell by looking
at the dog which parts are warm and which are cold?
Now show the infrared image of Rusty. Does Rusty
ever actually look like this? This is an infrared photo
that shows us the temperature of Rusty. Which parts of
Rusty are the warmest? Which coolest? What color is
being used to represent the warmest parts? What other
color could have been used? At this point, it is important
to stress that we could use any colors to represent the
different temperatures. We are taking energy we can’t
see and converting it into something our eyes can
interpret – different colors representing different
temperatures.
Now explain to the participants that this is their
opportunity to be scientists and communicate using
representational color. Show them the cookie sheet.
Can we tell how warm or cold this pan is by just looking
at it? What do you need to do to find that out? Have
them feel the surface. What colors would you use to
represent the different temperatures you are feeling?
Have them create a representational color image by
placing colored squares on the surface to represent the
different temperatures. When they have done that, they
can create a key using the “color key” worksheet.
If you are trying this activity with parents and children,
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have one of the parents refrain from feeling the cookie
sheet. Once the child has created the image and key,
have the parent describe the temperature of the surface
just by looking at it and then have them feel it to check.
If you have more than 3 or 4 people, let each person
feel the pan for a few seconds then have them pick up a
small pile of squares (or paper and 3-4 crayons or color
markers) and go to another area to map out what they
felt.
6) Wrap-up
Now we have created a representational color image.
You chose colors of visible light to represent
temperature on a surface. Could you have chosen
different colors? It is important to stress this point – that
the colors are somewhat arbitrary. The tendency is to
choose red for hot and blue for cold. You could point
out that blue stars are actually the hottest and red ones
the coolest. If you feel the participants do not
understand this point, create your own key (e.g., green
is hot and orange is cold) and have them create another
image using your key. This is what scientists do to
create many of those beautiful astronomical images you
see. If you have some images, show them. Taking
photos using invisible light and then representational
color can show where high-energy X-rays are being
emitted, indicating a black hole, or where the warm or
cool dust is in a galaxy – the raw materials for new
stars. We cannot tell where these areas are just using
our eyes. NASA uses special telescopes that can
detect this energy, similar to how you used your hand to
detect heat or cold on this plate.
7)Complementary Activities:
• The Universe in a Different Light card-sorting game.
7) Materials Sources:
Thermo-Pad heat packs -Model 404 from:
Hood Thermo-Pad Canada Ltd., 5918 Kennedy St.,
Summerland, BC V0H 1Z1
1-800-665-9555,
http://thermo-pad.com,
admin@thermo-pad.com
Colored tiles -SKU 0203 from:
Wizard of Math / ALIV Enterprises Inc., 34 Lion St.,
Staten Island, NY 10307
(718) 605-0820, http://www.wizardofmath.com
Postcards –
The playing cards and postcards are also available as
PDF documents on www.afguonline.org on the Light &
Color page.
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For More Information
For more information about the AFGU program or the
featured activities, check out the Web site at
http://www.astrosociety.org/education.html, or contact
AFGU
coordinator
Anna
Hurst
at
ahurst@astrosociety.org.

Life in the "Cost-Effective" Lane –
Tutorial on Full Dome Production with a Budget
David Merrell
Lead Modeler/Animator
dmerrell@slco.org
Clark Planetarium
110 South 400 West
Salt Lake City, Ut 84101

This presentation will entail some of the ways to facilitate full dome production for
facilities on shoe-string budgets common to the not-for-profit world. Section one is a
brief outline different pipelines for full dome show production. The sections thereafter
will use the production pipeline as the outline and guide for each components relation to
keeping costs to a minimum. A brief mention as to "known steps" such as script writing
and soundtrack being that they are part of the pipeline, but have long been a part of the
production for planetariums. Section two will delve into the software available as opensource and closed source/retail packages. There will be several comparative examples
between the retail software packages and the open source "cousin". The pros and cons
will be listed so as to not simplify the assessment. Section three will cover making a
render farm and workstation. It will get very technical. Component cost to yield will be
laid out and analyzed for best ROI. “Future-proofing” will also be discussed quickly.
Section four will cover custom animation costs vs re-editing existing content to meet
each facilities instructional needs.
Paper: Forgive the nature of this paper, as it’s meant to
be more demonstrative and interactive with the
audience. It’s fairly well accepted that the best way to
learn is to cover a topic in a variety of ways to engage
each type of learner. Many of these steps I’m going to
discuss, will not translate well to text. I’m determined to
try though.
Production piplines:
Each facility varies on how they will approach the steps
in a production. Likewise, it varies from industry to
industry. Each pipeline has a different reason and cost.
Yes, each has a different literal cost.
For example, the animation industry will hire an entire
company for a previsualization. Another will be hired to
track the motion of actors or sets to composite in. Still
others contracted for texturing.
More again for
modeling, animation, etc etc. The list continues on in
the credits. And that’s not even counting the help they
will hire for in-house work. It’s not uncommon for a
hundred CG artists to be hired... and fired when the
production is done.
The management costs alone would make this model
prohibitive to non-profit. The companies also have
years on a project. I want you all to try going to your
director and telling him you want 4 years to produce a
show plus 1000 talented and high paid animators,

modelers, trackers, compositors and editors.
happening?

Not

Lets look at a more realistic production pipeline then.
Student films are some of the most economical.
Relying on volunteers, friends and campus equipment.
Scenes get shot when you can get everyone together
and someone hasn’t checked out the department’s
equipment. Editing is done on a computer that can
handle 320x240 video on its good days. Okay, that’s a
bit far in the wrong direction.
How about we take some of the best from the animation
industry and some of the best from the student frugality.
First, we’re assuming that you have already written a
script before.
Lets also assume you’ve already
produced soundtracks for your planetarium shows.
These parts of the show shouldn’t be discounted. A
flashy CGI extravaganza is rapidly boring without a
story and a soundtrack to give it emotion.
So we need to outline from the script what we’d like to
see. Keep it practical. A great way to help here is to
sketch out or storyboard. An animator like any artist will
want some latitude. No storyboard translates precisely.
To make sure you’re getting animations on
target with your storyboard, some ask for dailies. At the
Clark, we’re in a bull-pen type of office. It allows each
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of us to check on the progress of a scene and correct
any glaring errors before committing the scene to
render.
This cuts down on time lost to project
management and review. This wouldn’t work if you’re
contracting or not in the office at the time of animation
though. I’m not saying you should sit behind your
animator and watch his every move. You’ll quickly find
yourself unwelcome.
When a scene is ready to go out to render, this
can be the part of the process that is hurry-up-and-wait.
For facilities without a render farm, the workstations
have to double as the render machines. How do you
balance animation time, scene complexity and worker
efficency? It can be as simple as farming out the job to
EVERY computer you can connect.
At the Kiel
planetarium, I know they harvested spare cycles on as
many computers as they could install on.
The
workstation can be timed to join the render system
when your animator leaves for the day.
Rarely does a scene come out usable the first
render. Rendering a test scene at half resolution can
give you a working idea of where the problems are in a
scene. You can take these half resolution shots up to
your dome to check speed and complexity if you want
as well. A ten pixel motion can translate to a 30ft jump
on your dome. Invite constructive criticism at this stage
to reduce on re-rendering time lost.
As scenes complete, you can begin
compositing and editing it into a show. Don’t leave the
complex scenes till the end. What if you have to do 4
iterations before it’s usable? What if that scene is a
“render-hog”?
Once your show is composited and playable, sit
down with your staff and mark any changes you see
that are “show-stoppers”. Make sure you do this plenty
ahead of your show opening. Murphy will hang around
till you are at crunch time and exploit a software
vulnerability. We’ve had productions come to a halt due
to malicious or unstable software.
Roll show.
Software solutions: Productions don’t rely on airbrushing, paints or manual artistry as often anymore. In
fact, it’s rare. Matte paintings, once common as timesavers for Hollywood, are being replaced with
Photoshop digital mattes. Masks and cutting film giving
way to color key and alpha masking.
Many software packages are programmed with
an understood learning curve. One can’t just jump into
AfterEffects and expect to know its intricacies for years.
I can remember an instructor of mine telling me about
teaching an Adobe rep how to complete a task in
Photoshop in half the steps the Adobe rep had taken.
This is common place.
Everyone develops a
“relationship” with their software.
Getting past the learning curve gets easier with
a community dedicated to the software. The more
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populus the community, the more likely that you’ll find
the answer to the question you’re asking.
This happens to be one of the biggest hurdles
with open-source programs. Broken links on forum
pages, abandoned software, and compatibility. Once
you get into a open-source program though, you can
save yourself thousands of dollars.
In preparation for this talk, I researched several
compositing and motion graphics programs on Linux.
Did any of them replace AfterEffects? No... not by a
long shot.
Did any of them compete Lightwave, Maya or
3DstudioMax? Most certainly. Blender, a 3D program
with a very active community, recently finished it’s first
open-source movie.
Roll clips from Big-Buck-Bunny.
These
animations aren’t Pixar or DreamWorks, but they show
a rapid pursuit of that quality level.
Dedicated
programmers are adding new features constantly at nocost. If you wanted to really get to it… you could
composite in Blender… but that’s a very overengineered solution. Blender has been released for
Windows, MacOS and Linux.
Did any of them give Illustrator and Photoshop
any competition? Synfig actually one-ups Illustrator by
adding the ability to animate. Photoshop has a pretty
close relative in GIMP. GIMP has been around since
1996, but is only on release 2.4.2 now. That’s a pretty
large development time. GIMP does however add
meaningful advances each time.
Ever bought
Photoshop upgrades to only find a couple new obscure
features? That stings. GIMP certainly has a different
way of working than Photoshop. Don’t expect a quick
transition from your Adobe lifestyle to GIMP. GIMP and
Synfig both run on more than just Linux though so you
can at least get your feet wet while keeping your current
OS.
Premiere is key to our pipeline for ease of
editing, but is by no means the only way. KdenLive,
Kino, and Pitivi all accomplish similar editing as
Premiere.
Cinelerra also allows similar editing,
compositing and even support for high resolution files
such as those used in full dome video. Too bad you
can’t get it to install easily as many of its dependant
packages are out-of-date or impossible to find.
Jakasha, another case of missing dependencies,
comes in Linux, Windows and MacOS flavors.
Ironically, installing WINE allows Jakasha’s Windows
version to run on Linux. WINE is an emulation of
Windows on Linux.
Google sponsored a summer of code project to
get WINE more stable and capable. WINE just barely
released version 1.0, which is remarkably stable
considering what it’s attempting to do. This begs the
question then, what of abandoning Windows and
running entirely on Linux.
The learning curve for Linux is remarkably small
with Ubuntu and openSUSE. As mentioned earlier, an

active community can make a software package. In this
regard, Ubuntu is a power-house. New recruits are
encouraged and helped on Ubunutu’s forums. Asking a
simple question on other Linux distributions sites’ would
get a turse and rude response.
OpenOffice on Linux has comparable features
as MSOffice. Taking another piece of your budget
back.
Sound editing programs seem to abound on
Linux, though hardware support for sound cards in
Linux is hit and miss, much as it is for video cards.
Audio isn’t my field, so I can’t speak as to whether the
programs available have enough features to compete
against the likes of Audition and ProTools.
Hardware hits: Building a cost effective render farm or
workstation can take time to get all the parts right.
Many acronyms for parts are similar and woefully
incompatible. PCI-e, PCI-x and PCI for example.
Having a system built for you could be the best solution
for those who don’t feel like strapping on a static wrist
band and potentially crossing a wire that shoots $2000
down the drain. Colleges are repleat with Computer
Science students who could put together a system in
their sleep. If you’re lucky enough to work on a college
campus, you might want to enlist their aid.
If you’re fairly comfortable with the ins-and-outs
of your computer, you can end up saving thousands. A
render node from a company specializing in them could
run you 6,000 though the components cost 2,000.
Throw a thousand the way of a starving college student
and save yourself 3000. Do some research, compare
costs and you can save a thousand on components
alone.
Render nodes typically need horsepower, CPU
cycles, cores, speed to come out on top. Going
bleeding edge speed wise can cost you without giving
the return. For example, a 2.83 Ghz Quad core Xeon
processor from Intel is 714.00. The 3.16 Ghz version is
1225. Over 500 dollars more for a .33 Ghz difference. I
recommend building a spreadsheet with a couple
different configurations. Finding the most horsepower
for your money becomes easier if you can see your
options before you.
Group interaction to build the best return on
investment machine using flash cards.
Workstations though can be a whole other
animal though. Most programs are not capable of using
multiple cores, multiple processors but they can eat
RAM like it’s the only component that matters.
4 Gigs of memory has become the baseline of a
decent workstation, with 6-8 being preferred. Careful
though, since 4 Gigs requires your OS be 64 bit.
Otherwise anything over 3.7 Gigs becomes useless.
64 bit comes with a word of warning here…
your mileage will vary. 64 bit often performs slower,
has less stable drivers and not all programs will work
inside of it. When I say not all, count on at least one

mission critical software package having a problem with
64 bit.
Most 3D rendering programs can thread up to
16 threads. So rendering machines can make use of
multiple core systems. Workstations should then be
built with core speed in mind. If you are waiting on
AfterEffects, Premiere or Photoshop to finish a process
because it’s single threaded, it doesn’t matter how
many cores your machine has packed inside. 2 cores
will do for most people, 4 for those pushing a lot of data.
A quad core at 2.66 currently runs about 250. Unless
you are under a budget deadline such as the end of a
fiscal year, I would not recommend buying currently.
Intel is set to release in Q’04 a new series of processors
that will all be 4 cores and more. This also means all
current processors will go down in price as they are
taken off the shelves.
Custom Adaptation: Many planetarium shows for
years could be cut together from other slides and other
animations. Digital editing lets this same rapid show
production style make sense on much lower budgets. If
you don’t want to pay 1000 an hour for a contractor to
produce a custom animation of approaching Mars, but
could instead purchase a pre-made clip from another
show at a lower cost, wouldn’t you? At the Clark
Planetarium, we edited together a couple other shows
and some in-house animations to make one of the most
well received programs we play in our dome.
Quick demo of vendors [not just Clark, don’t
worry, not a sales pitch] to pull content from and putting
them together in a timeline.
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Planetaria and the International Year of Astronomy in 2009
Peter Michaud
Gemini Observatory
670 N. A‘ohoku Place, Hilo Hawai‘i
pmichaud@gemini.edu

Shawn Laatsch
‘Imiloa Astronomy Center
Hilo, Hawai‘i
slaatsch@imiloahawaii.org

The International Year of Astronomy (IYA) is rapidly approaching and it is time to start
planning activities at planetaria around the world in celebration of this year-long
celebration. As a commemoration of the 400th anniversary of Galileo pointing a telescope
skyward, the IYA has adopted “The Universe – Yours to Discover” as its motto and one
of its primary goals is to get the public to look through a telescope and at the sky in
general. Planetaria can play a central roll in the IYA and there are multiple initiatives
already underway to help planetaria celebrate IYA. An overview of key existing and
planned programming will be presented as well as an invitation to participate in the
ongoing planning of the Working Group devoted to planetaria, science/visitors centers
and observatories both nationally and internationally.
final stages of planning and implementation. The
remainder of this paper will highlight the cornerstone
projects that are most relevant to planetaria. For more
details, links to national IYA homepages and updates
see
the
IYA
homepage
at:
http://www.astronomy2009.org/

Introduction: The year of 2009 will present planetaria
around the world with a unique opportunity to promote
the science of astronomy to the public in a global and
historical context. The International Year of Astronomy
has been endorsed by a United Nations resolution and,
at the time of the 2008 IPS conference, well over 100
countries have signed on as official participants.
Initiated by the International Astronomical Union (IAU)
as part of a resolution (IAU Resolution B4) to create a
Charter for Communicating Astronomy with the Public
(CAP), IYA has evolved into a major initiative involving
governments, funding agencies and diverse educational
institutions.
Currently, IYA is entering its “final push” as 2009 rapidly
approaches. It will be the responsibility of individual
organizations such as planetaria to make the year a
success. A host of “Cornerstone” projects have been
identified and at the time of this IPS meeting are in the
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IYA Programming: Arguably all IYA programming is of
relevance to planetaria. Because of the diversity of
planned programming, this paper will focus on initiatives
that have been pursued by the working group (which
the author chairs with the co-author of this paper as cochair), which focuses on the involvement of
science/visitors centers, observatories and planetaria.
The following brief descriptions that follow are not
intended to provide a level of detail beyond an overview
of each initiative. For more details see the IYA website
listed above or the IYA pamphlet that was included in
the IPS registration packet you received. If, as an IPS
member you are particularly interested in any one of
these projects please contact the authors of this paper
to engage yourself in the IYA working group for
planetaria.
1) GalileoScope

The GalileoScope initiative is an extremely ambitious
project which strives for nothing less than a viable
astronomical telescope that will show at least what
Galileo saw through his telescope at a cost that makes
it easily affordable for any educator or family. The
model show in Figure 1 is anticipated to cost only about
$10.00/each (and will be sold at cost to educators). As
prototyped, the telescope will use a glass doublet
primary lens, with a Kelner eyepiece at about 45 power
(a 3-element Plossel is also being explored), and will
have the capability of using any standard 1.25”
eyepiece. Although the telescope will have no mount it
will have a ¼” – 20 mounting nut to attach to any tripod.

and participate in hosted visits from the world’s great
observatories, join amateurs in public star parties, and
augment your own public programming in this
“sharathon” of the universe.

The success of this project will depend upon a
commitment to produce on the order of a million units
and the final cost will depend greatly on the funding
available to produce the telescope in large quantities.
Note: a “solicitation” has gone out for institutions to
provide non-binding quantities that will be used to
judge demand and project initial production run
quantities.
The GalileoScope will be part of an educational kit with
educational activities and lessons for teachers and
parents. Planetaria should consider this IYA product as
something that has the potential to revolutionize the
teaching of optics and astronomy for 2009 and beyond.

Figure 2. A view of the Gemini South control room,
similar to the view visitors will experience during the
100 Hours of Astronomy event for IYA 2009.
3) From Earth to the Universe
From Earth to the Universe is a photo-based exhibit that
features some of the most spectacular images from the
greatest observatories on (and around) our world. The
exhibit is intended to be shown in “non-traditional”
spaces (see Figure 3) but opportunities exist for
planetaria to host the exhibit or partner with an art
gallery, airport or other public space in your community
to promote astronomy (and your facility) to new
audiences.

Figure 1. Prototype of the GalileoScope which made its
debut at the ASP/AAS meeting in May/June 2008.
Project Leader Error! Contact not defined. is seen
here holding the prototype model.
2) 100 Hours of Astronomy
During the period of April 2-5, 2009 both professional
and amateur astronomers around the world will link
together to share the universe via the internet in a live
interactive webcast. This event will provide planetaria
with a unique opportunity to travel around our planet

Figure 3. A mock-up of the From Earth to the Universe
exhibit as it might look in a non-traditional public space.
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At the time of this meeting many initiatives are being
pursued to fund the exhibit in multiple venues and
several versions of the exhibit are available so
institutions can participate at appropriate scales and
budgets.
4) Dark Skies Awareness
A multitude of initiatives are being pursued to promote
dark sky awareness during IYA. Probably one of the
most recognized among planetarians is the Globe at
Night project that will be expanded during IYA. This
program uses light meters to quantitatively measure
local sky brightness as well as naked eye magnitude
thresholds. With several years of data already
amassed, IYA will be an excellent chance to participate
and share the environmental, economic and public
safety aspects of light pollution with your audiences.

Figure 5. “Stars over Mauna Kea” newspaper
supplement serves as a model for IYA-based
partnerships with local newspapers to promote
astronomy in communities of all sizes.
During IYA several communities are planning
publications of this sort and a network of like-minded
coordinators will work together to produce generic
content to augment local stories on nearby astronomical
facilities (like your planetarium), local research
astronomers and amateur groups. By combining
resources high-profile articles on topics such as the
history of the telescope, a timeline on cornerstone
astronomical discoveries and even a travel guide for
visiting astronomical observatories can be shared
broadly.
A paper on this topic can be found in the St. Louis ASP
2008 meeting proceedings or directly from the author.
6) 400 Years of the Telescope

Figure 4. The Globe at Night flyer for 2008. In 2009 this
program will expand to promote the goals of IYA and
help send the message of dark skies to new audiences.

The production of a documentary for broadcast in the
US on the Public Broadcasting Service (PBS) is
currently well underway by Interstellar Studios. In
addition to the documentary, a companion full-dome
planetarium program is also planned and will be
distributed at nominal cost to planetaria worldwide.

In addition, Chuck Bueter (Cleveland Museum of
Natural Hisotry) is working on a DVD-based resource
for planetarians that will be geared toward small and
portable planetaria wishing to highlight dark skies in live
programming in the dome.
5) IYA Newspaper Supplements
In 2003 and 2005, the Gemini Observatory in
conjunction with the observatories on Mauna Kea
published two newspaper supplements on astronomy in
Hawai‘i (and one in Chile as well). The publications
were a huge success and are now being used as a
model for other communities wishing to share
astronomy with the readers of their local newspapers.
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Figure 6. Promotional poster for Interstellar Studios
PBS documentary on the history of the telescope for
IYA. A full-dome video planetarium program is also
slated to be part of this initiative.

To learn more about this program and download a
video “trailer” see the project’s website at:
http://www.400years.org/
Conclusions: IYA is without doubt the most significant
set of events ever organized to promote astronomy
awareness to the public in a broad, international, and
highly visible manner. Given the obvious connection
between the goals of IYA and planetaria in general, this
is a unique opportunity for the world’s planetaria to
share a common goal of helping the public realize that
the universe is “…theirs to discover.”
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Creating All-Dome Timelapse Video With Off-the-Shelf Technology
Peter Michaud
Gemini Observatory
670 N. A‘ohoku Place, Hilo Hawai‘i
pmichaud@gemini.edu

Creating quality all-sky video content for domed theaters can be an expensive and time
consuming proposition. However, for circumstances (like under the night sky) it is
relatively simple to create time-lapse content using off-the-shelf photography equipment
to create stunning time-lapse content for domed theaters. I will describe the technique
and equipment used at the Gemini Observatory to produce all-sky video of the interior of
the Gemini Observatory and elaborate on a new initiative to create this same footage in 3D for the next generation of theaters installing this technology.
system to obtain nighttime timelapse sequences of the
observatory’s operation under various levels of
illumination both with and without moonlight. A recent
adaptation is to use two cameras mounted adjacent to
each other to create 3-D timelapse sequences and
initial results, tested at the new SkySkan definiti® 3-D
system at the ‘Imiloa Astronomy Center planetarium in
Hilo Hawai‘i, have been extremely positive.
All of the content produced as part of this initiative at
Gemini are freely available upon request (see end of
this paper) to planetaria worldwide.

Introduction: With the nearly complete transition from
film to digital photography, the tools available in the
production of planetarium productions has been
transformed. In recent years, with the advent of larger,
more sensitive and lower noise detectors, the ability to
create all-dome images in all lighting conditions has
become routine. This has allowed the realistic
reproduction of diverse environments in any modern alldome video projection environment.
A new generation of circular format fisheye lenses for
single lens reflex (SLR) digital cameras has taken this
capability into the realm of full-motion video from a large
number of still images. By extension even the
production of 3-D video content has become a relatively
straight-forward procedure using this technology.
Furthermore, these results can be obtained with (highend) off-the-shelf photographic equipment.
The Gemini Observatory, with 8-meter telescopes in
Hawai‘i and Chile, has been using a relatively simple
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Equipment: The system developed at the Gemini
Observatory uses the Canon EOS 1Ds Mark II SLR
camera body with a Sigma 8mm f/3.5 fisheye lens
which gives a coverage of 180 degrees and very little
flaring even when shooting directly into a full moon
(Figure 1). A similar system, developed by SkySkan,
uses the Nikon D300 with a Sunex 5.6mm fisheye lens
at f/5.6 and a field of view of 185 degrees. Both of these
systems have detector/lens combinations that allow for
the entire circular image from the lens to be captured by
the camera’s detector. However, the Canon system has
smaller, pixels, a faster lens and delivers an image that
is about 3300 pixels in diameter whereas the Nikon
D300’s image is about 2800 pixels in diameter (of
course all images can be re-sampled for any resolution
projection system). Newer generation cameras can/will
deliver more pixels and lower noise and of course these
will only get more capable and lower in cost as the
technology advances.

Figure 1. Image of night sky from outside of the Gemini
South telescope in Chile with a first-quarter moon
providing
illumination.
Photo
obtained
with
Canon/Sigma camera/lens combination described in
this paper.

Figure 2. Gemini’s Canon/Sigma fisheye timelapse
system described in this paper being set up on Mauna
Kea for 3-D imaging by Gemini Observatory Graphic
Artist Kirk Pu‘uohau-Pummill and ‘Imiloa Astronomy
Center Planetarium Manager Shawn Laatsch.

The latest generation, largest capacity flash memory
cards (16 GB) should be used in order to avoid needing
to save images to a computer which adds complexity to
the system. A heavy-duty photographic tripod is also
required to assure that nothing shifts during the
sequence, although fisheye lenses are fairly forgiving to
small vibrations due to the wide field of view.
For 3-D content, two of these systems are mounted as
shown in Figure 2. To assure that both cameras are
fired in unison, an intervalometer it is wired with a
parallel output to both cameras. An additional concern
for 3-D work is the “interocular distance” which is simply
the distance between the optical axes of the two
cameras and, like the separation between your eyes,
this will determine how 3-dimensional a pair of images
will appear when projected. Closer objects will not
project well with large interocular distances and more
distant objects respond better to a larger interocular
distance. The key is to experiment and find what works
best for your subject using single images before
investing in an entire night of timelapse shooting. See
Figure 3 for an example of two images obtained with
the Gemini 3-D imaging system showed in Figure 2.

IPS 2008 Conference Proceedings ✯ 187

Figure 3. Moonlit images of the interior of Gemini North on Mauna Kea showing a pair of stereo views obtained
with the Gemini 3-D imagin g system shown in Figure 2. Note that the
Gemini Laser Guide Star system is featured (as well as
the W.M. Keck laser in the bottom of the slit at the top
of image).
For anyone considering designing a new system of this
type keep in mind that many digital cameras do not
have detectors large enough to cover a full circular
format fisheye lens image. Also, some, (mostly lowerend), cameras do not allow the use of a cable release
(or intervalometer) operation and of course some have
better noise characteristics on long exposures than
others. Be sure to understand these technical details
before purchasing a system for this purpose.
Process: For the Gemini nighttime timelapse
sequences, an exposure time of about 50 seconds is
used at f/3.5 and an ISO of 800. This combination
seems to work well in almost all conditions from a full
moon to moonless skies (using the Canon system
described in Figure 2). In practice, the process simply
involves setting up the camera, starting the
intervalometer and letting it run for the duration of your
sequence.
Before processing all of the images at full resolution for
you dome, crop them and convert to another set of
lower resolution jpegs for a quick preview in
QuickTime® or similar program that can make a movie
from the still images. Most programs will make a movie
from still images as long as they are numbered
sequentially and have a similar naming convention.
Following are some words to the wise:
1) Run the camera off its power supply (not
battery) since a single battery will only last a
portion of the night;
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2) Make sure your storage card is large enough
for the entire run of your sequence;
3) Consider running the system as long as
possible since some of the most dramatic
lighting could happen when you least expect it
(see “Spinoffs” section following this section of
the paper);
4) Save images in a raw (native camera) format at
full resolution since it will provide the most
flexibility when processing images for best
reproduction on the dome;
5) Run several text exposures, alignments and tilt
angles and test in dome for best effect prior to
executing a full night of exposures;
6) Learn how to batch process images since a
night of shooting can produce a thousand or
more images and doing them one-by-one is
foolhardy!
Spinoffs: Whenever you take as many images as
required to produce a timelapse sequence, it is likely
that a few frames will capture something you didn’t
expect such as unique lighting (moonset is always
spectacular), a transient sky event (meteor or fireball) or
maybe just a single frame where everything is aligned
in a harmonious way (see Figure 4). Another interesting
application of the images is to stack the images and
make a digital star trail (see Figure 5 and article by the
author on making digital start trails in the March 2004
issue of Sky and Telescope pg 126-131).

Conclusions: Digital photographic technology is
allowing the production of nighttime (and daytime)
timelapse sequences that would have been nearly
impossible in the days of film-based photography. Using
commonly available equipment it is possible to create
stunning all-dome video content and take audiences to
almost any nighttime environment accessible with a
camera and tripod.

Anyone wishing to obtain timelapse all-dome footage
from the Gemini Observatory, please contact the author
for free, educational-use content.

Figure 4. The power of circumstantial timing. Image of
Gemini North with laser guide star system, summer
Milky Way, the W.M. Keck laser (right) and the glow of
Hilo (left).
The possibilities are only limited by your imagination. It
is anticipated that as the technology advances, and
costs come down even more, that the planetarium
community will create amazing new content for
audiences in the domed environment.

Figure 5. Gemini North with specular illumination on
dome created by setting moon (right), twilight (left) and
red automobile tail lights. This images illustrates the
“spinoff” of stacking a timelapse sequence to make a
digital star trail.
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Production Management in the Digital Dome
Mike Murray
Programs Manager
Clark Planetarium
Salt Lake City, Utah USA
mmurray@slco.org
http://www.clarkplanetarium.org/distribution

There is no one methodology that can be tagged as “perfect” when it comes to
producing for the fulldome video medium. Factors such as staff expertise, software,
budgets, rendering capability, and community expectations will profoundly influence the
production process. An addition, there’s the ratio of real-time programming to video
playback content. It isn’t necessary to have hundreds of thousands of dollars in your
budget to make a high quality fulldome experience. We will discuss those features of
production which may take more attention and planning than the classic “star and slide”
shows.
Introduction
As fulldome digital production continues to grow and
more producers are looking to break into the mix, the
inevitable question keeps coming up: “How much does
it take and how much does it cost to make a show?”

In 2002 the new Clark Planetarium was under
construction in another part of downtown and we were
still operating as the Hansen Planetarium, but we were
already laboring on our first digital production, “The
Secret of the Cardboard Rocket.” We were finding out
in a true “nuts and bolts” fashion what it meant to create
a fulldome video show in the hopes that it would fulfill
the potential of what the new technology could do.
The production hours required for modeling, texturing,
lighting, shading, camera movements, compositing, and
animation was a mind boggling increase over the
traditional “classic” planetarium show production
process. With that kind of requirement, we quickly
discovered that the right amount of attention to good
scripting and storytelling was a key element. More
upfront investment in researching the topic, audience’s
desires, careful wording, transitions, the melding of
story to visuals – all these things would need more
serious attention and multiple reviews.

Many people have asked me about our experiences
here in Salt Lake City, both through Clark Planetarium
Productions and through my presentations at IPS and
DomeFest, but many different impressions continue to
persist out there. And so I thought it might be helpful to
offer a summary of those conversations here.
As many producers have already pointed out, there is
no one production method or funding formula that
applies to all situations. Let’s look at the influencing
factors…
How much effort goes into the script and show
design?
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Jim Sweitzer probably said it best when he referenced
the legendary Japanese film maker Akira Kurosawa. He
paraphrased his famous quotation to address the
question of the level of tools or production budget one
might have:
“With a good script a good planetarium director with
extraordinary tools can produce a masterpiece; with the
same script a mediocre director or one with inadequate
tools can make a passable show. But with a bad script
even a good director with a big budget can't possibly
make a good show.”
Given some of the scripting found in planetarium shows
of the past, Jim said “today the potential for wasting lots
of money has just become easier.” We became acutely
aware of that philosophy when working on our very first
show.
The pressure was on to raise our own
professional writing standards, and we had no intention
of falling back onto the comfortable habits of the past.
Think of the effort that goes into the writing and show
design as an investment. I’m not just talking about
“more time,” I mean a better understanding of the
medium you’re creating for. For example, the 3dimensional movements imparted to all of the elements
in the fulldome scene means there is less attention
available by the viewer to take in wordy and heavy
technical language. We found the need to make greater
use of advisors, content specialists, editors, and
reviewers to satisfy not only these requirements, but to
raise that “professional bar.”
Another issue that arose early on is the “ideal show
length.” The intensity of the immersive digital animation
experience implied that a shorter show length is ok, but
only up to a point, and only as much as your audiences
will expect. A 20-minute mini-show might work well for
a tourist heavy facility where people don’t have time to
sit through a “full length” show, but many theaters have
local audiences who want a more in-depth program and
something that gives them “their money’s worth.”
How many elements of the show are produced “inhouse” and how much is contracted out?

By “elements” I’m talking about research, scripting,
voice, soundtrack, modeling, compositing, editing,
software specialists, animation, and so on. These
descriptors are nothing new but some will take on a
deeper significance when it comes to doing fulldome
digital work. Developing just a 25-minute program with
original 3-D content can involve several thousand hours
of staff time. With a crew of two or three, that could
take years! Contracting out to professional digital
producers or tapping into a library of “fulldome video
clips” can potentially save money and time (underline
time).
Our first production for general audiences in the new
theater was an original script and soundtrack, but most
of the visuals were from outside sources. The resulting
35-minute show (“The Ultimate Universe”) took less
than five months to construct and remains one of our
most popular programs to date. Most all the shows
we’ve produced in-house since then have taken
anywhere from 9 to 18 months to create (using a staff of
up to 7 FTE). Most have enjoyed similar levels of
success, but the in-house investment was far greater.
In the future, as greater amounts of content becomes
available as “clip libraries” and more production staff
learn the fine art of fulldome video compositing and
editing, the potential for creating professional products
on shorter timescales and smaller budgets will become
a real possibility for many fulldome facilities.
The talent and skill levels of your producers.
No matter what the level of in-house or out-of-house
talent you choose to use, the professional look of your
show still comes down to the expertise of who you’re
using. That kind of proficiency can’t be learned by
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simply buying a software package like 3ds Max or Maya
and playing with it for a few months. It can take years
to develop the skills necessary to produce an expertly
polished digital fulldome show.
Many systems have a graphical user interface (GUI)
that allows the performer to mimic many of the functions
of traditional star machines, or bring up images and preprepared video sequences at the touch of a button.
The time to generate custom scripts to play this material
is far less than creating 3D content from scratch, but it
still takes practice and knowledge of how to effectively
use the dome environment.
Attention to Sound Design.
The right choice of music, narration, and sound effects
requires every bit as much attention as visualization!
The soundtrack is no longer a background element; it
sets the emotional context for the story. Know when to
be complex, varied, layered, expressive, intense,
dramatic, or suspending is really that important.

The sound levels themselves shouldn’t be too far in the
background either – make them as strong as possible
without competing with the narration. Sound effects and
layering are an investment in creating a positive
impression of the show, not an afterthought. If you have
surround sound, have it professionally done.
Remember, it’s not a constant sound level throughout –
it breathes and moves with the story!
How many producers and how much time do you
have to devote to the project?
This is mostly an issue of mathematics. Even with
highly skilled producers, the cost and quality of your
program is majorly affected by sheer numbers of staff
and the production calendar. But at what levels do you
reach the point of diminishing returns? You can take
into account all the funding mechanisms you want
(ticket sales, grants, sponsorships, show sales,
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subsidies, etc.) but most successful business models
strike a balance between staff levels, outsourcing and
frequency of new releases. Two years, 12 producers
and two million dollars might result in a great show, but
there can be downsides (e.g., local audiences become
impatient at the long stretch between new releases;
overly heightened expectations; pressure to “play it
safe” instead of taking some measure of risk; low
financial return).
How far you take the storyboarding process.
Thinking visually is still a crucial element of show
design. The most engaging programs come from
writing with the imagery in mind, not “forced in”
afterwards. Visual concepts can be communicated to
the producers in many ways. Professional methods
such as pre-visualization (“pre-vis”) can be fantastic
when it comes to getting the details across (scene
layout, camera angles, motion guidelines) but it can add
significant amounts of time and cost to the production.
Text descriptions can work but will require more
frequent monitoring and review to assure proper
interpretation, accuracy and consistency between the
producers. Simple sketches can generally be done
quickly because they’re just rough-and-dirty drawings
and convey a more accurate visual impression than text
descriptions. Even better, if you have someone who is
good at sketching quickly, they can generate more
frames to emulate a short of simplified animation
(“animatics”).

Pre-rendered video playback or real-time live
presentation?
The choices here can have a huge impact on
production needs, staffing levels, time requirements,
and the like. Each style (or some combination of the
two) can be engaging and effective. Yet many facilities
feel constrained by their budgets, staff and hardware,
and sense the pressure to stick closer to real-time
scripted or live performance when it comes to their inhouse production efforts.

The investment required to do a high level playback
show can be daunting. How one defines “high level”
might depend on:
• To what depth is the work based on 3D
modeling and how much is manipulating 2D
images?
• How much is motion camera work and how
much is CGI?
• How much modeling are you creating from
scratch and how much comes from "libraries"?
• Resolution of your original frame masters.
• How many iterations you can make time to do
(and at what resolution).
• How much rendering capability you have.
Depending on the above choices, you can budget a
show for anywhere between $2 thousand and $2 million
(or more). And either extreme can prove to be effective,
popular and valued by the targeted audience. It comes
down to properly matching a product to the
expectations.
But it also depends on the creativity, expertise, and
efficiency of your operation. Playing to the strengths of
what you have. We've made scripted live-performance
shows that cost a few thousand dollars and full-blown
pre-rendered shows for several hundred thousand.
Both have their ideal applications and both have seen
success.
Producing pre-rendered playback content is a whole
new opportunity for domes, a renaissance of sorts. The
production costs are certainly much higher because of
the time needed to produce professional-looking (and
sounding) material. So how do we accomplish it?
Nearly all of our expenses are covered by ticket
revenue, show sales, sponsorships and
grants.

It’s also crucial to foster the kind of environment that will
attract and grow a mix of talented people who love the
challenge of creating this kind of content (most of our
producers did not come from the planetarium field).
They are highly productive, imaginative, and stay
abreast with the latest trends in the digital theater
industry.
Time for Post Production
Never assume that all your major problems are going to
be fixed “after the show opens.” Set aside the proper
time for iterations in your production calendar. Even so,
post evaluation allows for crucial polishing.
Conclusions
Digital fulldomers have a lot of great new tools to tell the
story of the universe with, but it takes a new kind of
expertise to make the best use of those tools. Hire
professionals who know what they’re doing with this
new technology, and good writers who can compose for
the medium.
Whenever anyone is learning a new field or a different
way to communicate, it’s important not to get too
emotionally attached to the content you’re creating.
Adjustments, mid-course corrections, iterations – these
things should be expected. Have a set of technical and
artistic criteria for what you are striving to do, otherwise
people are left to mentally default to “creative
differences.”
Keep things in as objective and
measurable terms as possible.
Try new things, but do evaluation, surveys, focus
groups, and special screenings. We can sometimes be
our own worst critics, but audiences will not see things
through your “producer’s eyes.” And by all means, get
ideas from around the digital industry (not just
planetaria).
Credits
Photos courtesy of the Clark Planetarium.

IPS 2008 Conference Proceedings ✯ 193

Lesson Plans and Best Teaching Practices – Tools to Ease Visiting Teacher
Stress
Jack L. Northrup
Dr. Martin Luther King, Jr. Planetarium
King Science and Technology Magnet Center
3720 Florence Blvd
Omaha, NE 68110
jack.northrup@ops.org
jlnorthrup@fbx.com

Teachers visit the planetarium to promote instruction in a content area, but they are at
times asked to connect that experience back to the classroom. A teacher's world is
lesson-centric while the planetarium experience is heliocentric so we have to establish
bridges to allow for effective instruction. Some of these bridges are Venn Diagrams,
Reciprocal Teaching, and KWL's that will be tools in the planetarium and the classroom.
With the current focus in education on content mastery,
some teachers have become very stressed about taking
field trips to the planetarium for informal education
experiences. Some of their concerns are; what content
standard does this match, how do I prove this was
effective learning time, and how do I extend this
experience back to the classroom.
Their first concern of what content standard
does this match, can be addressed with some research
and conversations with master educators in your area.
Content standards are often divided into National
(http://www.nap.edu/html/nses/),
State
(http://www.edstandards.org/standards.html),
and
District (Omaha Public Schools used as example:
http://info2.ops.org/contentstandards/ ) levels. Review
a couple of the more popular planetarium presentations
that you have and note the content standards that you
think best fit knowing the age of the intended audience.
The second step that we use is a Planetarium Review
Committee (PRC) to review the presentation and
connect content in other curriculum areas. Members of
our PRC are from several different departments and
grade levels, with their assistance we have been able to
identify connections to social studies, math, english,
and counselor/humanities. At this step you now have a
great deal of information that can be organized for
future reference. For example our presentation “Royal
Flush” is used for 4th grade's English-Fiction
th
comprehension and 6 grade's Social studies-Greek
culture.
The second concern for teachers visiting the
planetarium is that many need to demonstrate in their
classes observable and measurable class objectives.
The problem is most people think planetariums are dark
and there is no way to observe the students
demonstrate learning.
We have used audience
participation systems but getting the data to match up
with the students was often difficult. A technique that
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we have switched to because it also gets the teacher
more involved is giving them the red flashlight and on
cue they will illuminate a student for their opinion. They
know the students and are more likely to get active
participation. The third method we have tried is to give
the teacher the night vision ocular and use it to
anonymously poll the audience. If you think something
is true cover your nose, if you think it is false put your
hand on your head.
The teacher can get their
information with only minimal disruption to the
presentation.
Another topic besides grades that teachers are
interested in is lesson plans. Nearly every district or
building will use their own style of plans. This is when
you can tap into your PRC group and get sample plans
from several nearby districts to write lesson plans for
the show. In our area of the midwest we observed that
there are five common areas included in lesson plans.
• Content standards- You have those already
from the PRC.
• Anticipatory set- Script out questions that are
posed to the students prior to the presentation.
• Objectives- Make them measurable to help the
teachers.
• Procedures- List points in the presentation that
support the Objectives.
• Summary- Script out questions that can be
used at the end of the presentation to check for
understanding.
The anticipatory set can also include short activities that
are done in the lobby of the planetarium. Such as
asking a group of younger students to draw what a star
will look like close up and on the reverse a picture of a
planet. Then repeat at the end of the presentation after
the students learned that stars are round and have no
points, there is your summary. The objective for this
activity is 80% of students will not draw points on a star
when prompted.

For procedures the teacher does not need a
complete script of what happens in the presentation.
Just a progression of the key points, formulas, and
terms (include definitions) is needed for the teacher.
The procedures are the signs along the path of the
lesson not a guidebook.
The third concern for our teachers is bringing
the planetarium experience back to the classroom. To
assist in extending this experience we build on the
lesson plans from the previous topic. You can write the
lesson plan for the presentation so that it is meant to be
finished at school, or just write two plans that
interconnect.
Several teachers have used the
vocabulary and definitions from the planetarium
presentation lesson plans to develop short lessons
using concept maps and word wall strategies.
Prepare a lesson that started at school, then
instructed at the planetarium and completed at school
can
be
based
on
a
KWL
(
http://www.ncrel.org/sdrs/areas/issues/students/learning
/lr2kwl.htm ) where you can see what the students have
learned versus what they already know.
For a lesson that is to be completed back in the
classroom, you may design a short activity that has
students
work
with
Venn
Diagrams
(
http://forpd.ucf.edu/strategies/stratVenn.html
)
to
compare and contrast different planets. If you are
aware of the textbook used in the classroom you can
create
a
reciprocal
teaching
(
http://www.ncrel.org/sdrs/areas/issues/students/atrisk/at
6lk38.htm ) reading activity that has the students
question and clarify content material. If your teachers
are interested in writing activities for the students they
can write a RAFT (

http://www.greece.k12.ny.us/instruction/ELA/612/Reading/Reading%20Strategies/RAFT.htm ), such
as, the students playing the role of travel agent who's
audience is tourists reading travel brochures for
vacations on Mars.
Another way to get the students to carry the
information from the planetarium back to school tying
the presentation to a community service project. One of
the teachers who will visit the planetarium, comes 4
times a year with her students the day before her
school's family night each quarter. The students learn
about the current night sky in the planetarium then they
get to lead the presentations back at school with the
parents. Another option for extending the learning
experience is consecutive day reservations, the first day
the students come to the planetarium to learn about the
Sun and the second day a planetarium staff member
will go to their school and set up the equipment so that
they can safely observe the Sun.
Additional strategies and lessons examples can
be found at http://webmail.ops.org/~jack.northrup
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In-depth Evaluation of an Unprepared Field Trip
Lars Petersen, Orion Planetarium, Søvej 36, Jels, DK-6630 Rødding, Denmark, orion@au.dk
Bettina Brandt, Center for Teaching Facilities, University College South, Denmark
Jens Jakob Ellebæk, Science Teacher Education, University College South, Denmark
Many school group visits to planetaria consists of unprepared field trips, i.e. visits that
are not part of or linked to teaching in the classroom. An unprepared visit by a group of
3rd-graders is evaluated in-depth by video monitoring, pre/post interviews and by a
unique method using extempore exercises. Albeit much criticized, such a visit proves to
have both cognitive and interest attracting value.
Introduction:
A large fraction of school group field trips to
extramural learning centres, e.g. planetaria and
science centres, are “unprepared” visits, in the
sense, that the visit does not constitute a part of the
teaching at the home institution and teachers and
pupils are rather unprepared of what to expect or
gain from the field trip. Whether this missing
preparation is a result of Danish science teachers
lack of competence or willingness to prepare pupils
before the visit - or a result of the extramural
centres failure to communicate sufficiently their
expectations of the visiting pupils’ knowledge on
the subject - is not well known. Nor is it known
what the unprepared visit can contribute cognitively
and affectively to school groups. In an effort to
characterize, evaluate and improve an unprepared
visit at the Orion Planetarium, collaboration with
staff member of University College South
(Haderslev, Denmark) has been carried out on a
research project monitoring a field trip of a class of
3rd-graders from a school, which normally doesn’t

use the planetarium for field trips. Three main
purposes for the project were in focus:
To increase our knowledge of the learning potential
of an ”unprepared visit” at an informal science
learning centre as the Orion planetarium.
 To increase our knowledge about the
”unprepared visit” and its value as access
(einstieg) for a teaching sequence in
science.
 To
improve
the
planetarium’s
understanding, appreciation of, and plan for
this kind of visit.
Methods:
The project included contact to the class before and
after the actual trip to the Orion Planetarium,
monitoring of the visit and interviews. From the first
planning to the last analysis and implementation of
improvements the project is planned to last two
years.

Project timeline

Autumn
2006

Planning with a school
class of the purposes
and premises of the
project

Project
description

The visit 25-10-2007:
Observation
Interviews

Beforedrawings
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Afterdrawings

Analysis and
assessment

Interview
with teacher

Autumn
2008

Improvements
Development of
materials

The research project was planned as a purely
qualitatively
investigation
with
observations,
before/after-drawing, pupil interviews and teacher
interview as the main tools. Observations during the
visit to the planetarium was done using video
monitoring, complemented with the participants visual
observations.
An important tool of evaluation, and central to this
project, is to let the pupils perform an extempore
exercise before and after the visit. At this age level
pupils express themselves best orally or through
drawings, and in this project the pupils were, some time
before the field trip, asked by their teacher to draw
“what’s above the clouds”. The teacher was instructed
to let the pupils make the drawings without any prior
work on the subject. After the planetarium school-show
the pupils were asked to do exactly the same exercise
without any further instructions. The before- and afterdrawings can then be compared to evaluate what
learning input has been gained from the planetarium
show.

Before

After the drawing session three pupils, judged as
representative of an assumed top, middle and bottom of
the class, were selected for interviews. Finally the
teacher was interviewed 2 months after the visit to
clarify her background and benefit of the field trip, her
estimate of the pupils benefit and to understand the
amount and type of classroom activities carried out after
the visit to the planetarium.
Results:
It was a clear result from the before/after-drawings that
most of the pupils’ knowledge of astronomy had been
increased and differentiated and in some cases there
was a distinct increase in the pupil’s astronomical
knowledge base. Some examples:

After

Marked increase of knowledge base:
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Moderate increase in knowledge base:

Before

Conclusions:
That the pupils have religious and academic
preconceptions on astronomy, which exist independent
of school preparation before going on the field trip is no
surprise. It is more surprising, that the pupils get a clear
cognitive and affective yield of the visit to the
planetarium despite the (intended) missing preparation
in the classroom. The visit gives the pupil a “moment of
surprise”, i.e. learning accentuated through authentic
and the not expected phenomenon, and increased
interest leading to increased start-potential /
”einstiegen” possibilities to a learning sequence in
astronomy. The experiences at the planetarium make a
common reference for both teacher and pupils, which
can give a common ownership of the subject.
Whether the pupil would have had a higher yield from a
“prepared” visit cannot be evaluated from this project,
but should be subject for further research. At least it
shows, that the “unprepared” visit has an obvious
cognitive and affective value, especially if the
extramural centre offers activities aimed at this type of
visiting groups.

After
The subsequent interviews gave no reasons to question
the above results on the astronomical cognitive yield,
but gave a good impression of the affective yield of the
visit to the planetarium. Most pupils were very positive
about the visit, and all expressed their special
fascination of the dome and the star field. They also
expressed enhanced interest in astronomy and desire
to work with astronomical subjects in science in their
class. Some examples:
Assumed top of class:
“…Yes! – Now I will love to work with planets and stuff”
Assumed middle of class:
“…I think it is exciting to know what is above the clouds
and stuff. – It could be.. things on the Earth you know a
little bit better than things behind the clouds…”
Assumed bottom of class:
“I don´t know… – Then I think I would work with the Sun
and countries and such….- That I think is really, really,
really exciting”
Although is was an intended part of the project, that the
class didn’t work with astronomy before the visit to the
planetarium, the pupils still had some knowledge on the
subject, from family, friends and different types of
media. I.e. they were not without any preconceptions on
astronomy prior to visit. The preconceptions were very
diverse in character, and it was also noted, that
scientific and religious preconceptions on the Universe
were interlinked.

Many Danish science teachers in the younger classes
have a poor background in science, and only a small
fraction has proper education in science from teachertraining colleges. Many of them will be reluctant to plan
a “prepared” visit to an extramural centre. From the
above results there is no implications as to recommend
minimum preparation of field trips, the “unprepared” visit
will need some planning after all. However, the results
show that the “unprepared” visit should be reconsidered
for its learning potential, and it should be recommend
teachers with low self-efficiency in a special topic not to
dismiss the use of targeted extramural activities due to
frustrations of low competence or ability to make
academic preparations.
Additionally, from the project the following suggestions
for improvements of the “unprepared” visit have been
pointed out.





Improving the visit-concept through more
optimal use of activating elements, dialogic
teaching and optimal waiting time.
Developing
and
organising
educational
materials for post-visit teaching.
Increasing the availability of teaching materials
through handouts and web-links to online
materials.
Increasing the availability of materials through
Center For Teaching Facilities (CFU).

Back to Basics: Planetarium Presentations K to 12th Grade
198 ✯ IPS 2008 Conference Proceedings

Donna Pierce, pierced@hpisd.org
Back in the 1960’s SWAP members Bill Dexter, Paul
Engle and H. Rich Calvird gave me advice I’m still
using. Today I want to remind us where we’ve been
and why we need to remember how to communicate
with our school districts, so they know what a
planetarium can actually do.
Also, we have to
communicate with the teachers themselves. I want to
reemphasize the word “communicate”. The planetarium
is not a place to lecture so much as it is to use the
inductive method to teach. It is also the perfected place
for participation (yes, even in the dark). Students need
to be actively involved. Thanks to Alan Gould for his
POP workshops in the 70’s. Suggestions I found
invaluable over these many years:
1) know exactly what is being taught in various grade
levels;
2) attempt to correlate or generate interest;
3) prepare students before attending planetarium
lesson;
4) use the facility to communicate with the students and
you;
5) use the facility for all curricula – not just science.
One of our problems is educating our teachers. Many
need to know you are available for all areas of curricula.
We are unlimited in what we can do!
Use the
planetarium as much as possible, as often as possible.
Expand and enrich the school’s curriculum and
remember the prime object is motivation.
Planetarium presentations are not field trips but
extensions of the classroom. Each fall freshmen take
advantage of the Geography classes in our
planetarium. They can understand time zones when
they are rotating with the geo earth from west to east,
visually walk on the latitude and longitude lines – well,
you get the idea. Freshmen English students enjoy
seeing the skies as Romeo and Juliet might have on
those nights in July. Star crossed lovers – you bet!
Lifestyles are influenced by daylight and darkness.
Juniors can certainly understand Caesar when he says
“but I am constant as the Northern Star” when students
experience the 24-hour rotation in the planetarium.
Man is a cosmic being, a fragment of a star Shakespeare shares this with mankind.
“He has
clothed in words of beauty and dignity the mystery of
human destiny.” Mark Twain fell in love with astronomy
when he visited the Chicago Museum of Natural History
and viewed his first meteorite. Dropping the North Star
below the horizon in the planetarium the students can
associate Twain’s problem that the constellations
“weren’t always as they seemed”. Using the Southern
Cross as an example, overlays illustrate his views of it
as a cross out of true, a coffin out of true, a kite. What
about doing sun angles for Geometry classes?
Skywatchers of Ancient Mexico for the history

students or Whirlpools of Darkness
enlightens all ages about black holes!

certainly

Middle School classes: Mythology for 7th grade is a
given; right ascension/declination with the earth’s
coordinates projected on the planetarium dome for the
th
celestial sphere and H-R Diagram for 8 graders is a
must. Differences between apparent and absolute
magnitude under the planetarium sky, with
spectroscopy labs for not only high school chemistry
classes but also for intermediate and middle school
grades, are much more productive in the darkness of
the planetarium than in their science labs. The orrery
for Kepler’s laws is presented in middle school and
continued for high school physics classes. I believe
there is no better site for presenting moon phases than
the planetarium. Middle school age is perfect for
creative writing and creative poetry to be presented in
the planetarium .
Setting scenes and giving the
students time to write afterwards makes for some
awesome literature to read.
Grade school’s number one rule is to bring the
kindergarten classes over for orientation so when they
attend in later grades they are prepared to participate.
Planetary motion, earth’s motions (rotation, revolution,
precession), seasons can all be correlated directly with
the planetarium. And what if the Earth did not have a
moon gives students a chance to participate on moon
phases. First graders need to know the difference
between a star and a planet. Second and third graders
are studying the Solar System. All students, and their
parents, are encouraged to access my web page. Our
school district emails an e-Blast Letter at the end of
each week with district news which includes
Astronomy Alerts from me.
I feel the planetarium belongs to the community so I am
available for birthday parties; Indian Guides/Princesses;
Boy/Girl Scout astronomy requirements; night classes
for the family in the Fall and after school grade school
age classes in the Spring. Bill, Paul, and Rich told me,
so many, many years ago: “Donna, “the information has
to be in your head or you don’t have it at all. If you are
starting a planetarium, or have already started one,
your main problem is going to be your teachers.
Because if they don’t use it, what good is it going to
be?” I want to add to that saying you need to know
what the teacher wants on each and every lesson. I am
their teacher and the planetarium is my blackboard.
Do contact me at pierced@hpisd.org for more
information
or
access
my
web
page
at:
http://planetarium.hpisd.org.
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Flying through Particle System Driven Geyser-like Volcanoes on Enceladus,
a Moon of Saturn
Mark J. Prusten
Silicon Arts
P.O. Box 64310
Tucson, AZ
01-520-742-9125
Photondyn@Silicon-Art.com

This paper develops the procedural particle systems required to simulate the water-ice
gas mixture that spews from the earth like geysers on Enceladus, a moon of Saturn.
Three components must be present for geysers to exist: an abundant supply of water, an
intense source of heat, and unique plumbing. Enceladus is made mostly of water ice and
has great regional differences in the number of impact craters on its surface. The
Cassini-Huygens spacecraft mission will help determine if Enceladus has some internal
heat source that melts the ice enough to erase impact craters. This animation will
simulate how such volcanoes may shoot ice particles into space, where they are
captured by Saturn's gravity and become part of the a planets E-ring. These animations
simulate the complex particle systems with photo-real high dynamic range imaging.
Custom rendering shaders and phenomena are utilized to animate photo-real
imagery.
Categories and Subject Descriptors
I.3.2 [Graphics Systems], I.3.7 [Virtual Reality].
General Terms
Design, Experimentation, Measurement, Documentation,
Performance, Economics, Reliability, Human Factors,
Theory.
Keywords
Cassini-Huygens, Encaludus, Geyser Particle system,
Volcano model, Photo-real, Procedural Animating,
Rendering, Compositing.

COLD GEYSERS - CRYOVOLCANOES
Geyser-like activity has been documented on some of
the moons in our solar system. Jupiter's moon, Io, has
eruptions of frozen water particles and other gases
through vents in its surface. Triton, a moon of Neptune,
and Enceladus, a moon of Saturn, also have these cold
geysers sometimes called "cryovolcanos". They are
thought to erupt from pools of liquid water located a
short distance below the surface of these moons. On the
surface the eruptions look like a "volcanic snow".

INTRODUCTION
The Cassini-Huygens mission is exploring Saturn and its
many mysterious moons. This project was developed by
NASA, the European Space Agency (ESA), and the
Italian Space Agency (ASI). This mission was launched
on October 15, 1997 and is being managed by JPL. The
mission objective is a four-year close-up study of the
Saturnian system.
The Cassini observation of geysers associated with a
thermal anomaly of 4-8 GW makes Enceladus the
“hottest” icy satellite in the outer Solar System.
Astronomical observations indicate that the geyser might
have had very large eruptions in the past, suggesting
that we are presently observing a relative quiescent
period. Some scientist suspect that such volcanoes may
shoot icy particles into space, where they are captured
by Satrun’s gravity and become part of the planets Ering. The workflow to create these visual phenomena
effects will be discussed.
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Figure 1. Geyser system generated at South Pole of
Enceladus.

To understand how a geyser works, you must first
understand the relationship between water and steam.
Steam is a gaseous form of water produced when water
is heated to its boiling point. When water converts into
steam at surface conditions it undergoes an enormous
expansion because steam occupies 1600 times as much
space as the original volume of original water. The
eruption of a geyser is powered by a "steam explosion"
when boiling hot water suddenly expands into much
more voluminous steam.

image and about 4 meters (13 feet) per pixel in the
narrow-angle image. Some regions of Enceladus show
impact craters up to 35 kilometers (22 miles) in diameter,
whereas other areas are smooth and without craters.

False-color mosaic of Enceladus taken by the CassiniHuygens probe July 14, 2005 is shown in Figure 3. A
false-color view shows some linear features on
Enceladus with a slightly different color from their
surroundings. Varying compositions or varying ice
crystal sizes may cause the different colors of ice. Either
ENCELADUS DATA
one can indicate different formation mechanisms or
Until the two Voyager spacecraft passed near it in the
different ages.
early 1980s, very little was known about this small moon
besides the identification of water ice on its surface. The
The South Polar Region is demarcated by the
Voyager missions showed that Enceladus is only 500 km
circumpolar set of ridges and troughs in the bottom half
in diameter and reflects almost 100% of the sunlight that
of the mosaic. Other preliminary results from the visual
strikes it. Voyager 1 found that Enceladus orbited in the
and infrared mapping spectrometer show a surface
densest part of Saturn's diffuse E ring, indicating a
composed of only pure water ice, with no other
possible association between the two. Voyager 2
compounds detected. Ammonia or ammonium
revealed that despite the moon's small size, it had a
compounds and carbon dioxide were expected, but not
wide range of terrains ranging from old, heavily cratered
seen in the data. Further analysis may find trace
surfaces to young, tectonically deformed terrain, with
amounts.
some regions with surface ages as young as 100 million
years old.
Enceladus Laser Altimeter Data
The topographic relief is only about one kilometer, which
is quite low for a small, low-gravity satellite. However,
this is consistent with other evidence that points to
interior melting and resurfacing in Enceladus' history.
The Cassini RADAR Science Team whose main focus in
the mission will be observing, mapping, and modeling
the surface features revealed by the RADAR. A key tool
for this effort will be the ability to produce topographic
maps from the RADAR images by stereo and shapefrom-shading analysis.

Figure 3. Enceladus imagery data.
Close-ups of the terrain maps used for the south pole
texture map is shown in Fig. 4.

Figure 2. Enceladus Laser Altimeter data.
Enceladus Imagery Data
Just one day after the Titan flyby, Cassini turned its
sights on Saturn's moon Enceladus, revealing a
fascinating, tortured world of ice. The spacecraft swept
within 1,180 kilometers (730 miles) of the moon's
wrinkled surface, providing the first-ever high- resolution
images of this world with the brightest, most reflective
surface in the solar system. Image scale is about 37
meters (121 feet) per pixel in the wide-angle camera
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upward. Then the create gravity, noise, drag, surface
tension and volume operators are added. The
parameters were scaled in meters like the world
coordinate system.

Figure 4. Enceladus South Pole data.
GEYSER PARTICLE SYSTEM MODEL
The presence of N2 in Enceladus could be the result of
dissociation of NH3 at high temperatures. Matson et al.
(2005) have produced such a model in which high
interior temperatures greater that 1000K are reached,
offering the conditions for hydrothermalactivity and
associated geochemistry. The workflow to create the
geyser or cryovolcanoes will focus on emitter features
and controls.
Emitters generate fluid particles, and their settings
dictate the basic behavior of the fluid. The operator node
based functions allow one to selectively add effects such
as forces that control and sculpt the behavior of the fluid
particles.

Figure 5. Cryovolcano model.
The scene consists of an emitter that shoots liquid
particles upward at an accelerating rate, forming a cap.
At the base of the geyser we'll apply a second emitter
shooting out dumb particles more or less horizontally to
produce basal spray. The particles will be controlled by:
gravity, noise, drag and surface tension operator nodes.
The main emitter that will make the core part of the
geyser is a circle emitter that is rotated to face vertically
202 ✯ IPS 2008 Conference Proceedings

Now we’ll add an emitter that will generate the spray you
often see at the exit point of the nozzle of jets of fluid
that usually blast at nearly right angles to the jet
direction. It’s easier to break this out as a separate
physical effect rather than try to get the full range of
motions out of a single emitter. Another circle emitter
was added by cloning circle1, call it “spray”, change its
color to green, set to dumb particles and with side
emission “on”. Scale it up by 30% to avoid ugly
interaction at circle1’s source. Use the Scene Tree to
apply all daemons except surface tension. Sometimes
it’s also possible to make these additional effects
computationally cheap. In this case we can use dumb
particles rather than fluid particles.
Liquid particles behave like a set of sticky, compressible
balls. You can visualize these like gas-filled balloons
coated in a film of glue. The balloons bounce and stick to
objects and each other, producing chaotic and complex
motions; and when there’s enough of them, they work
well to simulate a body of liquid. When the particles pile
against each other as a result of forces like gravity, they
compress under the forces. Stronger forces mean
greater compression, but it also depends on the settings
for internal and external pressure. Reducing internal
pressure allows masses of particles to compress more
under the influence of forces. The stickiness of the
particles allows groups of them to stick together, just like
real fluids, and also generates particle-to-particle friction
as they attempt to slide past each other. This sliding
friction between particles is a good way to imagine fluid
viscosity. We want the spray to shoot out at right angles
all around the emitter perimeter via an operator called
side emission. Now we’ll do a little keyframe animation,
and introduce you to the Curve Editor. The emission
speed control of circle1 emitter is set to start at zero,
accelerates to 10 at frame 50, then drops off quickly to 0
at frame 60. Set the max particles of the spray emitter so
it will shut off by running out of particles at about the time
the other emitter does.
Run test simulations and alter the emitter settings to get
good-looking results:
1. reduce the resolution of the emitters to get fast runs
for testing the basic motion,
2. adjust the ~volume daemon so it lies under the
emitters
and kills particles as they fall through the “ground”,
3. adjust the viscosity and speed of the geyser, the
speed of the spray, the strength of gravity, noise, drag,
surface tension,
4.give the emitters random speed values to make
them look more natural.

collect data with its cosmic dust analyzer due to an
unknown software malfunction. The probe will pass near
Enceladus again later in 2008, and could make another
attempt to collect the data
ANIMATION OF CASSINI-HUYGENS
These animations incorporate the complex particle
systems with photo-real high dynamic range imaging.
The animation of the trajectory follows a spline curve
and can be done in a variety of ways. The passing of
Cassini through the geyser plume requires rigid body
dynamics. Custom rendering shaders and phenomena
definitions in mental ray are utilized to create photo-real
imagery. Techniques like final gathering, global
illumination, and sub surface scattering can yield very
realistic results, shown in fig. 7.
Seen from Enceladus, Saturn would have a visible
diameter of almost 30°, sixty times more than the Moon
visible from Earth. Moreover, since Enceladus rotates
synchronously with its orbital period and therefore keeps
CASSINI-HUYGENS SPACECRAFT
The Cassini spacecraft is the first to explore the Saturn one face pointed toward Saturn, the planet never moves
system of rings and moons from orbit. The Cassini in Enceladus' sky and cannot be seen from the far side
spacecraft is loaded with an array of sophisticated of the satellite.
instruments and cameras, to deliver valuable data from
the mission to scientists around the world. The Setting the camera vantage point such that Saturn's
spacecraft is more than 6.8 meters (22 ft) high and more rings would be seen from an angle of only 0.019°, and
than 4 meters (13 ft) wide. The orbiter has a mass of would appear as a very narrow, bright line crossing the
2,150 kg (4,739 lbs), the probe 350 kg (770 lbs). A 3D disk of Saturn, but their shadow on Saturn's disk would
be clearly distinguishable.
model of the spacecraft is shown in Fig. 5.
Figure 6: Geyser particle emitter system.

Figure 7. Cassini-Huygens spacecraft.

Figure 7. Geyser emission from Enceladus.

After a seven-year voyage that included four gravityassist maneuvers, Cassini entered Saturn's orbit in July
of 2004. It then began a four-year mission that includes
more than 70 orbits around the ringed planet and its
moons. On March 12, 2008, Cassini made a close fly-by
of Enceladus, getting within 50 km of the moon's
surface. The spacecraft passed through the plumes
extending from its southern geysers, detecting water,
carbon dioxide and various hydrocarbons with its mass
spectrometer, while also mapping surface features that
are at much higher temperature than their surroundings
with the infrared spectrometer. Cassini was unable to

Like our own Moon from Earth, Saturn itself would show
regular phases, cycling from "new" to "full" in about 16
hours. From Enceladus, the Sun would have a diameter
of only 3.5 minutes of arc, nine times smaller than that of
the Moon as seen from Earth. See figure 8.
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Figure 8: Enceladus seen from Saturn’s rings.
CONCLUSION
The procedural particle systems workflow for the waterice gas mixture that spews from geysers on Enceladus a
moon of Saturn has been presented. The components
that are needed for the geysers to exist: an abundant
supply of water, an intense source of heat, and unique
plumbing. This animation simulates how such volcanoes
shoot ice particles into space, where they can be
captured by Saturn's gravity and become part of the a
planets E-ring. In the future the turbulence formed in the
E-ring from the passing of the moon through the belt will
be simulated with rigid body dynamics.
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This paper describes the case study of creating an artificial Moon environment based
both on photographs taken on the surface, and photo-real visual effects for objects
and phenomena for the scenes. This type of virtual simulation is important for
generating interest in humans returning to the Moon, and for operators of remote
vehicles (tele-operators) to become familiar with the issues arising from remote
control systems with latency. The surface of the Moon is explored with a Lunar Rover
Vehicle, LRV, and the data sets come from the Apollo 15 and 17 manned missions. The
remote rover interface must support three driving modes: tele-operation mode
(complete human control), autonomous mode (complete software control), and a
safeguard tele-operation mode (human and software control). The controls and system
feedback responses are overlaid in a “Heads Up Display” (HUD) format allowing the
driver full concentration on all images. The control of this simulator is an exact digital
replica of all the data that were on the original control and display panel on the LRV.
This virtual environment has been implemented in a CAVE and Domed virtual
environment.

Categories and Subject Descriptors
I.3.2 [Graphics Systems], I.3.7 [Virtual Reality].
General Terms
Design, Experimentation, Measurement, Documentation,
Performance, Economics, Reliability, Human Factors,
Theory.
Keywords
Virtual Reality, Stereo Projection, Dome Theaters, Lunar
Rover, Procedural Animating, Rendering, Compositing,
Immersion.
INTRODUCTION
A low cost interactive Domed virtual reality environment
is presented for conducting research and education in a
planetarium. The projection systems solution presented
is for both traditional and stereoscopic requirements.
The virtual environment consists of the theatre screen,
which is a 60 ft. diameter hemisphere. The content
generated was inspired by the Apollo Lunar mission to
reignite interest in further lunar exploration.

Figure 1. Planetarium Dome Environment.
CAVE & DOMED VR ENVIRONMENTS
The real challenge in both CAVE and Domed
environments is to accommodate all of the viewers
participating. Since the audience will have different
perspectives based on the Dome configuration each
layout will have a different solution. A comparison of the
two VR environments and the optical stereo
requirements will be explored.
Environment Immersion
The addition of 3D stereo to Dome environments like a
planetarium will have three potential seating
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configurations. These types include a non-tilted Dome
with unidirectional or concentric seating, or a tilted Dome
with unidirectional seating. One of the main advantages
of the Dome virtual environment over the CAVE
environment is the significantly larger audience that the
Dome Theater can hold. Large groups up to 150 (vs. 12
for a CAVE) can be immersed in an environment for:
scientific exploration, training, educational and gaming
purposes.
3D Stereo Setup
The 3D projection environment can be set up for either
classical or stereoscopic projection with appropriate
hardware. The boundaries of the 3D space can be such
that 3D stereoscopic data is only generated in select
regions of the Dome if the resources for full Dome are
not available. The projected images are edge-blended
multiple projector tiles with at least 1600x1200 resolution
at 96 Hz refresh. A Linux cluster under development
uses four dual processor computers with dual head
NVIDIA graphics cards.
Presenting 3D stereo content should be staged so that
the 3D stereo objects enter the viewer’s field of view
looking forward. For example, with a six-projector
system the boundaries of the five horizon projectors and
the central projector form two concentric pentagons.
The screen projections flatten onto the Dome to form a
center, left, right, and top field. With the NUKE 3D
compositor, the primary objects will maintain a 3D stereo
perspective in these regions. The two projectors forming
the left and right rear fields can allow 3D stereo but in
the case where the 3D objects are being tracked along
the spring line of the Dome we can maintain stereo
along this panorama level. This paradigm reduces the
cost of having a completely 3D stereo, which is actually
outside the peripheral vision of the viewer.
To develop and author virtual reality environments for
exploring 3D objects and navigating through 3D world’s,
the process requires custom user interfaces. The virtual
reality environment architecture is different from the
classic CAVE environment where all the imagery is
displayed by a rear projection system with semitransparent screens. In the Dome environment of the
planetarium the projectors are placed at the base of the
Dome along the perimeters’ circumference. The optical
projection system is then the classic front projection with
reflection off the Dome surface rather than a
transmissive path. To drive a complete immersed full
Dome requires at least four video projectors at a
minimum with up to eleven. Fisheye optical systems can
be used but resolution will be less than multiple wide
angled projectors.
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Figure 2. 3D stereo setup for Projection systems.
The stereo system setup and supported projectors for
polarizing type glasses is shown in Table 1.
LINUX VR TOOLS
The CAVE and Domed VR environments pipeline
presented is completely Linux based. The open source
toolsets create software glue for the VR environment
and the generation of the 3D stereoscopic content. The
important aspects of the pipeline are performance,
productivity, portability, scalability, and support of
multiple languages like C++ and Python. The VR Glue
consists
of
OpenSceneGraph,
DIVERSE,
and
Chromium. OpenSceneGraph is an object oriented
framework above OpenGL, and frees the developer from
low level calls. DIVERSE is an API for developing VR
applications. This program can run on CAVE, Immersion
Desk, HMD (Head Mounted Displays), desktop and
laptop systems.
Setup
1 Projector
1 Glasses

Supported
Projectors
CRT,
Film,
(DLP, LCD)

1 3D DLP Proj.
1 Glasses

3D DLP

2 LCD Projector
1 Glasses

PrePolarized
LCD
CRT, DLP,
Film, certain
LCD

Products
Standard
Proj.,
Sensio3D
Barco,
ChristieDigital,
InFocus/
Lightspeed
Sony
3D

IMAX

2
Stan.
APEC, Cyviz,
Projectors
DigitalImage
2
Polarizing
3DTV,
Filters
ImageTek
1 Glasses
2 LCD Projectors LCD
Advisol
2
Polarizing
Filters
(Switching
Green)
1 Glasses
Table 1. Polarizing Glasses based Stereo Systems.

Figure 3. Virtual Reality Environment.

Moon Laser Altimeter Data
The Clementine mission followed an elliptical orbit
around the Moon. Most of the mapping was
accomplished during the periapsis portions of the orbits
between 400Km and 630Km. The LIDAR (Laser Image
Detection And Ranging) instrument provided surface
altimetry with a vertical resolution of 40 m, and a
horizontal spot resolution of about 100m. Future JAXA
data will achieve vertical resolutions of 5m or better.

Linux VR Control Tools
The
DIVERSE
(Device
Independent
Virtual
Environments
Reconfigurable, Scalable, Extensible)
toolset implements remote shared memory (distributed
shared memory) with Internet Protocol (IP) networks
which extends hardware drivers into inter processes and
internet devices. Configuration for IO interaction devices,
device emulators, visual displays, can be changed at run
time by loading different sets of Diverse DSO's. The
software libraries include: OpenGL, X- windows, TCP
networking, Math Libraries, and hardware driver
interfaces for graphics displays, serial lines, and network
cards.
Linux VR Scene Tools
OpenSceneGraph is the highest performance scene
graph available with an object-oriented framework on top
of OpenGL, without the need to implement or optimize
low level graphics calls. It supports view frustrum
culling, occlusion culling, and small feature culling, and
allows for the development of content, with control rather
than low level coding. Support exists for easy
customization of the drawing process like implementing
Continuous Level of Detail (CLOD) meshes on top of the
scene graph.

Figure 4. Moon Laser Altimeter data.

Moon Imagery Data
The Ultraviolet/Visible camera (UV/Vis) onboard
Clementine imaged the entire Lunar surface in multiple
Visible and Ultraviolet wavelengths. With a field of view
of 4.2 X 5.6 degrees and an image array of 288X384
pixels the camera achieved resolutions varying between
100-325 meters during a single orbit. Later combinations
of Clementine HiRes images with photometrically
calibrated digital base maps from USGS achieved
Chromium is a flexible framework for scalable real-time resolutions of 100-150 meters per pixel.
rendering on clusters of workstations and provides
graphics scalability on three fundamental axes: quantity
of data, rendering capability, and display capability.
Chromium's data scalability allows for increasingly larger
datasets on clusters and execution on distributedmemory graphics clusters. Chromium's application
programming interface (API) also provides a way for
existing and new programs to effectively exploit these
capabilities in unique ways.
MOON HEIGHT & IMAGERY DATA
The best source currently for Lunar imagery and
altimetry data comes from the Clementine mission, a
joint project of NASA and the US Defense Department.
Clementine was sent to the Moon in 1994 and mapped
its surface from 60°N to 60°S latitudes. Higher resolution
Figure 5. Moon imagery data.
imaging and altimetry will be available from the
Japanese JAXA (Japan Aerospace Exploration Agency)
KAGUYA (SELENE) mission, which is currently actively 3D MOON VR ENVIRONMENTS
The VR content portion of the software pipeline consists
mapping the Moon.
of toolsets for modeling, animating, compositing, image
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editing, and rendering of content. The modeling /
animation is performed by a procedural animation
package called Houdini. CinePaint is the image editing
software and the compositing 3D worlds requires NUKE.
Mental Ray is the photo real renderer used.
The use of original footage presents an initial problem in
that the photography taken by the astronaut has a
floating nodal point, which requires a series of
preliminary corrections prior to the application in a VR
environment. Each panorama must be stitched together
from a collection of photographs.
Figure 8. Lunar Command Module.

Figure 6. Moon panoramas.
When stitching the panorama together the fluctuations in
nodal point becomes clearly evident, in which one of two
techniques can be employed to solve the problem. The
first and more faithful representation is to place the
individual frames in a composition capable of doing its
own motion tracking or having an animation capable
camera to compensate for the shifts in position. The
second option is within a post photo editing software
such as Photoshop, to remove and soften any slight
augmentation when motion tracking is not a feasible
option.

Lunar Rover Vehicle
The virtual world built around the Lunar Rover Vehicle,
LRV, is constructed at the landing site of Apollo 17. The
details pertaining to the rover were modeled from the
Apollo 15 and 17 missions. The wire-frame and final
render of the LRV is given in Fig. 9.

Figure 9. Wire-frame and final render of LRV.

The first VR exploration that can be simulated follows
the path that was taken by the original mission. The
3D VEHICLES ASSETS
The 3D vehicle digital assets modeled and textured second option for exploration is completely free
included: the Lunar Command Module (LCM), and Lunar wandering but critical obstacles are avoided if collision
detection is turned on. In a pure simulation mode
Rover Vehicle (LRV).
collision detection can be turned off.
Lunar Command Module
The virtual LCM is based on NASA’s actual design and Figure 10 shows the perspective of the VR camera that
scale. The LCM is used as a flight simulator for the the tele-operator would see. The controls and system
landing approach and cycle to programmed or arbitrary feedback response are overlaid on top of this image so
landing sites. The exterior and interior of the LCM is that the driver can see all important instruments, while
shown in Fig. 7.
not losing concentration on the projected image on the
screen. The control of this simulator is an exact digital
replica of all the data that was on the original control and
display panel on the LRV.

Figure 7. Lunar Command Module.
The view from the inside the LCM is shown in Fig. 8.
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Figure 10. Virtual View From Lunar Rover Vehicle.
CONTROL SYSTEMS FOR VEHICLES
The realistic simulations model and control systems
embedded in the VR controls follows the control loops
for the systems and the displays that were actually used. Figure 12: Lunar Rover Vehicle Module Control System.
LCM Control System
The LCM display and console for the control system
mimic the original designs. It includes the following
indicators and controls: attitude, thrust translator, orbital
rate display, main propulsion, temperature, and
pressure. The layout of the LCM control panel is shown
in Fig. 11.

Figure 11. Lunar Command Module Control System.
LRV Control System
The rover display and console follows the design from
the original LRV, which had the following indicators and
controls: position, heading, distance, range, attitude, sun
shadow, speed, gyro torquing, navigation power, system
reset, power, steering, drive enable, power, temperature,
and warning system.
These control parameters can be overlaid on the front
projection screen or be the interface control of the
portable handset. We have incorporated a variety of
handsets to allow the customization of the graphical user
interface to the handset that best suits that interface
design. Figure 12 shows the main input control panel for
the LRV.

Figure 13: Clementine front surface composite.

CONCLUSION
Creating an artificial Moon environment is crucial in
rekindling interest and enthusiasm for future explorations
to the moon. Using both photographs taken on the
surface, and photo-real visual effects for objects and
phenomena we can create an economical, lunar VR
environment. This type of virtual simulation is important
for operators of remote vehicles (tele-operators) to
become familiar with the issues arising from remote
control systems with latency. The surface of the Moon is
explored with a Lunar Rover Vehicle, LRV, and the data
sets come from the Apollo 15 and 17 manned missions.
This simulator is designed with controls that are exact
digital replicas of the instrumentation from the original
control and display panel on the LCM, and LRV. By
expanding production techniques to accommodate the
workflow pipeline for 3D stereo content we have created
a workflow for authoring 3D content for Dome virtual
environments. This virtual environment has been
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implemented in a domed environment, rather than a
CAVE, for audience size consideration. Future
development will enhance the typical formal and informal
education situations, which involve instruction and
learning through the use of lecture, textual information
and game reward feedback.
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Animating Starquakes that Ripple
Around the Sun in the Wake of Solar Flares
Mark J. Prusten
Silicon Arts, P.O. Box 64310, Tucson, AZ, 01-520-742-9125, Photondyn@silicon-art.com

The Solar and Heliospheric Observatory (SOHO) spacecraft has shown evidence of
powerful starquakes that ripple around the Sun in the wake of mighty solar flares that
exploding over the surface. A quarter of the outermost surface of the Sun is a churning
hot gas that forms ripples that crisscross the whole solar surface producing patterns of
peaks and troughs. The surfaces are procedurally modeled and used as starting points
for the solar flare prominence. There is evidence that solar flares drive the global
oscillations in the sun. The simulation of these phenomena is important because by
looking for similar oscillations within other stars the mechanisms that drive solar flares
can further be understood. The visualization of these events can be performed with
spectral rendering where we account for wavelengths that don’t fall into the normal
visible spectrum. Each main ejection creates secondary ejections, which are at different
velocities, which in turn creates arcs of different heights above the surface. The colors
vary in intensity as we vary distance from the surface, from white to the darker orange.
All of the stream effects require particle flows and control fields to guide and direct the
particle flows.
Categories and Subject Descriptors
I.3.2 [Graphics Systems]
General Terms
Design,
Experimentation,
Measurement,
Documentation, Performance, Economics, Reliability,
Human Factors, Theory.
Keywords
Cassini-Huygens, Encaludus, Geyser Particle system,
Volcanoe model, WiFi, Photo-real, Procedural
Animating, Rendering, Compositing, Immersion.
INTRODUCTION
Scientists have shown for the first time that solar flares
produce seismic waves in the Sun's interior that closely
resemble those created by earthquakes on our planet.
The researchers observed a flare-generated solar
quake that contained about 40,000 times the energy
released in the great earthquake that devastated San
Francisco in 1906. The amount of energy released was
enough to power the United States for 20 years at its
current level of consumption, and was equivalent to an
11.3 magnitude earthquake, scientists calculated.
SOHO DATA AND SPACECRAFT
The Extreme-ultraviolet Imaging Telescope (EIT) of
SOHO provides full disk images in emission lines
formed at temperatures that map solar structures
ranging from the chromospheric network to the hot
magnetically confined plasma in the corona. The
spacecraft is shown in Fig. 1. Images in four narrow

bandpasses will be obtained using normal incidence
multilayered optics deposited on quadrants of a
Ritchey-Chretien telescope (see Figure 2). The EIT is
capable of providing a uniform one arc second
resolution over its entire 50 by 50 arc min field of view.
Data from the EIT will be extremely valuable for
identifying and interpreting the spatial and temperature
fine structures of the solar atmosphere. Temporal
analysis will provide information on the stability of these
structures and identify dynamical processes. EIT
images, issued daily, will provide the global corona
context to aid in unifying the investigations and in
forming the observing plans for SOHO coronal
instruments.

Figure 1. SOHO spacecraft.
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PROCEDURAL MODELING OF SUN
Procedural modeling and texturing is ideal for the Sun
due to the repeating, self-similar, and random
processes found. The two main types of procedural
models incorporated were fractals, (convergence
boundaries, deterministic vs. statistical) and sweep
surfaces (extrusion, and surface rotation). Figure 2
shows the multi bandpass development of a solar flare.

Figure 3. Solar flare simulation development.

Figure 2. Solar imagery data from four bandpass filters.
SOLAR FLARES
A solar flare is an explosion in the atmosphere of the
Sun, caused by the tearing and reconnection of strong
magnetic fields. Solar flares are among the most
powerful explosions in the solar system; the largest can
release as much energy as a billion one-megaton
nuclear bombs.
The means by which flares sort particles by mass is
unknown; there are many possible mechanisms. The
particles could be sorted by their electric charge, since
ions are positively charged and electrons negatively
charged.
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If this is the case, an electric field would have to be
generated in the flare, since particles move in different
directions in an electric field according to their charge.
In either case, magnetic reconnection still provides the
energy, but the acceleration process is more complex.
The clue that tipped scientists off to this surprising
behavior was the RHESSI observation that gamma rays
from the July 23 flare were not emitted from the same
locations that emitted the X-rays, as theory predicts.
According to solar flare theories, electrons and ions are
accelerated to high-speeds during the flare and race
down arch-shaped magnetic structures. The electrons
slam into the denser solar atmosphere near the two
footprints of the arches, emitting X-rays when they
encounter electrically charged protons there that deflect
them. Gamma rays should be emitted from the same
locations when the high-speed ions also crash into
these regions. Each new discovery shows we are only
just beginning to understand what happens in these
gigantic explosions. The result is as surprising as gold
miners blasting a cliff face and discovering that the
explosion threw all the dirt in one direction and all the
gold in another direction.
PROCEDURAL PARTICLE SYSTEMS
The particle system for the solar flare simulation is drive
by procedural animation techniques. Particle systems
differ in three ways from "normal" representations for
image synthesis. First, an object is not represented by a
set of primitive surface elements, e.g., polygons or
patches, but as clouds of primitive particles that define
its volume. Secondly, a particle system is not a static
entity, its particles change form and move. New
particles are created and old particles are destroyed.
Finally, an object represented by a particle system is
not deterministic, its shape and form is not completely
specified. Stochastic processes are used to create and
change an object's shape and appearance. Note that

particle systems can be used in a deterministic way to
create certain objects.
In a procedural animation environment like Houdini,
particle operators and field attractors and repulsion
allow for the animator to sculpt the flow of the field for
the desired form. The A particle system is a collection of
many minute particles that model some object. For
each frame of an animation sequence the following
steps are performed:
1. New particles are generated,

GENERATION OF STARQUAKES
The solar quake that has been recorded looks much
like ripples spreading from a rock dropped into a pool of
water. But over the course of an hour, the solar waves
traveled for a distance equal to 10 Earth diameters
before fading into the fiery background of the Sun's
photosphere. Unlike water ripples that travel outward at
a constant velocity, the solar waves accelerated from
an initial speed of 22,000 miles per hour to a maximum
of 250,000 miles per hour before disappearing.

2. Each new particle is assigned its own set of
attributes,
3. Any particles
predetermined time are
destroyed,

that

have

existed

for

a

4. The remaining particles are transformed and
moved
according to their dynamic attributes,
5. An image of the remaining particles is rendered.
Figure 3 illustrates the development of the particle
systems and its interaction with the surrounding
environment. The white, feathery object in the center of
the solar flares is the energy source that will cause the
starquake and this is the starting point of a concentric
outgoing wave. Although moderate in size, this flare
released an enormous amount of energy; an energy
equal to completely covering the Earth's continents with
a yard of dynamite and detonating it all at once. Some
of this energy was transferred to the solar surface by
high-speed electrons traveling within magnetic flux
tubes, invisible tubes of magnetic energy. They
produced X-rays, microwaves and shock waves that
heated the solar surface. These shock waves are the
solar quake, and can be seen as concentric rings
spreading outward.

Figure 4. Water droplet on a still water.

Figure 5. Starquake propagation as seen from above.
Several years ago Kosovichev and Zharkova developed
a theory that can explain how a flare, which explodes in
space above the Sun's surface, can generate a major
seismic wave in the Sun's interior. According to the
currently accepted model of solar flares, the primary
explosion creates high-energy electrons (electrically
charged subatomic particles). These are funneled down
into a magnetic flux tube, an invisible tube of magnetic
energy, and produce X-rays, microwaves and a shock
wave that heats the solar surface. Kosovichev and
Zharkova’s theory predicts the nature and magnitude of
the shock waves that this beam of energetic electrons
should create when they slam down into the solar
atmosphere.
SPECTRAL RENDERING
Spectral rendering is where a scene's light transport is
modeled with real wavelengths. This type or rendering
is a slower process than traditional rendering, which
renders the scene in its red, green, and blue
components and then overlays the images. Spectral
rendering more accurately simulates the scene. Its used
in ray tracing or photon mapping often for comparison
with an actual photograph to test the rendering. For the
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soar data its ideal to simulate different portions of the
electromagnetic spectrum. These images simulated are
not necessarily more realistic appearing; however,
when compared to a real image pixel for pixel, the result
is often closer.
Spectral rendering can also simulate light sources and
objects more effectively, as the light's emission
spectrum can be used to release photons at a particular
wavelength in proportion to the spectrum. Objects'
spectral reflectance curves can similarly be used to
reflect certain portions of the spectrum more accurately.
As an example, certain properties of tomatoes make
them appear differently under sunlight than under
fluorescent light. Using the blackbody radiation
equations to simulate sunlight or the emission

dynamics of our own sun. The visualization of these
events successfully incorporated procedural modeling
and texturing techniques with spectral rendering to
account for wavelengths that don’t fall into the normal
visible spectrum. The dynamics of each main ejection
spawned secondary ejections, which are at different
velocities, and in turn creates arcs of different heights
above the surface. The colors vary in intensity as we
vary distance from the surface, from white to the darker
orange and will be expanded on to include color
animation through the life cycle of the particles. All of
the stream effects require particle flows and control
fields to guide and direct the particle flows. The toolsets
developed by, technical directors, will be enhanced for
robust control by the artist. This will allow the artist to
focus on their artistic demands. Future work will explore
the constructive and destructive interference of
starquakes and the secondary flare events formed from
the aftershocks.
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Figure 6: Lunar Command Module Control System.
spectrum of a fluorescent bulb in combination with the
tomato's spectral reflectance curve, more accurate
images of each scenario can be rendered. These
control parameters can be overlaid on the front
projection screen or be the interface control of the
portable handset. We have incorporated a variety of
handsets to allow the customization of the graphical
user interface to the handset that best suits that
interface design.
CONCLUSION
Starquakes ripple around the Sun in the wake solar
flares that explode over the surface. The solar surfaces
are procedurally modeled and textured as starting
points for the solar flare prominence. There is evidence
that solar flares drive the global oscillations in the sun.
This phenomena is important to simulate since looking
for similar oscillations within other stars mechanisms
that drive solar flares can help us further understand the
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During this workshop participants experienced some creative activities that educate
and inspire students. They learned how to play a game using Geomag magnet
and Learning Technologies’ astrolabe, planisphere and small transparent plastic dome.
They also discovered how to map out planet positions and zodiacal constellations in a
unique way.
I.

Introduction:
The activities we explored in this workshop allowed
us to practice making comparisons between the
planetarium sky, a small dome (representation of
the sky map on an hemispheric surface), a
planisphere and a constellation chart (both were a
representation of the sky on a plane) and physical
models.

B.
C.
D.

II. STARLAB sky:
A. We explored two LTI cylinders (Solar System
Cylinder and then the Night Sky cylinder) and briefly
discussed how they can be used to help students
experience
some
interactive
lessons
that
encourage the use of inquiry skills and involve
students in their own learning.
B. We recorded some specific data for use outside
the dome. (We used the LTI astrolabe to measure
the altitude of celestial objects.). Examples: Sun
Rise, Noon and Sun Set positions, position of
Polaris, brightest stars, constellations and planets.
III. Outside of the Dome
A. Using the LTI transparent small plastic dome:
teams of participants were assigned the job of
showing (with play magnets like Geomag or
another similar products) the position of the
cardinal points and some main stars, the sun’s
path, or the planets on the small plastic dome.
(Using a coin or other metallic disc it is also

E.
F.

possible to mark, with a symbol or a name,
each magnet attached on the transparent
dome.)
Using the LTI planisphere: teams of participants
were assigned the job of using the magnets to
show the current positions of the planets.
The participants were also invited to represent,
on a map, the planet positions of the month
using magnets with coins.
We also used zodiac constellations magnets
(produced by Serafino Zani factory) to
represent on a magnetic blackboard the
variable position of the planets in relation with
Earth and the Sun position.
We used our bodies to form the same model of
the Zodiacal constellations and the positions of
the Sun, Earth and Planets.
Finally, we created a mini solar system using
the STARLAB dome as the sun. (This is an
activity that can be modeled by students after
the projection of the LTI cylinder of Solar
system.)

IV. Conclusion:
An old adage states: "Tell me and I forget, show me
and I remember, involve me and I understand."
This workshop was designed to inspire the use of
activities that involve students and to help them to
understand the connections between the various
models we use in teaching astronomy.
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Using Data from the Lunar Reconnaissance Orbiter in Planetaria and
Museums
Doug Roberts
Space Visualization Laboratory
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The Lunar Reconnaissance Orbiter (LRO) is the first mission in NASA's Vision for Space
Exploration, a plan to return to the moon and then to travel to Mars and beyond. LRO will
launch in early 2009. The payload is comprised of six instruments and one technology
demonstration. One of the instruments, the Lunar Reconnaissance Orbiter Camera
(LROC) will return images of the lunar surface in unprecedented detail – a single image of
the high resolution Narrow Angle Camera (NAC) contains 250 million pixels, each pixel
representing 50 cm on the surface. The education and public outreach team for LROC is
working to create software tools to provide highly interactive experiences for the public
to explore LROC data in planetaria and museums. We are designing display systems
built on low-cost commodity hardware to drive domes as well as large scalable tiled
display systems. These will be built at the Adler Planetarium and the hardware design
for these systems, software and educational materials, will be made available to the
educational community. We will present these plans in this paper to show how LRO data
can be used in planetaria and museums world-wide.
LRO Mission
The Lunar Reconnaissance Orbiter (LRO) is the first
mission in NASA's Vision for Space Exploration, a plan
to return to the moon and then to travel to Mars and
beyond. LRO is scheduled in early 2009 with the
objectives to finding safe landing sites, locate potential
resources, characterize the radiation environment, and
demonstrate new technology.

from which it will move into its final orbit. LRO's final
orbit will be a circular polar orbit approximately 50 km
above the moon's surface (a little over 30 miles), closer
than any other lunar mission.

LRO will spend at least one year in low polar orbit
around the moon, collecting detailed information about
the lunar environment. The LRO payload, comprised of
six instruments and one technology demonstration, will
The spacecraft will be placed in low polar orbit (50 km) provide key data sets to enable a human return to the
for a 1-year mission under NASA's Exploration Systems moon.
Mission Directorate. LRO will return global data, such as
day-night temperature maps, a global geodetic grid, high The Instruments
resolution color imaging and the moon's UV albedo.
However there is particular emphasis on the polar
regions of the moon where continuous access to solar
illumination may be possible and the prospect of water
in the permanently shadowed regions at the poles may
exist. Although the objectives of LRO are explorative in
nature, the payload includes instruments with
considerable heritage from previous planetary science
missions, enabling transition, after one year, to a
science phase under NASA's Science Mission
Directorate.
Launch
LRO is scheduled for launch in 2009 on an Atlas V 401
rocket at the Kennedy Space Center. Transfer to the
moon will take approximately four days. LRO will then Figure 1 – LRO has two sub-systems, the Wide
enter an elliptical orbit (called the commissioning orbit) Angle Camera (WAC) and the Narrow Angle Camera
(NAC).
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LROC
Cosmic Ray Telescope for the Effects of Radiation
The Cosmic Ray Telescope for the Effects of Radiation
(CRaTER) will characterize the lunar radiation
environment and determine its potential biological
impacts. CRaTER will also test models of radiation
effects and shielding, which may enable the
development of protective technologies.
Diviner Lunar Radiometer Experiment
The Diviner Lunar Radiometer (DLRE) will provide
orbital thermal mapping measurements, giving detailed
information about surface and subsurface temperatures
(identifying cold traps and potential ice deposits), as well
as landing hazards such as rough terrain or rocks.
Lyman Alpha Mapping Project
The Lyman Alpha Mapping Project (LAMP) will map the
entire lunar surface in the far ultraviolet. LAMP will
search for surface ice and frost in the polar regions and
provide images of permanently shadowed regions
illuminated only by starlight.
Lunar Exploration Neutron Detector
The Lunar Exploration Neutron Detector (LEND) will
create high resolution hydrogen distribution maps and
provide information about the lunar radiation
environment. LEND can be used to search for evidence
of water ice on the Moon's surface, and will provide
space radiation environment measurements useful for
future human exploration.

Figure 2 - Wide Angle Camera footprint on Chicago
lake front.
The wide angle camera (WAC) is a color (7 filters)
camera configured in a 716 x 16 pixel push-frame
configuration. Figure 2 shows a WAC field of view on
top of the Chicago Lakefront.

Lunar Orbiter Laser Altimeter
The Lunar Orbiter Laser Altimeter (LOLA) will measure
landing site slopes, lunar surface roughness, and
generate a high resolution 3D map of the Moon. LOLA
will also identify the Moon's permanently illuminated and
permanently shadowed areas by analyzing lunar surface
elevations.
Mini-RF Technology Demonstration
The Mini-RF technology demonstration's primary goal
will be to search for subsurface water ice deposits. In Figure 3 - Narrow Angle Camera footprint centered
addition, Mini-RF will take high-resolution imagery of on the Adler Planetarium.
permanently-shadowed regions.
The narrow angle camera (NAC) is a comprised of two
identical cameras that have a 5,000 x 1 pixel detector in
Lunar Reconnaissance Orbiter Camera
The Lunar Reconnaissance Orbiter Camera (LROC) will a push-broom configuration with 50,000 pixels in the
retrieve high resolution black and white images of the long dimension. A single NAC image is thus 5,000 x
lunar surface, capturing images of the lunar poles with 50,000 pixels and the two NAC images will usually be
resolutions down to 1m, and will image the lunar surface set up overlapping to create almost twice the 5,000 pixel
in color and ultraviolet. These images will provide width.
knowledge of polar illumination conditions, identify
potential resources & hazards, and enable safe landing Figure 3 shows the field of view of a single NAC camera
and the inset shows the detail that would be observed if
site selection.
it were used to image the Adler Planetarium.
The total size of the data returned in the primary one
year mission will be around 65 TB. This is primarily
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angled display surface which allows an area 20 x 10 ft.
The system will be able to render an interactive flight
over the Moon using heterogeneous elevation (height)
and image data. As new images (LROC) and elevation
data (LOLA, LROC) will be automatically integrated as
they are made available.
LROC Resources for Planetaria and Museums
LROC Data at Adler
LRO Data in Your Shows
The data from LRO can be used in various ways in
Moon Wall Exhibit
Adler is building a large tiled display system capable of Planetarium show and museum exhibits. The data
displaying at least 80 million pixels of information. It will themselves will be made available to the public as they
be built in Adler’s Shoot for the Moon Gallery, which are obtained.
highlights past and future missions to explore the Moon.
• Raw LROC NAC and WAC Images (ASU) – Available
as acquired
• Global Basemap from WAC Images (ASU, PDS) –
Available after primary mission
• Global Elevation Map from LOLA (Goddard, PDS) –
Available after primary mission
• Animations created for Mission (Goddard, Museum
Alliance) – Available now throughout mission
limited by the downlink bandwidth. The data will be
hosted at Arizona State University, which will be
Planetary Data Systems (PDS) node for the data from
the instrument.

Figure 4 -- Shoot for the Moon exhibit.

Commodity Interactive Applications using LROC
Data
The team is investigating incorporating data into
publically available interactive display and exploration
systems. These could be used in displays or interactive
stations in public exhibit spaces in planetaria and
museums. Below screenshots from two such systems
(Microsoft Research’s WorldWide Telescope and
Google Moon) are shown.
WorldWide Telescope

Figure 5 -- Current plans for interactive Moon Wall
exhibit. This will display at least 80 million pixels of
data in an interactive system that allows visitors to
fly over the lunar surface.
The system will be created using custom software and Figure 6 -- Screen shot of WorldWide Telescope
hardware. This will allow visitors to interactively fly over from Microsoft Research. This shows early shaded
3D lunar surface using the best elevation and image releif data of the Moon from previous missions.
data available. As the mission progresses and more
data from LRO are available, they will be integrated into
the system. The tiled display system (see Error!
Reference source not found.) will be capable of
showing at least 80 million pixels. We are still working
on the final configuration, but current plans have an
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Google Moon

Figure 7 -- Google Moon showing lunar landing sites
from the Apollo missions.
Specialized Interactive Systems
Finally, the LROC E/PO team, lead by the Adler
Planetarium, will make the hardware designs and
software freely available to the planetarium and museum
community. They LROC E/PO staff would be happy to
help others to re-use the data or recreate scaled down
versions of the Moon Wall exhibit at other sites. The
software systems include Magic Carpet, which is an
interactive 2D image viewer developed at the Electronic
Visualization Laboratory (EVL) at the University of
Illinois at Chicago (UIC), supported and deployed the
Science Museum at Minnesota. The Moon Wall system
is being created at the Adler Planetarium, and the
software development is being carried out by an
extended team. The core graphics software is being
written by Robert Kooima, who is completing his Ph.D.
at EVL/UIC.
LRO Resources
http://www.adlerplanetarium.org/svl
http://www.nasa.gov/lro
http://svs.gsfc.nasa.gov
http://lroc.sese.asu.edu
http://www.evl.uic.edu/cavern/mc/index.html
http://informal.jpl.nasa.gov/museum/alliance/
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A New Method for Sound Production and Reinforcement in Planetarium
Dipl.-Ing. René Rodigast
Fraunhofer Institute for Digital Media Technology, Ilmenau, Germany
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Within the next few years most planetarium will be equipped with a digital full dome
projection. Also the number of content is increasing where objects can be manipulated
separately. At the moment the acoustical correlation between audio and video in a
dome is mostly only possible about the audio tracks and the level based assignment
to the commonly arranged loudspeakers in the dome (typically left, right, center, left
surround, right surround, [zenith]). For planetarium the classical sound reinforcement
of movie theaters is often used as standard. In this paper the author introduces a
suitable method for sound reinforcement in dome theaters that is orientated on
requirements for modern object oriented full dome productions. This method
guaranties a spatial sound experience all over the listening area and offers the
possibility of moving sound objects fluently.
MOTIVATION
Spatial sounds in combination with video objects
become more and more important for full dome video
systems. Today’s planetarium often use conventional
sound systems of movie theaters which base on “Dolby
5.1. processing”. But a planetarium has different
requirements
regarding
screen
and
sound
reinforcement.
Movie theaters are using “framed”
screens – planetarium are working with immersive
screens where the main sound direction ,especially the
Center sound (or left, right, left surround, right
surround), can be everywhere. A modern sound
reproduction system for immersive environments is
needed for freely
arranging sound objects. As a
consequence production tools, rendering methods and
sound reinforcement have to be changed.
ACOUSTICAL CHALLENGES IN THE DOME
Requirements
Depending on the increasing requirements for high
definition video a compromise between acoustics and
video has to be found. By using an immersive screen
the video content is produced in 3D or seems to be like
that (pseudo). Accordingly the expectations on sound
quality are increasing with a higher video quality.
Because of the wide distribution area in a dome audio
content needs a higher dynamic and video content a
more flexible main view direction.
Reproduction of Sound and Vision
The audience in planetarium expects a fully immersive
feeling like “really being there”. Therefore, the artificial
distortion has to be minimized. For realizing a spatial
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sound impression sounds have to be perceived form
the right acoustical perspective. To create ambience
(ocean, noise) or special effects (rocket start) the
adequate sound pressure level has to be respected. A
further essential requirement is the need of realistic
sound impressions on every seat in the listening area.
TECHNICAL SOLUTION
Wave Field Synthesis
The concept of Wave Field Synthesis (WFS) has been
promoted by the Laboratory of Acoustical Imaging and
Sound Control of TU Delft and presented since 1989.
The basic idea comes from Christiaan Huygen’s
principle of wave propagation, in which the wave field of
a source can be reproduced by many sources located
on the perimeter of the original wave field. Using this
principle in acoustics it allows the realistic emulation of
virtual audio sources and audio waves by means of a
large number of closely spaced loudspeakers
surrounding the listening area. Under ideal conditions
the WFS technology enables to reproduce an accurate
sound field for almost the whole reproduction room. In
contrast to other surround systems no limitations of
spatial impression and balance to the so-called “sweet
spot” exist. More details about the basics of Wave Field
Synthesis can be found in a variety of presentations
and papers like [1] to [3]. A first step to bring WFS to
applications has been undertaken in the European
project CARROUSO [4].
In the movie theater
application the audio-video coherence is an issue:
While the depth information of a video projected on a
flat screen get lost, WFS rendered audio preserves its
natural depth. [5]. In planetarium, we have also a closed
array of loudspeakers that generates a “sound
hologram”. Based on the Wave Field Synthesis

technology a lot of new possibilities for sound design
are given to the producers. Sound sources can be
positioned and animated, and even for a large listening
area a high localization quality can be realized.
An example with two virtual sound sources that
surround the visitor is shown in figure 1.

the so called “Spatial Pan” system less loudspeakers
than for WFS are necessary. Just like in WFS sound
systems every speaker will be separately controlled
with adapted WFS Algorithm but in contrast to a WFS
system a completely closed wave field cannot be
generated.
By applying the “Spatial Pan” method a 2D horizontal
sound adjustment with relatively fluent object
movements and nearly individual spatial sound on
every seat can be created. This sound system can be
considered as a cost effective alternative to WFS. In
Figure 3 a simulation for sound distribution in a dome
with “spatial Pan” sound systems is shown. As we can
see a wide energy distribution is possible with a defined
sound radiation

FIGURE 1. Point sources give the listener a stable
sound perspective
Wave Field Synthesis 3D
For a more realistic three-dimensional sound
impression a WFS Array (closed array of horizontal
loudspeakers) will be equipped with additional single
loudspeakers in the dome. This enables a free sound
positioning in the dome compatible with 3D video
systems.
The first installation of this kind was opened this spring
in
Zaragoza/Spain
for
the
“expo2008”
(scyscan/IOSONO). Figure 2 shows a principle speaker
arrangement for a “Wave Field Synthesis 3D” dome
system.

FIGURE 3. Acoustical simulation for SPL-distribution of
a “Spatial Pan” sound system in a dome
Spatial Pan 3D
For realizing three-dimensional sound impressions the
Spatial Pan System can be additionally equipped with
loudspeakers in the dome. A 3D horizontal and vertical
dome adjustment gives the visitor the impression of
realistic object movements and spatial 3D sound.
Figure 4 shows an example for a Spatial Pan 3D
System in a dome. With the Spatial Pan 3D method
several acoustical problems in the dome can be
minimized and the acoustical localization of sound
events in the dome can be optimized [6].

FIGURE 2. Speaker arrangement for WFS 3D
Spatial Pan
Beside the WFS as “high end” solution for sound
reinforcement in planetarium, there also exists an
alternative method for spatial sound in the dome. For
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systems are compatible for production and play back
(e.g. possible upgrade from Spatial Pan System to WFS
in the same dome / theater). Adaptations to different
needs and applications can be chosen. The optimal
solution depends on the application scenario. The User
can select a kind of “building blocks” for the desired
sound system.
SUMMARY

FIGURE 4. Speaker arrangement for Spatial Pan 3D
Production Environment
For production the powerful plugIn for Nuendo 4.0 audio
workstation can be used. It enables mixing, arranging
and moving of sound sources as well as programming
scenes. Figure 4 show a typical screenshot of Nuendo
4.0 with the IOSONO WFS PlugIn. The Plugin can be
used as production interface for WFS based sound
systems (IOSONO, IOSONO 3D) as well as for the
downscaled WFS variants Spatial Pan 2D and 3D.

Full dome systems require new solutions for audio
production and sound reinforcement. New methods for
free sound positioning in 2D or 3D exist and can be
used for acoustic irradiation in domes and the acoustic
immersion of the audience. The following methods are
applicable:
Pure horizontal 2D sound installations
• WFS (optimal sound localization)
• 2D Spatial Pan System (less loudspeakers)
Real 3D sound installations
• 2D WFS + 3D Spatial Audio Pan system (optimal
horizontal and vertical localization)
• Pure 3D Spatial Audio Pan system (less
loudspeakers)
With these new methods a combination of dome
video projection and spatial sound on every seat is
possible.

FIGURE 5. Nuendo 4.2.1. – one production
environment for all
Advantages of WFS and 2D/3D Spatial Pan System
Wave Field Synthesis offers a high localization
quality for a large listening area with 2D planar setups
in a horizontal audience plane.
2D / 3D Spatial Pan System works with a lower
number of speakers than WFS. The audience is
surrounded by a 2D or 3D set of loudspeakers on the
wall and in the dome. The lower number of
loudspeakers reduces the costs of technical equipment
and installation. Spatial Pan solution is a compromise
between costs, installation effort and also quality of
localization.
Both systems have the following advantages: The
listening area is highly broadened in comparison to
sweet spot based systems (e.g. 5.1, vector based
amplitude panning) by the possibility for adaptation to
existing room outlines by varying the number and
placement of speakers. Both systems can be controlled
by a comfortable graphical mixing / production tool
(Nuendo PlugIn or Spatial Audio Workstation). The
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Spatial Sound in Critical Environment –
Full Dome: Optics versus Acoustics
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The implementation of high-resolution digital full dome projection often comes along
with optical problems like moiré effect due to the usual perforation of traditional domes.
From the acoustical point of view problems occur as a result of sound reflecting domes.
These sound reflecting characteristics in turn result from a lack of perforation. In
consequence, a compromise between sound- and video quality has to be made whereas
the focus lies on the quality of video generally. Therefore several acoustical tests of
domes in different degrees of freedom were carried out. The aim of the simulation based
study was to find an appropriate compromise and the conditions involved. Different
dome materials were simulated in combination with different absorbing materials below
the horizon. Furthermore the adjustment and arrangement of loudspeakers as well as
their input signals and levels were simulated and optimized. In this paper the results of
research are presented. In the associated lecture sound examples for different situations
are given. Based on the simulation results, an optimized sound reinforcement system
acting as a compromise solution for sound reflective domes was conceived. The
characteristics of this system were measured and tested in practice as well as the
simulated and measured parameters were compared and demonstrated with sound
examples. Finally a sound reinforcement system for complex acoustical situations in
domes is introduced.

Most of today's domes are equipped with high
resolution full dome video systems. Normally, full dome
systems use object based content for show production.
Object based content requires spatial sound
environment where sound is located towards objects. A
high video quality is desired and acoustical
requirements are often cryptically. A compromise
between visual and acoustical requirements has to be
found. Dome material, material below the horizon,
bottom material and technical equipment has an
influence to the quality of acoustics, sound and video
quality. A new kind of sound reinforcement is needed.

double frequency of the structure (Nyquist–Shannon
sampling theorem, Aliasing). Whether the visitor can
see this effect or not depends on the ratio between the
eye resolution and the distance from eye to dome. The
typical eye resolution is nearly one arc minute. It needs
enough distance to the dome in order to minimize
optical effects like moiré. Furthermore, the distance
from projector to dome and the resolution of the
projector in relation to the holes in the perforation are
responsible for generating moiré structures. In order to
minimize these optical effects smaller holes in the dome
or no perforation can be used. An optimization is
possible but optimized video generates automatically
acoustical challenges.

REQUIREMENTS FOR VIDEO

REQUIREMENTS FOR AUDIO

A high quality video projection is possible on plane
and reflective surfaces. For better acoustic and
transmission of sound “trough” the dome normally
perforated screens or domes are being used.
Depending on the material characteristics a high
resolution video on perforated dome can generate
optical effects (Moiré). Moiré effect occurs if periodic
structures are sampled with frequencies lower as the

In the dome sound should be dedicated to video
objects like in the natural environment. For the precise
acoustical perspective the sound should be perceived
from the dome. For a realistic localization of sound
psychoacoustic effects like the “law of the first
wavefront” and the “Haas effect” are responsible. The
“law of the first wavefront” means that the first sound
that reaches the ear gives the impression of the sound

MOTIVATION
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direction. Secondary, the “Haas effect” is operant. The
“Haas effect” means that the sound, which is perceived
at first, can be 10dB lower than the main sound
reinforcement in the range of 2ms<Δ t < 35ms.
Regarding planetarium it shows that the main-sound
reinforcement should be placed under the horizon and
additional speakers should be arranged behind the
dome screen for giving the direction of sound. One
problem emerges from the fact that the perforated
screen operate as an obstacle for the acoustical waves
(air particles). Speakers behind the dome have to
create the necessary frequency spectrum “trough” the
perforation of the dome.
Dome Acoustics – Perforated Screens
Most of today’s domes are equipped with perforated
material. Often, the speaker system is installed behind
the dome. Most dome material is optimized for high
quality video reproduction whereas the sound is often
seen as secondary. The material of the dome and
especially the ratio of the holes are responsible for a
good acoustics in the dome and the quality of sound. It
is always necessary to have an undersized ratio of
holes respectively the oversized thickness of material
and also a wave angle of sound to prevent the sound
passing the dome, especially for higher frequencies. By
increasing the distance from speaker to dome, standing
waves will be produced. As a result, resonances occur.
As a consequence of this sound cancelation, phasing
and other acoustical effects are hearable. The so
generated reduction of sound quality can be
compensated by equalizing only in a limited way. Main
sound reinforcement systems below the horizon are
normally not covered with any sound reflective material.
It is a feasible way to use the main sound reproduction
systems below the horizon but it is also a good
compromise to give localization from the dome. A
specific adaption (delay, level) between main sound
reproduction and “direction giving sounds” is absolutely
needed.
Find a Compromise.
As a result of the previous considerations we can
precise:
• Big holes in the dome screen perforation are
needed for undisturbed sound propagation but a
small perforation is needed for high video quality
• Dome material without holes or with small holes
is reverberant.
The consequence is to find a compromise. As the
dome material is static a compromise can only be found
by changing acoustic parameters or tuning the sound
system.
Simulation
Dome
Acoustics
and
Speaker
Adjustment
In different simulations the influence of changing
materials in the dome was analyzed and optimized.
Furthermore, speaker adjustment and precise tuning of
224 ✯ IPS 2008 Conference Proceedings

sound reproduction systems were simulated and
auralized. Mainly, the placement and adjustment of
speakers below the horizontal line in combination with
different wall and bottom materials were analyzed.
DOME ACOUSTICS

FIGURE 1. Simulation environment – tilted dome
Tested Combinations
First simulation – Impact of dome material:
• Concrete dome
• Bottom carpet
• Wall is high absorptive
• One speaker with horizontal radiation
•
•
•
•

Perforated dome
Bottom carpet
Wall is high absorptive
One speaker with horizontal radiation

It is appreciated that the perforated dome gives the
best performance. As a consequence the following
simulations were running only in a concrete dome.
Second simulation – Optimization of room acoustics
under the horizontal line:
Concrete dome
• Bottom carpet
• Wall is high absorptive
• One speaker with horizontal radiation
Concrete dome
• Bottom is high absorptive
• Wall is high absorptive
• One speaker with horizontal radiation
For dome acoustics in high quality it is necessary to
choose high absorptive material.
Third simulation – Optimization of speaker directivity:
• Concrete dome
• Bottom carpet
• Wall is high absorptive
• One speaker with horizontal radiation
•

Concrete dome

•
•
•

Bottom carpet
Wall high absorptive
One speaker is raked (30degree)

important. Low frequencies are needed for sound
reproduction but cause major problems. A separate sub
channel can solve this problem as there is a better way
to control the sound energy. However, high levels are
in every reverberant dome critical but the reverberation
time is a static parameter. For this reason, we have to
control the energy.
SOUND REPRODUCTION SYSTEMS

FIGURE 2. Early reflections in the dome
The slightly (30 degree out of horizon) disposed
speaker gives the dome the least stimulation and
consequently the best possibility for high sound
pressure level.
As a result the best compromise for reverberant
domes (e.g. concrete) can found for:
Concrete dome with
• Bottom carpet
• A wall with high absorption
• One speaker with horizontal radiation
or
Concrete dome with
• A high absorptive bottom
• A high absorptive Wall
• One speaker is raked (30 degree)

FIGURE 3. Sound dispersion in the dome with one
active speaker (direct SPL)
Summary Dome Acoustics and Speaker Adjustment
An optimization for reverberant domes is possible.
First of all is to reduce the first reflections of the sound
by using high absorptive walls and bottom.
Furthermore, a concrete speaker direction (raked,
directly) is important to reduce sound reflections and
other well known acoustical effects (echo, whisper
gallery, acoustical lens). Reducing the bandwidth of the
sound signal gives also an improvement for reducing
sound reflections in the dome especially in the range of
deep frequencies. The simulation shows good results
with a high-pass filter with 250 kHz (24dB/oct). As we
know, in planetarium the low frequencies are very

It is not possible to change the dome material of
existing installations. But in some cases it is possible to
change the material of walls and bottoms and very often
you have the possibility to change the adjustment,
placing and controlling of the sound system.
Consequently, it is important to manage the sound
energy. In order to reduce the sound energy and the
reflections in the dome we have to distribute the energy.
An increasing number of speakers effects a decreasing
of the individual sound levels. Good possibilities for a
defined control of each individual speaker channel are
given by spatial sound systems like:
• IOSONO (based on Wave Field Synthesis
technology)
• Spatial Pan (algorithm based on Wave Field
Synthesis)
• IOSONO – 3D (hybrid system of both)
SUMMARY
High resolution video on perforated dome in
connection with high quality object based sound
demands a compromise regarding the quality of video
and audio. This compromise can be found by changing
different parameters. Mainly that needs:
• Using absorptive materials below the horizon
• Correct adjustment of loudspeakers
• Optimized diameter of holes in perforated
screens
• Main sound reproduction placed below the
horizon with direction giving sound systems
behind the (perforated) screen
• Specific algorithmic for speaker controlling
By optimizing all these parameters a spatial sound in
high quality will impress the visitors.
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The Planetarium Classroom: An Engaging Curriculum
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The planetarium remains the greatest virtual reality educational tool ever devised. Its success in educating
those in attendance is bounded only by the knowledge and skill of the presenter. This paper will detail a
proven curriculum for grades K-8 used for the past 22 years whereby actual learning is experienced, with
each child leaving the chamber having been engaged in the experience, and not just exposed to it.
The Lenape Valley Regional High School Planetarium
is located in northwestern New Jersey. It is the only
high school planetarium in Sussex County, by area one
of the State’s largest. It is home to three separate
student sending districts, totaling a population of nearly
1,000 students. Equipped with a SPITZ 512 and a
minimum of special effects projectors, it seats 53. It
annually hosts approximately 2,000 school children
from outside its district boundaries to planetarium based
LESSONS, not presentations.
Beginning with children of Kindergarten age and
working through grade eight, our planetarium curriculum
is centered on the concept of the planetarium as a
teaching tool, and not just a mega- slide projector. We
open each and every program delineating the
differences between the planetarium and the movie
theater. Extra time and care is taken with young
audiences through grade two to make them comfortable
with the planetarium environment. This allows the
learner to spend their visit as a participant, and not
counting the minutes until they can literally escape from
the scary dark room with a large strange machine
hovering over them.
For these younger audiences the trip to the planetarium
starts by introducing them to the equipment. We
choose to humanize our projector by naming her
“Penelope”, the planetarium ‘robot’. Nicknamed
“Penny”, she demonstrates her twists and turns with the
lights fully on. Children are encouraged to smile, wave,
and say ‘hello’ to her. They are also admonished not to
scare her by yelling, shouting, wiggling, etc, for these
actions can scare a robot to the point of shutting off and
going to sleep. A sleeping robot cannot be woken until
the next day, so it is imperative for them to not scare
her. In 22 years I have been fortunate to have
experienced only one case of a child acting out during a
program.
Young audiences are taught the basics of rotation and
revolution, the causes of day, night, and year. These
are modeled with a desktop orrery, as well as the
projection orrery. Here we pretend to be astronauts,

getting on our space suits, and going through a
countdown. Once these demonstrations are complete,
we bring the lights on enough to get the children out of
their seats to model the Sun and Earth as it rotates and
revolves. We do this as we switch from learning about
earth & sun to learning about the entire Solar system.
This break also provides the little ones to “wiggle” and
re-focus.
We continue and conclude with one or two constellation
patterns. Repetition and reinforcement are key at this
age level. The goal is to make the concepts
understandable to the children at their level of
comprehension, and through their active participation.
For Grades three and four we build on the Solar System
concept. Each planet becomes more than just a name
to be remembered; each becomes an individual world
with a unique personality. However, we limit our
discussion of each world to a handful of facts.
We are not in a hurry to skip over the Earth as a
member of the Solar System. In fact, we dwell on it the
most. Beginning with differentiating between water,
clouds, and landmasses, we advance to identifying
continents. Night time photographs clearly show the
lights of urban centers. We ask the children to identify
these sources of light on the dark side of earth, which
leads into a discussion of light pollution. We discuss the
Moon, the Apollo lunar landings, and the near- term
return to the Moon. Then we move on to the balance of
the Solar System. At least one question for each planet
is posed to the children, such as “what would acid do to
you if it touched you?”, or “why are Saturn’s rings so flat
looking if they are really icy & rocky chunks?”
For grades five & six we move deeper out into space to
discuss the stars. Grade five concentrates on the
constellations, and grade six the science of the stars.
In this day and age the directions to “picture this” or
“imagine if” are more difficult to accomplish than you
might believe. This current generation of learners has
been raised in front of some type of electronic screen or
monitor more so than any other. These devices place
the image directly into the eyes of the child- there is no
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need or reason to ‘picture’ or ‘imagine’. Before locating
and identifying constellations, we need to practice HOW
TO picture or imagine a scene. I have noticed that in my
facility the more common expression has become, “ I
don’t see it”, as opposed to years ago when it was “Oh,
I get it!”. Imagination is almost a lost art. We must guide
our learners through the process, and not automatically
assume the existence of this ability.
Our curriculum concludes with grades seven & eight
exploring the depths of space. Unfortunately, at least in
our facility, we have almost zero attendance from these
grade levels. Astronomy seems to be concentrated in
grades one, three, and five. It is extremely upsetting to
me, and hopefully to all of us as astronomers, that the
study of the Universe concludes at age 11 in the fifth
grade.
The overriding concern for each grade level of learner is
to actively engage them in the lesson, and not lead
them as a mere spectator of a ‘show’.
Engaging the audience, through their participation in the
experience, will create a greater understanding for the
audience. Education can be entertaining, but it should
not be sacrificed for the sake of entertainment.
Admittedly, in a small dome it is easier to pose live
questions than it would be in a large venue. However, a
skillfully rendered script can still draw in and captivate
an audience
and lead them through an active learning experience in
a large chamber as well. Lecturers and scripts need to
speak “to” the audience, not “at” the audience. In our
desire, and perhaps necessity, to remain relevant in the
digitized world of today’s audience, we need to
remember that the planetarium offers so much more
than just a giant projection screen.
This begins with the very youngest audiences.
Questions such as “what if”, or “if you could”, or “what
do you think it would be like to” serve to get the mind of
the learner wrapped around the subject.
In conclusion, the words of the ancient scholar Plutarch
ring as true today as they did thousands of years ago…
“the mind is not a vessel to be filled, but a fire to be
lighted”.
As you return to your facility, whether large or small, go
and light a fire. The future of a Mars astronaut or a
Starship captain may be waiting to be ignited by your
spark.
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Producing Ice Worlds: A Collaborative Approach Between University and
Planetarium Partners
Annette Schloss
University of New Hampshire
446 Morse Hall, 39 College Rd., Durham, NH 03824
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The development and creation of the full-dome production, Ice Worlds, has been a
collaborative effort led by the University of New Hampshire in partnership with the
Houston Museum of Natural Science (HMNS) and Evans and Sutherland. Ice Worlds is
one of the products created as part of the Ice Planet Earth project, funded by the National
Science Foundation. The project goals were to bring together researchers, i.e., the
content providers, and planetarium professionals to design innovative techniques for
presenting current and exciting Earth Science content in the planetarium and to
thoroughly evaluate the broader impacts of the collaboration. This paper discusses the
collaborative process and how the partners have worked together to design an engaging
production that is both rich in Earth science content and relevant to planetarium
audiences.
INTRODUCTION
Making scientific research exciting for the public is
often not easy. Discoveries such as finding lost
civilizations or successfully making a Mars landing
can readily capture people’s imaginations, whereas
research such as monitoring the movements of ice
and water around the planet may appear dry and
unappealing. Researchers have a difficult time
envisioning how their findings and the science behind
them could translate into a visual form, especially the
immersive environment of a full-dome theater, and
may be reluctant to seek planetarium partners. The
collaboration described in this paper overcame each
of these challenges to produce Ice Worlds, a fulldome planetarium show that incorporates timely
scientific research on Earth’s polar regions and
compares Earth to other icy worlds in our solar
system.
BACKGROUND
The 4th International Polar Year (IPY, 2008-2009)
presented an opportunity to develop educational
materials focusing on the Arctic and Antarctic regions
and to take advantage of the tremendous number of
scientific expeditions carried out during the IPY.
Funds were made available and education and
outreach teams competed to have their proposals
accepted. The National Science Foundation (NSF)
provided funding for our project, Ice Planet Earth,
which produced Ice Worlds as part of an informal
science education package for the IPY.
The NSF looks for projects that are exciting and
innovative and that test new approaches in the
practice of informal science education. In addition for
IPY, projects were asked to create materials that

would continue to be useable after the close of IPY in
2009. Our project proposed to develop the procedures for
rapid infusion of current content to the informal science
community. We proposed to (1) create a production with
an exciting astronomy overview leading to an immersive
presentation of specific changing conditions on planet
Earth and (2) address a dynamic current events topic in a
timely manner by taking advantage of the digital
production and display environment of the digital
planetarium to create a regularly updated current events
pre-show. In this way, the Ice Worlds show could be
shown long after the end of IPY while the updated preshow presented the latest research findings. This paper
discusses the Earth science content in Ice Worlds, and a
companion paper, “Integrating Current Images/Events
into “Canned” Planetarium Productions” by Carolyn
Sumners, describes producing the current events
updates for the full-dome planetarium.
METHODS
Ice Worlds presented several challenges: how to make a
show about ice interesting and informative, how to
include new research findings in the show without dating
it, how to make the show appropriate for planetariums,
and most critical – how to produce the entire show from
initial concept to final cut in nine months.
Ice Worlds had to be produced quickly for distribution
during the IPY (2008-2009). The science team was made
up of scientists from the University of New Hampshire
and their colleagues from the NSF-sponsored Arctic
Community-wide Hydrologic Analysis and Monitoring
Program (CHAMP) and other national and international
polar research efforts. These scientists have active
research programs in the Arctic and Antarctic in
glaciology and hydrology. Their research focuses on
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Earth as a system by studying issues pertaining to
polar processes such as the Arctic water cycle and
the contribution of the flow of large glaciers to sea
level rise. The planetarium team included
professionals from the Burke Baker Planetarium at
the Houston Museum of Natural Science and Evans
& Sutherland. Each group brought their expertise and
perspective to the production. The major theme of the
show was the dynamic nature of Earth’s water cycle
and how the poles and polar processes along with
energy from the sun regulate global climate.

As part of a larger informal science education project, Ice
Worlds was considered as an introductory piece that
touched on many topics in both Earth and planetary
science. Our project also proposed to evaluate the
audience response not only to the Ice Worlds show, but
also to other companion materials and live events that we
prepared. These included a pre-show that focuses
specifically on the interactions between ice and life on
Earth, the polar update series, lectures given by a polar
researcher before selected Ice Worlds showings, and a
suite of activities on our website using actual data
collected by research teams. To promote Ice Worlds at
schools through planetarium outreach programs, a kit for
teachers was developed.
As part of the requirements for NSF, we hired an outside
evaluator, PERG at Lesley University, to provide a
formative and summative evaluation of these efforts. The
evaluation had not gotten underway at the time this paper
was written, but the plan was to use evaluation tools such
as interviews and surveys, to assess what audiences
learn from our products and to what extent the auxiliary
materials or live events enhance the learning experience.
The production team will upgrade the show following the
completion of the formative evaluation using results from
that evaluation to modify scenes or the narrative where
the contents is confusing or unclear to viewers. HMNS
will evaluate the new techniques for rapid development of
current events updates for the dome as a separate effort.

Drilling an ice core visually, from Ice
Worlds.

We created a list of important topics to be covered.
The production team decided which could be shown
visually on the dome and from those we chose the
final list of Ice Worlds topics. The production team’s
knowledge of their audience and of how to turn a
science concept into an immersive experience was
essential to creating a show that people would want
to see.
We used data, satellite imagery, actual footage in the
field and animation to tell the story of ice on Earth. An
innovative scene presents the concept of the large
influx of freshwater during spring from northern
flowing rivers into the Arctic Ocean as a huge
waterfall that engulfs the audience; another
demonstrates the vast ice cover during the ice ages
by presenting an ice sheet against the skylines of
major cities. Animations of animals that live in cold
environments were included to appeal to younger
viewers. Recent improvements in digital photography
allowed us to include in the show some actual
footage of a glacier calving.
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OUTCOMES
The partnership has been successful and productive.
Each partner contributed their expertise to the production
and the balanced makeup of the team ensured that Ice
Worlds would contain the most up-to-date science, be
visually attractive, professional in quality and would
appeal to typical and new planetarium audiences. Our
team has discussed collaborating again to expand on the
ice theme or to explore other Earth system science topics
and research initiatives. As researchers become more
adept in documenting their field research through the
taking digital photographs and video that can be
transferred to the dome theater, these types of
collaborations should yield many more exciting full-dome
products.
UNH SCIENCE PARTNERS
Mark Fahnestock, Richard
Pundsack, Charles Vorosmarty

Lammers,

Jonathan

MORE INFORMATION
Ice Planet Earth project
www.iceplanetearth.org
Evans & Sutherland
www.es.com
Houston Museum of Natural Science
www.hmns.org
Discovery
Dome
www.eplanetarium.com

and

e-planetarium

When the moon attacks, fight back! (Poster)
Sharon Shanks
Ward Beecher Planetarium
Youngstown State University
Youngstown, OH 44555 USA
slshanks@ysu.edu
We need to:
Teach moon phases

because learning moon phases is one way we can
teach students how to learn science.

You are seating your 9:30 fieldtrip. The teacher asks if
you can “cover moon phases” at the end of the
program.

In today’s world, where the phase of the moon is printed
on calendars and obtained instantly via the internet,
knowing the “how” and “why” is not a necessary life
skill. But going through the process that allows us to
understand how the moon shows phases is a
necessary skill, because it’s the basic process of
science. Moon phases are simple enough to
comprehend and easy enough to be studied
inexpensively in a classroom (as compared with
thermonuclear equilibrium, for example) that they are a
basic lesson upon which more complex science
understanding is built. It’s the process that we want
here, not the end result.

Your state’s science standards require that second
graders “observe and describe how the sun, moon and
stars all appear to move slowly across the sky” and
“observe and describe how the moon appears a little
different every day but looks nearly the same again
about every four weeks.”
You try to tell the teacher that you’re not prepared for
this lesson and to do it right, you need at least 30
minutes. “Oh, we don’t need a lot. Just show them how
the moon changes shape.” Inwardly, you moan.
Ideally, I’d love to hand that teacher a folder that
contains background information (a lesson for the
teacher), pre- and post-tests, 3 or 4 simple classroom
demonstrations and hands-on activities for her grade
level, a list of inexpensive and easy to find teaching
materials, a list of misconceptions to watch for, and an
assessment rubric—along with a guarantee that she’ll
use them in class and then complete and return the
survey assessing the package’s effectiveness.
Stop chuckling. I’m confident that if we work together,
we planetarians can define the best methods to teach
moon phases, identify the core concepts, and take
action, either to provide the data or partner with others
to publish the core literature that accomplishes these
goals.
Google “teaching moon phases” and you’ll get about
279,000 hits. In a completely unscientific study, I found
repeated mention of only one method in the first four
pages of results: the ball on a stick. Only a few
suggested using more than one method. Some of the
“lessons” were gems, some were simply awful. One or
two went into depth; most were recipes.
My informal Google search indicates that moon phases
are not being taught effectively, and my personal
interaction with teachers supports this idea. This is a
concern, because moon phases need to be taught, not
just because they are on standardized tests, but

Teaching moon phases follows the same method
humans used to first understand them: observing,
seeing patterns, making predictions, and then thinking
about and discovering how and why the patterns are
made.
Planetariums already play the first major role in
teaching moon phases: observation. We compress
observation into a 30-minute period that, at the very
minimum, shows the patterns to students and allows
them to make predictions.
We can give teachers the first part. It’s up to them to
continue the lesson in their classrooms, and to do that
we need to provide them with the proper tools.
My ideal goes like this:
Students receive the background information (see core
concepts) they need prior to their visit, and perhaps
briefly discuss what they already “know” (see
misconceptions). After the planetarium visit, they are
challenged to understand what they saw by answering
(1) Why does the pattern repeat? (2) What causes the
moon to change? (3) Can I come up with a way to
repeat what I saw on a smaller level? and (4) Can I
show it to others?
The place for this thinking and doing is in the
classroom, where they have the time and physical
space (1) to be creative—the most important element in
scientific thinking—and (2) to play with a variety of
spheres, shapes, lights, and other simple elements.
Yes, play, the synonym in science for experiment.
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Students rotate through different stations, one small
group making shadows with geometric objects, and
another working with spheres on a stick and a light
source. A third station includes an Earth sphere and a
bright light for the sun. A fourth might allow them to set
up the geometry of moon phases and view it from
different angles.
Their teacher allows them to experiment and discover
over several days and, importantly, lets them see what
works and what doesn’t work. They write what they see
in simple journals. They draw the simple geometric
patterns they create with their models and with their
arms. Perhaps they draw a poster, or maybe put
together a PowerPoint presentation. The teacher’s role
is restraint and discretion, leading with careful questions
but not “telling” the answers.
When this stage is complete, they “show and tell” for
the rest of the class and the teacher what they’ve
learned, and earn the feeling of satisfaction that is the
greatest reward of the scientist.
We need to:
Take action

National Science Teachers Association, NSTA
Press, Arlington, Virginia, 2003
Donovan, M. Suzanne and John Bransford, eds. How
Students Learn: Science in the Classroom. National
Research Council, National Academies Press,
Washington, D.C., 2005
Hermann, Ronald and Bradford F. Lewis. 2003. Moon
Misconceptions. The Science Teacher November
2003: 51-55.
Kavanagh, Claudine, Lori Agan and Cary Snyder. 2005.
Learning about Phases of the Moon and Eclipses: A
Guide for Teachers and Curriculum Developers.
Astronomy Education Review, 4 (1) (no pages in
on-line publication)
Michaels, Kathy. 2004. Phases of the Moon - Yet again.
Constellation (Newsletter of the Middle Atlantic
Planetarium Society) Winter 2004 (4): 1, 3, 4.
National Research Council. National Science Education
Standards. National Academy Press, Washington,
D.C., 1996
Trundle, Kathy, Ronald Atwood and John Christopher.
2002.
Preservice
Elementary
Teachers’
Conceptions of Moon Phases before and after
Instruction. Journal of Research in Science
Teaching 39 (7): 633-658.

Conclusion: The research is out there on moon phase
misconceptions, but it is lacking in several critical areas:
core concepts/knowledge, at what cognitive levels can
different elements be successfully introduced, and what
teaching methods are the most effective.

Box: We need to:
Identify core concepts

Kavanagh et al, suggest that the role of the planetarium
be investigated in the observational component. We
need to take up the challenge and go beyond, to (1)
provide data on the effective methods to be researched
further, (2) suggest the necessary core concepts, and,
most importantly, (3) partner with researchers to gather
the hard data that will be published, taking our
knowledge and observations out of the weak and
ignored realm of anecdotes and into the important
arena of published research.

The necessary core knowledge has not been
established through research. We planetarians need to
put our heads together and come up with the
preliminary list. This list is in no particular order and
needs to be refined. Your comments will help. Please
complete the Attack the Moon survey and return it to
me.

What do students need to know before they can acquire
a scientific understanding of moon phases?

•
•

We all do moon phases. We need to share what we do
with (1) our peers through articles in the Planetarian,
the Astronomy Education Review and other venues, (2)
classroom teachers through workshops, (3) the
faceless, anonymous multitude who seek assistance
through the internet, and, most importantly, (4) our
students.

•

References/Further reading:
Benacchio, Leopoldo. 2001. The Importance of the
Moon in Teaching Astronomy at the Primary
School. Earth, Moon and Planets 85-86: 51-60.
Colburn, Alan. The Lingo of Learning: 88 Education
Terms Every Science Teacher Should Know.

•
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•
•

•
•

The moon, Earth and sun are all spheres
Spheres make shadows that are different than
shadows made by a flat disk
The moon orbits the Earth while the Earth orbits
the sun
The sun, like all stars, is the only thing that
makes its own light; we see the moon and other
planets because they reflect sunlight
Gravity is the force that keeps the planets in
orbit around the sun and the moon in orbit
around Earth
The Earth, moon and sun are very large but
also are different sizes
The Earth, moon and sun are very far apart
from each other: scale
The moon is closer to Earth than the sun

•

Half of the moon is always lit by the sun; half
the Earth is always lit as well

From the top is resembles the “god’s eye view” of all the
typical diagrams (see below),

Box: We need to:
Know the misconceptions
Research (and our personal knowledge) has identified
the major misconceptions surrounding moon phases
(see Hermann and Lewis, Trundle et al, Kavanagh et
al).
•
•
•
•
•
•
•

Moon phases are caused by:
Earth’s shadow on the moon (eclipse)
Earth’s rotation
The moon’s position from different geographic
locations on Earth
Clouds
Another planet’s shadow
Earth’s tilt

but when the student looks from desk level, the phase
is clearly seen. The pictures basically tell the story of
this activity. Thanks to Susan Button for the picture of
Michele; I took the pictures with the penguin.

Boxes: We need to:
Define the best methods

CAPTION: The “ball on a stick”
I don’t need to say more about this to an audience of
planetarians. It’s my picture, my daughter’s hand.

CAPTION: (above) The “kids eye view”
Michele Wistisen of the Casper Planetarium in Casper,
Wyoming, demonstrated this method at the 2007
Western Alliance Conference. It quickly became one of
my favorites, and I’ve used it successfully with 4th and
5th grade students. The beauty of this model is the kid’s
eye view it provides.

IPS 2008 Conference Proceedings ✯ 233

CAPTION: Ack! It’s the moon phase diagram! I copied
this one directly from the internet, along with the
following paragraph:
On this simple moon phase diagram, you can see that
the inner circle of moon icons depicts the moon’s orbit
around the Earth, which takes about a month (29.5
days). The ABCD indicators show the direction of the
Moon’s orbit. Only one hemisphere of the Moon is
illuminated by the Sun at a given time, with the other
hemisphere non-illuminated or dark (shine a flashlight
at a baseball, and you‘ll get the idea). However,
because of Earth’s position at the center of the lunar
promenade, we only ever see part of the Moon’s Sunilluminated hemisphere. The exceptions are New Moon
and Full Moon.”
http://whassupinthemilkyway.blogspot.com/2007/11/myown-private-lunacy.html
The legal part: The written content on this blog and all
non-celestial images (unless otherwise noted) are the
original work of Karen Keese and are copyright (c)
2007-2008 Karen Keese.
The diagram, by the way, was designed by Nick Strobel
at the Bakersfield (California) College Planetarium and
has been copied and pasted into many web sites
without attribution.
Simple, she says? Only after you understand the
concept.
Kathy Michaels, in her article “Phases of the Moon - Yet
again” in the Winter 2004 Constellation (Middle Atlantic
Planetarium Society), suggests having students cover
up the parts of the diagram they don’t need to help
them understand it. I took this idea one step further and
made a moon phase dial with a paper plate that does
the work for them.
NOTE:
All of this material will be available online after the
conference
at
www.cc.ysu.edu/physicsastro/moonphase
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New Automation Project for the Zeiss Skymaster ZKP-2P Model of the Vitoria
Planetarium
Luiz C. P. Silva1, luizcpsilva@gmail.com,
Pedro F. Coelho³, webho79@yahoo.com.br,
Arthur J. Eutropio³, arthur.je@gmail.com,
Erasmo Persici3, erasmopersici@gmail.com,
Leonardo Zanotelli3, zanotelli@gmail.com,
Hans J. Schneebeli³, hans@ele.ufes.br,
Sergio M. Bisch2, sergiobisch@gmail.com,
Luiz S. Zacchi4, luizsampaio@omnislux.com.br,
Mauro J. Paglione4, mauro@omnislux.com.br.
1

Planetario de Vitoria, Secretaria Municipal da Educacao, Rua Arlindo Sodre, 485, 29047-660 Vitoria – ES, Brazil
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Planetario de Vitoria, Universidade Federal do Espirito Santo Av. Fernando Ferrari, 514, 29075-910 Vitoria – ES,
Brazil

3

Departamento de Engenharia Eletrica, Universidade Federal do Espirito Santo Av. Fernando Ferrari, 514, 29075910 Vitoria – ES, Brazil
4

Omnis Lux – Astronomia e Projetos Culturais, Rua Berta, 97, 04120-040 Sao Paulo – SP, Brazil

The Vitoria Planetarium, Espirito Santo State, Brazil, has had maintenance problems of
the control desk of its Zeiss Skymaster ZKP-2P planetarium over recent years, due to
high cost and difficulty of finding replacement components. To overcome these
problems a new automation project is being locally developed for this planetarium
model, with good initial results.
Introduction
For many years the Vitoria Planetarium, Espirito Santo
State, Brazil, has had maintenance problems of its
Zeiss Skymaster ZKP-2P model control desk, due to
high cost and difficulty of finding replacement
components. To overcome these problems we are
developing a new automation project for this model in
partnership with the Eletric Engineering Department of
the Federal University of Espirito Santo and Omnis Lux
- Astronomy & Cultural Project Co., the Zeiss
planetariums representative in Brazil.
Purpose
The project aims to construct a new programmable
control system for the Zeiss ZKP-2P planetarium of the
Vitoria Planetarium, with the same or improved abilities
than the original one, but with easier and cheaper
maintenance.
Methods and Results
The project began by the problem definition by means
of a data survey concerning the equipment electro-

mechanical parts technical specifications, its controls
and automation and programming possibilities. This
phase and the construction of the desk to become
manual operations possible have already finished. The
aim is to develop a new control desk that has the same
operational characteristics than the original, being
programmable, easy to use and to adapt new
accessories, with accessible technology and low
assembly and maintenance cost.
Although it is in a development stage, the project points
to a complete replacement of original control desk with
operational advantages and much lower maintenance
cost. The next phase will be the software development,
based in Linux/GNU operating system, which will do the
automated control of the control desk and will enable to
create new shows in an interactive way and its storage.
As the project will have all the documentation and
electro-electronics prints, it should be able to
incorporate new resources, original or not, in the future.
When it will have been tested and working successfully,
the project will be open to other eventually interested
planetariums.
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Conclusions
The development of a new ZKP-2P planetarium control
system with all the documentation, low cost and
accessible to any planetarium will be a great step to
sustain the use, to modernize the equipments and to
improve the planetariums shows of the institutions that
have this or similar planetarium model.
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IMAXing Your Planetarium Without Losing Your Soul
Craig Sinard, President of VR-MAX, VR-MAX/Sinard, 420 North Fifth Street, Suite 705, Minneapolis, MN
55401, email: craigs@sinard.com

Loren Niemi, Communications Department Metropolitan State University, St. Paul, MN, Email:
loren@sinard.com

The tightening of funding resources means that Planetariums will likely need to broaden
traditional approaches to securing support for program content. Technological
advancements in video production mean that IMAX-style content could be produced for a
fraction of the cost of IMAX, and the nascent dome production industry is poised to
provide that content. Corporations, though companies such as VR-MAX, have shown a
willingness to spend significant budgets on branded dome materials. The paper explores
commercially branded or underwritten content and the pros and cons of such
programming or Planetariums or Science Museums.
I. Is IMAXing outside the Mission Statement?

II. Museums, Commercialism and Education

Let's begin with the word itself. IMAXing is a term
coined by Media Content Producer Craig Sinard in 2007
to describe the use of commercially branded or
underwritten
content
created
specifically
for
Planetarium or Science Museum screens.

The potential issues that arise from considering
"commercial work" on Planetarium screens, regardless
of the relationship with a larger organization, are not
about the Mission but rather about the organization’s
perception of commercialism and its Mission. On one
hand most organizations welcome the revenue
generated by the sale of commercial product in the gift
shop. On the other, putting a branded program on the
planetarium dome may generate discussion with the
organization about cultural and educational values.
What supports the Mission for the organization's
audience need not be incompatible, crass or "verboten,"
but the decision about what is acceptable does need to
be consciously decided.

A random sample of Mission Statements for both
Science Museums and Planetariums (See Appendix 1)
shows remarkable similarities, both between them and
between cities. Keywords and phrases are derived from
a common concern for the acquisition of knowledge:
spark curiosity1, discover2, foster understanding3,
inspiring4, stimulating environment for learning.5, etc.
Planetarium missions differ from their broader Science
Museum counterparts in their inclusion of specific, more
narrowly defined keywords and phrases, such as, “the
culture of astronomy and the experience of the night
sky6,” “Maintain scientific excellence in, and service to,
the field of astrophysics7,” etc.
The more narrowly defined mission of Planetariums
never precludes the broader missions of Science
Museums. In effect, all Planetariums are de facto
Science Centers; the difference between one and the
other is breadth of focus. The core of each is to share
science-based knowledge with the public.
The presentation of commercially branded or
underwritten content would not conflict with these
mission statements. In fact, to the extent that
commercial underwriting or branding content provides
an additional source of revenue, it will support Science
Museum and Planetariums core missions.

Commercialism, whether a Pink Floyd Laser Light
Show, or Spiderman in 3D at an IMAX theater, is
measured by its perceived effectiveness in achieving
organizational and marketing ends. For the for-profit
business, effectiveness is measured in sales and brand
awareness. For some non-profit organizations it may
come down to questions of tradition, image and IRS
regulations. What will be seen as too much, too obvious
or incompatible with the Mission of an organization is, in
fact, a negotiated reality. If the IMAX-Dome movie
"Coral Reef" or the Planetarium feature "Black Holes"
had become great commercial successes, few would
argue their scientific or educational value was
compromised. Equally few would argue that Steven
Hawking's "A Brief History of Time" was somehow
crass.
As long as the content viewed by the public is
consistent with the organization's educational Mission,
branded and underwritten science films are simply
another teaching mode and model. Further, they offer a
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contributed revenue source when the need for financial
security is paramount. A balance between Mission and
Commercialism can be robust, and healthy.
Examples abound. When the Walker Art Center in
Minneapolis decided to sponsor the largest tour ever
mounted of Picasso artworks, the unprecedented newart-audience response overwhelmed the incidental
charges of commercialism that accompanied the
exhibit's extensive product lines. When The Milwaukee
Art Center featured industrial design during Harley
Davidson’s 100th Anniversary, smiling audiences and
significant first time attendance figures offset questions
of whether this was a "too commercial" exhibit.
The stumbling block for many Museum and Planetarium
staff and Boards to increased commercial participation
is a strongly internalized feeling that they do not want to
be taken advantage of; that the organization will not be
an equal partner in determining the content or
presentation style but will have to bear the burden of
dissatisfaction or complaints from their audience if it is
not well done.
In an appropriate partnership opening the door to
independent and corporate production, underwriting
and support will lead a museum or planetarium to:
1. an influx of [relatively] inexpensive production,
leading to the creation of custom material exclusive to
your region or facility.
2. a mechanism to increase the frequency, breadth and
best-available information of exhibitions in response to
audience identified or emerging interest areas.
3. the potential for corporations to produce high-quality
entertaining materials (some likely to be branded) as a
content specific donation for non-profit organizational
use. The corporation gains valuable brand identity while
the organization gains the production of new programs.
In the best-option scenario ownership is held by the
non-profit organization with 100% of the ticket proceeds
available to support the non-profit.
4. becoming a distributor of content (as the Science
Museum of St. Paul currently does), as your
organization obtains developed in partnership, opening
up additional revenue streams for sale or rental of that
programming to other non- profits.
5. in house production capacity for those organizations
that want it. This is potentially a large financial and
staffing commitment but production techniques can be
learned and developed.
There are good reasons for a corporation to undertake
such a partnership as well:
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1. to capitalize on a unique branding opportunity and
put their services or products on IMAX, Planetarium or
other dome screens.
By way of example, Boeing might very well wish to
supply Planetariums a short film on "Boeing in Space"
to demonstrate state-of–the-art engineering or
aeronautical design to meet the challenge of space
travel. Or, Travelers Insurance might wish to explore
the "Physics of a Car Crash." Such Corporate branded
productions may or may not include direct product
placement, but all offer a form of underwriting which
combines educational content tailored to organization
and corporation core missions created for the market
for IMAX and Planetarium style films. It could
significantly broaden the number and styles of material
available.
2. an opportunity to reinforce or position themselves as
supportive of the educational mission of museums and
planetariums. Corporations are intrigued by the idea
that their brand has the add-on of repeatability, long run
times or an audience that is in an attentive and
receptive mode.
3. a tax write-off for the donation of the films to their
local IMAX non-profit.
III. Will IMAXing help or hurt the organization's
fundraising?
The fundamental answer is no, it should not hurt
funding. The production of corporate branded or
underwritten educational content should be a funding
benefit – not only in the production of materials that
might not otherwise be available, but also in terms of it
ability to attract audience and produce additional
income streams.
Frank Parisi, Director of the Minnesota Planetarium,
has said that if quality work is inherent in the
production, and the branding is unobtrusive, there could
be wide acceptance of these badly needed educational
materials, especially if distributed for free or for a
nominal fee. According to him, IMAXing can only help
fundraising. “We need funding from all sources, and the
higher visibility of running branded shows will only
increase corporate visibility, and therefore create
competition to give. This is a good thing.”
The only time a corporation creating a branded or
underwritten video might interfere with fundraising
would be during a capital campaign where they may be
hesitant to pay for specific programmatic content and
be asked to make a six figure or multi-million
contribution to building or remodeling a facility at the

same time. The likelihood of such a conflict, given that
capital campaigns tend to be many years apart, would
be rare and a skillful fundraiser will be able to negotiate
the potential difficulties.
Many Planetariums and Science Museums are
understaffed and under-budgeted. The question of who
will make the corporate match is a real one. There are
three scenarios that can produce viable partnerships:
1. a personal relationship of a non-profit board or staff
member with a corporate decision-maker who can see
the benefits of partnership.
2. the use of development staff (or consultants) to make
the case for corporation participation to particular
funding targets.
3. the marketing of content to corporations by the
content producer on behalf of the non-profit
organization.
The first two scenarios are consistent with current
fundraising models. The third is a departure in the
sense that it relieves the organization from directly
raising the production or sponsorship costs. In this
approach the content producer serves as a matchmaker
and in the case of branded content may be talking to
the corporate marketing department rather than the
foundation.
Those who are not ready to present branded content
directly might consider corporate underwriting of ads
(PBS-style or overtly commercial, in full dome splendor)
that present the organization's educational role or
funding case directly to visitors or the larger public. How
enthusiastic would a funder be to sponsor an ad, one
created with the inherent immersive impact that the
IMAX medium?
IV. Production of Content
Film is basically silver impregnated on plastic.
Videotape and Hard drives are basically rust
impregnated on plastic. Silver is much more expensive
than rust.
That simplified truth has been the driving force behind
the demise of film and rise of alternative recording
methods for the past 40 years. This has been a
principle driver for the invention of, and adoption curve
for, extremely high-resolution cameras and supporting
production technology. IMAX 65mm film, while still a
major force, is no longer defining the ultimate in motion
picture image technology. RED, Phantom, Sony and
Arriflex all now have digital capture cameras and
recorders that make image capture of 2k, 4k and more
–
not only a high definition reality – but a significantly less
expensive reality. The cost for film stock (undeveloped)

for an “average” IMAX film has been estimated at
$400,000. The cost for a similar amount of HD
videotape: $4,000.
Planetariums have screens. It is only a matter of time
before content producers say, “Is this an ‘open
channel’? Why not use the screens?” The essential
question before Planetariums and Science Museums is
do you want to be on the content producing edge of the
coming wave or waiting to see what others have done?
Generally speaking, Planetariums and
Museums have these content production
options:

Science

1. Go it alone. The advantage of this is you have full
control of the content, presentation style and ownership.
The disadvantage is that it is a time and resource
intensive option that may be beyond the financial or
staffing capacity of most organizations.
2. Partner with an unqualified vendor (PBS affiliate,
commercial producer without IMAX production
experience) on the assumption that they can acquire or
develop the technical knowledge and equipment to
produce quality product. Most will not understand or
have the experience to know that, whether using live
capture or animation, each screen requires a different
lens, each a different warp, each requires careful
planning o how to position images in an aesthetically
pleasing way.
3. Partner with a qualified vendor (Dome experience)
who is prepared to develop quality content now.
4. Wait for others to develop the content and offer it for
sale or rental. The disadvantage of this option is that it
leaves control of what content is offered and whether it
is useable on the facility's system in the hands of
others.
V. VR-MAX
If you think that partnering with a qualified vendor is the
way to go, the VR-MAX division of Sinard Inc. has been
producing dome content for over a decade. Sinard Inc.
itself served the Business to Consumer (B2C) and
Business to Business (B2B) communities for over 25
years; providing consulting, analysis, and specializing in
interactive motion media and advanced technologies.
Co-author, Loren Niemi, is an organizational consultant
who has helped non-profits frame and fund their
missions and messages for the last 30 years.
In 1996 one of our Fortune Five Hundred clients said,
"We are the biggest and baddest. What can we do at a
Trade Show to illustrate our dominant market position?"
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In response we suggested, then created, the world's
first 180o immersive High-Definition video. In essence,
this was the world's first high-resolution video IMAX
production. We called it VR- MAX and have been
creating branded dome productions for corporations
ever since.
And now, with the introduction of the Evans and
Sutherland DigiStar projection system, IMAX capability
has come to Planetariums. If you are ready to move
from content consumer to content producer, talk to us
about how we can help you IMAX your Planetarium
without losing your soul.VI. Biographies
Craig Sinard — President, Executive Producer
Craig Sinard and his staff have been extending the
brands of Fortune 500 companies and small businesses
alike for over 25+ years. His award winning Minneapolis
firm helps businesses with everything from “positioning”
to experimental “edge” tactics. Clients include Pitney
Bowes, Ecolab, Stratasys, Wyeth, and the Starwood
Hotels
Raised in Chicago, Craig was educated by reading
Mike Royko, attended Drake University and gathered a
MS in Journalism from Iowa State University. His radio
credits included TRIAD radio in Chicago and KFMG and
KASI in Iowa He became a television reporter for WOITV Ames, Iowa, a “Field Producer” for PBS
Minneapolis, and a Stringer for CNN. His music video
productions for Warner Brothers, Columbia Records
and Motown in the 1990’s appeared on MTV, BET,
RockAmerica, the Walker Art Center, and other national
media outlets. He has served on several non-profit
boards and was appointed to the State of Minnesota
Arts Board.
Married 26 years and father of three, Craig enjoys
snorkeling, skiing, Iowa, hot air ballooning, tequila, New
Mexico, theatre, jazz and still retains some facility
playing clarinet. In deference to fatherhood, he gave up
hang gliding.
Loren Niemi – Strategist/Organizer, Storyteller
Loren Niemi was trained as a community organizer in
the classic Saul Alinsky style in Chicago in 1967. He
applied the lessons learned as an anti-war/anti-draft
organizer and in Senator Gene McCarthy’s 1968 and
George McGovern’s 1972 Democratic political
campaigns.
From 1973-1978, he was a community organizer in
Minneapolis working with resident based neighborhood
organizations in the Seward, Stevens Square, Elliot
Park and Phillips neighborhoods. Beginning in 1978
and through the '80's, he worked in organization
development and fundraising for the Minneapolis Arts
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Commission, In the Heart of the Beast Puppet & Mask
Theatre and the Minneapolis Institute of Arts. He also
served as the Executive Director of Elliot Park
Neighborhood Inc. from 1992-1998, guiding the
downtown Minneapolis neighborhood through a 4.6
million dollar Neighborhood Revitalization Program
(NRP) process.
In 1998, Loren was a recipient of an Archibald Bush
Foundation Leadership Fellowship to research the vital
role of storytelling as a tool in neighborhood and
community development. Moving to Chicago, he
worked as a national organizational development and
communications consultant whose clients included DDB
and Leo Burnett Advertising, the 5th district Federal
Reserve, the National Storytelling Network and Walt
Disney World. In 2001, he became the primary architect
of the design and implementation of The Public Policy
Project’s advocacy training process.
Loren has a BA with a double major in Philosophy and
Studio Arts from St. Mary’s University and a MA in
Liberal Studies (American Culture) from Hamline
University. He is the co- author (with Elizabeth Ellis) of
Inviting the Wolf In: Thinking About Difficult Stories and
a second book, The Book of Plots on the uses of
narrative. He also teaches Storytelling in the
Communications Department of Metropolitan State
University in St. Paul, MN.

Appendix One
Sample Mission Statements
Shreveport (Planetarium, IMAX and Discovery Center):
Sci-Port Discovery Center provides a fun, educational
environment for people of all ages to explore and
actively engage in the world of mathematics, science
and technology. Sci-Port serves to spark curiosity1
about the world around us, provides hands-on tools for
using scientific discovery in everyday life, and
encourages a passion for life-long learning.
New York:
AMERICAN MUSEUM OF NATURAL HISTORY
Mission Statement
To discover, interpret, and disseminate—through
scientific research and education— knowledge about
human cultures, the natural world, and the universe.
New Mexico:
The mission of the New Mexico Museum of Natural
History and Science is to foster an understanding and
appreciation of the diverse natural history and physical
sciences of New Mexico and the Southwest for the
benefit of residents of, and visitors to, New Mexico. The
Museum provides educational experiences and

promotes scientific inquiry through focused collections,
research, public programs and exhibitions.
Seattle:
...Pacific Science Center stays focused on fulfilling our
mission of inspiring4 lifelong interest in science, math
and technology throughout our community and
statewide. We constantly innovate our outreach
programs, create new programming aimed at diverse
audiences, and work with outside organizations on new
collaborative projects.
Denver:
The Denver Museum of Nature & Science inspires
curiosity and excites minds of all ages through scientific
discovery and the presentation and preservation of the
world’s unique treasures.
Milwaukee:
Discovery World is committed to educational, cultural,
and environmental development. Our exhibits and
programs are designed to inspire exploration and
creation, and provide life-long learning for our visitors.
Milwaukee: The Milwaukee Public Museum, a not-forprofit organization operated by Milwaukee Public
Museum, Inc., is an institution of human and natural
history providing a dynamic and stimulating
environment for learning. The Museum interprets the
world's cultural and natural heritage through the
integration of exhibits, education, collections and
research. MPM holds its collections as a public trust
and is dedicated to their preservation for the enrichment
of present and future generations.
Phoenix
The mission of Arizona Science Center is to inspire,
educate and entertain people of all ages about science.
The Mission of a Planetarium
Seattle: The Willard Smith Planetarium aims to inspire a
lifelong interest in the science of astronomy, the culture
of astronomy and the experience of the night sky. We
do this by engaging visitors in a welcoming, interactive
learning environment where their curiosity is embraced
and their ability to continue exploring on their own is
enhanced.
Chicago: The Adler Planetarium & Astronomy museum
seeks to inspire the next generation of explorers and
scientists. The Adler’s array of educational offerings —
from interactive demonstrations to graduate level
coursework—are designed to equip participants with
the skills and desire to learn more about our Universe.

field of astrophysics. The office will sustain a
competitive research program leading to successful
grant proposals, competitive time awarded at major
telescope facilities, and consequent research papers
published in peer-reviewed journals.
(2) Track the frontier of cosmic discovery—seek out and
develop innovative ways to bring this frontier to the
programs and activities of the American Museum of
Natural History. The office will conduct, interpret, and
bring frontier astrophysics research into the educational
offerings of the American Museum of Natural History. In
particular, the Office of the Director will enable the
Space Show, AstroBulletin, and the various educational
outreach projects of the Museum's National Center for
Science Literacy Education and Technology to keep
abreast of the latest discoveries in astrophysics. This
effort includes, but is not limited to, establishing
strategic collaborations with colleagues as well as
creating partnerships with academic centers, societies,
institutions, and laboratories.
(3) Honor the legacy of the Hayden Planetarium in the
hearts and minds of the public and in the amateur
astronomy community. Since 1935, the Hayden
Planetarium has served as the premier conduit between
the frontier of cosmic discovery and the public's
appreciation of it. More than one-hundred books on the
universe have been authored by staff of the Hayden
Planetarium in the 20th century. The institutional
identity of the Hayden Planetarium has traditionally (and
successfully) flowed through this and countless other
high-profile public outreach activities of its staff, most of
which extended well-beyond the walls of the institution.
Minneapolis
To Educate Young Minds. Enrich primary and
secondary science education for E-12 students
throughout the state. Encourage students to consider
science as a profession and use its methodology for
lifelong learning. Help equip a young workforce to meet
the scientific, technological and engineering challenges
of the 21st century. To promote innovation Showcase
Minnesota company innovations. Highlight great
achievements:
exploring, solving problems and
overcoming challenges. To inspire all Minnesotans
Stargazing fuels everything from poetry to physics.
Create informed public policy that incorporates the
latest understanding of space and earth science.
Support Minnesota’s nine small regional planetariums.
Provide portable dome programs and other outreach
events throughout the state. To create a statewide
“wow.” Attract Minnesotans to this premiere destination,
the largest and most sophisticated planetarium in the
Upper Midwest. Expose over 150,000 visitors a year to
the latest in earth and space sciences.

New York: Hayden Planetarium
(1) Maintain scientific excellence in, and service to, the
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Teaching Science With Money
Dale W. Smith
BGSU Planetarium
Department of Physics & Astronomy
Bowling Green State University
Bowling Green, Ohio 43403
dsmith@newton.bgsu.edu

The world's currency features images of dozens of scientists and their legacy of
discovery. In 2006 we developed a planetarium show Worlds in Your Wallet that uses
this resource to teach topics in astronomy, physics, and biology.
Introduction—the world's currency shows many
scientists
The items of our everyday lives provide unexpected
opportunities to teach science in general and astronomy
in particular, and thereby connect remote astronomy
with everyday life. I have developed a variety of
planetarium shows over the years that use the everyday
world. One was It's About Time (1987), which showed
the roots of our calendars in sky cycles and in history.
Another was Star-Spangled Banners (2002), which was
built around images of the Sun, Moon, and
constellations on the flags of the world. A third show in
this series—Worlds in your Wallet (2006)—uses images
on the world's currency to teach a variety of science
topics.
US currency in circulation today features images of
presidents and historic statesmen. These people have
little to do with science, except for Thomas Jefferson,
who was an amateur scientist and appears on the $2
bill, and Benjamin Franklin, who famously flew a kite in
a thunderstorm and appears on the $100 bill. But
certainly these two are being honored on money for
their contributions to American history, not for their
scientific work. Currency of other nations also features
a long roster of political, historic, and military figures
and heroes.
But immersed among the politicians in many
countries are images of people of culture—poets,
musicians, artists. Remarkably, dozens of scientists,
including
especially
physicists,
astronomers,
mathematicians, and biologists are honored on money
of many countries around the world. These scientists
include not only famous faces such as Einstein, but also
many more obscure faces as well.
I started to become aware of this as I encountered
a great variety of currencies during international travels
and later as I began to purchase older currency and
currency from countries I have not been to. Moreover,
early US money from the colonial era (1770s) and from
the late 1800s also features scientific images.
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As my currency collection grew, I began to see that
certain branches of science were especially well
represented. These include historic astronomy, atomic
and nuclear physics (!), electricity and magnetism and
electrical technology, biology, and the sky including the
Sun and constellations. Soon it was clear that enough
pivotal scientists in these fields were depicted—along
with images of their work—that they could be used to
tell the story of discovery in these fields to a general
audience by means of a planetarium show.
In the section below, I will describe the flow of the
planetarium show. The description will make frequent
reference to Appendix A, which contains a complete list
of the banknotes used in the show.
The planetarium show—"Worlds in your Wallet"
The prologue begins with familiar territory—the
roster of political faces on 20th century US currency
from the $1 bill to the $1000 bill—and then makes the
transition to unexpected territory of scientists on money.
Biologists appear on some past and present
European currencies—including Linneaus (Sweden)
who organized lifeforms into genus and species, Darwin
(on a recent British £10 note), and Louis Pasteur on a
colorful French note from the 1960s. Together they
define a brief foray into the life sciences, including a
short explanation of evolution.
Many mathematicians figure on money. The best
known is Carl Gauss, the father of statistics and of
some laws of electromagnetism. Gauss' electric law is
difficult enough to explain without lecturing, so I refer
only to his statistical work, aided by a Gaussian bellcurve on the recent 10-mark German note, now lost into
the Euro. The show enumerates the mathematicians
with a kind of bullet-list approach, since their roster
does not lend itself to an organized narrative.
A medley of maps and maps and mapmakers
follows, led by Gustav Mercator on a Belgian note.

Next is a short section featuring a variety of
physicists, among them Pascal (fluid pressure, on a
gorgeous French note), Euler (fluid theory), Kelvin (laws
of thermodynamics, on an expensive £100 Scottish
note), and Birkeland (Norway) who first explained the
aurora.
Then follows a narrative section of electricity and
magnetism and modern electrical technology. Here,
enough key scientists are represented that I could
weave a connected narrative that teaches some history
of physics in chronological order. First up is Ben
Franklin, who not only appears on the current US $100
bill in portrait, but also appears in action on a $10 bill
from 1882 flying his kite in the thunderstorm. Then
come Alessandro Volta (Italy), who built the first
chemical battery, Han Oersted (Denmark), who
discovered that currents deflect magnets, and Michael
Faraday (British), who linked electricity and magnetism.
The e&m section leads to a segment on electrical
technology, led by Samuel Morse, featured on US $2
bill from 1896, and an 1860s local bank issue that
displays the whole Morse code alphabet. The electric
light glows on a US $5 bill from 1896, followed by
Marconi (Italy), who first developed wireless radio
transmission, and Nikola Tesla, who appears on several
Yugoslav and Serbian banknotes.
Next comes a short potpourri of modern technology,
especially satellite and communication dish images,
and several generic scientists representing the research
acumen their countries.
Key figures from atomic and nuclear physics
support a narrative on the discovery of the atomic
nucleus and quantized electron orbits. First are the
ancient Demokritos (Greece) who hypothesized the
existence of atoms, and the modern Rutherford (New
Zealand), who discovered the nucleus two millennia
later. Then appear Bohr (Denmark), who discovered
empirically that electron energy levels are quantized,
and Schrödinger (Austria), who developed the wave
equation that explains the quantization. Austria didn't
put the whole equation on its erstwhile 1000 shilling
note, but did pair Schrödinger with a large letter Y.
Then comes the remarkable Marie Curie on notes from
both Poland and France that show the lab in which she
and Pierre discovered radioactivity.

Astronomers are abundant enough on money to
support a narrative on the discovery of the solar system
and gravity—from Aristotle to Copernicus to Galileo to
Newton to Leverrier to Einstein, with others along the
way as well, among them Rømer (speed of light),
Huygens (rings of Saturn), and even the Giotto mission
to Comet Halley (Switzerland) replete with the trajectory
and spacecraft itself!
Galileo and Newton also devised or used
telescopes, and that leads a segue to a section of
telescopes that includes the Soviet 6-meter telescope
and Soviet astronomer Victor Ambartsumian on a
current Armenian note and a radio telescope on a
recent note from Northern Ireland.
Finally comes a section on skywatching, led by two
American colonial notes from the 1770s that feature the
Sun above a rural landscape and another charming
1770s colonial note from North Carolina showing Ursa
Minor, both the bear and the constellation! The Big
Dipper including both Mizar and Alcor gives magnitude
to an expensive and beautiful 5000 korun note from
Slovakia. Ecuador, which now uses the US dollar, once
boasted a color zodiac on its erstwhile 1000 sucre note,
and Romania maps out the path of the 1999 total solar
eclipse on its 2000 lei note.
The epilog returns to the two near-scientists on
present-day US money, Ben Franklin on the $100 bill
and the versatile Jefferson on the $2 bill.
Conclusion
The breadth and depth of scientists on the world's
currency provides a quite unexpected platform for
teaching science in an entertaining way in a unique
planetarium show.
References
A
very
useful
website
is
http://www2.physics.umd.edu/~redish/Money/
which
shows images of many of banknotes containing
scientists and short descriptions of their work. Another
similar
site
(in
German)
http://www.schulmodell.de/mathe/banknoten/index.php
also includes mathematicians. Images of most world
banknotes past and present can be found at
http://aes.iupui.edu/rwise/notedir/mappage.html
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APPENDIX A:
Topical list of images of science on money
Pick# Country
Denomination Year
BIOLOGY
P57
Sweden
100 kronor 1998
P64
Sweden
100 kronor 2001
P70
Estonia
2 krooni 1992
P389a England
£10 2000
P146 France
5 francs 1966

Linneaus (1707-1778)
Linneaus
von Baer (1792-1876)
Darwin (1809-1882)
Pasteur (1822-1895)

species
species
embryology
theory of evolution
pasteurization

MATH
P71
P165
P25
P13
P38
P231c

Image

Contribution

Iraq
10 dinar
Portugal 100 escudos
Croatia 100000 dinara
Slovenia
50 tolarev
Germany
10 mark
Brazil 1000 cruzeiros

1981
1961
1992
1992
1989
1992

Abulhasan (965-1040)
Nunes (1502-1578)
Boscovich (1711-87)
Vega (1754-1802)
Gauss (1777-1855)
Rondon (1865-1958)

mathematician
mathematician
theory of orbital mechanics
log, trig, & integral tables; value of pi
statistical laws; electromagnetism
astronomer & mathematician

PHYSICS
P7
Kazakhstan
1 tenge
P156e France
500 francs
P53
Switzerland 10 francs
P223 Scotland
£100
P48
Norway
200 kroner

1993
1986
1991
2001
1994

Al-Farabi (870-780)
Pascal (1623-1662)
Euler (1707-1783)
Kelvin (1824-1907)
Birkeland (1867-1917)

argued for vacuum
fluid pressure
theory of fluids, solid-body rotation
laws of thermo; age of Earth
explained aurora

ELECTRIC
F479+ United States
$10
F2173 United States
$100
P503 United States
$100
P112 Italy
10000 lira
P46
Denmark 100 kroner
P32a England
£20
P38
Germany
10 mark
F247 United States
$2
F270 United States
$5
P156 Yugoslavia 100 dinara
P91
Yugoslavia 500 dinara
P115 Italy 2000 lira 1990

1882 Franklin (1706-1790)
1990 Franklin
1996 Franklin
1984 Volta (1745-1825)
1965 Oersted (1777-1851)
1993 Faraday (1791-1867)
1989 Gauss (1777-1855)
1896 Fulton&Morse
1896
2000 Tesla (1856-1943)
1981 Tesla/coil
Marconi (1874-1937)

TECHNOLOGY
P65
Sweden
500 kronur 2002
P13b Gambia
10 dalasis 1991
P79
India
2 rupees 1983
P40a Malaysia
2 ringgit 1999
P50
Ethiopia
100 birr 1997
P92
France
20 francs 1941
P32a Israel
10 lira 1958
P203a Northern Ireland
£5 1999
ATOMIC
P196 Greece 100 drachma 1967
P189 New Zealand 100 dollar 1999
P58
Denmark
500 kroner 1997
P152 Austria 1000 schillings 1983
P160 France
500 francs 1998
P152 Poland 20000 zlotych 1989

lightning
conservation of electric charge
conservation of electric charge
first chemical battery
currents deflect magnets
linked electricity & magnetism
statistical laws; electromagnetism
steam boat, code
electric light
electrical technology
electrical technology
invented radio

Polhem (1661-1751)
communication dish
satellite
satellite
scientist
scientist
scientist
Shuttle
Demokritos (460-371BC) matter made of "atoms"
Rutherford (1871-1937) discovered atomic nucleus
Bohr (1885-1962)
quantized model of atom
Schrödinger (1887-1961) wave equation
M&P Curie (1867-1934) discovered radioactive elements
M.Curie
reactor discovered radioactive elements
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PLANETARY
P317 Greece
1 drachma 1941
P141 Poland
1000 zlotych 1965
P146 Poland
1000 zlotych 1982
P103 Italy
2000 lira 1983
P101 France
100 francs 1942
P377 England
£1 1978
P25
Croatia 100000 dinara 1992
P45
Denmark
50 kroner 1956
P87
Netherlands 25 gulden 1955
P127 France
50 francs 1948
P454 Colombia 20000 pesos 2001
P34a Israel
5 lira 1968

Aristotle (384-322 BC)
Copernicus/ss (1473-1543)
Copernicus/ss
Galileo/sky (1564-1642)
Descartes (1596-1650)
Newton (1642-1727)
Boscovich (1711-1787)
Rømer (1644-1722)
Huygens (1629-1695)
Leverrier (1811-1877)
Garavito (1865-1920)
Einstein (1879-1955)

round Earth
heliocentric model of solar system
heliocentric model of solar system
advocated heliocentric s.s.; inertia
solar system nebular origin
founded modern science
theory of orbital mechanics
first measured speed of light
rings of Saturn; pendulum clock
predicted location of Neptune
celestial mechanics, esp. of Moon
relativity

TELESCOPES
P68
Iraq
0.5 dinar
P117 Bulgaria
10 leva
P42
Armenia
100 dram
P193 Northern Ireland
£5

1985
1999
1998
1990

astrolabe
Beron (1799-1871)
Ambartsumian (1908-1996)
radio astronomy

early science textbooks
theoretical astrophysics

MAPS OF EARTH & SKY
P136 Belgium 1000 francs
P409 Colombia
20 pesos
P43
Serbia
500 dinara
P437a Colombia 10000 pesos
P105 Canada
$1000

1975
1983
2004
1993
2004

Mercator (1512-1594)
Caldas (1768-1816)
Cvijic (1865-1927)
map of world
Borden/cartography

SKYWATCHING
P220a Brazil 100 cruz. novo
United States $30
Penn. United States 50 sh
P125 Ecuador 1000 sucres
NC
United States £1
P38
Slovakia 5000 korun
P111 Romania
2000 lei

1992
1777
1773
1988
1771
2000
1999

boy & stars
Sun
Sun
color zodiac
Ursa Minor
Big Dipper
solar eclipse

celestial globe
& mapping

PROLOGUE & EPILOG (US currency)
rd
$2
Jefferson
3 President
amateur scientist
$100 Franklin
founding father scientist
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Integrating Current Images/Events into Pre-Recorded Planetarium
Productions
Carolyn Sumners, Houston Museum of Natural Science, One Hermann Circle Drive, Houston, Texas 77030
Email: csumners@hmns.org

Unlike IMAX film theaters, digital full-dome planetariums can turn new images into
planetarium scenes very quickly, especially if the new content is anticipated and
productions are designed for rapid modification. This paper explores three techniques
for inclusion of current events images and narrative: (1) development of walk-in fulldome visuals with text featuring current events headlines, (2) an introduction that is
separate from the main show and can be modified more quickly, and (3) a main show in
segments in which newer images can be added. The paper will also discuss techniques
for rapid production of shows to complement Museum exhibits and incorporate exhibit
themes and imagery.
The Houston Museum of Natural Science’s Burke Baker
Planetarium opened the first full-dome digital theater in
the US and has led in the production of shows that
accompany museum exhibits. The Planetarium also
faces the familiar challenge of no marketing budget and
strong competition from an IMAX theater, a Butterfly
Center, and up to three traveling exhibits at any time. In
addressing these challenges, the planetarium has
looked for niche markets, current event themes, and
shows that resonate with visitors coming to the traveling
exhibits.

Niche Markets and Co-Marketing with Exhibits
Niche markets include children’s shows like Zula
Patrol: Under the Weather and light/music shows like
Dark Side of the Moon. Unfortunately these niche
markets require advertising to attract the smaller pool of
visitors.
A planetarium that is part of a museum complex can
also benefit from the publicity and marketing efforts that
accompany a major traveling museum exhibition. The
co-marketing effort is based on three assumptions:
1. Visitors attending the exhibition will be interested in
another program on the same subject.
2. The associated planetarium show can be
effectively marketed within the exhibition
marketing.
3. The planetarium program will be acceptable as a
planetarium venue.
Without these three conditions, the value of comarketing in minimal. The value of niche markets and
co-marketing is limited, but current events themes hold
great promise.
Current Events Content
Through its digital delivery of images, the modern
planetarium with full-dome video allows adding and
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modifying of content. The starfield planetarium
experience has always featured a night-sky tonight
viewing – capitalizing on current observing events.
There is still a market for this experience, partly
because it is customized for a date, time, and location
and is delivered live.
The addition of current events material to a full-dome
production is more challenging because it is difficult to
modify a show with a recorded narration and score.
One solution is to offer a current events show live –
adding full-dome imagery, perhaps photographed with a
large format still-image fisheye camera. Full fisheye
images of over 3700 pixels in diameter can now be
made. Such images can enhance a live star show –
perhaps showing where and when to observe in the
local area. However, this approach is limited by the
availability of appropriate fisheye content and by the
availability of skilled planetarium presenters, especially
on weekends. Also the value of a professional (even
well-known) narrator and a well-mixed sound track is
lost with this approach.
Attempts have been made to break a taped show for a
segment that is narrated live. However the results are
usually mixed depending on the skill of the live narrator.
The live section can interrupt the flow of the show and
the engagement of the audience. Also most planetarium
operators cannot compare with professional voices
recorded properly.
Public lecturers, however, can bring significant current
events expertise to a pre-produced program. As a new
program is opened, an evening lecture (or daytime
lecture in the summer) can provide much-needed free
marketing for the show and the opportunity for visitors
to add a live experience, complete with questions and
answers, to the pre-produced program. Live lecturers
can also be brought in whenever news breaks about a

topic for which you are running a pre-produced show.
The challenge is to continue to get the promotion and
advertising to support multiple lectures. This can be
most challenging if the planetarium belongs to a larger
institution with many venues and events to promote.
A pre-show is a viable alternative to provide current
events content in the planetarium experience. There are
three kinds of pre-shows:
a. a video in the queue line and/or other queue line
experiences
b. a full-dome video collage as audiences enter and
wait for the show to begin
c. a full-dome video introduction designed to explain
the significance of the show.
Queue Line Video
The video in the queue line has limited value for three
reasons: (1) it requires production staff which may be
working on the next show; (2) unless queue lines are
long, audiences are moving through the queue space,
rather than standing and watching; and (3) visitors are
usually not engaged by video monitors. In our modern
high tech environment, video is everywhere and
museum audiences seem to view it as eye-candy while
focusing on artifacts and interactives.
The Burke Baker Planetarium has begun experimenting
with entry lobby computer kiosks and has discovered
that they attract more visitors than videos in the same
location. The purpose of entry exhibits is to attract
visitors to the planetarium area and to a particular
show. A kiosk and perhaps interactive exhibits will be
built for the Ice Worlds show.

movie starts. The question and answer version
definitely provides the most audience interaction –
especially when the questions are interesting, but not
common knowledge. This version of the astronaut video
is running in the planetarium now. The planetarium staff
is now working on acquiring the fisheye images for a
similar pre-show about the Polar Regions to use with
the new Ice Worlds show.
Introductory Show Segment
Development of a show with an introduction is also
possible. In the case of the Ice Worlds show, we have
produced a 5-minute introduction designed to explain
the importance of ice in the development of life on
Earth. This introduction has a different narrator and
different music. The narrator is not a named talent and
is available to rerecord as a method of providing
updates. Having to bring a named talent back into the
studio for a recording can be expensive and very time
consuming. Also distributing of a new current events
introduction is much easier than providing an entirely
new show.
Theaters of all sizes that purchase Ice Worlds will
receive this introduction as a separate product. The
introduction and main show flow into each other, so
theaters can choose to load the program as one movie
or as two. The introduction could even be played at the
end of the audience-loading period to allow time for late
seating before the main feature. The Polar images
preshow imagery will also be distributed with the Ice
Worlds show when it is completed. Planetariums will be
asked to let us know how these current events options
are used.

Pre-Show Products
The pre-show on the dome as audiences load the
theater has been most successful. This time can be
used to show fisheye images related to current events
and collages of rectangular images. These images can
introduce the show that follows or provide more generic
current events information – perhaps about an
upcoming astronomy event or a recent happening like
the Phoenix Mars landing. At the Burke Baker
Planetarium, we have been showing the sky tonight for
audiences to study while waiting for the show to begin.
Now we are also experimenting with astronaut in space
fisheye images – providing audiences with a look at life
in space. This material can precede any planetarium
show and can be advertised as an audience bonus.
The pre-show during loading can have music, but not
narration. This leads to three options: (1) music and
images as eye candy; (2) music and images with labels
as a learning experience – perhaps introducing the
locations in the show to follow; (3) music and
questions/answers mimicking the style of many movie
theaters – with audience trivia questions before the
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Global Climate Change: A Planetarium Perspective – A Panel Discussion on
Making Earth Science Connections in the Planetarium (Panel)
Carolyn Sumners, Houston Museum of Natural Science (csumners@hmns.org)
Annette Schloss, University of New Hampshire (annette.schloss@unh.edu)
Terence Murtagh, Evans and Sutherland (terencemurtagh@aol.com)
Kerry Handron, Carnegie Museum of Natural History (handronk@carnegieMNH.org)
Patricia Reiff, Rice University (reiff@rice.edu)
Earth science topics are a natural extension of space science content in the planetarium
dome – facilitated by the revolution in full-dome immersive video and techniques for
capturing high resolution still and video images. Five panelists with different
perspectives consider the role that planetariums can play in delivering timely and
relevant information on global climate change and related current events topics. Each
presenter will consider a different presentation strategy in a different full-dome
production: telling a story with an environmental message (Night of the Titanic),
identifying scientific content that works on the dome (Ice Worlds, Earth imagery), using
comparative planetology to understand conditions on Earth (Ice Worlds, planetary
imagery), showing a changing Earth through time (Dinosaur Prophecy), and presenting
Earth as a dynamic world (Earth’s Wild Ride).
Each presenter will explain the pedagogy and presentation techniques that have led to
entertaining Earth science experiences under the dome. There will be time for audiences
to ask panelists about the learning effectiveness and market acceptance of the different
Earth science programs.
Effectiveness of a Planetarium Show with an
Environmental Message
Carolyn Sumners is Vice President for Astronomy and
Physics at the Houston Museum of Natural Science
(HMNS) and a 38 year veteran of the planetarium
profession. The Museum’s Burke Baker Planetarium
opened the first full-dome digital theater in the US and
has led in the production of shows that extend
planetarium content themes.
The Burke Baker Planetarium’s first story with an
environmental message was Night of the Titanic.
Because the show examines the factors that led to the
tragedy, the show has very little astronomy content, but
tells a compelling story about the consequences of
ignoring environmental conditions. Full-dome video
allows audiences to swim in the Gulf Stream, watch an
iceberg calve, and witness the last hours of the RMS
Titanic, including the fatal iceberg impact. The show
also complements exhibits of artifacts from the RMS
Titanic wreckage.
HMNS has experimented successfully with offering fulldome shows that address Earth science themes found
in traveling exhibits. When comarketing is achieved and
the planetarium receives marketing exposure along with
the exhibit, the effect is very positive. If the show is not
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co-marketed with the exhibit, the benefit is marginal.
The Burke Baker Planetarium theater remains strongly
identified with astronomy content, but the portable
Discovery Dome has much more demand for nonAstronomy programs that relate to required student
learning objectives, especially in Earth science where
students score very poorly in Texas and teachers
struggle to present global climate change in context.
Also the planetarium name has a much stronger
“astronomy content” brand than the more generic
Discovery Dome.
Challenges in Identifying and Supplying Science
Content for a Dome Presentation
Annette Schloss is a Research Scientist at the
University of New Hampshire, specializing in global
climate change education, especially of the Polar
Regions. She is the principal investigator of the Ice
Planet Earth project funded by the National Science
Foundation that is producing Ice Worlds.
The University of New Hampshire is a leader in Earth
and space science research and has a very active polar
research program. For us, the major challenge in
creating Ice Worlds was not in finding good science

content, but in reducing that content into the most
important topics and making it interesting and
understandable to the public. Scientists who spend their
lives researching narrowly defined topics find it
extremely difficult to step back and view the bigger
picture or to leave out details that may be critical to their
research, but are not easily grasped by anyone not in
their field. We spent a lot of time discussing how to
translate “science-speak” into terms that public
audiences can understand without compromising the
science. An additional requirement of the National
Science Foundation is for us to link other polar
researchers with planetariums to offer lectures as part
of their Ice Worlds program, so it is important that the
show also be representative of a range of topics that
other researchers are comfortable with.
Methods for Bringing Earth Science Content to the
Dome
Terence Murtagh is Co-General Manager of Evans &
Sutherland Digital Theater and producer/director of
many full-dome planetarium shows. He has brought his
creative direction skills to the task of depicting the
Earth’s changing climate in Ice Worlds.
Part of the challenge of Ice Worlds was to tell the story
of recent research into the nature of developments in
the ice caps without being preachy or over dramatic. In
addition we also wanted to try to achieve a photo
realistic look and give the audience a real feel of what it
actually is like in the Arctic and Antarctic. In the
absence of any 4K by 4K real-world recording
technology, this presented a real difficulty. Fortunately I
have visited the high Arctic, Northern Greenland and
various parts of Antarctica many times and was able to
draw upon a good library of all dome and HD video. I
also capitalized on the talents of five full-dome
animators with the very different skill sets needed to
bring Ice Worlds to the dome – from transforming real
global Earth data and imagery to meaningful
experiences to animations of journeys to Earth’s Poles
and to the “out of this world” Ice Worlds in our Solar
System.
Transitioning Earth Science Content from a
Planetarium to an Earth Theater
Kerry Handron is Director of the Earth Theater at the
Carnegie Museum of Natural History. She adapts
planetarium programming with Earth science themes for
her panorama theater and provides content connections
to Earth science themes.

interest in the “real monsters” of the past and leverages
the knowledge people have about dinosaurs to frame
an understanding of global climate.
What is the evidence? The show starts with fossils and
leads audiences through their evaluation. This helps
avoid the preaching “voice of science” and gives visitors
ownership of ideas, such as fossil evidence of dramatic
changes in plants, indicating big climatic changes.
Natural events that shaped the dinosaurs’ world
continue to shape our own world. For example,
connections between floods in the Jurassic, which
proved fatal to Coelophysis dinosaurs, and floods today
are relatively easy to build—especially since they are
grounded in modern-day geography. But what makes
peoples’ experiences of floods and other natural events
different from those of dinosaurs’ is their ability to
observe, study, analyze, and predict. NASA’s role in
observing and modeling concludes the program.
Expanding Learning Objectives and Funding
Options with Earth Science Content
Patricia Reiff is Director of the Rice Space Institute and
a professor in the Department of Physics and
Astronomy at Rice University. She is also principal
investigator for the Immersive Earth project to create
Earth science content for the planetarium dome.
Rice University was the first institution to receive NASA
seed funding to create a full dome digital Earth science
show, first under the ESIP program and then additional
shows under the REASoN program. As part of our
objectives we have created several Earth science
shows focusing on global changes and have built an
extensive partner network of small fixed and portable
theaters to bring these shows to students and the
public. The portable “Discovery Dome” allows us to
bring NASA science to remote, rural and tribal sites that
do not have access to major planetariums.
By
performing pre and post-testing of the students, we
have demonstrated learning of Earth science topics by
just a single session in the dome, with immersion and
discussion as the most powerful teaching tools. We
have a study underway about the effectiveness of longterm learning in the dome, and the effectiveness of full
dome versus other modalities of teaching.

As we strive to develop products that increase climate
literacy among our audiences, we are faced with
challenges in finding ways to address the complex topic
while still maintaining a high level of interest and
excitement. Dinosaur Prophecy draws on an enduring
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New Era of Full-Dome Presentation and Content Development
Toshiyuki Takahei
Orihalcon Technologies, Inc.
2-26-18-405, Narimasu, Itabashi-ku, Tokyo, 175-0094, Japan
E-mail: takahei@orihalcon.co.jp

This summer the first public stereoscopic full-dome theatre in Japan will open at
Science Museum. This new theatre will feature pre-rendered and interactive content,
not only for astronomy but also for the wider field of science visualization, art,
entertainment and more. We also developed an intuitive, easy-to-use presentation tool
allowing the full-dome environment to be used for interactive talks and content
development. In this paper I will describe the latest results of the original content and
software development
INTRODUCTION
At the last IPS2006 meeting, I talked about our
development of the 4D2U stereoscopic dome theatre at
the National Astronomy Observatory in Japan. It
succeeded to visualize the latest astronomical results
directly interpreted by the researchers themselves. But
until now there are only very limited opportunities for the
public to see the theatre, only twice a month, because
the facility is mainly for research. I have felt that there is
a strong demand for such a place where people can
‘touch’ the latest scientific discoveries using cutting
edge visualizations technologies.
We have been building the first ‘public’ stereoscopic
dome theatre in Japan, at the Science Museum, in
Tokyo, and will open this late summer. We named it the
‘Synra Dome’, where ‘synra’ means ‘everything in
the universe’ in Japanese. This new dome theatre will
be used to show not only astronomical contents, but
also contents from various other fields of science, arts,
entertainment, and more. We are currently making 3
new pre-rendered movies and brand new full-dome
presentation software for interactive live shows that will
be ready by the opening date. In this paper I'll describe
these contents and softwares that facilitates us the
usage of the full-dome environment.
‘Synra’ Stereoscopic Dome
The Synra Dome is an inclined 10 meter dome,
equipped with a projection system consisting of 12
BARCO SIM5R projectors (6 projectors for each eye).
Stereoscopic projection is realized by Infitec color band
filters and glasses for full-color stereo on the normal
dome screen. Infitec filters are remotely detachable, so
we will use them for stereo projections and dualstacked bright projections. BARCO projectors
have built-in hardware-based distortion correction and
edge blending functions (a.k.a. Warp). These functions
are useful for showing usual applications such as
PowerPoint correctly on the curved dome surface. In
addition, I also developed a software-based distortion
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and blending solution, so we will mix both methods in
order to obtain the best results.
It uses a cluster of 12 PCs, and one additional PC for
controling the entire theatre system and contents. I also
designed the system to work with only 6+1 PCs in case
of machine troubles.
DOME PROJECTION
As I presented in the last IPS2006, I developed an
open
source
projection
configuration
tool
called ‘Projection Designer’ and defined an open format
for slicing. It is now used in several sites, for dome and
curved-screen theatres.

Fig.1 Projection Designer
I used the Projection Designer to set up the slice
parameters manually. There are 12 projectors, so it
took few days to set up all. In the next step I’m testing
automatic feedback correction with single fish-eye
camera. It took only 5 minutes to setup 6 projectors’
distortion and blending perfectly.
Pre-rendered Movies
For daily shows, we are making 3 new full-dome
stereoscopic movies. We design the stereoscopic
movies to be less than 20 minutes to avoid the viewer's
eyes to be tired and to allow an efficient people flow as
our dome does not have enough capacity to handle a
large audience.

The first new movie is a space show, which visualizes
real astronomical data and takes us on a journey from
the earth to the edge of the universe. Most of this movie
is rendered in real-time by SCISS Uniview. We
actually designed
the
camera
paths
and
the appearances of the movie sequences in a dome
environment. The main challenge of this movie is to
show
how powerful
and
useful such real-time
application is in movie contents production.
Fig.4 Micro Presence Movie
Further more, we will also show full dome
stereoscopic movies made by the 4D2U project
featuring the origin of the moon, the formation of
a spiral galaxy, the evolution of the large scale
structures of the universe, etc.

Fig.2 Space Show Movie
The second new movie is a full 3DCG animation
that describes the central dogma of molecular biology in
new stylish visuals. It was originally made by RIKEN
Omics Science Center as a regular movie, and we
are now trying to remake it into a full-dome stereoscpic
movie show.
Fig.5 Formation of Spiral Galaxy Movie

Fig.3 Central Dogma Movie
The third one is ‘Micro Presence’, a movie with super
high resolution photographics and 3D models of insects
made by Kenji Kohiyama. It uses the dome theatre as
a high resolution display environment. Seeing such
microscopic objects on a gigantic screen is a
marvelous experience.

n-Body Sim. visualization
Many astronomical simulations are based on
a massive number of particles. For example, a current
simulation of a spiral galaxy consists of about 2 million
particles. This is far too many particles for usual 3DCG
packages such as Maya to handle, so I made a special
purpose N-Body renderer called ‘OpenNBR (Open NBody Renderer)’ as an open source project. It is a
relatively simple particle renderer but it is designed to
work in a usual movie-making workflow. With this tool,
researchers, on one hand, can visualize their n-body
simulation results and map the data themselves. On the
other hand, content creators can handle the
visualization inside Maya's design interface, so they can
create camera path with their familiar tool.
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Fig.8 Movie Conversion

Fig.6 OpenNBR working in Maya
It is still in its initial phase of development, but I hope
it will become a good division of work between
researchers and content designers.

Presentation TOOL
For this new dome environment, I developed a brand
new presentation tool ‘Quadratura’ for full-dome
presentation. It should be relatively easy to use, and
powerful enough to make the most of this immersive
environment.

MOVIE MAKING WORKFLOW
While creating the new full-dome movies, we quickly
realized that none of us really had enough
experience of dome show makings, especially when
dealing with how objects and scenes get distorted on
the dome screen surface, and how the audience
would feel when watching them. So at first, I made a
virtual dome-previewing tool called 'AllSkyViewer', with
which one can project Dome Master movies on a virtual
dome screen surface and check it from anywhere he or
she wants.
Fig.9 Quadratura

Fig.7 AllSkyViewer

In this tool, you can put and place objects such as
Images, Movies, Texts, All-sky Images / Movies by just
drag and drop. Objects are actually placed in 3D space,
but using coordinates along screen surfaces, you can
move and scale them easily like PowerPoint. By
changing the coordinate, you can use the same
presentation both in dome and flat screen theatres.
To make use of the dome environment, the speaker
always needs to grasp the entire layout of objects.
Quadratura can change the view style between First
Person View (from inside), 3rd Person View (from
outside) and Dome Master View anytime, and speakers
can manipulate the objects in those views.

It also works in actual dome environment and can be
used as a rapid previewing tool to check low-resolution
Dome Master movies without the need of pre-slicing. I
also added format/type conversion functionalities to the
software making it useful in the content making
workflow.

Fig.10 First Person View
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Fig.11 3rd Person View

Fig.12 Dome Master View
As a presentation tool, Quadratura has functions to
assist presentations. One can store the layouts of
objects as ‘Slide’, and one can show the slides
sequentially or directly from on-screen launcher. One
can mark up something by free drawing pen overall
dome surface.
All your operations in Quadratura can be recorded as
a sequence of script commands, so you can replay
them as an automatic presentation, or render it as a
Dome Master movie for distribution.
The last and most important feature of Quadratura is
that it is also an embeddable 3D library for OpenGLbased real-time applications. I integrated it in Mitaka
Pro, a real-time space simulator that was originally
developed by the 4D2U Project, to make it full-featured
astronomy presentation software. Quadratura works as
an overlay plane of the space scene, and shares the
projection correction and setup of the base application
Mitaka Pro. Integration of Quadratura to such kind of
interactive contents gives great usability to it. In the next
step I’ll integrate Quadratura with Uniview, and try to
work with other visualization software.

Fig.13 Quadratura in Mitaka Pro
Conclusion
For Synra Stereoscopic Dome Theatre, I have been
making stereoscopic movies, have created an n-body
simulation
renderer
OpenNBR,
a movie
previewing/conversion tool AllSkyViewer and unique
interactive presentation tool Quadratura. I found that
these tools make dome environments much easier to
use, and extend their capabilities.
The Synra Dome theatre will open this late summer.
Please come and see what happens there, and let’s
discuss about the future of dome media.
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Preview of Planet Gatherings, 2008-2010
Robert C. Victor
Abrams Planetarium, Michigan State University, East Lansing, MI 48823 USA
rvictormi@earthlink.net

A listing of planet gatherings, including close pairings and trios from July 2008 until IPS
2010 and beyond.
At sidewalk astronomy sessions and during planetarium
programs, I like to provide the audiences advance
information on planetary gatherings so they can enjoy
following the changes in the days and weeks preceding
and following the event. In the autumn of 2008 we have
a fine example, involving a very striking conjunction of
the two brightest planets, Venus and Jupiter. You can
begin pointing out the two planets in September, when
they are both easily visible at dusk. On September 9,
0
0
Venus and Jupiter are 90 apart; on October 4, 60
apart. By November 1, the gap between them closes to
0
30 . At their least separation on November 30, they are
0
just 2.0 apart. Sample Sky Calendars showing these
planets before and after their conjunction are available
at
www.pa.msu.edu/abrams/ipsoct08.pdf
and
www.pa.msu.edu/abrams/ipsjan09.pdf.

February 2009 and May 2011 appear very low in bright
twilight from mid-northern latitudes and can best be
enjoyed from lower northern, tropical, and southern
latitudes.

Here is a listing of visible evening planet pairs through
August 2010.

2010

Date
2008 Jul 10

Planets
MA-SA

Min. separation (deg)
0.7

2008 Aug 13

VE-SA

0.5

2008 Aug 15

ME-SA

0.8

2008 Aug 20

ME-VE

0.9

2008 Sep 6

ME-MA

2.5

2008 Sep 11

VE-MA

0.3

2008 Sep 12

ME-VE

3.6

2008 Nov 30

VE-JU

2.0

2008 Dec 31

ME-JU

1.3

2009 Aug 16

ME-SA

3.0

2010 Feb 16

VE-JU

0.6

2010 Apr 3

ME-VE

3.0

2010 Jul 30

MA-SA

1.8

2010 Aug 7

VE-SA

2.8

2010 Aug 18

VE-MA

1.9

A trio, according to “recreational astronomy” author
0
Jean Meeus, occurs when three planets fit within a 5
field. Following is a list of planet trios at dusk and dawn
during 2008-2011. The trios involving Mercury at dusk
in August and September 2008 and at dawn in
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Dates of trio

Planets

Minimum size (deg)

Aug 12-17

ME-VE-SA

2.7 Aug 15

Sep 3-18

ME-VE-MA

3.6 Sep 7, 12

ME-MA-JU

3.7 Feb 24

VE-MA-SA

4.8 Aug 7

May 7-15

ME-VE-JU*

2.1 May 11

May 15-25

ME-VE-MA*

2.1 May 21

2008

2009
Feb 22-26

Aug 7
2011

0

*ME-VE-MA-JU fit into 6 at dawn on May 12.

The Exhibition of the History of Astronomy in Slovakia.
Marian Vidovenec
Slovak Central Observatory
Komarnanska 134
947 01 Hurbanovo
Slovak Republic
Email: marian@vidovenec.sk; vidovenec@suh.sk

Since March 2008 a new exhibition inside the main building of Slovak Central
Observatory has been open. Its topic is the History of Astronomy in Slovakia. The
History of Astronomy in Slovakia is connected with three main personalities: Maximilian
Hell, Nicolaus Konkoly - Thege and Milan Rastislav Stefanik. Maximilian Hell was a
scientist who had a big merit in breaking through the Newtonian physics and building up
astronomical observatories in Austrian - Hungarian monarchy during the 18th century.
Nicoulaus Konkoly - Thege was a founder of Astronomical Observatory in O Gyalla
nowadays known as Slovak Central Observatory in Hurbanovo. Later he established
Geomagnetic Observatory and Meteorological Observatory on his own site in O Gyalla.
He was active in the end of 19th century and at the beginning of 20th century. In the same
time Milan Rastislav Stefanik.was active. He was a famous politician and scientist, too.
His science activities were oriented to astronomy and meteorology. His astronomical
activities were oriented to Sun observation. He worked in Medoune in Paris under the
leadership of Jules Jansen.

Astronomical Observatory in Hurbanovo 1
The astronomical observatory in Hurbanovo belongs to
the oldest observatories in Central Europe. It was found
by Nicolas Konkoly - Thege in 1871 as a private
observatory. Since its beginning the Observatory
became famous by its scientific results in the field of
spectroscopy and new technical results in astronomical
observation.

Astronomical Observatory in Hurbanovo 2 Konkolys´era
In 1899 the Observatory became a state institution. It
stayed strictly scientific observatory with close
connection to central European universities. This
remained till 1938. Between 1938 and 1962 there was a
gap when all the astronomical activities were aborted.
Since 1960 the Observatory in Hurbanovo has been
working as a public observatory. On the other hand
there is also a strong scientific program on the Sun
research.
In the middle of 1980´s a research on history of
astronomy on Slovakia started. Support of this research
was increased in early 2000, when the observatory
started to solve the state assignment on history of
astronomy in Slovakia. There was collected a huge
amount of information on this topic.
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One result of this effort was establishing of the Museum
of Nicolaus Konkoly – Thege in 2006 as a part of the
activities for public in Slovak Central Observatory in
Hurbanovo. During 2007 we started to collect
equipment connected with astronomical activities in the
past. Unfortunately a lot of devices were transferred
abroad fro Slovakia during rich historical events in this
territory (separation of Austrian – Hunagrian Monarchy
1918, Disintegration of Czechoslovak Republic in
1938, repeated establishing of Czechoslovak Republic
in 1945). The Observatory in Hurbanovo became a
component of the other republic 5 times. Collecting of
these astronomical devices is a big appeal for next year
of Konkoly´s Museum.
Maximilian Hell 1
The University observatory was well equipped. Thanks
to it his activities of observation were wide. He
measured the positions of stars and planets, occultation
oj Jupiter moons, Solar and moon eclipses.

Konkolys´ Museum 1 – exhibition
The first exhibition at Konkoly´s Museum was opened
in March of 2007. The main topic of exhibition is based
on the activities of three well known scientists who
helped to develop the science of Slovakia.

In 1968 he arranged an expedition to Island of Vardo
rd
where he observed Veus transit on 3 of June 1869. As
a result of his observation and other observations all
over the world he calculated Solar parallax. His result
8,7´´is good enough with comparing today´s value
8,764148´´.

th

Maximilian Hell was born on the 15 of May 1720 in
Banska Stiavnica. This town located in the middle of
Slovakia is well known as a mining town. Thanks to it
there was well developed scholar system that set
technically educated mining staff. Hell studied in
Banska Stiavnica till 1738, when he finished his
secondary school. He joined the Jesuits rule. He spent
some time in Trencin, where he started to be interested
in natural sciences. In 1741 he went to Vienna where
he studied philosophy and physics at University. During
his study he started to work as an assistant in
astronomical observatory. After his study he spent
some time as a teacher in Levoca, Zilina and Clui –
Napoca (now Romania). In Clui he started with the
astronomical observation by his own telescope. In Clui
he spent three years. In 1755 he moved to Vienna
where he became a director of the University
observatory. In this position he spent 37 years till 1792
when on 14th of April he died.
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Maximilian Hell 2 - in Vardo
His main activities were oriented to publish yearbooks
on astronomy. The first issue was published in 1757
called Ephemerides Astronomicaes. The main parts of
the yearbook were tables of heavens´ bodies motions.
This part was stable for each issue. The other part of it
was descriptions and instructions of the astronomical
observations, a description how to use tables, how to
calculate the motion the heavens´ bodies with the help
of the tables. It was a good introduction to spherical
astronomy and it helped the observers on their work.
Hell published yearbooks 35 years. Other authors could
publish their works in yearbooks published by Hell, too.

he ordered instruments. He was skilled person so partly
he made instruments by his hand, too.
The first instruments in the observatory were a small
meridian circle, 10 inches Browning´s reflector, 6 inches
Merc refractor and 4 inches fotoheliograph. The
mechanical parts were made by him as 3 inches
astriograph as 10 inches Konkoly - Merc refractor.

Maximilian Hell 3 – ephemeris
In 1774 he started to work on Calendar that could be
useful for a lot of trade as agriculture, medicine. The
main part of the calendar was the same for each
category the other part was specialized depending on
target group. Hell published calendars till he died on the
th
14 of April 1792.
Nicolaus Konkoly Thege was an interesting person in
the field of astronomy not only as a scientist but also as
th
an organizer. He was born on the 20 of January 1842
in O Gyla (now Hurbanovo). He was interested in
mechanical engineering and natural sciences. He
studied in Budapest, later in Berlin, he graduated in law.
He parallelly studied physics and astronomy, too. After
his graduation he spent several years in Heidelberg,
Gotingem, Greenwich, Brusel and Paris where he
worked as an assistant in laboratories and workshops.
He created a lot of contacts with well known scientists,
for example J. F. Encke, J. H. Dove, F. K. Zolner and
later H. K. Vogel and M. Wolf.

Nicolaus Konkoly - Thege 1
In 1871 he decided to build up an astronomical
observatory on his location at Hurbanovo by his own
money. The reason why he did it was probably that, in
1870 his two children died and he wanted to do
something that could remain after him. The observatory
soon became one of the best equipped astronomical
observatory in Europe. He traveled a lot in Europe and
enlarged his contacts with renowned companies where

Astronomical Observatory in Hurbanovo 3 Konkolys´ telescopes
Soon he found out that he had enough money for
establishing of an observatory but for function it was
needed more and this is why he tried to dedicate it to
University at Presburg in 1878 and one year later to
newly established Technical University in Budapest but
he was not successful with it. It managed in 1899 when
he utilized his contacts as politician and the observatory
got into the administration of the state. In 1899 „Royal
astrophysical observatory at Stara Gyalla was
established and Nicolaus Konkoly - Thege became a
honorary director of it.
The fact that in 1890 he became a director of
„Hungarian National Royal Meteorological and
geomagnetic Institute“ in spite of not being professional
meteorologist says much about his administrative
ability. During this time both meteorological and
geomagnetic observatory there were built up at
Hurbanovo .
Konkoly Thege was a man who did not confine himself
to field of science. He was a scientist on high European
standard but not narrowly oriented specialist. He was a
good hunter, a devotee and he played musical
instruments well, too.
On the field of observations regular solar observations
started in Hurbanovo in 1872. In the first years it was
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detection of sunspots positions and area. From 1885
the Wolfs´ relative number was determined daily.
Observation of the Sun has always been the main
scientific program of the observatory at Hurbanovo.
Konkoly - Thege was one from the first observers who
made micrometrical measures of the Suns´ surface. He
also observed planets. His drawings of the Mars and
the Jupiter had high quality and fidelity. The drawings of
the Jupiter indicate that Konkoly - Thege was very
precise observer. The surface of the Jupiter was
dimmed on the drawings that mention the possibility
that the Jupiter surface is fluid, despite to generally held
contemporary opinion that the Jupiters´ surface was
solid.

“A practical guide to astronomical observations for
astrophysics, and and schedule of modern astronomical
instruments” published in 1883.
“Practical introduction to photographing the sky and
summary description of modern photography and
spectroscopy in the laboratory” published in 1887
“Handbook of spectroscopy in the laboratory and at the
telescope. Practical warnings for beginners in spectral
analysis” published in 1890.
Nicolaus Konkoly Thege died on the 17th of February
1916.
st

Milan Rastislav Stefanik was born on the 21 of July
1880 in Kosariska. He is well known as a politician that
played an important role during establishing
Czechoslovak Republic after the First World War. He
was a general of French army, too. He was also active
as an astronomer.

Konkolys´ drawing of Jupiter 1
At the time when the Observatory in Hurbanovo started
its activity the development of spectroscopy was
intensive and Konkoly - Thege had a big influence on it.
First he bought a spectroscope, later he constructed a
number of them - from wide angle meteoric
spectroscopes, through high sensitive protuberant
spectroscope, to ultraviolet one. Observatory had 27
spectroscopes in total. Later his protuberant
spectroscope was made by Zeiss Jena for several
years. He was a good photographer, but his
spectroscopic observations were mainly visual. He
studied spectra of meteors and 30 comets.
The staff of the Observatory in Hurbanovo under his
leadership worked in the field of stellar classification.
They participated in an international cooperative project
to determine stars´ spectra. They classified stars on
sphere between - 15 and 0 declination that were
brighter than 7,5 mag. The result of this cooperation
was the Spectroscopic catalogue that contained 2202
stars of Vogel classification. Unfortunately Vogel´s
classification was supplied by Harvards´ classification.
Another catalogue made at Hurbanovo was the
photometrical catalogue edited in 1916 and contained
2122 stars. It is not well known probably because of the
time of its publication – during the First World War.
He wrote three books mainly concerned with
instruments,
astrophysical
laboratories,
photo
laboratories, mounting, telescopes etc.

Milan Rastislav Stefanik 1
After His graduation at secondary school in Bratislava
and Soporna he continued his study in Prague. There
he studied technical sciences and astronomy. In 1902
he spent summer semester in Zurrich where he worked
on the Sun observations and Physics of the Sun. That
time he got to know E. Schaer that taught him to cut the
lences and build up own telescopes. After his university
graduation he moved to Paris where he worked as an
assistant of Jules Janson in Medoune.

Milan Rastislav Stefanik 2 – during observation in
Medoune
Stefanik climbed Mount Blanck five times to provide an
astronomical observation in the observatory on the top
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of its peak. He was oriented to the Sun observation.
This was the reason he organized several expeditions
for total Solar eclipses. He observed eclipse of the Sun
in Alcosebre – Spain 1905, Ura Tjube – Turkmenia
1907, Vavu Island in 1911 and Passa Quatro – Brazil in
1912. He organized an expedition for observation of
comet Halley in Tahiti where he built up an astronomical
observatory.

Milan Rastislav Stefanik 3 - Observatory in Tahiti
During the First World War he became an aviator of
French army. Here he had a big deal on implementation
of meteorological station to army and utilize their
observation in flight plans.
His political activity was oriented to establish a state
where Slovak nation could have better conditions to its
development. This aim became reality by establishing
th
Czechoslovak Republic on 28 of October 1918.
Unfortunately he never visited Czechoslovakia. He died
th
in an aircraft accident on 4 of May 1919 in Bratislava
when he was coming back home to Czechoslovakia.
These three persons are the connection of museum
research in the field on history of astronomy. For next
years there is a challenge to collect enough materials to
present our visitors historical events connected with
astronomy and their relative sciences.

Konkolys´ Museum 2
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The Planetarium at De Anza College Enters a New Era (poster)
Karl von Ahnen
Fujitstu Planetarium at De Anza College
21250 StevensCreek Blvd.
Cupertino, California, USA, 95014
vonahnenkarl@fhda.edu
When the ‘ Minolta Planetarium’ at De Anza College opened in 1970 it was a state of the art facility.
In1971 it hosted the second-ever IPS conference. Although there were many small changes and upgrades
over the years, no substantial changes were made in the planetarium until a major remodeling began about
two years ago. Although the seating capacity was reduced when changing to uni-directional, it remains the
largest school planetarium west of the Rocky Mountains.
This poster will describe in pictures and captions, the removal of the old equipment, preparation of
the building and installation of all the new equipment that has brought the planetarium into the 21st century
and made it one of the most advanced and well-equipped planetariums in the world. A description of how
all this has changed our presentations and how our audiences have responded, will be included.
Description:
The poster is in the form of a triptych, a classic framing
format with three vertical sections.
Title: The Planetarium at De Anza College Enters a
New Era
Below title:
When the ‘ Minolta Planetarium’ at De
Anza College opened in 1970 it was a state of the art
facility. In1971 it hosted the second-ever IPS
conference. Although there were many small changes
and upgrades over the years, no substantial changes
were made in the planetarium until a major remodeling
began about two years ago. Although the seating
capacity was reduced a bit when changing to unidirectional, with its 15.2 meter dome, it remains the
largest school planetarium west of the Rocky
Mountains.
Left Side: Minolta Planetarium : In the Beginning
1)The left side contains pictures, with captions,
depicting the history of the “Minolta Planetarium” up to
the time of its closure for remodeling.
Pictures include:
Photos from the archives of the original
console, building interior and exterior
The MS 15
Concentric seating
The Red dome
Center: Construction : The Metamorphosis Begins
2) The center section contains captioned pictures of the
construction its self. This includes: Removal of the old
equipment, demolition, construction, and installation of
new equipment.
Photos include:
Removal of old projection dome and installation
of new
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Changes to the building’s exterior, demolition,
and rebuilding of much of the interior.
Excavation for the lift
Installation of the new projection dome
Removal of old star projector and installation of
new
Right Side: Fujitsu Planetarium : A New Era Begins
3) The left side contains images, again with captions, of
the facility as it is today including the addition of the
new name: “Fujitsu Planetarium”
Photos include:
First Konica Minolta Infinium-S star machine in
the US
Unidirectional Seating
New Console including Sky-Skan Definiti
system

Building the First Public Planetarium in West Africa
David Weinrich, Minnesota State University Moorhead
A cooperative project by planetarians in Louisiana, Florida and Minnesota has brought
Dr. Jacob Ashong’s dream of a public planetarium in Ghana to fruition. While the
Mediaglobe projector and astronomical expertise have being donated by U.S.
planetarians, there has been active involvement of personnel and resources by
Ghanaians. It is hoped that this pilot project will lead to future astronomical outreach to
other developing countries.
Most of us can remember the first time we saw a
planetarium and the effect it had on us. For many of us
it lead to a career. For Dr. Jacob Ashong it ignited a
dream to build such an institution in his country Ghana.
Sometimes the effect of a visit to our planetarium may
not be realized for years. A young woman may become
an astronaut or a young man may be motivated to
become an astronomer due to a visit to our planetarium.
In Jacob's case, he realized that a planetarium could be
a powerful tool for science and math education in
Ghana. Jacob decided to build a planetarium for
Ghana, and not only did he decide to build one, but he
decided to finance it himself! The planetarium staff at
the Holt Planetarium at the Lawrence Hall of Science in
Berkley, California probably did not realize the vision
they ignited in in Jacob when he and his family visited
their facility.

proposed Science Center. We had several discussions
and he relayed his dream of having a planetarium in
Ghana to help children develop an interest in science
and math. I was excited about his vision and found his
enthusiasm infectious. Since my service in the Peace
Corps in Liberia and Ghana some thirty years ago, I
have had an interest in science education in developing
countries. I told him that I would try to help.

Now twenty-five years later, this dream is coming true
thanks to the combined efforts of a group of
planetarians and astronomy educators that have
provided support and encouragement over the years.
Jacob is a medical researcher by training. He has
taught and done research in Ghana, the United
Kingdom and the United States, but in recent years he
and his wife Jane have developed a distance learning
center in Ghana. They travel back and forth several
times a year between Ghana and the UK. Several years
ago he became acquainted with Ray Worthy who
operates a business to manufacture portable domes,
including those for planetarium projectors. Eventually
Ray donated a portable dome. Another British
planetarian who contributed material was Peter Bassett.
Peter operates the Astronomy Road Show, taking
planetariums to the audiences. Peter donated a video
projector. Other people who provided support and
encouragement were Alex Barnett and Dr. Francisco
Diego.

One strength I have observed in the planetarium field is
that we have many committed vendors who show their
commitment to the profession by continuing to go above
and beyond in service to the planetarium community.
One such person is Joanne Young of Audio Visual
Imagineering, Inc. (AVI). The Ghana planetarium would
not have happened at this time without her interest,
support and commitment. I met her at the special 2001
Sri Lankan Skies conference, so I knew that she was
interested in reaching out to the developing world. At
every conference that we attended together, we would
spend time talking about how we might get a projector
for Ghana and what might be important for the success
of the project. We wanted it to be a pilot program for
similar projects in the future. We kept brainstorming.
Sometimes it just takes time for things to gel, and that's
what happened in the fall of 2007. The pieces we
needed came together very quickly! We were at the
Triple Conjunction Conference in Wheeling, West
Virginia and on a conference bus trip to Pittsburgh, over
the course of about an hour, Joanne and I worked out
the details for the Ghana Science Project. The next day
I wrote it all down in an email to Jacob in about half an
hour.

I was personally introduced to Jacob via Dome-L and
corresponded with him several times via email before
meeting him during a personal trip to West Africa in
2006. The trip coincided with the March 2006 solar
eclipse and we observed it together at the site of his

I posted several messages on Dome-L, asking if
anyone had suggestions or used planetarium projectors
that might be purchased or donated. I also spoke with
some sales representatives of portable planetarium
manufacturers to see if some of them might have some
used projectors. Nothing panned out.. More than a year
went by and there was no projector for Ghana. It was
discouraging.
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We felt that it is very important to have strong local
involvement. There should be local commitment of
financial and human personnel to the project in order to
have a successful conclusion. We wanted to make sure
that there was adequate documentation of the project
for media presentations and reports to the IPS. A
Konica-Minolta Mediaglobe projector was donated by
Jon Elvert of the Irene W. Pennington Planetarium in
Baton Rouge, Louisiana and refurbished by AVI.
We asked that Jacob provide a dome for the projector.
At first he considered a portable or a semipermanent
dome, but eventually he choose to build a substantial
cement block building. The 9.7 m dome was erected on
top of the building, using metal ribs to form the
hemispheric shape. A wooden framework was attached
and the dome was finished with pressed wood
segments. It was painted to specifications provided by
Astro-Tec. Reflectance is between 50 and 55%. The
dome really turned out nicely and was built of local
materials using local labor. Now that Jacob and his
labor crew know how to do it they are ready to go and
build domes all over West Africa!
Jacob paid for the shipping of the projector from
Orlando to Ghana. We felt it was important to document
the project for posterity so we asked Jacob to pay the
travel expenses for an international student from my
university to take stills and video of the project. Ruth
Barbley is a Liberian but she went to school in Ghana
for several years and speaks the local language. Upon
arrival I found that Jacob had acquaintances that could
do adequate documentation so that part was not
necessary. Finally Jacob paid for my travel and room
and board while I was in Ghana.
As the project progressed, other people heard about it
and wanted to get involved. Jim Sweitzer wrote a
program on climate change that might be used in the
future to educate Ghanaians about this important
challenge. People from Eluminati and SCISS donated a
laptop and a copy of the Uniview software. Uniview is a
unique visualization and simulation software. As its
SCISS documentation states “... Uniview provides a
seamless visualization of the entire known universe,
from human scales all the way to the cosmic horizon.” It
will certainly enhance the experience of the visitors to
the planetarium at the Ghana Science Project.
The final part of the proposal involved training local
personnel to run the equipment. All of the people
connected with the project need some basic
astronomical knowledge. Of that group, people can be
selected to run the the Mediaglobe projector and
operate the Uniview software. Another subset can be
trained to work with the scripting language that allows
automatic operation of the Mediaglobe.
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With the permission of its author, Nick Strobel, I
reprinted portions of the Astronomy Notes textbook. It
was hoped that there would be retired university
professors and teachers who might want to help
operate the planetarium but retirement pensions in
Ghana do not allow them the luxury to do much
volunteer work. Construction delays due to weather and
other factors did not allow me to install the projector
until near the end of my stay. It was an exciting night
when we ran it for the first time!
I was not able to do as much training as I would have
liked. For the short term Jacob has learned the basic
operation of the equipment, but it is hoped that
volunteers can come from Europe or the States for
longer periods of time to help train more local
personnel. This may require a year or two to occur.
My part in the first phase of the project concluded with
my departure from Ghana on June 23rd, 2008. The first
public planetarium in West Africa is operational. There
remains work to be done. I am planning future trips and
we hope that other planetarians will contribute their time
and services to this unique project.

The little sky show: A planetarium show for pre-kindergarten audiences
Authors: Alexis Faust, Jennifer Fields, Matthew Wenger, Michael Magee, Nancy Miles
Presenter: Matthew Wenger
Flandrau: The University of Arizona Science Center
1601 E. University Blvd.
Tucson, AZ 85721
mwenger@email.arizona.edu

Flandrau: The University of Arizona Science continues to explore the edge by reaching
out to new and non-traditional planetarium audiences. In this poster I describe “The
Little Sky Show” and the approach we developed to expose children ages 3-5 years old
to a planetarium experience and introduce basic ideas about changes in the sky. The
portable digital planetarium environment is a perfect venue for building, testing, and
presenting shows for young children. Not only is it flexible for testing and development
purposes, but multimedia components are also easy to incorporate, and every detail of
the presentation can be set. By engaging children with simple props and opportunities
to sing along with music, pre-kindergarteners learn about topics such as day and night,
and constellations. Educators from Flandrau: The UA Science Center have presented the
show to audiences as young as 2 years old and are interested in developing partnerships
to design new and innovative shows to engage this untapped young audience in
planetarium experiences.
Overview:
Planetarium show for children 3-5 years old
Topics: Sun and Moon, day and night, constellations,
changes in the sky, imagination
Early childhood teacher participated in script
development
Developed for Digitarium™ portable planetarium
system using Stellarium software

Program Goals:
1. Help children notice and develop an awareness of
changes in the sky, including but not limited to:
• Objects within Earth’s atmosphere such as birds,
clouds, and airplanes

• The rising, motion, and setting of the sun and
moon
• The change from day to night (light to dark)
• Stars and constellations becoming visible at night
2. Children will learn about the constellations, including
Ursa Major or “the big bear” in order to understand
that constellations are shapes people imagine in the
stars
3. Children will be introduced to the experience of going
to a planetarium show
4. Children will learn about nighttime and be more
comfortable with the dark
5. Children will develop their verbal skills through the
use of vocabulary words such as planetarium,
constellation, Sun, Moon, day, night, and stars
6. Children will develop dexterity and new language
skills as they learn and practice sign language for
Sun, Moon, star and bear
Conclusions:
Young children are a viable audience for planetarium
shows
Shift focus from presenting content to practicing ageappropriate skills
Although there are multiple examples of planetarium
shows for young children, it can be difficult to find a
suitable place for these offerings in an outreach or show
schedule
Early childhood education expertise is lacking at most
planetariums and may explain why there are so few
programs for young children
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Digital planetarium system allowed for rapid prototyping
and flexible delivery
Children under age 3 may be too young to participate in
a planetarium experience
Future Directions:
Find and document shows for young children at other
planetaria
Incorporate additional research from early childhood
education that has proven successful for other
children’s programs (Sesame Street, Blues Clues, etc.)
Evaluation and research (outcomes, length of show,
format, storyline, etc.)
Publish and disseminate results
Build collaborations with other planetaria
Explore community interest in pre-kindergarden
learning activities
About the Presenter:
Matthew Wenger is a graduate associate at Flandrau:
The University of Arizona Science Center and a
Teaching and Teacher Education graduate student in
the College of Education. He has worked in informal
science education for over 15 years, and in a
planetarium setting for over 10 years. His research
interests include experiences at public telescope
observing events (star parties), and Science Center
exhibits and programs
Example Stellarium Script:
### Move to nighttime sky and Mr. Moon reprise ###
audio action play filename mr_moon_short.ogg
output_rate 44100
###
### Speed up the earth's rotation for sunset
timerate rate 800
wait duration 44
###
### Slow down to standard rotation
timerate rate 1
wait duration 5
audio action drop
script action pause
###
### Big Dipper ###
flag constellation_art 0
flag constellation_drawing 1
deselect constellation
set sky_culture lakota
select constellation 004
script action pause
###
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Internet Interactivity to Facilitate PARI’s StarLab Program (poster)
Christi Whitworth, Pisgah Astronomical Research Institute, One PARI Drive, Rosman, NC 28772.
cwhitworth@pari.edu

Pisgah Astronomical Research Institute’s two 26m radio telescopes are the primary
research instruments on its campus. The “Sensing the Radio Sky” SARLAB cylinder
teaches high school students the concepts and relevance of radio astronomy through
presentations in STARLAB portable planetariums. The cylinder gives a thorough view of
the Milky Way and of several other celestial sources in radio wavelengths. These
sources are difficult to perceive without prior knowledge of radio astronomy and are
communicated visually through. To facilitate students’ experience of radio astronomy,
the Radio Sky team created a multimedia presentation to accompany the cylinder. This
multimedia component contains five informative lessons on radio astronomy assembled
by the physics interns and numerous illustrations and animations created by the
multimedia interns. The cylinder and multimedia components complement each other
and provide a unique, thorough, and highly intelligible perspective on radio astronomy.
Learning Technologies, Inc. now markets the cylinder to owners of STARLAB
planetariums throughout the world. The development of the Radio Sky project has also
provided a template for similar projects and planetarium activities that examine our
universe in different wavelengths, such as gamma ray, x-ray, and infrared. The
presenters acknowledge support from the NSF Internship in Public Science Education
Program grant number 0324729.

Figure 1. Pisgah Astronomical Research Institute’s Radio Sky poster presented at IPS 2008.
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Sensing the Radio Sky in the STARLAB (workshop)
Christi Whitworth, Pisgah Astronomical Research Institute, 1 PARI Drive, Rosman, NC 28772,
cwhitworth@pari.edu

“Sensing the Radio Sky” program teaches high school students the concepts and
relevance of radio astronomy through presentations in STARLAB portable planetariums.
A total of twelve undergraduate interns and four faculty mentors from Furman University
and University of North Carolina-Asheville collaborated with Pisgah Astronomical
Research Institute (PARI) to develop the “Radio Sky” project. The project united physics
and multimedia majors and allowed these students to apply their knowledge of different
disciplines to a common goal.
One component of the project is a cylinder to be
displayed in portable STARLAB planetariums. The
cylinder gives a thorough view of the Milky Way and of
several other celestial sources in radio wavelengths.
These sources are difficult to perceive without prior
knowledge of radio astronomy, but are communicated
visually through the STARLAB.
The Radio Sky team also created an interactive
multimedia presentation to accompany the cylinder.
This multimedia component contains six informative
lessons on radio astronomy assembled by the physics
interns and numerous illustrations and animations
created by the multimedia interns.
The Lesson Overview feature provides a summarized
version of all the lessons, addressing only the major
points presented. It is intended to be used by those with
time constraints. Lesson One introduces students to the
basic concepts of waves and their characteristics, the
history of light as a transverse electromagnetic wave
and the electromagnetic spectrum. Lesson Two reviews
optical and radio astronomy, by exploring the tools
necessary to each and how radio data is collected and
analyzed. The advantages and disadvantages of radio
and optical astronomy are also discussed. Lesson
Three introduces two main types of radiation studied by
astronomers, thermal and synchrotron. Radio
astronomers study radiation from numerous different
radio sources, including stars, galaxies, and black
holes. Lesson Four discusses the birth and death of
stars as seen in radio astronomy. Topics covered
include the lifespan of the sun, properties of stars, the
life stages of a star and the distribution of elements
throughout the galaxy. Lesson Five covers the rapidly
rotating neutron stars known as pulsars. Participants
learn about the discovery and more of these obscure
astronomical phenomena.
The cylinder and multimedia components complement
each other and provide a unique, thorough, and highly
intelligible perspective on radio astronomy.
The
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completed project is currently marketed by Learning
Technologies, Inc. to owners of STARLAB planetariums
throughout the world and utilized effectively by PARI to
support its Space Science Lab programs and in its
collaboration with NC-MSEN’s ROBOTS program. The
development of the Radio Sky project has also provided
a template for potential similar projects and planetarium
activities that examine our universe in different
wavelengths, such as gamma ray, x-ray, and infrared.
The presenters acknowledge support from the NSF
Internship in Public Science Education Program grant
number 0324729.

BELLA GAIA: The value of aesthetics in education
Kenji Williams
Remedy Arts
nd
1982 2 Ave #5A
New York, NY 10029
kenji@remedyarts.com

Kenji Williams performing ‘Gaia Journeys’ live at the Gates Planetarium / Denver Museum of Nature &
Science

Engaging audiences with educational material requires more than clear concepts, well
defined subject matter or vital themes. For material to really connect, audiences need to
feel an emotional connection to the material, allowing them to embrace it with both sides
of the brain.
The work of producer / composer / performer and IPS member Kenji Williams has
successfully demonstrated how this can be done. Here to discuss a performance series
hosted by the Denver Museum of Nature & Science, this paper makes the case for the
arts as a vital component in the presentation of disciplines ranging from cultural studies
to natural science.
This presentation will discuss ways that the arts and sciences can be employed in
tandem, serving as valuable complements to one another. Art can deliver high levels of
audience engagement through its unique power to create a more personal and emotional
connection with the material presented. This presentation offers museum, education and
planetarium personnel with a basis for evaluating programming choices that combine
arts and sciences, and an understanding of what makes the best ones work. The Bella
Gaia project is offered as a case study for uniquely combining art and science in a
planetarium environment, and suggests new directions for digital planetarium
programming.
IPS 2008 Conference Proceedings ✯ 267

BELLA GAIA: The value of aesthetics in education
Presented by Kenji Williams
PAPER
Engaging audiences with educational material
requires more than clear concepts, well defined subject
matter or vital themes. For material to really connect,
audiences need to feel an emotional connection to the
material, allowing them to embrace it with both sides of
the brain.
Humans are wired for beauty. We are naturally
attracted to beauty. It is well known that positive
changes in the brain and body occur when one is
captivated by a beautiful sunset, an attractive person, or
an incredible piece of music. For instance, visual
exposure to natural settings can lower blood pressure,
reduce muscle tension, and enhance mental alertness,
attention and cognitive performance [1,2]. Music is also
well established as a powerful cognitive and moodenhancing agent [3]. Perhaps there is no better proof of
the effects of beauty than what we feel subjectively, on
a gut level. We are captivated, engaged and paying
attention.

beginning to make its presence known on the national
media landscape.
Nowhere else has the fusion of art and science
been more celebrated and exercised than in the
planetarium and dome theater community. It is thus in
this community, that I chose to explore the nexus of art
and science in my latest project named BELLA GAIA.
Inspiring audiences with the fruits of science,
technology, engineering and math (STEM) integrated
with art, music, world cultures, and geography in an
immersive environment, the Bella Gaia experience
helps to develop a deeper appreciation for the fragile
and beautiful Earth, providing inspiration and motivation
for responsible and sustainable use of STEM to
improve the quality of all life on Earth.
Bella Gaia Project background:

Kenji Williams & NASA Astronaut Mike Fincke

Looking upon the Earth from the ISS
Art is the channel of emotional engagement, of
stimulating the right brain, with the potential to engage
the left. When there is a high level of artistic quality, one
can achieve a much higher level of attention and
engagement from the audience or the student. In an
educational context, it would seem obvious to tap this
power, and frame important educational information
within a more engaging context. Awareness of the
value of fusing art and education - engaging both the
right brain and the left brain - is something fairly new.
The fusion of art and science is an emerging field in
various school, college, and university programs, and is
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Bella Gaia is a project that started in Star City
Russia, where space travelers from around the world
prepare for their journey into orbit. In 2005, just after
finishing up my last project called 'Worldspirit' with world
renowned artist Alex Grey, a very generous fan
sponsored me to go to Russia to view the launch of the
Soyuz rocket on its way to the ISS.
On that trip, I met NASA astronaut Mike Fincke,
who lived on the ISS for 6 months. Extremely excited, I
asked him; 'what is it that changed when you went to
space? He said that he had a transformative experience
where he saw the Earth as a unified interconnected
whole, and he fell in love with our home planet in a
completely new way. I was inspired by Mike's story, and
I wanted to bring this experience to people on Earth, so
thus, Bella Gaia was born.
Many of those lucky enough to view the Earth
from space have described a sense of wonder and
delight that can hold life-changing power, as Mike
Fincke described first hand. Known as the Overview
Effect [3], this experience is characterized by a dramatic

cognitive shift in which the significance of man-made
boundaries is eclipsed by a deep awareness that life on
Earth operates as a borderless, interconnected whole.
The striking clarity of this realization often triggers a
keen sense of stewardship that seeks community
beyond the limits of nationality and religion. The
strength of this conservation instinct tends to grow even
after the return to Earth, driving those who share this
experience to reach out, and become highly active
participants in the preservation of our common heritage.

Science at the Gates Planetarium we created a show
titled “Gaia Journeys” which was advertised and open
to the public in the hopes of a favorable response. The
response was overwhelming, with 3 booked shows
selling out well in advance, and upon adding a 4th
night, it also quickly sold out.

Kenji Willliams – Gaia Journeys show, DMNS
Viewing the Earth from Space
My vision is to bring the power of art, technology,
space science, and real scientific data visualizations
together, into a context that is both entertaining and
educational, fused with a common goal of raising the
awareness and appreciation of our home planet. A
model for a wiser way of using STEM, Bella Gaia can
actually visually display how we are affecting the planet,
and how each element affects the other, allowing the
audience
to
easily
understand
the
delicate
interconnected balance of our planet. The mission is to
make it clear - both intellectually *and* emotionally how the once separate ideas of human activity and
nature are actually vitally interconnected , and present it
within a context of how miraculous and beautiful our
Planet Earth is. Bella Gaia is not just about using art to
optimize and enhance the learning experience, it is also
refocusing the educational message onto sustainability,
global perspectives, and multicultural understanding so
our future scientists will use the STEM tools with
greater wisdom and responsibility. We must maintain,
preserve, and protect the Earth, as if the Earth itself is a
world heritage site.
Gaia Journeys Show: DMNS
Working with high-resolution, large-format
projections, photorealistic Earth visualization Uniview
software, and music that combines classical traditions
with the innovations of electronica, my goal was to
emulate this effect of experiencing the view of the Earth
from Space, for terrestrial audiences.
Collaborating with the Denver Museum of Nature &

Video footage from the show:
http://www.remedyarts.com/projects/BELLAGAIA/promo
/BellaGaia360_Live_Trailer.mov
With Uniview visuals navigated live by Dr. Ka
Chun Yu, and utilizing panoramic photos by Greg
Downing, the audience was taken on a 45-minute
journey of orbiting above the earth, and then zooming
down to earth in certain locations, landing on interesting
cultural heritage sites. The music would change from
region to region, incorporating ethnic samples from
music of that cultural region to evoke the sounds and
sights of the people and places.

Audience – Gaia Journeys show, DMNS
After the show, audience surveys were
performed, and the feedback collected provided further
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evidence supporting the overwhelming interest in the
show. The demographics were almost every possible
age group, from 7 year old kids, to 80 year old
grandmothers. Four out of five gave a favorable
response, and also expressed interest in seeing more
programs like it.
What caught my attention were my simple
conversations with the audience after the show,
especially with the younger kids. So many of them said
their interest to attend the show was sparked simply
because they heard there as a ‘violin inside a
planetarium.’ Here we have a perfect example of the
fusion of art and science attracting an audience. Of
those children, some were inspired by the music, some
by the countries visited in the show, and some by the
orbital imagery of the Earth – but the fundamental
source of the inspiration was the beauty of all coupled
within an immersive environment. Each of these ‘nodes’
of interest; world music, cultural heritage, and natural
sciences, were presented in aesthetic and beautiful
ways, leaving the audience more interested in these
topics, and triggering a common conservation instinct.
With the success of the show in Denver, it
became evident that the Bella Gaia project could be a
catalyst, a vehicle for higher levels of engagement of
educational material of all kinds and beyond – a flower
to attract a bee to pollinate its DNA, so to speak… and
it is no mistake that flowers are beautiful.
BELLA GAIA is a next-generation development of the
successful Denver Gaia Journeys show.
The object of Bella Gaia is twofold. The first is to
engage the conservation instinct in a manner that
channels it toward positive, concrete action. The
second is reaching an audience large enough to drive
measurable change in the cultural shift towards
sustainable modes of living. The approach depends on
the multi-faceted nature of the contemporary media
landscape, and the audience’s desire to program their
own intake.
Starting with a single creative concept and
developing it across a collection of platforms, which
include live performances from public concerts to
educational
institutions,
immersive
theatrical
presentations, broadcast video, the web, and
integration with commercial messages, Bella Gaia
provides contemporary audiences with the means to
experience an idea in a variety of forms, each with its
own, unique characteristics. In combination, they allow
people to cultivate their own understanding of the
interconnected nature of life on Earth, developing a
basis for cultural progress and political development in
line with this reality.
Bella Gaia is far more than a visual experience; it
is a powerfully imaginative,
emotional, and cultural experience… The effect
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on the audience is profoundly moving. I say
‘moving’ because Bella Gaia took me to places I
was surprised to find myself. To experience
Kenji’s performance is to experience the thrilling,
liberating sensation of space flight that all
astronauts describe. And more. Beyond outer
space, I was moved to explore my own inner
space—places in my heart.
David Herring, EPO Project Manager, Earth
Sciences Division, NASA Goddard Space Flight
Center (now with NOAA Climate Program Office)
Art in Education – a Necessity:
In this age of big changes, it is clear that
education also needs to change. If we are to engage
the younger generation, educational themes and
materials should be presented in new and attractive
ways. I remember as a young boy, the very first time I
suddenly became interested in math. My middle school
teacher drew the similarities between music and math;
that music was made up of wavelengths and
frequencies - music IS math, and vice versa. Being a
violinist, I suddenly became fascinated with numbers in
a way I had not before, and I approached music in a
completely new way. I was bored in math, until that
point.
Today we have incredible tools to bring science,
technology, engineering and math (STEM) and the full
spectrum of educational materials into the artistic and
visionary worlds to make them more attractive and
engaging than ever before. Nowhere is this more true
than in the modern digital planetarium . Bella Gaia is a
vehicle to engage the public with the power of art and
aesthetics to communicate science and culture in a
more emotional and powerful way, while inspiring future
scientists to utilize the tools of STEM responsibly within
the context of a larger, global perspective. The project
also hopes to inspire planetarians to re-think their core
missions in this post-global warming world. .
Bella Gaia is a new vehicle for showing, beyond words,
the interconnected nature of all things, and inspiring
audiences to - consider this greater perspective of our
planet in all we do, even long after they have left the
theater.
1 Felf, D. (ed.) 1992, The Role of Horticulture in Human
Well-Being and Social Development, Portland, OR;
Timber Press
[2] Terry Hartig, Marlis Mang, and Gary W. Evans,
“Restorative
Effects
of
Natural
Environment
Experiences,” Environment and Behavior, 1991
[3] Dr. Norman M. Weinberger, “The Musical Hormone,”
MuSICA Research Notes, vIV #2, Fall 1997
[4] Frank White, The Overview Effect: Space
Exploration and Human Evolution, Second Edition,
AIAA, 1998
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ABSTRACT:
Many concepts in astronomy involve three-dimensional spatial relationships, and hence are difficult for the
general public to understand. Much of the traditional teaching materials used in astronomy education
remain two-dimensional in nature. Real-time simulations and visualizations in fulldome planetariums have
the potential to bridge the comprehension gap in astronomy learning. The Astronomy Learning in
Immersive Virtual Environments study aims to evaluate the effectiveness of visualizations in both
immersive fulldome theaters and non-immersive classrooms. This workshop will: examine the types of
astronomical misconceptions; demonstrate modules and curricula for planetarium simulation software to
address specific misconceptions; and present early results from our ongoing project These initial results
suggest the importance of the visualizations themselves, and the unique experiential learning possible in
an immersive, large-scale fulldome theater.
Introduction
Educational research shows that many fundamental
topics in astronomy are notoriously difficult to learn, with
naive notions pervasive among students (Driver et al.
1994; Bailey & Slater 2003). One example is the set of
ideas about the shape of the Earth held by children
(Baxter 1989; Vosniadou 1991). The progression in
Figure 1 hints at how mental models evolve over time.
These models are the result of views that make sense
to the learner, e.g., “The Earth is flat” and “Gravity
operates only in the up and down direction.” When
children learn from authority that “The Earth is round,”
this new fact is assimilated into the pre-existing model.
It is rare for the earlier model to be displaced
completely.
Such results are consistent with constructivist theories
in education that have developed over the last several
decades (e.g., Strike & Posner 1992). People do not
learn by simply absorbing new knowledge. Instead they
actively construct knowledge, and build mental models
based on prior information and experience, in addition
to formal instruction. Once a model is constructed, it is
difficult to displace. Additional information can merge
into and further modify the mental model, but the
original framework is rarely thrown out entirely.

Figure 1: Children’s understanding of the shape of the
Earth: [a] a flat rectangular surface where people
reside; [b] a flattened round disc; [c] a flat Earth
bounded by a hemispherical sky; [d] a sphere flattened
at the top and bottom where people can live; [e] a dual
Earth consisting of a flat inhabited surface and a round
Earth that floats up in the sky; and finally the correct [f]
spherical Earth with a population over the entire
surface.
Because astronomy generally deals with phenomena
that are outside of people’s everyday experience, any
understanding requires mental model construction. If
errors creep into the initial understanding, it will be
much more difficult for these notions to change with
subsequent teaching. It is not surprising then to find
that a wide range of misconception topics have been
investigated by researchers (Bailey & Slater 2003), from
lunar phases (Kuethe 1963) to the Big Bang (Prather et
al. 2002).
The Problems of 2D Instruction
IPS 2008 Conference Proceedings ✯ 271

One limitation in much of the traditional instruction in
astronomy classes is understanding the many threedimensional (3D) concepts using two-dimensional (2D)
tools (Parker & Heywood 1998). These 2D images and
diagrams, showing a single static perspective, are
usually the only visual aids that students have to
explain lunar phases, eclipses, and the seasons. For
reasons of space constraints in textbooks, too much
information is often squeezed into a single figure,
instead of dividing it among multiple diagrams. The
commonly seen diagram for lunar phases (Figure 2)
shows not just ground-based and space-based views of
the Moon, but also includes multiple moments in time
as well. The true scale and distances of the objects are
usually not depicted, because it would be impractical or
impossible to render them to fit onto a printed page and
still make them visible. The simplifications and changes
that are necessary in textbook figures has been linked
to specific student misconceptions (Ojala 1992).
Concepts like phases of the Moon, eclipses, seasons,
and orbital motions also require an understanding of
dynamic systems that change over time. Again a static
textbook diagram or slide, even annotated with arrows
and lines showing motion, is only an imperfect analog of
the actual 3D phenomenon.

Figure 2: A diagram, similar to those typically found in
astronomy textbooks, for teaching phases of the Moon.
The student is asked to correlate the view of the Moon
from the Earth with its orbital position.
In order to understand the astronomical concept being
taught via these diagrams, the reader is asked to make
sense of a 3D relationship by orienting herself inside
the depicted scene. For Figure 2, she would have to
understand that the different phases depicted represent
local “egocentric” views of the Moon on the surface of
the Earth. The student then has to relate these to the
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different positions of the Moon in its orbit, also present
in the same figure, but depicted from an external,
exocentric frame-of-reference, high above the EarthMoon system.
Considerable work however has been done by cognitive
psychologists, which show the difficulties that many
have in visuospatial reasoning. For instance, young
children in Piaget’s preoperational stage (ages 2-7)
have difficulty imagining a view of a scene different from
that of their own immediate perspective (Piaget &
Inhelder 1948). Shepard & Metzler (1971) found that
the time it takes to mentally rotate a 3D figure is linearly
proportional with the angle of rotation. Sadler (1992)
found more than a third of his subjects had difficulty
answering an astronomical perspective change
question, where they had to mentally translate between
different reference frames. Many other studies have
found similar difficulties of making mental rotational or
translational changes in perspective (e.g., Huttenlocher
& Presson 1973, Wang 2005).

The ALIVE Project
Computer modeling and visualizations have therefore
been suggested to help students construct and
visualize scientific phenomena (Parker and Heywood
1998; Bakas & Mikropoulos 2003; Taylor, Barker, &
Jones 2003).
We have argued that fulldome
planetariums coupled with virtual simulations are a
natural and powerful tool for effectively teaching many
astronomical concepts (Yu 2005).
In the virtual
environments (VEs) that can be re-created inside the
dome, audiences can gain direct experience about a
place or phenomenon that would otherwise be difficult
or impossible to observe in real life. Audiences can
view astronomical phenomenon from inside a model to
see local relationships, as well as seamlessly transition
to external global views, without having to imagine a
particular perspective based on a static diagram.
Similar transitions between small and large scales may
also help in the understanding of astronomical
distances.
Based on these arguments and limited similar research
already done in the virtual reality community (e.g.,
Moher et al. 1999), the Astronomy Learning in
Immersive Virtual Environments (ALIVE) project was
developed as the first study to evaluate the
effectiveness of immersive VEs for introductory
astronomy instruction.
Undergraduate students
enrolled at the Metropolitan State College of Denver’s
AST 1040 class are used as test subjects. The test
classes are divided into three groups (Figure 3), all of
which receive regular classroom instruction, including
multimedia materials and World Wide Web content now
standard with textbooks. Group I classes serve as the
controls.
Group II students are exposed to VE

instruction in the classroom, while Group III students
see VE instruction in the immersive Gates Planetarium
at the Denver Museum of Nature & Science.

Four years later, another renovation occurred, with a
switch to fewer but higher resolution projectors. This
was preceded shortly by a hardware switch from the
original Onyx to a visualization cluster consisting of
high-end
Hewlett-Packard
xw8400
workstations
(Neafus & Yu 2007). Although the ALIVE project was
developed with our in-house Cosmic Atlas software in
mind, the hardware switch required a change in
software as well. The planetarium team at DMNS
chose SCISS’ Uniview software for the new system.
Although some features unique to Uniview are used for
the visualization modules, the curriculum elements
developed for ALIVE can in principle be transferred and
used in other planetarium visualization software.
The Visualization Modules

Figure 3: Differences of the three classroom groups in
ALIVE.
Student Interviews and New Curricula
The first phase of the project included prior-toinstruction oral interviews with 120+ students who were
enrolled in the Fall 2005 and Spring 2006 AST 1040
freshman astronomy courses. Two sections of this
class were taught in each semester, covering topics in
Solar System, galactic, and extragalactic astronomy.
We focused on gauging misconceptions in seven
different astronomy topics (see below).
These front-end evaluations were used to build new
lecture outlines to directly address common student
misconceptions. A test database was generated to be
used in weekly progressional (curriculum) tests for the
classes in the experiment. These quizzes contain
questions that cover current instruction, retention of
knowledge from previous modules, and pre-test
questions for upcoming modules. Using the new
lecture outlines, we have created a suite of interactive
visualization modules for our VE software, SCISS’
Uniview. These contain instructional outlines for the
lecturer and configuration files and directions for the
real-time VE pilot.
These and other resources
developed for the project and discussed below can be
accessed and downloaded from:
http://scientists.dmns.org/kachun/alive
Visualization Software
The Gates Planetarium at the Denver Museum of
Nature & Science (DMNS) finished a conversion from a
traditional to a digital fulldome theater in the summer of
2003.
As part of the planetarium technology
development, DMNS devoted resources to developing
its own in-house real-time Cosmic Atlas astronomy
visualization software (Yu & Jenkins 2004), running
from an SGI IR4 Onyx that sent visuals to 11 projectors.

After analyzing our student interviews and the
educational
research
literature
on
astronomy
misconceptions, our team spent several deliberative
sessions in the Gates Planetarium to devise a set of
visualization modules. Our team included the author,
the co-PI from MSCD (K. Sahami) as well as four other
Department of Physics faculty at MSCD with extensive
backgrounds in astronomy teaching. Two of these
other faculty members, V. Sahami and L. Sessions,
would be the primary lecturers for the ALIVE classes.
Following is a brief description of
misconceptions and learning objectives
modules. In the section following this,
some of the unique in-dome learning
were devised for the modules.

some of the
for each of the
we will explore
strategies that

1. Lunar Phases
One of the most common misconceptions in this
topic is that the phase of the Moon is due to the
shadow of the Earth, i.e., the Moon is being eclipsed
(Baxter 1989; Trumper 2001). Students generally
do not realize that as the Moon orbits the Earth, the
relative positions of these two bodies with the Sun
changes resulting in the ever evolving appearance
of the Moon.
The corrective module therefore attempts to
reinforce the changing 3D relationships over time
by: showing the phase of the Moon from the surface
of the Earth at each of the major phases; flying up to
the Moon to point out that its appearance is simply
due to the orientation of the lit and shadowed
halves; turning back to look at the Earth to see its
reverse phase; and pulling back to a global view of
the Earth-Moon system to see their relative positions
at each phase. The misconception that the Moon is
eclipsed by the Earth is directly addressed by
presenting an edge-on view of the Earth with the
Moon orbiting and its trajectory highlighted to show
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how infrequent an eclipse alignment is. Finally an
attempt is made to reinforce the monthly orbital
motions by watching the Sun rise and set and noting
the position of the Moon at each phase.
2. Eclipses
The geometries of solar and lunar eclipses are
presented from space. The positions of the SunEarth-Moon for historical total solar eclipses and
annular solar eclipses are shown. The ecliptic plane
and the Moon’s orbital plane are toggled on to show
that eclipses occur only when the line of nodes
intersect the Earth. A total solar eclipse is also
presented from a point-of-view near the Moon
looking back at the Earth, to show how far apart the
two objects really are, and how the Moon’s shadow
has a relatively small target of the Earth to intercept
for a solar eclipse to occur.

the Earth is at aphelion -- furthest from the Sun -occurs in July.
Finally the camera is placed opposite the Sun from
the Earth, which allows us to show the Sun moving
through the zodiac over the course of the year.
4. Kepler’s Laws, Orbits, and Retrograde Motion
The shapes of planetary orbits is emphasized,
especially how circular they look. Orbits are viewed
from all directions, to help dispel the common
preconception that orbits are highly eccentric (Yu et
al. 2008).

3. Seasons and Length of Day

Retrograde motion is demonstrated from multiple
vantage points. They include: from the Earth; far
from the Earth but still following it so that the orbital
motion of the retrograding planet in the context of its
orbital motion is apparent; and from a heliocentric
plane-on view of the Solar System.

One of the most common misconception about the
seasons is that they are entirely or mostly due to the
distance of the Earth from the Sun (Baxter 1989;
Trumper 2001).
Only one of the visualization
demonstrations below directly contradicts this
assertion. The others are meant to show the range
of phenomena that are responsible for seasonal
variations on the Earth.

Uniview does not offer an easy way to create an
imaginary minor body in the Solar System, and
control its orbital parameters. For Kepler’s Second
Law, we simply show and compare the orbital
speeds of planets and their semi-major axes. A
highly eccentric minor planet is also toggled on to
show the range of speeds in its orbit to demonstrate
Kepler’s Third Law.

For diurnal motion, the camera is set on the surface
of the Earth. Time progresses forward allowing the
instructor to point out the length of day, locations on
the horizon and times of sunrise and sunset, and
maximum height of the Sun at the equinoxes and
solstices.

5. Scale of the Solar System

For annual motion, the camera is again on the
surface of the Earth. Time progresses to show
variation of the height of the midday Sun throughout
the year, and the view of the Earth from space
throughout the year.
For effects of latitude, the camera is switched to the
equator as well as to the North Pole. The diurnal
cycle is repeated to show the daily solar motion at
different times of the year.

Using a set of dynamic, nested grids as “logarithmic
rulers” (see the section below), the scale of the
Solar System is shown by several real-time
demonstrations. First we fly from the Earth to the
Moon at 1 Earth radius/sec with the nested grid
between the Earth and Moon toggled on. Next we
zoom the camera away from the Earth, while
revealing a similar series of nested grids, with the
grid size set originally at an Earth radius, and then
switching to astronomical units.
Live flight is
repeated from the Earth to Jupiter by way of Mars,
with the camera necessarily moving up to 20-30
times the speed of light so that the module can be
completed by the end of the class.
6. Outer Moon Systems

For the effect of the distance of the Earth, the
camera is positioned well above the ecliptic plane -far away enough so that the entire Earth’s orbit is
visible -- and pointed back towards the Sun. A
circle, exactly 1 astronomical unit (AU) in radius, is
toggled on, with its center at the Sun. The Earth’s
trajectory is outlined in a different color. Comparing
its position with the 1 AU circle can show that when
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All of the planets are flown by to show their moon (or
lack of moon) systems. Tidal locking for select
moons is demonstrated, as well as the orbital
resonances for the Galilean moon system.
7. Distances to Stars and Galaxies

After a short re-capitulation of scale from Module 5,
the camera is zoomed out of the Solar System with
appropriate nested grids in increasing size scales,
from astronomical units to light months, then light
years and parsecs. At the scale of the Local Solar
Neighborhood, nearby stars (that were discussed in
a previous “star show” portion of the lecture) are
pointed out. To emphasize the three-dimensional
nature of the stars that make up the constellations,
the camera zooms out to Orion, containing some of
the furthest easily visible stars. Then the camera
continues moving out until we are outside the Milky
Way. We travel to visit other nearby galaxies, and
end up in the center of the Virgo Cluster.
Experiential Learning in Fulldome Planetariums
Like other VR theaters (Dede 2000), fulldome
planetariums allow users to directly experience a place
or phenomenon that would otherwise be difficult or
impossible to observe in real life. All fulldome theaters
also provide a visually immersive experience for its
visitors, which is not true for all VR technologies. This
immersive nature lets us devise visualization modules
that allow the student to not only witness the
phenomenon being demonstrated, but to experience it.
This is a fundamental difference between the ALIVE
project and previous work using virtual simulations for
teaching astronomy (Barab et al. 2000; Bakas &
Mikropoulos 2003; Yair, Schur, & Mintz 2003).

The modules for phases of the Moon, eclipses, and
seasons were written to take full advantage of the
immersive
nature
of
fulldome
planetariums.
Observational experiences from the ground or close to
the Earth are replicated, allowing the user a
compressed experience of observing, for example the
motions of the Sun or Moon through their respective
cycles. The digital nature of the simulation means that
the user can move through space and time smoothly.
An Earthbound view of the Moon can quickly translate
into a up close view of the Moon as a 3D orb lit by the
Sun, followed by the type of high-above-the-pole
perspective favored in textbook diagrams.
The
seamless transitions possible within the simulation
means these different frames-of-reference are linked
together.
The student is not forced to integrate
separate and disparate viewpoints.
Therefore instead of a textbook diagram that tries to
cram together a depictions of a phenomena at different
times or from different frames of reference, a VE
planetarium class can show these individually, and how
frames can transition from one to another, including
those at egocentric and exocentric viewpoints. With
immersive visualizations, Salzman et al. (1999) showed
that having both types of frames of reference, giving
global information as well as detail at the local level,
can provide greater benefit than either alone.
Using Dynamic Grids to Show Scale

Usability studies comparing immersive to nonimmersive displays show that users of the former can
build mental maps faster, have better task performance,
and have higher satisfaction levels (Pausch et al 1997;
Bowman & Raja 2004; Raja et al. 2004). Wide field-ofview displays also increase the user’s psychological
sense of presence, which makes the mediated
experience more real (Tyndiuk et al. 2004), with
correlations with improvements in memory and
retention (Ditton 1997), and enhanced navigation and
task performance (Arthur 2000; Tyndiuk et al. 2004).
Physically large displays can even lead to
proportionately greater wayfinding gains by females
over males (Tan, Czerwinski, & Robertson 2006).
The sense of reality that is possible with VE simulation
software suggests that such digital fulldome
planetariums would be ideal for experiential learning.
But in addition to replicating exercises that the student
could perform outside in the real world (e.g., observing
diurnal motion of the sky, tracking motions of the Moon
and Sun over the course of a month or a year, or
making an observing log of the phases of the Moon),
simulated VEs also allow the user to fully experience
phenomena that would be impractical or impossible
otherwise, such as lifting off the surface of the Earth,
traveling to another planet, or another star.

Misconceptions have been found for the topics of scale
of objects within the Solar System, the distances of
objects with respect to each other, and the distances
between stars (Sadler 1992; Lightman & Sadler 1993;
Bakas & Mikropoulos 2003). A typical classroom
exercise is to show scale models of the Earth and Moon
system, or the sizes of the Earth and the Sun, using
easily available everyday items like balls or fruit. For
the distances between the planets, having a walkable,
scale model Solar System can be helpful (Schoemer
1994). A 1010:1 scale model will place the orbit of
Neptune within half a kilometer of the scale model Sun,
a distance easily walkable to and back within a typical
class period. Even for instructors who do not have
access to such a scale model (such as the lecturers at
MSCD), a similar exercise can be undertaken where the
students mark out the approximate scale positions of
the planets on a sidewalk with chalk.
For distances between the stars, a common strategy is
to give a descriptive example of how far away a
neighboring star would be from the Sun, if the size of
typical stars was similar to a tennis ball, or a grain of
sand, or any similarly familiar everyday object. For
ALIVE, our instructors are free to use any of these
classroom exercises and analogies for getting across
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the concepts of astronomical scale at the Solar System
and interstellar level.
We developed in our original Cosmic Atlas software a
set of graphical didactic grids that were meant to teach
the scale of Solar System bodies inside a VE. These
radial or Cartesian grids could be toggled on for any
individual Solar System body (Figure 4). They were
centered on the planet or moon, with the grid size
based on the mean radius of the object. The grids
effectively extended out to infinity, with the grid size
growing with each order of magnitude of distance from
the central body. Thus at a distance of 10 radial units
away, the grid size would jump from 1 radius to 10 radii.
At a distance of 100 radii, the grid size would increase
by another factor of 10, and so on.

a rate of 1 Earth radius/sec. The instructor can count
off the distance flown and even ask the students to do
the same, when the grid size is equal to one Earth
radius. The geocentric distance of the Moon ranges
from 56 Earth radii at perigee to 64 Earth radii at
apogee. During a flight from the Earth to the Moon in
the planetarium simulation at 1 Earth radius/sec, there
is a long stretch of time when the Moon does not
appear to be increasing in apparent size very quickly,
which results in a somewhat static scene in the
visualization demonstration. Hence even a flight lasting
a minute may seem long to a student audience.
Again, a goal of having the virtual trip is to reinforce
learning through experience. Although the students are
not controlling the flight, they are exposed personally to
the scale of space by the simulation of a (albeit highly
compressed) trip through space. In a limited sense, this
trip happens to them, which can make it a more
meaningful, personal experience compared to merely
hearing about the travel time between the Earth and the
Moon.
Early Results

Figure 4: The Earth with a radial and Cartesian grid
toggled on. The grid units is based on the Earth’s
radius.
These nested, dynamically growing grids are a
logarithmic ruler for measuring distances, and hence
are appropriate for “powers of ten” type visualizations.
They can be re-oriented to line up between different
astronomical bodies, allowing their distance to be read
off directly. They also naturally extend to interstellar
and extragalactic distances. We worked with SCISS to
implement a similar set of nested grids that could be
toggled on for any object within Uniview. In addition to
fixed grid units based on a particular object’s radius, the
grid unit can also be arbitrarily defined, so that a grid
based on an AU, a light month, light year, or parsec can
also be created.
For the Scale of the Solar System module, the distance
between the Earth and Moon is highlighted with an
Earth-centered radial grid toggled on. (Note again that
our instructor can still use Earth and Moon physical
models in the classroom if they choose.) The camera is
then flown live between the two bodies, while moving at
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We have currently finished four semesters of datataking for classes under Groups II and III. Our two
instructors have been taught multiple classes within
each of the groups, which will allow us to control for
inter-instructor variability. Analyses of scores in each of
the three groups taught by the same instructor are
ongoing. A recently completed analysis compares a
Group III class versus the control Group I classes. We
see positive gains in the Seasons, Kepler’s Laws, and
Scale of the Solar System modules, and these gains
are greater for women than for men in these three
categories. These greater female gains are consistent
with the results reported by Tan et al. (2006) for their
studies of physically large displays. These early results
are not statistically significant yet, so analyses for the
other classes continue. We also plan on continuing the
experiment for the upcoming school year to bolster the
total sample size.
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The Living Climate: Making a full dome planetarium show
Monica Zetlin
Melbourne Planetarium, Scienceworks @ Museum Victoria
2 Booker St, Spotswood, Victoria, Australia
mzetlin@museum.vic.gov.au

In April 2009, the Melbourne Planetarium will complete its third fulldome production, The
Living Climate. The planetarium team wished to develop a show which would respond to
growing public interest in climate. Guided by audience evaluation, and our professional
judgement, we sought to produce a show that was grounded in fact and avoided
preaching to the audience but which offered a new perspective and provided a unique
planetarium experience. The research guiding this decision-making and the production
process for the show will be discussed.
1.

Introduction: Melbourne Planetarium

Melbourne Planetarium opened in 1999, a successor to
the HV Mackay Planetarium which operated from 1965
to 1997.
The Melbourne Planetarium is part of Scienceworks, a
large science museum catering mainly to public
audiences.
We upgraded to the Sky Skan full dome system in
2005, and have six Barco 909 projectors within a 16m
dome, and run the Digital Sky system.
We are the only Planetarium in Australasia which
produces our own full dome productions.
Our last two full dome shows were The Problem with
Pluto (released in 2005) and Black Holes: Journey into
the Unknown (2007) – which won a Domie for Best
Sound and Visual Narrative.
The team consists of myself as production manager;
Tanya Hill (astronomer), Martin Bush (science
communicator and Digital Sky programmer), Dermot
Egan and Warik Lawrance (animators, digital
designers).
2.

Production Process:

Each one of our productions takes between 12 – 18
months to produce, from concept development,
scriptwriting, contracting designers and sound
postproduction, casting, animation and sound post
production. By far the longest period of time is taken in
making the computer generated images, and we usually
have 2 main animators working around 8 months on
this alone, often with a third animator for most if not all
that time.

The concept and audience for each new show is
determined with the input and approval of the
Scienceworks team. A brief is drafted by our team
which is approved at a management level. We then
write the bulk of the script in-house, and contract an
outside script editor to work with us on the drafts
(usually about 5 drafts before production begins).
Each show has a budget of around $175 000 AUD.
While the script is being developed, we work on some
key imagery and visual themes we want to use. Once
the script is as close to be locked off as possible, the
team works together to create a script breakdown,
which is then translated into a sketched storyboard.
We then record a temp voice over track, and animate
the storyboard to this. Then, the long process of
animating and designing, with research for existing
images and sourcing images. Once the show is starting
to come together visually, we start looking towards our
music and sound design. We like to work with a person
or team who combine music composition and sound
design process right through concept to delivery
We have various approval stages – usually storyboard,
music themes and a rough visual screening.
Our Climate show is due for completion in April 2009
and for this show, we are working with Horizon the
Planetarium, Scitech. As they don’t have the resources
to fully produce shows themselves they were keen to
collaborate. They contribute to the budget and in return
have input on the content and script. There is also the
possibility of using some resources from WA, and
filming….
3.

Background to approach

This production will build on recent experience and
continue to be guided by the outcomes of the
Planetarium Summative Evaluation conducted in lateIPS 2008 Conference Proceedings ✯ 279

2005 and which was described at the 2006 IPS
conference in Melbourne.
This can be broken into the following two parts: content
and experience.
The core experience of the planetarium is seen as a
scientific, factual journey.
However, retention of specific facts or abstract scientific
content is low.
This underlines the need for a strong storyline – which
audiences do remember – that is grounded upon
tangible objects. Familiar content and experiences are
introduced before moving to new and surprising facts.
We also emphasise the experience as a whole. The
visitor should have a sense of being in space. The
sense of awe and inspiration are powerful responses
that the planetarium can evoke, but should be used
carefully.
And it almost goes without saying that the visual focus
of the storyline should concentrate on the unique
characteristics of the planetarium.
4.

the following prescribed topics: explaining the layers of
the atmosphere; using time scales to explain changes
on Earth and making comparisons of the planets in the
Solar System.
Again, this highlighted the value of taking a planetary
perspective to the show.
Maintaining the factual underpinning of the show is
made more complicated by the political debates that
surround recent climate change. We felt strongly that
the communication potential of the show would be
compromised by taking an excessively preachy line. On
the other hand we did not wish to downplay the
significance of this issue.
As a result we decided to place recent climate change
in a context of long-term climate evolution on Earth. It is
not the first episode of climate change, but it does
appear to be quite different to other warming events
that we know about. (And the effects of some of those
were quite dramatic).
So we determined that our main storyline would be a
chronology of the planet Earth and the evolution of its
climate, from a planetary perspective, with comparison
to other planets.

Decision to do Climate change

Why produce a Climate show?
Within the Scienceworks, Melbourne Planetarium
schedule there was a perceived need for another
general public, documentary style narrated show to
complement our current school-audience show slate.

While the planet Earth and its weather were reasonably
tangible objects, we felt the need for further familiar
experiences to ground the storyline. Thus we decided to
introduce a sub-theme of life on Earth, where we track
the evolution of life over the history of the planet, and
how this life has been affected by previous episodes of
climate change.

Across the Museum and general public, obviously there
is great interest in the issue of Climate Change. Our
approach was how to do make a show which was
specific to the Planetarium Dome environment. That is,
it had to talk directly to the idea of Earth as a Planet
both in theme and visualization. While we are all
personally and professionally aware of the need to
address the issue of Climate Change, we felt that we
could best do this by approaching the topic of Climate
as a whole.

In Summary
Key Themes
1. The Earth’s climate is a complex system that has
changed over time.
2. The Earth’s atmosphere sustains life and has been
built by life.
3. There are important similarities and differences
between Earth and other planets.

To further highlight the astronomical content , we
introduce a comparison of the atmosphere and climate
with other planets and a description of orbital effects on
long-term climate changes.

The show will build on the visual strengths of our
previous full dome shows, and insights gained from the
Summative Evaluation.

This also allows for moments of 'being in space' which I
will mention later.
Another consideration in framing the content of the
show was to make it relevant to the Australian school
curriculum for grades 5-8, by presenting information on
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5.

Visual Treatment

Successful techniques from these shows will be utilised
and further developed. In particular: the use of 2D
images within a 3D environment; the heightened sense
of movement throughout the space created by the
dome; and mixing ‘real’ images with computer
generated images.

The show will meet a key visitor expectation of a spacebased experience through astronomical visualisation,
including travelling to the surface of another planet, and
seeing the Earth and its orbit in relationship to the solar
system. These will provide the sense of “being amongst
the stars” and “travelling through space” for the visitor.
The extinction event will provide a major immersive
spectacle for visitors. Other immersive experiences will
include a walkthrough of an industrializing city.
There will be a particular focus on real photography of
Earth environments, which may include real footage of
extreme weather events.
The most abstract element of the show is probably the
planetary timescale involved. A key part of the
production is the creation of a graphical theme to
represent this chronology and give it a concrete visual
form. This graphical theme will also be used to create a
cohesive and consistent visual look between these
elements and allow transitions between them.
These sinuous, seemingly unending forms will provide a
useful visual motif on which to create a linear journey
through the history of Earth’s climate. There will be
‘break out’ points where we can visualise some of the
more spectacular events, such as the Volcanic
episodes of the Permian-Triassic period; Solar System
orrery, and surface fly-overs of the Moon and Venus.
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