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The International Planetarium Society 1996 

Conference, Osaka was a great success, thanks to 

all participants who gathered from around the 

world, as well as those who prepared for and 

supported this event behind the scenes. I would like 

to take this opportunity to express my sincere 

gratitude to all those concerned. 

I believe that the objective of IPS '96 Osaka, to 

search for the "New Potential for the Planetarium," 

was well understood and fully discussed throughout 

the Conference program. Here, in these 

proceedings, you will see reports on the Conference 

which I trust will be helpful for your future 

activities. 

IPS '96 will be remembered as the first IPS 

Conference in Asia. At first, we organizers were 

concerned about whether many planetarians would 

come to Japan, known for its high commodity 

prices. We were however delighted to welcome 

over one hundred participants from abroad. In 

particular, the· presence of many Asian planetarians 

promoted the significance of the Asia Forum, a 

program concurrently held with IPS '96 to celebrate 

the first IPS Conference in Asia. We were also 

concerned about whether the conference would 

attract many Japanese planetarians, since we had 

only a few IPS members in Japan. However, some 

200 planetarians gathered from around the country, 

due mainly to the cooperation given by various 

planetarium research organizations, astronomical 

educational bodies, and related enterprises. 

As far as I know, we have received a most favorable 
reputation for the Conference. I sincerely hope that 

the next Conference, IPS '98 in London will be 

equally successful. 

Tadao Nakano 
Chainnan of the Conference 

Director, Science Museum of Osaka 
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ZEISS OUT, DIGISTAR IN 

Undine Concannon 

London Planetarium 

Our President asked me to give this paper because he 
thought that some of you, who might be contemplating a 
renovation like ours, would be interested in the reasons why 
we chose a Digistar projector, and not a new Zeiss. 

Firstly, I should say a little about what kind of a 
planetarium we have. The London Planetarium is not part of 
a scientific or academic institution. If we were our 
decision might well have been different. What we are, is 
part of Madame Tussaud's wax exhibition, one of the ten most 
visited tourist attractions in London. This gives us between 
600 and 700 thousand visitors every year. 

That means two things. Firstly, the type of show: two 
thirds of these visitors come primarily for entertainment, 
and are not in a particularly scientific frame of mind. The 
Zeiss projector produces a beautiful starfield, and this is 
fine for a traditional night sky show. But our market 
research shows us that most of our visitors want more than 
this. Digistar introduces a truly spatial element - whether 
it is flying around and through the Solar System, watching 
the proper motion of the stars, or plunging right into a 
galaxy. Its tunnel effects, or flights through city streets, 
are certainly high on our visitors' ratings 

Secondly, the demand for shows is such that, during 
peak periods, we put on between 12 and 13 shows every day. 
We cannot afford breakdowns. 

We also needed a projector which did not require us to 
close down every year for a week or more of maintenance; and 
also one which would not wear out, but could be periodically 
upgraded to take advantage of improvements to soft- and 
hard-ware. 

Another practical aspect was weight. Our project 
involved inserting a new auditorium floor within our 
existing outer dome. Even with additional foundations, this 
had to be a lightweight structure, and it is probably not 
able to bear the weight of a Zeiss projector, although we 
did not know this at the start of the project. 

cost was, of course, a major factor. The budget for our 
renovation was £4.5 million (nearly us $7 million, or Yen 
720 million). This was to include a 3-storey entrance tower, 
two new staircases, proj ection dome, replacement of all 
projection equipment including the star projector, the best 



possible audio system, plus all the usual services. A new 
Zeiss was would have used up well over half of this. 
However, even with a reduction in its cost, our decision 
would have remained the same. 

While the capital cost of Digistar II fitted much more 
comfortably into the overall project cost, we do recognise 
that in a thirtyfive year period (that's how long we had our 
Zeiss) the likely cost of upgrades etc. is likely to be 
about the same, or even a little more. Balanced against 
that, however, is the much reduced cost of maintenance. 

The final reason was that we hire out our planetarium 
in the evenings for a variety of corporate events. These may 
be product launches, incenti ve tr ips for executives, or 
celebrations of various kinds . Although this part of our 
business is secondary to the daytime public star shows, they 
are extremely profitable,and we had them very much in mind 
when we redesigned the seating layout $ The flexibility of 
Digistar is ideally suited to these non-astronomical events; 
as are lasers, of course, but Digistar is much less hassle! 
Our clients especially like to see their logo treated in 
imaginative ways by Digistar 

All these factors pointed us in the direction of 
Digistar, But it was not until the development of Digistar 
II, with its brighter and sharper stars, that we felt really 
able to take the plunge! We felt that, for our particular 
type of visitor, what it lost in star brightess it gained in 
exciting graphic effects, and this has proved to be true, 
even with groups coming to our more educational programmes, 
such as for schools, or Astro-Navigation, I am convinced 
that we made the right decision. 
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Russian Planetariums: Present State and Development Tendencies 

Michael V. Grouzdev 
Planetarium Director, Yaroslavl Planetarium 

Vice-Chairman, Russian Planetarium Association 

Russia 

By 1996 there were only about 30 planetariums left in Russia. And each year we learn about the 

closure of 2-3 others. Why is that ? with rare exceptions planetariums are state institutions. At the 

times of economic instability of the society planetariums appear to be quite vulnerable. An important 

role in the preservation of planetariums belongs to the recently founded Russian Planetarium 

Association. 

More than half of planetariums make use of old buildings (in most cases they are the former churches, 

many of which are being returned to parishes now), About 20 planetariums need technical 

reconstruction badly now. The Yaroslavl Planetarium had its last reconstruction in the mid-'60s. All 

the equipment has become out-of date and obsolete. It is becoming more and more difficult to carry 

on with the main function of the planetarium - cultural and educational, creating visial and audio 

images. Planetarium is a synthesis of theatre, cinema and school classroom. 

Most Russian planetariums give extra education, so mostly school students come to them. They can 

watch special effects and rare sky phenomena, as well as separate and series of programmes on 

physics, astronomy, geography. 

The long-existing infonnation vacuum aroung Russian planetariums can be overcome with a special 

periodical "Russian Planetariums" publised in Russian and English - the thing we need badly, but all 
the attempts to create it are facing financial problems. We still hope though, that planetariums in 
Russia will live on for the sake of children. 

8 



THE PARIS-LA VILLETTE PLANETARIUM IN PROJECT 

MARC MOUTIN 

CITE DES SCIENCES ET DE L'INDUSTRIE 

The Planetarium of La Villette is located in the Centre for Science and Industry, one of 
the greatest science museum in Europe, north to the centre of Paris. 

The Centre offers more than 30 000 square meters of science and technology exhibits 
open to the public. 

In a very modern building, permanent and temporary exhibitions, some specially 
devoted to children propose very interactive and up to date exhibits: experiments, 
computer games, video films ... 

Besides the Planetarium, one of the major attractions, the Centre offers also an 
Omnimax theatre, a Dynamic cinema, a 3D cinema and a real submarine which can be 
visited. 

At present, the Planetarium hosts the star projector Space Voyager from SPITZ Inc. 
The equipment is based on a Starball with 10164 optics, projecting as many stars and 
producing a very beautiful and realistic starfield. Around the Starball are located 10 
spot projectors for the planets, 2 disk projectors for the sun and 2 special Image 
projectors working with slide projectors: one for the moon and giving a very realistic 
image of our satellite and another one to move any celestial object on the dome. 

The Image system is based on a 32 screens all-sky with 120 SIMOA 3262 slide 
projectors driven by OAT A TON software, and 3 classical SONY projectors for the video 
images. 

The sound system consists in 24 loudspeakers spatialized all over the dome, a 32 
channels desk and a 24 channels OTARI tape recorder. 

Opened in October 1 986, after ten years of intensive running, with 6 to 9 shows per 
day, 6 days a week and about 400 000 visitors per year, a renewal of the Planetarium 
facility is planned for 1 997. 

The main purpose of this upgrade is to improve the reliability of the Star projection 
system, and to update the video and sound systems with digital equipment. 

Concerning the star projection system, an international call has been launched for 
studying technical solutions in 2 possible ways : by renewing the servo control 
system, and so keeping the Starball which provides a very realistic starfield, or by a 
complete replacement of the projector. 

The result of the studies will be given next fall and the final decision should be taken at 
the end of 1996. 
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The upgrade of the video projection system will authorise to get bigger images on the 
dome and better quality with digital equipment. 

Concerning the sound system, the upgrade should consist in getting a digital 
workstation to enforce the sound quality and to facilitate the post production work. 

This general upgrade of the theatre will be the occasion of a new range of products for 
the public. Shows about astronomical news and events will be proposed. 

New school shows will be developed too. 



FIRST EUROPEAN MEETING FOR ITINERANT AND SMALL PLANETARIA 

Loris Ramponi 

Centro Studi e ricerche Serafino 
Zani, Lumezzane, IT AL Y 

Susan Reynolds 

oeM BOCES Planetarium 
Syracuse, New York, USA 

Forty astronomers and planetarians met in Lumezzane (North Italy) on 13-15 October 1995 
for the first European meeting of Itinerant and Small Planetaria. This meeting was organized by 
the Italian Planetaria's Friends Association and the IPS Portable Planetarium Committee. 
Participants stated that these were three days of intensive interaction with colleagues. They were 
very long days and extremely worthwhile. The friendships and contacts formed will extend a vital 
network that began in Richmond, Virginia (USA) at the 1988 IPS Biennial Conference. The 
purpose of this network remains to join locations of mobile and small planetaria in an effort to assist 
one another in developing and thriving effectively and efficiently. 

There was representation at this first meeting from eight countries: France, Italy, Norway, 
Slovakia, Sweden, Ukraine, United Kingdom and United States (California, New York, 
Massachusetts, Nevada). A wealth of information was collected about existing itinerant planetaria 
in Europe and diverse experiences and techniques of mobile planetaria. 

Meeting activities included: 

Lessons in American: 
"Messages From a Time Traveler" using Starlab (presented by Susan Reynolds, IPS 
Portable Planetarium Committee). 

The lessons were presented to Italian Secondary Students of English and meeting 
participants. 

An annual Teacher Exchange Program was established as a result of the success of this 
experience and interest of teachers. 

Demonstrations of Various Models of Small and Itinerant Planetaria and Domes: 
Cosmodyssee II, Gambato, Goto EX-3, Starlab and Ray Worthy's homemade dome were 
examined. 

Demonstrations of Practical Lessons Through Workshops: 
"First National Starlab Workshop" devoted to revealing the versatility of Starlab and its 
fifteen different cylinders (conducted by Susan Reynolds, IPS Portable Planetarium 
Committee). 

"Pedagogic Aids Workshop" about the use of paper, glue and scissors to make sundials, 
astrolabes and other teaching instruments useful outside the dome to extend the planetarium 
experience (conducted by Michel Dumas, Le Val d'Oule, FRANCE). 

"Celestial Navigation Under the Starlab Dome" (conducted by Philip Sadler, Harvard 
UniversitylLearning Technologies, Inc., Cambridge, Massachusetts, USA). 

Communications by Invitation: 
"Astronomical Itineraries for Schools and Public" included information about a census of 
sites of interest for the teaching of astronomy such as planetaria, observatories, sundials, 
astronomical monuments, archaeoastronomy sites, meteorite craters, mini solar system 
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models made in natural trails or parks and so on (presented by Dieter Vomholz, GIbers 
Planetarium, Hochschule Bremen, GERMANY). 

"Italian Galileo Model ill PlanetariumH included a brief description of this currently out of 
production model (presented by Angela Turricchia, Aula didattica Planetario, Bologna, 
ITALY). A more detailed paper (by Renzo Berlincioni, Planetarium Maker, Florence, 
ITALY) will be published in the proceedings. Ms. Turricchia also spoke about activities of 
didactical experiences with children from Bologna Primary School using a half dome 
Galileo planetarium, pictures, fables and a few mathematical accounts. 

"The History of Planetariums" prompted some discussion about the role of itinerant and 
small planetaria and the direction which they seem to be taking with regards to 
education/entertainment (presented by George Reed,Spitz Inc., West Chester University, 
Reno, Nevada, USA). 

"Astronomy for the General Public at Astrorama." Participants were treated to an exciting 
videoclip as Jean-Louis Heudier (PARSEC, Nice, FRANCE) spoke about the eight years of 
planetarium and astronomy programming provided for the general public at Astrorama, an 
education center in the south of France. 

"Astronomy Activities in Slovakia." Patricia Lipovska (Presov Observatory and 
Planetarium, Hurbanovo) and Marian Vidovenec (Slovak Central Observatory, Hurbanovo) 
presented information about the current situation and activities at their locations. 

Mythology of the Heavens Puppet Show: 
This delightful show was presented by the Astronomical Association of Rovigo in 
collaboration with the Teatro Amico. 

Remembrance: 
A time was set aside during the meeting to remember Guido Casadei, an Italian planetarian 
and President of the Brescia Astronomical Association, who died in September 1995. A 
portion of his collection of over 300 astronomical stamps was shown. 

Annual National Conference of Italian Planetaria: 
This conference ran concurrently with the European meeting on 14 October 1995. 

"Shadows of Time" IV Annual Contest and Awards Ceremony: 
During this conference there was an open exhibition of sundials built by contestants in the 
fourth annual international contest "Shadows of Time." Everyone attending both meetings 
(European and National) participated in a ceremony where awards were presented to the 
winners of this contest. 

Evening at the Specola Cidnea Astronomical Observatory: 
Meeting participants joined the general public in a visit to this unique observatory situated in 
a castle on top of a hill in the center of the city of Brescia. Skies cleared enough to view 
several beautiful deep sky objects. 

Trip to Serafino Zani Astronomical Observatory: 
Clear skies greeted participants as they approached this magnificent, wonderfully equipped 
observatory. This facility is the promoter, in Lumezzane, of a variety of astronomical and 
scientific activities. Both students and the general public are served by utilizing the 
observatory, four different planetaria, as well as a large store of interactive exhibits and 
teaching instruments. 

Guided Visit to a XVI Astronomical Clock: 
The meeting ended with a guided visit to the Piazza Loggia in Brescia where Giovanni 



Paltrinieri, celebrated gnomonist, gave a detailed explanation of the complex XVI 
astronomical clock built to be viewed from both sides of the tallest building. 

Post Conference Tour: 
Luca Talamoni, Marghera Planetarium Director, organized a tour to Venice which included 
visits to the Marghera Planetarium and Museum and the Venice Planetarium. 
Demonstrations in these planetaria allowed participants to see Mr. Gambato's very 
impressive projector and technology in action. (Mr. Gambato builds precision planetarium 
projectors and observatories.) The enlightening and humorous stories of Mr. Talamoni and 
Mr. Gambato were also enjoyed by all as we were guided to view historic Venice. 

Conference Conclusions: 

During a final discussion period it was proposed that European small and portable 
planetarians continue the experience of the meeting with a hi-annual appointment. The next meeting 
could be organized in 1997 and then alternate with the International Planetarium Society 
Conference. Two publications, "Guidelines for the Next European Meeting of Itinerant and Small 
Planetaria" and "Proceedings" of the 1995 meeting, were compiled to aid the next meeting 
organizers. The "Proceedings" include: a list and descriptions of itinerant planetarium makers 
world-wide; sources for instruments and publications about teaching astronomy; a list of addresses 
for regional/national/international planetarium associations (and, if existing, the addresses of the 
portable planetarium representative of each organization); a directory of all known European 
itinerant planetaria users; copies of papers delivered at the meeting; and a copy of the report from 
the American teacher (including the lesson text and student comments). These publications may be 
obtained by writing to: Loris Ramponi, AAP-Archivio Nazionale Planetari, Centro Studi e ricerche 
Serafino Zani, via Bosea 24, CP 104,25066 Lumezzane (BS), ITALY; or Susan Reynolds, OCM 
BOCES Planetarium, PO Box 4774, Syracuse, NY (USA). 
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THE NEW KUWAIT SCIENCE CLUB PLANETARIUM 

Fuad AL-JOMAA & Zaid AL-QUAIE'I 

KUWAIT SCIENCE CLUB 

The planetarium of Kuwait National Museum was destroyed during the Gulf 
war. Its burned out remains have since been converted to a public monument in . 
remembrance of the invasion. 

It took one year and a half to install the equipment and to construct the 
special inner screen and the astronomical exhibition. The total costs amounted to 
3 million dollars. 

The astronomical exhibition near the entrance comprises some instruments, 
and new and old astronomical charts. Moreover, there are colorful paintings on 
the interior walls which were taken from the ancient constellations that were 
described in full details by the famous Moslem astronomer, Abdul Rahman Al­
Sofi. 

At the upper floor, there is the auditorium which seats 126 visitors in a 
selID-circular arrangement~ its diameter is 15 meters. 

The main projector, the Spacemaster, can show about 9000 individual stars 
as can be seen with the naked eyes on both sides of the globe, plus the milky way 
galaxy, the nebulas, the sun, the moon, and other planets. Additional projectors 
have been installed to show the different constellations. All the projectors and the 
audiovisual equipment are operated automatically by special computers which 
control their movements. 

That was the remains of Kuwait National planetariUln which was established 
in 1986 during the celebration of Kuwait' s 25th National Day. 

After liberation, a new planetarium in Kuwait was challenged by the Emir of 
. Kuwait goal of rebuilding Kuwait as a "better place than before the invasion". 

The science club responded by building a facility that would allow it to expand 
its interest in astronomy education. The new science club planetarium features a 
Spitz system 512 with ATM-3 autolnation and elevator under a 10 meter dome. 



The construction of the planetarium was completed in three main phases: 

• The first phase consisted in the construction of the planetarium building itself 
with the 13 meter diameter outer dome, made of fiberglass. It also included 
the extension of the old Astronomy Association building. After the outer dome 
was put and the interior decoration completed, the office furniture were then 
put in. 

• The second phase consisted in the installation of the equipment which 
included the main projector (SPITZ 512 projector), a screen, other display 
materials, the main control unit. This phase also included the preparation of 
the staff who will be called to manage the project; this was accomplished 
through training the staff on how to operate the equipment, present the 
astronomical shows and programs, as well as on the modem techniques used 
in managing a planetarium. In addition a training session on equiplnent 
maintenance took place; this included detection of faults and how to fix them, 
the requirements for further extension and the acquaintance with the necessary 
technical operations. 

An exhibit hall is annexed to the planetarium which displays daily 
astronomical applications. The whole building is located next to the building of 
the astronomy and meteorology amateurs association, thus making them as one 
scientific system and a center that provides scientific, cultural and recreational 
services to the general public, school students, teachers, amateurs and 
professionals, as well as to institutions interested in planetarium activities. 

• The third phase marked the contact with the public who visited the 
planetarium. It's this phase which defined the needs of the planetarium in 
programs and shows that will be presented to different categories of the 
pUblic. The preliminary operating phase is considered as an important stage 
for the staff to get to know the capacities of the equipment in presenting shows 
and progratns that would suit the needs of every educational and professional 
institution. 
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"ALOHA KILOLANI tI 
• BISHOP MUSEUM PLANETARIUM 

1961-1996 

PETER D. MICHAUD 

BISHOP MUSEUM PLANETARIUM 

HONOLULU, HAWAI'I, U.S.A. 

As Bishop Museum's Kilolani Planetarium prepares to replace our 
existing 30 foot dome with a new 23 meter facility, we faced the issue of 
developing our final program. Given this rather unique opportunity, 
we decided to use it as a chance to develop a unique program. In the 
process, we believe that we have developed some innovative concepts 
that can be used by others - even if you'll be keeping your existing 
dome! 

Before reviewing how we made this show one of our most 
effective interactive programs ever, please excuse me as I succumb to 
nostalgia, and look back at the past 35 years at the Bishop Museum 
Planetarium. 

Like many US planetaria, the Bishop Museum Planetarium was 
born in 1961 as a result of our nation's race with Russia to land a man 
on the Moon. That race to the moon would start a tradition at the 
Bishop Museum Planetarium to share the human spirit of exploration 
with visitors from around the world. 

Exploration of our own world became an important part of the 
Bishop Museum Planetarium's mission in the early 70's with the 
construction of the experimental Polynesian Voyaging Canoe called 
Hokule'a. Even today, modem navigators continue to come from across 
the Pacific to visit the planetarium and learn how the early Polynesians 
might have used the stars to find the Hawaiian islands. 

Although research and programs on ancient Polynesian navigation 
continue at the Bishop Museum Planetarium, another type of exploration 
has become even more important over the past few decades. This is of 
course the exploration of our universe from Hawaii's highest summit, 
Mauna'Kea. 



Starting in the late 60's Mauna Kea has probably been the fastest 
growing and most significant astronomical observatory in the world. 
Today, the summit boasts the world's largest pair of astronomical 
telescopes with the twin W.M. Keck 10 meter observatories, as well as 
almost a dozen scopes that dot the 14,000' summit. Currently under 
construction is Japan's 8 meter Subaru telescope, the 8 meter Gemini 
telescope, and the Smithsonian's Submillimeter Array_ 

Acclaimed by many as the world's premier astronomical 
observing site, Mauna Kea will continue to be pivotal in programming 
at the Bishop Museum Planetarium, especially as we prepare for the 
construction of our new facility. 

Scheduled to open in 1999, the new Bishop Museum Planetarium 
will be a state-of-the-art 23 meter facility with full multi-media 
capabilities, a large fonnat film system, and seating for 225. When this 
new facility opens its doors, it will be our objective to utilize dynamic, 
interactive programming .that not only involves our audiences, but 
makes them feel like a part of our production process. This will be 
done by using traditional front-end, formative and summative evaluation 
techniques as well as other concepts like those used in our final 
retrospective program called "Aloha Kilolani: 35 Years of Hawaiian 
Skies. 11 

Currently being presented daily at the Bishop Museum 
Planetarium, "Aloha Kilolani" will be our feature program until 
demolition begins within the next 6 months. Highlighting many of the 
topics that have been presented at the Bishop Museum Planetarium over 
the past 35 years, this program includes such topics as Polynesian 
voyaging, Mauna Kea observatories, tropical skies, Polynesian sky 
legends, and even Hawaii's total solar eclipse of 1991. 

Upon entering our planetarium for this program, audiences are 
given a sky Inap that has special tear-off ballots printed on the bottom of 
each map. At the end of the program audiences are asked to vote for 
their favorite topic so that we can determine what topics our visitors 
find most interesting. Visitors are also assured that the most popular 
topics will be used in the production of our first program at the new 
Bishop Museum Planetarium. 
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With 4 months of "Aloha Kilolani" behind us, we have found this 
program to be one of our most popular. We have also been pleasantly 
surprised by the high percentage of audience members that actually 
vote. Although we have not analyzed the estimated 10,000 responses 
submitted to date, it appears that about 75% of the audience members 
actually do vote, and preliminary sampling has revealed some 
interesting trends. For example, it appears that a high percentage of our 
visitors really appreciate having a live star show at the end of each 
show, as well as re-affirming our belief that Mauna Kea and Polynesian 
voyaging are popular topics in Hawai'i. 

Although we have not done a full analysis of our audience 
responses, our 'gut' feelings are that this fonn of audience participation 
has been very effective. We also feel that our experience with this 
experiment is not unique to our envirorunent and that this type of survey 
could be done by almost any school or public planetarium in the world. 

In the future Bishop Museum plans to use this technique to assess 
audiences interest in many other general astronomy with topics such as 
Black Holes, cosmic strings etc. We also plan to use this method to help 
determine what students and teachers are most interested in so that our 
school programming will continue to better meet the needs and interests 
of our students. 

Bishop Museum hopes that others in the planetarium field will 
experiment with this technique and share results with our colleagues. It 
is important to remember that we need to know what our audiences 
expect and want or they may not want to see our programs! 



IS IT TIME TO EXPAND? . HOW WE DECIDED 

Ken Miller 

Bishop Museum Planetarium, Honolulu, Hawaii, USA 

As my colleague Mr. Michaud discussed in the previous paper, Honolulu's only 
planetarium opened at Bishop Museum in 1961. We have recently gone through a process 
of studying our planetarium to see if we should renovate the current facility or start over 
again with a new one. Our conclusion to build a much larger, more sophisticated facility 
was reached by studying three factors; hardware, audience, and economics. 

Hardware History 
Our current planetarium is one of hundreds of 9 meter facilities built during the post­

Sputnik era throughout America. When built, our planetarium, like many other Spitz A3-P 
installations, had concentric seating for 100 visitors, a single slide projector, a few simple 
special effects projectors, and a monaural record player for background music. Over time, 
as audiences exposed to television became more demanding, more hardware was added to 
our dome. 

In 1987, Bishop Museum spent $100,000 to upgrade its planetarium. A Sky Skan 
automation system was connected to 23 slide projectors and dozens of special effects. 
Video projection was added, as was a modem audio system. Since presentations would 
be focused primarily in one direction, 77 unidirectional seats were installed. 

While this renovation allowed much more flexible programming, it was still limited by 
the aging star projector and the size of the dome. Our Spitz A3-P is the second ever 
produced. It has suffered many breakdowns and we have lost the use of many of its 
functions. continued servicing of this ancient piece of equipment was not a reasonable 
alternative. So, it was decided that we should replace this projector with a different one. 
But should it be in the current 9 meter dome or a larger one? 

Our Audience 
Honolulu is a remote Pacific community with a popUlation of approximately 800,000. 

Each year, it receives 6 million visitors from around the world. Our audiences come to the 
planetarium for three reasons. Since we are America's only planetarium located south of 
23 degrees, visitors come to us to learn more about tropical skies. Since Hawaii is host to 
the world's greatest telescopes atop Mauna Kea, our planetarium has become the layman's 
window on current astronomical research. And [mally, our planetarium has become 
known as a research lab for modem Polynesian navigators. Many have studied in our 
dome to develop and practice the non-instrument navigation techniques used so 
successfully on the famous Hawaiian canoe, Hokule'a. 

Each year, our planetarium serves over 100,000 visitors, making us one of the busiest 
9 meter domes in the world! To accommodate large crowds on weekends and during 
vacation periods, we have had to move to a 22 minute show format given twice each hour. 
On peak: days, the waiting period to get into a program may be 2 hours. The demand for 
planetarium programming from our audience certainly argued for a larger dome to replace 
the current one. The question was, "how big?" We guessed that we needed at least 200 
seats to accommodate our peak: visitor days. 
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Economic Issues 
As we saw the need to expand our planetarium's seating capacity, we also realized that 

the costs to operate a larger dome had to be considered in our deliberations. We will have 
to sell tickets! An early desire to build both an enlarged planetarium and a flat-screen large 
fonnat f11m theater was tempered with economic reality. It was agreed that the spectacular 
natural history fIlms shown in 011NIMAXTM and similar theaters around the world would 
increase our museum's educational and entertainment value. However, our site is not huge 
and peak periods only represent a small percentage of the full year's business. These 
factors, along with the cost difference to build it, indicated that only one theater could be 
built. So we recommended that both the planetarium projector and a 15 perforation, 70 
mm film projector share a single dome. 

While this "combo dome", with both stars and film is fairly common in Japan, it goes 
against conventional wisdom in America. In the few US planetariums which have tried the 
"combo dome," audience demand for the 15/70 film program has driven out many of the 
planetarium's hours of operation. However, Bishop Museum's history has shown that our 
audiences seem to have an unusually strong interest in tropical astronomy. Therefore we 
projected that alternating film and star shows, throughout the day, would bring in 
sufficiently different audiences to make the theater a [mancial success. To check our 
internal expense and revenue projections, we hired museum consultants White Oak 
Associates of Massachusetts, and attractions consultants Economic Consulting Services of 
California. 

Both finns told us to think of the dome as only one part of a smoothly integrated 
museum experience. They said the average American museum visitor will gladly pay 
$3.50-$4.00 for each hour of educational entertainment. As we add 1,000 square meters 
of natural history exhibits and 3,000 square meters of science garden, and expand our gift 
shop and restaurant, we add to the time a visitor will stay on our campus. Having both 
types of theater experiences to offer will also lengthen the visitor's stay. As a result, we 
will be able to increase the visitor ticket price without giving the perception that our 
museum is overpriced. 

Both of these firms independently arrived at the same two conclusions. First, the 
theater should be a 225 seat, 23 meter dome. Second, it will generate sufficient ticket 
revenues to more than support its own operations. 

What's Next? 
Finally, the decision was made to replace our 9 meter dome with a 23 meter dome, and 

to put both planetarium and lSnO film projectors in it. Media Five Ltd., a Honolulu 
architecture firm, is designing our new Science Learning Center. They are working with 
consulting architects BOA of Minnesota, experienced designers of many domed theaters 
around the world. 

Now the planetarium staffs task is to choose which exciting new technologies we will 
add to our new planetarium. We will use fiber optic and T -1 Internet links to bring real­
time and stored video images into the dome from Mauna Kea and other observatories 
around the world. We will use laser graphics to add excitement. Electronic voting stations 
at each seat will try to bring back the audience interactions we will lose by going to a larger 
dome. And we will bring 15/70 film clips into our star shows as spectacular special effects 
to enhance a beautiful, optically projected night sky. 

Currently, ground breakingis scheduled for early 1997, with opening in the spring of 
1999. We invite everyone to stop in Honolulu for your vacation and to watch our 
progress. Perhaps we can even help you make a productive side trip to Mauna Kea! If we 
can be of assistance to anyone considering expanding their planetarium, please feel free to 
contact us. We will undoubtedly uncover many mistakes in our plans, and would like to 
help you avoid them. Thank you to everyone who has given us good advise so far, and 
good luck to all of you in your expansion plans! 



STATUS OF THE NEW CHABOT OBSERVATORY AND SCIENCE 
CENTER: PREPARING FOR THE THIRD CENTURY 

Michael Reynolds, Ph.D. and Larry Toy, Ph.D. 

Chabot Observatory and Science Center 

Begun in the 19th Century, and now over 110 years old. and 80 years in its present location, 
the Chabot Observatory and Science Center (COSC) will begin the 21st century in a new location in 
the hills of Oakland, California as a state of the art public observatory, planetarium and science 
center. The observatory lies directly on a branch of the Hayward fault, an active earthquake fault. Its 
move to a safer and better location was assured when a grant for $17.5M was received from the 
United States Government. 

The centerpieces of the current observatory are two large refractors, an eight inch Alvan 
Clark donated by Mr. Anthony Chabot as part of his founding gift in 1883, and a twenty inch 
Brashear, built in 1915. They will form the center of the observatory complex at the new site on a 13 
acre parcel donated by the City of Oakland. At an elevation of 1500 feet, it is the highest point in the 
City of Oakland, in Joaquin Miller Park. In addition, a 36 inch Cassegrain, a smaller remotely 
controlled telescope, and a large number of smaller, portable instruments will complement the two 
refractors, along with a meridian transit telescope from the former site, which was at one time used to 
calibrate time in the western United States. 

In addition, cose will have a state oftlle art planetarium, with an IS·21m tilted dome, an 
optical starbaU projector, an 85 70 hemispheric motion picture projector, and a laser and/or CRT 
graphics projector. Interactive and multilingual capability is also included. The current 9m dome 
Spitz A3P is planned to be moved to create a teaching planetarium and conference room, and 
additional portable planetarium projectors are planned to supplement the current Starlab projector, 
used for outreach and integrating science curriculum in the classroom with activities at the science 
center. 

Exhibits and laboratories focused on astronomy, related physical science, and environmental 
science will use the natural park setting for both indoor and outdoor exploration of nature. Special 
facilities will include the famous Chabot Telescope Maker's Workshop, and a Challenger Center. A 
library and teacher resource center will house Chabot's historical astronomy collection and teaching 
materials. 

case intends to be a science center for the new century. To accomplish this it will be 
completely wired with fiber optics and computer connections to the area schools, the internet, and to 
other local, regional, and worldwide networks. This will allow eosc to be a "virtual" science center, 
where students, teachers, and the general public can visit eose 24 hours a day, 365 1/4 days a year, 
from anywhere in the world. Students will be able to remotely operate a telescope and observe animals 
and plants in our park surroundings from their classrooms. We intend to link ourselves with other 
similar facilities around the world to allow our students to interact with students from different lands, 
working on joint projects with our remote 'facilities. We also have embarked on a major teaching 
training and education program, providing support for teachers in science education both in summer 
institutes at the site and during the course of the school year through interactive two way audio and 
video workshops transmitted to the school site. 

The new Chabot Observatory and Science Center looks fonvard to opening its doors in early 
1999, and intends to apply to host the first IPS conference of the 21st century, in 2002. 
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NEW TECHNOLOGIES FOR PLANETARIUMS: 
MAJOR PLANETARIUM PROJECTORS .. STATE OF THE ART 1996 

Larry Toy, Ph.D. and Michael Reynolds, Ph.D. 

Chabot Observatory and Science Center 

This paper is the result of visits to all of the major planetarium manufacturers in the last three years 
and subjective evaluations of their planetarium projectors designed for large domes (over 15m). 
Instrument starfields observed included : 
Goto Helios GSS (several around Tokyo, February, 1995) 
Goto Uranus prototype (Goto Factory Test Dome, Tokyo, February 1995) 
Minolta Infinium Alpha (Minolta Factory Test Dome, Toyakawa, February, 1995) 
Minolta Infinium Beta (near Tokyo, February, 1995) 
Minolta Infinium Gamma (Otsu and Tokyo, 1993) 
Spitz Space Voyager (Charlotte Discovery Place, July 1995) 
Zeiss Universarium Mark VIII (Jena, June, 1996) 
Zeiss Starmaster partial prototype (at Santa Rosa Junior College, CA, March 1995) 
Evans and Sutherland Digistar II (London, 1996) 

General Comments: 
The "holy grail" of planetariu~s is clearly to create an illusion that the observer is looking at 

the real sky under ideal conditions. TIle major manufacturers listed above have all been much more 
successful in approaching this than 'would have been imagined one generation of instruments before 
(perhaps epitomized by the Zeiss Mark VI). There are significant differences among the projected 
skies, many having to do with assumptions about what is to be observed, where, and how. Others have 
to do with the limitations ofthe technology and size of the dome. 

There are two different definitions of viewing location. One is that as viewed from earth, 
while the other is as viewed from a point above the earth's atmosphere. For all manufacturers, this has 
led to using more than the traditional 6000 stars to reach 6th magnitude. Two have chosen about 50% 
more stars (8000-10,000) to mag 6.5, while two have chosen to have options up to about 4 times as 
many (25,000! stars), to about one magnitude fainter, above the earth's atmosphere. 

In addition, different approaches have been taken with respect to deep sky objects, with some 
manufacturers reproducing the illusion of a naked eye observation, while others have included 
binocular views (that is one can see further detail in the dome using binoculars.) 

Another important factor is the apparent depth of the star field. Ideally the projected image 
makes the dome disappear. Related to this is the geometric distortion coming from the observer not 
being located at the center of the dome. That also causes the observer to at least subconsciously be 
aware of the presence of the dome. 

In addition there is the overall brightness of the starfield. The illusion of reality within the 
time limits of a normal planetarium show (30-50 minutes) requires stars which are significantly 
brighter than the real sky, since the normal dark adaptation period of 30 minutes or more for the real 
sky would be impossible for the planetarium. Accurate color temperature is not possible if the 
projected star brightness differs from the real sky, since the eye's response curve changes with the 
intensity of image, particularly at low light levels. The reflectivity of the dome adds a further 
compromise for brightness, since many of the largest domes also share a hemispheric film system. 
There the reflectivity is around 40% or less to minimize cross bounce for the film. For a single 
purpose planetarium dome reflectivity can be closer to 50%-60%. 

The ultimate and most difficult test is that of the brightest stars. Here most often is seen the 
compromise between total flux achieved usually by increasing the disc size, and intensity, which gives 
the more accurate illusion of brightness. Thus the total integrated relative magnitude of the brightest 
stars may be correct, but because it is coming from an extended source (i.e. a disk), the illusion is of a 
fainter, disk shaped star. 

Other factors include mechanics, control systems, reliability, service. 



Comments on Specific Instruments: 
Goto ReHos GSS (Sumida, Adachi, and Tamarokuto near Tokyo, February, 1995) 
18, 23 and 27m. Colors are fairly good, cooler than real, no blues. Sirius and 0 mag fairly large. Deep 
sky objects are grid patterns through binoculars. About 25,000 stars. Great rotation pan system. Has 
third axis for real precession. 

Goto Uranus prototype (Goto Factory Test Dome, Tokyo, February 1995) 
18m. good Milky Way, excellent constellation figures. 0 and 1st magnitude stars are definite disks. 
Color temperatures for stars appear cooler than real. Less differentiation of 3rd through 6th mag. 

Minolta Infinium Alpha (Minolta Factory Test Dome, Toyakawa, March, 1995) 
Seen in 23m (40%) dome. Excellent sky, revised since Cocoa (IPS '94) installation. Good depth, much 
better than Cocoa. Excellent differentiation of brightness of fainter stars. For 1st magnitude stars from 
star plates images were fairly large. Decent size for 1st mag from projectors. Very good colors of 
projector stars (10 stars) . Sirius and Canopus were fairly large. 0 mag stars were a little large. 
Simultaneous scintillation. Superb deep sky objects. Viewable through binoculars. About 24,000 stars. 

Minolta Infinium Beta (Katsushita City near Tokyo, March, 1995) 
18m dome. (1991) Re alistic colors, 2nd mag not easily resolvable, 1st mag resolvable but not too 
large in size. Not as much depth as bigger domes. A revision has been announced for brighter and 
smaller bright stars. 

Minolta Infinium Gamma (Otsu and Tokyo, February, 1993) 
Seen in I5-17m domes. Very good sky, esp. first magnitude stars, not as much depth of fainter stars. 
Colors good, except blue stars looked too white. Around 9000 stars. 

Spitz Sl13ce Voyager (Charlotte Discovery Place, July 1993 and 1995) 
Most recent Space Voyager. 27 m dome. Extremely dark adapted when viewing sky (1/2 hour or 
more) excellent illusion of depth. Good small size of bright star images. Planet motions were not 
smooth, controls a bit awkward in manual control. On return visit, stars viewed without as much dark 
adaptation. Depth still good, but not as good as first visit. around 10,000 stars. seem to be enough. 

Zeiss Universarium Marl{ VTII (Zeiss Test Dome Jena, November, 1994, June 1996) 
24m dome. 9100 stars to 6.55 mag. Random scintillation. Almost all star images beyond resolving 
limit. Colors excellent. Deep sky objects have detail through binoculars. Excellent depth. Stars look 
like the real sky. By far the brightest star fields. Planets on zooms, can have both real sky and 
binocular appearances. Very quiet operation. 

Zeiss Stal'master partial IlrototYl1e (at Santa Rosa Junior College, CA, March, 1995) 
13m dome. Saw star field of Orion region. Appears impressive, with small star images, apparently 
beyond resolution limit, except for 0 mag and brighter which are close, but not as small as Mark VIII. 
Very bright images. Claimed usable for 60 (18m) foot or smaller dome .. 

Evans and Sutherland Digistar II (London Planetarium, June, 1996) 
18m dome. Not directly comparable with optical projectors. However, stars of second magnitude and 
fainter appeared much smaller and star like than earlier Digistar I. Brighter stars have definite discs 
and appear to lack significant differentiation in brightness. Also monochromatic images very evident 
for brightest stars. Reflectivity of dome above 50%. 

23 



24 

CONTINUOUS AUDIENCE RESPONSE MEASUREMENT: 
A TOOL FOR PROGRAM DEVELOPMENT 

Michael Lynch 

Department of Communication Sciences 
University of Connecticut 

Communication is a dynamic process. If we seek to learn how an audience reacts to a 
program, be it a television, film or planetarium program, we can choose to ask a series of questions 
about the program in a questionnaire that we administer at the end, or we can use a more 
sophisticated technique called Continuous Audience Response Measurement (CARM), also known 
as Continuous Response Measurement (CRM). 

We can use CARM to n1easure any reasonable one- or two-axis question that involves 
introspection on the part of the respondent. Such questions usually involve asking about changes in 
the mental state of the respondent, manifested as changing opinions, feelings, or evaluations. The 
choice of question is limited only by the imagination and cleverness of the researcher, but the 
nature of the question should be one where the respondent is able to make responses in "real-time". 
Thus, questions that require large amounts of thinking will not generally be appropriate for CARM. 

The earliest sorts of questions involving this technique have been of the sort, "To what 
degree do you like or dislike the program?!! As the respondent views the program, he or she 
operates a knob or slider on a hand-held instrument connected to a central data collecting computer. 
At the extreme ends of the knob or slider are the labels "strongly dislike" and "strongly like". We 
are essentially asking that the respondent express his or her affective (feeling) responses along a 
single dimension (like/dislike) about a particular object (the program being viewed). 

Continuous Response Measurement is actually an old research technique. CRM was first 
proposed by Paul Lazarsfeld in 1932 while a junior researcher at the Psychological Institute of the 
University of Vienna, and later refined by Lazarsfeld at the Bureau of Applied Social Research in 
the U.S. In 1945, Lazarsfeld and Frank Stanton, then a media researcher at the Columbia 
Broadcasting System (CBS), were awarded a patent for their "program analyzer", a system in which 
audience members signalled liking and disliking using a simple two-pushbutton device. 

CRM has been used in media research since its inception. CBS was the first to make 
extensive use of the system to test new television programs on audiences before committing to full­
time production. Its use was quickly adopted by the other broadcast networks, however, and by the 
1950s, both Hollywood and advertising had adopted the technique as welL The high cost of these 
early systems made their adoption possible only by well-financed organizations. Today, with 
computer hardware so readily available, this technique is now available to organizations for whom 
earlier systems would have been cost prohibitive. 

THEORETICAL JUSTIFICATION 

Early users of CRM operated their systems in a decidedly "non-theoretic" manner. That is, 
willIe they felt that they were obtaining valuable and accurate data about audiences, they did so 
without the benefit of a coherent psychological framework which could account for their early 
successes. This was largely due to the predominance of the behaviorist (or Skinnerian) school of 
psychology, which generally rejected psychological theories that attempted to explain behavior in 
terms of inner mental processes that could not be directly examined in a laboratory. As cognitive 
psychology began to supplant behaviorism, theories which attempted to model internal mental 
processes became more acceptable to a new generation of research psychologists. 



In 1957, a major work by Osgood, Suci, and Tannebaum (1957) provided some of the 
earliest theoretical underpinnings for a number of subsequent cognitive theories that bear on our 
topic. They introduced the notion of the semantic space and the semantic differential. Semantic 
space refers to the entire body of beliefs and attitudes which might be held in the mind about some 
topic or object (often called the attitude object). In this theoretical formulation, people are posited 
to develop complex, multi-dimensional, cognitive structures (semantic spaces) toward attitude 
objects. 

A semantic differential refers to a single dimension within a semantic space. It is generally 
represented by a pair of opposing words or phrases, which serve to anchor the extreme points of a 
continuum along some dimension. The pairing happy-sad is a semantic differential.. Thus, the 
complex attitudes and beliefs in a semantic space about some object can be decomposed into a set 
of simpler, semantic differential pairings. An example will help to make this clearer. 

We can look at an artist's painting, and in so doing, experience a complex set of reactions. 
We could, if we wished, classify the painting as happy or sad; bright or dark, well-executed or 
amateurish, light or heavy, traditional or modern, bold or mild. As we think about it, we see that 
there may be any number of dimensions along which we could regard the painting. In fact, social 
scientists have produced extensive lists of such semantic differential pairs, which have been used in 
a large body of research into attitude formation. 

Thus, in a static measure (e.g., a questionnaire administered at the end of a planetarium 
show), we might expose a respondent to a planetarium program under development, then present 
the respondent with a list of semantic differential pairs. The respondent would then mark off each 
one, perhaps on a scale of 1 to 7, and so produce a complex profile of the attitudes the respondent 
held toward the program. This technique is quite powerful, and is frequently used in such settings 
as television program concept testing, new product development, evaluation of trial advertisements, 
development of political campaigns, and the like. 

However, this ability to elicit a complex attitudinal profile is usually limited to a single, 
static evaluation made at the end of the exposure. CRM is a dynamical measure, but the tradeoff 
for its use is that we are greatly limited in the number of dimensions that we can investigate at one 
time. 

With CRM, we restrict our attention to, at most, one or two semantic dimensions (using a 
slide potentiometer or joystick, respectively). We do so largely because we know that it is very 
difficult for people to operate more than one control simultaneously under CRM conditions and still 
produce accurate responses. Our system at the University of Connecticut uses a single slide 
potentiometer in the hand-held instrument. 

This restriction is an unavoidable tradeoff: we are seeking dynamic data along one or two 

dimensions instead of obtaining complex, but static, semantic differential data for a large number of 
dimensions. There do exist special techniques for gathering dynamic data along more than one or 
two dimensions, by using multiple exposures and/or multiple samples, but space prevents their 
inclusion here. An excellent review article by Biocca, David, and West (1994) discusses several of 
these techniques, as well as many of the other aspects of CRM discussed in this paper. 

There is by now an extensive body of literature which has demonstrated the usefulness of 
the technique. There is clear evidence that the changing position of the potentiometer correlates 
well with the changing underlying cognitive states of audience members. CRM systems of various 
kinds have found wide use and acceptability in marketing, media, and social science research 
situations. 
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THE CRM SYSTEM AT THE UNIVERSITY OF CONNECTICUT 

Dr. James Watt has designed and constructed a low-cost CRM system at the University of 
Connecticut which has already been used successfully by faculty members and graduate students in 
several research projects. 

The hand-held device is equipped with a slide potentiometer and five pushbuttons (Figure 
1). The CRM system at the University of Connecticut can support up to 16 audience members if 
both the slider and the push buttons are used, or 32 audience members if only the sliders or 
pushbuttons are used, but not both. 

Data from each instrument can be sampled at any desired rate up to 30 times per second. 
Data recording is timestamped with SMPTE time code, and the entire system is SMPTE interlocked 
with the source material. At UConn, this is most often Super VHS tape or other video format, but 
the system can be readily synchronized with other SMPTE source such as automated planetarium 
systems. Data are collected into a simple "flat file" which can then be subjected to a number of 
post processing applications. Note that data files can become quite long. 

A system to generate live, on-screen summary data is under development, as are several 
post-processing analysis tools. Currently, we use software tools that we have developed as well as 
the statistics package, SPSS, to perform our analyses. 

ANALYZING THE RESEARCH DATA 

CRM readily generates large amounts of time-series data. Selecting an appropriate sample 
rate is thus very important. Too fine a sampling rate will certainly result in more data, but not 
necessarily m.ore useful information. Five samples/second is reasonable for even rapidly changing 
program material, and useful information can be obtained with sample rates of 0.5 to 1.0 samples 
per second. 

Good insight into the audience responses can often be obtained simply by examining the 
resulting graphs (Figure 3). Usually, we are more interested in the mean value of all respondents at 
each point in tin1e than in any individual response. To avoid clutter, the individual responses are 
not shown. For this discussion, Figures 3, 4, and 5 present a contrived example designed to 
illustrate the analysis techniques. 

Many n10re elaborate techniques are available to use, including sophisticated techniques as 
ARIMA (AutoRegressive Integrated Moving Average) (Box and Jenkins, 1976) and Fourier 
Analysis (Watt and Meadowcroft, 1990). There is space to discuss two others. 
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Figure 4 shows both a mean (thick line) and standard deviation (dotted thick line) plot of the 
audience responses. What does a plot of standard deviation tell us? Since it is a measure of 
variance, higher SD areas indicate those points in the program where audience response is more 
polarized. This has been often observed to be the case with more controversial program material 
about which the audience have strong differences of opinion; for example, in a program about 
creationism and evolution presented to some U.S. audiences. In the example, SD seems to be 
lowest about one-third of the way through the program, and would have been lower still if not for 
those few respondents who liked the program during that period. The combined graph is telling us 
that during this period of the program, the audience are in nearly complete agreen1ent that they 
dislike the program. 

We can also perform an analyses of group differences. ASSUITle that, in our example, the 
audience was divided into two groups based on age. Figure 5 shows two mean values obtained for 
the two groups of eight respondents each. If the solid line represents young people and the dotted 
line represents older people, we would be justified in concluding that older people generally 
enjoyed the program less than young people, and that during the beginning and middle portions, 



especially, the older people were far less likely to enjoy the program than young people. We do not 
yet know the reasons for the difference: perhaps the middle portion of the program was too loud or 
flashy. If we suspect that some factor in the program is causing this result, we may want to run 
another sample, this time directly asking the "degree to which the program is too loud and flashy." 
It is often a good idea to ask the audience exactly what they liked or disliked about the program 
afterwards in addition to using the CRM, whenever it is important to probe exact reasons for 

particular responses. 

USING CARM IN THE PLANETARIUM 

Why might we want to use CARM during planetarium program development? First, let me hasten 
to reassure program developers that CARM is not a substitute for creative thinking or creative 
development of the program. Some of the reasons for use are: 

• When it is clear that audiences are not enjoying the program overall. 
It When the cost of the production is high. 
• When there is a need to ~'calibrate" content for particular age groups or 
educational levels. 
It When the program content is controversial 

We may begin our research with like/dislike, but we could also ask questions such as "Is the 
material too simple or too complex?" or "Is the material boring or interesting?" We are limited 
only by our imagination. 

To preserve the validity of the results, it is vital that the research be conducted under 
conditions as close as possible to the final program environment. 

Finally, I will close with several observations about the use and abuse ofCARM. First, as 
mentioned earlier, it is important to recognize that CARM is not a substitute for creative thinking, 
writing, or program development. CARM is a tool that can be used diagnostically, but it does not 
replace the creative process. 

Second, CARlVI results should not be allowed to undermine other production goals. For 
example, students may well score educational content as "too difficult", but it would be 
inappropriate to use their responses as a justification for "dumbing down" the resulting program. 

Nevertheless, when used prudently, Continuous Audience Response Measurement has the 
potential to be an invaluable aid in the creation of planetarium material. 
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Figure 1: Arrangement of Hand Held Device 
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THE NEW CHILDREN' S SHOW AT THE AMSTERDAM PLANETARIUM 

by Peter Smolders 
Head Artis Planetarium, Amsterdam, The Netherlands 

This year the Artis Planetarium in Amsterdam (The Netherlands) 
introduced a new exiting show for children, entitled "Suske en 
Wiske en de Verdwenen Sterren." (Suske and Wiske and the 
Vanished Stars). The show was introduced after four years of 
"Sesame Street and Milky Way", which was also very succesful .. 

The new show is based on Belgian strip characters Suske and 
Wiske (a boy and a girl), well known throughout Europe and the 
world (even published in Japan) under different nameso 
The soundtrack was made, uSing the voices of Belgian actors 
(in the north of Belgium the language is Dutch), who starred 
earlier in a succesful musical "Suske and Wiske" .. Songs from 
this musical were used, with a new text, especially written for 
the show. New strip drawings were made in Belgium in black and 
white and coloured by computer at the Artis PlanetariumG They 
were printed and subsequently slides were made by Planetarium 
photographer Andre Bontenbal. Sometimes drawings even 
completely cover the Planetarium dome, using the Digidome 
software, developed by the Artis Planetarium. Additional video 
is used .. 
The main theme of the show is light pollutiona Suske and Wiske 
and the other heroes of the show receive a letter from the 
planet Lumen, attached to a falling meteorite. The emperor of 
Lumen asks for help: in old books they have discovered that the 
planet in the distant past had an impressive starry sky, but 
now no stars can be seen anymore. Our heroes travel to the 
distant planet, somewhere in the Milky Way and discover why the 
stars have disappeared: the whole planet shines with artificial 
lights during the night. So they pull the main plug of the 
planet and the stars appear again. 
Returning to the Earth they already see from a distance that a 
lot of big cities are extremely lit on the night side of the 
planet. The message is clear: we sould do everything to prevent 
our stars to disappear also. Light pollution is a serious 
problem for anyone interested in looking at the heavens~ 
At the very end of the show one of our heroes jokingly throws 
the main switch of the planetarium and everything becomes dark. 
The new planetarium show for children is a huge succes. On 
sundays and holidays extra shows have to be organised to 
accomodate the public -mainly parents and small children. 
So the message is clear: chasing well known children's heroes 
can be very effective and profitable for planetariums around 
the world. 
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Background 

Il\tIll\IfANG ALISO· YESmHAKABHAKA 
A PLANETARIUM SHOW IN XHOSA 

TIIEO FERREIRA 

SOUTH AFRICAN MUSEUM 

The Planetarium is a division of the South African Museum situated in 
Cape Town. The facility opened in October 1987 and consists of a Minolta MS15 
star projector operating under a 15 meter dome. The star projector is 
complemented by an Electrosonic automation system controlling slide projectors, 
video tape players, laser disc players and a limited number of special effect 
projectors. The facility seats an audience of 124, presenting both school and public 
shows. OUf average attendance is approximately 90 000 representing an equal 
number of public and school visitors. 

Introduction 
"Imimangaliso Yesibhakabhaka" or "Wonders of the Sky" is a unique 

Xhosa language Planetarium presentation. Why the need for a Xhosa Planetarium 
show? South Africa is a multilingual country where the different language groups 
are, to a large extent, geographically divided (with the exception of the larger 
industrial centres). Prior to South Africals Government of National Unity, elected 
in 1994, there were only 2 official languages, namely English and Afrikaans (a 
Dutch derivative). South Africa now boasts 11 official languages amongst which 
we find, Xhosa, Zulu, North Sotho or Pedi, South Sotho and Venda, to mention a 
few. Although running to capacity audiences it soon became apparent that we were 
not serving a large part of the greater Western Cape population, the Xhosa speakers. 
In practice, the South African Museum has always had an open door policy, 
however very few Xhosa speaking South Africans were visiting our facility. Indeed 
very few were even aware of the existence of the Planetarium, which was perhaps 
perceived by many as an elitist institution. 

Motivation 
In 1992 the planning process was initiated to produce a Planetarium show in 

Xhosa aimed principally at the primary school population. This process was started 
before the South African Government initiated their R D P program (Reconstruction 
and Development Program). At this time there were also 17 different education 
departments throughout the country many operating on very limited budgets. (Now 
there are only 9, one for each province with a central controlling body). By 
producing a show which would introduce basic astronomy to young people from 
disadvantage communities and by extension, basic science, we would to some extent 
be able to address the inadequacies of the school education system. Furthermore, 
no astronomy is included in the curricula of South African schools, besides very 
basic concepts in the geography syllabi. 
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The importance of introducing pupils to basic science and mathematics can 
best be illustrated by the statistics below:-

Final Year High School Examination Results - Science 1993 

Total # Candidates # Writing Science # Passing Science 
470948 95 174 (20%) 66 524 (14%) 

Final Year High School Examination Results - Maths 1993 

Total # Candidates # Writing Maths # Passing Maths 
470948 157701 (34%) 80050 (17%) 

Content 
The big question was which information to include in the show, bearing in 

mind that in the sixth school year (age 11 to 12 years) the medium of instruction 
changes from Xhosa to English? In the end, we included nearly all the basic 
concepts from the solar system to galaxies; in retrospect, far too much information. 
The show was scripted in English by one of our school teachers, who used 
references from everyday life to make it easier for the audiences to identify with 
new and sometimes difficult concepts. The earth, for example, was compared to a 
soccer ball, making it easy to visualise it being round. Some African folklore was 
included to make it more entertaining. 

Production 
The script was translated into Xhosa by a student, Terry Ngantweni, from 

the Astronomy Department at the University of Cape Town. This might have 
appeared to be relatively simple task, but to find words for some of the astronomical 
terms was not always easy or in some cases not possible. Once completed, the 
script was checked by a Xhosa speaking member of our education staff. The voice­
over was done by Terry from the University, who, for a first timer, excelled. We 
soon discovered that African languages are more descriptive and the pace of 
delivery is a much more relaxed and slower, requiring us to add more visual 
material! Originally we had wanted to use traditional music, but African music has 
lots of rhythm and beat and eventually we ended up using mostly "space" themes. 
Artwork was produced in house, photographed by our resident photographer and the 
show was ready to be packed and pulsed. 

To enable pulsing the show, an English voice-over was synchronised to the 
Xhosa voice-over on a spare channel on the tape deck (8 track Fostex). In addition 
this solved the problem for non-Xhosa speaking operators. The operator has a set 
of headphones and can listen to the English soundtrack, thereby synchronising the 
projector movements, etc. to the original Xhosa soundtrack. A cue sheet with the 
relevant instructions giving clock times (from the tape and read from the computer 
monitor) further assists the operator. 

With a total operating budget of only R65 000 ($16 000) per year, public 
presentations taking precedence and school shows not being subject to any major 
deadlines, the production time was rather slow and the show was completed in 
1995. 



Marketing 
To facilitate the marketing of the presentation an outreach officer, Esme Matshikiza 
was employed to make contact with the relevant schools, community organisations 
and other interested parties. Part of Esme's duties include processing the bookings, 
liaison with the schools and meeting the groups on arrival. This prevents any 
misunderstandings caused by language barriers. Although there is a small entrance 
fee for school children, no groups are excluded from attending our facility, due to 
financial constraints. 

The show officially opened in September 1995 to an invited audience, 
amongst whom were, two school groups, representatives of various educational 
bodies and our Minister of Arts, Culture, Science and Technology Dr Ben 
Ngubane. Local newspapers provided press coverage, the event was publicised on 
national radio and favourable comments were made by the Minister to Parliament. 

CONCLUSION 
"Immimangaliso Y esibhakabhaka" has been well received by audiences and other 
interested parties. After nine months the show has been seen by 2800 pupils and 
teachers from local teachers training colleges. This might not be perceived as a 
huge audience, but considered as a growth from virtually zero we are extremely 
proud of our achievements. This is the only Xhosa language planetarium show but, 
whether this is the first African language planetarium presentation, I am not sure. 
We are, after all communicators, and I trust we are succeeding in our goal. I am 
confident, however that our efforts have definitely contributed to multicultural 
communication in the "new" South Africa. 
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COMET RENDEZVOUS AT THE HAYDEN PLANETARIUM 

MITE C. GALLAGHER 

American Museum - Hayden Planetarium 
New York, NY USA 

The Hayden Planetarium wanted to enhance people's knowledge of comets with the 
arrival of Comet Hyakutake in March of 1996 and Comet Hale-Bopp due in the spring of 1997. 
The staff thought an exhibit on comets would be appropriate. 

Brian Sullivan, the Hayden's Production Designer, and I wrote a 9-minute slide show for 
one of our theaters. The show introduces the audience to comets, what they are and where they 
come from, and recalls . incidents involving comets hitting planets, like Tunguska in 1908, and 
Comet Shoemaker-Levy 9 at Jupiter in 1994. 

Dennis Davidson, our Astronomical Artist, painted a mural of a comet, and had large 
transparencies made of eo met Hale-Bopp, Comet Halley, and the Giotto spacecraft's image of 
Comet Halley's nucleus. 

Matthew Dougherty, Planetarium Intern, and I become "Celestial Chefs" every afternoon 
and concoct a comet nucleus out of household materials: good old New York City water, dirt 
from outside the Planetarium, ammonia, dark com syrup, and dry ice. Dry ice is the only supply I 
couldn't find at the grocery store. It can be found at any ice house, just look one up in the yellow 
pages. The first two days we did the demonstration, I went downtown to pickup the dry ice. 
That got tiring. Luckily, the ice store I work with has a delivery service. I have a standing order 
to have ten pounds of dry ice delivered every other morning. We keep it in a small cooler and it 
lasts exactly two days. 

Matthew Dougherty also put together a display, based on preliminary research done by 
Francine Jackson, one of our Planetarium Lecturers, showing comets in history that were 
represented in a variety of artwork pieces. Comet Halley, for instance, was represented in the 
Bayeux Tapestry conunemorating the Battle of Hastings in 1066, and Giotto di Bondone painted 
Comet Halley as the Star of Bethlehem in his 1303 fresco Adoration ajthe Magi. 

And the centerpiece of the exhibit area is a 6-foot long comet nucleus model constructed 
by Brian Sullivan. The nucleus is constructed of a wood frame surrounded by wire mesh. This is 
coated with flannel sheets dipped in white glue. A thick paper mache is then added on top to 
fonn a rough surface. We toyed with the idea of putting dry ice inside the model each day to 
accurately represent the gasses sublimating off, but we figured that would result in too much 
touching and fussing with the nucleus. Instead, a fog machine was purchased and installed 
underneath the model. A metal pipe runs from the machine into the model. The smoke puffs out 
of the machine into the belly of the nucleus model, then escapes through hundreds of tiny holes 
poked into the surface, thus representing outgassing. 



Information alongside the model tells the visitor that if a real comet nucleus were scaled 
down to the size of our model, the coma would be about 12 miles across, the size of Manhattan. 
The tail would stretch from New York, past Los Angeles, past Hawaii, all the way to the west 
coast of Australia. 

Dr. Neil DeGrasse Tyson, Director of the Hayden Planetarium, and Dennis Davidson 
plotted Comet Hyakutake's path across the sky. Maps were prepared and made available to the 
public and media. 

So far, response to the exhibit is very positive. The maps made answering the thousands 
of questions we got during March much easier. Instead of saying, "look north on the 24th," we'd 
just say, "we have a map of the path that we can mail or fax to you." Visitors enjoy the live 
comet demonstrations we do each day, especially when we invite a child up to stir the concoction. 
And informational signs around the exhibit area answers commonly asked questions like "what is 
a comet?" and "where do they come from?" 

We have filled a void in our exhibit space -- an empty area is now an active area, and a 
topic not discussed anywhere in our halls is now explained thoroughly. 
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LET THE AUDIENCE DO THE SHOW 

Alan Gould 

Holt Planetarium, Lawrence Hall of Science 
University of California at Berkeley, USA 

At Lawrence Hall of Science at the University of California at Berkeley, we 
develop planetarium shows that are not hi-tech, but are state-of-the-art in audience 
participation. 

Fig. 1 Lawrence Hall of Science [slide] 

Eight of our planetarium shows are published in a series known as Planetarium 
Activitiesfor Student Success (PASS) which may be available soon in Japanese 
translation. 

To see how planetarium audience participation works, here are activities from our 
most recent show, Mysteries of Missing Matter-not part of the PASS series. 

''''"of M1aJng Matt" 
Fig. 2 Mysteries of Missing Matter [Slide] 

The show is about the search for dark matter, but we start with some classic 
mysteries involving unseen things in the sky that affect visible things. 

[I hold a white stick and white board v~rtically about a meter apart.] 

For example, there is a "magical" invisible force that can make these two objects fly 
towards each other and stick together. Do you want to see it work? 

[I do the "gravity magic trick"-turn the board and stick 
so that the stick will drop onto the board.] 



Gravity does seem sort of magical. To show how gravity affects planet movement, 
we take advantage of our circular seating arrangement and have volunteers from the 
audience model planet movements around the "SunH in the center of the planetarium. 

The volunteer playing "Venus" takes large steps. the one playing "Jupiter," medium 
steps, and the one playing Uranus, "baby" steps. 

William Herschel's discovery of Uranus in 1781 revealed previously invisible 
matter in the solar system. [Slide: Uranus] 

, Year 1 

IIII1IIIII1I1111111111111111111 

o 5 10 15 20 25 30 

Fig. 3 Diagram of Uranus and measurement scale, 
superimposed on starfield. [Slide] 

Pretend you are looking at Uranus through a large telescope. Let's watch its slow 
movement in the sky. The scale will allow us to measure how far Uranus moves each 
year. 

At this point, we hand out data sheets for visitors to mark Uranus' position, but in 
the interest of time, you may use whatever paper you have, orjust follow along without 
paper. 

Notice that Uranus is next to the "0" mark on the scale. 

Let's observe Uranus for a few years. [At each position I ask, "How far did Uranus 
move this year?" and have visitors record that number.] 

Year 2 Vear3 

11111111111111 III I I I 11111111 II I III "1" "111 "11 I I I II I I I III I I I 
o 5 10 15 20 25 30 o 5 10 15 20 25 30 

Fig. 4 Year 2 [Slide] Fig. 5 Year 3 [Slide] 

, Year 4 

II I I I III II II 1 I III I I I 1"1 I II II I I 
o 5 10 15 20 25 30 Fig. 6 Year 4 [Slide] 

Can you predict how much it will move in the next year? 
[Audience answer: it moves 3 degrees each year. Very regular.] 

Let's see if you were right. 

, Year 5 

II I I 11111 II I I I III II I 1"1 III II I I 
o 5 10 15 20 25 30 Fig. 7 Year 5 [Slide] 

"How far did Uranus move this year?" [Audience: 4 degrees!] 
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Let's check that by observing another year. 

, Year (; 

I" II I' II I II I I I I" II I"" II II I I 
o 5 10 15 20 25 30 Fig. 8 Year 6 

What is happening to Uranus' speed? [Audience answer: It is increasing!] 

Let's observe for a few more years. [At each position I ask, "How far did Uranus 
move this year?" 

Year 7 * Year 8 , 

I" "I' I I I II II I I" II I" II II I II I I' '''II I I 'I' I , I I" II 1"11111111 
o 5 10 15 20 25 30 o 5 10 15 20 25 30 

Fig. 9 Year 7 Fig. 10 Year 8 

Year 9 

1111111 I IIIIIIII11 i'I"11111111 

o 5 10 15 20 25 30 Fig. 11 Year 9 

What's happening to its motion? [1 will wait for audience answer: It slowed down 
and then returned to a constant speed.] 

Observers in the early 1840's noticed that Uranus was very slightly off (1.5 minutes 
of arc away) from where it should be, according to Newton's law of gravity. 

What do you think might have caused Uranus's motion to deviate from what we 
expected? [1 will wait for audience answer: there could be beyond Uranus yet another 
planet, whose gravity affects Uranus.] 

Astronomers computed where they thought a new planet should be in order for its 
gravity to explain Uranus's unexpected motion. This quickly led to the discovery of 
Neptune. 

Fig. 12 Neptune [Slide] 

In yet another example of how unseen matter can affect visible objects, we 
demonstrate a binary star system in which one of the stars is "dark," and causes the 
visible star to follow a wobbly path. 



Fig. 13 Galaxy-MI04 [Slide] 

Finall y, we address the current mysteries of the motions of galaxies. We again take 
advantage of our circular seating arrangement, to have the audience model the way stars 
in the galaxy revolve around the center of the galaxy. 

At first we have the "stars" behave like the planets of a giant solar system. Rows of 
people closer to the center of the planetarium walk around taking large steps, while rows 
farther out, representing the outermost stars in the galaxy, take baby steps. 

But this model is wrong!! In real galaxies, the outer stars move faster than 
expected. 

To illustrate, we repeat the model with the inner stars take baby steps while the 
outer stars take large steps. 

Even this model is flawed, because in real galaxies all the stars are moving at about 
the same SPEED, but we use the model to convey the real mystery: From Newton's 
Universal Law of Gravity, we expect the stars closer to the center of the galaxy to be 
moving faster, but in real galaxies, they do not! 

A solution to the mystery is that the galaxies behave perfectly in accord with 
Newton's Law of Gravity-IF there were 10 times more material than we can see. 

Development of this show was funded by the Center for Particle Astrophysics, at 
the University of California in Berkeley, where people are trying to solve the mystery of 
what the dark matter is. 

[Slide: CPA people looking for dark matter.] 

Here some researchers at the Center for Particle Astrophysics looking for dark 
matter on the ground outside their lab. 

I hope that this talk gives you a sense of how we do audience participation shows in 
our planetarium at Lawrence Hall of Science of the University of California at Berkeley. 

Thank you for your kind attention. 
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NEW SHOW PRODUCfIONS FROM BUHL PLANETARIUM 

Martin Ratcliffe(l) and Terence Murtagh (2) 

1. Henry Buhl, Jr. Planetarium, Carnegie Science Center, Pittsburgh, PA, U.S.A. 
2. York Films, Oasis TV. 6-7 Great Pulteney St. London. W1R 3DF 

Following the success of our show titles "Cosmic Perceptions" and "Through the Eyes 
of Hubble" that have sold around the world, the Buhl Planetarium have produced a new 
brochure outlining its full range of high quality show productions that are available, 
with new ones made in conjunction with York Films of England. 

We present some new computer graphics comprising scenes from planetarium shows 
now in production which will be released through the Henry Buhl, Jr. Planetarium as 
finished productions. In addition, some animations will be available through Sky-Skan 
Inc of Nashua, New Hampshire, U.S.A. 

The graphics have been produced on various computer platforms but represent the state 
of the art in rendering material for planetariums. Although expensive to produce with 
such high production values, they can be afforded by even small planetaria. 

Excerpts shown during this paper include scenes from the forthcoming 
starshow"Comets-From Ice to Fire" and features computer modelling of Comet 
Hyakutake, Halley's Comet nucleus, various spacecraft and scenes of planetary 
fornation in the early solar system. 

For a new show projected for completion in 1997, new computer graphic renderings of 
the giant planet Jupiter and its moons are shown in preparati9n for a Giant Planets show 
detailing the dramatic results now coming from the NASA Galileo mission to Jupiter, 
and the forthcoming Cassini mission to Saturn and Titan. 

In addition some newer renders of views from future productions featuring scenes of 
Saturn's rings from its cloud tops and Neptune from within its rings are presented. 

The future trends in the use of computer modelling will be featured as will be the 
various media most suited to planetarium star show production. 

Terence Murtagh, Producer York Films, Oasis TV. 6-7 Great Pulteney St. 
London. WIR 3DF Phone ++44171434 4133 fax 1712942843 Direct++ 44 171 
7347435, E-mail tmurtagh@dircon.co.uk 

Martin Ratcliffe, Head, Henry Buhl, Jr. Planetarium & Observatory, Carnegie Science 
Center, 1 Allegheny Ave, Pittsburgh, PA, U.S.A., Tel +1 412237 3399; FAX +1 412 
2373395; E-mail ratcliffem@clpgh.org 
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Survey on Japan's Software Companies Producing Planetarium Programs 

Natsuko Ono (Itabashi Science and Education Center) JAPAN 

(e-mail:MHG03265@niftyserve.or.jp) 

r will introduce the results of the survey on Japan's software companies 

producing planetarium programs in Japan, with reference to their names, 

addresses, programs, and materials. 
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BLIND FAITH IN ASTRONOMY AND THE PLANETARIUM 

Dr. George Reed 

Spitz,Inc. 
West Chester University, United States 

We must be careful that the myths we present in our planetariums only extend to the stars 
and not to the history of astronomy, otherwise we will give a false impression of how science 
operates. As an example, the famous Galileo episode is often cited as an illustration of religious 
faith in conflict with the methods of science. In truth, the Galileo episode was a basic struggle 
over authority. Galileo's problems with the church had to do with the resolution of on whose 
authority or word the decision on the construction of the universe was to be made. It had little to 
do with religion and science per se except as to which system of inquiry was to decide the 
"official" accepted version of the universe. 

Both sides in this historic 1633 conflict 
between the Catholic Church and Galileo held 
positions based on "blind faith." Neither side 
had conclusive proof that the construction of 
the universe they championed was superior to 
the other. "Eppur si muove" - "And yet it moves," 
was spoken by posterity, not by Galileo. This 
apocryphal statement of defiance attributed to 
Galileo has meaning today only because history 
proved that Galileo had the unmitigated gall to 
be proven correct. 

In 1633, Galileo had absolutely no proof 
that the earth rotated and revolved. And this was 
the source of his difficulties with the church. 
Galileo believed the earth rotated and revolved on 
"blind faith", and the astronomers who followed 
Galileo continued to follow his blind faith belief in 
the earth's rotation and revolution. It was long 
after the Galileo episode before the motions of the 
earth were demonstrated to be true. 

"IN MAnERS OF SCIENCE, 
THE AUTHORITY OF 1 DOD 

ISN'T WORTH THE 
HUMBLE REASONING 

OF A SINGLE INDIVIDUAL'" 

) INTERESTING! 
o 

James Bradley in 1725 began a search for the evasive stellar parallax to be found in the 
stars if the earth--truly-- revolved around the sun. Using a chimney telescope to observe the 
zenith passage of the star Gamma Draconis, Bradley did indeed discover an apparent motion of 
the star. But it wasn't the motion expected. The motion appeared 3 months earlier and later than 
expected due to parallax. 
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Bradley had accidentally discovered the 
aberration of light, the apparent displacement 

of a star's position due to the effects of the finite 
velocity of light combined with the orbital 
velocity of the earth. Bradley had discovered the 
first proof that the earth was in orbit around the 
sun, but it had taken just under a century after 
Galilee's trial. 
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The first measured parallax of a star was accomplished by Thomas Henderson observing 
Alpha Centauri at the Cape of Good Hope in 1833, but not announced until 1839. This was two 
centuries after Galileo and two millennia after Aristarchus' heliocentric proposal predicted a 
parallax if the earth revolved around the sun. 

Jean Foucault in 1851 suspended a 200-foot pendulum with a one-foot diameter bronze 
sphere weighing 56 pounds from the domed ceiling of the Pantheon in Paris. The pendulum was 
set in motion so that a stylus attached to the sphere cut a notch in a 12-foot circular ring of sand 
on a table beneath the swinging pendulum. After a few swings of the pendulum, and with only the 
downward force of gravity acting on the pendulum, it became evident that the plane of the 
oscillation of the pendulum was slowly moving clockwise. Foucault offered the demonstration as 
a physical proof of the earth's rotation. The earth was rotating under the pendulum. The 
pendulum made the earth's rotation visible. 

Blind faith still plays a role in astronomy today. We still accept theoretical constructs as 
"blind faith" models of reality before conclusive proof has appeared. Black holes and the Big Bang 
creation of the universe come to mind. Like Galileo, sometimes blind faith is rewarded, but this is 
a part of science that isn't always presented. It's irnportant to recognize "blind faith" situations 
because it's a lesson that can extend into other areas. Even the business of planetariums. How 
much of what we do in the planetarium is due to "blind faith?" How wen do we satisfy our 
audience's expectations? What are their expectations? Do we have proven answers or do we have 
blind faith answers? 



TILT , , • • 

David Linton, Professor of Astronomy 

Parkland Community College, Champaign, IL 61821 USA 
(dlinton@parkl'and.cc.iI.us) 

MY MOTIVATION 
At the Symposium on the Teaching of Astronomy at the University of Maryland in June of 1995, 

discussions I was.involved in regarding teaching the seasons caused me to mull over a teaching 
method I have utilized off-and-on during my teaching career. The following is a summary of that 
methcx:l and,the demonstration which has been developed with the very generous help of the Evans 
and Sutherland Corporation. Most noteworthy is the work done by Neal Mayer, Lead Engineer of 
Digistar for E&S. Field-testing was done at Taylor Planetarium in Bozeman, Montana. 

It is important to point out that this demonstration cannot be done on a traditional planetarium, 
since it involves the total relocation of the ecliptic. The demonstration may be seen (on a flat screen 
monitor) at the Evans and Sutherland booth in the vendors' area during this conference. 
INTRODUCTION 

My education, before and during the time I migrated to Astronomy, was heavily influenced by the 
instruction I received in Physics and Math. In these disciplines, in order to most fully aid students in 
developing a deep understanding of basic principles, students are asked to apply their understanding 
to many different physical situations. The act of applying one's knowledge, I believe, plays a very 
important role in the educational process. 

As I began to teach a quarter-century ago, I sought ways for my Astronomy students to apply the 
new knowledge they were gainiIl:g. As I did so, I came up with one application that has worked very 
well in improving my students' undetstanding of earth's seasons. One caveat: this application must 
be preceded by a thorough teaching of earth's seasons and a careful introduction of the exercise itself. 
It is also helpful for the students to prepare for this exercise by using a globe and a light bulb to 
describe the seasons of the earth. 
THE APPLICATION 

Ask a group of studentS to use the same light bulb and globe as before, this time to describe the 
seasons of the earth if the earth's axis were . tilted by 90° rather than 23 . .5°. Tell them that 
this means that the earth's axis will lie in the plane of the earth's orbit as earth revolves around the 
sun. Do not show them the earth's movement, but rather ask them to translate your words into a 
modeling of the earth's movement. Be willing to provide occasional guidance, as there are several 
ways for the students to go wrong. 

Figure 1: The Earth with a 90° Axial Tilt 
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The most common mistake is for the students to change the orientation of the axis as the earth goes 
around the sun, oftentimes keeping the earth's axis pointed directly at the sun. My preference is to 

allow the students in the group a chance to self-correct their errors, but I am ready with the 
appropriate question at the right moment: "Is this," I ask, "a correct extrapolation from the real 

world?" I have them reexamine the real earth, its tilt, and its orbit. They begin to see that a new north 
star will be needed, and that the earth will have one polar cap forming while the other one melts. 
Some students develop the concept of East and West poles. We discuss the meaning of an axis of 

rotation, and of a the poles as being the ends of that axis, and they discard the concept of E/W poles. 
In short, the students directly (with occasional help from their teacher) confront their 

misunderstandings, which I am able to easily diagnose by watching, by listening, and by 
occasionally asking questions. By applying their understanding, they have improved that 
understanding. 
A LAB EXTENSION 

It is possible to carry the exercise further. Once the students have a clear view of how the earth 
and its axis are oriented relative to the sun, I ask them to determine what the seasons on this altered 
earth would be like as seen from the north pole, the south pole, the equator. and Champaign. I give 
them a table to fill out, with the following information to be determined for each location: sun's 
altitude at noon, number of daylight hours, and their prediction of what the average temperature will 
be-each of these evaluated on the first day of each season. 

(Figure 2) Tilt Table: Seasons on an Altered Earth 

Fill in the blanks as indicated for the earth-with-a-90° tilt. Orbital position numbered It lit has the sun 
overhead the North Pole. Other positions are reached in numerical order after position 1. 

*Number of Daylight I Average Temp 
First Day of Maximum Hours (If sun is (Examples: Very hot, 

Orbital Location on Which Altitude of the always below the hot, moderate, cold, 
Position Earth Season? Sun horizon, use "ABH".) very cold.) 

1 North Pole 90° (given) 

1 40° N latitude I 

1 Equator XXXXX 

1 South Pole 

2 North Pole 

2 401' N latitude 

2 Equator XXXXX 

2 South Pole 
.................... N ote: Table repeats through orbital positions 3 & 4. 

CHANGING THE SEASONS IN THE PLANETARIUM 
I would love to reward a group which has successfully solved the 90° tilt puzzle with a visit to a 

planetarium, showing what these [altered] seasons would actually look like. This view from earth's 
surface would supplement the view of these seasons from space that was provided in the earth globe 
& light bulb model. This two-view approach is often what we employ in teaching the real seasons. 

Recognizing that a change in axial tilt would be manifested in the planetarium by a change in the 
location of either the celestial equator (and poles) or the ecliptic, I quickly reached two conclusions: 

1. The only planetarium which could allow the inclination of the ecliptic to be changed: Digistar. 
2. A collision involving the early earth could conceivably have altered the direction of the earth~s 

axis. but not the orientation of earth's orbital plane. It is less confusing, however, to change 
the location of the ecliptic than to change the locations of the celestial equator and poles. 

After confening with me over the phone, Digistar Lead Engineer Neal Mayer volunteered to 
tackle the "interesting'~ problem of creating a new location for the ecliptic. I scripted the show, and we 
conferred bye-mail on his successes and difficulties. We thus revised and expanded the show until 
we arrived at the sky demonstration that you may see in the Evans and Sutherland booth. 



TILT!! THE DIGISTAR DEMO 
In order to finish in a timely manner, this demo has what may seem to be an overly rapid diurnal 

motion. You may wish to view it more than once to fully understand it. 
We shall begin on the earth you are familiar with, at 40° North latitude, the latitude of Champaign, 

Illinois (also northern Honshu and southern Italy). We shall commence at sunrise on the first day of 
Spring. 

Date [Date on Alt Earth] 

Mar 21 '(Mar 21] 

lun 21 [Apr 14] 

[May 1] 

[May 11] 

[June 1] 

[June 20] 

[July 31] 

[Aug 10] 

lun 21 [Aug 27] 

Sep20 [Sep 20] 

Dec 22 [Oct 14J 

[Oct 31] 

Comments 

First Day of Spring in the Northern Hemisphere 
The sun rises due E, sets due W, reaches 50° at its highest. 

The furthest north the sun gets for the real earth, 
23.5° north of the celestial equator; 15 hrs of daylight 

Sun reaches zenith; 18 hrs of daylight 
Altitude Range: -10° to +90° 

Sun becomes circumpolar; 24 hrs of daylight 
Altitude Range: 0° to8Cr 

Sun has halved its distance from the NCP. 
Altitude Range: 20° to 60°; 24 hrs of daylight 

Sun becomes motionless at the NCP 
Constant Altitude: 40°; 24 hrs of daylight 

Sun touches the horizon for the first time in 80 days. 
24 hrsof daylight 

Sun again reaches zenith, after an absence of more than 
100 days from the southern half of our sky. 
Altitude Range: -100 to +90°; 18 hrs of daylight 

Sun returns to its normal path at the summer solstice. 
4 112 mo. have passed with the sun north of its range in the 
skies of the real earth; 15 hrs. of daylight 

The autumnal equinox. The sun rises due E, sets due W, 
reaches 50° at its highest; 12 hours of daylight 

The nonnal winter solstice declination is reached only 24 days 
after the first day of Fall; 9 hours of daylight. 

Sun reaches only 10° altitude at noon; 6 hrs of daylight. 
Altitude range: _900 to +100 

[Nov 9J Sun touches the horizon at noon; Zero hrs of daylight. 
Altitude range: _80° to 00 

From this point on, the sun will not be seen until the end of January, although there will be some 
twilight observed around midday for about the next two weeks. Star watchers will get little sleep for 
the next two months. 

To survive this dark and cold time, non-astronomers on such a world might remain indoors, or 
perhaps they would migrate. Let's imagine they were to migrate to the equator. 

{Move south, until latitude = 0°} 
Two other diurnal paths for the sun appear as we travel south, one for [Dec 1], with the sun 200 

from the SCP, and one for [Dec 21], with the sun at the SCP all day long. 
Here at the equator, the sun is seen year-round, with each day having 12 hrs of daylight. 
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SUMMARY 
When comparing this situation to the real earth, it should be remembered that the altered earth 

would receive exactly as much energy as does the real earth. The difference lies in how that energy 
would be distributed over the surface of the planet. A much greater percentage of the energy would be 
delivered to higher latitudes, and consequently the equator would on the average be much cooler. 
Away from the equator, the seasons would offer extremes best characterized as brutal. 

One difference in the nighttime sky is that there would be no seasonal march of the 
constellations- the sun has no eastward movement, only north or south. For six months, the set of 
constellations appearing on the celestial meridian at midnight would be exactly the same. Then, after 
the sun reaches the (northern) summer solstice (the NCP), the set of constellations on the celestial 
meridian at midnight would be those halfway around the celestial sphere. 

As the sun's declination varies during the year, the rising and setting times of the sun would 
change as well ...... except at the equator. At the equator, there would be a six -month constancy of 
constellations not only at midnight, but at every hour of the night. 

This altered earth of course reminds us of the planet Uranus, but the difference is considerable in 
one important way. The distance from the sun to Uranus is almost 20 a.u. At this distance, the 
intensity is always very low (11400 as intense at 20 a.u.), and even having the sun at the zenith all 
day long would not provide a very hot day (by earthly standards). 

QUESTIONS REGARDING AN ALTERED EARTH (FOR DISCUSSION OR 
FUTURE INVESTIGATION) 
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1. Would windstonns be any more severe? Some areas of the earth's surface would be heatf'Ai very 
intensely at times. and cooler air would be drawn in from other locations. Since this 'would likely 
involve air movement toward the north or south, the corialis force would need to be considered. 
It might be expected that hurricanes and tornadoes would be more frequent on the altered earth. 

2. What would the phases of the Moon be like if: 
a. the Moon orbited in the plane of the earth's equator? 
b. the Moon orbited in the plane of the ecliptic? 

3. What would tides be like on such an altered earth? (See Comins article for discussion) 
4. What strategies could life foHow to survive the seasonal extremes? 
5. Would life have been any less likeLy to progress from the sea to the land? 
6. Just how hot/cold would it get at any particular location? (A modified climate model would be 

required). What would the hottest/coldest time of the year be? 
7. For each latitude, which day provides the greatest insolation (heating from the sun)? This is not the 

same question as #6, as the earth'sthennal inertia does not enter into this question. This is an 
interesting problem in integral calculus, especially for the middle latitudes. [Does Champaign get 
more heat in 24 hrs with the sun at a constant 40° altitude, on a 24 hour-day with the sun circling 
from the horizon to altitude 80°, or on an IS-hour day with the sun arcing from the horizon to the 

"th?] , zem . 
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WHEN HUMANS NAVIGATE MARS 

Linda Irby 

The Science Place Planetarium 

With thanks to The U.S. Naval observatory, Dave Williams, NSSDC, NASA, Chuck Acton and David Siedel, JPL, Wilgus 
Burtin, The Science Place Planetarium, Joe Vines, Le.cy Ward, Ray Benge, Richland College, and Frank Irby. 

Do you want to walk the surface of Mars? Do you dream of exploring Valles Marineris and 
climbing Olympus Mons? Do you want to inspire others to dream these dreams? Mars exploration is an 
:>pportunity for you, as planetarians, to encourage students, and the public, to study our history and 
dream of our future. This paper was developed as a basis for educational, hands on, planetarium 
programs, seminars, or workshops. 

Some current programs question how humans will live and work on Mars. But exploring the 
\Jars frontier will carry hazards that earth explorers never dreamed of. Yet this exploration will be 
)imilar in many ways. As you drive away from your Mars base and disappear over the horizon how will 
lOU find your way back? What navigation tools will you have? Can you use or depend on a magnetic 
~ompass? Will you have an expensive global positioning satellite system in orbit? Or will you have a grid 
)f navigation radio stations around the globe? 

The celestial navigation system developed and used on Earth the last 300-400 years might be the 
east expensive solution. Although the marine sextant used in celestial navigation requires an ocean to 
)rovide a horizon reference it can be modified to provide an artificial ocean horizon for Mars. Celestial 
lavigation with the simple quadrant or a modified marine sextant can work on Mars because of the 
bllowing EarthlMars similarities: 

* The coordinate system: 
~ The equatorial plane is perpendicular to the axis which passes through the planet's 

center. 
~ A 360-degree circle is described by the diurnal rotation of the planet. 

t'lParallels of latitude lie north and south of the equator (zero latitude). 
~ Meridians of longitude lie perpendicular to the equator. 

i'lThe planets coordinate system projected on the Celestial Sphere forms the celestial 
coordinate system. * Each Celestial Sphere object has a sub-stellar or sub-solar point known as the ground, 
or geographical, position (GP) on the planet below. * The GP has a longitude and latitude. 

Using these geometrical relationships you can determine your position relative to that of the GP 
)f a stellar object by measuring the altitude angle of the object by sextant or quadrant. If the angle is 90 
legrees you are under the object, and your latitude and longitude is the same as the GP of that object. 
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As you move away from the GP of the object, the angle will become smaller. See Figure 1. 

Figure 1. The angle changes with distance. 

The approximate latitude can be obtained by measuring the altitude of the sun or star by 
quadrant or sextant and using the geometrical relationship between the declination of a star and the 
zenith distance. The Zenith distance of the celestial equator equals the navigator's latitude, Figure 2: 

Latitude = Dec ± ZD 

where: the ZD = (90 degrees - the Altitude angle) 

Figur~ 2. Zenith distance relationship. 

HCP 

A fairly accurate Longitude is obtained by observing the Sun's meridian transit, recording the time, 
plotting the graph, Figure 3, and using the geometrical relationship: 

Longitude = Greenwich(or Mars) Mean Time of transit - the Equation of Time - 12 hours. 

Figure 3. Sun transit. 
AlillUDE CHOOSE ONE POINT AS TRANSIT 

\ 
TIME 

The approximate Latitude and Longitude are also obtained by using the reduced sightings of three stars 
and plotting the resulting triangle on the map. These results will be approximate, but more precise results 
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can be obtained by using navigation tables which record the position of the sun, selected stars, and 
planets for each day. These tables can be adjusted for any planet in the solar system. 

Mars shares our starry sky at night and our sun in the day therefore the constellations and the stars 
will be familiar. However because of differences in the planets size, rotation, and revolution some basic 
navigation constants will need adjustment. A comparison between Earth and Mars, Table 1, will help 
point out some of the changes needed. 

Table 1 MarslEarth Comparison 

Mars Earth Influences: 

Magnetic field Weak Good The magnetic Compass 

Eccentricity .093 .017 The Equation of Time 

Equatorial Diameter 4,217 Miles 7,926 Miles The Nautical Mile 

Rotational Period 24.62 Hours 23.4 Hours Tabulated Hour Angle 

Axis tilt 23.98 Degrees 23.4 degrees Tabulated declinations 

Pole star rrlCygni 7? Polaris Latitude by direct sighting 

The Celestial navigation system uses several defined units which are found in the current navigation 
tables. These units can be adjusted for Mars: 

* Earth's Nautical Mile is defined as one minute of arc on a great circle or 60 nautical 
miles per degree. Since the definition of a nautical mile is based on Earth's 
circumference, the Mars nautical mile will be different. See Table 1. * The equation of time, or the analemma, which is a result of the eccentricity of the 
orbit, will be recomputed for Mars. See Table 1. * Declinations will need to be adjusted because of the slight difference in tilt. * A Martian time system must be established or Earth time can be used if the navigation 
tables are adjusted. 

A "north star" will be assigned in order to find latitude by directly sighting the star and applying a 
trigonometric correction to the angle obtained. The North Celestial Pole for Mars lies at approximately 
317.65 degrees right ascension and 52.87 Degrees declination. There are several 6th magnitude stars 
within a couple of degrees of the NCP. Brighter candidates are within 6 degrees, see Table 1. 

Classes or workshop groups can make these adjustments using arithmetic and simple algebra. 
And, although some background study is necessary to understand the principles of celestial navigation, 
the possibilities for activities on all levels are almost unlimited. Altitude measurements can be made in 
the planetarium using paper quadrants or sextants. The Mars anal emma can be graphed. Perhaps a 
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sample Mars base can be constructed which might lie on the Greenwich Mons or Fuji Mons meridian. 
Student astronomers could model the meridian passage of the sun and discuss how the time signal could 
be relayed around the planet. Other subjects might include the history of the quadrant and sextant, the 
development of the time and coordinate systems, orbital mechanics, and, of course, the constellations. 

When we explore space, we will take our knowledge of the stars with us. There is no doubt the stars will 
be part of our future. As we travel into the solar system perhaps the almost forgotten sextant will be 
a standard tool among the high technology navigation equipment on board the ship. Surely the stars will 
continue to guide us in space as they have for so long on Earth. 
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KEPLER'S THIRD LAW IN THE PLANETARIUM 

Dale W. Smith 

Bowling Green State University Planetarium 

INTRODUCfION 

Kepler's Third law describes planetary orbits with the well-known relationship that the 
square of the period in years equals the cube of the semi-major axis in Astronomical Units. It is 
easy to demonstrate this law from an external viewpoint that looks down on the orbits from above. 
But it can also be demonstrated and derived from an Earth-based viewpoint using the star 
projector. At Bowling Green,. we have developed a laboratory-style exercise that demonstrates 
Kepler's Third Law for both the inner and outer planets using OUf Minolta star projector. 

MEASURING PERIODS AND RADII 

In the exercise, students measure the period and orbit radius for all five naked-eye planets. 
The measurements are made by observing the motions of the Sun and planets along the ecliptic, 
and recording the dates of conjunctions and the angles of elongation between the Sun and planets. 
The ecliptic serves both as a calendar for the dates of conjunction and as a protractor for the angles 
of elongation. Since our ecliptic is calibrated in one day intervals, it is easy to use it as a calendar 
by recording the position of the Sun. The ecliptic can also be used as a protractor to measure the 
apparent angle between the Sun and a planet by using the approximation that one day's space along 
the ecliptic equals an angle of one degree. 
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Figure 1. Successive inferior conjunctions of Mercury. Ml ond El are the positions of 
Earth and Mercury at the time of the frrst conjunction. M2 and E2 are the positions at 
the time of the second conjunction. The Earth moves through orbital angle a between 
the two conjunctions. equal to the angle along the ecliptic between the locations of the 
two conjunctions as seen from Earth. Mercury moves 3600 +a. By measuring the angle 
a and the number of days between successive conjunctions, the sidereal period in years 
can be calculated. (In the case of Venus, both Earth and Venus move 360° more than in 
the case of Mercury.) 
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Jupiter's Orbit 

Figure 2 Successive conjunctions of Jupiter (or Saturn). El and Pi are the positions of 
Earth and Jupiter at the time of the fIrst conjunction. E2 and P2 are the positions at the 
time of the second conjunction. Jupiter moves through orbital angle Ct between the two 
conjunctions, equal to the angle along the ecliptic between the two conjunctions as seen 
from Earth. The Earth moves 360Q +Ct.. By measuring the angle Ct. and the number of 
days between successive conjunctions, the sidereal period in years can be calculated. (In 
the case of Mars, both the Earth and Mars move 3600 more than in the case of Jupiter and 
Saturn.) 

The orbital period must be measured indirectly, since we are constrained to an Earth-based 
view. Figure 1 for the inner planets and Figure 2 for the outer planets show the orbital geometry 
involved. For each planet, we use the star projector to locate two successive conjunctions of the 
planet with the Sun. We record the two dates. Since the two conjunctions occur at different places 
on the ecliptic, we also record the angle between these two places. From these measurements, the 
sidereal period can be calculated. An annotated set of steps guides the student through these 
calculations. 
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Figure 3. Maximum elongations of the inner planets. The angles aM and 9V are the 
angles of maximum elongation. They are measured in the planetarium for both eastern 
and western elongations to help average over orbital eccentricity. The orbital radius in 
A.U. is then given by sin a. 
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Figure 4. Conjunction and quadrature of an outer planet (for example. Jupiter). S marks 
the Sun. E and P are the positions of Earth and Jupiter at the time of conjunction. E' 
and P' are the positions at the time of quadrature after conjunction. The Earth moves 
through angle ESE' between conjunction and quadrature. Jupiter moves through angle 
PSP', These angles are determined in the planetarium by measuring the dates of 
conjunction and quadrature and using the sidereal period determined earlier. From these 
angles and the right triangle SE'P'. the angle e is easily calculated. Then the orbital 
radius in A.U. is given by l/(cos 9). 

The orbital radius must also be measured indirectly and in terms of the radius of the Earth's 
orbit. Figure 3 for the inner planets and Figure 4 for the outer planets show the orbital geometry 
involved. For Mercury and Venus, the angle of maximum elongation must be measured. These 
are the angles SEM and SEV in Figure 3, and the sines of these angles give the orbit radius in 
A.U. For Mars, Jupiter~ and Saturn, the dates of quadrature must be measured. (Quadrature 
occurs when the planet and Sun are 90° [91 days] apart.) These dates are used to calculate the 

angle e in Figure 4, and lover the cosine of this angle gives the orbit radius in A.U. An annotated 
series of steps guides the student through these calculations. Elongations and quadratures both 
east and west of the Sun must be measured for accuracy, and data are taken at 5 day intervals 
around the relevant dates. Accurate quadrature measurements for Jupiter and especially Saturn are 
essential. 

RESULTS AND CONCLUSION 

When all the periods and radii have been measured, then P, R, p2. and R3 can be tabulated 
and graphed to illustrate Kepler's Third Law. Table 1 lists some typical results and shows that 
reasonably accurate periods and radii can be obtained with careful measurement. 

planet 
Mercury 
Venus 
Earth 
Mars 
Jupiter 
Saturn 

Table 1. Sidereal periods and orbit radii 

---------------measured val ues----------------
~ 
0.25 
0.61 
1.00 
1.87 

13.0 
32.3 

R(AU) 
0.45 
0.71 
1.00 
1.56 
5.7 

10.3 

E,2 
0.06 
0.37 
1.00 
3.50 

169 
1043 

R3 
0.09 
0.36 
1.00 
3.80 

185 
1092 

---"real" values---

12ixrl rlA1l.l 
0.24 0.39 
0.62 0.72 
1.00 1.00 
1.88 1.52 

11.9 5.2 
29.5 9.5 
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The measurements can be completed in about two class sessions, one for the inner planets 
and one for the outer planets. To complete each session in about 45 minutes, the class must 
already be familiar with the planetarium sky and the instructor must be well-prepared and move the 
star projector efficiently through the various conjunctions, elongations, and quadratures. 

At a previous class meeting, the students are given an exercise packet providing historical 
background and a complete explanation of the geometry and procedures involved, so they can 
arrive well-prepared. After taking the data in class, the students complete the remaining work at 
home individually or in groups. We have tested several generations of this exercise in both small 
and relatively large college classes, have fine-tuned the write-up for clarity of explanation and 
procedure, and found that most students catch on quickly to the data-taking procedure and 
complete the analysis successfully. 

This exercise provides the student with an experience in a quantitative and advanced use of 
the planetarium, gives some practice in taking and analyzing data, and shows for one case how the 
god's-eye-view results we often show are derived from Earth-view measurements. Copies of the 
complete lab packet are available by contacting the author. 



THE SOLAR SYSTEM TONIGHT 
A Daily Look At The State Of The Solar System © 

Dedicated To The Late Dr. David B ohm 
Presented By Ervin Bartha 

NADA 
P.O. Box 1661 11& Salt Lake City, Utah 84110 .. 1661 !II USA 

Telephone/Fax 801·355·2022 

Over the past six millennia, humanity's observation and study of the cosmos has become 
increasingly intense and precise. Yet the primary discipline of astronomy, and offshoots such as 
astrophysics and astronautics have continued to remain a vague, remote and somewhat esoteric 
realm for the vast majority of the human population. Even though there has been an extensive 
effort to make the findings of space science available to a wider audience, generally human 
beings are still more concerned about personal security and insecurity than they are about 
investigating and developing a conscious way of relating to the enonnous and essentially 
unknown universe of which we are all a part. Perhaps the lack of universal relationship has 
contributed to the fragmentation and disintegration that are rampant in almost all societies. And 
yet there also seems to be another even more powerful impulse simultaneously being felt by the 
members of our species. It is a yearning for integration and unity amidst the chaos! a necessity to 
connect to a greater reality. 

As we rapidly approach the twenty-first century, a great many of us feel we are at the same time 
approaching a point of critical mass in which the direction of human evolution or devolution is in 
the balance. One direct and positive way in which the global community can be reconnected to a 
greater cosmic balance is through daily exposure to its more local but unquestionably larger 
scale components. Instead of having a nightly weather cast related to our disjointed microscopic 
personal realities, why not put the pattern of a day's activity on planet earth in context with the 
patterns of the entire solar system? What happened today on the Sun? What happened today on 
Mercury; on Venus; on Mars? What's going on this evening on Jupiter and Saturn, and on their 
multiple satellites? What's the latest from Uranus, Neptune, Pluto and the Cort cloud? How does 
all this relate to what's happening on my planet, in my locality, in my home? In our homes, in 
our localities, in our solar system? In our galaxy? In our universe? 

The means is possible for doing a daily or weekly "State of the Solar System" broadcast on 
radio, television, internet or whatever other means exists or is to be invented. A preliminary 
network of planetaria already exists to initiate the idea. These presentations could be anywhere 
from thirty to forty-five minutes. With a universally accessible database, each planetarium could 
simultaneously report the daily or weekly state of each of the solar system's members in 
relationship with our own planet. A totally different view of ourselves in a greater reality could be 
injected into common consensus consciousness. And with such a view we might all be able to 
address our human level crises in a more impartial manner. 

Truly we wouldn't feel so down if we would only look up more often. If we create and generate 
that which is immediately universal for one another, that which is universal in each of us will 
respond. The twenty-first century beckons us all. The more consciously balanced we go into it, 
the more consciously balanced we'll all come out of it. 

Thank you 
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SCALING THE SOLAR SYSTEM 

Dr. York H. Clamann 

St. John 1 s Episcopal School, Abilene, Texas USA 

It is said that Alfonso the Wise, King of Castile (1221-1284) once said, "If I had 
been present at the creation, I would have given some useful hints for the better arrangement 
of the universe." For many years astrologers, astronomers, and teachers have attempted to 
demonstrate the vastness of the solar system. As measurement entered the science arena as 
an indispensable entity, models of the solar system became distinctly vague. 

Although we readily agree that our eyes are the organs of sight, the brain is an 
integral component of the sense of vision. I am sure that you have heard of the man seated 
in an aimlane who remarked to his seat-comDaruon that the automobiles below looked as 
small as '-ants. "They are ants, my friend", rimarked the companion, "we have not yet left 
the ground!" Imagine standing on a street behind a large truck. It cer-l.2.inly looks large! 
Now the truck begins to drive away from you. Although our eyes tell us that the truck is 
getting smaller, our brain knows that the size of the truck is not actually changing. The 
message from our eyes is incorporated with previous knowledge, and results in the 
understanding that the truck is moving away. The rate at which the object seems to become 
smaller determines the mental estim.ation of the speed at which the object is departing. 

This is acceptable for sizes and distances which we commonly see here on Earth. 
However, it poses a problem for teachers and researchers in the field of astronomy. Imagine 
civil engineers being given only the centilneter to use in their measurements as they plan 
cities and highwaysl 

The solar system sizes and distances are fairly well established measurements. iJne 
of the best data sheets for these measurements is the Hansen Planetarium Solar System Fact 
Sheet, which can be obtained from the Hansen Planetarium Education Department, South 
State Street, Salt Lake City, Utah, 84111 USA. This sheet gives various values for the same 
concepts, so that the reader may have several aspects of a concept from which to choose. 
For example, if you wish to discuss interplanetary distances j you might choose r-ilometers, 
miles, astronomical units or light travel time. 

, Even outstanding computer programs such as Carina Software}s Voyager II (my 
personal favorite for planetarium work), which produces accurate figures, cannot accurately 
and correctly depict the relationship between planet sizes and planet distance from the sun. 
The individual pixel can only be made so small, and the computer screen so large. 

r assume that we all recognize a Ping-Pong ball. If I use this ball as a model of the 
Earth, the sun will be over four meters in diameter, and will be nearly 500 meters away. The 
problem of producing an accurate model of the solar system depends upon the definition of 
the primary unit of measure. 

Early history records the Earth as the center of the universe and conceptualization. It 
is easily recognized, measured, located and manipulated. Thus, even today, most solar 
system models are based on Earth measurement. Since this makes the demonstration of 
interplanetary distances awkward, a different scale is used for these measures. This is 
usually not explained to school children (or the general public, for that matter) so an 
unmentioned factor becomes an erroneous "fact", 



In 1994, I became an agent for the Harvard University-Smithsonian Institute's 
Project SPICA, where such problerp.s were addressed. We used the entire floor of a 
basketball gymnasium to depict a model of the sun based on the size of a schoolroom globe 
of the Earth. Naturally, there was insufficient space to depict the interplanetary distances. 

The core of the problem, as I have said earlier, rests with the selection of a basic unit 
of measure which is recognizable, reproducible and measurable. To this end, I have chosen 
the Sun as my standard. It seems to be a bit large for planetary diameters, and a bit small for 
interplanetary distances, but, on the average, works quite well for both. As an example, I 
have chosen a model of the Sun with a ten centimeter diameter. This allows me to produce a 
model solar system on the property of the school where I work, St. John's Episcopal School 
in Abilene, Texas. The measurements below are not guaranteed, and are presented only to 
give a pattern to be followed. The smallest measurement is 0.17 mm (the diameter of the 
planet Pluto), and the largest is 424 meters (the distance between the Sun and the planet 
Pluto). 

PLANET 

Mercury 
Venus 
Earth 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 

Sun = 10 em diameter 

Planet Diameter 
(in millimeters) 
0.35 
0.87 
0.92 
0.49 
10.30 
8.66 
3.67 
3.56 
0.17 

Sun to Planet 
(distance in meters) 
0.416 
7.77 
10.75 
16.37 
55.91 
102.51 
206.18 
323.56 
423.85 

There are many models which depict the solar system on the market today. As 
planetarians, we use the best which we can afford, and hope to make our point. I agree that 
a beautiful model such as the one in Lars Broman! s planetarium in Borlange (Sweden) 
would require much work and cooperation. I hope that these thoughts which I present here 
will germinate thought in the discussion of the proper scale of our solar system. Thank you 
for your kind attention. 
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How DO WE LEARN ABOUT THE WORLD? 

Marie Rddbo 

Chalmers University of Technology 
Sweden 

" Is Egypt further away than the stars?" 

The question may sound odd, but if you are a five-year-old boy and your mother is an 
astronomer going to Egypt, then the question is very logical, because it is part of his endeavour 
understanding the world and his place within it. 

It seems like there always has been a desire to understand what the world looks like, and 
from a historical point of view it is obvious that people always has tried to make models of the 
world, starting from what they observe with their own eyes. It is also obvious that there has 
been a wish to be situated in the centre of the world in all the different models, but at last 
people had to accept that we don't live in the centre of the universe. But even today it is as 
important for people to understand their own position in the world, and each child starts very 
early to investigate his/her surroundings, starting with the bed and the room. Gradually the 
children understand more and more about the structure of the world, but it seems that there is 
an end in their learning when they are quite young. Is there a way to help them? Yes, science 
can offer an explanation of the world: In the end, whnt science does is change the way we 
think about the world and our place within it (Krauss 1994). The question is however, does 
science succeed to explain the world? The question is important, because science provides the 
best way o/understanding the world (Wolpert 1993). 

When teaching science, it is of main importance to consider the learners own experience 
(Harlen1995), and one of the points I want to stress here is that in order to make the picture 
understandable and meaningful, it is necessary to draw attention to the position of the learner 
in relation to the objects illustrated. We all know the importance of pictures, and therefor I 
take it for granted that illustrations most of the time are more important than words in 
explaining the world to children. Let me take a chair as an example to explain what I mean. A 
chair looks different depending on the position of the viewer; if I see it from above, or from 
one side, or if I am sitting in it, but in every case I can understand that it is the same chair, 
because I am familiar with the shape of the object, as well as the size. On the other hand, if an 
unknown object is illustrated from different positions, there might be problems. 

POSITIONS 

When we illustrate the universe it is impossible to relate to everyday experience, and therefor 
we must pay even more attention to the position of the viewer. When discussing different 
positions below, I have classified them in two categories; egocentred and allocentred, where 
egocentred is used for illustrations which everybody can observe with the naked eye. 
Allocentred, where aHo means another in Greek, is used for all the other illustrations, close up 
pictures of the planets for example and illustrations from different positions than the 
egocentred (RAdbo 1996). 

78 



The solar system is a splendid example of an allocentred position. To illustrate it in a 
meaningful way, I assert that it is necessary to point out that we see it from outside, a position 
which you never can observe with your own eyes. If not, smaller children may too easily 
interpret the illustration as if there are two earths, one in the solar system and one where we 
live (Vosniadou 1994). I suppose that this also is the reason why children very often ask me to 
point out the earth on the stany sky in the planetarirnn. 

However, the main problem is perhaps that most children don't even have the possibility to 
imagine what it would be like in another position than their own until they are at least 8-10 
years old. In what ways do we take this fact into consideration when planning our planetarium 
shows, which for example deal with the planets and the solar system? We all know that this is a 
favourite topic for children shows, but unfortunately I thirJ( there is a tendency in too many 
shows not to mind the positions, i.e. relating them to the viewer. Although adults have this skill 
I am sure that they too mostly think of the world from their own position. For me coming from 
Sweden, I am used to see the map centred around Europe, but for people in Japan the world 
looks totally different, centred around their country. Consequently I think it is as important :in 
ordinary shows as in school-shows to point out the different positions. And if we do, then I 
think that switching between ego- and allocentred positions, will improve the understanding of 
the universe and hopefully contribute to people finding astronomy both understandable and 
exciting, which in my opinion ought to be one of the main goals for every planetarium. 

THE PRESENTATION OF THE WORLD 
To find out a little more about the treatment of positions, I have studied illustrations in some 
textbooks and popular books on astronomy for children, taking different positions into 
consideration. It turns out that there is not a single book pointing out the positions of the 
reader and consequently there can't be any discussions about the effect of changing positions 
either. In many illustrations the two diffe;rent positions are mixed in one picture, which results 
in a confusing model of the world. In many books there is also a tendency to concentrate on 
details, like the phases of the moon, but I wonder of the value of these topics, if one doesn't 
have a feeling for the wholeness or knows where, when and how the phenomena is visible from 
the earth. It is also a well-known fact that children have difficulties interpretating two 
dimensions into three dimensions and a lot of phenomena, for exarrlple the phases of the moon, 
requires that skill. I am afraid that the effect of reading these books rnight be that the child will 
find astronomy difficult and boring, since he/she probably gets confused not understanding 
anything. Since I am convinced about the importance of relating the presentation to the reader 
for a better feeling and sense of the world, of course I find the result of this study very 
depressing. 

In a Digistar planetarium we have got a new possibility to show the world in three 
dimensions, and hopefully this modem tool is used to improve the understanding of the 
universe, not just for nice effects. In my opinion a planetarium is not just a fancy amusement 
park, but we also have an educational responsibility, but I also think that we have a unique 
possibility to combine these two goals, by showing that learning is funny. I am also convinced 
that most people visiting a planetarium really wants to learn something new, and that they are 
satisfied afterwards if they have got a new feeling for their surroundings and for the world. I 
am sure this goes for all shows, not just the school-shows. 

THE UNDERSTANDING OF THE WORLD 

Children try hard to understand the world and their own place within it, but according to what 
have been said here, there seems to be problems. Now let's think about what happens if you 
fail to grasp the world when you are young. Will you learn it automatically when getting older? 
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To find out, I have tested different groups of adults, most of them teachers, to see if they know 
about the structure of the world. But there is also another reason for testing teachers. Since we 
have seen that different media obviously fail to present the world, hopefully the teachers might 
be the rescue. For comparision I have tested four different groups; teachers, teacher student 
before and after taking the astronomy course and a control group. To test their perception of 
the world they got the following task, with the right answers within parenthesis: 

Number the following objects from 1 to 7 so that the answer shows a pattern from what 
is closest to the earth to what is furthest from us: 

- Satellites in orbit (2) 
- The Polar star (6) 
- The Rainbow (1) 
- Andromeda galaxy (7) 
- The Sun (4) 
- Pluto (5) 
- The Moon (3) 

Altogether there were 503 people doing the test, and 164 of them answered it totally right, 
figure 1. It is worth noting that almost everybody seems to know that the Andromeda galaxy is 
a foreign galaxy, and those not answering correct obviously have problems with our 
neighbourhood, i.e. the solar system (RAdbo 1995). 

Table 1. Percentages of the respondents answering totally right. 
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In analysing the result, I have looked at different relationships concerning their markings of 
each object. If they for example have numbered the Polar star as number 5 and Pluto as 
number 6, it is equivalent with them thinking that Pluto is further away than the Polar star, 
figure 2, which shows that one of four teachers think that this is what the world looks like. 
Comparing the distances between the sun and Pluto, the result is even worse, since one of 
three teachers think that the sun is further away than Pluto. I wonder if they have thought 
about the consequences of their models? And what is the value of presenting a model of the 
solar system if people don't understand it, nor can relate it to the rest of the universe? 



Figure 2. Percentages of respondents thinking that Pluto is further away the stars. 
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So it looks like even the teachers fail to explain the world to the children, since they don't 
know the structure themselves. The study might also indicate that you don't automatically 
learn to grasp the world when getting older. 

SUMMARY 
Now my son has become a teenager and he knows about the relations between the distances to 
Egypt and the stars, but he and his friends don't know for sure about different relationships in 
the universe, for example between Pluto and the stars. I am not surprised, since I have found 
illustrations in the books which easily can be interpreted as if the stars are closer than Pluto. 
Obviously the books, the science lessons and the teachers, they have all failed to teach them, so 
what other possibilities are there for them to learn about the world? I am convinced that the 
planetarium is the right place. But what do we do with this responsibility? Do we really present 
the world in an understandable way or are we nowadays more and more tempted to use all 
special effects available? Do we realise what hidden messages about the structure of the world 
we present in all our shows, no matter the topic? 

References 

Harlen, W. (1995) Criteria/or identifying Progression in Scientific Ideas for Primary School 
Pupils. Paper presented at Academia Europaea Conference, Sweden. 

Krauss, L. (1994) Fear 0/ Physics-a Guide/or the Perplexed. Jonathan Cape London, page xi. 

RAdbo, M. (1995) Teachers Perception o/the Universe. NA-Spektrum no 15, University of 
Gothenburg, pp 50-62. 

RAdbo, M. (1996) Science/or Kids. Report no 108, University of Gothenburg. 

Wolpert, L. (1993) The Unnatural Nature of Science. faber and faber, London and Boston, 
page 172. 

Vosniadou, S. (1994) Capturing and Modeling the Process o/Conceptual Change. Learning 
and Instruction, vol 4 , Elsevier Science Ltd, pp 45-69. 

81 



Use of Multi Media in Planetarium Programmes in Indian Context 

Sodananda Torasia 
Director, Pathani Samant Planetarium 

India 

Resource is a constraint for management of planetaria in India. Most of the planetaria have usual 

projection systems of Goto, Carl Zeiss or Spitz. Only at a few places advanced systems like 

astrovision, space simulators are either in operation or in the process of installation. Presentation of 

programmes are usually carried through the slides, film strips etc. Used in the projection system 

consisting of a main projector and a combination of the special effect projectors. 

Coupling of video projection with conventional system and supplementing with laser sources are 

feasible and affordable. But these have not been exploited so far. In view of the state of art 

technologies being availabel, use of multi media in conjunction with the existing projection system 

can be a reality. This can enhance the versatality of presentation and make the programmes more 

lively. Frequent updation/modification is also possible. 
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ASTRONOMY, 2ND CONTACT, a CD-ROM ELECTRONIC TEXTBOOK 

Tom Bullock 

West Valley College, 14000 Fruitvale Ave., Saratoga, CA 95070, USA 

Background: 

Welcome to a demonstration of my Interactive Multimedia Electronic Astronomy Textbook -
Astronomy: 2nd Contact. This is the first of its kind, providing not only complete coverage of 
astronomical topics found in a college course in astronomy for non-science majors, but a valuable 
supplement to traditional methods of classroom instruction: lecture, chalkboard, slides, movies, 
overhead transparencies, written tests, etc. In the hands of the student, the Textbook allows the 
learner to detennine the content, direction, and speed of learning. In the hands of the instructor or 
Planetarium Director, the Textbook provides immediate access to charts, illustrations, photographs, 
and animations that demonstrate astronomical data and/or concepts. 

Open (Distance) Learning is gradually being integrated into college and university curricula as a 
teachinglleaming method. For better or worse, more and more students are obtaining some of their 
education electronically. There is every reason to believe that the growth in distance learning will be 
an exponential one. The subject of Astronomy lends itself to take advantage of this type of learning, 
with its content being highly visual, and the concepts requiring sequential layering of information to 
arrive at precise understanding. There is, I believe, a need to provide students with a new type of 
textbook, based not only on the written word, but on interactive animations that take the place of 
the gradually-developed concepts of the traditional chalk and blackboard, on short video clips that 
take the place of long, drawn-out movies and videotapes, on color and black and white photos, and 
on charts/tables of data. The interaction with all of these media on the CD-ROM will be enhanced 
with sound, providing the learner with a multi-sensory experience. If the Textbook is used in 
conjunction with a graded class at a college or university, a test bank of questions will be available 
on the CD-ROM both for practice and for final grading of the learner. In addition, in order to easily 
access the vast number of valuable sites on the W orId Wide Web that provide support for the 
learning of astronomy, the CD-ROM will provide the means by which to navigate directly to a given 
Web site from within the Program in order to enhance the learning even further. This assumes, of 
course, that the computer being used is connected by modem to the Internet. 

The basic content of this Electronic Textbook is taken from the 4th Edition of the astronomy 
textbook of the same name written by me and published by Kendall-Hunt Publishing Company in 
1996. For an examination copy of the book (ISBN 0-8403-9001-7), call the publisher (319-589-
1(00). I have used the textbook successfully in my Planetarium at West Valley College since 1986. I 
have been teaching astronomy at the College since 1969. 

I have discovered, over the years, that students are quite aware that their most effective learning 
derives from what they DO. That was the model (and indeed MOrrO) used at my college of 
primary learning: the United States Military Academy at West Point. WE LEARN WHAT WE DO. 
Although the most effective learning of astronomy results from doing astronomy, for the non-science 
major with little background in the philosophy, language and methods of science, a reasonable 
alternative is to encounter the subject by building upon what is already known about space. Hence 
one reason for the title of my textbook: 2nd Contact. 
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Everyone has had some contact with the subject of astronomy, whether it be awareness of the 
phases of Moon, images of early Moon-landings, observance of an eclipse, meteor, or comet, or even 
casual glances at tabloids that sensationalize claims of alien abductions! My objective in writing the 
textbook (and publishing the electronic textbook) is to provide an avenue for the interested non­
science reader to build upon his/her previous knowledge of Earth and sky toward a greater 
appreciation of and understanding of the discoveries and theories about the universe around us. 

Purpose: 

Location: The electronic Astronomy textbook in CD-ROM format is designed for use in 
school, business, and home environments. 

Audience: The CD-ROM is intended to be used by or in conjunction with High 
School/College students who have little or no science background, and by members of the public 
who are interested in modem discoveries and theories of the universe. It may also be used by anyone 
who requires reference material relating to concepts andlor data about features of the universe. 

Technical Requirements: 

The Demo is made to play with the following specs: 
Processor: Standard Macintosh 040 or Power PC processor 
RAM: A minimum of 8 MB total 
Resolution: 640x480 at 8-bit color 
System: System 7.1 or later with Quicktime 2.0 
Software: Demo is self-running, but requires uncompressing with DiskDoubler 
Copy Demo to hard disk, uncompress with DiskDoubler, then click icon to run 

The CD· ROM will be made to play with the following specs: 
Cross-platform: PC or Macintosh 
Double-speed CD-ROM player 

Content; 

Introduction: 
A dramatic, visually-exciting introduction will attract the user's interest in exploring the 
contents of the electronic textbook. 

Review of Navigational Methods: 
The user is presented with the option of going directly to the main menu, or taking a short 
excursion to learn how to navigate through the Textbook using buttons, hot spots, movie 

controls, etc. 

Content Menu: 
The user, depending upon his/her interests, goals, requirements, and/or whims, is 
presented with the main navigational menu that provides access to the contents of the 
Book in any of four pathways, all of which are interconnected to one another: 

Chapter Text with Interactivity: 
This navigational route is basically the text of Astronomy: 2nd Contact presented on 
pages of a book, but with attached tabs that provide immediate access to photographs, 
diagrams, animations, and Quicktime movies that highlight and/or illustrate and/or 
clarify concepts that are presented in text on that particular page of the Book. After 
interacting with the selected photograph, diagram, animation or movie, the user is 
returned to the page from which he/she parted. 



Thematic Menu: 
This navigational route is for the user who is more interested in exploring a particular 
theme in astronomy, without necessarily reading a lot of textual material. Choosing from 
a list of themes takes the user to a succession of photographs, diagrams, animations 
andlor Quicktime movies that illustrate the chosen theme. They will be those very 
photographs, diagrams, animations and/or Quicktime movies that are accessible during 
the Chapter Text navigational route, but in an ordered sequence so that the theme is 
developed in a progressive manner. The user may select to navigate to the Chapter Text 
route during this route if he/she desires more thorough information on the chosen subject. 

Index: 
The index provides the user with direct access to a particular astronomical concept or 
defmition. By selecting a word or phrase, he/she may navigate directly to a flrst-time­
used word, photograph, animation or Quicktime movie. 

Evaluation: 
In its fmal fmID, Astronomy: 2nd Contact will include evaluation modules that the 
student can access and take at any time. The results of the evaluations can either be for 
the exclusive use of the student (self-evaluation), or entered into a database for 
exclusive use of the instructor responsible for grading the student in a course of 
instruction. 
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Low budget multimedia projecting program 

Presenters Masami Osawa 
Masanori I riko 

Sayama Central Children's Nursery 
Volunteer 

Department 

The initial introduction of this system was made by Mr. Iriko, a volunteer 
at the Sayama Central Children's Nursery Department. After careful 
examination by Mr. Tateno, Mr. Sekiya and myself, the Department has finally 
decided to introduce the system with what is believed to be an extraordinary 
budget, approximately 3 million yen. At the time of tightly sealed budget ~ 3 
million yen expenditure is quite an irregular spending. In fact, most of us felt 
that it would be impossible to persuade our department's chief Mr. Kataoka and 
Mr. Ishikawa. But, both gentlemen show very generous understanding toward 
this program. For our departInent 3 minion yen is quite a lot of money. 

While initial introduction was very smooth, we believe that our challenge 
lies ahead. 

An advantage of this system is that with low budget it can achieve maximum 
capability of special effects. Since the original Goto system was a manual 
operation, we must rely entire operation with self made programs with live 
narrations by our department's personnel. The current system has replaced the 
latter part of the original progranl which was consisted of slides pictures. 

This system is capable of creating animated pictures by using scanners. It 
can also enlarge or diminish sizes of pictures already introduced into the 
computers. Colorations can be changed according to the preferences of viewers. 
When sound effects are required, sound truck music can be heaved 
simultaneously. All pictures can be projected by using special projectors. It 
may be connected the internet system in the future. 

I t took approximately one month to produce this system of very hard 



working of us all. I would like to express my deepest appreciation for those 
who showed remarkable understanding for what we are doing. Now, we would 
like you to enjoy our first program "Tanabata Tales". 

Personal computers 

Applecomputer's 7500 
displays 
Keywords 
Scanners 
Film Scanners 
Printers 

Software 

Authoring Tools 
Irast Creating Systems 
Picture processing tools 
Sound processing tools 

STAFF 

Supervision Tetsuo Tateno 
Volunteer Masanori 

Director Masami Osawa 
lriko 

Original Script 

Manuscript Kazue Kurne 

Pictures Katutoshi Yokoyama 

Sound Kazue Kume 
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: PLANET AR I UM CONTROL SYSTEM 

Wireless Remote 
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INTERNATIONAL PARTNERSHIPS IN PLANETARIUM EDUCATION: 
AN INTERIM REPORT 

Kevin Lane-Cummings & Robert Leung 

Pacific Science Center~ Seattle & Hong Kong Space Museum, Hong Kong 

Through an award from the International Partnerships Among Museums (IPAM) program, 
the Hong Kong Space Museum (HKSpM) and the planetarium at Pacific Science Center (PSC) 
in Seattle are developing and exchanging a set of educational astronomy programs for students. 

This 12-month project involves three elements, each of which will be discussed in this 
paper: 

• Each planetarium develops a school show and post-visit worksheet. 
.. The shows are exchanged and adapted to suit the recipient planetarium. 
• Students and teachers are surveyed, and the shows are modified to maximize learning. 

At the time of this writing (June 1996), the project is about half completed. A final report 
will be produced in approximately 6 months, and may then be published in the Planetarian, the 
Journal of the International Planetarium Society. 

SHOWS AND WORKSHEETS 

For this exchange program, HKSpM has developed Sun, Moon, and Stars, and PSC has 
developed The Planet Show. 

Hong Kong Space Museum 
Sun, Moon, and Stars is a lively, interactive show for students age 7 & 8, and will debut 

on July 3, 1996. Two cartoon "hosts" (Ada, from Hong Kong, and Bob, from the United 
States, Figures 1 and 2) are joined by several guests (Uncle Sun, Mr. Star, Miss Moon) to 

Figure 1: Ada 

teach kids about basic astronomy concepts. Included are topics such as 
flnding directions with the sun and stars, discussing the concept of 
constellations, and watching the different phases 
of the moon. 

All planetarium shows in HKSpM are pre­
recorded and centrally controlled by an 
automatic system. There are 316 seats in the 
theater. An interactive system has recently been 
installed, comprising 3 buttons that each student 
can press to make choices during the show. By 
connecting the interactive system to the 
computer that controls the planetarium, the 

Figure 2: Bob 

students affect the content of the show. Furthermore, individual responses from students can be 
analyzed in a later stage to see how much the students have learned in the show. For example, 
here is an excerpt from the script: 



Ada: Uncle Sun is coming up. 
Uncle Sun: [rising up on the left] Good morning, kids. 
Ada: Kids, tell me which direction is the East? On the left, in front of you or on the right? 

Make your decision and press the button right now! Let's see the outcome! 
[If a majority of the kids pick 'left'] 

Uncle Sun: You're right. The direction in which I rise is the East. 
[If a majority of the kids pick 'front' or 'right'] 

Uncle Sun: As a matter of fact, I rise in the East. 

Pacific Science Center 
The Planet Show is a 40-minute live planetarium demonstration developed by PSC staff 

for students ages 8-18, and will begin its run at PSC in early October 1996. The show 
introduces the planets through 3 levels of observation: (1) naked-eye; (2) telescopic; and (3) 
spacecraft "up-close-and-personal". 

The planetarium at PSC, in contrast to HKSpM, presents only live astronomy shows, even 
for the general public. Its 40 concentric seats encourage discussion and questions from the 
visitors, and allow the Planetarium Demonstrator to adapt the show to the level of the group. 
This allows us to create shows for a broad range of ages: for instance, we spend more time 
with 8-year-old students presenting the differences between terrestrial planets and gas giants, 
while 18-year-old students will discuss details of why those differences exist. The visual effects 
remain the same; instead, the Demonstrator adapts the "script" during the show. 

As an example of how we can make a live Planetarium show much more interactive, here 
is how we present the first segment of The Planet Show: 

1) The Demonstrator informs the students that the night sky they are looking at contains 

several planets, and it is their job to determine which points of light are planets and 
which are stars. 

2) The students are asked to suggest what factors will help them decide. They come up 

with color, brightness, position, and movement. 
3) Three or four students are allowed to point out possible planets using an arrow pointer. 

4) Everyone closes their eyes, house lights are brought up full wash out the motion of 
the planets), and the Demonstrator advances the date 2 weeks. 

5) When the house lights are dimmed, the students are asked to callout whether each 
possible planet has or has not moved against the background stars. 

6) This is repeated for several more "weeks" until consensus is reached among the 
students about which points of light are really planets. 

Worksheets 
Both planetaria are developing worksheets and teacher guides that will be distributed to 

students and teachers as they leave the theaters. They will contain activities for the students to 
do in their classrooms or at home, as well as questions to allow the teacher to assess the 
students' learning. Some of the activities included in the worksheets are a sundial, moon finder, 
and instructions for shrinking the solar system down to the size of a room. 
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EXCHANGE AND ADAPTATION 

One of the challenges for this project will be presentinh a show developed for a computer­
controlled planetarium (HKSpM) in a live planetarium (PSC), and vice-versa. Because of the 
interactive system installed at HKSpM, we feel the two planetaria are much more similar than 
they might otherwise be. However, we do have to make some adaptations. 

Sun, Moon, and Stars will be adapted during the summer and fall of 1996 in preparation 
for its live debut in Seattle in October 1996 .. The Planet Show will be adapted during the fall of 
1996 in preparation for its debut at HKSpM in early 1997. Some of the concerns during this 
adaptation are: 

• At PSC, will the Demonstrator take on one of the roles in the original show (such as 
Bob), or will s/he become a narrator while the characters do the rest? 

• How will the 3-choices presented by the HKSpM interactive system be adapted to a 
live show? 

• Many of the visuals in the HKSpM show are on many separate projection systems; 
how will PSC accomodate them in the more limited technical space? 

.. At HKSpM~ interactivity is more limited; which questions will the students answer 
with the interactive system, and which will just be stated by the narrator? 

• What visual elements will be added by HKSpM for the more sophisticated space? 

To facilitate these adaptations, and to increase the personal and cultural exchange of this 
program, a staff member from each planetarium will spend 4 weeks at the other planetarium. 
Mr. Lane-Cummings visited Hong Kong during June and early July 1996. A HKSpM staff 
member will visit Seattle during October 1996. Some of the objectives during these exchanges 
are as follows: 

• Observe the installation and testing of the host planetarium's school show. 
• Discuss the procedures and concerns with adapting the show for use in the visitor's 

planetarium. 
• Create and adapt a post-visit worksheet for the show. 
• Establish personal and professional connections to facilitate future exchanges. 

The worksheets will also be exchanged. At this time, we plan only to translate the 
worksheets from Cantonese to English and vice versa, so that each planetarium can use the 
worksheets for both shows. Following the evaluation surveys (see below) we may each modify 
the worksheets to be more appropriate for the local audience. 

SURVEYS AND MODIFICATION 

After the shows are installed by the planetaria, we will begin surveying some of the 
students and teachers to see whether the shows are meeting the teaching objectives, and how the 
show can be modified to make it more interesting. For example, here are some of the proposed 
questions for students after the Sun, Moon, and Stars show: 

• In what direction does the sun rise? 
• Which constellation will help you find the Pole (North) Star? 
• Does the moon ever look a little bit like a banana? Like a carrot? 
• Did you enjoy the show? 
• How did you feel afterward? 



• What was your favorite part? 
• Was there anything you didn't like about the show? 

We also want to know the opinions of teachers, so we will ask questions such as: 
• Did the content of the show fit in with your class curriculum? 
• Did the students learn things that they couldn't have learned in your classroom? 
• Was the astronomy content too simple, too difficult, or just right for your students? 
• What would you modify to make the show better? 
• Would you bring your students to see this show next year?! 

Information obtained from these surveys will be used not only to modify the shows, but 
also to analyze differences between Hong Kong students and Seattle students. We are curious to 
compare: 

l1li Which students learn more of the astronomical content 
it Which students are more accepting of a silly or sophisticated style to the shows 
iii! Which students prefer (or are better at) learning through interaction 

INTERIM CONCLUSIONS 

We have been pleasantly surprised at the amount of similarities in the programs of the two 
planetaria, even though our theaters are of very different size and complexity. Because our 
missions are essentially the same, and the objectives of the shows compatible, working together 
on both the shows and the worksheets has been very enjoyable. 

We also strongly encourage other planetaria to consider such international partnerships, 
both formally through awards such as the IP AM program, and informally through staff contacts. 
By learning what challenges and solutions other organizations have worked on, we can learn not 
only how to present shows to our international visitors, but also to develop new ways to teach 
and entertain our local audiences. 

CREDITS 

Funding for this IPAM exchange is provided by the Bureau of Educational and Cultural 
Affairs of the United States Information Agency. IPAM is administered by the American 
Association of Museums. We would also like to thank our respective organizations for allowing 
us to spend a month in residence with our partner institution. 
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Abstract 
Planetarium Program is a kind of school lessons, and Planetarium is an astronomical laboratory 

provides students with pseudo experience of the starry sky they don't have in the classroom. We are 
assembling our planetarium program in the classroom activity style, other than the ordinary lectures. 

I . Introduction 

Suginami Science Education Center was established in 1969. The main purpose of the Center is 
to promote and complete of science education for Suginami City schools. Therefore, students come 
to participate in many courses of science experimentation, mostly planned from first grade of 
prilnary school to third grade of junior high school. The use frequency is once a year for each grade. 

The dome diameter is 15 meters and the number of seats is 162. Attending children are divided 
into from 1 to 4 classes (40 persons - 160 persons) studying all together in the planetarium. As there 
are so many students,lecture style may be easier. But we try to make classroom activity. The reason 
for it is to make the planetarium a II Laboratory II. 

On the other hand, we use wish to make it an "Audiovisual room" too. Students can access to a 
great deal of visual materials that they don't have in their school~ e.g. fresh astronomical images, 
videos which feeling of being on the spot, computer graphics etc. It may indeed form a kind of 
astronomical II Library " . 

We represent herein the characteristics and an example of our program. 

II . Characteristics 
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1. Class 
As shown in the Table 1. 

Table 1 contents of guidance and time for each grade 
(mobile classroom science study guideline *) 

grade time ! contents 
2nd-3rd ~rad~ i~ J.H.S. ~Omin'.1 E_x_t~nt. of !he~.~i~~~~.~. _. __ . ______ _ 

1 st grade in J.H.S. aOmin. '[ Rotation and Revolution of Earth 
6th grade ·in-I.S. 8b-min~ rApparent Moveme-nts-ofStars - - - .. -
5th grade in E.-S-. -a Dmin-. -1 Ar:ip-arent Movements 6fSun a-n-d-Moon---
4th grade- iii E.S. ---- Jbmm:J ~l)!isI~iI~!iO~~f2.C£\;arr§~~_ 9-~)~~t ~~ __ _ 
3rd·grade -In-E.S. SOmin. ! Night sky walk 

. 2nd gra(fe-inI.S~ --- -45mTn~rNight-skywajk----- --.--.-.---.. ----------.---.-
1 st grade in E.S. . . 40mln. I Night skywalk-

* mobile classroom science study guidelines prepared by Suginami ward experts: By reading these guidelines, 

we know how to deal with the lesson units given in the Center. Each grade class will have a different guideline. 



2. Policies 
In order to obtain best results, it is important to; 
( l) Decide the role of the school teachers 

a. Contents of course units 
Because time is limited, we cantt teach everything concerning with astronomy. We 

should discuss with school teachers about what can be best done with Planetarium to keep 

our program in good concordance with the school lessons. 

b. Team Teaching 
"Team Teaching" is a style of teaching that involves more than one teacher. 
Basically, school teachers would give general lessons, and our staff would operate the 

planetarium and explain specific astronomical topics. However, at the present time almost 
class are still being done only by our staff. 

(2) Make children to participate in study 
Different from the lecture style which students are given information in one direction, we 

persuade the participation style which students take part more actively in lessons by talking 
with their teachers. 

For example, we let them search stars and constellations by themselves, put observation on 

record, and so on. In the planetarium, they are helped with the red light illuminations. They 

are also free to tell their opinions and represent their study results by using OHP and we are 

trying to adopt their ideas as much as possible. 

ill. Example of lesson "Apparent Movements of Stars" for the 6 grade class 

Student's study activity Points of guidance Tool and setting 

1.Merno tools Distribute 2 worksheets Daylight 

2 worksheets 

2.Learn when they want to find celestial Attention when observing Local scenery 

objects, they should know the zenith in planetarium Overhead light, 

and the azimuth Azimuth light 

3. Check on appearance of stars, and Brightness and colors of star Culmination 

announce any findings appearance of milky way,etc. --+night sky 

4.Compare the starry sky with Make students understand why Night sky of full 

the urban sky, think about we can't see more stars in the marks 
environmental problem urban sky and make them think Reproduction of 

what to do to see. the urban sky 

S.Using "star chart", find stars and Explain how to use "star chart" Red light 
constellations by themselves Make them find by themselves Star chart 

Memo tools 
Found star and constellation Laser pointer 
are announced 
(answer introduction) 

6.Learn about constellations and stars introduce main stars, Constellation 
constellations and myths picture projection 

machine 
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7. Observe star movements 

Expect star movements, and see 

for themselves 

8.Learn about various heavenly body 

Make them observe star 
movements and record on work 

sheet 

Explain about astronomical news 
or topics 

Grid 

Work sheet 

Red light 
OHP 
Laser pointer 

Laser disc 
Slides 
Videos 
Computer images 
Programs 

Fig.1 Worksheet for studentsCD.Star chart for each seasons (8 kinds)(size:B4) 

_fJ._ ... ~_· _ ____ .. "'" .""." .. U"'V-> 

Fig.2 Worksheet for students®.Observation sheet (size:B5) front: for one direction 

back: all sky 



N. Conclusion 

1. Advantages 
· The class matched to children's understanding degrees can be done. 
· Because lessons go on around finding and the activity by student, content can fix on them. 
· Motivation for real observation: Students would want to see the real sky. 

2. Problems 
· By keeping balance with other science experimentations, students may come to our 

planetarium not always in right times. Therefore, attending courses in the planetarium may 
less its original meaning. 

· Average number of students is 80. There are not enough chances for all of them to represent 
their study results. 

· Because findings and activities of the child are many targets, we can't increase the lesson 
speeds. 

· Rarely, there are teachers who rely too much on the planetarium program for all their 
astronomy classes. Clarification of the roles between our program and the ordinary school 
curriculum is needed. 
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OBSERVATORIES AND PLANETARIA: 
THE BEST CONNECTION TO DIFFUSE ASTRONOMY 

Loris Ramponi 

Associazione Amici dei Planetari - Centro Studi e Ricerche Serafino Zani 

Abstract 

The most powerful center for the diffusion of astronomy, to the public and to schools, combines the presence of the 
Planetarium and of the Public Observatory. The dome of the simulated sky and the giant dome of the real sky invite the 
public to discover the main everyday celestial phenomena. 

The comfort of the artificial sky must not let us forget the importance of the obsenration of the celestial sphere. In 
modern life where video and virtual images take more of our time, it is important for planetarians not to forget to 
involve the students and the general public in the direct observation of the celestial objects. 

The announced Hale-Bopp comet will be an important occasion to fulfill the purposes above mentionned. 
With this communication, ispired by our ten year experience, we would like to describe the reasons of the best 

connection between Planetaria and Public Observatories and some practical proposals. Our attention is devoted in 
particular to the educational aspects, mainly to the activities that don't require expensive facilities and for this reason 
are accessible to both small or mobile and big Planetaria. 

Why a best connection? 

In this last part of the century the success of the interactive exhibits in the science museums and science centers has 
been continually growing. The Popular astronomical observatories can be considered among the first science centers 
where interactive techniques have been applied. Inside the popular observatories telescopes are used directly by the 
public who can often choose what to observe and, when public attendance isn't excessive, people can try to localize a 
brilliant celestial object through the telescope pointer, with the assistance of the Observatory operators. 

The announced Hale-Bopp comet, that promises to become the comet of the century, will be an important occasion to 
invite the public in the direct observation of the night sky, while under the simulated sky of the planetaria it will be 
possible to inform the public, with the support of many images, about the nature of these amazing celestial objects. 

The presence in the same building or in the same city of a Planetarium and an Observatory gives the best possibilities 
in the public diffusion of astronomy. 
To combine together theoretical and practical activities between the artificial and the real sky allows the astronomy 
beginners the first steps among the planets and the stars. 

The main celestial objects observed under the planetarium dome, after looking in the real sky and watching through 
telescopes with the help of a guide, then could easily be identified in their backyards or outside their home windows on 
their own. 

Probably most of the people that follow a Planetarium show are surprised to discover the high number of stars 
projected under the dome, because all the people that live in populated areas see only the most brilliant celestial objects 
for the presence of light pollution. For this reason the bad sky visible in the city observatories, is showed in all its 
fascination in a Planetarium. In the city observatories it is often very difficult to describe the constellations, while this 
operation is most effective under the simulated sky. Therefore a Planetarium shows the constellations visible also in 
other periods of the year and the southern (or northern) constellations, difficult to see because low above the horizon or 
always invisible in our latitude. 

The presence of both facilities allows also the overcoming of a big problem in the organisation of public 
observational evenings: clouds! In an Observatory with Planetarium the program is always garanteed. When the 
meteorological situation doesn't permit observations the public is invited under the Planetarium dome. Our experience 
proves that many people think that also with clouds it is possible to see throug telescopes some celestial object or that it 
is it enough to see one star (that appears between the clouds) to justify an interesting first time telescope observation. 
The people that visit an Observatory for the first time don't change their program not even in tile case of clouded 
nights. In all these occasions (we organize four evenings each week and this situation is frequent) the presence of a 
Planetarium is very important if we don't want to de motivate a potential new regular visitor or put out the small flame 
of Urania (the goddess of astronomy) which might start burning in the newcomer's heart. The purpose that pushes 
people for the first time in their life to consider the possibility to visit an observatory is the curiosity to observe the sky 
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through telescopes. For this reason it is important to substitute the clouded sky with the simulated sky. In our case 
the program of the evening is also garanteed with a public lecture, each evening different, before the observations 
and with a guided visit to the instruments for the people that visit the observatory for the first time. 

During the dayly visits of schools in a Planetarium the presence of an Observatory or an open air space with 
telescopes introduces many practical activities under the real sky. After seeing the planets under the planetarium it is 
possible to observe some of these through the telescope in the dayly hours. 

In the appendix of this communication have been described some practical proposals through a list of key words: 
Hale-Bopp comet, activities about the constellation recognition, Astronomical days, Astronomical itineraries, 
Astronomical drawings, Music under the domes, Astronomy and natural sciences activities, Sundials, the 
planetarium under the Observatory dome and Astronomical journeys. 

APPENDIX 

COMETS 
Haie-Bopp under the inflatable domes 

After Hyakutake another comet of the century? Hale-Bopp will be another important celestial phenomenon to 
approach the general public to the knowledge of astronomy. These spectacular events are the best advertising 
occasions for Public Observatories and Planetaria. Since the start of the new school year we will be diffusing the 
planetarium program "HaleQBopp" comet making a special transparent Starlab cylinder used under the fixed dome of 
the Observatory and the inflatable mobile ones. The cylinder shows the comparisons between drawings of the comets 
observed in the past, from the Chinese until today, the different types of comet orbits (using a "window" at the top of 
the cylinder), the evolution of the comet (using the cylinder in motion and tilted 90 degrees) and the comet tail 
always opposite the Sun. With the Deep sky cylinder we will speak about the Messier catalogue prepared to help 
comets hunters, while with the Starfield cylinder the path of the comet among the constellations will be .shown. 
During the period of visibility of the comet an inflatable dome and a mobile telescope will travel through our area. 

CONSTELLATIONS 
Practical exercises under the real and the simulated sky 

Learning the constellations in the city sky is very difficult. Each year we organize a course for the people interested 
in recognizing the constellation patterns. There is a great interest in the initiatives among people of all ages and 
professions. For the exercises we use a planetarium. The first lesson is devoted to the star maps and atlases, using 
also celestial globes and astrolabs. The following lessons propose practical activities under the planetarium dome. In 
each lesson the operator describes the constellation of one season. Then each participant is involved in the exercises 
using the pointer to show the constellation asked by the operator. From the third to the sixtb lesson, after the 
planetarium exercise, the participants are involved in the naked-eye observation of the sky in the surroundings of the 
observatory where the initiative has been held. Another practical activity proposed during the course is the 
observation of particular star fields compairing celestial maps with the real sky observed through binoculars. The 
lessons take place each month. In this way the participants have the possibility to make experience in the backyard of 
their house and to follow the change of the night sky. The monthly maps published by the Observatory divide the sky 
in four parts (the sky of the evening, of the first and the second part of the night and the sky of the morning). In each 
map some constellation are indicated, while the public is invited to recognize the others. 

The use of the planetarium to teach constellations patterns is also proposed during the annual course for the 
beginners of telescope observations. Before the practical lessons in the Observatory about the use of telescopes, the 
astrophotography, CCD and other facilities, the participants of the course follow also lessons about the constellations 
under the planetarium dome. We use also the "Deep sky" Starlab cylinder to invite the people to learn the positions 
of the most interesting telescope celestial objects. In the following lessons cluster, nebulae and galaxies are observed 
under the Observatory dome through a 40 cm telescope. 

DAYS 
Planetaria and Observatories together to promote astronomy 

In many countries there is an astronomical day that involves all the astronomical organizations in public activities. 
In some European countries an yearly Day about planetaria is held in the Sunday before or after the spring equinox. 
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In some countries, like Slovakia, many Public Observatories partecipate in the "Day'" while in Italy the program 
contains also the telescope observations on the planetarium sunroofs or in the near by Observatory. 

In Italy Planetaria and Observatories are involved together in the yearly Day against light pollution (one saturday 
in October near New Moon). The Planetaria simulate the consequences of artificial light in the night vision of the sky 
or show the real sky that in the city it is now impossible to see, while the Observatories invite the public to discover 
the sky through telescopes and the difficulties for the observation, for example, of "deep sky" objects in the area 
contaminated by light pollution. 

ITINERARIES 
The biggest astronomical exhibition of the city 

Planetaria and Observatories are the main reference points of a trail beetwen the sites of astronomical interest. The 
census of these sites has been published in Italy and in other countries and increases the astronomical interest in a 
certain area that becomes like a big open air permanent exhibition about astronomy. As examples we signal the 
guide-book of the city of Prague and the astronomical itineraries for the city of Rome and Brescia. These guide-books 
could also be a good starting point for the coordination of the scientific sites of public interest in the city. 

An itinerary through the city sites of astronomical interest can start from the planetariumlOservatory and continue 
through the astronomical sections of the local science museum (for example collections of old instruments or 
exhibition of meteorites), and touch the main sundials, monuments of astronomical interest and perhaps a mini solar 
system created in a park to complete this city itinerary. The park around a Museum or a Planetarium/Observatory, a 
recreational area, a mountain or nature trail, a city park could become the site of a mini model of solar system. 

LOGOLAND 
Astronomical drawings 

A proposal to begin the advertising of a Planetarium or an Observatory when the building isn't ready could be the 
organization of a contest for the logo of the facility. 

We use specific logos for each different initiative published in our journal or in the monthly program to keep the 
attention of the public alive and to facilitate the communication of our activities. 

A new logo contest has been organized. It is devoted to the logo of the "Day of Planetaria". The deadline for 
participants is October 15. The people interested could ask for the contest rules writing to our organisation or to 
Presov Planetarium (Slovakia). . 

MUSIC 
Notes in the night under and outside the dome 

Music concerts under the planetarium domes are a well-known experience. We have tried also to organise a similar 
experience in the garden of the Observatory and in the conference room of the Observatory. In the first case we 
proposed original music composed with electronic instruments played with a slides projection of the best 
astronomical images and without comments. For this experiment we chose the beginning of the summer, calling the 
initiative "Festival of the solstice". In the second case a live concert has been played in the conference room of the 
observatory during the "National day against light pollution". The problem of light pollution isn't well known by the 
general public. In this Day each year we try to invite to the Observatory the people that aren't interested in astronomy 
to speak about the amazing word of the celestial sky and the original aspect of the night sky changed by the artificial 
lights. We think that music could attract the interest of these people and their presence gives us the possibility to 
diffuse the knowledge of the light pollution problem and the technical solutions proposed by the international 
astronomy community. 

NATURE 
Not only stars in the planetarium/Obsen'atory 

We have developped some ideas for a twinship between astronomy and natural sciences. The Observatory site is 
used during the day for natural science activities, in particular with schools: guided trails with orienteering exercises, 
birdwatching though the same binoculars used also for sky observations, microscope observations of the insects 
collected during the trail or preparation of the herbarium, projection under the planetarium and at the end the 
telescope dayly observations of the Sun, the main stars and the planets. The microscopes are used also for a journey 
from the world of the very small to the infinite of the sky seen through telescopes. Under the Planetarium dome we 
develop many programs of non astronomical interest using also selfmade hemispheric Starlab projections (prehistory, 
evolution of the living beings, the human body, volcanos). We invite also the conul1ittec of natural parks to develop 
astronomical activities in their areas through the initiative named "Star parks". 



SUNDIALS 
Learning the sun mouvements inside and outside the domes 

Knowing how to read a sundial means to know the main topics of positional astronomy and therefore the classical 
subjects of a planetarium lesson. The presence of a sundial outside (or inside, see internal meridian with gnomonic 
hole) a Planetarium or an Observatory is very important to test these topics with a practical activity. The presence of 
a sundial is also the occasion to decorate with an artistic work the wall of a building of public interest. The sundial is 
also an astronomical open air interactive exhibit and the analematic model is probably the best solution to involve 
directy the public in the use of this sun clock. The presence of an analematic sundial near the entrance of the 
Exploratorium (San Francisco, USA) and the Deutches Museum (Munchen, Germany), the pioneers of the interactice 
science museums, is the best example of the use of this sundial that involves the public. In Italy and other European 
countries (in particular France) there is a long tradition in the making of sundials and also today there are people 
whose work is builting vertical or other kinds of sun clocks. In these countries census of the existing sundials are in 
planning and also the restoration of old sundials is promoted. 

In Italy since 1988 an international contest for sundial makers has been organised. In these last eight years we have 
collected in a photographic exhibition more than four hundred examples of sundials of different kinds. Since the last 
contest these images have been collected in a videocatalogue. The next contest will be held in 1997. 

TELESCOPES 
A planetarium under the Observatory dome 

Some Observatories situated near or inside populated area have been stopped their observational activities for light 
pollution problems. Their domes can be used for pedagogical activities, for public sky observations and also to create 
a planetarium under the observatory dome. 

Some topics of positional astronomy developped during the planetarium projection could be proposed through 
practical activities, that involve the students in particular, also during the Observatory visit. With the telescope 
installed under a dome we can reproduce the three main arcs described by the Sun in the equinoxes and in the 
solstices (while under the planetarium these three differents sun paths are shown by the sun projector). It is enough to 
select the correspondent declinations of the Sun and to move the telescope from East to West, imagining you extend it 
to the dome, and identifying the different seasonal points of sunrise and sunset at the bottom of the dome. 

We usually indicate the compass points on the bottom of the Observatory dome with four letters. Under the dome 
we can show our main circumpolar constellations with adhesive paper or phosphoreshent materials and a laser 
pointer as they appear at the Poles. Infact we can use the automatic rotation of the dome to show what happens at the 
high northern (or southern) latitudes for the effect of dayly motion. In this way we can propose also in the 
Observatory, but involving directly the students in these practical experiences, the same topics developped at the 
Planetarium. 

TOURISM 
Astronomical journeys 

The people travel more and more. The Planetarium simulate also a journey at different latitudes, while the 
Observatory shows the celestial sky of our location. With the collaboration of the travel agencies we have invited the 
travellers to visit the Planetarium/Observatory and to learn about the celestial phenomena visibile in the latitude of 
their next journey. This special planetarium program, that could be offered by the travel agencies to the customers 
that buy tickets for far destinations, include the following topics: constellations visibiles at latitudes different from our 
location, therefore the orientation through stars (Polaris or Southern Cross), the easy orientation using stars near the 
equatorial latitudes (the celestial navigation of Po lines ian peoples); the north or south noon culminations of the Sun 
depending on the hemisphere~ the zenith culmination of the Sun between the two tropics; the northern or southern 
celestial sky, depending on the travellers country, and the legends of the constellations from other lands (examples of 
sites of arch eo astronomy interest: Megalitic monuments, Egypt and Center America. piramids and so on)~ the 
circumpolar constellations visibile in the locations of high latitutes and the circumpolar constellations visibile at the 
antipodes of our location or in the hemisphere opposite to ours; the mid-night sun and the "white nights" of high 
latitudes; the short twilights and the highly tilted Moon like Ita small boat" visible at the equatorial and tropical 
latitudes; the clear and dark sky and the Milky Way visibile in the sites, like the big natural park, far from the 
populated areas; the zones of visibility of the next sun eclipses and the geographic areas where it is more frequent to 
see auroras. 
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Collaboration with Public Observatories 

Masami OKYUDO 

Misato Obserbatory, Misato-town, Wakayama-pref. 640-13, Japan. 

E-mail: okyudo@obs.misato, wakayama.}p 

1. Introduction 

Recently, many public observatories were founded by local governing bodies in Japan(Fig. 1). The 

number of ones is about 200 and will be increasing in future (Suzuki, 1996). The maximum aperture of 

telescopes becomes large every year. There are four I-m telescopes at present. Expensive detectors (e.g., 

a cooled CCD camera) and high performance computers become the standard equipments of a public 

observatory . 

Because an astronomical observatory is generally located in underpopulated area avert artifical 

light, its traffic access is not convenient. On the other hand, a planetarium is usually located in a populated 

area. But there is no dark night sky. If a planetarium is connected with an observatory using the Internet, 

many people will be able to observe astronomical objects detected by a large telescope. The collaboration 

with public observatories will be of help to popularization of astronomy at planetariums powerfully. I 

present here examples performed at Misato Observatory. 

2. Experiments and Results 

We examined three experiments using the 

Internet. Misato Observatory have a 105-cm 

reflector, a largest telescope in Japan and a 

facility of the Internet. 

The first experiment was a live relay 

broadcast for a disappearance of the Saturn's 

rings on November 19, 1995 (Watanabe et al., 

1996) . We used a video conference system CU­

SeeMe* which is able to excute on PC and Mac. 

Usually, video conference systems are used for 

a one-to-one communication. A reflector of 

CU-SeeMe is able to use for a multi-cast 

communication. Because there were many and 

unspecified participants on this brordcast,one­

way traffics were obliged. Dual - way traffics 

which is an advantage of the Internet were 

*Cu-SeeMe: http://cu-seeme.comell.edu/ 
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Fig. 1: Distribution of public observatories in 

Japan. 



on 

high 

A cn'l' .... clh,....t of a remote from Misato Observatory (Tanaka et aI, 1996a) 

..,..,., .. ,vu, .... e:"pf~nrne]lt was a remote lesson the Attached Junior High school of Wakayama 

1996 (Tanaka et al., 1996a). We taught students a variation of the 

CU-SeeMe(Fig. 2). A live video of the Venus detcted by I05-cm reflector was 

students said after this lesson, "1 want to go to the observatory and to see a real 

""'LLI~_A~~~4~U~ was a live relay broadcast of Comet Hyakutake between March 23 and 27, 

1996b). We opend a latest comet image on a Home Page of the WWW server. A 

..."",-,,,,",u on to able to tell us their impressions. 

images through the Internet give the audience a motivation learning 

same PV1I"\1"1111nP'l"lt are performed at a planetarium, highly educational effect will be 

using the Internet for the purpose of popularization of 

Network (PAONET)" since 1994 (Okyudo, 1994). 

'-'/\,"",\",1..11;:::' JUA""";_,"'u detcted at research facilities of astronomy are automatically 

these images are not enough to satisfy curiosity of a citizen, 

tools to transmit live video images of astronomical objects. 

~AA'J"""',AA at present, because astronomical objects are usually faint. We need a 

in order to keep their qualities. We propose a plan of Remote Public 

remote telescopes connect with each other using a high speed (about lS5Mbps) 

it comes ture, one will observe a real live video anytime and anywhere. 
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If we connect to a foreign telescope over the ocean, we will observe stars in the daytime. We als 

propose to establish an International Public Observatory Society such as IPS. If planetariums and publj 

observatories in the world collaborate with each other, popularization on astronomy win become mOl 

interesting. 
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The Scene of the Solar Eclipse at Calcutta 

Ramanatha Subramanian 

Director, M.P. Birla Planetarium 

India 

25th October 1995 was approaching. in great contrast to the scene at the previous total solar eclipse 

which cut through India (on 18th Feb 1980) crowds were milling at the planetarium a full week in 

advance for buying the special solar goggles for the safe viewing of the eclipse. The vantage point 

for a few hundred thousands was the diamond harbour, a seaside resort about 40 kilometers from 

Calcutta, which was in the path of totality. apprehending traffic jams, people reached the place the 

previous night and occupied whatever accommodation was available. Dr. W. Livingstone of Kitt 

Peak: National Observatory, U.S.A. who had participated in ten total solar eclipses till then was very 

much there. 

The author led the team consisting of astronomers, some professors from universities of south 

India, staff members of the M.P. Birla Planetarium and the students of the astronomy courses 

conducted by the planetarium. Two big buses were specially arranged for this. The author set up the 

necessary equipments for photographing the corona and diamond rings through (i). still cameras 

attached to telescopes, (ii) through cameras fitted with telephoto lenses, (iv) through video cameras 

and (v) through movie cameras. Image projections were also arranged for the benefit of the 

students. Neutral density filters ranging from nos four to eight and welders' class were also used. 

The students and others were watching the progress of the eclipse through double coated mylar film 

goggles . The weather was excellent and clear, contrary to the predictions of the meteorological 

office. The studies of the eclipse through still and video photography are presented. 
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A NEW GENERATION OF PLANETARIUMS 

PHILIPPE HUY ARD 

R.S. AUTOMATION INDUSTRIE 42290 SORBIERS FRANCE 

What does R.S. Automation make? 

They Inake industrial autOlnatic controls for a wide range of uses. In the past 
few years, planetariums have beCOlTIe a new type of activity. 

Several types have now been built. There is a complete range, varying in size 
and purpose, and these fall into two categories. The first consists of medium­
sized and large planetariulns, with dOlTIeS of 12 Ineters or more in diameter, 
and the second type consisting of portable planetariums. Each of these has its 
own advantages. We will consider thenl briefly: 

- A large pennanent planetarilun has a high quality projector, giving the 
audience a very good ilnage of the sky. The large number of audiovisual 
elements currently used, Inake up the system which is well known, and which 
is still being developed. 

- On the other hand, sinaller systeills exist, which are portable. Their 
advantages are well known, one of the lnost ilnportant ones being the cost. But 
there are other advantages such as that of educational value, and I lnyself have 
had the pleasure of using tllls type for several years. But hundreds of shows 
have revealed their limits. 

A PLANETARIUM WHICH COMBINES THE ADVANTAGES OF 
BOTH THE PORTABLE AND THE LARGE TYPES 

This idea has led to the design of a new systelTI, which has been patented. Here 
are its Inain features : 

It is known as the Roving Star, and is lTIounted on a trailer which can be 
towed by an average-powered vehicle. The dome and the cylindrical part 
unfold. In the base of the cylindrical section, there are seats, which the 
audience will appreciate. It can be rapidly installed by one person. 
With the dOlne in place, here is what we find in the interior : 



We start with the sky projector. It is in the fonn of a star sphere, and 
therefore very cOlnpact and low in the field of view. It projects 1500 stars for 
the whole sky, using lenses for the brightest stars. Around it are five mobile 
components which display the sun, the moon, and the planets. Their 
movements are cOlnputer driven. This allows function changes for an element 
representing a planet. This elelnent can, through the program, become another 
planet, or a shooting star, or also an artificial satellite. 

In the saIne area, in the centre, there are two slide projectors, the sound 
systeln and the control systeln. They operate with a fade-in and fade-out mode, 

All these components can be operated Inanually or autolnatically. The Inanual 
lnode, and the principle of computer control of the components, allow positions 
to be changed very rapidly, to deillonstrate astronolnic phenolnena, 

Because there are two slide projectors, it is possible to program both simple 
shows and short sequences on a specific topic. 

The advantages over conventional portable planetariulns are obvious. The 
spectators have cOlnfortable seats, which is a particularly important asset for an 
adult audience. The possibilities are superior to those of entirely lllanual 
systellls. The short progrmll can Inake up the essential part of the show, but the 
presenter's talent can be used to a Inaxilllulll. The best use will probably be 
short sequences, which can be progralmlled by the presenter, according to his 
desired tilning. This allows hiln, if he wishes, to give a cOlmnentary adapted to 
the group, to concentrate on his presentation, and to watch the audience's 
reactions. 

Suggested use of this planetarium: 

In regions of lovv population density, isolated groups can be offered a 
perfonnance in conditions which are teclmically better. As an additional feature 
for major exhibitions, or during astronolnical events, the planetarium can be 
erected out of doors. 
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THE NEW ZEISS STARMASTER PLANETARIUM 

Volkmar Schorcht 

Carl Zeiss Jena GmbH, Germany 

In August this year, the first Zeiss Starmaster Planetarium will be installed in Wolfsburg, 
the German city, in which the headquarters of the famous Volkswagen company are situated. 

Fig. 1 The new Zeiss Starmaster incorporates plenty of new technologies for modern planetarium 
presentations. 

The Starmaster represents a new generation of Zeiss medium size planetariums for both 
flat and tilted domes of 12 m to 18 m in diameter. It incorporates plenty of new technologies for 
modern planetarium presentations{ technologies that are unique in planetarium history. 

6 7 8 9 10 11 12 13 14 15 15 17 ,. 19 10 21 22 2l 24 25 Dome Diameter 

Fig. 2 The Starmaster fits readily into domes of 12 m to 18 m dia. 
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Which are the main new features of the Starmaster? 

In the past nearly all optical planetarium projectors used the division of the celestial sphere 
into 32 fields introduced by W. BAUERSFELD in 1923. The Starmaster design is based on 12 projec­
tors with wide-angle lenses. 

This new sky division has some important advantages: We save space on the star ball to 
add other projection systems, and the diameter of the star ball has been reduced to less than 
three quarters of a meter. That figure corresponds to only 5 %) of the dome diameter. 

For the first time the meanwhile legendary Zeiss fiber optics projection of the starry sky is 
available to medium sized domes. Each star projector consist of up to 900 fibers for the projec­
tion of stars of unsurpassed brilliance. 

Please come to see our demonstration of the fiber optic projectors during the visit to the 
Osaka Science Museum. Seeing is believing. Our cordial thanks to the IPS officials and to our 
Osaka Planetarium friends who invited us to present the fiber optics sky. 

The gain in brightness of the projected stars allows us to reduce their diameters. Even the 
bright stars can now be generated with an angular diameter below the resolution power of our 
eyes. And the method of indirect seeing - well known to sky watchers - is applicable to detect 
the faintest stars of the fiber optics projection. 

Time to adapt the visitor's eyes is something you never have to consider again. What 
happens to your stars when you project a panorama? They just vanish. With the fiber optics sky 
this problem belongs to the past. 

Fig. 3 Reduction in diameter of 0 magnitude stars with Zeiss planetariums since 1923 

The fiber optic projectors come with a new method to simulate scintillation. For the first 
time scintillation in a planetarium is truly natural. The effect now is stochastically distributed and 
does not fade out any star when it is switched off. 
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Fig. 4 Principle of the new scintillation method 

Star mask 

The stars are represented by their true color. By staining single fibers we are able to colol 
stars. Even an exaggeration of star colors is possible. A metal vapor arc lamp is used for fixec 
star projection. This is the only lamp which provides a pure white light. The arc lamp for thE 
Starmaster is a commercial one, you do not need custom-made lamps for planetarium use any 
longer. 

Fig. 5 Star coloration is achieved by staining single fibers 

With the Starmaster we aiso introduce what our American colleagues call the "binocula! 
view". With the Zeiss Starmaster you may use binoculars to watch star clusters and nebulae. 
Open star clusters are represented by stars weaker than the brightness limit of the field stars. Tc 
our eyes the clusters appear in exactly the same way as the natural clusters do. The largE 
nebulae are represented by digitized photographic images. Discover the spirals of the Androm­
eda Galaxy as well as the characteristic structures of the Magellanic Clouds. 

To cut off the projections from the star ball at the dome's springline we offer either gravi· 
tational shutters for flat domes or computer controlled shutters for tilted domes. Anyway ir 
both cases the fixed stars are cut off by computer controlled shutters. This technique prevents 
projection of stars into a panorama, for instance. 

An additional all-sphere projection system is available for the projection of astronomica 
grids and the constellation figures. A built-in slide change mechanism allows switching ave! 
between the two patterns. 

A third projection system on the star ball covers a ring-shaped zone next to the celestia 
equator and ecliptic. It is also equipped with a slide change mechanism, for instance to projec 
the constellation figures of the zodiac. 
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The projectors for Sun and Moon are integrated in the star ball and get their light from the 
central arc lamp. This again is a new technique in planetarium design introduced by Carl Zeiss. 
The combination of sun and moon projectors with the star ball avoids the obstruction of the 
projections all other star ball designs entail. With the Starmaster the advantages of the classical 
gear locked mechanism and the star ball design are combined. We call it the II 2-in-1 concept". 

Indepentently 
controlled 
projectors 

~ Starmaster / 
2-in-1 concept 

Fig. 6 The 2-in-l concept combines the advantages of the independent projector control with 
unobstructed projection 

Sun and Moon can be projected with such a brightness that they cast shadows in the 
dome. The Moon is presented with its surface details and phases. The phase mechanism gives 
you a correct narrow crescent close to new moon. The sun projector includes a mechanism for 
presenting eclipses and a planet transit. 

The planet projectors are located in the near vicinity of the star ball. Each planet is projected 
by x-y-mounted high speed lens. These projectors provide a high luminosity of the planet images. 
The settings of all projectors are calculated by the astronomical algorithm in real-time. 

The Zeiss Starmaster is controlled by a multi-processor computer. The user interface is 
based on MS-Windows. Control PC, synchronization board and interfaces are concentrated in a 
small control rack under the control desk. The control panel of the size of a PC-keyboard can be 
used for live presentations without restrictions. 

Live run, teach-in programming, edition, automatic run and override are only a few of the 
integrated operation modes. . 
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MULTI-FUNCTIONAL OBJECT PROJECTORS 
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Minolta Planetarium Co., Ltd. 
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MINOLTA INFINIUM, multi function mode, astronomical image database, 

software for positioning servo-control 

ABSTRACT 
We had developed "MINOLTA INFINIUM" at TSUKUBA EXPO' 85 in Japan. 

Since early model of INFINIUM, four changeable frames of planet images 

were included in the planet projectors. It has been only avairable for 

MINOLTA INFINIUM to clear hurdles of hardware and software for posi­

tioning servo control for a long time. 

In after model (1986) we added a new function "Multi function mode", 

which selects reasonable frames in the each planet projector automati­

cally along the point of view in the space. 

We have made new concepts of planet projectors and we have thought 

new posibilities of using methods of planet projectors, and we have 
always been the first developer, as a pioneer of the new planetarium, 

new functional-planet projectors in the world. 

Now we need no planet projectors as the projectors for projecting 

only planet images more, and we reach the following new idea! 

In this paper we report newly developed "MULTI-FUNCTIONAL OBJECT PRO 

~JECTORS", which enable to supply the astronomical image database with 

software for positioning servo-control of the projectors. 
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New Developments at Evans & Sutherland and Digistar n 

Jeri H. Panek 

Digistar Sales Manager 

Evans & Sutherland 

USA 

'he status of the Digistar II digital planetarium system and the new, full dome/full color interactive 

rojection system, StarRider, will be given. In addition to these products that have been developed 

pecifically for the Planetariums, Evans & Sutherland is also in the process of adapting their other 

irutal reality systems for eductaional pruposes. These systems include the CyberFighter cockpit, 

'irtual Glider and interactive kiosk products. 
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A PLANETARIUM CAPTIONING SYSTEM FOR THE HEARING IMPAIRED 

Noreen Grice and Darryl Davis 

Charles Hayden Planetarium, Museum of Science, Boston, MA 02114 

I'd like to tell you about the new captioning system recently 
installed in the Charles Hayden Planetarium. The person most involved 
with the project, Noreen Grice, was not able to attend this meeting, 
so I (Darryl Davis) am presenting this paper in her absence. 

In Oct. 1993, Noreen Grice attended a field test of three caption 
display devices, conducted by the CPB-WGBH National Center for 
Accessible Media in Boston. The test was held in a local movie theater. 
Both hearing and hearing-impaired persons participated. One of the 
devices tested was a Vacuum Fluorescent Display or VFD. A VFD is a 
small alpha-numeric display, similar in size to a shoe box. In the 
test, it was mounted with a bracket directly to the back of a seat 
and allowed a person sitting in the next row behind, to read the 
narration of the movie. 

In early Fall of 1995, the Charles Hayden Planetarium received 
a grant from The Peabody Foundation, Inc. to install a state-of-the-art 
captioning system in the planetarium. Noreen contacted Design Continuum, 
Inc., an innovative engineering and design company in West Newton, MA 
about working on this project. Although the grant would not be able 
to pay for much of the design work needed, the Project Engineer was 
very interested in the idea of working with us to develop a unique 
captioning system for the planetarium environment. 

The engineers of Design Continuum worked directly with Noreen to 
modify the original design of the VFD captioning units. Rather than 
attach the units to the back of seats, the units were made modular. 
The engineers designed four permanently mounted posts where the 
VFD captioning units would attach when used by deaf visitors. When 
not in use, the units would be stored away for safe keeping. 

After several months of collaboration between Noreen and the many 
engineers and designers involved, the units arrived at our Planetarium 
in April 1996. The VFD captioning units are operated by a 486 PC in 
our Planetarium Control Room. The PC is equipped with an Adrienne LTC lOR 
timecode-reader card and special software from the WGBH Captioning 
Center which relays the SMPTE code from our SPICE system to the VFD units 
in the theater. 

Our new captioning system is so user friendly that we can set up 
the VFD captioning units when a person entering the planetarium requests 
captioning. Each of the four units can accommodate up to three hearing­
impaired visitors allowing us to serve up to 12 deaf visitors per show. 

We are very excited about this new captioning system and hope that 
you will use our facility as a model site for providing a captioning 
system in your planetarium. 



DIGITAL ALL-SKIES PRODUCTIONS 

JOHAN GIJSENBERGS 

EUROPLANETARIUM - GENK - BELGIUM 

All-skies are about to become a standard projection method within planetariumshows. However 
the way to produce them could be a very expensive 
affair. Artists with a good look on doomperspective can make great all-skies but are often 
expensive. Own creations by copying and dubbing images are nice but not always effective in 
different shows. 

We want the newest Hubble-pictures on our dome or the finest pictures ever made by astrono­
mers. Not an easy task and most of the time we are depended 
on what is on the market to buy from. 
With the creation of software called DigiDome, developed by the Dutch company Eyecon and 
distributed by Sky-Skan a lot of trouble in making all-skies are over. 

Where DigiDome can make any digitalized images into any size of picture, whether it is a 
panorama or just al large or small image, the making of all-sky pictures has the most success 
here. 

Since DigiDome needs digitalized picture in Targa-format we need to get our images digitalized. 
A modern planetarium nowadays with a graphics desk can hardly do without a graphic color 
scanner. It is still the easiest way to get printed pictures digitalized. Slides however can be a 
problem to scan due to low resolution scanners. Slides can simply be put on photo-CD. You pay 
the price of a simple photoprint but in the meantime you have a nice digitalized picture on disk 
you can read from you CD-rom. A lot of planetaria are archiving their slides this way for the 
future. There are different sorts of photo-CD (professional, archive .. ). There is certainly one that 
will fulfill your needs. 

Getting your pictures straight from CD-rom (a lot of astronomical software have already beautiful 
pictures on their disks) or from internet gives you direct digitalized pictures. Whatever format 
they are in, most of the modern graphical software such as photoshop, photostyler or picture 
publisher can change them to Targa without trouble. 

With so-called plug-in software for f.i. photoshop, your original can be turned into different 
styles. If you have a dissolve system in your all-sky projectors the real image can for instance 
appear from a crystallized version of that image. The effect can be astonishing. There are lots of 
plug-in tools one can use. So your pictures can be 'metalized' first or 'watercolored' before or 
afterwards the real picture shows up. Using this trick with an all-sky system is a splendor on its 
own. With more dissolve possibilities one can run a sort of animation with them. All together 
digitalizing pictures can bring more live onto the dome. Using DigiDome or someone who can 
produce them for you (see addresses) is in that way a cheap way to make stimulating all-skies. 
Using your own software gives you the chance to change your image within short notice. Just let 
your computer do the work. 

A few companies are busy with producing all-skies for third parties. 

* The people who created DigiDome in the first place, the company Eyecon, have now come up 
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with what they call circle-pictures. It is a series of images made throughout Europe of well known 
places with a 4/5 inch camera and 200 degree fish-eye lens on it. Imagine the Paris Eifeltower 
onto your down or the inside of the Vienna-opera. These images are high-resolution pictures (up 
to 40 Mb) and delivered on CD-rom so you can run the trough DigiDome by yourselves. Other 
people can order them as 6 soft-edge slides as far as they have a standard 6 all-sky system 
installed. 
At Eyecon other images on demand are available. 
A catalogue is available on floppy-disk and the contents is still growing. 

* Laura Misajet from Narberth in the U.S. is using the benefit of DigiDome herself to serve the 
planetarium community with beautiful all-skies. Her fractals are a very attractive and can simply 
be ordered. 

* Steve Young at Image Ability (Londonderry, New Hampshire) does the same. He has been 
subcontracted by Sky-Skan to produce lovely all-skies for the National Air and Space Museum in 
Washington and the McAuliffe Planetarium. 

* A growing number of people (Stephen Rider..) are offering more and more DigiDome services 
as well. Cheque out Dome-L or the Planetarian. 

Prices ranges from 100 to 400 US Dollars. 

Addresses: 

Eyecon 
Coninckstraat 20 
3811 WJ Amersfort 
The Netherlands 
fax: +31.33.4700193 
or 
Europ lanetarium 
C/o lohan Gijsenbergs 
Kattevennen 19 
3600 Genk 
e-mail: planetar@eunet.be 

Laura Misajet 
LM Images 
PO Box 948 
Narberth P A 19072 
USA e-mail: Imimages@aol.com 

Sky-Skan 
51 Lake Street 
Nashua, New Hampshire 03060-4513 
USA 
e-mail: 73700.110@compuserve.com 
(Steve Young: tel. 0800.253.1920) 



IMPROVING THE MILKY WAY 

APFAIRALL 

SOUTH AFRICAN MUSEUM 

Photography of the Milky Way reveals a wealth of glowing nebulae, dark 
clouds, dust lanes and clusters of stars - frequently portrayed as spectacular colour 
plates in astronomy textbooks. Yet almost all of this is too faint to be visible to the 
naked eye. Instead, the eye sees the Milky Way as a diffuse band of light, with 
only a few dark clouds seen in silhouette against it. The general low level of the 
light makes the eye dependent on the "rod" receptors in the eye's retina and thereby 
robs it of colour vision and resolution. The only emission nebula that can be 
readily seen is the Great Nebula in Orion, but its colour is not apparent. The 
Pleiades and Hyades are similarly the only clusters easily visible. Nevertheless, the 
Milky Way is a very appealing sight to the dark-adapted eye - particularly if seen, 
in the absence of moonlight, from a favourable site, 

The reproduction of the dark night-time sky, as seen by the naked eye, is the 
aim of the planetarium. But would it not also be possible to use a planetarium to 
reveal details normally too faint for the eye - the clusters, glowing nebulae and the 
multitudes of faint stars? Certain manufacturers have produced planetarium 
projectors that show stars much fainter than the normal cutoff at magnitude 6.5, but 
they do not similarly enhance the spatially extended features - the glowing nebulae 
and clouds of unresolved stars. 

At the planetarium of the South African Museum in Cape Town, we have 
been engaged in "improving" the Milky Way by means of 6-projector all-sky 
materials that supplement the normal star field of our Minolta MS-15 projector. The 
all-sky projection must operate in register with the star pojector (so the star 
projector cannot, of course, carry out diurnal or latitude motions while this is 
done). 

Since our main interest is with the southern Milky Way, the simplest recipe 
has been to set the South Celestial Pole at the zenith. The central budge of the 
galaxy is then elevated almost 30 degrees above the springline of the dome, thus 
suitably positioned for viewing. Above and to the left of the bulge, the Milky Way 
runs towards the spectacular Southern Cross region, while much further to the left, 
and usually behind, even the Orion region is just above the horizon. Since the star 
projector casts shadows in the bottom centre of the six all-sky projectors, we have 
avoided having this affect critical regions by centering the 6 panels exactly on Right 
Ascension Oh, 4h, 8h, 12h, 16h and 20h. The only compromise with this 
arrangement is that the central budge of the galaxy falls across two panels. 
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Our ftrst Milky Way all-sky was made in 1989, artist Anina Botha copied 
photographic materials - chiefly flicking paint off the bristles of a toothbrush to 
simulate the large numbers of stars. Her paintings showed the gross structures but 
were not exact in detail. 

In 1994, we were stimulated by the sight of the Minolta Infinium sky, with 
its 26000 stars, as seen at the Brevard Community College planetarium at IPS 94. 
We tried making our own faint stars by photographing small black dots, as 
produced by an airbrush with a "splatter cap" fitted. These were painted on white 
card panels. Hershel Mair, our planetarium photographer, then shot them using 
Kodalith type 3 film. The results were satisfactory, we could add tens of thousands 
of faint stars to our planetarium sky. Of course, we were taking some license in 
that the dots represented general distributions and not the exact locations of 
individual stars (but who could tell the difference?). 

To complement the faint stars, our artist, Margie Walter, used the airbrush 
(with If splatter cap" fitting) to create a much more detailed and exact "Milky Way" 
by copying the panoramic photograph from the European Southern Observatory and 
with reference to all-sky panel mock-Ups for location of features. 

The result was very satisfactory but the contrast in surface brightness along 
the Milky Way was exaggerated by the lith film. It was improved by shooting on 
continuous tone, Technical·Pan film. However, the faint stars showed up best when 
projected at full intensity, while the Milky Way star clouds looked best at much 
lower intensity. Also, the scene was still only black and white - the colour of stellar 
populations could not be discerned. 

This year, we are again attempting to improve our "Milky Way" using 
multiple projection all-skies, in register with one another and with the planetarium 
projector. The general scattering of faint stars, concentrated towards the galactic 
plane will be carried as before on Kodalith, which will be projected at full intensity. 

Margie is respraying the general Milky Way using continuous tone (regular 
airbrush, no "splatter cap"), in colour, on a black background. Herschel will 
photograph these with polarized light, on tungsten transparency film and they will 
be projected at lower intensity. Experiments relating to the general intensity and 
colour of the stellar populations have been carried out. 

In an effort to add more detail and accuracy, we have also invested 
substantial time going through the photographs of the National Geographic -
Palomar Observatory Sky and the British SERe l11a-J Survey. Each of the 
photographs shows a region of sky 6 x 6 degrees. All smale-scale emission nebulae 
(red), reflection nebulae (blue), foreground dark nebulae, open and globular star 
clusters have been drawn on reference panels, and will be used to add accurate 
details to the all-skies. The star clusters will be added to the "Kodalith" faint star 
panels. The red and blue nebulae, could be added with a separate bank of all-skies; 



since we only have two banks, we will however include it with the airbrushed 
background. The foreground dark nebulae are duplicated on all panels. 

We look forward to seeing these results projected and viewing the Milky 
Way in its true glory! 
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REPAIR OF AN EARLY U.S.A. PLANETARIUM INSTRUMENT WITH FffiER OPTICS 

HISTORY 

JOSEPH M. DE ROCHER 

Ralph Mueller Planetarium 
Cleveland Museum of Natural History 

1 Wade Oval Dr., University Circle 
Cleveland, OR 44106-1767 

U.S.A. 

The Hanna Star Dome was constructed as a planetarium by the staff of Ohio's Cleveland 
Museum of Natural History in 1936. It is believed to be the second planetarium instrument built 
in the United States, only predated by the Atwood Globe in Chicago, Illinois. The Hanna Star 
Dome is a 907 kg, copper, 4.87 m diameter dome, that was illuminated by nearly 3,000 six-volt 
radio lamps. The dome contains 12 complete star fields, one for each month of the year. During 
any single month displayed no more than 250 to 300 stars will appear. On the dome the stars had 
been individually wired so that any month would be displayed by using a 12-position rotary 
switch. 

In 1982, a process of cleaning and identifying the constellations was begun. The dome is 
only serviceable from the outside and a great amount of time was spent identifying the 48 
constellations placed in reverse orientation. The code system used to identify constellations is to 
distinguish them in alphabetical order starting with number I-Andromeda and ending with number 
48-Virgo. The code as observed on the dome exterior identifies the constellation, the month that 
it is visible and the individual star in the constellation. This results in some stars such as Sirius 
appearing 5 times, while other stars such as Polaris appear in 12 locations. Additional code 
markings were established for the constellations by a painted colored mark and by also installing 
the proper Greek letter or number identification for each star. The press typing of more than 
15,000 individual identifications was finally completed in 1992. 

FmER OPTIC INSTALLATION 

In 1994, the process of replacing the 3,000 radio lamps with fiber optics began. The first 
step was removal of the old copper wire, lamps and wire track from the dome. Next came a total 
cleaning and a final drilling of the star positions before the installation of nylon clips to hold each 
fiber optic in place. There also had to be a complete redesign of the star dome's rotating ladder 
,system, so that the fiber optics could pass through the center of the ladder to the primary light 
source and allow the rotating ladder system to continue to be used. 



Only three sizes of plastic fiber optic cable are used. The zero magnitude stars are 
represented using 1mm diameter fiber. All 1st magnitude stars are represented with 0.75 mm 
diameter fiber. Al12nd, 3rd, 4th and 5th magnitude stars are represented with 0.5 mm diameter 
fiber and are varied in brightness with neutral density filters. The bright star Sirius was 
accomplished by using three 0.75 rom diameter fibers grouped together to achieve the desired 
effect. On the initial month, 0.25 mm diameter fiber was used for the stars of the 3rd, 4th and 5th 
magnitude. However, it was discovered that working with this diameter of fiber was too difficult 
and it could not be installed into the remaining eleven months. 

GE LIGHT ENGINE 

The illumination of the dome is now accomplished with one light source. The type of light 
used is the General Electric Light Engine. The 60 watt light source is a totally new lighting 
technology designed by GE specifically for the illumination offiber optics. The lamp has an output 
of more than 2,500 lumens and a lifetime of over 2,000 hours. In the dome application, the lamp 
is operated in its standard vertical position passed through a series of 12 light pipes into 12 optical 
couplers and into one of 12 bundles of 250 to 300 individual fiber optics that are representing the 
stars in the skies. A simple unveiling system is used to turn "on" and "off~ whichever month is 
desired to be displayed. 

TESTING 

As each month of fiber optics were installed an extensive series of tests was conducted to 
see that the proper magnitude star was located in each constellation. The tests involved using 
colored gels identifYing the various magnitudes to make sure of their proper installation. The final 
step of the Hanna Star Dome project will be to color the stars of -1, 0, 1, and 2nd magnitude to 
be their proper spectral colors. This will be accomplished simply by using permanent marker pens 
at the exposed end of the fiber. 

CONCLUSION 

All visitors to the Cleveland Museum of Natural History now can control the Universe 
with the hands-on switches that are in the main planetarium lobby, placed directly under the 
Hanna Star Dome. It has been very well received by the visitors to the museum. The Hanna Star 
Dome is believed to be the only hands-on planetarium instrument anywhere east of the Mississippi 
River. It is considered to be the only fiber optic display planetarium instrument in the world. 
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THE VIRTUARIUM PROJECT 

Development Background 

KIMBERLY AYERS 

GOTO OPTICAL MFG.,CO 
US Liasion office 

When I was a kid, I always thought of museums as places to see neat stuff. A museum 

consisted of miles and miles of display cases, from gems to animals to tools used by 

our ancestors. As time went on, participation became the trend in museum evolution. 

Exhibits you could touch, manipulate and learn from gave the audience the ability to 

participate. Planetariums and IMAX theaters brought new sensations and lifelike 

experiences of worlds far away. The introduction of motion platforms and movable 

seats bring the whole body into the experience. Museums have used multi-media and 

simulation to explain and help us learn about our universe. This museum evolution 

culminates with GOTO Optical's VIRTUARIUM; the first large scale dome projection 

system based on Silicon Graphics' ONYX Infinite Reality and GOTO's video projector 

system customized for dome theaters - Get ready to experience a totally immersive 

virtual world! 

Virtuarium System 

The Virtuarium System can be thought of as three basic components~ the Control 

Console, the ONYX Infinite Reality and the Dome Projection System. From the 

Control Console an operator can run a pre-produced show, create cue commands and 

graphics for a new show or simply run a manual presentation as part of a show 

specifically tailored to the needs of the audience that day. 

The computer system consists of a state of the art graphics processor. The ONYX 

Infinite Reality brings powerful image and video processing capabilities to the 

Virtuarium, allowing unlilnited possibilities for simulation, multi-media and virtual 

reality experiences in the dome. Boasting one or more MIPS RIOOOO( RISe processors, 

the system easily draws over 10 million triangles/ second with textured pixel flll at 
speeds of 200 million to 800 million a second. 

Dome Projection System 

Multiple, specially-designed CRT video projectors cover the dome screen. Two 

configurations; partial or full dome coverage, give cost flexibility. Unique features of the 

projectors include Scheimpflug Correction, Off-axis Correction and Edge Blending. 



This means that all channels are seemlessly blended into one continuious image. The 

partial projection system utilizes 4 projectors to cover a screen area of 180
0 

by 120
0 

and the full dome system uses 6 projectors to cover 180
0 

by 360
0 

Both systems give a 

sense of total immersion in the scene. The effect far surpasses any head mounted 

display or flat screen. 

Three aspects of the VIRTUARIUM system 

In general the Virtuarium has three main aspects; it is a Simulator, a Virtual Reality 

Theater and a Multi-media Theater. A simulator is a place where facts or conditions are 

set and an outcome unfolds according to what the user inputs. Examples would be any 

kind of flight simulator or other modes of transportation such as a train, ship or car. Or 

industrial machinery, such as a hydroelectric or nuclear power plant could be run under 

various conditions to test and compare safety and performance. A specific astronomical 

example could be a computer simulation showing how the gravitation interaction of two 

galaxies forms a single spiral armed galaxy. 

Virtual Reality reproduces a space or world, real or imaginary, which can be explored. 

These worlds are actually complex databases depicting outer-space, micro-space, the 

inner workings of an animal or plant, famous buildings of the past and present, or towns 

far away in distance or time. 

The Multi-media aspect incorporates all kinds of digital imagery onto the dome. 

Information downloaded from the Internet, or information viewed in real time from a 

broadcast, teleconferencing with other museums, etc., are just a few of the features 

possible with the Virtuarium system. 

VIRTUARIUr\1 Contents 

Contents Supply 

VIRTUARIUM comes standard with all the projection capabilities of a standard 

planetarium such as 10,000 stars, deep sky objects, sun, moon, planets, celestial 

coordinates, constellation lines and pictures. All planetarium motions; diurnal, annual, 

latitude, precession and azimuth can be simulated. 

The SGI ONYX computer makes it possible to utilize almost all 3D real-time graphics 

on the Virtuarium system. GOTO is presently contacting and working with a number of 

the World's foremost content production companies including Infobyte SpA, 

Coryphaeus Software Inc., Meta Corp & NK-EXA. Our goal is to develop and supply a 
wide range of content that will take full advantage of the fle~ibility of the system. 
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Now more than just a planetarium, the VIRTUARIUM can offer any type of education, 

from science to history, or it can be used for entertainment as a game or amusement 

ride. 

A show scenario might go something like this; 

A galaxy appears far in the distance. As we zoom in on it we aim our ship for one of the 

spiral arms. Closing in on a yellow star, we cruise by each of the planets looking for a 

place to explore in more detail. Of the nine, the third one from the sun, the blue gem of 

the planetary family, strikes our fancy and we enter a low earth orbit. From our new 

vantage point the continents and vast oceans become clear. Each location has unique 

land formations and life forms, examples of which are shown on our screen 

superimposed on a relief map of the entire planet. After examining the geological 

evidence of drifting continents, the science team decides to investigate the plant and 

animal life further. Once the outer features are cataloged, our view penetrates the life to 

the microscopic level, encountering the wondrous structure called DNA .... 

All of these databases already exist to be scripted in this or many other ways. 

Further information can be obtained by directly contacting the author. 

Kimberly Ayers 

US Liasion Office 

GOTO OPTICAL MFG.,CO. 

TeVFax:415-599-9494 

E-mail: Purnamadah@aol.com 



GOTO SPACE SIMULATOR - URANUS 

LUCY KING 

GO TO OPTICAL MFG.,CO. 
International Dept. 

Development Concept 

The basic concept was to create a compact and flexible planetarium system, that utilized 

intelligent functions, inherited and condensed from the GSS-HELIOS projector. 

Throughout development, the over-riding design criteria was to achieve a field of vision, 

free from any obstruction, inside a medium sized dome. 

Compact 

The most striking aspect of the aSS-URANUS is that in spite of it's small size it projects 

so well onto 10 - 18 meter domes. In order to maintain this standard two main objectives 

must always be met; 

(1) The diameter of the enclosure which surrounds the Skyline Projector must be 2,400 

mm or less, and the height of the latitude axis has to be equal or under to 2,200 mm. 

(2) The GSS-URANUS, upon installation into an 18 meter dome, must have the power 

to project images equal to the GSS-HELIOS in terms of both clarity and brightness. 

In comparison with our current product range, these objectives describe 

"a planetarium which is more compact than the G 1 014Si and yet has more potential 

than the G 1518Si". 

Rich Educational and Entertainment~type presentations. 

In addition to compact size, the GSS-URANUS has an advanced program creation 

support system. The support system assists the operator to combine basic planetarium 

functions together with slide image projection and is perfectly compatible with both 

Educational and Entertainment-type presentation shows. 

Beautiful starry sky and superior projecting functions 

Without doubt, GOTO's most important priority was the fixed stars." 

The GSS-URANUS has approximately 10,000 stars down to 6.6 magnitude. The bright 

stars and Planets keep their natural brightness and color tones to the correct degree even 

when projected onto an 18 meter dome. A realistic Milky Way, Nebulae and star-clusters 

are also projected from the fixed-star projector. Independent brightness adjustment of all 
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these projections is possible 

A special feature of GOTO's GSS series is a digital shutter mechanism which cuts off all 

projections below the horizon. Another special feature is the automatic light-bulb 

replacement unit which allows you to replace any burnt-out bulbs during operation 

simply by pushing one button at the console. 

Planet Projectors 

The small-size, high-performance, digitally controlled Planet Projectors sit separately 

from the main projector body. This layout allows space travel experience and lets you 

view the stars from other points in space and time, for instance, you could see the starry 

sky on Mars as it appeared over 1000 years ago, or else view future skies from a space 

ship moving far away from Earth. 

By using what Goto terms the 'Shed Function' the Planet Projectors can visually explain 

the following; characteristic movement of fixed stars, parallax of fixed stars, movement 

of binary stars, movement of satellites, and so on. In addition, the Shed Function can be 

used for other kinds of applied studies and presentations by simply inputting the 

appropriate parameters. 

Skyline projector & Descender 

The independently rotating GSS Skyline projector is located in the center of the doom and 

small projectors, which accurately express celestial coordinates, are Illounted upon it. This 

arrangement lets you use the rotation feature to effectively explain directions in 

educational programs as well as an observer's directional change. The independent 

rotation function gives you complete control over scenes in both space and time, for 

instance, you could create a wonderful feeling of weightlessness by moving the stars in 

one direction while the scene moves in another. 

There are two URANUS skyline projectors types available. One is a highly compact 

model, with a diameter of 2,000 mm and has an optional Descender mechanism. The 

other skyline type has a slightly larger diameter of 2,500 mm and includes a Descender 

mechanism which is completely separate from the fixed star projector. Both these two 

projectors have the independent rotating function. 

The GSS Skyline projector is unique. It has two sets of projectors, each with a capacity of 

12 scenes which can be randomly accessed and smoothly overlapped to a total of 24 

scenes. Illumination on an 18 meter dome is 7 lux and GOTO' s Parameterization 



function will couple the Skyline's dimming to the Diurnal Motion of the fixed stars. 

The URANUS Descender mechanism effects a smooth program change to large-sized 

video screens or Goto' s Astrovision large film projections. The Descender will elevate 

the fixed star projector without adversely affecting skyline projection. 

GOTO strongly promotes a natural looking skyline for tilted-domes ~hrough use of the 

digital shutters to reveal just the front portion of the projection. However, it is also 

possible to have a full 360 degrees projection. 

Manual operation oriented console 

The Control Console has both an operation panel and a display panel which allows 

manual operation of all basic functions. For more complex presentations, which are 

impossible to effect by manual operation alone, special GOTO functions, such as Time 

Warp, Parameterization, Program Branching and the Function Panel, can be freely 

accessed. In addition, Audience Interactive shows may be manually performed by 

accessing any number of 'pre-set' automatic programs and then simply inputting the 

desired time and place parameters. The GSS-URANUS system can be controlled 

completely in real-time which enables the operator to perform these kinds of manual 

operation. 

SMPTE ISIMUL control function 

The SMPTE, or what GOTO terms 'the SIMUL' control function, is used to execute a 

program from a point somewhere halfway-throughout it's length. This function greatly 

reduces program creation time, as well the time required before automatic shows to 

confirm that everything is in order. 

Total System 

The Projector ICons ole interface synchronizes the fixed stars, planet projectors and all 

auxiliary projectors inside the dome together with the sound system, thus giving the 

operator total systen1 control. 

Three Installation Types 

Type 1 for Horizontal Domes 

GSS-URANUS with Highly Compact Skyline Projector. 

If you wish, an optional Descender mechanism to simultaneously elevate the fixed star 

and skyline projectors can also be installed. 
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Type 2 for Horizontal Domes 

GSS-URANUS with the Skyline projector design which is completely separated from 

the fixed star projector. 

This URANUS type has two Descender mechanisms which allows independent elevation 

of both the fixed star and Skyline projectors. 

Type 3 for Tilted Domes 

GSS-URANUSwith the Skyline projector design which is completely separated from 

the fixed star projector. 

Note: When designing this type of theater it's necessary to thoroughly consider the 

Astrovision location, seat height and inclination angle of the dome. 

Further information can be obtained by directly contacting the author. 

Lucy King 

International Dept. 

GOTO OPTICAL MFG.,CO. 

Tel: +81-423-625311 

Fax: +81-423-61-9571 

E-maillucy@goto.co.jp 
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Handmade Movable Planetarium 

"* If jl z (Takayuki Ohira) 

1 fI£ (Outline) 
7'5 *!/ I) ry b 'i" ~ \--:)1::tJ]( S ~ rm~0)£~~fi}m9.o Co c o)-C ~ ~ ~rn:1: cD ~ 0 
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1J\ -C ~ t::.. 0 Co 0) 7' '5 *!1 I) r:7 b 0) %~ ~i ~ T O):ij lJ -C cf;) ~ 0 1):J:'; / {7 r -C f$1fJ OJ lj~ 
-c~ ~ 2) 1/:,; A't)t~ c8. O~* -C*t'39H3 0)'!!I~)J.j{;fJi~: ck lJ" I) 7 )\.;tJ£~~:fl}~9 
~ Co c 1J'<: ~ ~ 0 3) :t)t~tl" ~'- b" ') 7 r.f 0)1-m-t« -r~!:t0)=f{'F ~ <: ~ ~ 0 

~L. 'i" Co 0) -:f 5 *!/ 1) r:7 b ~~:Lt!1-C 01m G -r ~ t::.. 0 A,-:(?f t" f$ tJJ~ tJ. G -C 'i 0) is m % 
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Planetarium can reproduce the starry sky as the nature itself. This is the charms for 
all of the astronomical fan. I had a dream of making artificial starry sky by myself and 
manipulating it freely, In my school days, I worked at the planetarium manufacturer 
and got over any economical and technical difficulties which made it possible to 

complete my trial. The characteristics of my planetarium are as follows. 1) Movable 
&compact 2) Can reproduce the starry sky (including the stars brighter than 8.0 
magnitude) by using original star-plate and projection lenses. 3) All is handmade by 
the student. (Projector, dome, software & etc .. ) 
I have presented this planetarium to the public in various places. I hope to find much 

more useful uses in the future, making the most of its movable characteristics. 

Form: 2-ball /Number of stars:45. 000 
(-1. 5......,8. Omag) / Projection-unit:32 

Star Light source:250i-Tungsten halogenlamp 
Projector x2 / Cooling:forced air cooling 

Motion: 3-axis(Diurnal, Latitude,Cos) 
Sub-items :Mi lkyway, Bri ghtsiar 
Size:W::1. 2m H::1. 7m /Weight:80kg 

Planet Form:Separated from star projector 
Projector Items: Sun, Mercury~Saturn. Comet etc .. 

Effects Twilight:R. O.C(Auto-sun tracking) 
Lighting:R, G,B, W 

Control Control:Cornputer aided Manual or Auto 
Etc Power;AClOOV 2.5kVA 

Diameter: lOm(31 8ft)/Height:~ 8m 
Dome Material:vinylchloride+polyester-fiber 

Entrance:Double door air-lock 
Environment:indoor or outdoor 
Table. 1 Specifications Photo. 1 Star Projector 
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2 t~~~~flpt (Construction) 
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2 - 1 t~Jlt~,~~ (Star projector) 
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2 - 2 ~.Ilbt9:,~~ (Sub- Projector) 
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Photo. 2 Planet projector Photo. 3 T"rilight projector 

2 - 3 iMfin:".A 7- k (Control system) 

1)t ~ ~ 0) T « '"( 0) ~ fiE; ,i computer ~ tv 1fffi ~ n ~ 0 operator 7J\ !/' 1 -f ) v i* {Ip"9 6 C' 
computer 7J'\ 8 ft~ 0) parameter ~ J!~ G, ~ £ 1)t~~ (J) 1l5Mt tei flllj 1fm -?" ~l;b G ~ \ ~ 7t 
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Planets 

Planet 

Driver 

~TWlllght 

Star 

Driver 

Main 
Control 
Unit 

computer' 

iloparator 
Dial-box 

00000 
0000 ... 
00 

Fig. 1 system- diagram 

~ automatic/semi- automati< 

,:: 1T -5 0 i t.::, ~ {E tv: Ii: 'i ~ 
{Ip il' (J) display 1: (J) 1& 1t ~t ~ 
~-? graphical world map~: 

~~ ~ tL, ~~U-? B 1t, ~I 
tI 0) IiJ {'F ~ rJC tJ: C';O\ ~ flR -r: @ 

ffij ~:: ~ ~ ~ :h .:5 0 digital ftjlj {if 

1: ~ ~ 1J\" analog tt:J tJ ~1t 1 
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Photo. 4 Air dome ( 1 0 meters diameter) Fig. 2 Construction of Air dome 
2 - 4 I. 7- F-.b. (Airdome) 
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3 "7 =*:9 U ? k~1JJ~ffl LO) FJ:l~~ 
Problems of planetarium's moving operation 
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3 - 1 g~~, m1& (Construction& Removal) 
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3 - 2 f9:'.3~ If. (Projection accuracy) 
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Photo. 5 Folded dome 

~:X~_7J'-C -'5 0 7t~~O)~}l~J~~~~i'\ C. h t? Fig. 3 Laser sensing of dome motion 
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Takayuki Ohira(E-mail:KFROI557@niftyserve.or.jp : 
$~)(~ (Bibliography) 
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NEW INTERNATIONAL PROJECTS LINKING PLANETARIUMS TO 
RESEARCH, INDUSTRY, TELEVISION AND THE INTERNET 

William A. Gutsch, Jr., Ph.D. 

Great Ideas 
25 The Crossway~ Kinnelo14 New Jersey 07405, USA 

A highly successful fonnula for the creation of children and family programs for planetariums has 
been the use of a live host or teacher in the planetarium theater who interacts with well known 
characters from the television or motion pictures industries in the presentation of the subject matter. 
Having created "Wonderful Sky with the Sesame Street Muppets" in conjunction with The Children's 
Television Workshop and "Robots in Space with R2D2 and C-3PO" in conjunction with 
Lucas~ Ltd., production is now undelWay on anew, interactive program for an international 
consortium of planetariums. 

Six years ago, Broderbund Software, Inc., the marketers of"Myst", introduced "Where in the 
World is Carmen Sandiego?",. an interactive computer game destined to become the most popular 
educational product of its kind in the industry. Since then, Cannen Sandiego has become the basis for 
a series of additional computer games as well as highly successful and award winning television 
programs plus numerous lines of merchandise and product. 

''Where in the Universe is Carmen Sandiego?" will be a fast paced, highly interactive planetarium 
show featuring full color character animation that will take audiences across the cosmos in search of 
Carmen and her associates. It will be a fast paced, action adventure in which the entire audience will 
be called upon to ans.wer questions, solve clues and exhibit critical thinking while learning about the 
planets, stars and galaxies. The program is scheduled to premiere in early 1997. 

Last year, the author also became involved in a series ofintemational projects, known as Passport 
to Knowledge, aimed at linking students and teachers in schools, science museums and planetariums 
around the world with research scientists via television and the Internet. In the fall of 1995, we went 
"Live from the Stratosphere" connecting sites across the US with scientists on board the Kuiper 
Airborne Observatory. At NASA's Ames Research Center near San Francisco, we turned a giant 
aircraft hanger into a television studio for the televi~ion broadcasts on PBS. On board the KAO at 
41,000 feet were April Whitt of the Fernbank Science Center in Atlanta and Brian Scott, a high school 
student from Houston, Texas. On the ground, satellite uplink sites included the Liberty Science 
Center in New Jersey and the Houston Museum of Natural Science. From these and other locations 
and via Internet around the world, students were able to interact directly with the people on board the 
aircraft. Students at the Adler Planetarium in Chicago even were able to remotely control the KAO's 
infrared telescope via the Internet. At Ames, we broadcast a total of seven and a half hours of live TV 
to over 200 PBS stations across the US. Students from the San Francisco area created large models 
of the solar system, model comets and even broadcast part of the program in the infrared part of the 
spectrum. 

In the winter and spring of 1995-96, we obtained three full orbits of the Hubble Space Telescope 
from NASA for use by students around the world. Via the Internet, students from California to Russia 
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roted to search for new storms on Neptune and look for new features on Pluto. Then on live TV, the 
itudents got to see their results come down live from orbit under the direction of Dr. Heidi Hammel 
rom MIT and Dr. Marc Buie from the Lowell Observatory. Again, students interacted live with these 
icientists. Participation included American students with Martin Ratcliffe at the Bulb Planetarium in 
)ittsburgh as well as German students under the direction of Thomas Kraupe at European Southern 
)bservatory Headquarters in Garching, Gennany and Japanese students who gathered with Sho Itoh 
ft the Suginami Science Education Center in Tokyo. Broadcasts came from these locations as well as 
rom NASA's Goddard Space Flight Center and the Space Telescope Science Institute in the US. 
\.gain student activities were featured including the turning of the entire audience into a giant CCD 
ligital electronic images from space and real time image processing and enhancement of astronomical 
mages. Students prepared for the broadcasts with correspondence and group experiments on the 
hternet as well as others featured in Teacher's Guides created especially for the missions. 

Our next project in the series, "Live from Mars" is now underway in conjunction with NASA, the 
et Propulsion Laboratory and the upcoming Pathfinder and Global Surveyor missions to Mars 
cheduled for launch later this year. A Teacher Workshop will take place in Washington on 
uly 18~ 19 and 20 with virtual links via Internet and NASA-TV occurring from New Zealand to 
apan. Teachers Guides and related Internet materials will be available by September and four prime 
lIne PBS television specials are planned. 
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From December 1995 to April 1996, we, Suginami Science Education Center and Institute of 
Physical and Chemical Research (RIKEN), have participated science program l1Live from Hubble 
Space Telescope" carried out by Passport to Knowledge team, supported by National Science 
Foundation, NASA and PBS. Suginami side had some critical problem that Suginami Government 
does not permit to connect computers which belongs to our government to external or out side 
computers for keeping personal information of citizen in law. So we have to ask a lot of volunteers to 
help our plan to join Live from HST program. 

Fortunately a Jot of people such as Dr. T. Ebisuzaki at RIKEN, Y.Takayanagi at NHK, M. 
Homma at NTT, y Itoh at NTTPC Communications and others assisted us with technical supports 
for connecting INTERNEI' through Integrated Services Digital Network (ISDN) of NTT in 
temporary condition.- H. Koyama, science teacher at No.4 Momoi Elementary School in Suginami 
City and K. Agata, science teacher at Attached high school, University of Tokyo, prepared the 
opportunity for students participation to this program. 

On March 14'g Live "Making YOUR Observations", Suginami Science Ed. Center and 
RIKEN participate separately. Suginami side received NASA TV images using CU-SeeMe via 
INTERNET which has projected from video projector to our planetarium screen and students from 
No.4 Momoi Elementary School joined, and RIKEN side, which has l.5Mbps lines for INTERNET, 
also received them using MBONE technics via INTERNET at RIKEN's conference room and 
students from Attached high school at University of Tokyo joined, respectively. Undoubtedly video 
images of MEONE looked fine, but there didn't exist no possibility for interactivities like usual TV 
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broadcasting. Students loved CU-SeeMe very much. And another problem of MBONE was it 
occupied too many circuit lines, about O.5Mbps. So, technicians of computer network didn't like to 
use it any more. Then RIKEN team decided they will joint to Suginami side on April 24, though it 
can connect to INTERNET only via 64Kbps ISDN. 

On April 24ts Live "Announcing YOUR Results", the conditions of CU-SeeMe for watching 
NASA TV via Internet was not well rather than March 14's Live and frequently 'images have frozen. 
But international telephone connections kept good ones for phone sounds from STScI which was 
supported by K. Sudoh and R. Hirano, voluntary interpreters. On both Lives we also prepared 
special programs for students. They were planetarium shows named "7 wonders of the solar system tl 

and "Edwin Hubble, a man who expanded our Universe I! , and astronomy lectures about solar system 
and about Edwin Hubble. 

As results, almost students and parents delighted and excited to participate this program with 
real time, real science and real scientists, thought it was done at midnight or very eady in the morning 
and students joined with sleepy eyes. 

We could know there exist big possibilities for science educations to use On-line interactive 
programs such as Live from HST, though it still remains a couple of problem that it was done at 
midnight because of difference in time and it was done with English language. We hope to continue to 
participate further programs presented by Passport to Knowledge team, if equipments such as ISDN 
connection will be completed peffilanently. 
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Using the Internet to Create Learning Opportunities 

Phyllis Burton Pitluga 

Adler Planetarium & Astronomy Museum, Chicago 

INTRODUCTION 

Thinking back several decades ago to discussions about the 
planetarium of the future, no one foresaw the Internet. Yet, this has 
become a major link between many of us and our audiences, both within 
our facilities and outside. The Adler's first opportunities came from the 
university community. They had created and were actively using the 
Internet and saw the potential for public education. Since then, using the 
Internet to its fullest is becoming as essential to Planetarians as operating a 
planetarium projector, reading ephemerides and sharing the latest 
discoveries of the Universe. 

INTERNET LEARNING OPPORTUNITIES 

The learning opportunities that The Adler Planetarium now offers 
are the basis for this paper. They are meaht for you to use and to inspire 
you to add to these opportunities. The are presented in chronological 
order, which approximates an increasing complexity as well. 

Collecting Images and Information 

In the 1980's, the University of Chicago astronomers were planning 
a new major research observatory that would be located far from most of 
the consortium universities (Chicago, Princeton, Washington State and the 
Universities of Washington and New Mexico). They planned to operate the 
telescope remotely with their own software via the developing Internet. In 
the planning stages, they approached The Adler about having a remote 
station on OUf exhibit floor where the public could see "over the shoulder" 
of an astronomer operating the telescope, see the latest technology and the 
most recent discoveries. We enthusiastically agreed. OUf observing station 
was complete before the telescope saw "first light." As soon as we were 
connected to the Internet, we began displaying images that were posted 
elsewhere. Today, the wealth of fabulous new images and latest 
information is astounding. 

OUf next Internet Use came via the "Hands On Universe" (HOU) 
educational program developed at The University of California, Berkeley 
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with funding from the National Science Foundation and the Department of 
Energy. In this application, images are requested and downloaded via the 
Internet to classroom modems. Software is provided to classes that allows 
students to manipulate astronomical images in the way astronomers 
manipulate images to analyze them. We began teaching teachers here, have 
had some public guided-learning opportunities and are working with the 
Boston Museum of Science in making this accessible to the public. The 
HOU information is available at: 

http://h 0 u.l b I. go v / 

Creating Educational Internet Lessons 

By the early 1990's the World Wide Web (WWW) made the Internet 
user-friendly. Astronomers at University 'of California, Berkeley's Center 
for Extreme Ultraviolet Astronomy approached us with National Air and 
Space Administration (NASA) funding. We were invited to partner with 
them and with three other museums (including our colleagues at Lawrence 
Hall of Science) and with teachers in each of the regions. We would 
develop lessons that make use of the latest astronomical data available on 
the Internet. As a result of this project the schools were connected to the 
Internet and the participating teachers learned to access sites and write their 
own lessons incorporating links to the Web sites. This was our first 
experience in writing documents for the WWW in the HTML language. 
Since then, Adobe PageMill Web Authoring Software makes this much 
easier. Also, powerful search engines are now available to locate sources 
of astronomical images and information on the WWW.This project was 
named "Science On Line" and is accessible at 

http:// 
www • c ea. b e r keley .ed u: 80 lEd u ca ti 0 nl so II so I_h 0 m epage .. h tml 

As consequence of the Science On Line project, the Adler acquired a 
server - the piece of equipment needed to create and put our own 
Homepage on the WWW.This provided the opportunity to get the word 
out about our programs. The Science On Line lessons are linked into our 
"Resources" button. 

http://astro.uchicago.edu/adler/ 

This past year we set up the Cyber Space Learning Center with two 
dozen computers linked to the Internet. Through part.nerships with the 



Teachers Academy of Math and Science and Argonne National Laboratory, 
Cyber Space is heavily used for teacher training. My own experience with 
teaching classes this way is that people are fully engaged in their learning 
experience. At break time and at the end of a two-hour session, no one was 
ready to leave. 

The Illinois State Board of Education awarded The Adler a grant to 
partner with a dozen schools throughout the state to develop learning 
opportunities with teachers and students. The classrooms were equipped 
with computers linked to the Internet and with Flexcam video cameras. 
U sing this equipment I was able to video conference with students and show 
them, for example, a model of the Sun, Earth and Venus. They saw the 
above-Solar System view as Venus orbited between the Earth and Sun on 
June 10, 1996, then the from-Earth view and finally a diagram of the 
changing position of Venus in the sky. Each class picked a theme, gathered 
information and images and then developed lessons that are posted at 
Connecting to the Universe. 

h tip :11 www.adler .. uchicago .. edu/universel 

This summer we have a grant from the Department of Energy to 
develop learning guides to accompany the television series "The New 
Explorers." These guides will be available to Internet-linked computers. 
A couple of the programs in the series are about archaeoastronomy in 
Peru, South America. The guides will include links to appropriate Web 
sites on Peruvian archaeology and on archaeoastronomy. When ready this 
guide will be posted on Adler's Homepage under resources. 

This has inspired me to develop post-visit experiences to our sky 
shows. Currently we have shows running that are about comets and the 
Hubble Space Telescope. The autumn show will be about the high-energy 
universe. All of these themes have constantly updated images and 
information available on Web sites so that students and visitors can extend 
their Adler visit via computer from their homes and schools. 

This year we have actually been conducting research with the 3.5-
meter telescope at Apache Point in New Mexico 3000 kilometers from 
Chicago. The computers in our remote station on the 2nd floor are 
connected to the observatory via a T -1 line. With the appropriate software 
and the access code, we are aiming the telescope/infrared camera to mid­
range galaxies and taking CCD images to search for supernovae hidden by 

. dust lanes. We \vill be adding to the building store of data about exploding 
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star to assist in determining whether or not they can be used as "standard 
candles" in distance determination across the Universe. 

Finally, we are just now investigating the feasibility of partnering 
with planetariums half a world away because most of our audience is here 
when we have a day sky overhead; it is night half a world away. We are 
looking for colleagues with a telescope that could be automated to run 
remotely and take CCD images that would then be transmitted over the 
Internet to us to display as "live" images in real time. We would then 
reciprocally have our half-meter telescope available during our night and 
our partners' day. This would be a fantastic use of the Internet for 
planetariums. 

CONCLUSION 

Over the past decade we have gone from collecting learning 
opportunities via the Net to creating them, from opening our doors daily to 
nearby visitors to opening our Homepage doors continuously worldwide, 
and from receiving images from other observatories to actually operating 
telescopes remotely to be in constant contact with the real universe beyond 
our planetarium skies. Care to speculate about the next ten years? 
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USING COMPUTER SIMULATION OF PLANETARIUM FOR A PERFORMANCE 
PROGRAMMING IN THE PLANETARIUM 

Dr. Jan SIFNER 

Observatory and Planetarium of Prague, Kralovska obora 233, CZ·170 21 Praha 7, Czech Republic 

1. PROGRAMMING OF PLANETARIA 

The majority of medium- and large-size planetaria and some newer small planetaria are 
programmable. That means that they are repeatedly able to perform programmed shovvs. In the 
prinCiple there are two ways of programming: a direct programming and a teach-in programming. 

At the direct programming the programmer writes directly the instructions for the control 
system. Without special supporting systems this way of programming can be used for the simpier 
systems as it puts large demands on the experience of the programmer. 

At the teach-in programming the machine alone stores in its memory particular instructions 
step by step just in the same way they were given from the control console. At the play back the 
machine carries out all memorized cues including the errors made during the recording. The teach-in 
programming is simple and easy to learn by the user but not suitable enough for complicated 
programs. Changes in program code are difficult, especially the changes of motions. Usually it is 
necessary to record the whole motion once more. At recording of motions a larger number of 
redundant instruction is stored. The record of the show needs always to be realized in the planetarium 
theater. 

2. PLANETARIUM SIMULATOR 

The planetarium simulator is a software system enabling creation of performances for 
planetarium easily outside the planetarium theater including programming of motions. Our simulator 
is fitted to the possibilities of the model COSMORAMA produced by Carl-Zeiss Jena. Cosmorama is a 
electro-mechanical planetarium with six main drives - diurnal and annual motion, motion in latitude, 
azimuth, precession and vertical circle. It has approximately ninety special projectors. The planet 
cage is used in this planetarium. 

2.1 Proiectors 

The control of 
projectors is very 
simple. On the main 
screen (Fig .. 1) are icons 
of particular projectors. 
In the course of 
programming the 
programmer selects 
icon-projectors by the 
mouse. I n the dialog 
box, which is opened, 
the programmer fills up 
requested parameters. 
At the majority of 
projectors it is the given 
brightness of the lamp, 
time in which the 
brightness should be 
reached, and the 
absolute time of the 
program when the 
instruction should be 
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Fig. 1 - The main screen of simulator - projector control 



carried out. For special projectors the velocity of the motion is assigned, selection of the eclipse, 
zoom and so on. 

The projectors are in the logic groups according to their function. The display is permanently 
updated. The main screen of simulator is identical with the main screen of the control system. 
Therefore, it includes also data on the present position of the machine and their graphical 
interpretation. 

2.2 Motions 

The motion is described in two steps. In the first step the end position is chosen, in the second 
one the way of reaching this position. Two special screens are used for the motion programming. The 
first one (Fig. 2) is 
used for the setting of 
the required end 
position of the motion. 
It is a simplified 
planetarium sky with 
the brightest stars, 
constellation 
asterisms, Sun, Moon, 
planets and additional 
astronomical and non­
astronomical objects. 
Moreover, the ecliptic, 
aequator, main 
compass points, 
vertical circle, and 
position of slide- and 
video-systems frames 
are displayed. 
Displaying of 
particular elements 
may be enabled or Fig. 2 - The motion control - selection of end position 
disabled by the user. 
The simulator displays in a dark circle all what is seen on the planetarium sky. Outside this circle can 
be seen what will appear straight afterwards the motion in the particular direction. 

The appropriate final or end position can be set numerically by the user (by means of 
parameters - for the diurnal, annual, latitude, precession, azimuth, and vertical circle) or using rotation 
of the sky by the cursor arrows. Usual it is the combination of both manners of setting - rough setting 
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Fig. 3 - The velocity profile control 
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numerically, soft setting by 
arrows. To find out a 
characteristic position in the 
performance is of a great 
importance. It is possible to 
let the simulator to realize 
the preset motion 
automatically and the user 
can choose the optimum 
position. 

The second phase 
is the adjustment of the 
velocity and its profile. The 
simulator uses the 
trapezoidal profile of the 
velocity (Fig. 3), The 
parameters are 
acceleration, velocity, 
deceleration and end 
velocity. The simulator 
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automatically calculates relevant times la, ~, te. Simultaneously it controls the parameters to be In the 
permitted interval. All the paramerers are chosen with the mouse. The end velocity of the motion 
must be equal zero. When the end velocity is different from zero, the simulator requests setting of the 
next position and further trapezoidal profile. This is repeated as long as the end velocity does equal 
zero. In the practice it makes possible to create arbitrary velocity profile. The user usually gets along 
with the basic trapezoidal profile for the majority of motions. 

When the combination of more motions for reaching of the requested position is necessary, 
the parameters of all motions are set one after another in the same manner (Fig 4) . 
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Fig. 4 - Adding of the velocity profiles 

2.3 Special Functions 

The simulator includes software for special functions as the permanent sunrise, sunset, 
analema, maintaining of the ecliptic's consteilations in the dependence on the Sun position and so on. 
This enables to the user to choose and immediately use particular function only, without complicated 
programming. 

2.4 File Operation 

The code generated by the simulator can be reloaded into simulator and modified. The 
modifications may be carried out directly in the simulator or in a simple editor. The usage of the editor 
puts higher requirements on the user. In the editor we can use the functions as insert file or merge 
file. It can carry out also the automatic time correction. 

3. THE USAGE OF THE SIMULATOR 

The simulator is applicable for the majority of types of the electro-mechanical planetaria. The 
knowledge of planetarium technical parameters and its programming language are necessary only. 
The simulator is always the same, only the compiier module for converting simulator control language 
into the planetarium control language changes. When the particular type of planetarium has some 
other possibilities, they can be included in the simulator. On the other hand, if some functions are not 
implemented, in some cases they can be replaced by the software. 

Combined motion functions can be used directly from the planetarium, if they are 
implemented. or replaced by a software interpretation from the simulator. 

Although the simulator was designed for the planetarium with the planet cage it is also 
possible to use it for planetaria with free standing planets. 

3.1 Demands on the Programming Accuracy and the Accuracy of Program Execution 

The demands on the programming accuracy and the accuracy of the program execution are 
two quite different parameters. Under the programming accuracy we understand the accuracy 
demanded by the author of the performance at the recording of the program. This accuracy can 
approach in extreme to the program execution accuracy. It can never be greater than the program 
execution accuracy. The programming accuracy is usually higher in educational performances, lower 
at show performances. 

The program execution accuracy is given by the quality of the planetarium control system, 
and the mechanical state of the planetarium. The time deviations are usually not greater than 0.1 



second, deviations in the position adjustment are not greater than one degree. This accuracy warrants 
that each repetition of the performance is visually the same. 

When the technical description of the planetarium is correct, the simulator enables to create 
performances within the accuracy very near to program execution accuracy. 

3.2 Problems with coupling of diurnal and annual motions 

At some types of planetaria with a planet cage the diurnal and annual motion is realized by a 
complicated gear box. It may cause problems with the accuracy of the annual motion. The difference 
can be one or two days. In general it is better when the coupling is realized electronically. 

3.3 Compatibility 

The program in simulator programming language is universal. The simulator programming 
language is compiled by the compiler module which is unique for every type of planetarium. The 
creation of a compiler module for every planetarium type is possible provided we know the instruction 
set and planetarium parameters. Consequently, this enables the full software compatibility of 
programs generated by this simulator to each planetarium having translation module. Of course, ithe 
limiting parameters of the planetarium might not be exceeded. In the present the compiler modules 
are for disposal for the Model COSMORAMA with the original control system, Model COSMORAMA 
with a new control system, which is installed in Prague, SKYMASTER with a new control system 
installed in Srno. (Both products of Carl-Zeiss Jena.) The original control system of the Model 
COSMORAMA is the classical teach-in system, the system in Sma enables a parametric control of 
motions (end position and profile), the new system in Prague enables full motor control in the whole 
time. 

4. WHY SIMULATOR? 

.. Possibility of programming outside the planetarium theater 

o Time reducing of programming 

6} High accuracy of programming 

• Simple operation 

.. Program compatibility with other planetaria 
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HOW TO SQUEEZE THE UNIVERSE INTO A SMALL SPACE 

James G. Manning 

Museum of the Rockies 

The potential of planetariums and astronomy exhibits to complement each other is well known, and 
many science education facilities use both to present a varied program of astronomy to their public. 
But what do you do if you have a planetarium and a very limited space for pennanent astronomy 
exhibits? 

The Museum of the Rockies in Bozeman, Montana USA faced this problem in 1994 when plans were 
developed to create an exhibit space in the entrance area of its Taylor Planetarium--an area of just 
several hundred square feet, perhaps 50 square meters, which accommodated traffic flow to and from 
the planetarium. 

The development of this area needed to meet four objectives: 1) to attract attention to the planetarium; 
2) to incorporate the museum's theme of "One Place Through All of Time," which examines the 
history of Earth as exemplified in the Northern Rocky Mountain region; 3) to provide educational 
value; and 4) to maintain traffic flow. We found a workable solution by making maximum use of wall 
space and by using computer technology and a partly interactive philosophy to create a small exhibit 
"island" which fit within the traffic flow pattern. 

On the curved walls flanking the planetarium entrance, we created a representation of the evolution of 
the universe, starting with a depiction of the Big Bang and evolving to the creation of atoms, the 
formation of the frrst galaxies and quasars, an assortment of galaxy types in the developing universe, 
a close-up view of the Milky Way spiral--with a position indicated for the location of our solar system 
two-thirds of the way from the center--and a decrease in the density of galaxies beyond to represent 
the continuing expansion of the universe. 

A panel describing each section of the mural was located on an adjoining wall to provide 
interpretation of the mural without marring the mural itself as a work of art. 

The mural served as a backdrop for the exhibit island in front of the entrance and incorporated within 
the natural traffic flow. This island consisted of a cabinet supporting three elements. The first was a 
small display of meteorite types, including a touchable iron-nickel specimen. The other two elements 
were a pair of interactive computer stations we called "Space Stations,"--which used touchscreen 
technology to offer visitors user-friendly access to a variety of astronomical infonnation and 
activities. 
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By following the screens' invitation to "touch me," visitors could access the main menu screen and 
choose a variety of options for exploration. Options included calculating your weight on different 
solar system oodies: by touching numbers to record a weight and then touching the "calculate" 
button, you could learn what you would weigh on the sun, moon or planets. This program has 
proved to be the most frequently accessed by visitors. 



Other options included accessing infonnation on the solar system and its constituents--which is the 
next most popular program; learning about objects beyond the solar system; reviewing a brief history 
of marmed and unmanned space exploration; and taking "space quizzes" on either the solar system or 
the universe. We also included an option on the museum itself, allowing visitors to call up a museum 
map, to learn about specific exhibits or facilities, to review visitor services, or simply to find out 
where the restrooms were located. This program is the third most popular after the weight program 
and the solar system. 

In the future, we plan to add additional options, including a program on current events, allowing 
visitors to access pictures and infonnation on the latest from Hubble and Galileo to celestial events 
that catch the imagination of the public. 

In completing this exhibit plan, we even found a discreet comer in which to keep our geochron-­
which has remained a popular exhibit--so that it is available to visitors without impeding on the larger 
cosmic theme that now dominates the space. 

The exhibit opened in the late spring of 1995 and has been very well received by our visitors. And we 
think that the simple, uncluttered design meets its objectives quite well: 1) it draws attention near the 
museum entrance and front desk by providing a dark and colorful contrast to the light colors of the 
main lobby, through the colors and shapes of the mural and the computer stations which invite 
interaction; 2) the area supports the museum's theme by providing, together with the planetarium, a 
cosmic context in which to consider the subsequent examination of the Earth; 3) it provides 
educational value as demonstrated by studies of its use and visitor reaction; and 4) it preserves the 
flow of traffic into and out of the planetarium itself. I think it also manages to include a remarkable 
amount of astronomy, in the concepts of the mural and in the powerful storage and retrieval 
capabilities of the computer stations, 

Perhaps our solution to the problem of limited space for "space" will offer some ideas to others who 
have minimal exhibit areas for astronomy or wish to create exhibit elements in their planetarium 
entrance areas. It is one example of how to squeeze the universe into a small space! 
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Universe: Computerized Theater for Scientific 
Education 

T. Ebisuzaki 1, T. NarU111i2, T. Ito2, T. Konami2, T. Takahei2 

1. Maruyama2 , T. Tanillloto3, H. Okuno3, J. Miyasaka3, Y. Shimizu3 

H. Yamada3, M. Makiguchi\ Y. Igawa4, H. Yamaguchi\ M. I{anazawa5 

1 Institute of Physical and Chemical R,esearch (RIKEN) 
2U niversity of Tokyo 

3 Japan Science Foundation 
4In1age Science Inc. 

5NHI{ Engineering Service Inc. 

1 Introduction 

Universe is a computerized theater system for scientific education in Science Museum at Ki­
tanornaru Park in downtown Tokyo. It is developed jn collaboration of Japan Science Founda­
tion and RIKEN under the supervision of Science and Technology Agency of Japanese govern­
ment. Main features of Universe are a real time operation of numerical simulations of galaxy 
collisions with a super-high speed special-purpose computer and daytime observations of stars 
with a remote telescope connected through a global con1puter network. Figure 1 is a an artist 
picture of Universe. 

GRAPE (GRAvity pipE) is a special-purpose con1puter for gravitational many body systems 
such as galaxies [1]. It can perform simulations of galaxy collisions with two thousands particles 
in several minutes. A graphic workstation, connected to GRAPE, instantaneously visualizes 
the results. The computer-generated images of galaxies are projected to a 200-inch screen to 
be shown to the audience at the theater. 

The graphic workstation is also connected to the Internet. It makes observations of stars even 
in daytime using a 75 em telescope located in Leushner Observatory of University of California. 
The telescope is used in the Hands-On Universe project directed by Dr. Carl Pennypacker 
at Lawrence Berkeley Laboratory [2]. An image taken by a CCD on the focal plane of the 
telescope is sent back to Uni'verse. The image is projected to the 200-inch screen. Because of 
the time difference between Japan and West Coast (7 or 8 hours), audiences in Universe enjoy 
the image of night sky even in daytin1e. 

In Universe, a scientist gives two scientific shows of 30 rv 40 minutes in every Saturday 
afternoon for general audiences. 

This paper is organized as follows in section 4. In section 2, we describe the hardware set 
up of Universe System. The contents of a live show are described. In section :3, and the future 
plan is presented in section 4. 

2 Hardware Set Up 

The major part of hardware of Unive'rse inchldes a graphic workstation, Power Onyx (Real­
ity Engine 2), a special-purpose computer for galaxy simulation, GRAPE-3AF /8, an HDTV 
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Figure 1: an artist picture of Universe 

projector (ILA-M320S), and terminals in an operator table, as shown in figure 2. The graphic 
workstation is the heart of the Universe. It performs the simulations of galaxy collisions with 
GRAPE. The images, generated by Power Onyx, are projected to a 200-inch screen in front 
of the theater by the HDTV projector. It is connected to Internet through a 128 kbps ISDN 
line. It allows us to send commands to HOU telescope and received the observed images. The 
operator controls Power Onyx frOID a workstation (4D jINDY 4600PC) at the operator table 
located in the front side of the theater. The workstation is connected to Power Onyx Ethernet 
(lOBASE-T). Operator also prints out the images from a color printer in the operator table. 

3 Scientific Live Show 

A sc:ientist, called Host, gives two scientific live shows of :30 ""-J 40 minutes in every Saturday 
afternoon in cooperation of two operators. Figure 3 is a snap shot photograph of the Live 
Show. A show is divided into five corners, i.e., Introduction, Astronomical Observation, Galaxy 
Simulation Live, Guest Corner and Gravitat'l:onal Lens Simulation. 

In Introduction, Host briefly describes the major features of Universe using computer graphics 
demonstration. In Astronomical Observation, Host shows the several candidates of astronomical 
objects to observe. One of the operators sends a command to the telescope according as the 
request of the audience.The image of the stars is shown on the 200-inch screen as soon as it is 
sent back to Universe. It usually takes several minutes from the request to getting the image. 
When observation· is impossible due to a bad weather at the observatory or hardware trouble, 
Host gives a talk using archived images in stead of live images. 

In Galaxy Simulation Live, Host briefly describes what is a galaxy and presents the pictures 
of various types of galaxies. Then Host presents images of peculiar galaxies, such as Cartwheel 
Galaxy or Antenna Galaxy. Host tells audience that their peculiar shapes can be explained 
by galaxy collisions, using computer graphics nl0vie generated by off-line sin1ulations, with a 
hundred thousands particles. The sin1ulations were performed by Mr. Yoshizawa at Tohoku 
University, Japan. At the live sirnulation mode, two disk galaxies are shown on the screen. 
Host chooses one audience and asks to him or her to specify the initial conditions of the 
galaxy collision, i. e., the inclination of the disk and the relative velocity between galaxies. The 
simulation of two disk galaxies with two thousands particles ends up to the merging of two 
galaxies withjn several minutes. The snapshot of a highlight scene of the simulation is printed 
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by a c<?lor printer. The audience who specifies the initial condition, can keep it as his or her 
souvenu. 

In Guest Corner, we invite a scientist or a person, who is doing science related works. Host 
makes a 10 minutes conversation with the Guest on the topic concerning the guest. 

In Gravitational Lens Simulation, we show how the images are deformed by the gravitational 
lens effect. Any astronomical object acts as a kind of lens because it deflects light paths due 
to their own gravitational potential. Host picks up an audience and takes a picture of him or 
her, and uses it for the deformation by a gravitational lens effect. The picture of the deformed 
face is given to the audience as a souvenir. 

All the operations of the system are done by two operators on the operator table according 
as the request from Host. 

4 Future Plan 
So far, the subject in the live show tends to limit to the astronomical field. However, it is obvious 
that the ability 'of the Universe does not limit to the astronomically. For example, if we install 
MBORN to the workstation, we cart ITlake a video conference session with any place both inside 
3,nd outside Japan. Audiences in Universe can talk each other with researchers or students in 
t'oreign countries. We also plan to perform a play related to the scientific topics. Furthermore, 
we plan to make a Virtual Experiment Room in computer, in which we can change physical 
:onstants freely. Using this Virhtal Experiment Room, audience would learn what happens 
when gravity, light velocity, or other physical constants are different from the current values. 
Universe is evolving. 
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Abstract 
Traditional planetarium show is consists of some typical components as sunset, constellations guide 
myth or legends, some astronomical topics, and sunrise. We used to think about what does audience 
requires in our planetarium show. Of course, many people demands popular astronomical 
informations from our show, but apparently, people expects something other elements, at once. 
It seems that the audiences enjoy a kind of atmosphere in the starry sky. I tried to reserch the relations 
between this atmosphere and human mind. World wide famous psychologist Carl.GJung saids 
"Frmn ancient times any relationship to the stars has always symbolized eternity. The soul comes 
"from the stars" and returns to the stellar regions,,(l), in his literary work. The starry sky -even the 
planetarium sky- produces a resonance to our mind, This psychological resonance makes these 
atmosphere to many audiences. lung's Analyticai Pshychology gives us some attempts to this 
problem. There are some relations between constellations or heavenly body and our internal deep 
mind. Recent new planetariums -especially in Japan- a tendency to taking in many brand new 
audio-visual equipments, but programs are made by outside productions. 
recent many Japanese planetariums fun-automatic show with narrations audiotape and 
computer controlled projectors, but without live-voice explanation. Certainly, the automatic show is 
so fantastic and dramatic one, but it is important for us to notice that the mind relations being exsistent 
in the traditional planetarium show. 

This presentation is originate from thesis wh.ich I submitted to ""Institute for the Study of Languages 
and Cultures of Asia and Africa, Tokyo University of Foreign Studies" in 1996 . 
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Mind Structure and Characteristics of Japanese People 
Everyone has either of consciousness and unconsciousness in their mind. The Collective 
unconsciousness exists on the central area of our mind.(l) On the circumference of our mind, there's 
a area of consciousness. In our daily life, we never notice the existence of unconsciousness. But, 
when we dream or doing some creative activities the mind energy flows into unconsciousness from 
consci ousness. We call this phenomenon as "going backward of mind energy". There are many 
mind complex among the internal unconsciousness. C.GJung calls this complex structure as 
"Constellation of mind".(3) A Japanese psychologist Hayao Kawai advocated a unique theory 
"empty structure of Japanese mind". According to his theory, the boundary of consciousness and 
unconsciousness in Japenese people is so vaguely rather than European or American people. That 
means Japanese audience has a mind structure which is easy to occurs the "going backward of mind 
energy". This is because that the Japanese audience requires good atmosphere and many elements 
except for astronomical knowledge in our planetarium show. 
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Planetarium Projection and Psychological Projection 
C.GJung named the immanent characteristices in male(female) mind as "Anima(Animus)". The 
progressing stages of Anima takes following steps. 

Biological Stage~Romantic Stage~Spiritual Stage~Wisdom Stage 
Jung called this progress of Anima as "individuation process" or "self-realization process". While 
audience looking a starry sky ~ they will make a psychological projection against their individuation 
process. When the planetarian traces the stars in planetarium sky, audience traces the complex in 
their unconsciousness as same as the planetarian does on the sky. This is the relation of stellar 
constellation and psychological constellation. A French religionist Roger Cailois saids about triangle 
of sacredness-worldling-play.(4) The sacredness corresponds to the starry sky, and the worldling to 
the audience, the play to the planetarium show. Cailois continues, the current society have been lost 
the sacredness, and there are no festivals or no plays in our society, anymore. He writes, therefore 
there's no something to drop our eyes in the society. People demands these sacredness and play on 
the stars or our planetarium sky as their psychological compensations. Then we planetarian have to 
treat carefully with these important matter w bile our planetarium show. 
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THE LAPP (SAMI) SKY: THE COSMIC MOOSE HUNTING SCENE -
A NEW STARLAB CYLINDER 

TORBJORN URKE 

VOLDA COLLEGE, DEPART11ENT OF EDUCATION 
N-6100 VOLDA, NORWAY 

Transparent Nt. 1, Lapp people: Two Sami children 

Two Norwegian Sami (Lapp) children arrayed in the usual colourful Sami 
costume. The total number of Sami is estimated to more than 60,000, ca. 
38,000 live in Norway, 17,000 in Sweden, 6,000 in Finland and 2,000 on the 
Kola Peninsula/Russia. 

Transparent Nr. 2, 3 and 4. Sami, Samiland, Lapland, Geographv 
and Language 

A map of the languages of the world with the Finno-ugrian language group, 
named by the number 11. Trp. number 3 shows the Sami language area in 
more details. From the map we can se that the Scandinavian languages 
belong to the Teutonic group and have almost nothing in common with the 
Sami language. 

Lapland or Samiland are indistinct names wich denote the same region. The 
Lapp/Sami region includes the northern parts of Nonvay, Sweden, Finland 
and the Kola Peninsula of northwestern Russia. The southern boundary is 
indistinct, Laplanders living as far south as 62°north latitude, but Lapland 
proper is generally understood to lie nbrth of the Arctic Circle. Trp. Nr. 4 
shows that the Sami speak nine different dialects, that some of them are so 
different, that even Sami themselves cannot communicate with another. 

Transparent Nr. 5 and 6. The Reindeer Farmers 

Occupationally the Sami may be divided into four classes: Forest Sami, River 
Sami~ Coast Sami and Mountain Sami. Important changes have occured in the 
way of life of Sami during the 20th century. (Nr. 6) Reindeer sledges have 
been replaced by modern snowscooters. The basic difference in the present 
reindeer husbandery is that the Sami family does not follow the herd all year 
round. The previously nomadic famili~snow stay in permanent settlements 
and only a few herdsmen follow the reindeer herds, which have been greatly 
increased in number to groups of 5,000 to 10,000 head. 
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Transparent Nr. 7. A picture of historical Sami culture 

The Forest Sami live in permanent settlements, fishing, hunting, and raising 
reindeer. The River Sami dwell in the extreme north, particulary along the 
Tana and Alta river, and divide their time between fishing and farming in the 
summer and tending reindeer in the winter. The Coast Sami live along the 
Norwegian coast; their main occupation is ocean fishing, but they also carry 
on part-time farming and raise reindeer, sheep and goates. 

Transparent Nr.8 The Front Cover Page of the important 
Sami Study by Ph. D. Bo Lundmark 

Bo Lundmark1 describes and analyses the pre-Christian sun- and moon-cult 
among the Sami. Their conceptions of stars and celestial phenomena are also 
treated. 

The most important sources for information about the Sami are the reports of 
missionaries from the seventeenth and eighteenth centuries. The symbols of 
the Shaman drum have been analysed and linguistic studies have been done. 
More recent documented materials have also been used where older sources 
are on the whole silent concerning stars and Northern Lights (Aurora 
borealis). 

Transparent Nr. 9. The Shaman Drum 

The sign of the sU!1 has a central position in the symbolic world of the 
Shaman drum. The moon and stars are usual symbols on the drum. Worship 
of the sun plays an important role among the subartic peoples. The sun is 
worshipped because of its light, heat, and fertility, and also with respect to 
various types of illnesses, especially mental illnesses. 

Transparent Nr.l O. Twentyfour Hour Midnight Sun 

This 3600 panorama shows the sun's cycle north of the Arctic Circle on the 
island of Loppa from July 21, 19.00 o'clock till July 22, 18.00 o'clock. 

1 Bo Lundmark: B~I'VI MANNO NAsTIT. Sol- och Mankult samt astrala och 
celesta fbrestallningar blandt samerna. Acta Bothniensia Occidentalis. 
Skrifter 1 vasterbottniska kulturhistoria. Vasterbottens lans 
hembygdsf6rening. Vasterbottens museum Umea. 1982 ISSN 0347-8114. 



Transparent Nr. 11. The Moon in "Broad Daylight" at 
Arctic Winter Middav 

Moonlight on the Giljartinden, the peak - at Midday - during the Polar Night. 
The moon cult is found all over the world. It conforms to the traditon of 
most peoples, and also that of the Lapps, that the moon brings good as well 
as evil to the people. 

Transparent Nr. 12. The Northern Light 

This phenolnenon was already delt with by Aristoteles. The Northern Lights 
(Aurora borealis) did play and still plays an important role as an indication of 
the weather. Silence was given as an offering on the very brilliant Northern 
Lights. Accordingly, the bells were removed from the Reindeer when driving 
sledges. 

TransparentNr. 13. The oldest representation of the 
Northern Light 

This drawing is the oldest known realistic representation of the Northern 
Lights from Finmark and shows Inen hunting a fox by the aid of their 
illumination. 

Transparent Nr. 14. Jampa' brave p-rotest against the 
"WIontain Troll" 

This picture comes from an Norwegian book of fairy Sami tales. It shows 
the famous Sami boy Jampa making brave protest towards the Troll­
Mountain. Maybe the artist have had inspiration from the sight of Giljaren 
peak which we have just seen with the ·lTIOOn at Midday. 

Transparent Nr. 15. The Cosmic Moose Hunting Scene 
A New Starlab Cylinder 

The dominant constellation in the Lapp Sky is Sarva, the Moose. It is made 
up of: Cassiopeia, Perseus and Auriga. Sarva refers also to a cosmic hunting 
scene with several hunters. Among the pursuing hunters are the "skier stars" 
Castor and Pollux and the three stars in Orionis belt, called "Dogs of Stallo". 
Favtna (Arcturus) with his bow is one of the moose hunters. According to 
some accounts, the world will perish at the laying down of Sarva. 
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The astral Sarva myth is evidence of the extraordinary importance that 
hunting had for the Sami. It also follows from the drawings on the shaman 
drum that the moose was very desirable game. The moose also belongs to the 
group of animals favored in the "joik", the monotone chant sung by the Sami. 

The Fixed Star Polars with the Pillar Carrying the World have many Simi 
names, for example "sky nail" and "pot nail". The sky is thought of as an 
overturned, vaulted pot, in which the North Star is the wooden plug in the 
bottom of the pot. This pillar has also been symbolized in a cultic way as a 
raised stake or a pillar, where the sacrifical act proceeded. The Sami view 
was that a disturbance of the World Pillar or the NOlih Star causes the sky to 
fall down and the earth to perishe. 

The Cosmic Hunting Scene will be performed "live" at the I.D.E.A.S. 
workshop InteractivelInterdisciplinary Didactic Experiences with Adwanced 
Starlab on Tuesday 16 July at Science Museum of Osaka from 9:00 to 12: 1 

The Cylinder Constellations: 
1. The Moose - Sarva 2. The skiing Moose-hunters - Cuoighahcegjek -
Castor and Pollux 3. The three hunting dogs - The Orion Belt - Galla­
bardnek. 4. The six pack hunting dogs and the old wife - The Pleiades -
Sutjenes-rauko. 5. The bow and alTOW hunter - Fauna davgge - Ursa Major -
The Big Dipper. 6. Bow and arrow hunter - Favtna - Arcturus. 
7. The World Pole - Boahje-navlle - Stella polaris. 8. The Morning - and 
Evening Star - Guovso naste - The Planet Venus. 9. The Birds' Track - The 
Milky Way. The birds are cranes (Grus grus lat.). 10. The weather forecast 
chart of The Milky Way. a) The glove "vott" telling where the wintertime is 
coming, b) A cresent moon - the dangerous "youle-moon" at the 
christmastime and c) the "X" were they could read the weather in the late 
winter. 

Transparent Nr. 16. The Genuine Norwegian Moose Sign 

I invite you all to come to Norway to experience the Midnight Sun during 
our summer, the adventure of Crimson D,awn meeting the Purple Dusk at 
astronimical midday in our Arctic Winter. But most of all have an winter tour 
with the Coastal Express Let your eys taste an "drink" of the Northern Light 
"live", and watch the Sarva-Moose in the Sky froIn the Linders deck. 

And driving by car - be careful, drive slowly when you meet this sign along 
the Norwegian highways, - and byways. 
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THE IPS ARCHIVES: WHAT ARE THEY? WHAT DO THEY CONTAIN? 

John Hare 

Ash Enterprises 
IPS Historian 

The International Planetarium Society (IPS) came in to existence following an 
organizational meeting held in Baton Rouge, Louisiana, in the United States on March 27 & 28, 
1971. That meeting was really a culmination of efforts that began with the first large-scale meeting 
of planetarium professionals at the Conference of American Planetarium Educators (CAPE) hosted 
by director Von Del Chamberlain and the staff of Abrams Planetarium at East Lansing, Michigan in 
October 1970. 

The Society was originally known as the International Society of Planetarium Educators 
(ISPE) and in 1988 became IPS. 

Professor Paul Engle not only served as first president of the Society, but was its historian 
until stepping down from that position in 1989. Paul was also very active in the efforts to form the 
Society, and in his roles as president and past president, which spanned nearly four years, 
accumulated a large file of correspondence and pUblications that relate to our beginnings. For 
next decade and a half Paul continued to accumulate materials, organizing them into what is now 
the IPS archives. 

Sometime back in the early 1980's having an interest in photo-documentation, I began to 
accumulate a file of mostly slides from various planetarium conferences. Discussions with Paul at 
that time led to the photo archives becoming an informally recognized part of the IPS archives. 
The photo archives were initially maintained separately from the other archives .... Paul having the 
correspondence files, publications~ and other materials in Little Rock, Arkansas, and I having the 
photo materials in Bradenton, Florida. 

In 1989 I was appointed as Paul's successor. A year earlier Paul, who was in failing 
health, was relieved to learn of my interest in continuing his efforts. Paul provided valuable 
assistance in the transferring of materials from Little Rock to Bradenton, as well as continued help 
in understanding his methodology. 

What exactly are contained in the archives? Since the volume of the contents would furnish 
reading material that would alone consume several months, I have yet to peruse the entire 
collection. This situation has been further complicated because of having received large amounts 
of additional materials as well as having to file materials that Paul was unable to get to in the final 
years of his tenure. 

The file of publications from IPS is fairly complete. Most issues of the journal, The 
Planetarian, are there along with the special reports which include directories, Special Effects 
Handbook, conference proceedings and others. Various administrations also published President's 
Newsletters and other periodical bulletins relating to the business of the society and are fairly 
completely contained. 

Paul began files containing pubHcations and correspondence regarding affiliate 
organizations. There are substantial materials relating to U.S. affiliates, but little related to non­
U.S. affiliates. 

Various financial records have also been included, but most of these are in the boxes in 
which they were sent, mainly from Mark Petersen and earlier treasurers. 



IPS conferences are well documented with a variety of correspondence between officers 
and conference hosts as well as printed conference materials. 

Various other correspondence relating to the business of the society is organized by each 
administration. 

There is a collection of "trinkets" containing such things as name badges, tote bags, and 
miscellaneous promotional items. 

Mailings to IPS containing printed materials, CD's and tapes from various outside sources 
are included in a totally unorganized box. 

Publications from various affiliate organizations, mainly journals and newsletters, are 
included. These are mostly from U.S. affiliates and are very incomplete. 

There are also miscellaneous files concerning various historical aspects of planetariums -
meetings that pre-date IPS, files on particular individuals, institutions, and specific programs at 
various institutions. 

The photo archives contain both slides and prints, with slides comprising the vast majority. 
These are mostly people shots and more than 50% of the people contained have been identified. 
The slide archive alone has over 2000 slides. 

Additional materials relating to IPS, or for that matter any aspect of planetariums, is 
welcome. Please forward materials to me at the address listed in The Planetarian and be sure to 
identify what it is you are sending. 

At some point in the future I hope to publish an index of materials contained. This will 
allow quicker access to information of interest. 

The archives are available for access by researchers through arrangement. I will also do my 
best to respond to individual requests from IPS members to locate information contained therein. 

Until January 1996 the archives resided at Bishop Planetarium where I served as director. I 
resigned my position earlier this year to devote my efforts to full time consulting and technical 
services to the planetarium community as a partner in Ash Enterprises. The archives are now 
housed in a large portion of my new office. 

A large number of materials still remain to be organized and filed and more materials are 
being received from time to time. I view my responsibility as historian as a never ending effort. 
Not only will there be materials from future events, but there is another unfinished facet. The 
modem planetarium has been in existence since the early 1920' s. Should it not be the responsibility 
of IPS to provide a look back to the very beginnings of our profession? As planetarians we already 
have a wealth of knowledge about the "early days". 

As with anything though, as time passes, more and more is lost if efforts aren't put forth to 
preserve information. The idea of producing an historical record has been discussed by the History 
Committee at the past two IPS conferences without any dear mandate resulting. I believe it is time 
to move ahead with such an effort and therefore will be contacting the various committee members 
in order to formulate the best approach to this large task. I would like to extend an invitation to any 
of our new Japanese members to join the History Committee to assist in this and other future 
projects. 

The IPS archives have expanded beyond just an historical record of our society. Indeed 
what they have come to be is a growing compendium of materials that chronicle the individuals, 
organizations, projects and efforts of our profession. These archives serve to document our role in 
advancing humanity's understanding and appreciation of science in general and astronomy in 
parti cular. 
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DEMONSTRATION 



THE NEW ZEISS STARMASTER PLANETARIUM 

Volkmar Schorcht 

Carl Zeiss Jena GmbH, Germany 

In August this year, the first Zeiss Starmaster Planetarium will be installed in Wolfsburg, 
the German city, in which the headquarters of the famous Volkswagen company are situated. 
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Fig. 1 The new Zeiss Starmaster incorporates plenty of new technologies for modern planetarium 
presentations. 

The Starmaster represents a new generation of Zeiss medium size planetariums for both 
flat and tilted domes of 12 m to 18 m in diameter. It incorporates plenty of new technologies for 
modern planetarium presentationsl technologies that are unique in planetarium history. 

, 7 8 9 10 11 12 13 14 1S l' l' l' 19 20 21 22 23 24 25 Dome Diameter 

Fig. 2 The Starmaster fits readily into domes of 12 m to 18 m dia. 



Which are the main new features of the Starmaster? 

In the past nearly all optical planetarium projectors used the division of the celestial sphere 
into 32 fields introduced by W. BAUERSFELD in 1923. The Starmaster design is based on 12 projec­
tors with wide-angle lenses. 

This new sky division has some important advantages: We save space on the star ball to 
add other projection systems, and the diameter of the star ball has been reduced to less than 
three quarters of a meter. That figure corresponds to only 5 % of the dome diameter. 

For the first time the meanwhile legendary Zeiss fiber optics projection of the starry sky is 
available to medium sized domes. Each star projector consist of up to 900 fibers for the projec­
tion of stars of unsurpassed brilliance. 

Please come to see our demonstration of the fiber optic projectors during the visit to the 
Osaka Science Museum. Seeing is believing. Our cordial thanks to the IPS officials and to our 
Osaka Planetarium friends who invited us to present the fiber optics sky. 

The gain in brightness of the projected stars allows us to reduce their diameters. Even the 
bright stars can now be generated with an angular diameter below the resolution power of our 
eyes. And the method of indirect seeing - well known to sky watchers - is applicable to detect 
the faintest stars of the fiber optics projection. 

Time to adapt the visitor's eyes is something you never have to consider again. What 
happens to your stars when you project a panorama? They just vanish. With the fiber optics sky 
this problem belongs to the past. 

3D'! 

20' 

Modell 

Model II 

Model III 

Space.master 

Fig. 3 Reduction in diameter of 0 magnitude stars with Zeiss planetariums since 1923 

The fiber optic projectors come with a new method to simulate scintillation. For the first 
time scintillation in a planetarium is truly natural. The effect now is stochastically distributed and 
does not fade out any star when it is switched off. 
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device 
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distribution 
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Fig. 4 Principle of the new scintillation method 

Star mask 

The stars are represented by their true color. By staining single fibers we are able to color 
stars. Even an exaggeration of star colors is possible. A metal vapor arc lamp is used for fixed 
star projection. This is the only lamp which provides a pure white light. The arc lamp for the 
Starmaster is a commercial one, you do not need custom-made lamps for planetarium use any 
longer. 
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Fig. 5 Star coloration is achieved by staining single fibers 

With the Starmaster we also introduce what our American colleagues call the /I binocular 
view". With the Zeiss Starmaster you may use binoculars to watch star clusters and nebulae. 
Open star clusters are represented by stars weaker than the brightness limit of the field stars. To 
our eyes the clusters appear in exactly the same way as the natural clusters do. The large 
nebulae are represented by digitized photographic images. Discover the spirals of the Androm­
eda Galaxy as well as the characteristic structures of the Magellanic Clouds. 

To cut off the projections from the star ball at the dome's springline we offer either gravi­
tational shutters for flat domes or computer controlled shutters for tilted domes. Anyway in 
both cases the fixed stars are cut off by computer controlled shutters. This technique prevents 
projection of stars into a panorama, for instance. 

An additional all-sphere projection system is available for the projection of astronomical 
grids and the constellation figures. A built-in slide change mechanism allows switching over 
between the two patterns. 

A third projection system on the star ball covers a ring-shaped zone next to the celestial 
equator and ecliptic. It is also equipped with a slide change mechanism, for instance to project 
the constellation figures of the zodiac. 



The projectors for Sun and Moon are integrated in the star ball and get their light from the 
central arc lamp. This again is a new technique in planetarium design introduced by Carl Zeiss. 
The combination of sun and moon projectors with the star ball avoids the obstruction of the 
projections all other star ball designs entail. With the Starmaster the advantages of the classical 
gear locked mechanism and the star ball design are combined. We call it the II 2-in-1 concept". 

Indepentently 
controlled 
projectors 

"'-.. Starmaster / 
2-in-1 concept 

Fig. 6 The 2-in-l concept combines the advantages of the independent projector control with 
unobstructed projection 

Sun and Moon can be projected with such a brightness that they cast shadows in the 
dome. The Moon is presented with its surface details and phases. The phase mechanism gives 
you a correct narrow crescent close to new moon. The sun projector includes a mechanism for 
presenting eclipses and a planet transit. 

The planet projectors are located in the near vicinity of the star ball. Each planet is projected 
by x-y-mounted high speed lens. These projectors provide a high luminosity of the planet images. 
The settings of all projectors are calculated by the astronomical algorithm in real-time. 

The Zeiss Starmaster is controlled by a multi-processor computer. The user interface is 
based on MS-Windows. Control PC, synchronization board and interfaces are concentrated in a 
small control rack under the control desk. The control panel of the size of a PC-keyboard can be 
used for live presentations without restrictions. 

Live run, teach-in programming, edition, automatic run and override are only a few of the 
integrated operation modes. 
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"Comet Hyakutake" Astrovision Film. 

Kenji Nobukiyo. 

GOTO Optical MFG,.Co. Planning Dep't. 

Image of a great comet taken by a large format film system. 

We succeeded in taking for film images in "Astrovision" format of theComet 

Hyakutake that excited and impressed many astronomy fans around the world. 

Kunihiro Shima(Intemational Dep't) was the main cameraman and I was the 

assistant cameraman. 

First~ I will explain about Astrovision and the Short-film category in which this 

film will be sold. 

Astrovision is 70mm-l Operforation film format. 

There are 40 theaters including 35mm8p system around the world. 

IMAX and other projectors can project films taken by Astrovision-camera by using 

an optical process. 

Next is an explanation about Short-film. 

Short-films run are from some tens of seconds to several minutes. 

Short-films provide impact in planetarium programs. 

For the actual shooting we choose GOTO's Yatsugatake observatry in Nagano 

prefecture as our shooting location site. 

We used an Astrovision-Camera was set 70mm-l Op format. 

And most special is the fact that we carry the camera on the equatorial mount 

MXII. 

The conbination resulted in a shooting success oinot only beautiful image but also 

the comet moves across the star field. 

We are proud of this film, both for it's beautiful image and educational value. 

We are proud of the film valuable appreciatory image and for education. 
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WHAT WILL SUCCEED TO THE LASER DISK'S FORTUNE 
Hiromichi Gan 

Hiratsuka City Museum ' 

ABSTRACT 
The LD(laser Disk) system is using by many planetariums in the world as project video movies to the doom 
screen. It is very effective and has a high trusty .We expect to use video,CG ,such as sky-skan's LD in many 
facilities simpler than now. The other side, SONY's LD professional type player had stopped to produce. 
Perhaps PIONEER will follow when DVD(Digital Versatile Disc) spread for the future. It cause is to change into 
new media,video CD, CD-ROM and DVD.These have good affinities with computer and huge capacity .We must 
consider what to do in this time. 
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USING 3DCG, PRODUCE IMAGE FOR PLANETARIUM PROGRAM 

Shigemi Numazawa 

Japan Planetarium Labolatory inc. 

Recently, the speed up and the cost down of the personal computer has brought a real CO that was not 

able to do a few years ago. I will introduce about the process of the making 3D-CO by Macintosh Com­

puter. 

3DCG making process 

"Modeling" "Rendering!! "Animation" 

Each process 

Modeling 

It means a making a structure of a.solid. Using IICombine'\ "Rotate ll
, "Booleans", "Joining" and "Group­

ing", you can make from some simple objects like a rectangular solid or a sphere to more complex model. 

Or if you use "Surface" or "Mesh", an unevenness is made on a flat paper, as a topographical map. 

"Metaball" is the way that spheres join to make more complex model, like as soap bubbles. There is a 

method that transform freely an assembly of tri~T}gular "Polygons l
' into imaged model. 

Rendering 

Rendering is a process that apply surface attributes to the object that was made by Modeling. As surface 

attributes, there are "colortl, II diffuse" , "anvienC, "specular", II refl ectivity It , "transparency", "luminance", 

"edge density" etc. You set these surface attributes, the real object can be made. 

Photographs or Illustrations can be pasted on the designated part of the model. It is called "Mapping". 

And "Bump Mapping" is the way that make unevenness due to pasted density. 

You can set freely light sources, shadows, etc. When you use Sun light, once you indicate the latitude and 

the longitude, date, direction, then the Sun's position is reproduced automatically at that time at that 

place. 

Rendering Level: There are many kinds of the way of the application of surface attributes. They are the 

following; "Rat or Glow Shading" "Phong Shading" II Ray tracing I' I'Raydio Sity (Radio Sity : Cornel 

Univ.) " They apply surface attributes of completely different quality to the model. If Ray tracing" auto­

matically calculates and reproduces the solid's distortion when see it through lens or reflected on the 

mirror. "Raydio Sity (Radio Sity : Cornel Unlv.)" can do more complicate calculation to make higher 
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;rade model, but it needs longer time to do. 

\.nimation 

[0 indicate the change of objects or the moving camera angles, you can make an animation. There are 

:ome software that have special effects. If you use them, you can indicate an acceleration or gravity of 

he celestial bodies. And there are provided with flExplosion ll
, "Smoke", "Ripple ll

, IIWarpff that stars fly 

'rom forward to backward,etc. from the first. 

Vow using hardware system 

lardware Power MAC 7100/S0AV, 76001120AV RAM14SMB 

Vow purchasable 3D software for MAC 

INFINI-D" II Strata Studio Pro ff "Presenter Pro" "Shade" "Sketch" "Extreme 3DII "Form Z" "Electric 

mage ll 
II Sculpt3D lI etc. 

Jroduce examples 

Modeling of Mir space station on the screen 

Simulation of the fall of the Fire Ball Andromeda 

[you want to see more samples, please access to our home page. 

http://www1.nisiq.net/-numazawa/JPLhome.htm I 
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Making Digital Video Movies on Windows 

Takashi Hasui 

Kyoto Astrophysical Laboratory 

Abstract 

Future planetarium must need new basic functions. For example, projecting the revolution of 

planets include many asteroids, and the rotation of planets changing their surface look. So I made 

one computer program for Windows making digital video movies of like that. Using a personal 

computer with this program and a video projector, you can realize future planetarium functions 

right now. 
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Cancelling Spherical Distortions with 3-D Rendering Software 

3 D '" ~ t:: /' ~ r:: ct ¢ ~ ~ /'\.1 7 ~ 0) rlfl= 

Toshiya Kaga 

JJOR m:~ 

Tatebayashi Children's Science Exploratorium(JAPAN) 

m**mTc.~~$~(I¥Mij~) 

Abstract 

When we make photos for panorama projectors or all sky we can not ignor the spherical distortion 
and offset distortion. A software "DigiDome" solves this matter automatically, but I currently tried 
another way to solve them by using a typical 3-D rendering software. I took "Strata Studio Pro" to 
transform the original photos. This workshop represents the abstract process for how to cancel these 
distortions on the planetarium dome. Even processing a large scale panorama photo for the tilted 
dome is available with high accuracy and low costs. For further technical informations, please contact 
at E-mail address .. kaga@mango.ifnet.or.jp "(no quotations), 

~~O)I'\./ 7'7~/t-JvAj].{mO).A -( r:~E1ff:9:QfI~ .. rp~.r:~QO)tt' t-:-.b.o)~ 
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Simple Dome Modeling for All Sky Produced Alignment Grid for All Sky 
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Planetariums Prepared for Hearing or VisuallY Handicapped Persons 

Natsuko ONO 

Itabashi Science and Education Center. Tokyo, Japan. 
( e-mail: MHG03265@niftyserve.or.jp ) 

We are trying to present the planetarium programs to the handicapped 
in order to provide them entertainment and give them scientific knowledge 
concerning the recent development of astronomy. I show you various examples of new 
method of presentation in Japan and USA. 

Programs for the hearing-impai red 
We know there are many kinds of people who lose the sense of hearing: 

some of them lose completely the sense, while the other can listen our voice 
a little. We should pay attention to all of them, when we are going to present 
the program. We should perform by means of methods other than what we used to 
do for the non-handicapped: in order to let them understand the program. the 
talking is prepared and presented in a form easy to listen for them. 

Saji Observatory (Tottori, Japan) 
In 1995, we had a special program to the hearing- and speaking­

impaired at the Saji Observatory by introducing a method of talking with the 
hands (sign language). The titles of the talking were "Suggestions to the 
visitors in the planetarium", "Flow of the images of projection in the dome of 
the planetarium - Star spangled sky after the sunset", or "The story to be 
presented is outlined in the pamphlet given to you", During the projection. 
the slides on which the titles or captions are described such as "Vega" or 
"Olpheus" or "Tonight sky at 8 O' clock" are projected for reference of the 
handicapped visitors. 

Omiya Space Theater (Saitama, Japan) 
In these months, the Omiya Space Theater presents the special programs 

understandable for people who can hardly listen the tutor's explanation in the 
planetarium by inserting many telop-type slides, which have been held on the 
4th Saturday (12:00-, 15:00-) of every month. One of these programs entitled 
"Let's Stargaze" is recoll1nended to the handicapped by the Ministry of Health and 
Welfare of the Japanese Government. This program was planned and made up 
with the help of many teachers of schools and associations for the handicapped in 
the city and the prefecture. Discussions had been extended mainly to the method 
of presentation such as the size'of the letters in the slide, the font of the 
letters, the length of one sentence of talking, the height of the projected 
pictures, the duration of one program presented. The next of this special 
program will be held on July 27th, 1996. 
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Charles Hayden Planetarium (Boston, USA) 
In the United States, the Charles Hayden Planetarium in Boston has 

recently installed a new state-of-the-art captioning system for hearing­
impaired visitors. The system uses Vacuum Fluorescent Display (VFD) units in 
four areas inside the planetarium theater. Each VFD can serve up to three 
p e 0 pIe, a 11 0 win gus t 0 a c c 0 mID 0 d ate up t 0 12 hear i n g i III P a i red vis i tors per 
show. The units were specially designed for our planetarium by Design 
Continuum of West Newton, Massachusetts and the captioning software was 
developed by the WGBH Captioning Center in Boston. This system would be useful 
for other planetariums, particularly theaters with concentric seating. 

We have many planetariums in Japan where the programs are prepared 
for the hearing-impaired visitors as follows: Sandai Astronomical Observatory 
(Miyagi), Itabashi Science and Education Center CTokyo),Fuchu Municipal Museum 
Kyodonomori(Tokyo). We always exchange our ideas of how-to-do for the 
hearing-impaired visitors. 

Programs for the visual handicapped 
Similarly. the programs for the visually handicapped or people who 

can hardly watch the movie or projected images have to be planned by paying 
special attentions. 

Sound Craft INC. (Tokyo, JAPAN) 
In recent years. the programs of the planetarium are made up with 

the special sounding facility by which we can trace of moving source of the 
particular sound. One of the good example is a scene that a spaceship is 
moving from the left to the right in front of someone's seat of the theater. 
By using this facility, we give a source of sound to the sun, for instance; 
as a resul t. everybody can trace the moving source, the sun. on the dome screen 
off the planetarium from the sunrise, noon and to the sunset. The effect of the 
sound is strongly dependent on the position of the seat in the theater. the 
diameter of the dome, the tone of the sound. and so on. The research work on 
this system is now carried out together with a teacher of The National School 
for the Blind TsuKuba University. 

Special methods developed for the visually handicapped visitors are 
as follows: An audio- system of moving source of the sound. a laser projector 
for the people who can watch only a star spot when projected with the bright 
1 i gh t 1 ike laser I igh t, a speci al scenar i 0 and the improvemen t of presen ta t i on 
One of the best way stressed in our discussion is that preprint in braille is 
prepared and given to visi tors outside the planetarium in advance: in addi tion, 
explanation of exhibition should be displayed not only by drawing but by voice. 
and an easy-touching corner where everybody can touch solid-material such as 
meteorite should be prepared. 

Conclusi vely, we should discuss the method, and we should try to do: 
if we can do it well for the handicappe~ we can do it much better for everybody. 
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Interactive Planetarium 

Tatsuyuki Arai 

Katsushika City Museum 

Japan 

Recently, more and more planetariums throughout the world have introduced interactive programs. 

The audience is encouraged to participate in the programs through voting, quizzes and other methods 

using a response analyzer answering button installed on their seats. Another attempt is made to link 

their own facilities with other planetariums, science museums, and world-wide research institutions 

via the Internet and other networks so that students can learn science through direct communication 

with researchers. 

Some planetariums add interactivHy to their programs 
ingenuity. 

a reSPOJlse afialyzer using the teachers' 

This workshop will present these examples in Japan and 

planetariums. 

discuss this new potential of 

Whether you have a response analyzer or not, please join our 
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I.D.E.A.S. 
INTERACTIVE/INTERDISCIPLINARY DIDACTIC EXPERIENCES 

WITH ADVANCED STARLAB 

Loris Ramponi 

Centro Studi e ricerche 
Serafino Zani 

Lumezzane, IT AL Y 

Susan Reynolds 

OCM BOCES 
Planetarium 

Syracuse, NY, USA 

Torbjorn Urke 

V olda College 

NORWAY 

This workshop is designed to inspire creative uses of Starlab as a multi-disciplinary 
teaching laboratory. Demonstrations include practical and interactive activities using slide 
projections, available cylinders and homemade cylinders. These activities can be used during and 
after the hemispheric projection, inside and outside the dome. 

"Stariab as a Versatile Teaching Tool" by Susan Reynolds: 

A variety of interactive experiments may be conducted using markers attached to the horizon 
(by velcro) or above the horizon (using tape). Cultures throughout the world use the occurrence of 
horizon events as a calendar. Markers such as poles, rocks and buildings were used to mark such 
things as equinox and solstice sun positions or extreme positions of the moon or planets. Students 
can experience this process as well as utilize markers for comparing apparent and real celestial 
motion at many latitudes. Even the outside of the dome can be used to demonstrate how people 
discovered the world was round not flat. 

Sixteen interchangeable cylinders are available for use with Starlab. These projection 
capabilities allow for an enormous variety of interdisciplinary presentations. Students and teachers 
can design lessons and experiments to augment studies in all areas of the curriculum. A choice of 
Northern Hemispheric or Southern Hemispheric perspectives are available for most cylinders. The 
available cylinders include: Starfield; Constellations; Celestial Coordinates; Deep Sky Objects; 
Greek Mythology; Native American Mythology; African Mythology; Chinese Mythology I; Chinese 
Mythology II; Lapp (Sarni) Mythology; Earth; Plate Tectonics; Biological Cell; Weather; Ocean 
Currents; and Transparent (clear cylinder for creating homemade projections). Design, creation and 
production of new cylinders is an ongoing process. 

"The Lapp (Sarni) Sky: The Cosmic Moose Hunting Scene" A New Starlab 
Cylinder by Torbjorn U rke: 

The Lapps in Norway, Sweden, Finland and Kola call themselves Sami. They have special 
sky lore and constellations related to their own unique culture. The dominant constellation in the 
sky is "Sarva," the moose, which can be found using the stars Cassiopeia, Perseus and Auriga. 
Sarva refers to a cosmic hunting scene. Among the pursuing hunters are the "Skier Stars" (Castor 
and Pollux) as well as "Fatvna" (Arcturus) with their bows. They all hunt the moose but the world 
will perish at the laying down of Sarva. For the Sami, Polaris has many names: "The Northern 
Nail," "Sky Nail" and "Pot Nail." In the Lapp region it was common observation that the sky, so 
to speak, turned around the North Star. Since that star formed the "fixed point," it was natural to 
see it as an embodiment of the world pillar which carried the sky. This pillar has also been 
symbolized as a raised stake or pillar where sacrificial acts occurred. A disturbance of the world 
pillar, or Polaris, would cause the sky to fall down and the earth would perish. 

This cylinder, along with other mythology cylinders, can be a wonderful addition which 
will enhance multi-cultural lessons in Starlab. 

"Interdisciplinary Experiences with Starlab" by Loris Ramponi: 

Interdisciplinary uses of Starlab began after five years of astronomical projections under the 



inflatable dome. Thanks JO the geology background of the late president of the local association of 
amateur astronomers, the first Starlab lessons with the tectonics cylinder were offered. At the 
beginning, the structure of the lesson was traditional and completely developed under the dome. 
The complexity of the tectonics cylinder forced us to also use some slides introducing the main 
concepts of the lesson. The occasion of an Interactive Science Exhibition pushed further 
development of the content of the geology lesson and also initiated the use of the cell cylinder. A 
biologist, who had just completed university studies, was contacted to develop a lesson about the 
cell. Therefore, two domes are used: one only for astronomical planetarium projections and the 
other for non-astronomical programs. 

The Exhibition contained displays built following the famous "cookbooks" of the San 
A ....... ..., ... 'JVV Exploratorium as well as original ideas. Since the public appreciates involvement in 

mu:~ra4;;tn'e experiments, activities were also introduced during the cell and the tectonics 
Starlab lessons. some biology microscopes, a collection of samples for microscopes, 
some and a collection of rocks were purchased. With these instruments 
the can the public in observations of different kinds of cells and rocks . 

1. 

3. 

... V.:JCJV.,A.:J were divided into three parts: 

==~~~.:.L an introduction outside the dome that explains, with the support of slides, the 
C',... .. 3nt·lt~.,.... content of the lesson; 

~~.!.L.!:~~~~ the setting up of the inflatable dome with students; under the Starlab, 
main parts of the cell and their functions; or the distribution on the 

teC:tolllCS. oceanic dorsal, seismic areas, volcanoes, hot spots and so on; 

~~~~~~.I.AI;,4 the lesson ends outside the dome with observations through 
...... ...... u ....... and plant tissues and single cell organisms; or the observation of 

"".u""' ..... ''''''''"' ....... " ... ...,'''' of volcanic rock samples. 

obtained with this first experience promoted further development of non-
......... , • ...,. .. J ...... " .. u."" • ...,. n1~nO"o:ln,C' our Astronomical Center three Starlab school programs began to be 

astronomy, biology (the cell) and geology (tectonics). When classes come for a visit, 
with the students are managed by at least two operators: one trained for the 

asu'On()ml.Cal program; the other (depending on the lesson reserved by the school) would be a 
u .... ", ............. 1:'1"'.,0"1"-'" specialist, biologist or geologist. Two classes are involved simultaneously for at 

hours. In one morning each class can follow the astronomical planetarium lesson, one 
of non-astronomical interest, visit the exhibit collection and follow a final slide 
For example, when one class has the cell lesson in the big room, the other uses the 

vr""u.uJ.1,. room or does other activities. These same activities can be carried out directly in the 

success obtained encourages development of new non-astronomical programs. By 
the available Starlab cylinders but through continuously creatin~ new hemispheric 

the transparent cylinders, an endless number of programs can be conceived. 

Transparent Cylinders and Methods of Making New Hemispheric 
Transparent Cylinders and Photographic Film" by Loris Ramponi and 

do you think would be the best subjects that can be developed with hemispheric 
(Suggestions taken and recorded.) 

experience suggests the following ideas: 

Examples: (1) one imagines they are in a woods, from the ground to 
above the trees, and characteristic animals of this environment are 
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Comparison/Contrast: 

Evolution of Phenomena: 

Inside Something: 

depicted in a 360 degree landscape; Of, (2) one can imagine being in 
an archipelago of volcanic islands. 

Various figures can be shown which illustrate characteristics that can 
be examined and compared for similarities and differences. 
Examples of this include types of: human cells, insects, plants or 
leaves. 

A comparison can be presented showing stages of evolution or a 
historic process. For example, the evolution of prehistoric art or 
perhaps the history of life on earth. 

Examples of this are: (1) inside a cave where prehistoric stone 
engravings are in evidence (this could be used in connection with the 
evolution of prehistoric art); or, (2) a view of underground or under 
water which shows the life forms present at different depths in 
longitudinal sections. 

The images are first prepared on paper which shows the cylinder on a flat plane: equatorial 
part (size 78 x 26 cm), zenith part or the top of the cylinder (diameter 24.7 cm), and nadir part or 
bottom of the cylinder (diameter 24.7 cm). Then the negatives of these drawings are reproduced on 
a film (usually white drawings on a black background). The negatives are flXed with tape on a 
transparent cylinder. The zenith can be transfonned into a "zenith window" where a variety of 
images can be shown. For example, different hypotheses about the "Christmas Star" (comet, 
supernova, planetary conjunction) can be shown in this window. If the nadir section is not 
covered, the fum is more easily separated from the transparent cylinder. (Loris can provide any 
Starlab user with the single parts of the cylinder, ready-made, that can easily be temporarily 
mounted on a transparent cylinder. The subjects currently available are the following: "Evolution 
of Prehistoric Art," "Journey in the Human Body" and "Volcanoes.") 

"The Use of a Double Projector System Under the Starlab Dome" by Loris 
Ramponi: 

The availability of a "double Starlab projector set-up" is extremely helpful when 
complementary cylinders are used inside the dome. It is best to use two Starlab projectors under 
the dome in order to pass quickly from one image to another. When using two projectors under the 
same dome it is possible to work continuously in the dark with easy transitions made between 
cylinders. A cylinder change can be done on one projector while the other is projecting. Examples 
of transitions might include: from Earth to the starfield; from tectonics to a transparent colored 
cylinder with figures of dinosaurs; from the northern starfield in the equatorial position to the 
southern starfield cylinder in the equatorial position, which allows for a complete journey from 
North Pole to the South Pole. 

The first results after using two projectors have been very interesting. Passage from the 
Northern sky to the Southern sky is perfect. As the Northern cylinder is slowly turned off, the 
light on the Southern cylinder is slowly brought up. This is accomplished with one console in front 
of the operator while the other is opposite. The simultaneous use of two cylinders produces some 
reflections of the main stars under the dome. These reflected images are like meteors. (A special 
effect is obtained without auxiliary projectors!) 

Simultaneous use of the geography cylinder with the other "Earth" cylinders (tectonics, 
ocean currents, meteorology) is very useful. In fact, these last cylinders are complicated and it is 
important to begin the lesson with simple geography of the globe and then show the geology, 
oceanography or meteorology details on the map. 

The possibility of combining, for example, the Greek mythology cylinder, with the Native 
American cylinder increases the spectacular impact of Starlab. This contemporary use of two 



cylinders is very exciting when also combined with the production of homemade cylinders. This 
method allows for using many cylinders during a lesson with the possible fast comparison between 
two different cylinders at a time. For example, a prepared cylinder about tissues of the human body 
could be used with the biological cell cylinder. 

"Experiments" : 

Participants can view examples of homemade cylinders: Loris' "Evolution of Prehistoric 
Art" cylinder; and Susan's "Native American Sky Traditions." Participants can experiment with 
making their own homemade cylinder designs and projecting them. 

"Finale" by Loris Ramponi and Susan Reynolds 

Announcements will be made relating to two newly created opportunities: 

1. A "Starlab Transparent Cylinder Contest." 

2. An "Adventure for American Planetarians in Italy." 
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UTILIZING A PLANETARIUM 
FOR CLASS LESSONS OF 40 STUDENTS 
FOR ENJOY ABLE LESSONS IN ASTRONOMY 

J. Kyoji Saito 

Seibo Gakuin Junior and Senior High School, Kyoto, Japan 
Society of Teaching and Popularization of Astronomy 

1. Introduction 

Many domes of school-planetariums are 2 or 3 meters in diameter. The maximum 
number of persons admitable to such a dome is 10 to 15 - too small a capacity for use 
in a normal lesson. As a result, these school-planetariums are hardly ever used for 
any classes, and are only fully utilized during the school festival for the science 
club's exhibition. There are planetariums at the public science centers, but it isn't 
possible for teachers to freely use them when they need to. If a teacher utilizes a 
planetarium for class lessons, a dome of 5-6 meters in diameter that can accommodate 
one class of at least 40 is necessary. The author has been using a 6-meter-diameter-dome 
for several years. The dome was hand-made, has a capacity of 50 students and is 
usable in full class size planetarium lessons. The dome enables us to plan highly 
efficient and enjoyable lessons. We discuss the possibility of various forms of lessons 
in a planetarium dome, and also discuss 'some problems. 

2. A dome that can be utilized as a planetarium for class lessons. 

The dome w Wch can accommodate 1 class of 40 students has a diameter of 5 or 
6 meters (Saito 1989, 1990, 1991). The author began a study of low cost prefabricated 
domes in 1983. Several domes have been produced with various materials. The basic 
structure of these domes is of the Fuller dome type. 
Dome 1 (1983): The first dome had white vinyl sheet on a frame of paper pipe with a 
diameter of 5.7 m. T'he whole room needed to be darkened. 
Dome 2 (1985): The dome had a screen of cloth which was coated with aluminum 
attached to a frame of metal pipe with magic tape. This dome also required needs the 
w hole room to be darkened, too. It had a diameter of 6 m. 
Dome 3 (1989): The dome had panels of corrugated cardboard which were joined by 
cloth tape. It had a diameter of 5 m. 
Dome 4 (1993): The dome was made of prefabricated plywood panels. It has a 
diameter of 6 m. 

These domes were each produced by a club or a class of students over the span 
of a month. It takes approximately one day to assemble one. The projector used is a 
pinhole type for a 3 m dome. Although the star images were twice as large as 
usually, each constellation was distinguishable, so it didn't pose a problem at the time. 

3. A planetarium class lesson 
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~ 1) class lesson 
In doing class planetarium lessons, the program and its direction are very 

important. A dome is regarded as an audio visual space convenient for 1 class. When 
ludio visual equipment is used in combination with a planetarium a variety of lesson 
plans become possible. 

:2) The devices which are used 
Star image projector (pinhole type) 
Signs of the 4 directions (N -S-E-W) 
Twilight and sunset device1 

Constellation picture for a projection2 

}) The basic pattern of a planetarium class 
1. Background music (BGM) and 

projection and explanation 

IU. A contemporary theme 
1 v. projection of the starlit 
v. Twilight (ending) 

Audio cassette deck 
Slide projector 
Video projector 
Over head projector (OHP) 

I choose which stars to explain based on the theme of the day. 

:4) The planetarium program 
1. Explanation of a constellation: Viewpoints of coordinates of the celestial sphere 

(direction, zenith, meridian, celestial North Pole), constellations of the evening, 
constellations of the each season, and the major stars. 
We produce a 15 minute slide show contains a "'--" .... "" .... 11. ... myth about a 
constellation, members and I use them in 

are useful 
such stories as "Perseus' 

constellations. I use 
and "The 

Lyra Orpheus. " 
Physical nature of major evolution stars, white dwarfs, 

neutron stars, black holes, binaries, color and ..................... "..., temperature 
etc. I explain certain stars little by little, random. 

Diurnal motion of a fixed star: a different view of starlit sky by latitude (the 
world trip), I reproduce starlit sky and the diurnal motion that visible 

stars 

from various places on earth by simply changing the inclination of the pole axis 
of the projector. 

v. Zodiac and the apparent motion of the Sun 
v. The solar system: 
'1. The moon: waxing and waning of the moon, the rotation and the revolution, the 

condition of the surface of the moon 
'ii. Our ~alaxy and the universe: structure of a galaxy, clusters of galaxies, the 

umverse. 

I usc color cellophane on the Mage of OHP to rCb'Ulatc brightneBs. 

1 reHect a picture of the constellation which is copied on a transparent sheet with the OHP 
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4. Planetarium classes 

(1) A pleasant class 
When the time comes for teaching in the planetarium which we assemble in thf 

earth science room, using a planetarium, students often ask me "where do we will 
have today's class?" When I tall them in the earth science room, they are glad tc 
hear it. No student comes late to the class. In the dark dome, students can sit on 2 

carpet and take enjoying· part in the class in a relaxed mod. Slide film and videos car 
attract students attention and we can teach more effectively than using ordinar) 
classrooms. 
(2) Students discipline themselves. Students begin chattering in this relaxed situation 
Because sound doesn't go out of the dome, it sometimes becomes very noisy. Wher 
this happens, I wait tin some students tell each other they should be quiet. Althougl 
Japanese students seldom discipline their peers, this is the case in my class. Th~ 
students become very receptive to learning in this situation. 
(3) A Student comes to ask it positively. Students often ask me, "Where is 7" , 
Which is ?" These constellations are on their primary textbooks or they an; 
their favorite stars. 
e 4) It is difficult to point out objectively how much educational effect I could make 
but I can say fonowing things. By showing constellations or stars, teachers can teacl 
students as much as they need. Videos or slide films help students to visualize astronomy 
Such audio visual materials increase interest in astronomy. Students often ask· me t( 
have a "Star Watching Meeting." The dramatic presentation in our school festival i~ 

very popular. There are various reactions from students, such as, "I saw Orion las' 
night," "What is the brightest star in the west evening sky?" 
(5) Every time we make a dome, and I teach using the planetarium, the number of tht 
astronomy club increases. As the number of the members grows, the senior clas~ 
students come to show their leadership. 
(6) I often take the club students to the science center nearby and we visit th( 
planetarium there. Watching their presentation is very useful for us. For me theil 
teaching materials, slide shows, computer graphics are really impressive .. I'd like tc 
keep on producing somethin g that has some stories, such as "The Beginning of tht 
Earth," "The History of the Universe," "the Various Stars and Constellations" " Tht 
Earth, the Oasis of the Universe." Highly advanced. producing, such as BGM 
illuminations, narrations, and some technique for producing would be necessary 
Effect of BGM is quite big. 

5. Other points 

(1) I distinguish between what they should recognize and memorize and what the) 
should ignore. I prepare a preparatory sheet, where students can write down wha 
they learned. Thus the average of their examinations is around 70 points, which i~ 
rather high. I emphasize that students should learn without tears. Students rather thaI 
have learn everything by heart. They should acquire their knowledge through thei: 
interests. I hope my class can attract students attention and motivate and encourag( 
their desire to learn more. 
(2) Each dome should be fitted with the proper size star-image projection machine. I: 
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possible, one which can represents apparent motions of the planets, colorize some 
stars, project the Milky Way and coordinate axis, besides being low in cost. 
(3) How and where to build the dome. 

dome which can be built easily at low cost is desirable. I recommend a 
cardboard dome, because it will cost about 60000 yen and anyone can easily get the 
materials everywhere. Besides students can take part in building it. (Saito 1991,1994) 
The cardboard dome as it is, 5-6 meters in diameter dome, is very big, but, students 

. are willing to help me make it (Yamazaki 1990). Where to build the dome is another 
problem. The dome becomes approximately 3.5 m - 4.5 m tall, and there should be 
enough height in the room. A gymnasium or a lecture hall, would be suitable, 
however the instructor should ask get an agreement on a time limit beforehand. 

6. Epilogue 
I mentioned that a planetarium is useful and effective for obtaining a basic 

know ledge of astronomy . One of the biggest problems is that many schools cannot 
use a large planetarium dome. If you can get a bigger dome, students can experience 
much more attractive and effective classes. Each school should have its own big dome. 
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Australia 
GEORGE, Martin R. (Mr.) 

Launceston Planetarium 

MOORE, Glen K. (Mr.) 
Science Centre and Planetarium 

Belgium 
GYSENBERGS, lohan (Mr.) 

Europlanetarium 

Canada 
DICKENSON, John (Mr.) 

Pacific Space Centre 

DUMAS, James A. (Mr.) 

Le Verrier Planetarium Corporation 
Three Rivers Canada 

LACOMBE, Pierre (Mr.) 

Planetarium de Montreal 

China 
CUI, Shi Zhu (Prof. Dr.) 
Beijing Planetarium 

Czech Republic 
SIFNER, Jan (Dr.) 
Observatory and Planetarium of Prague 

Denmark 
KNUDSEN, Ole J. (Mr.) 

Steno Museum Planetarium 

Finland 
RAHUNEN, Timo K. (Dr.) 
Planetarium Tampereen Sarranniemi Oy 

France 
HUYARD, Philippe (Mr.) 

RS Automation Industrie 

MOUTIN, Marc (Mr.) 
Planetarium - Cite des Sciences et de L'Industrie 

Germany 
BERGNER, Claus (Mr.) 

Carl Zeiss Jena GmbH 

HAUG, Holger (Mr.) 
Sparkassen-Planetarium Augsburg 

KRAUPE, Thomas W. (Mr.) 
International Planetarium Society 

LEMMER, Uwe R. (Dr.) 
Nicolaus-Copernicus-Planetarium 

ROEHRS, Volker (Mr.) 

Planetarium Nuemberg 

SCHORCHT, Volkmar (Mr.) 

Carl Zeiss Jena GmbH, Astronomical 
Instruments/Planetaiums 

Hong Kong 
LEUNG, Robert (Mr.) 

Hong Kong Space Museum 

YIP, Chee K. (Mr.) 
Hong Kong Space Museum 

India 
SUBRAMANIAN, Ramanatha (Prof.) 
M.P. Birla Planetarium 

Italy 
RAMPONI, Loris (Mr.) 

Centro Studi e Ricerche Serafino Zani 

TALAMONI, Luca (Mr.) 

The Planetarium of Marghera 

Japan 
AKIZAWA, Junichi (Mr.) 

Kanuma Shimin B unka Center 
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Masayoshi (Mr.) 

Hokkaido Obihiroshi Zidoukaikan 

AOSAKI, Takahiro (Mr.) 

Tamarokuto Science Center 

ARAI, Tatsuyuki (Mr.) 

Katsushika City Museum 

ASANO, Hiroyuki (MI.) 

Encom Digital Design Japan Inc. 

AYERS, Kimbery (Ms.) 

Goto Optical Mfg. Co. 

Moriyasu (Mr.) 

Sendai Children's Space Center 

EBISUZAKI, Toshikazu (Mr.) 

The Institute of Physical and Chemical Research 

ENDOH, Isao (Mr.) 
Sunshine Planetarium 

A-J"'---'A"t.Jl"'-ll. Akira (Mr.) 

Yamaguchi Prefecture Children's Hall 

Meng W. (Mr.) 

Minolta Planetarium Co." Ltd. 

FUnWARA, Tuyoshi (Mr.) 

Fujiwara Oakuen Jikken Kyoiku Kenkyusho 

FUllWARA. Masato (Mr.) 

Satsukiyama Children's Cultural Center 

Kaneyosi (Mr.) 
Toyota Industry-Culture Center Planetarium 

FUKUDA, Kousaku (Mr.) 

Sakai Education Culture Center, Science Education 

Center 

FUKUMURA, Hamo (Mr.) 
Educational Center of B unkyo City 

FUNAYAMA, Reiko (Ms.) 
Shonandai Culture Center Children's Museum 

LIST 

GAN, Hiromichi (Mr.) 
Hiratsuka City Museum 

GOTO, Ryuichiro (Mr.) 

Ooto Optical Mfg. Co. 

GOTO, Nobutaka (Mr.) 
Goto Optical Mfg. Co. 

HAKAMATA, Masayoshi (Mr.) 
Hamamatsu Science Museum 

HAMAMURA, Shiomi (Ms.) 
Suginami Science Education Center 

HANAOKA, Yasuharu (Mr.) 
Orbys Inc. 

HASEGAWA, Mitugu (Mr.) 
Itabashi Science and Education Center Planetarium 

HASEGAWA, Takayo (Ms.) 
The Shiroi Community Culture Center 

HASEGAWA, Tetsuro (Mr.) 

Ishikawa Pref. Children's Center, Planetarium 

HASHIMOTO, Etsuo (Mr.) 
Funabashi Municipal Education Center 

HASHIMOTO, Akira (Mr.) 
Komaki City Planetarium 

HASUI, Takashi (Mr.) 

HATANO, Satomi (Ms.) 
Goto Optical Mfg. Co. 

HATTORI, Toshiaki (Mr.) 
Minolta Planetarium Co., Ltd. 

HAYASHI, Masafumi (Mr.) 
Tokushimashi Bunka Shinko Kosha 

HAYASHI, Haruto (Mr.) 
Ikeda, Satsukiyama Children's Cultural Center 

HAYASHI, Yoshihide (Mr.) 
Handa Space Science Museum 
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OKYUDO, Masami (Mr.) 
Misato Obserbatory 

ONO, Natsuko (Ms.) 
Itabashi Science and Education Center Planetarium 
ONODA, Junko (Ms.) 
Machida Tokyu Starhall 

ONODERA, Masami (Mr.) 
Morioka Scientific Museum of Children 

ONOE, Takashi (Mr.) 

Senri Civic Center 

OOSAWA, Masami (Mr.) 

Saitamaken Sayamashi Chuo Jidoukan 

OZAKI, Shinjiro (Mr.) 

OZEKl, Takaaki (Mr.) 
Himeji City Science Museum 

SAITO, Kyoji (Mr.) 
Seibo Oakuin High School, Society for Teaching 
and Popularization of Astronomy 

SASAKI, Mitsuo (Mr.) 

Tsukuba Expo Center 

SASAKI, Kowsuke (Mr.) 

Minolta Planetarium Co., Ltd. 

SATO, Yoshio (Mr.) 
Goto Optical Mfg. Co. 

SATOU, Tateo (Mr.) 
Ichinomiya Regional Culture Plaza 

SAWAMURA, Yasuhiko (Mr.) 
Hiratsuka City Museum 

SHIBUYA, Kazuo (Mr.) 
Lifelong Learning Centre, Shonen Kagaku Kan 

SHIMA, Kunihiro (Mr.) 

Goto Optical Mfg. Co. 

SHIMADA, Yoshiharu (Mr.) 

Visual Promotion Inc. 

SHIMADA, Ken (Mr.) 
Joyo City Cultural Center (Juridical Foundation, 

Joyo Citizen's Recreation Center) 

SHlMAMURA, Katsumi (Mr.) 
Yoshilcawa Children Center Wonderland 

SOGA, Masato (Dr.) 
Faculty of System Engineering, Wakayama 
University 

SONODA, Kazuya (Mr.) 
Kumamoto City Museum 

SUOAWARA, Shosuke (Mr.) 

Tomakomai City Science Museum 

SUYA:MA9 Haruhiro (Mr.) 

Fukui Prefectural Children '8 Center 

SUZUKI, Masao (Mr.) 

Nagoya City Science Museum 

SUZUKI, Talmo (Mr.) 
Minolta Planetarium Co., Ltd. 

SUZUKI. Masaharu (Mr.) 

Ooto Optical Mfg. Co. 

SUZUKI, Hiromi (Ms.) 
Goto Optical Mfg. Co. 

TABE, Isshi (Mr.) 
LIBRA Corporation 

TACHIBANA, Masao eMr.) 
Adachi Children Museum 

TAGA, Harne (Ms.) 
Chiba Local Museum 

TAJIMA, Toshiko (Ms.) 
Katsushika City Museum 

TAKABE, Tetsuya (Mr.) 

LIBRA Corporation 

TAKABE, Noriko (Ms.) 
LIBRA Corporation 
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KAWABATA, Shigeaki (1v1r.) 
Kishiwada Municipal Culture Hall 

KAWAGOE, Kenjirou (Mr.) 
Kamo-cho Planetarium 

KAWAMOTO, Tsutomu (Mr.) 

Nishimino Planetarium 

KAWANO, Tetsuya (Mr.) 

Munakata Yurix 

KIMURA, Kaoru (Ms.) 
Gotoh Planetarium and Astronomial Museum 

KIMURA, Osamu (Mr.) 

Suginami Science Education Center 

KING, Lucy (Ms.) 
Goto Optical Mfg. Co. 

KINOSHITA, Keisuke (Mr.) 
Omuta Bunka Kaikan 

KIT AHARA, Masako (Ms.) 
Nagoya City Science Museum 

KITAMURA, Seiichi (Dr.) 

KITAO, Kouichi (Mr.) 
Minolta Planetarium Co., Ltd. 

KOBAYASHI, Mild (Ms.) 
Friendship Society of Nagoya City Science Museum 

KOBAYASHI, Seiji (Mr.) 

Sound Craft Inc. 

KODAMA, Mitsuyoshi (Mr.) 

Ooto Optical Mfg. Co. 
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KOIKE, Kazuhiko (Mr.) 
Carl Zeiss Co., Ltd. OE Instruments Division 

KOMORI, Ryuji (Mr.) 
Gifu City Science Museum 

KONDO, Makoto (Mr.) 
Otsu City Science Museum 

KONISHI, Masaichiro (Mr.) 
Minolta Planetarium Co., Ltd. 

KONO, Tatsuo (Mr.) 
Kobe Science Museum 

KOYAMA, Takahiro (Mr.) 
Toyonaka Planetarium 

KUSUHARA. Torn eMr.) 
Kurashiki Science Center 

KUSUMI, Tadashi (Mr.) 
Sarai Inc. 

MARUKAWA, Akira (Mr.) 

Itami City Culture and Science Museum for 
Children 

MATSUBARA, Rie (Ms.) 
Minolta Planetarium Co., Ltd. 

MATSUDA, Masahiko (Mr.) 
Kawaguchi Juvenile Museum 

MATSUMOTO, Yayoi (Ms.) 

Machida Tokyu Starhall 

MATSUMURA, Genta (Mr.) 
Minolta Planetarium Co., Ltd. 

MISHIMA, Kazuhisa (Mr.) 
Kurashiki Science Center 

MITSUHASHI, Shigehiro (Mr.) 
Educational Center of Ebina City 

MIYAMOTO, Atsushi (Mr.) 
Saji Observatory 

MIYAZAKI, Hiroaki (Mr.) 
Sakado Children's Center 

MORI, Takashi (Mr.) 

Dentsu Tec Inc. 

MORl, Tadashi (Mr.) 

Goto Optical Mfg. Co. 
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MOTOBE,Isao (Mr.) 

Kyoto Municipal Science Center for Youth 

MOURI, Katsuhiro (Mr.) 
Nagoya City Science Museum 

MUNEMASA, Tsuyoshi (Mr.) 

Tsuku ba Expo Center 

MURAYAMA, Sadao (Mr.) 
Gotoh Planetarium and Astronomial Museum 

NAGAO, Takaaki (Mr.) 

Akashi Municipal Planetarium 

NAGASHIMA, Osamu (Mr.) 

Kawasaki Municipal Science Museum for Youth 

NAKAGAWA, Mikio (Mr.) 
Kakogawa City Museum 

NAKAMURA, Satoshi (Mr.) 

Kagoshima Municipal Science Hall 

NAKAMURA, Yoshihiro (Mr.) 

Minolta Planetarium Co., Ltd. 

NAKATA, Masayoshi (Mr.) 
Sakai Education Culture Center, Science Education 

Center 

NAKAYAMA, Hiroshi (Mr.) 
Kyoto Municipal Science Center for Youth 

NAKAYAMA, Takehiro (Mr.) 

Aomori City Central Citizens' Center 

NAKAZAWA, Yoh (Mr,) 

Niigata Science Museum 

NARISHIMA, Shinya (Mr.) 
Tochigi Science Museum 

NARUSE, Hideo (Mr.) 

Isehara Science Center 

NATORI, Kaoru (Mr.) 

Rikei Corp. 

NISHIMORI, Yasushi (Mr.) 

Omiya Space Theater 

NISHITANI, Hisayuki (Mr.) 

Studio Ihatove Inc. 

NOBUKIYO, Kenji (Mr.) 
Goto Optical Mfg. Co. 

NOGUCHI, Hiroshi (Mr.) 
Science Art Co., Ltd. 

NOHJIMA, Milio (Mr.) 

Fuchu City Children '8 Land 

NOMURA, Yoshiaki (Mr.) 
Dentsu Tec Inc 

NOZAKI, Yoko (Ms.) 
Higahiyamato City Museum 

NUMAZAWA, Kazumi (Ms.) 

Japan Planetarium Laboratory Inc. 

NUMAZAWA, Shigemi (Mr.) 

Japan Planetarium Laboratory Inc. 

OGAWA, Kazuo (Mr.) 
Sanuki Kodomo No Kuni 

OGAWA, Shigeki (Mr.) 

Minolta Planetarium Co., Ltd. 

OHARA, Wataru (Mr.) 
Mukou City Tenmonkan 

OHGANE, Takuya (Mr.) 
Otaru Science Center 

OHGARA, Katsuyoshi (Mr.) 

Akita Prefecmral Children's Museum 

OHIRA, Takayuld (Mr.) 

OIKAWA, Saori (Ms.) 
Adachi Chlldren Museum 

OKUNO, Hikaru (Mr.) 

Japan Science Foundation - Science Museum 
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HAYASHI, Hideki (Mr.) 

Minolta Planetarium Co., Ltd. 

HIGAKI, Eiji (Mr.) 

Hiroshima Children's Museum 

HIRATA, Kentaro (Mr.) 
Fukuoka Science Museum 

HIROHASHI, Masaru (Mr.) 
Minolta Planetarium Co., Ltd. 

HIROSE, Yoji (Mr.) 
Kanagawa Prefectural Youth Center 

HIROTA, Sumito (Mr.) 
Kohtoh Children Hall 

HOMMA, Yasutaro (Mr.) 
Indivisual Member of J.P.S. 
HOMMA, Takayuki (Mr.) 
Fuchu Municipal Museum Kyodonomori 

HOMMA, Sachiko (Ms.) 

ffiARAKI, Talmo (Mr.) 
Suginami Science Education Center 

ICHlMURA, Shigo (Mr.) 
Kitakyushu Children's Culture and Science Museum 

IDA, Tsugio (Mr.) 
Sakado Children's Center 

IKEDA, Yoshihisa (Mr.) 
Chiba Local Museum 

lMAEDA, Masaru (Mr.) 
Kakamigahara City Children's Nature Home 

lMAHORI, Yasunobu (Mr.) 
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Moriguchi Lifelong-Learning and Information 
Center 

!MAl, Kurumi (Ms.) 
Tokyu Community Corporation 

INADA, Minoru (Mr.) 

Kyoto Municipal Science Center for Youth 

INOUE, Futoshi (Mr.) 

Jimmy Carter Civic Center at Konu 

IRIKO, Masanori (Mr.) 

Saitamaken Sayamashi Chuo lidoukan 

ISHIDA, Takaki (Mr.) 
Sanyo Space Fantasy 

ISHIKAWA, Kiyohiro (Mr.) 
Asahikawa Science Centre 

ISHIKAWA, Akiyoshi (Mr.) 
Gunmma Children's Museum 

ITO, Yoshiyuki (Mr.) 
Sapporo Science Center 

ITOH, Shoichi (Mr.) 
Suginami Science Education Center 

IWAGAMI, Hiroko (Ms.) 

IWASHITA, Yurni (Ms.) 
Suginami Science Education Center 

IWATA, Gaku (Mr.) 
Hachioji Science Center 

IWATA, Yuuichi (Mr.) 

Minolta Planetarium Co., Ltd. 

JIMBO, Michiwo (Ms.) 
LIBRA Corporation 

KAGA, Toshlya (Mr.) 
Tate bayashi Children's Science Exploratorium 

KAKIUCHI, Mutsumi (Ms.) 
Sapporo Science Center 

KAMIYA, Megurn (Mr.) 

Goto Optical Mfg. Co. 

KANAI, Mitsuo (Mr.) 
Tokyu Community Corporation 

KATO, Kazutaka (Mr.) 
Hiroshima Children's Museum 
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TAKAHASHI, Hiroko (Ms.) 
Sendai Astronomical Observatory 

TAKAHASHI, Masataka (Mr.) 

TAKEI, Hideo (Mr.) 

Takasaki Municipal Science Hall for Children 

TANABE, Tatsuhiro (Mr.) 
Tsuruga Children Culture Center 

TANI, Hideo (Mr.) 
Oifu City Science Museum 

TANIMOTO, Tsuguhide (Mr.) 
Japan Science Foundation - Science Museum 

TATEBE, Masafumi (Mr.) 
Iwafune Wide Area Education Information Center 

TATSU, Yoshinobu (Mr.) 

Sanbeshizenkan Open Field Museum 

TATSUMI, Hiroshi (Mr.) 

TERUAKI, Kumamori (Mr.) 
Sakai City Kaiho Center 

TOMODA, Hiroshi (Mr.) 

TONAMI, Sumie (Ms.) 

Hokutopia Science Museum 

TOYOMASU, Shinji (Mr.) 
Misato Observatory 

TOYOSHIMA, Hisahito (Mr.) 
Minolta Planetarium Co., Ltd. 

TSUCHIKAWA, Akira (Mr.) 

Yanagida Astronomical Observatory and 
Planetarium 

TSUKADA, Shinsuke (Mr.) 

Children Culture Center 

TSUKUSHI, Hirohito (Mr.) 
Joyo City Cultural Center (Juridical Foundation, 
Joyo Citizen '8 Recreation Center) 

UETAKE, Akihiko (Mr.) 

Ooto Optical Mfg. Co. 

UKAWA, Hirohumi (Mr.) 

Takamatsu Civic Culture Center 

WAKAMIYA, Takanori (Mr.) 
Kawasaki Municipal Science Museum for Youth 

WAKIYA, Nanayo (Ms.) 
Japan Planetarium Laboratory Inc. 

WASHIW, Wataru (Mr.) 

LIBRA Corporation 

WATANABE, Eiji (Mr.) 

Shinagawa City Ootanda Cultural Center 

WATANABE, Akira (Mr.) 
Sendai Astronomical Observatory 

YAMADA, Shigeko (Ms.) 

Urawa Youth Astronomical Museum 

YAMADA, Yoshiro (Mr.) 

Yokohama Science Center 
YAMADA, Mitsuo (Mr.) 

Yamada Electric Indsutrial Co., Ltd. 

YAMADA, Satoshi (Mr.) 

Niigata Science Museum 

YAMADA, Ikuko (Ms.) 
Noshiro-City Children's Hall 

YAMADA, Tatsuya (Mr.) 

Kawabe Cosmic Park 

YAMADA, Minoru (Mr.) 
Minolta Planetarium Co., Ltd. 

YAMAGUCHI, Takashi (Mr.) 

Saitama Kitamoto-city Culture Center 

YAMAMOTO, Takahito (Mr.) 
Ehime Prefectural Science Museum 

YAMAMOTO, Makoto (Mr.) 
Ootohmura Astronomical Study Center 
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YAMAMOTO, Hiromitsu (Mr.) 
Yamaguchi Prefecture Children's Hall 

YAMAMOTO, Koichi (Mr.) 

Korea 
BAEK, Ki-Dong (Mr.) 

Woosung Precision Optics 

Higashi Osaka Children's Culture and Sports Center BYUN, Sang-Sik (Mr.) 

Children's Center 
YAMANISHI, Masahiro (Mr.) 

Saji Observatory 

YANAGIYA, Takuhiko (Mr.) 
Kitami Region Museum of Science, History and Art 

YANO, Koji (Mr.) 
The Multi-purpose Community Center-Cosmo 

Theater 

YASUI, Hiromi (Mr.) 
Mukou City Tenmonkan 

YASUI, Shigeru (Mr.) 
The Hall for the Working Youths 

YOKOO, Takeo (Prof.) 
Osaka Kyoiku University 

YOSHIDA, Takatugu (Mr.) 

Minolta Planetarium Co., Ltd. 

YOSHIDA, Chie (Ms.) 

Ibaraki City Central Public Hall 

YOSHIOA, Masao (Mr.) 
Ooto Optical Mfg. Co. 

YOSHIOKA, Katsuki (Mr.) 

Hiroeji City Science Museum 

YOSIMURA, Hiroyosi (Mr.) 
Toyama Science Museum 

YUNOKI, Michiko (Ms.) 
Okayama Astoronomical Museum 

ZENKE, Yoko (Ms.) 
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Ishikawa Pref. Central Children's Center, 

Planetarium 

Kuwait 
AL JOMAA, Fuad M.S. (Mr.) 

Kuwait Science Club 

QUAIE, Zaid AL. (Mr.) 

Kuwait Science Club 

Malaysia 
AHMAD, Azreena (Ms.) 
Ministry of Science, Technology and Environment 

MASTOR, Mohd Z.S. (Mr.) 
Ministry of Science, Technology and Environment 

The Netherlands 
BONTENBAL, Andre (Mr.) 

Artis Planetarium 

SMOLDERS, Peter (Mr.) 
Artis Planetarium 

Northern Ireland 
TATE, John (Mr.) 

Annagh Planetarium 

Norway 
HALKJELSVIK, Geir (Mr.) 

Volda College 

HALKJELSVIK, Sivert (Mr.) 
Volda College 

URKE, Torbjom (Mr.) 

Volda College 

URKE, Marit (Mrs.) 
Volda College 
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URKE, Frode (Mr.) 

Volda College 

Russia 
GROUZDEV, Michael V. (Dr.) 
Yardslavl Planetarium 

Saudi Arabia 
AL HELAL, Ibrahim A.R. (Mr.) 
King Fahd Cultural Center 

Singapore 
CHEONG, Kam-Khow (Dr.) 
Singapore Science Centre 

South Africa 
FAIRALL, Anthony P. (Prof.) 
South African Museum, University of Cape Town 

FERREIRA, Theo (Mr.) 

Planetarium South African Museum 

Sri Lanka 
DHARMASENA, Ariyaratna D. (Mr.) 

Ministry of Education and Higher Education 

SAMARANAYAKA, Tellamurege C. (Mr.) 

Sri Lanka Planetarium 

WEERASENA, Lande GedaraL. (Mr.) 
Young Astronomers Club in Gampola 

Sweden 
RADBO, Marie E. (Dr.) 
Chalmers University of Technology 

RADBO, Harry O. (Mr.) 

Thailand 
WEERABUTRA, Salin (Ms.) 
The Bangkok Planetarium, National Science Center 
for Education 

UK 
CONCANNON. Undine (Ms.) 

London Planetarium 

MORRIS, Tony (Mr.) 
London Planetarium 

MURTAGH, Terence P. (Mr.) 

Triton Productions 

USA 
BARTHA, Ervin (Mr.) 

NADA 

BOGGS, Michelle R. (Ms.) 
MMI Corporation 

BULLOCK, Tom (Mr.) 
West Valley College 

BUTLER, Kenneth D. (Mr.) 
Layton P.Ott Planetarium WSU 

BUTLER, Suzanne N. (Ms.) 

BYRNE, Mary Beth (Ms.) 
Ralph Appelbaum Associates 

CLAMANN, York H. (Dr.) 
St. John's Episcopal School 

CLAMANN, Andrea M. (Ms.) 

DAVIS, Darryl J. (Mr.) 
Charles Hayden Planetarium, The Museum of 
Science 

DEROCHER, Joseph M. (Mr.) 

Cleveland Museum Natura! History 

ELVERT, Jon W. (Mr.) 

Lane Esd Planetarium 

GALLAGHER, Arnie C. (Ms.) 
American Museum-Hayden Planetarium 

GOULD, Alan D. (Mr.) 

Lawrence Hall of Science, University of California 
at Berkeley 
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GROCE, Philip (Mr.) 

Helping Planetariums Succeed 

GUTSCH, Bill (Dr.) 

Great Ideas 

HARE, John (Mr.) 
Ash Enterprises 

HENNIG, Lee Ann A. (Ms.) 
International Planetarium Society 

HOPPER, Clayton L. (Mr.) 

Astro-Tec Mfg., Inc. 

HOPPER, Stephanie K. (Ms.) 

Astro-Tec Mfg., Inc. 

IRBY, Frank S. (Mr.) 
Richland Community College 

IRBY, Linda M. (Ms.) 
The Planetarium at the Science Place 

JACKSON, Francine (Ms.) 

University of Bhodc Island Planetarium 
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JOHNSON, Keith H. (Mr.) 
Fleischmann Planearium 

KLINGER, Art (Mr.) 
PHM Planetarium & Space Museum 

LANE-CUMMINGS, Kevin J. (Mr.) 

Pacific Science Center 

LINTON, David A. (Prof.) 
Parkland College 

LYNCH, Michael F. (Mr.) 

Dept. of Communication Sciences, University of 

Conneeticut 

MANNING, James G. (Mr.) 
Taylor Planetarium, Museum of the Rockies, 
Montana State University 

McCULLOUGH, Joanne (Ms.) 
Audio Visual Imagineering, Inc. 

MELENBRINK, Eric H. (Mr.) 

Ethyl Universe Planetarium and Space Theater 

Science Museum of Virginia 

MICHAUD, Peter D. (Mr.) 

Bishop Museum Planetarium 

MILLER, KenE. (Mr.) 
Bishop Museum 

PANEK, Jeri H. (Ms.) 
Evans & Sutherland 

PIERCE, Donna C. (Ms.) 
Highland Park Planetarium 

PITLUGA, Phyllis B. (Ms.) 
Adler Planetarium & Astronomy Museum 

RATCLIFFE, Martin (Mr.) 
Henry Buhl, Ir. Planetarium & Observatory 

REED, George (Prof. Dr.) 

Spitz, Inc. 

REYNOLDS, Susan (Ms.) 

OCM BOCES Planetarium 

REYNOLDS, Mike D. (Dr.) 
Chabot Observatory & Science Center 

ROSENBERG, Jason B. (Mr.) 
MMI Corporation 

SAVAGE, Steven T. (Mr.) 
Sky-Skan, Inc. 

SCHINDLER, Lawrence M, (Mr.) 
Charles Hayden Planetarium, Museum of Science 

SMITH, Dale W. (Dr.) 

Bowling Green State University Planetarium 

STOKE, John M. (Ms.) 
Sky-Skan, Inc. 

SWEITZER, James S. (Dr.) 

American Museum of Natural History 
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TOY, Larry (Dr.) 

Chabot Observatory & Science Center 

WILLIAMS, Ted T. (Mr.) 

Methacton School District, Mallon Planetarium 

Vietnam 
HUAN, Nguyen D. (Dr.) 
Vinh University 

241 



THANK YOU LIST 

Sponsors 
The generosity and support of the following organizations have helped make our conference a memorable success. 

1) Japanese Corporations 

Commemorative Association for the Japan \Vorld Exposition(1970) Elmo, Co. 
Encom Digital Design Japan Inc. Carl Zeiss Co., Ltd. The Kansai Electric Power Co., Inc. 

Kyouiku Sangyou Co. Goto Optical Mfg. Co. Science Art Co .• Ltd. 
Sanshusha Co., Ltd. Sanyo Electric Co .• Ltd. Studio Ihatov Inc. 

Takenaka Co. 
Nisimura Co., Ltd. 
Nomura Co., Ltd. 

Hidakaya Co., Ltd. 

Mitaka Kohki Co., Ltd 
Rikei Co. 

Teac Co. 
JVC (Victor Co. of Japan 
Barco Co .• Ltd. 

Pro~Lab Create Osaka 

Minolta Planetarium Co., Ltd. 
Osaka City Government Affiliates 

Dentsu Tee Inc. 
N ohmi Bosai Ltd. 
Visual Promotion Inc. 

Matsushita Electric Industrial Co.,Ltd. 

Yamaha Co. 

2) Foreign Corporations 

Astro-Tec Manufacturing, Inc. 

Castle Lane Productions 

Audio Visual Imagineering, Inc. 

DSe Laboratories 

East Coast Control Systems Evans & Sutherland 

HI-Tech Motion Picture Systems 

Pangolin Software 

Laser Fantasy International 

Sky-Skan, Inc. 

Technical Innovations 

Science Museum of Osaka Team Members 
Tadao Nakano Shun-ichi Emura 

Makoto Sata Kiyokazu Kitadani 

Masashl Awata Yoshiyuki Takashiba 

Katsuhiro Veno 

Ken-ichi Matsui 

Atsuko Mizoguchi 

Naoko Yamawaki 
Akiko Shirahata 

Tadahiro Yoshida 

Sadayoshi Inoue 

Volunteers 

Taeko Onishi 

Masakazu Miyazaki 

Yukari Shimada 

Sayaka Kamon 
Mie Ikemoto 

Megumi Kishida 

Eiko Kawazoe 

Toshio Shinohara 
Yasumasa Kuwamura 

Tomokazu Murawaka 

Junko Suzuki 

Miki Miyahira 

Y ukiko Miura 

Tsuguto Kazu 
Yoshihiko Saito 

Masami Hashiguchi 

Toshikatsu Tanaka 

Carl Zeiss Jena GmbH 

Dyckerhoff & Widman 
Helping Planetariums Succeed 

Laser Production Network 

Spitz. Inc. 

Y oshitomo Tonomura Ken-ichi Kato 

Mieko Murakami Hidekazu Kikuoka 

Satoko Konishi Ayako Shibata 

Reiko Takehara Satoshi Nishikawa 

Emileo Watanabe Nobue Yamacla 

Keiko Yamamoto Yuri Honda 

Y oshimi Hasegawa Yoshiya Watanabe 

Masahiro Ono Hiroshi Okura 

Singo Kawakami 

We Preparatory Committee members wish to express our sincere appreciationfor their talents in making conference a success. 
Members of Star Club / Science Museum of Osaka Ken-ichiro Takashiba Noriko Nakagawa 
Maki Okube Kaoru Morita Satomi Awano Toshiya Kaga Tikako Kaga 
Takashi Hasui Akihiro Ichimiya Koichi Kitao Meguru Kamiya Masaharu Suzuki 

Naoyuki Nishitani Toshiro Iwai Junko Onoda Masao Suzuki Reiko Nakagaki 

Sumiko Kawanishi 

Performance 
We Preparatory Committee members wish to express our sincere appreciationfor their talents in making conference a success. 

Drummers Group ONIGA W ARA 

Tea Ceremony Club/Osaka City Government 
Noboru Miyajima 

Secretariat 
Inter Group Corp. 

Noriko Hirose Ryo Kishima 
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