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FOREWORD

In preparing this book, the IPS'98 Conference Team have become aware of how much
they missed while they were busy back-stage attending to all the last-minute issues which
arose. It is a situation well-known to all conference hosts! From all the very kind and
generous letters we have received, we have realised that those who attended had a good
time, and mostly enjoyed the programme we had organised for them. We are very grateful
to all of you who took the trouble to write and tell us so.
We would like to express our thanks again to our sponsors, without whom much of what
you enjoyed in London would not have been possible; to exhibitors who contributed an
additional dimension to our programme at the New Connaught Rooms, and to all those
who spent long nights setting up their equipment and demonstrations in the Planetarium.
I would also like to take this opportunity of saying a personal thank-you again to all those
who helped me with the organisation and running of the conference - members of the Coordinating team, technicians, volunteers and those who supported them. Without them
there would have been no conference.

Undine Concannon
IPS'98 Conference Co-Ordinator

INTRODUCTION
The following pages contain the papers included in the Conference programme, together
with discussion panel summaries. The programme focussed upon a number of themes,
which are used as section headings throughout these Proceedings. For the most part, we
assume themes are self evident and require no explanation, even though the range of
topics covered may at times be broad.
We should like to thank all those who presented papers at the IPS'98 Conference and have
contributed to these published proceedings. All the papers offered were accepted, and
we have enjoyed sharing your ideas and experiences.

Teresa Grafton
IPS'98 Papers' Chair

Editorial Note
We have edited some texts for the sake of clarity for non-English-speaking readers, and
to maintain some consistency within the book. However, we have tried to minimise editing
and have left differences between English and American English as written. In one case,
the complexity of the paper, sent only in hard copy form, has led us to print it exactly as
submitted.
We have done the best we can with the illustrations, but quality may be sometimes be
inconsistent, where originals were submitted in colour, or in incompatible software.
Where multiple authors are involved, we have listed only the one who presented the paper
at the conference in Contents pages, but all are listed in the text. Please contact the
authors direct if you have queries - their telephone, fax and E-mail numbers will be found
in the Conference Programme Book, or in the latest IPS Directory.
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BIG ISSUES

THE MONTY PYTHON, BARNUM
AND BAILEY, SUPER DELUXE
PLANETARIUM OF THE FUTURE
James G. Manning
Museum of the Rockies
600 W. Kagy Boulevard, Bozeman, MT 59717 USA
Abstract:
"The times they are a-changin"', as the 60s ballad
says - will planetariums change with them?
Should they? Can they? Based on current trends
the presenter offers a (slightly) tongue-in-cheek
vision of the planetarium of the 21 st century, and
asks if we want to go there - and if we have any
choice. As we stand in the doorway of a new
century in a universe of shrinking resources and
increasing competition for the leisure "dollar" and
educational relevance, do we opt for our
traditional strengths or hop on the techno-dazzle
bandwagon? And can we succeed at either? The
writer will suggest that, as in the natural world,
survival and relevance will depend on how well
we adapt each to our own changing environment.
He will share a few experiences in adapting to his
own, will offer no guarantees, but will suggest that
the battle cry of the new millennium must be
"Diversify your Portfolios!".

What is a planetarium? It depends on who you ask. To
some, it's a place to grow plants; to others, a place to
take a nap; to others, a good place to pick up Trekkers.
And to some - increasingly school and museum
administrators, to hear the talk - it's a dinosaur. Now
dinosaurs were very impressive creatures and they hung
around for a long time. But they're famous today largely
because they're all gone.
Have we, too, become too specialized, too much behind
the times, no longer able to cope with our environment?
Today we face a universe of shrinking resources and
increasing competition for the education and leisure
"dollar."
We face $200 million dollar movies,
reprioritization of school budgets, the IMAXimization of
museums, the rise of virtual reality arcades, and a variety
of other challenges. Can we adapt to these challenges
- or is there a big, fat asteroid coming?
"Nothing endures but change," wrote Heraclitus the
Greek. "The times they are a-changing," paraphrased
Bob Dylan two millennia later. By now, the message is
pretty clear.
Will planetariums change with the
ever-changing times? Should they? Can they? Do we
really have any choice?

And if change we must, what will we become? Based on
current trends and a rather large bottle of bourbon, I'd
like to offer, for your consideration, one vision of the
planetarium of the 21 st century. Attend ....
A large city, somewhere on Earth; call it Megalopolis. It
has a planetarium - located in a theme park called
"Future FunWorld" complete with Disneyesque
attractions, a roller coaster that pulls from four gees to
microgravity, a shopping arcade with moving sidewalks,
and a four-acre food court.
But the planetarium isn't called a planetarium. It's a
CyberDome. More specifically, it's the Acme Tool & Die
and Insurance Company, Black Gum Chewing Tobacco,
Missy's Clothing. Delicates CyberDome - because
corporate sponsorship is now the norm to pay for such
facilities.
As we enter the "AT&D&IC/BGCT/MCD CyberDome,"
we find that the proprietors have at last allowed that all
seats are not equal. You can buy a first-class ticket for
the prime center-rear seats, or second-class for the next
best. "Steerage" gets you front or perimeter. Above the
door, where in the past we might find such mottos as "Ad
Astra Per Aspera," we find the new battle cry of the age:
"And now for something completely different: the greatest
show off-Earth." Spectacle with a twist.
Inside, the dome is tilted, stretching forty meters over tiers
of seats. There is no planetarium projector or control
console; only a brightly-garbed, fresh-faced theater
attendant carrying a small box with a single large green
button that says "Go." Advertisements scroll across the
dome, and we make a note to check on our insurance
coverage and our supplies of chewing tobacco and
clothing delicates.
Being on a planetarian's salary, we head for steerage.
The seats are plush swiveling mini-recliners, complete
with motion discomfort bag and cup holder - for
refreshments are served here. We stuff our beer and
popcorn into the chair caddy alongside and examine the
wireless interactive remote chained to the armrest. The
remote will allow us to vote, manipulate imagery, make
international phone calis, and balance our bank
accounts. Adrenalin starts to pump; we haven't balanced
our bank account in weeks!
The audience files in, we fasten our seat belts, the
button-pusher says "hi" - and pushes the button.
The house lights dim, we don our 3-D holographic
goggles, and deep in the bowels of the facility, the latest
advance in AV computerized theater technology rouses.
"Deep Show" initiates itself; circuits click, fiber optics
hum, and zillion-megabyte data bases race at the speed
of light up to two identical sets of high-end,
light-enhanced, laser-based projectors - one set to

display full-dome, full-color, fully interactive, virtual reality
environments, the other set to project full-dome,
high-definition, digital video, all rear-projected.
We begin with crickets, and the summer Milky Way
arching above; the constellation Sagittarius is delicately
traced in the sky. Then the warp drive kicks in and we
are whisked in a sleek spaceship toward the heart of the
galaxy. A warning bell sounds; a collision with a star is
imminent! We grab our remotes to steer the ship aside,
and the law of averages being what it is, we all cancel
each other out and plow right into the star to the
merriment of all. There are subplots to thrill every
segment of the audience: ship-board love triangles, a
warp core breech, attacks by alien raiders, small furry
animals in danger. Too quickly we reach the galactic
core, where a super-massive black hole whirls in space
in front of our faces; we reach out for it and burn our
fingertips, just a bit.
Then the ship dissolves away and we plunge into the
accretion disk; our chairs shake, our bodies buffeted by
blasts of hot air and sprays of water. We are sucked
down into the gaping maw of the black hole - in
alternating darkness and exploding lights, our chairs
bucking wildly. Then in a flash of dazzling light we've
popped back out and there's the blue Earth, dead ahead.
We scream toward the surface; now we can see
Megalopolis, then FunWorld, and the CyberDome, and
drop back into the theater with a thud.
The lights come up, the button-pusher says "bye," the
doors open automatically. As we leave, we pick up a
grab-bag of corporate samples and a card on next
month's show: "Mississippi Jones and the Quasar of
Doom." We wobble into the light, with time enough for
the roller coaster, a bit of shopping, and the food court.
All in all, a satisfying day at the old planet - er,
CyberDome. On the way out, somebody asks what a
black hole is.
Now, this future scenario is: a) sublime; b) ridiculous; c)
cynical; d) all of the above. The correct answer, of
course, is d. But are there tiny kernels of truth here?
Could this really be our future?
Planetariums today do many worthy things: we reveal
the glories of the universe and the process of science, we
satisfy curriculum goals and help people find their way
around the sky. We provide a scratch where it itches for
those who still find wonder in the night. But is this
enough to keep us going? Do we opt for our traditional
strengths or hop on the techno-dazzle bandwagon - and
can we succeed in the future at either?
George Reed has said that "technology will never replace
the awe engendered by the view of the night sky," and
that we need to take advantage of our unique strengths
in simulating that sky. Bill Gutsch has said, "Now we're
getting the technology that can make the universe as
exciting as it really is" and that we should use it. Some
say live interactive programming is the way to go; others
say it's multimedia presentations. And so on - as many
suggestions as there are planetarians.
And you know what? They're all rightl
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There are, in fact, probably as many answers as there
are planetariums, for as in the natural world, survival and
relevance will depend on how well we adapt each to our
own changing environments. We have traditional
strengths to exploit, but we also have the capacity to be
flexible - and we will need this skill to avoid the asteroid.
It's all going to be about fitting in.
My staff and I get lots of practice at this, for our
planetarium is part of a museum whose mission is to
interpret the natural and cultural history of the Northern
Rocky Mountains. We do all of the usual things, of
course, from school programs and laser shows to
classes and star parties, but we recogn.ize the
importance of conforming to the museum's mission. And
so we position ourselves as the museum's "picture
frame," providing a cosmic context in which to consider
the Earth in the museum's exhibits and programs.
To reflect this position, we've curated an exhibit area in
front of the planetarium which includes a mural of the
evolution of the universe and interactive touch-screen
computer stations which include both astronomy and
museum information. We've produced companion
programs for exhibits on dinosaurs and the geology and
biology of the early Earth. We've also developed space
exhibits which naturally include a planetarium
component.
We support the museum's politically important outreach
program by assisting with Starlab programming and
developing traveling telescope trunks for rural areas. We
develop astronomy programs and teacher workshops for
the museum's paleontology field schools, and have
started and nurtured a local astronomy club to provide a
base of community support. We also fashion important
collaborations with our university in grant-funded projects
- most recently to develop a program on the Sun in
concert with the university's solar physics researchers.
This summer, we're experimenting with our programming
by offering short, high-energy shows to try to attract more
of our time-conscious summer visitors to the planetarium.
We've also created the museum's new multimedia
orientation show - because we were recognized as
having the on-staff expertise to do so.
Of course, none of this guarantees our survival. But
we've found that in order to get support, you've got to
give support, and we think our efforts have improved our
chances to flourish a while longer in our particular niche.
A few years back, I made an informal survey of
colleagues as part of an article on the future of
planetariums, and found five common threads that I think
are good advice for any planetarium:
1) Become your own best advocate
2) Be relevant to your audiences
3) Develop partnerships with others
4) Keep up with technologies
5) Diversify your portfolio.
In other words, be adaptable; find your niche and fill it!
There are no guarantees for survival, but we need to take
every chance we can get. \Ne must also realize that as
we stand at the threshold of a new century, we may also

be standing at the threshold of the specialization of
planetariums. We've always been a diverse bunch, and
I think this will only increase as some places evolve in
the direction of Disneyland-under-the-dome, others
maintain niches as purveyors of innovative education,
and others land somewhere in between.
However we change, I think we would do weH to emulate
not the dinosaur - big and impressive and dead - but
rather the lowly cockroach. Lean, mean, and supremely
adaptable, it was around long before the dinosaurs and
will probably outlast us as well. We could take a lesson
here.
I think we must also remember what Alphonse Karr once
said: "Plus <;a change, plus c'est la meme chose" - "The
more things change, the more they stay the same." No
matter how things may change, the universe will still strike
some deep, unanswered chord in people as it has since
the beginning of time; they will still be moved to wonder
by the night sky, will have questions - and will need
answers. That may still be our ticket to the future.
Storyteller Lynn Moroney once told me in her b~st
Oklahoma drawl: "Ain't nobody don't like a good story and ain't nobody don't like the stars." If we show people
the universe, tell a good story, and stay light on our feet,
we may yet accompany the cockroach into the 21 st
century in this wild, wonderful, unpredictable cosmos!

ROTATING TOWARD OBLIVION:

THE

FUTURE

OF

THE

LARGE .. DOME PLANETARIUM?
John Dickenson
Pacific Space Centre
1100 Chestnut Street, Vancouver, BC V6J 3J9, Canada

Abstract:
The large public planetarium is becoming a bit of
a joke, used by comedians as a metaphor for
"boring". Many planetariums respond to this
accusation very defensively. They feel threatened
and demeaned. But we know the subject of the
planetarium is far from boring. Astronomy is one
of the most engaging and interesting fields of
science to both the general public and school
children. Why has such a wide gap been created
between
fascinating
subject
and
boring
presentation vehicle? The speaker suggests some
anSWers to this question - answers which contain
strategic indicators which can be used to close
the gap. Themes:
1 Close the Planetarium - open the Science
Theatre
2
Fire the scientists - hire the entertainers
3 Get off the high horse - pin a tail on a donkey
4 Stop looking in the mirror - break it and look
beyond

INTRODUCTION
In 1981, an article appeared in Astronomy magazine that
attracted much attention in planetarium circles. It was
written by David Rodger, founding director of
Vancouver's H.R. MacMillan Planetarium, and an
acknowledged innovator and creator of world class
planetarium productions. At the time he wrote the article,
David was beginning to consider his future in science
communication. He was becoming increasingly
constrained by the limitations of the planetarium medium,
and frustrated in the extreme by the lack of
standardization of planetariums (and of planetarians'
unwillingness to "standardize"), which, in his view, was a
root cause of declining show quality. With IMAX and
Omnimax coming on the scene, and the as-yet barely
glimpsed new electronic technologies capable of "virtual
reality" experiences, it would not be long he argued
before the. planetarium joined the dinosaur on the trash
heap of history. David Rodger's cri de coeur was the
first, but not the last, cry of affectionate frustration over
the decline of the very form of experience through which
he had fashioned his greatest professional achievements.
Over the succeeding years, others have written similarly
pessimistic, if not always as literate, articles and papers
on the imminent demise of the planetarium as we know
it. In the 1994 IPS Conference "Proceedings" George
Reed asks "Who the Hell Needs a Planetarium?" Dr
Reed also looks (more closely now through the benefit of
passing time) at the issue of virtual reality. He argues that
both planetariums and virtual reality face a common
problem - "How do humans most effectively interact with
these environments to satisfy the educational goals for
which they are intended?" He feels that planetariums
have not successfully addressed this question, but have
instead "fallen under the influence of NASA and the
Space Program." With such a programming focus, the
need for a planetarium no longer exists; all that is
required is a dark theatre or a TV screen.
He concludes (with a well-directed shot at us
administrators) "It will not be a rocket scientist who first
asks Who the hell needs a planetarium - you can do the
same thing in a classroom and a lot cheaper!' The
question will be asked by a bean counter."
As a brief aside, it is also interesting to note in the same
1994 Proceedings, that our host this year, Undine
Concannon, tells in her paper on the plan for the
renovations at the London Planetarium that, with the
pending death of the venerable 36-year-old Zeiss, her
directors were faced with what to do with the space. Put
wax figures in the dome? Install large-format film? Turn
it into a restaurant? Or keep it as a planetarium? She
writes Iight-heartedly, "Obviously.. we decided on the
latter, othervvise I would not be presenting this paper!".
But j've never had the courage to ask her how close the
decision was!
THE
PLANETARIUM'S
STRENGTHS
AND
WEAKNESSES
A sub-theme found in many of these articles has
focussed on the major strength of the planetarium namely, the use of the planetarium instrument as an
astronomicai simulator. (This, after all, was the appeal of
the "wonder of Jena", as it "would twirl and exhibit
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amazing astronomical contortions to impress the
earthlings with its mimicry of diurnal motion, annual
motions, polar altitude and precession" to quote
Professor Charles Hagar of San Francisco State
University.)
This unique talent is ironically also the planetarium's
greatest weakness - because that's really about all it does
better than any other medium - it certainly does not add
much more now to our knowledge of the Universe than
it did in 1923. Are we prepared to accept just how limited
the planetarium really is? That at its finest and most
effective use - showing stars and creating a mood - it
probably doesn't warrant more than one visit every few
years!
Now there's nothing necessarily wrong with that, but it is
unlikely that the large-dome planetarium, unless it relies
heavily upon school groups and tourist traffic, can survive
long-term on such visitation patterns.
An aside on product quality and perceptions. In my
experience, many clients of planetariums have said "Yes,
I went in 1986 (or whenever)" End of Story! i.e. I've seen
IT why should I go back? (This is true of research we did
at my own facility, so I'm not shy in saying it). We have to
get away from the notion of the planetarium as being like
a waterfall or a suspension bridge, or an old ship. It isn't
any of these - it's a theatre, and it's the show not just the
stage that's important.
For the rest of us, what are the alternatives? In looking
around, it is obvious that there is not just one "cookie
cutter" solution; however, the major trends which I can
discern are as follows:
1.

Development of more flexible and versatile
"multi-purpose" theatres, that can "show stars and
create moods", but can also accommodate large
screen motion pictures, video, live theatre, etc.

2.

A search for the new "wonder of Jena" - all-dome
video? Digistar?

3.

More and more "family-oriented" programming that
utilizes music, media personalities, cartoon and film
characters, etc. Marketing has clearly been turned
up a notch and is now an increasingly important
factor in show selection.

4.

The formation of partnerships: financial partnerships;
program production partnerships; and program
delivery partnerships; through which the whole is
greater than the sum of the parts.

Now I'm going to do my best not to join the band of
Jeremiads who have been predicting the demise of the
planetarium for this many a year. I WOUld, however, argue
that this decision has in fact been in the hands of the
bean counters for longer than most of us think, and it's in
their hands today.
So what, if anything, can be done about it? Is the cause
hopeless? Is the large-dome planetarium doomed? My
answer is yes and no. Yes, some are doomed. No, not
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all by any means; some will flourish and thrive. What
factors will determine the likelihood of each outcome?
Well, it is my belief that survival may well be dependent
on certain powers and responsibilities being taken away
from the planetarium director, if they have not already
been, and placed in the hands of competent
"bean-counting" administrators.
REASONS FOR FAILURE
When science promotion organizations fail it is usually for
many of the same reasons that businesses fail. Ironically,
it is not usually because they do not have a good product
or service (how frequently have I heard planetarians
lament "We have good shows, I don't understand why
people are not coming"), although this can certainly be a
major factor. More often it is because of deficiencies
elsewhere in their organization structure - lack of
leadership, a weak business plan, ineffective boards and
staff.
Interestingly, research shows that a shortage of general
management and marketing expertise are the strongest
barriers to business success in high technology. The
same deficiencies can also be the difference between
success and failure in planetarium organizations.
Planetariums and other not-for-profit organizations are
subject to similar "market forces" as for-profit businesses.
Just like businesses, at any time some are growing and
flourishing and others are in decline. Some science
organizations and planetariums appear to be flourishing.
They have survived the long haul and are recognized as
"industry leaders" in their community.
While each has a different story to tell to success, they
share a number of common features that can guide
others.
These common features of success include:
Quality products and programs
Strong leadership at board and director levels
Competent management and staff
Effective communications with clients, supporters,
and collaborators
Resourceful marketing
A commitment to offer clients, sponsors & supporters
good value for money
There are many exciting and worthwhile activities being
undertaken by the planetarium community. Nevertheless
we need to confront the obstacles to our future growth
and development.
The community is in a transition period with many aging
facilities facing the same questions the London
Planetarium faced a few years ago. Funding will
always be a hurdle, but some have learned the funding
ropes and are attracting support from both government
and non-government sectors. I believe that the key is to
focus on new opportunities rather than on the decline in
traditional areas of support.
New Visions; New
Opportunities; New Partnerships - these are the
directions in which searches for a successful future are
most likely to be fruitful.

CONCLUSION
Is there a crisis for the large-dome planetarium? For
many, the answer is yes. Others, though, have found
creative and effective solutions and continue to flourish.
Money will always be an issue, but there are creative and
proven solutions that can work for you.
But my suspicion is that it may take the bean counters to
uncover those solutions!

Appendix
While preparing this paper, and in order to get a glimpse of the situation in the large domes, I conducted a survey of
large-dome (15 metres +) planetariums in North America (Canada and USA). Sixteen facilities responded to the
questionnaire. Here are the results:

1.

ATTENDANCE AVERAGES 1993 - 1997

PUBLIC SHOWS

SCHOOL SHOWS

TOTAL - ALL SHOWS '

2.

TOTALS AND BY PROGRAM (Averages of all respondents)

1993

1994

1995

1996

1997

83,548

79,222

78,644

77,696

85,380
High - 500,000

Low - 8,207

35,962
High - 91,073

Low- 0

22,629
High - 30,596

Low-O

152,051
High - 585,000

Low - 34,618

34,411

LASER/ENTERTAINMENT

-

30,596

34,420

30,140

160,390 153,851

153,105

26,463

147,599

HIGH: 750,000

LOW: 38,000

PROGRAMMING MIX (Average percentage of shows in each program category)
SCHOOL SHOWS
TRADITIONAL PLANETARIUM SHOWS
FAMILY PLANETARIUM SHOWS
OTHER SHOWS - LASER, etc.

4.

28,914

34,949

PEAK ATTENDANCE YEAR (Number of Planetariums)
Priorto 1975
2
1975 - 1980
3
1980 - 1984
1985 - 1990
1990 - 1994
5
4
1995 AVERAGE PEAK YEAR ATTENDANCE: 195,820

3.

33,969

37%
29%
20%
14%

HOW SATISFIED ARE YOU WITH THE QUALITY OF YOUR SHOWS?
VERY SATISFIED

4

SATISFIED

10

DISSATISFIED

2

5(a) DO YOU HAVE A LONG-RANGE PLAN FOR YOUR PLANETARIUM?
YES

15

NO

5

5(b)

LOOKING AHEAD 5 YEARS, WHAT WILL BE THE LIKELY STATUS OF YOUR PLANETARIUM?
CLOSED
0
CONVERTED TO OTHER
0
SAME AS TODAY
5
DEVELOPED - NEW FORMAT
5
DEVELOPED - CONVENTIONAL
6
(NOTE: "New format" means multi-use theatre with wide-screen motion picture, all-dome video, etc.
'Conventional' means emphasis on conventional planetarium technologies, such as star projector, slide
projectors, video, etc,

6.

HOW WILL FUTURE PROGRAMS BE PRODUCED?

IN-HOUSE
BY OUTSIDE CONTRACTORS
PURCHASED FROM THIRD PARTIES
AS PART OF SHOW CONSORTIUM
OTHER

7.

1

2

3

o

o

4

o
o

4th choice
1

1
2

o

8
7

1

o

IF BUILDING TODAY, WOULD YOU INCLUDE A PLANETARIUM?
YES

9.

1
3
1

3rd choice
1
1

3

HOW IMPORTANT IS YOUR PLANETARIUM AS A PROGRAMMING AREA IN THE WHOLE FACILITY
VERY IMPORTANT
IMPORTANT
MARGINALLY IMPORTANT
NOT IMPORTANT

8.

2nd choice

1st choice
11

14

NO

0

MAYBE

HOW IMPORTANT IS YOUR PLANETARIUM IN DRIVING OVERALL ATTENDANCE
MARGINALLY IMPORTANT
NOT IMPORTANT

2

o

10(a) IS THE LARGE 'CONVENTIONAL' PLANETARIUM VIABLE IN THE LONG TERM?
YES

10

NO

4

DON'T KNOW

2

10(b) WHAT MIGHT MAKE THEM VIABLE?
1. Unfortunately, the entertainment industry has moved
so far ahead of planetaria in their technology, I believe
that audience's expectations are far higher than they
used to be. The planetarium is no longer the unique
experience it once was. So we have to figure out what
the hook is for the public (the dome) and raise the quality
of our productions (more action, more colour, more
surprise) in order for our audiences to want to keep
coming back.
2.
Traditional theatres could be quite viable in large
centres; at least as a 'novelty' experience. In smaller
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urban centres, where repeat visits within a single year are
necessary and where astronomy/space science topics
are of high interest to only a small percentage of the
population, not so much. This is where the diverse
nature of shows in a 'new format' theatre strengthens its
feasibility. Need new technology to compete effectively,
wider range of show content, more frequent show
changes.
3. Offer a variety of experiences.
production to astronomy-type only.
4.

Don't limit show

More interactive, all-dome video, etc.

5.

Good stories, professional production standards.

6. Better programs, advertising money, outreach
programs
7. Planetaria are viable as long as they stick to their
central mission to teach the sky, and to continue to form
partnerships in the community with local school systems,
other museums, etc.
8. Keep up-to-date by adding new technologies. Keep
shows contemporary.
9. Ability to produce programming that responds to
changing visitor expectations; ie current, live/participatory.
Quality of star field and electronic images.
10. Full-dome, full-colour, audience interactive, real-time
rendered images are very compelling for audience.
Technology (like E&S Star Rider) provides greater
flexibility and options for creating shows that are reflective
of current research & discovery in astronomy; easily
interchangeable among like theCjtres and updatable
across the Internet. It will be difficult for 'conventional'
theatres to produce these types of shows.

have looked towards alternative revenue sources to
shore up the lost earnings, while some have simply
disappeared (e.g. Toronto) or continue to struggle with
reduced funding levels. Frequently this decline in
attendance is ascribed, at least in large part, to public
disinterest in astronomy. Certainly the heyday of the
Moon missions has come and gone, and along with it,
the initial burst of popularity that planetariums enjoyed.
However, when we look at the situation today, 25 years
later, we can find plenty of evidence for strong public
interest in astronomy and space - perhaps as great as at
any point since the Apollo 11 Moon landing in July of
1969. The long line-ups at telescopes during the recent
apparition of Comet Hale-Bopp and the record number
of "hits" at JPL's Mars Pathfinder web site suggest that
the public is very much interested in at least some
aspects of astronomy. The "problem" is that the public
no !ongerviews the Planetarium as the place to seek out
information or experience the wonders of space.
So what is going on? Why are people staying away?
How can we entice them back through our doors?
Clearly there is some divergence between public interest
in astronomy and the planetarium's role in satisfying that
interest. I would suggest that this is the result of several
factors, some historical, some not:

11. Make them into more versatile, multi-use theatres.

IS
THERE
A
ASTRONOMY IN
PLANETARIUM?

PLACE
FOR
THE MODERN

Gary Seronik
Pacific Space Centre
1100 Chestnut Street, Vancouver, BC V6J 3J9, Canada.

Abstract:
The decline in star-theatre attendance has
frequently been ascribed I at least in part l to
growing public disinterest in astronomy. As a
result, planetariums have looked with increasing
interest at non-astronomical programming in an
effort to shore up lost revenue. Given this
environment one might ask if there is even a
place for astronomy in the modern planetarium.
In this talk I will examine this situation and
discuss the following issues:
The myth of public apathy towards
astronomy and space science
The lost bridge between public interest and
planetariums
Strategies for re-integrating astronomy into
planetariums
Ensuring the survival of astronomy in the
planetarium star theatre
Planetarium directors the world over have noted with
alarm and dismay declining attendance. Larger facilities

.. The strong association between planetariums and the
"Space Age" of the 1960's and 70's feeds the
perception that planetariums are a thing of the past
and no longer relevant in the "Information Age."
.. The decline of the novelty factor. Planetariums have
been a part of the landscape for so long now they are
no longer regarded as the "latest and greatest."
.. Increased competition in the "infotainment" field (e.g.
Imax).
.. Marketing strategies that have not kept pace with the
times.
Our ability to overcome these obstacles will determine
whether or not there really is a place for astronomy in the
modern planetarium, or indeed, if there is a place for the
planetarium itself. So what solutions are available?
Should astronomy simply be abandoned in the star
theatre in favour of other uses? Should our beloved local
planetariums be turned into revolving restaurants? Many
of the problems previously listed suggest their own
solutions, but the answers to the most significant of these
may not be so obvious. Clearly, the abandonment of
astronomy undermines the function of the planetarium.
If not to further public interest and understanding of
space, what is the planetarium's function? This is
another topic altogether - one worthy of an entire paper
of its own. But if we accept that the planetarium's best
use is as a vehicle for educating and entertaining the
public with astronomy-related subjects, then our attention
should be focussed on how we can continue to provide
astronomical programming. The ideas that follow are by
no means an exhaustive listing, nor would I suggest that
they are in any way original. However, they are effective
and at the very least wilt hopefuily provoke some internal
discussion on matters frequently put aside in favour of
short-term and day to day concerns.
It strikes me that there are really three distinct
approaches to keeping astronomy in the Planetarium:
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1.

Make the astronomy more enjoyable. Keeping in
mind the public's continuing interest in astronomy,
much can be done to improve the actual
programming so that the information is presented in
a manner that will more effectively engage the
audience.

2.

Keep the presentations essentially the same, but
supplement this programming with additional facility
components. Extra attractions located within an
existing facility, be they astronomy- related or not,
can bring more people through the door and expect
that some percentage of those "new" people will
investigate astronomy in the planetarium.

3. Some combination of the above.
The above options represent two categories: those
options related to programming and those related to the
overall facility. Moving beyond the generalities, let's look
at the specific solutions implemented at the Pacific Space
Centre (PSC) to some of the issues that many of today's
planetariums must overcome to retain astronomy as the
central "theme."
FACILITY RELATED CONSIDERATIONS
The facility I work for, the H.R. MacMillan Planetarium,
recently re-invented itself as the Pacific Space Centre.
This change of name reflects a extensive change in the
facility's make-up. A major upgrade was implemented
which included the addition of the Cosmic Courtyard,
consisting of numerous hands-on activities and displays,
the Virtual Voyages motion simulator ride, and
GroundStation Canada - a new multimedia presentation
theatre. The Planetarium Star Theatre was not forgotten
in this upgrade. Old slide projectors were replaced with
new reliable machines, two video projection systems
were added for expanded use of moving picture
elements, and a new control system which allows for
more ambitious productions was installed. For greater
detail on the exact nature of the upgrade, I would direct
you to Paul Dean's paper on this subject.
The result of all this is a facility which is "new" and has to
some extent unburdened itself from the preconceptions
created in the 1960's. There is a "buzz" about town
about the Pacific Space Centre again, and this can only
help improve attendance. ( During our recent Spring
school break, roughly half our shows were sold out and
most of the rest were very close to capacity.) Obviously,
a major facility upgrade is not going to be the answer in
every city. There are many possible approaches, but the
essential idea is to give the public a new reason to visit
the facility.
PROGRAMMING CONSIDERATIONS
There's no disputing that today's audiences are very
different from those that first came through our doors in
1968. Their expectations are much greater and their
attention spans much shorter. Blame television, modern
technology, or whatever - this is our reality and our
programming has to adapt to the current audience
demands. At any rate, everyone knows that it will no
longer do to give a one hour presentation using the star
projector alone. Important in our facility upgrade was the
addition of capabilities that allow for a more exciting, and
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entertaining, presentation. Chief among these was the
addition of two video projectors which can be fed by laser
disk players, video machines, or hard disk, Although we
had made extensive use of 16mm film before, the
availability of existing video material and the relative ease
with which it can be produced, result in a much greater
utilization of moving pictures. Looking back on shows we
produced before the upgrade, it's difficult to believe how
static our presentations were compared to what we put
up on the dome today. I'd like to emphasize that these
equipment changes do not make for shows that are
simply superficially interesting and "flashy," rather they
improve our ability to demonstrate difficult concepts and
pack more content into a show; these are real and
substantial benefits. If a picture is worth a thousand
words, then a moving picture is worth 30 pictures per
second.
In addition to the hardware upgrades, many of our shows
now utilize a "live" actor in addition to the traditional
planetarium presenter. Not only does the show instantly
become more engaging, the presence of an actor allows
for greater flexibility in the content of our shows. Last
minute developments or new discoveries can be
integrated into a current show without extensive
re-tooling. One of our current shows, Night of the
Martians, utilizes an actor in three acts to play Percival
Lowell, Daniel Green (a fictitious JPL scientist), and lastly,
the director of a futuristic Mars colony. During the "Live
From JPL" segment, the actor is able to present
audiences with current findings and up to date
information on the on-going Mars missions. While it is
true that this can be accomplished within the parameters
of the traditional "live" planetarium show, the method
used here makes the presentation considerably more
engaging.
Of course, programming choices must take into account
the intended audience. This is basic marketing, yet I
would wager that many institutions have not recently
taken stock of who their audience is. "Anyone interested
in astronomy is our audience, right?" Perhaps. But
these people are interested in many other things as well
and their choices are going to reflect that fact. In
Vancouver, emphasis has shifted towards ensuring that
both our facility and programming satisfy the demands of
the entire family. We needed to become the kind of
place where parents would happily take their children on
a sunny afternoon. This requires diversity in the visitor
experience. Fortunately, most adults know even less
astronomy than the children they bring to the Pacific
Space Centre, so it's simply a matter of presenting the
information in such a way that neither age group is
alienated. Just about every element of the PSC works as
well for adults as it does for their children,
SUMMARY
Translating the public's natural interest in astronomy into
planetarium visits is a challenge all facilities face. At the
Pacific Space Centre we have attempted to raise our
community profile while at the same time providing
programming that is in sync with today's audience
expectations. While we may feel as though we
accomplished a great deal, we have to continue looking
ahead to ensure our facility doesn't fall behind again.
Updating and improving must be an ongoing process - a

regular part of production and facility planning so that we
remain in the public eye and culturally relevant. Strong
community support and a high public visibility are the very
best techniques for keeping astronomy at the forefront of
planetarium programming. Indeed, given the level of
public interest in space-related subjects, the fact that
planetariums are associated with astronomy is a strength
not a liability. Our challenge is to ensure that our
presentations nurture and satisfy that public fascination.

IS THE FUTURE OF LARGE
PLANETARIA IN COMMERCE OR
SCIENCE?
(Discussion Panel)
Summary by James Manning (Chair)
Museum of the Rockies
600 W.Kagy Boulevard, Bozeman, MT 597171, USA
The discussion began with a statement from each of the
panelists. Borrowing from their printed statements in the
conference booklet: Subramanian cited the success of
the Bina Planetarium attracting 600,000 visitors per year
for astronomy programs as evidence that planetariums
can still function as education centers. Barnett did not
believe that commerce and science were mutually
exclusive, but that creative. uses of the domed
environment could help to attract larger audiences for
one's educational message. Jacobsen contended that
market research showed a decline in planetarium
attendance compared to other learning
and
entertainment options, and that "digital dome"
technologies
creating
immersive,
interactive
environments have the potential to represent a new
evolutionary step. Olivarez was convinced that large
planetaria have a bright future in science provided that
they focus their programming on their clients'
expectations and needs, citing the development of the
new Chabot facility as the centerpiece of an
astronomy-based science center.
The discussion then extended to the audience, with
exchanges of viewpoints between colleagues.
George Reed suggested that we were giving up too
quickly without documented proof that planetariums were
somehow becoming passe, and that the problem was
one of content: we don't always tell a good story. But to
turn planetarium shows into "films" wouldn't work; if we
engaged people, we'd make money.

they've seen the planetarium, where the stars don't
change, why go back again? You offer variety because
you have to get people through the door. If you don't,
you can't do anything. If you do, then you can teach
them some astronomy. The word "planetarium" alone
may not bring people in; you may have to market with a
wider net to attract an audience.
Subramanian said we shouldn't be embarrassed to call
ourselves planetariums; that the Birla, for example, had
done weil for 36 years presenting shows with astronomy
emphasis - and that in fact when they presented
recorded shows, the attendance was less. As time
passes, there is a new generation yet to experience the
planetarium that can provide attendance for our facilities.
Olivarez said he was distressed to hear that "planetarium"
was sometimes considered a bad word - a dinosaur. He
didn't think we were running dinosaurs, that planetariums
had a bright future by embracing new technologies and
new methodologies involving a mix of science and art.
Christine Shupla wondered if we are meeting audience
expectations - that many don't know the difference
betvveen a planetarium show and a movie. Are we giving
our audience clear expectations? Barnett added that
audience expectations may well differ from India to
central England, just as cultural differences exist.
Jacobsen felt that the critical issue was positioning - that
financial objectives of commercial theaters differ from the
goals of non-profit organizations. The missions of
science centers is broader than astronomy, so why
should such facilities position themselves just to
astronomy? In IMAX theaters, for example, audiences
come not necessarily with an expectation of topics, but
with an expectation of receiving an experience. It's
important to decide how to position your facility, and it
doesn't mean you have to be afraid of losing educational
value.
Phil Groce felt there was truth in all that was being said,
and that what we were seeing was a maturation of the
industry - from technology-driven to content-driven. We
were taking what some might call an anachronism and
trying to meet new missions, to make money, and so on,
and we haven't recognized what film has recognized:
that people are going to see the topic, not the equipment.
We need to go beyond current thought when a single
IMAX film budget could probably have funded all the
planetarium shows of the last decade.

Jacobsen said that science centers could be broad in
subject matter; why focus only on astronomy when one
can present a wider range of subjects? Why not, given
declining interest?

Terri Gipson said that we seem to be judging whether
we're meeting certain criteria, but that we all have
different criteria for our facilities - and that's okay. What
we need to do is to figure out what we want to do,
communicate with people and let people help to decide.
Do we meet the needs of our own audience? If we are,
that's success. Do our colleagues have to like it? No.
Can't we survive even if we do things differently - and
respect those differences among facilities?

Barnett added that to attract the number of visitors you
need in a setting such as hers, you need to attract the
"tabloid readers" too - those people with less interest in
science. The difficulty with some visitors is that once

Subramanian contended that the India experience has
proved that you can continue to teach astronomy and run
successful facilities; there was no need to diiute
astronomy. Do astronomy; then consider other offerings.
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Gary Lazich observed that the traditional versus
immersiv~ debate was a solution in search of a problem,
and cautioned perspective with a quote that "if you have
a hammer, every problem looks like a nail."
~arry

Toy reminded that in the business of teaching, it's
Important to teach emotionally; that the movie Jurassic
Park 1/ fails, for instance, by opting for technology over
emotion. He said we needed to standardize in some
areas, perhaps pool resources in others to offer great
experiences.
Joyce Towne Huggins offered that in the U.S. and
perhaps elsewhere, families today spent very little time
together. When they do, they tend to pick entertainment
over education. Society today seems obsessed
with entertainment, and we must not ignore this factor.
Olivarez suggested that a well-done program is
entertaining.
Reed commented that perhaps developers should ask if
there is a commercial value in a domed experience. If the
answer is yes, do they need a planetarium? If the answer
is no, perhaps they don't need one; non-astronomical
topics can be done elsewhere. Jacobsen said that
there's a difference between teaching and learning.
Learning is inherently interesting, and the thing to do is to
find out what interest there is in learning and consider
how to help people do so.
A gentleman from Stockholm quoted a sizeable budget
for his facility's planetarium productions and said that you
can't chea~ your way into quality. If you want it, you have
to pay for It.
In final brief statements, Olivarez suggested that we
should cleanse our perception to arrive at appropriate
answers to the question of commerce versus science.
Subramanian added that the problem may lie in what
facilities are doing; that you can do astronomy in such a
way that people will come back. Jacobsen offered that
there is no clear answer to the question of how
planeta:iums will survive, but it may be in evolutionary
steps, with new technology and new positioning. Barnett
agreed with Jacobsen_
Manning concluded the discussion by suggesting that
"planetarium" was not a bad word, but perhaps a word
that was coming to mean different things to different
audiences and planetarium staffs alike. One of the
hallmarks of our profession has always been the great
diversity in facilities and circumstances, and while that
was sometimes a weakness, he felt that this was by and
large a strength of the profession. Diversity brings
different perspectives, experiences, and solutions to be
shared; he thanked the participants for providing just that
in this discussion, and encouraged further discussion
during the conference.
~ote:
t~e chronicler takes full responsibility for
interpretation and summary of participants' statements
and. ~ffers his sincere apologies and a pint of stout to any
participants whose remarks were inadvertently omitted or
misrepresented.
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THE LONDON PLANETARIUM .. A
CASE STUDY
(Discussion Panel)
Summary by Undine Concannon (Chair)
The London Planetarium
Marylebone Road, London NW1 5LR, UK
The discussion opened with two of Madame Tussaud's
directors explaining where the London Planetarium is
positioned in its its portfolio of attractions. As this portfolio
rapidly expands, the Planetarium becomes less
significant in economic terms, but its overall significance
to the Tussauds Group is much more than just
economic. The financial returns from the Marylebone site
in London have to be maximised, and the experience of
the Planetarium as a "second-gate" attraction can be built
on for new projects - for example, the New York project
which has a theatre.The Head of Marketing explained the
pressures on her department, where the most has to be
made of a relatively limited budget for 3 London sites.
Madame Tussaud's is the easiest to sell, and gives a
chance to persuade visitors to buy a combined
Tussaud's/Planetarium ticket once they arrive at the door.
The only advertising undertaken is a combined
Tussaud's/Planetarium leaflet; but part of the marketing
budget each year is spent on audience research.
From the Education Officer's point of view, it is obvious
n?wadays. that many people are interested in space, and
big questions, such as "how did the universe begin?",
"what is our place in it?" etc. Increasingly sophisticated
technology means there is less of a distinction between
schools and public shows in terms of visual effects but
there is still a place for live shows, especially for sc'hool
groups.
Once the discussion was opened to the floor a number
of questions and suggestions were raised. While
understanding some of the unique pressures on the
London Planetarium, members offered possible solutions
to some of the problems. The first question was a
controversial one - given that the Planetarium gives
integrity to leisure attractions such as the
TussaudsGroup, and that its performance is not
measured solely in terms of financial targets - would the
Tussaud's Group build another? The answer to this was
"Probably no, not as part of a waxworks anyway".
Many planetaria now have a live element to all prerecorded shows, but it was accepted that the London
Planetarium's capacity and visitor flow patterns must limit
the number of live shows and that it would be difficult to
include a live element in every public show. It was also
conceded that where administrators lack a strong feeling
for astronomy, there is not a strong motivation to develop
new shows regularly, and the London Planetarium's
pattern of show production, and the pressure of visitors,
means that it is not set up for a quick reaction to events.
Even so, up-dating shows more often would surely
reinforce its position as an astronomy centre and leader.
It was suggested that astronomical events, such as
Comet Hale-Bopp, eclipses, or space missions, could be
used as "hooks" on which to hang promotion of the
planetarium, even though its current show was not new.

Another suggestion was that the Group should
underwrite the purely educational programmes, since
today's child is tomorrow's visitor.

MEETING
AUDIENCE
EXPECTATIONS
Rick Hinton
Evans & Sutherland
600 Komas Drive, Salt Lake City, UT 84018, USA

Abstract:
Whether it be Star Trek, Contact, the Internet or
the nightly news, the news media and the
entertainment industry - showcasing high-quality
digital graphics and special effects - have raised
the expectations of viewing audiences to new
levels. Today's audiences now expect simulated
images to look impossibly lifelike. Things once
thought mysterious are now easily produced for
millions to see. With such sophisticated
technological advances, planetariums can no
longer depend on analog technology, like star
projectors, to lure audiences. The time to meld
scientific content and high-quality visual content
has come. To continue to thrive, the planetarium
industry must borrow from the best special effects
technology - most notably digital graphics
technology. Digital technology offers unmatched
realism, increased interactivity and threedimensional full-colour graphics. By melding
scientific content and the most exciting visual
digital technologies, tomorrow's planetariums will
be well equipped to attract sizable audiences and
continue to educate viewers about the wonders of
the universe.
Almost THIRTY YEARS AGO, on December 24, 1968,
the world saw itself in an entirely new way. Apollo 8
astronauts Frank Borman, James Lovell and Bill Anders
turned their cameras back towards Earth, and for the first
time, we saw our planet in its true context in the universe
- a small blue jewel floating in a black, black void. Seven
months later we watched live, as two men took thetr first
bold steps on the moon. SIX MONTHS after that we saw
a similar scene, only now it came to us in living color.

fiction we've seen.
But Hollywood has also been paying attention. Science
and science fiction are blending together bringing us
compelling footage coupled with dramatic storylines.
Films like Contact, Cosmic Voyage, L5-First City In
Space, and Star Trek Voyager have taken the beauty of
the universe and brought it to us as dramatic stories, and
with compelling realism on giant screens with multi-track
stereo surround sound.
The good news is that Hollywood is getting better at
getting science right. .. And the bad news is - they are
getting better. Hollywood and the news media are
creating expectations that planetariums will have trouble
living up to. How do you compete with the imagery of
Cosmic Voyage or the compelling real-time experience
of Pathfinder bumping its way across the Martian
surface?
Now some of you are saying: "We don't have to. We're
planetariums. They're the news. They're Hollywood.
They're entertainment. Planetariums bring their
audiences the real thing - the real stuff."
Well, you may have the real thing, but like it or not, the
audience wants a great show. Real science is just icing
on the cake. As planetariums, you are competing for the
same resources as the local Cineplex - your audience's
time and their money. Today's audiences have hundreds
of ways to spend their free time and disposable income.
Movies, sports events and activities, television, computer
games, the Internet, are all competing for those few
spare hours all of us wish we had more of.
Unfortunately, a visit to the planetarium is not high on that
list. So how do planetariums compete with popular
media and their huge production and marketing budgets.
Here are five things you can do to improve your
attendance.
1. UPDATE YOUR TECHNOLOGY
The mainstay of every planetarium in the world is the
analog star projector. This technology was designed in
the early 1900's with the purpose of showing audiences
the celestial sky on a clear night. The technology has
gotten better and audiences are still interested in knowing
about the night sky in their area, but it is not enough to
sustain their interest. And it is not enough to make them
want to come back. We've tried to improve on the star
projector by adding light projectors, slide projectors and
video projectors, all designed to bring us closer graphic
representations of our universe. But these still fall short of
the quality of the beautifully rendered computer images
of the opening scenes of Contact.

EIGHT YEARS AGO the Hubble Space Telescope
opened a fuzzy eye and looked across space, revealing
some of the most dazzling phenomena we have ever
witnessed. And last year, we turned on our computers to
watch, in real-time, as a robot explored the surface of our
nearest planetary neighbor.

The problem is that the aUdience's expectations expectations fueled by popular media - are not being met
by this limited technology, both in terms of the show
value and the image quality that these technologies
deliver.

There is a growing fascination with the universe, fueled
by easy access to stunning images made available by the
scientific community. Science is coming into our homes,
disguised now as the evening news, documentaries, and
magazine covers. And it is as fascinating as any science

The next wave of high-technology is coming in the form
of high-resolution projectors and powerful image
generators which can run in both real time and video
streaming modes. This new technology offers full-dome,
full motion and full color capability - with multi-channel
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surround sound: Now you don't just show your audience
the Horse Head nebula as a fuzzy patch of light on the
ceiling, you take them there and let them fly around it and
through it, as in the demonstration of StarRider, Evans &
Sutherland's entry into the digital theater world.
2. PAY ATTENTION TO POPULAR TRENDS
How many planetarium operators here today, took
advantage of the recent advertising campaign by
Paramount Pictures and released a comet show to
coincide with the release of Deep Impact? Paramount
spent millions of dollars generating public interest in this
picture. Why not take advantage of this kind of
marketing? Films like Deep Impact or news coverage on
the Pathfinder fuel curiosity about the subject matter.
These events create questions and the public is looking
for answers. What better place to find them than your
local planetarium? After all, planetariums are about the
real stuff. Keep an eye open for popular trends and try to
anticipate what is hot, then capitalize on it. Not only will
your attendance increase but you'll have audiences
already primed to receive your message.
3.

MAKE YOUR GOAL INSPIRATIONAL, NOT
INFORMATIONAL
You only have 30 to 45 minutes to influence your
audience. You can't make them understand everything
about the universe in that time. It's complicated stuff. As
one astronomer told me when I asked a question about
the universe: "I'd tell you, but your pea-sized brain would
explode." Well, she was right, my pea brain probably
would have exploded. I was looking for a simple answer.
Something I could take away and use at cocktail parties.
I didn't want the full-meal deal on understanding where
the end of the universe was or how it began. But what
did happen as a result of this discussion was that I
stopped at the gift store and bought Stephen Hawking's
book, A Brief HistolY of Time, the audio version. This
conversation inspired me to know more - but it is not a
technique I would recommend you use on your
audiences.
Create your planetarium shows to inspire your audience.
Respect their tolerance for assimilating information.
Forget what YOU know. Think like your audience.
They're the ones you're trying to impress. Too many
facts and they'll shut you out. Make your show inspiring,
then you'll give yourself a second chance to tell them
more.

4. THINK THEATRICALLY
Thinking theatrically starts with you. Don't think of
yourself as astronomers. Like it or not, you have a
responsibility to entertain your audience. You must be
storytellers and entertainers. Remember, your audience
wants to participate emotionally in what you are showing
them. Don't allow them to become passive bystanders.
Here are four simple rules to follow:
Start with a good story.
Find good creative people and use them to help you
tell that story.
Hire and train good hosts and presenters. They
have the ultimate responsibility of connecting with
your audience.
Respect your aUdience's tolerance for time. There
12

is rarely a show that is too short.
5. UNDERSTAND YOUR AUDIENCE
Know who your audience is and tailor the show to their
expectations, age, interest, and education. If I'm dealing
with mixed age groups and educational levels, I aim my
show at the 13-year-old level of comprehension. This
way I'll hit most of the younger crowd, and still capture
your older audience without talking down to them.
Here's an example of what I mean. Recently I ran across
a list describing the experience level of students who will
start college this fall. It's an interesting profile because it
made me reflect on my own understanding of this age
group. Here are some of the highlights.
They were born in 1980.
The digital disc was introduced when they were a
year old.
They have no meaningful recollection of the Reagan
era.
During the Persian Gulf War they were 11 years old.
Atari pre-dates them.
The expression "you sound like a broken record" has
no meaning.
Most have never seen a TV with only 13 channels.
They've probably never seen an 8-track player or
tape.
2001 is not the future. It is the year many will be of
legal drinking age.
CONCLUSION
Planetariums play an important role in bringing a greater
understanding about the mysteries of the universe to the
community. But to do this effectively, particularly in the
face of growing competition from the popular media,
planetariums must change the way they think and
change the way they tell their stories. You will need
better technology to create the kinds of images newer
audiences are used to seeing. You will need to hire
creative people - writers, artists and producers - to help
tell your stories in ways that won't make their brains
explode - or worse, shut down and shut you out. And
finally, use the tools of entertainment to bring your
message to your audience in a way in which they can
connect emotionally. As a former mentor used to say,
"Capture the heart and the mind will follow." I'm sure
there is not one astronomer here today that was not, first,
passionate about the subject before they became
knowledgeable.

UNDERSTANDING
CUSTOMERS

OUR

Paul Moreton
Madame Tussaud's and The London Planetarium,
Marylebone Road, London NW1 5LR, UK

Abstract:
A paper on how the London Planetarium uses
both quantitative and qualitative research in the
design of its shows. The London Planetarium's
current show, Planetary Quest, will be used as a

case study to show how this process has been
undertaken in practice.

At The London Planetarium we undertake on-going
QUANTITATIVE research among visitors asking specific
questions related to the Planetarium. This quantitative
data gives us a good idea of WHAT our visitors thin k of
the current show but does not indicate WHY they think
this, what they would rather see or expect to see in the
future.
For
specific
projects, we usually undertake
QUALITATIVE research in order to help us in decision
making. Using the current show, Planetary Quest as a
case study, the process we used was as follows:
..

..

II<

The in-house team brainstormed a number of
concepts or broad themes for a new show based on
their own knowledge of the subject matter as well as
proven and judgemental data on visitor expectations
From these initial ideas, a storyboard was drawn up
to illustrate the storyline and visual effects in the new
show
A research brief was written which outlines what we
wanted to achieve from the research. A key factor
when designing the research is the TARGET
MARKET. In our case, we were aiming at "an
intelligent 12 year old".
A number of agendes were briefed and proposals
and costings received from each. We selected the
agency who had answered the brief fully, could work
within our costs and, importantly, who had a real feel
for the subject.
The main research challenge was how to convey
what would eventually end up as an exciting visual
show with the "wow" factor of
the
dome
environment, using words and two-dimensional line
drawings to describe what they could expect to see.
(We could not research the show at a later stage of
development as it would then have been too late to
"turn back" - we need to have guidance from
potential visitors at the concept stage)

..

Eventually we used the following methodology
Family groups were recruited in relevant areas of
London
They were asked to take part in the research and
were given instructions to come to the Planetarium
on a predetermined day
On arrival they were met by the research coordinator
who gave them complimentary entry
They spent time in the Planetarium and then
watched the current show, Cosmic Perceptions
Immediately after the show, they were taken into one
of the offices and inteNiewed by a trained

moderator. A pre-agreed discussion guide is used
They were asked initially about their impressions of
the current Planetarium show and general product
offering
They were then exposed to the storyboard for the
new show and played a tape explaining what would
happen in each scene
They were then asked for their general and later,
detailed, views on the new ideas
From this research we were able to make changes to the
original story board to ensure that the new show met all
of our customers' needs and expectations

PROFESSIONALISM AND THE
EVOLUTION OF THE PLANETARIAN
Dr. David Menke
Buehler Planetarium
3501 South West Davie Road, Fort Lauderdale, FL
33314-1604. USA

Abstract:
We planetarium professionals continue to evolve.
Initially research astronomers, multi-talented
planetarians knew a little about everything. With
political, economic, and ecological changes in our
world, as well as local changes in our
communities, we planetarium
professionals
parallel those events in order to meet the
demands required by advanced technologies.
Over the past decades men have dominated the
field and the leadership. This is slowly changing.
Our standards of living have been low compared
to our education. Other more lucrative fields have
siphoned off many talented individuals. Those of
us who have succeeded in the planetarium field
must now make a concerted effort to reach out to
the new young professionals, to recruit them, to
train them, to provide opportunities for them. The
future of the planetarium field itself is at stake, and we
can, and must, do something to preserve and strengthen
that which we value so much.

I. BACKGROUND
The typical U.S. planetarium director in 1996 was a
48-year-old male with a master's degree and 14 years in
his job. His raw, unweighted salary was $46,521 (US).
His annualized salary was $53,034 (US).
We planetarium professionals have generally been
well-educated and very motivated. However, for our
education and experience, we have been underpaid. This
has not changed substantially in the past 15 years.
One of the problems that we professionals have had is
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that we have traditionally accepted lower salaries. We
find our jobs so interesting that we are often willing to
work for much less money than similarly-educated
professionals. We believe that our jobs are "fun" and
thus we don't seem to mind too much being underpaid.
Unlike some people who make a lot of money in
business-related jobs, with or without a bachelor's
degree, we planetarians feel very lucky to have landed
our jobs, regardless of salary. We don't want to
jeopardize the jobs that we like, so we rarely complain.
For most of us, we work at the only planetarium in town.
For non-planetarium people, there are many
business-related jobs in the same town. We'd probably
have to move to another city, or even another state, in
order to continue in a planetarium job.

Had I wanted to stay in Southern California, I would have
had to accept a number of low-paying non-planetarium
jobs for a while until a local planetarium job opened up
for me. And for every planetarium director job opening,
there are probably 20 or more qualified people lined up
- all willing to work for low pay; all who just love this fun,
relatively low- stress, risk-free career.
[There certainly is stress as a planetarium professional,
particularly for us directors, but compared to company
CEOs and other management jobs in the business world,
the stress level, in general, is much less. Furthermore,
unlike police officers, fire fighters, nuclear power
technicians, and similar high-risk professionals, we
planetarium directors do not put our life or health at risk
in our jobs.]

3. LEADERSHIP ROLES
2. PERSONAL EXAMPLE
I began my career, as a guide, at the Griffith Observatory
in Los Angeles. After a year, I became
a show presenter, and later, produced some of my own
shows as well.
It just happens that there are several planetaria in
Southern California, so getting another planetarium job
in the same general region is not too difficult. My second
job was as the Assistant Director at the Santa Monica
College Planetarium, about 25 miles west of the Griffith
Observatory. I produced programs and gave shows.
My third job was at California State University, Northridge,
20 miles north of Santa Monica. At that time, the
University had no planetarium, but as a faculty member
I was tapped to design its new planetarium. That
planetarium was eventually built, but by the time it was, I
had already moved on to other jobs.
And where did I go? I had to leave the state to find a job
that could use my skills and education. I went 400 miles
to the northeast, to Utah, to run a public observatory and
teach at Southern Utah University. Although there was
no planetarium there either, my planetarium experience
helped make our public observing program very
successful. The observatory included a small theater
which allowed for multi-media astronomy shows.
Then I moved again, this time all the way to Connecticut,
2000 miles further east, to run the planetarium and public
observatory at Central Connecticut State University, and
to teach college. With each jump I received more
responsibility and more money.
Ten years ago I came to South Florida. I was hired to run
another planetarium and public observatory, and to teach
college. Broward Community College's Buehler
Planetarium and Science Center is the most
comprehensive planetarium operation that I have ever
run. My responsibilities and salary are comparable to
those of the Dean of Academic Affairs, and I report to the
Campus Provost.
Since I love working in the planetarium field, I have
always been willing to move, and move, and move. I now
have a good job, earning substantially more than the
national average and doing pretty much what I want.
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Many people live in areas where there is only one
planetarium in town, or maybe only one in the whole
state. Once a planetarian gets a job in such a place, s/he
just doesn't want to upset his/her superiors by
demanding more money. Sure, s/he'li grumble and
complain, but only to family, friends, and trusted
co-workers.
Notwithstanding the excellent leadership that we all
admire in our own field, there are simply no "super"
directors that planetariums or museums all over the
country are clamoring for. There are super-movie stars,
like Harrison Ford and Tom Cruise.
There are
super-athletes, like Michael Jordan and Dan Marino.
There are super-models like Elle McPherson and Cindy
Crawford. But who among us is recognized, by the
outside world, as a super- director? No matter what we
think of ourselves, none of us is too good to pass up.
For the most part, hiring agents (those who hire
planetarium directors), whether they be deans, principals,
museum directors, or boards of trustees, do not value the
role of "planetarium director" very much. Therefore, how
can they value other planetarium personnel any better?
They refuse to pay a premium price for quality
planetarium staff. They also know they can get us cheap,
and they know that if we don't take the job, there is
always another warm body willing to take the job. We're
that disposable.
Attorneys and physicians have the ability to protect our
wealth or our health, and therefore, we pay them a great
deal of money. Quite a few doctors and lawyers become
wealthy and earn well over $100,000 per year. They are
their own bosses in many cases. Entertainers and
athletes (who also entertain us) give us some sort of
pleasure, so we pay them a lot to give us pleasant
diversion.
Athletes, particularly if they are good, have many teams
to choose from, and there is competition. Sports club
owners want the best players to help win games, and
they are willing to pay big bucks.
Entertainers, the good or popular ones, bring in money
for their producers. Producers "compete" with each other
and try to make money for their productions. They are
willing to pay entertainers a lot of money if they bring in

money.
And, of course, good attorneys and doctors get a
sizeable amount of money from their clients or patients to
protect clients' assets, or to save lives, and, after all, lives
are worth more than dollars anyway.

4. PLANETARIUM LEADERS' RESPONSIBILITIES
What do we directors, and other planetarium
professionals, do that is so valuable as to merit getting
paid a lot of money? Do we save lives? Protect careers
or wealthy estates? Bring potential big money in to our
institutions because of our expertise or our entertainment
talent? Not at all.
We are all in careers that we derive personal pleasure out
of, with much less stress than those other jobs. We don't
get sued for breach of contract, or for skipping a concert,
or for botching an operation. We don't run the risk of
public humiliation and job loss for dropping a fly ball or
missing a putt.
Our risk is very low; what is expected of us is much less;
we affect far fewer people.
Of course, we won't work for free (well, some do!). Our
employers still demand that we have a fine array of
credentials and vast experience. And they pay us a
salary that is similar to that of a school teacher. But as
my wife told me recen~y, there are 100 qualified teachers
for every school opening; we're expendable.

that the local schools we serve may become, if they have
not already, our greatest customers. They are our "bread
and butter," our "raison d'etre."
In 1989 the mean unweighted salary for all planetarium
directors in the United States was $36,553. This salary
represented an overall 20% increase from 1987 to 1989!
If we were to "annualize" this average salary of $36,553
to 12 months, and to weight it in proper proportion, it
would be $41,775. Now it is $53,034. (See the Table 1,
listing the annualized U.S. Directors' salaries as a
function of dome size for 1994 and 1996, at the end of
this paper).
As the data reflects, in all categories, the average salary
for planetarium directors has increased in the past 6
years.
In other areas of interest surrounding the position of
director, we find out that male domination has come
down slightly over the years. It is now 6: 1; it used to be
9: 1 or 10: 1. It is interesting to note that 25% of the
respondents refused to list a gender, or perhaps, they
were sexless.
However, the average male director was 48 years old
while the average female director was 34 years old. The
salary gap between genders among U.S. directors has
decreased greatly, and that the number of women
directors is increasing.

6. ETHNICITY OF U.S. DIRECTORS
The Bar Association governs attorneys. You'd never
think of hiring a lawyer who had not passed the Board.
The Medical Association governs physicians. You
WOUldn't go to a doctor who wasn't approved by the AMA
(certified to practice medicine).
In a similar way, the Screen Actors Guild and the
Academy of Motion Pictures exert influence on
entertainers. And there are all kinds of other associations
that keep their professionals in the public eye, and give
their stamp of approval.
Who do we planetarians have? Who governs us? Who
is our publicly- recognized agency that approves us?
IPS? SEPA? IPDC? Who, besides us, recognizes these
organizations? If your planetarium were IPS-approved,
or SEPA- certified, would that make a difference to our
patrons, increase attendance, and allow us to charge
more money? Hardly.
From the 1930's through the 1960's most planetarium
directors were also research and teaching astronomers.
Today at college and university planetaria, some still are.
Currently, quite a few of us directors also serve as
producers, technicians, educators, and even secretaries.
In many ways, we are mUlti-talented professionals in a
truly "Renaissance Man" mode, knowing a little about
everything.
5. DIVERSITY
In a rapidly-changing society, it is incumbent upon us as
planetarium directors and planetarium professionals to
help local schools meet the greater demands required in
a more advanced technological world. For it would seem

Most U.S. planetarium directors are from white,
non-hispanic ancestry. See Table 2 at the end of this
paper for the data breakdown. It is not new to find out
most directors are white. I personally know very few
minorities in the planetarium field. Over the past 15
years, between 1% and 3% have been non-whites. And
after having attended numerous regional conferences in
the United States, I have seen mostly white males, with
a scattering of white females. The reason that the field is
dominated by whites, mostly men, is very complex, and
beyond the scope of this essay.
7. OTHER PLANETARIUM STAFF IN THE U.S.
Let's assume that directors are in a category called I, then
assistant/associate directors would be classified as II,
education coordinators and staff astronomers would be
III, producers would be IV, technicians would be V, and
"other" full time would be VI.
"Other" includes
planetarians who called themselves managers,
planetarium co-ordinators,
professors, chairmen,
resource teachers, and related titles.
Based on data, a comparison of the mean salaries for
1994 and 1996 are in the Table 3 at the end of this
paper. Only the directors' salaries are annualized.

8., CONCLUSION
In conclusion, we planetarians find ourselves a generally
happy lot. We are overworked and underpaid, but the
salaries increase over time and as a function of both
degrees and dome size.
The bottom line to a
high-paying job is to have a doctorate, run a large
planetarium, and have many years in the system. The
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biggest headache for us continues to be our supervisors
and those administrators over us. Perhaps we should
mount a campaign to educate our supervisors and find
ways to get on their good sides.

TABLE I:

U.S. DIRECTORS' SALARIES vs. DOME SIZE, FOR 1994,1996

Dome Size (feet)
Less than 30
30 to 39
40 to 49
50 to 59
60 or greater

TABLE 2:

1994 Salary ($US)
41,207
43,590
44,644
51,946
58,801

1996 Salary ($US)
52,075
54,423
51,761
58,571
61,552

ETHNICITY OF U.S. PLANETARIUM DIRECTORS

%
97
1.3
0.9
0.9
0.0

White, Non-Hispanic
Hispanic
Asian-American
Other
Black Americans

TABLE 3:

PLANETARIUM STAFF SALARY CHANGES

Category

1994 Salary ($US)

1996 Salary ($US)

% Change

I
II
III

45,950
36,760
22,370
25,133
23,682
28,533

53,034
31,267
32,450
31,330
28,039
35,708

+27.0
-16.3
+45.0
+24.7
+18.4
+25.1

IV

V
VI

A NEW PSYCHOLOGICAL
APPROACH TO THE FUTURE
FOR A NEW MILLENNIUM
James A. Hooks
Robeson Planetarium
PO Box 2909, Lumberton HY72-711, NC 28358, USA
Abstract

After thirty years in the planetarium profession I
believe the cosmic tides of time, through advanced
technology, have created a time for a new name to
appear in the realm of the planetarium world. It is
true that the planetarium is a gateway to
knowledge. Yet a new name should appear that
encompasses all aspects of this universe. The
"theater of the cosmos" or "cosmic theater" is a
stage of a different drama

They coined the word Planetarium in 1860, or at least
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that's when it found its way into the dictionary in that year.
What is it? It is a model or representation ofthe solar
system. It is an optical device for projecting various
celestial images and effects, and it is a building or room
housing such a projector.
It does not need a bulldozer or wrecking crew to alter its
form or its function. Possibly the object that needs
altering or changing is the individual who determines the
concepts it conveys to its constituents. Better still, these
divine beings under the dome need to be refocussed.
There needs to be a mission statement - a mission
statement that encompasses concepts or ideas that will
be honored by society, a statement that may possibly
send a great message to the masses.

If you are an astronomer, think about the world we live in.
If you're a biologist, where does the population go? If you
are a chemist, what about the atmosphere? If the jewel
of Earth becomes so crowded or polluted so that there is
no water to drink, air to breathe, food to eat, will we need
planetariums? It is not a question of will it become so,
but a question of when, if we do not foresee and solve
the problems.

It was in the year 1923 that Dr. Walter Bauersfeld of the
Carl Zeiss optical company developed the first instrument
that projected images of the stars, producing the
simulated night sky. The first planetarium was installed
in Munich Germany in 1926. The first in the United States
was the Adler Planetarium in Chicago in 1930. In 1935
a planetarium was installed in the Hayden Planetarium in
New York; and the Morehead Planetarium was installed
in my home state of North Carolina at Chapel Hill in 1949.
The next several years was a fast-paced form of
reorganization on a many faceted level to place man on
the Moon. It was based on a long history of dreams, the
mission statement of that time frame was not based on
illusions, but proved to be a vision of the future. Events of
the 1960s created momentum for special achievements.
These special achievements would be milestones of
history for mankind that would last forever. These goals
were achieved!
Cosmic scale monies were allocated to many different
types of grants for the Sciences. This was the catalyst
that created the environment for which the planetarium
became known to society. Education adminstrators took
individuals from the classroom and put us into the realm
of a new profession. It was a young profession, and in
1965 it was only 39 years of age. What was the mission?
The world of the planetarium grew at an unprecedented
pace. In only 10 short years, these facilities expanded
from technology to expanded technology. Planetariums
became known as theaters of multimedia, special effects,
multi-imaging, including laserdisk, with video projection
and projections from a satellite dish. These include hifidelity laser productions. Yet,did we have a mission?
We now have technology: the net, the web, the server,
the HTML, the web site. It appears now that everywhere
it is ---- WWW dot COM. This is just the beginning!
Again the explosion of technology blew us into a realm
of new thinking. An example was the development of the
"Digistar" projector installed in the Universe Planetarium
in Richmond, Va. USA, in the year 1983. Since that time
it has undergone further development by the Evans and
Sutherland Corporation. The purpose was to open up
the powers of the imagination by taking the spectator into
an uncharted world of computer-generated spectacles.
I quote, "The world's only digital planetarium projection
system, providing the power you need to captivate and
thrill your audiences and deliver an educational
experience like no other on the planet."
Finding their way into the "Cosmic Theater" is Virtual
Reality and Simulation Technology. Off-springing a term
called "Leisure Education" which is an alternative way of
expressing "Educational Entertainment." The latter has
been an unsung marketable tool for the world of Disney
for many years.
Here again technology, the limits only stimulated by the
mental process that controls it. We must control
technology. In 1994 I wrote a letter to The Honorable
Charlie Rose, United States House of Representative to
request his support of the International Space Station. It
was reprinted and published in the Senate Journal as

follows:
"The scientific motive for establishing an International
Space Station, if only to seek knowledge for its own
sake, and if only to extend our understanding of this
Space Ship Earth, then; it would be justifiable to
support. The scientific knowledge that has been
gained by our past adventures has proved to a large
degree the incentive to go further. I feel that if we are
to survive on this planet Earth, the question is not,
can we do it, but rather can we afford not to,"
In many ways this is also pertinent to the world of the
planetarium. Just substitute Planetarium for International
Space Station. There was a mission.
I have reflections of memories that I recall as a young
boy, that life was just one day of exhilaration after
another. It was the running through open fields of grain,
and running along the dirt roads beside the forest, and
running through the forest of long tall pine trees, tracing
the small paths of deer trails. Each new sunrise gave
birth to a new day that I could explore. The isolation of
the back woods gave a freedom to the imagination that
evolved into a philosophical approach to life. Bits and
pieces of that thinking have been imbedded into my adult
personality.
You may ask now, "what does this have to do with
technology?" It is said by my mother, 83 years of age,
that I showed a keen interest in the night sky at a very
early age. I do remember that she made my bed up
backwards, with the pillows at the foot of the bed so I
could look out of a double window into the night sky.
Years later, I went back to the old vacant home place,
standing isolated in time, and to the same bedroom. The
nostalgia was exceedingly strong.
I identified the main constellation as Orion and the Stars
as Betelguese, Bellatrix, Rigel, Alnitak, Alnilam, Mintake.
I was always fascinated by the Pleiades, but did not know
their names as a young boy riding my horse at night,
through the open plowed fields and long meadows.
During these cool clear nights riding my horse with the
wind blowing in my face, I could pick out individual stars
that hung by an invisible thread. I did this night after night
in the late fall and early spring. I was one with the open
spaces and was never "frightened by the silence of the
night. There were times that I would get so involved into
the vault of the sky that I would find myself many miles
from home. Daydreaming about my quarter of the
Heavens, the splendor of the night was revealed to my
astonished gaze. Those celestial eyes seemed in their
turn to gaze at me and ask questions. The stars have
questioned every thinking soul, for as long as Humanity
has existed on this Earth. The stars are still there, they
are the symbols of Eternity. The new millennium will not
change that!
You see! I was not confronted with technology. Yet, the
human desires, aspirations and spiritualism has not
changed in 10,000 years.
A very young profession made efforts to coin a new term.
It was "PLANETARIAN," a term that was to describe the
planetarium professional. It appears that after almost 30
years it is still only used in the publications of the
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associations. Yet, another new word has been
established in the English language in a very short time
because of one tragic incident. The media in short order
created a new word from Italian and it was" Paparazzi."

information age brought on by the atomic explosion of
the imagination has led to a vertical division of our
culture. We have competitive pressures that force us to
cut costs so as to increase the productivity of numbers;
this in turn creates a stressful environment for us all.

The book Silent Spring, written by Rachel Carson, was
published in 1962. The print of this book was anything
but silent; it was an open and clear call about the effects
of DDT and it's chemical pOisoning of our environment.
This one book was the starting gun for another realm of
government influence. Rachel Carson had a mission with
faith!

The planetarium does not need to be rebuilt or
reinvented. We need as an institution a mission, one that
covers the broad spectrum of planetaria, one that opens
the door for Compassion and Understanding. This
would be a Goal worthy of our best efforts.

It has been 72 years that the profession of Planetarium
Director, or Planetarium Administrator, has been in
existence. From the viewpoint of the Planetarium
professional it is a very young occupation that has its own
unique and extraordinary specialty. In fact the individuals
controlling the planetarium are the most educationally
diversified, with backgrounds of Astronomy, Biology,
Chemistry, Math, Music and all others I cannot mention.
The individual having the responsibility of the Planetarium
has to have a chameleon personality.

LINKS BETWEEN ASTRONOMERS,
PLANETARIANS AND TEACHERS
(DiSCUSSion Panel)

But yet in 72 years the profession has not produced a
name to equal - William Faulkner, James Joyce, Robert
Browning, Joseph Addison, Picasso's Despair and
Antonio Canova's sculpture of The Three Graces. All of
these had a mission for their work. They knew the
direction in which they were going. The planetarium
director must be an artist.
Today will mark the end of my career. It isthe end of 35
years in education. It is the end of 30 years in the
planetarium profession. I am proud to have been a part
of the Southeastern Planetarium Association and to
have fought for the name 'International" in the
International Planetarium Society and to have had
important position in this great organization. I have
aspired to be more than I dreamed running and riding
my steed through the back fields of grain. I wish that I
could have done more.
The planetarium is a gateway to knowledge and offers an
environment that is conducive to the educational
process. The "Theater of the Cosmos" or "Cosmic
Theater" is a stage of a different drama, it can present
up-to-date information on every conceivable subject.
These "Cosmic Theaters" are unique facilities, where
individuals can go and learn the nature of the cosmos
and they meet a special need for each community. It i~
through these theaters that individuals can explore the
galaxies and learn more about our great universe and the
forces of nature at work.
Just think for a moment, without the night we should
know nothing. Without it our eyes would never have seen
the sidereal population of stars, our mind of cognitive
thoughts would never have pierced the harmony of the
Heavens, and our eyes would have remained blind, our
world would have been isolated from the rest of the
Universe, and the Cosmos would be void from our
thoughts.
To. bring in the New Millennium, we need foresight and
vIsion. We need to consider the human condition. The
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Summary by Martin Ratcliffe (Chair)
Exploration Place
711 West Douglas, Suite 101, Wichita, KA 67213, USA
An active discussion regarding the current state of links
between astronomers, teachers and planetarians
involving the panel of Tony Fairall, Francisco Diego,
Sylvia Chaplin, Piyush Pandey & Carolyn CollinsPetersen, and many members of IPS, provided a useful
opportunity to review recent progress. The general
feeling is that there is still much to do.
Each panel member relayed anecdotes regarding their
own experiences. The general feeling is that each
planetarian generally produces their own solution to what
are often very local political and environmental
circumstances.
At Jodrell Bank the key was to develop jointly common
and clear objectives for the center that created an
atmosphere of co-operation and understanding between
the science center and the research astronomers who
are directly associated with the facility.
Here are more comments that came out of the
discussion - The research and planetarium world are still
far apart; more needs to be done to bring them closer
together; IPS has developed the Astronomy link network
of professional astronomers who are willing to assist
planetarians in their research for shows; a workshop at
the American Astronomical Society conference
highlighted the gap between press information going out
to the world's press, and the same information being
immediately available to the Planetarium community - this
gap is narrowing due to the wider use of em ails but still
requires buifding upon; It is we planetarians who need to
provide the initiative in developing the links, as many
places have done locally, to bridge any gaps between
teachers, astronomers and ourselves.

EDUCATION MATTERS

ADDRESSING MISCONCEPTIONS
WITH LIVE INTERACTIVE
CHILDREN'S SHOWS
Christine Shupla
Dorrance Planetarium, Arizona Science Center
600 E. Washington Street, Phoenix, AZ. 85004, USA

Abstract:
We have created several live shows for children at
the Dorrance Planetarium. Using our interactive
system, we are able to question the audiences
throughout each show. Some of the questions can
be used to discover misconceptions and provide a
forum to discuss them. Common misconceptions,
or simple misunderstanding, we have dealt with
during school shows include: confusion beween
rotation and revolution, confusion between Solar
System and galaxy, misconceptions on gravity,
misconceptions on the nature of gas giants, and on
the sizes and natures of the Sun, stars and Moon.
I will describe our shows and how they have
assisted us in identifying these misconceptions, I
will also discuss the way we present these
concepts and attempt to reinforce them throughout
the shows. A more accurate understanding of them
will greatly assist these children in processing and
evaluating new scientific concepts.

The Dorrance Planetarium at the Arizona Science Center
has been open for over a year in downtown Phoenix.
We have created shows for a variety of audiences, from
pre-school children to the general public. All of our
shows currently incorporate extensive live sections that
permit us to interact with the audience. Through this
interaction, we now recognize how pervasive some
astronomical misconceptions are. These misconceptions
can create a major stumbling block for children,
weakening the foundation they will need to build upon as
they learn more advanced scientific concepts, One of
our main objectives is to address some of these
misconceptions in our school shows and our family
show,
Via a three-button interactive system, we ask our
audiences a variety of questions throughout each show.
Forthe youngest students, we place different images on
the dome for them to vote on; for instance, they are
asked to pick which object is really the biggest, and they
choose from an image of red stars, a yellow moon, and
a green space shuttle. (The buttons are color coded with
red, yellow, and green LEOS.) The older stUdents are
usually given written choices for their questions. In
addition, we talk to the audiences throughout the shows,
asking questions and inviting them to give simple

answers together.
With this interaction, we have discovered some
misconceptions unfamiliar to us, and have noted the
prevalence of other misconceptions. Many audiences
confuse a planet's rotation with its revolution, Most of our
audiences do not understand the difference between our
Solar System and our galaxy. Some are unaware of the
relationship between gravity and mass; instead, they
identify gravity with proximity to the Earth, or with
electromagnetism or rotation.
Most believe that gas giants are like clouds of gas
throughout, without any structure or density. Most believe
that Polaris is the brightest star. Many think that our Sun
is the largest star, and that other stars are not much
farther than the planets. And of course, many are
confused about the cause of the seasons.
Our interaction with children not only helps us to discover
misconceptions - it can also be used to help clear them
up. We frequently ask questions in which an incorrect
answer has been learned, while visually providing the
correct answer. (For example, after pointing out Polaris,
we have stUdents vote on whether or not it is the
brightest star.) Occasionally, we will provide verbal clues
to help students pick the correct answer. (For example,
"Look carefully. Is Polaris really the brightest star?")
Then we will show them the correct answer.
Other, more deeply-seated misconceptions prove difficult
to dispell, even in the face of direct explanation or
contrary evidence. We frequently present the information
necessary to answer a question before posing it. Many
students will still answer incorrectly, but seeing that their
selection is not the correct one goes a long way towards
reinforcing the truth. For example, after we have listed
different objects in our Solar System and explained that
stars are too far away to be a part of our Solar System,
most students will still vote or respond that there are
billions of stars in our Solar System. After we display
"one" as the correct answer, the audience responds with
puzzled gasps, immediately followed by "oh's" of
comprehension,
Other concepts are best addressed by repeatedly
checking the audience for comprehension. Gravity is
one of these; it is simple enough to ask throughout a live
planet show whether the children would weigh more or
less on an individual planet, after describing that planet's
size. A great extension is to ask whether they would
weigh more or less on the Sun,
Of course, the material covered needs to be
age-appropriate. Very young children may not have
formed many misconceptions. Preschoolers rarely tell us
that the North Star is the brightest, and dispelling that
misconception is easy to do at any age. The same
children frequently vote for the Moon as being larger than
stars or the space shuttle; unfortunately, some are being
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prompted to do so by well-meaning adults. Most of the
other concepts are more easily addressed at third grade
level or older. It is more difficult to address these
misconceptions with adults directly, as they may feel that
they are being criticized; if they accompany children to
the planetarium, however, they learn at the same time as
the children.
It might appear that addressing these misconceptions is
not as important as comparing features of the planets,
demonstrating the phases of the moon, etc. However, I
feel that some very fundamental concepts are being
misunderstood, and without a firm grasp of those
concepts these children have no foundation upon which
to build future concepts and ideas. I suddenly understand why I am frequently asked by puzzled students and
adults, "Why didn't you talk about the new planet
discovered in our Solar System?" If they can't distinguish
between a star system and a galaxy, all planets must be
in our Solar System. I now know that the adult who
insists that Venus orbits the Sun backward has confused
rotation and revolution when they first read about Venus'
unusual rotation. And I now regret that I never spent time
discussing gravity while teaching a college astronomy
course, as two students wrote in their Final that Venus
has no gravity because its rotation period is too slow.
We serve communities thirsty for knowledge. Children
out there are dehydrated for lack of a basic
understanding of scientific concepts. If we want to give
them milkshakes of astronomical wonders, perhaps we
should also include a glass of water.

INNOVATIVE SKY SHOWS FOR
CHILDREN
Professor S.Gopinath
B.M.Birla Planetarium
Gandhi Mandapam Road, Chennai 600 025, Madras,
India.

Abstract:
The B.M.Birla Planetarium at Chennai has been
conducting special interactive sky shows for school
children. These programmes are intended for
school children in the age range of 8-18. The
programmes are live, and include a number of
questions that are put to the children. Using hand
pointers the children participate actively in these
programmes, whose uniqueness lies in the fact
that they are curriculum-based. The programmes
are conducted after preliminary discussions with
the teachers so that there is a strong emphasis on
the curriculum-based content of these shows.
The B.M.Birla Planetarium of the Tamilnadu Science
&Technology Centre was dedicated to the Nation on the
11th of May, 1988. The main objective behind setting up
the planetarium was to disseminate information on
20

astronomy to the visiting students and public. The
planetarium at Chennai has just completed a decade of
very useful service to the people and it is felt that the
planetarium has fulfilled its objectives.
The planetarium has multi-faceted activities. It runs daily
programmes for the public and students in the Tamil, the
regional language, and English. These programmes are
computerised. More than 60% of the visitors to the
planetarium are school children. Many of them see the
regular programme, coming as they do to visit the
planetarium as
a part of their annual excursion
programme. The planetarium however has "Student
Specials" for specific groups. What are these" Student
Specials "?
It may be mentioned here that the school curriculum in
India has an elaborate chapter on UNIVERSE at the
tenth standard level. And it is here that the planetarium
has been playing a useful role. Prior to the Student
Specials, the author conducting these programmes
discusses the content of the programme with the
teachers concerned. The special shows are given live
and there is a lot of interaction with the students.
Questions are asked during the programme and the
stUdents answer them in the dark environment of the
planetarium. It has been observed at a number of
sessions that the percentage of answers, and correct
answers, have both been higher inside the planetarium
than outside. Is it that the anonymity of the stUdent in the
dark environs induces him to answer more often?
There are specific kinds of programmes for different
levels of stUdents. The most interesting among these
have been programmes for high school students as well
as programmes for the tiny tots. Both these are very
participative. At both these programmes the students are
divided into groups and each group is provided with an
arrow pointer. Questions are asked during the
programme and students are asked to point out the
answers in the planetarium sky. What a nice way to
learn!
An experiment was carried out in the planetarium on
teaching methodologies. A group of students was divided
into two. One of the groups took classes inside the
planetarium and the other in the classroom. After the
lapse of a certain period of time both the groups were
given a question paper and the students were asked to
answer them. It was seen that the group who had their
classes inside the planetarium fared better. But this was
not always the case. Wherever more mathematical
treatments were involved the classroom group fared
better. This brings out the case of the effects of
audio-visual teaching. In certain situations the
black-board is still not redundant. In the class-room the
overall effect of the teacher is important; the impact on
the students depends on the efficiency of the teacher.
The planetarium also conducts a number of classes for
school children inside the dome of the mini-planetarium.
These sessions are held after the children have been
exposed to the basics of astronomy in the classroom. But
here one faces the restriction of numbers with the shows
either in the balloon type planetarium or the umbrella type
accomodating not more than 25 students at a time.

Despite these restrictions a few tens of thousands of
students have been made familiar with the mini
planetarium concept.
The feedback received from the various schools have
confirmed our belief that the students have greatly
benefited from their exposure to the planetarium.
Multimedia-based software has also been used in some
of our recent programmes, giving them a more dynamic
touch.

THE WONDERFUL WORLD OF
SHADOWS UNDER THE DOME
Loris Ramponi
Centro Studi e Ricerche Serafino Zani
Via Bosca 24, 25066 Lumezzane (Brescia), Italy

Abstract:
Thanks to the collaboration with a theatre group,
we prepared a lesson-show in the small
planetarium located in Lumezzane, near Brescia.
This planetarium is mainly used for school activities
and it has become a site of multi-disciplinary
programmes for the diffusion of science. It is also
used to set up a small puppet and shadow theatre.
There are four theatre sketches played during our
typical planetarium lesson, which shows the
changes in the sky aspect from the Northern
hemisphere to the Southern. They are the
following: the Czech marionette; the Greek shadow
theatre "Karaghiosis"; the Indonesian shadow
theatre called "Wayang Kulit", and the Brazilian
puppets named "Mamulengo". Music, words and
traditional products from different countries
enhance the idea of a journey to the public. Next
year the lesson-show will be connected with an
itinerant laboratory, named "Sole 99", and will refer
to the 1999 total solar eclipse.
SHADOW THEATER INTO A PLANETARIUM
It is a common idea that making theater experiences
under the planetarium requires a big dome. Theater or
dance performances usually need wide spaces and only
a few planetaria do have a stage under the dome.
Whereas, thanks to our collaboration with a theater
group, we have prepared a lesson/show in the 6-metre
planetarium in Lumezzane, that officially opened last
January. This planetarium, managed by Serafino Zani
Research and Study Center (they also built a public
astronomical observatory), is mainly used with schools
and it is a site of multi-disciplinary programs aiming at
science diffusion. Such a choice characterizes our
planetarium room where the star projector is mobile. As
a matter of fact, the a.m. room can be used for different
purposes, as a projection room or as a laboratory to be

transformed each time in relation to the corresponding
activities. This solution allows us to install different star
projectors, to use complementary instruments also for
lessons of non-astronomical interest, to prepare special
laboratories for small children and even to set up a small
puppet and shadow theater.
Obviously this equipment reduces the available space for
the public. We can entertain up to two classes during
each lesson but we prefer to work with one class at a
time. Our aim is not to copy the big multivision planetaria,
but to create an interactive activity with moments of
spectacular interest. The following experience is the fine
result of this combination of a participatory program with
a planetarium show. The following lesson/show is
included in our "Art and Science" program, which also
offers astronomical activities in Brescia Art Museums and
a three-day trip for schools visiting the Brescia area.
DIFFERENT THEATER TRADITIONS, DIFFERENT
SKIES
One of the most classical lessons in planetaria is to
imagine a trip from one hemisphere to the other while
showing the sky changes visible at the different latitudes.
We have introduced in this lesson five short sketches
used to characterize different destinations during such an
imaginary trip. The first part of the lesson introduces the
main topics about orienteering with the stars, while the
second one introduces some sketches of the puppet and
shadow theater. They characterize different places on the
Earth. Our imaginary trip starts at 60 degrees North
latitude and continues down to Brazil.
Each sketch is introduced by the projection of the Earth
Starlab cylinder. The pointer shows the parallel where the
sky represented under the dome is visible. Each title is
projected with a "light box" on the theater shadow
screen. Traditional music is introduced into the short
theater show.
These play moments are animated by Ms. Cristina
Frigerio, who works with "Cooperativa Teatro
Laboratorio" Company. Her graduation thesis was about
the Brazil puppet theater; she spent eight months in Bali
(Indonesia) devoting herself to th~ study of the traditional
shadow theater "Wayang Kulit". These experiences of
hers are felt during our sketches.
Our special screen, useful both for the shadow and the
puppet theater, has been prepared and installed under
the dome base, in a corner of the planetarium room. The
screen is closed on the two sides. In this way the light is
visible only on the shadow screen or on the puppet
window, as appropriate.
Our starting point is North America; here the mythology
Starlab cylinder shows the Native American
constellations.
Then four theater stops during our imaginary trip are the
following: the Czech marionette, the Greek shadow
theater "Karaghiosis" (here the mythology Starlab cylinder
shows the Greek constellations); the Indonesian shadow
theater 'Wayang Kulif; the Brazil puppets "Mamulengo".
For each scene only original material is used. The

Indonesian and Brazil moments are played in the original
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language. Music, words and traditional images from the
different countries give the spectator the idea of a trip
starting from one hemisphere and going to the other, and
a reminder of how to calculate the observer's latitude
using the North Pole star.
After each short theater show the planetarium operator
describes the sky visible at the corresponding latitude.
During this part the operator speaks to the public and
answers their questions. After the description of the sky
that is to be seen at 20° South we go back to the home
sky.

The last part of the astronomical laboratory describes the
construction of a simple sundial made with some paper,
glue and scissors.
These two laboratories can be introduced into an
exhibition of a complete series of traditional shadow
theater figures and a photographic collection of the 400
sundials that took part into the international contest
"Shadows of time" from 1989 to 1997.
Summarizing, this complete project called the "Wonderful
World of Shadows" includes: the lesson/show, the
double laboratory and the double exhibition.

During the final part of the lesson the public is divided into
three groups for the following activities: navigation
through the Internet sites devoted to the traditional form
of puppets and shadow theater; demonstration of the
original material used during the show; projection on the
dome about daily life in Bali.
At the end of the lesson each student is invited to fill in a
questionnaire that allows us to collect information about
the amount of new knowledge gained during the dome
experience.
This lesson/show is offered mainly to schools but special
evenings are also organized for the general public,
groups and/or travel agencies customers. We suggest
travel agencies offer such an experience with us to their
customers, in particular to people that buy tickets for
polar or equatorial countries or dark sky places. These
special evenings are called "Astronomical tourism" under
the dome. Our planetarium speaker describes the
astronomical phenomena that are to be seen at different
latitudes from ours (the midnight sun, the "white" nights,
the short twilight of the Tropics, the Southern latitude
constellations, the solar eclipse and so on).
SOLE 99: SHADOW AND OPTIC LABORATORY
EXPERIENCES
Next year the a.m. lesson/show will be connected with an
itinerant laboratory named "SOLE 99". The acronym of
"Shadows and Optics Laboratory Experiences" - the
word means "Sun" in Italian - refers to the solar total
eclipse that will be visible in Europe next year.
The laboratory is divided in two parts, one is about
astronomy while the other one is devoted to kinds of
shadpw theater. The laboratory ends with the easy
construction of paper shapes suitable for the shadow
theater.
The astronomical laboratory is introduced with some
optical experiences about elementary principles of
shadows and the coloured shadows (fundamental and
complementary colours). Afterwards we describe the
instruments used to measure time by the Sun's shadow
(sundials).
The third part of our laboratory is devoted to the main
shadow known in nature: that is the eclipse. The eclipse
phenomenon is described using an orbiter, that shows
Earth and Moon movements and the Sun position.
Particular attention will be paid to the total solar eclipse
visible on August 11th, 1999.
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TALKING ALLOWED
Alan Gould
Holt Planetarium, Lawrence Hall of Science
University of California, Berkeley, CA 94720-5200, USA

Abstract:
Our most effective shows not only allow the
audience to talk, but encourage them to talk. It can
be as simple as asking questions or encouraging
questions from the audience. Or it can be more
elaborate, as in our "Target Earth" show, on effects
of asteroid and comet impacts on Earth. A
surprisingly effective audience activity involves
them playing roles of scientists from different
disciplines putting together clues to explain what
was happening on Earth 65 million years ago. If
you are from a large planetarium and thinking "not
possible in my facility", think again. Audience
participation can work in all domes, big and small.
It is difficult for a visitor to sleep through an
audience participatory show with their most positive
feedback being, "That sure was restful". (translate:
boring) Visitors to our planetarium often comment
that it is the best planetarium they've visited,
because they helped make the show.
In Holt Planetarium, we do not have a blanket rule of "no
talking during the program." It's true that in school visit
programs, we often convey a "ground rule" that most of
the time there should be only one person speaking either the presenter or an audience member asking a
question or making a contribution. However, we take
care to set the stage for significant audience interaction,
because in many of our programs, there a key section in
which the audience is allowed to discuss issues in small
groups.
Three examples will serve to illustrate. In our
Constellations Tonight program, each audience member
is given a very simple star map for the current evening
sky. The presenter explains how to use the star map and
then there is a major section of the program in which the

audience works in teams to find specific constellations. In
that time, the "one person speaking" rule is suspended.
The presenter's role changes from lecture mode to
vistting various teams and offering suggestions and hints
as needed. This change of instructor's role could be
thought of as a change from "sage on the stage" to
"guide on the side." After about 10-15 minutes, every
group has found at least one constellation, and the light
pointer is handed around from team to team for each
team to point out one constellation to the rest of the
audience.
Advantages to this "talking allowed" approach are (a)
each visitor has a chance to learn to use a tool (the star
map) that will enable them to find constellations on their
own, (b) each visitor gets that tool to take home and use,
(c) visitors are 100% intellectually engaged and
stimulated, and (d) it is nearly impossible for visitors to fall
asleep! Constellations Tonight is Volume 5 of our
12-volume audience-participation planetarium publication
Planetarium Activities for Student Success (PASS).
A second example happens in our Target Earlh program
which is on the subject of asteroid/comet impacts and
dinosaur demise. In one section of that program, the
audience is challenged to answer the question, "What
happened on the Earth 65 million years ago?" The stage
is set with some information about geological stratal1ayers
and in particular, an interesting layer of clay (the K-T
layer). The audience is grouped in teams with four
persons in each team. Each team member is given a
card which assigns them a role as one of four scientists:
a paleontologist, an astronomer, a chemist, and a
geologist.
Each card also has a scientific finding that is a clue to the
answer to the question:
Paleontologist:
We found MANY dinosaur fossils BELOW the clay layer,
but NONE ABOVE the clay layer.

program deals with the search for extraterrestrial
intelligence (SETI). In the program we present the latest
discoveries relating to life in the universe, starting with our
own solar system: the ocean under the ice sheets of
Europa, water and evidence for possible life on Mars.
We also introduce the newly found extra-solar system
planets. Eventually, we approach the question of what
beings who have evolved on other planets may be like.
They would have adapted to different physical conditions:
high or low gravity, hot or cold temperatures, high or low
atmospheric pressure, different compositions of surface
and atmosphere. To get the audience's imagination fired
up, we show a few examples of artists conceptions of
creatures that have evolved on other planets. In the
activity we are contemplating, proposed by Dennis
Schatz of the Pacific Science
Center in Seattle,
Washington, the audience works in teams with each
team being assigned a different planet with a unique set
of planet conditions. They are challenged to design a
being that is well suited to those planet conditions and
make a sketch of their concept for their being. This is
quite similar to our "drawing a Martian" activity from our
PASS Volume 6, Red Planet Mars. Some of the
drawings may be shown on an opaque projector for the
whole group to view and enjoy. [At this point two planet
conditions were assigned to the audience of planetarians
and they tried out the activity themselves.]
In conclusion, I can say that we know from years of
experience that these "talking allowed" type of
planetarium activities work extremely well in small
planetariums. Furthermore, I have good evidence from a
number of presentations such as this one you have just
experienced, that this type of activity can work very well
even in large planetariums with big audiences, if carefully
tailored for that setting. I encourage you try this technique
your planetarium - you may look at the PASS series for
more ideas that you can try out as well. More information
and ordering details can be found at the LH S web site:
www.lhs.berkeley.edu, Publications section.

Astronomer:
We found IRIDIUM to be quite common in certain types
of ASTEROIDS and COMETS.
Chemist:
In the clay layer we found IRIDIUM, which is quite rare in
the Earth's crust.
Geologist:
We found grains of SHOCKED QUARTZ in the clay
layer. They have fractures usually caused by
POWERFUL EXPLOSIONS.
The team members share and discuss their
clueslfindings with each other in order to answer the
question, "What happened on the Earth 65 million years
ago?" After a while the presenter captures the attention
of the whole audience again to have the whole group
share conclusions and opinions from the individual
teams. We have found that the social interactions implicit
in this role-play activity are surprisingly well received and
enjoyed by audiences.
A third example is one we are contemplating using in a
new program Other Worlds! Other Beings? This

COMMUNICATING
ASTRONOMY
IN
PLANETARIUM

CURRENT

THE

Dorothy Crawford
Charles Hayden Planetarium, Museum of Science
Boston, MA 02114, USA

Abstract:
Staff at the Charles Hayden Planetarium now
incorporate space and astronomy news as a
regular feature at the end of every public
programme. Since our major renovation almost
three years ago, our feature programmes have
almost entirely been based on the latest
discoveries. As we now broaden the scope of our
feature programmes, we decided to retain the
news segment as a regular feature and update it
each week. This paper will discuss how we decide
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what's newsworthy, how the images are
downloaded and projected, and how the staff of
presenters are prepared for the changes.

Since the renovation of the Charles Hayden Planetarium
in 1994, we have been putting a lot of energy into
incorporating current astronomy news into our programs
and have received an excellent response from our
audiences.
However, our first attempt at incorporating news into
programs began back in 1988 when we ran a
planetarium magazine program called Cosmoscope
which was made up of a number of pre-recorded
segments. The program included a night sky segment,
a pre-recorded featu re usually of topical interest, cosmic
trivia, and news updates. The night sky was updated
every two months, the feature every four to six months,
and ideally, the cosmic nevvs segment was revised as the
news dictated. Since we had decided that all the
elements were pre-recorded, each revision was a
mini-production and we had a hard time keeping up.
Eventually we abandoned this format, primarily because
we never successfully communicated to our visitors that
the content often changed even though the show was
always referred to by the same title, Cosmoscope.
In 1994, the theater underwent a renovation which
incorporated the addition of a number of new tools
including a SPICE automation system, video projection',
an audience response system, digital input, and a link to
our rooftop observatory. By 1995, we had resurrected
the idea of presenting astronomy news by incorporating
live updates at the conclusion of pre-recorded features
when the show topics themselves were news-oriented
such as Hubble's Fantastic Voyage. For example, we
included live updates and images of the Hubble deep
field, the surface of Pluto, and "Egg" and "Hourglass"
planetary nebulae.
In 1996, the Museum of Science created a Current
Science Initiative as part of their long-range strategic
planning process. This initiative reinforced our efforts
and suggested to us that astronomy news should be a
part of every program.

We used to update the news whenever there was any.
But because these segments are being given live, our
staff of presenters had no opportunity to familiarize
themselves with the new material before it would appear
at the end of the show. Now we provide updates every
Monday sending out email to all the presenters who are
expected to check it before their first show of the week.
Originally when we downloaded images, we deleted all
the text detail and added a label. But because all of our
public programs are captioned, we have now added
more descriptive text to the image so that our
hearing-impaired visitors will have access to a version of
the presenters' remarks.
For the last few years, all of our pre-recorded features
have been conceived and produced to take advantage of
what is or will be in the news. Examples include Cosmic
Update from the spring of 1996, The Comets are
Coming! from the fall of 1996, Messenger from Mars in
the spring of 1997, Cosmic Adventure from the fall of
1997, and our current show, Life and Death of the Sun
which incorporated this year's solar eclipse as well as the
increase in solar activity.
During Messenger from Mars we were able to download
the Mars pathfinder pan and install it for a press
conference. During our current program, Life & Death of
the Sun, we are incorporating live images of the sun
from our rooftop observatory, weather permitting. We
also visit a solar website for a full disc-enhanced image of
the Sun. We also offer our visitors handouts with current
astronomy website information.
Incorporating current astronomy news into our programs
has resulted in a number of benefits. We are able to
actively support the Museum's Strategic Long Range
Plan for Current Science. By taking advantage of today's
headlines, we make use of free publicity. We are able to
more actively address visitors' questions as to what's in
the news. Finally, our programs are always changing
which make them more enjoyable not only for the
audiences but for the presenters.
In order to stay
current, the presenters stay fresh in their presentation
style as well.

In 1996, we received Internet connection in our offices
which enabled us to download images much more easily
and incorporate them into our programs much more
quickly.
Over the years, we have made a number of changes to
the process of incorporating astronomy news:
Initially we tried to pre-record news segments but giving
the news live has allowed for much more flexibility as well
as less production time.
Originally we used slides. Eventually we downloaded
images from the WWW in our office re-formatle them
and brought a disc into the theater. Now we download
files, re-format them adding text, send the files to the
museum server, download them in the theater and
project them on the dome.
'
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ASTRONOMY AT A DISTANCE
David A. Dundee
Fernbank Science Center
156 Heaton Park Drive, Atlanta, GA 3037.USA
Abstract:
In this paper I will share the experiences I have had
over the past year and a half broadcasting
astronomy programming through
Georgia's
Interactive Distant Learning Network. These
programs have broadcast live images of the Sun
and sunspots as well as interactive investigations of

Sun shadows from different parts of the state. We
have used this system to teach about possible life
on other planets using Fernbank's meteorite
collection and live images from our electron
microscope. This system allows you to see and
hear classes in remote locations and for them to
hear and see you. In addition I will describe a
collaboration between Fernbank and the CocaCola Science Center to broadcast the February 26
1998 solar eclipse across the state.

Over the past year my fellow astronomers and I at
Fernbank have been piloting various programs such as
Georgia's interactive distant learning network. Unlike the
educational "talking head" of the past, this system allows
the instructor to see and hear the classes being
broadcast to. The students, in turn, can see and hear
you. In all of the programs we engage students in handson data-gathering or measurements.

downlink from Aruba so that the stUdents in the four
participating schools could see the total eclipse.
Our plans for the future are to continue to explore this
new medium and to increase our impact on science
education statewide. We are currently planning to try a
remote link to a "Challenger Learning Center" and Ufiy" a
remote mission with stUdents at Fernbank.
In conclusion, the interactive broadcast video
environment offers educators a chance to reach out with
qualtty hands on interactive programming to underserved
audiences in distant communities as well as close to
home.

EYES-ON UNIVERSE
Phyllis Burton Pitluga

In our program called Spot the Sun we use a CCD
camera to capture an image of the Sun through a 5-inch
Celestron telescope. We then broadcast a live image of
the Sun, so that students can search for sunspots.
During this program students explore shadows from a
gnomon and compare the shadows at the beginning and
end of the program. In this way concepts like the Earth's
rotation and the phrase "clockwise" are better
understood. Students also take direct measurements of
a series of solar images showing sunspot groups. From
these images they calculate the period of solar rotation.
In another program called Life Beyond Earlh the
Astronomy department teamed up with the Life Science
department. In this program images of Mars and Europa
from the Internet are used. Prior to the program stUdents
gather up soil samples from around their schools and put
samples on nutrient agar. One sample uses soil that has
been boiled, one soil that has been frozen for 96 hours,
and a third serves as a control. During the program we
compare the samples from each school and discuss the
fact that bacteria grow in all the different environments.
We construct a volcanic plume using hot water with dye,
coming from a flask within ice water. We use this
demonstration to discuss the environment of tube worms.
We relate this Earthbound environment to the possible
environment of Europa.
We have also used this interactive video system to
broadcast statewide interviews with visiting astronomers.
For example, during January 1997 Alan Hale and
Thomas Bopp were interviewed by eight schools from
around the state.
Our most ambitious project thus far occurred during the
solar eclipse of February 1998, when we teamed up with
the Coca - Cola Space Science Center inColumbus,
Georgia. Each site broadcast live images of the solar
eclipse. Although the eclipse was partial at each site,
students could time the eclipse (first contact, maximum
eclipse and last contact) and from those measurements
calculate the difference in latitude between the two sites.
In addition, on eclipse day, we had a direct satellite

Adler Planetarium & Astronomy Museum
1300 South Lake Shore Drive, Chicago IL, 60605 USA

Abstract:
In the Cyberspace Age of today, planetariums can
finally bring live telescope viewing of the deep
universe to their daytime visitors. At the Adler
Planetarium in Chicago we have equipped one of
the telescopes at the University of Chicago's rural
Yerkes Observatory to transmit real-time telescope
images, and images of the people working in the
observatory, to daytime visitors at partnering
planetaria half a world away. To learn how to set
up your observatory similarly and become a
reciprocal partner, attend this poster session where
we expect to provide a live presentation of this
capability.
This is to introduce the idea of developing a worldwide
collaboration between planetariums that have an
observatory. This collaboration would allow all of us to
show live images and the process of observing to our
daytime visitors. The way it would work is that when it is
night-time in the western hemisphere (for example) those
observatories where it is cloud-free would send live video
images via the internet to a dedicated server at Adler
Planetarium. Daytime planetarium visitors in the eastern
hemisphere could view and chat with observers. At my
poster session in London at 9 in the morning, I
demonstrated this capability. We were linked live with
Yerkes Observatory in the USA where it was 3 in the
morning and with Misato Observatory in Japan where it
was 5 in the evening. From Yerkes we saw the Ring
Nebula and from Misato we saw the star Arcturus. The
chat capability allowed us to converse with the observers.
For the past year, Vivian Hoette and I have been
equipping and testing this capability with the 0.6 meter
telescope at Yerkes Observatory (owned by the
University of Chicago). A video camera has been
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modified to "look through" the telescope, an infrared
video camera looks at us at work in the observatory and
CU See Me software allows us to share our views with
others. Additionally, a CCD camera lets us take images
that can be analyzed using Hands-on Universe software
designed for high school students. Soon we expect to
configure Adler's Doane Observatory's 0.5 meter
telescope in this way. To make this idea work we need
other planetarium partners. With significant interest we
will be able to obtain funding to acquire compatible
equipment to establish a worldwide Eyes-on Universe for
live viewing by all planetarium visitors.
If your planetarium has regular access to an observatory
with a permanently-mounted telescope, please send me
the following information:
Planetarium Name and full address:
Your name and e-mail address:
Complete description of the telescope/observatory
and how it is equipped:
Can your observatory be easily connected to the
Internet using a high speed line (is there such a
connection nearby now?)

CREATING AN ON-LINE CLASS
& PROSPECTS FOR FUTURE
CLASSES ON-LINE
Francine Jackson
U.R.I. Planetarium, & Bryant College
Smithfield, Planetarium, Box 353, Providence, RI 02961,
USA
&

Michael Lynch
Swift Interactive Technologies Inc.
984 Branch Avenue, Providence RI 02904, USA

Abstract:
Recently The Brown Learning Community asked
Francine Jackson to do an On-line class on
astronomy. As a person who could barely turn on
a computer, she was flattered but had no idea how
to accomplish this. Actually, putting together such
a class as this is less work than it appears. If you
are already on-line, half the job is already done.
INTRODUCTION
For years Francine Jackson has been co-ordinating and
creating science classes for Brown University's alternative
education department, the Brown Learning Community.
The Learning Community specializes in non-credit
offerings in such subjects as gardening, the arts,
literature, and computer literacy. Because the curriculum
is so varied and public-friendly, the administration is open
to many different types of presentations that might just be
of interest to its audience.
Last summer, Mark Curran, the Learning Community's
Dean of Special Studies, asked if she would be
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interested in preparing an on-line course in Astronomy,
to be offered in spring 1998. In keeping with the eclectic
nature of the department, this would be one of four
offerings, with Creative Writing, the Odyssey, and
Buddhism. It would be Brown University's first experiment
with the electronic classroom, and she was eager to be
part of it. In preparation, she wrote an 8-week tour of the
planets. However, Jackson's knowledge of computers
consists of hoping that it does what it's supposed to
when it is turned on. Fortunately, Brown has a computer
specialist who was eager to work on this project, Clare
Durst, who co-ordinated the programming within the
University. Also Michael Lynch, of Swift Interactive
Technologies, brought her computer and computer skills
into the 20th century.
METHOD
The approach in setting up the 8 weeks of class was,
first, to prepare outlines for 8 modules, which were to be
roughly equal in length. Francine Jackson prepared
these modules using an ordinary word processor. From
these, Michael Lynch prepared HTML versions for web
delivery. To help ensure that all the courses shared the
same "look and feel", the Learning Community supplied
the requisite HTML templates and artwork for the web
site. Our only responsibility was to flesh out our corner of
the web site with our text and graphical materials.
Creating the web site presented very few problems.
Since this class was something of a prototype for the
Brown Learning Community, there were few additional
resources to draw upon, and we largely confined
ourselves to text and JPEG image files from common
sources, most notably culled from the NASA and JPL
web sites. We had neither the time nor the resources to
construct more elaborate graphical elements. It seemed
clear to us, however, that dynamic elements certainly
have a place in an on-line astronomy class. For example,
an animation demonstrating Kepler's Second Law (ie.
equal areas in equal times) would greatly aid in
explicating several of the more complex concepts we
intended to communicate in the course. As we will show
further below, the lack of such elements, we feel, has an
important effect on the overall utility we might expect to
obtain from the using the World Wide Web as a tool for
distance education. Figures 1 and 2 show the first two
pages of the website we created (with help from the
Brown templates).
Another service provided by the Brown Learning
Community website that we intended to use is the virlual
conference. This is a special software service which
allows class members and the instructor to participate in
an on-line discussion. The particular system in use at the
BLC allows the instructor to set up multiple topics of
discussions (threads), which can subsequently branch
off into subthreads, for discussing more narrowly
focussed subtopics. This virtual conference is
asynchronous, which means that participants are not
required to convene at the conference site at any
particular time or place. Instead, the participant simply
visits the site at a time of his or her own choosing, and
can review existing threaded discussion postings and
add new postings to them. The virtual conference
maintains a permanent record of the discussions which,

Figure 1.

Screen shot of the Introductory Page
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Figure 2.

Screen shot from Module 1

Introduction to the Planets
Welcome to the Planets - Online! For this trip through the solar system, I'd like to introduce you to
each planet, see how they fit in the scheme of the solar system, indicate where they can be found in
l
the sky, and talk about anything else about them that you d like to know. Please remember this
program is interactive, so if you want to talk about anything in particular, this is your program. Also,
these online classes are an experiment. This is the first time for all of us. Please let me know
whatever I can do to have you better enjoy this.
One of the joys of astronomy is that it's the oldest and easiest science to study - all you have to do
is look up. But, at the same time, new information is being learned so fast that just about anything I
say almost has to be qualified. For instance, "There are nine planets. II Now, we have to say there
are nine planets revolving around the Sun, because as of this writing, planets appear to have been
discovered traveling several other stars. Also, the number "nine" may change. Planetary
astronomers are seriously considering lowering the number of planets in our solar system to eight.

Where did our planets come from?
To answer this question, we have to take certain properties of the planets and try to create a model
that would fit them. First, the planets all revolve around the sun in almost circular paths, alone in
space - they are not situated close together, but seem to be in certain prescribed elliptical paths.
With few exception, they a1llie in the same plane, and revolve around the Sun in the same direction
- counterclockwise ifviewed from above them. Also, most of them rotate in the same direction:
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among other things, can be used for grading the quality
of the participants' responses. The Creative Writing class,
we understand, made particularly heavy use of this
service.
There is not time in this brief paper to cover the
particulars of the HyperTextMarkup Language (HTML)
our website design principal in general. We included
representative titles in our references that we have found
to be good resources.
THE OUTCOME
Three out of four classes ran. Astronomy did not. At first,
all of us involved were surprised as astronomy, with its
high-tech imaging and easy complementary access on
the net, would seem to lend itself more to the medium
than the other topics. However, this appears to be a
pattern in many schools that offer on-line subjects: those
that are thought not to be conducive to the medium seem
to draw more registrants.
REASONS FOR NON-ADOPTION
We would like to suggest a perspective from the
organizational communication literature, which, we
believe, sheds some light on the disappointing outcome
we found for using the World Wide Web as a platform for
distance education. A pivotal paper by Daft and Lengel
(1984) proposed a construct called information richness,
which may provide a useful framework for

understanding the problem.
In their paper, Daft and Lengel held that all
communications media can be situated on a richness
axis, with rich media at one end, and lean media at the
other (Figure 3). Direct face-to-face communication is
held to be the richest of all communication media. Most
technology-based media fall in the middle ranges of this
richness continuum. Selection of the right medium for
exchange consists, in part, of matching the medium to
the richness of the information it is intended to carry.
What does richness mean in this context? In
organizational terms, face-to-face communication is most
often required at the highest levels of the organization. It
is most appropriate when the discussions center around
isses that are ambiguous, ill-defined, or complex, or when
the participants have conflicting agendas, goals, or levels
of understanding. By contrast, the many purely routine
communications found in every organization are better
handled with less rich media. Such technologies such as
Fax, E-mail, and telephone, for example, are perfectly
adequate for processing such routine tasks as entering
address changes, processing invoices, sending catalogs,
and the like. What is unique about this perspective is that
it asserts that the richest, clearest media may not
necessarily be the most appropriate if the task to which
it is matched is far leaner.

Figure 3. Communication Media and Information Richness (adapted from Daft & Lengel, 1984, page 196)

Information Medium

Information Richness

Face-to-Face

Highest

Telephone

High

Written, Personal
(letters, memos)

Moderate

Written, Formal
(bulletins, documents)

Low

Numeric Formal
(computer data)

Lowest

Multimedia
technologies
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What does this mean for distance education? Quite
as we traditionaliy think of it, is an
simply,
activity that often requires the richest possible medium of
exchange, that of teacher and students in close proximity.
While Daft and Lengel did not specifically apply their
theory of information richness to educational issues, we
can see that the nature of the communication required
calls out for a rich medium for delivery for many types of
educational content. In the educational setting, such
material will be new for most or all of the students. To
them, the material is ambiguous and ill-defined until they
come to comprehend it. At other times, however, when
dealing with the exchange of rote materials or drills, a less
rich medium may suffice.
Note also that rich media possess the quality of bidirectionality. Face-to-face communication, in particular,
freely
the exchange of information between and
It would seem that this is not the situation
among
in educational settings; however, we ought to recall the
old dictum that most communication is non-verbal
(Meherabian, 1971). In the classroom, the teacher
certainly has the floor, and does most of the speaking.
However, any skilled teacher is acutely aware of the
many non-verbal cues communicated by the students.
Are they
Bored? Unruly? Fatigued? The skilled
teacher reacts to these cues, and paces or redirects his
or her discourse to meet the changing circumstances.
Further more, when it comes time for question and
answer periods, the communication becomes truly faceto-'face.
In fact, it is the degree of responsiveness to such
"audience" cues that characterizes the difference
between teaching in small group settings, in small lecture
hall settings, and in large lecture hall settings. As the
teacher becomes more remote from these cues, the risk
o'f losing the students increases.
We

the principles of information-richness to the
the World Wide Web for distance
the reasons why the World Wide
education. In our
Web did not meet expectations largely center on its
shortcomings with respect to information-richness:
,.

Students using web sites as a platform for learning
experience the web in a fashion roughly similar to how
they experience other forms of multimedia, for
example multimedia CD-ROMs. That is, with respect
to static elements such as text and still illustrations,
web snes are as information rich as their counterparts
in other comparable multimedia.

,.

With respect to dynamic elements, web sites
generally perform more poorly than similar multimedia
software packages. First, the latency time inherent in
passing information over the Internet makes it difficult
to provide the kind of tight interactivity and feedback
that is possible in multimedia CD-ROMS. Second, the
limited bandwidth of the Internet makes it difficult to
include high-resolution materials in the web site,
including video clips and extended sound files. (While
these can be 'found on the World Wide Web, they are
seldom satisfactory). Third, the tools for creating
dynamic content on the World Wide Web are less
powerful than their counterparts in multimedia CD-
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ROMs.
to>

Both the World Wide Web and multimedia software
packages in general are substantially less rich than
actual teaching in an educational setting.

It is interesting to note which kinds of educational
activities are best supported by these multimedia tools.
Those materials which lend themselves to rote
presentations, drills of various sorts, or demonstration of
physical principles can be effectively presented in this
fashion, but more abstract, higher-level learning requires
a richer medium, according to this theory. We can use
multimedia to teach historical dates and places, but
communicating the geopolitical reasons why historical
events took place is far less effective. We can use
multimedia to depict a variety of scientific principles in
physics and astronomy but the thrill and excitement of the
Apollo Space Program is better communicated when we
borrow elements from drama and music. Indeed, these
artistic elements, through which we can communicate
human, rather than mere technical information, are what
contribute to great planetarium programs.
An example from an actual planetarium production will
help illustrate these points. The program called
Wonderful Sky is a production of the Hayden
Planetarium, New York. Written by Bill Gutsch, it features
a number of the Muppets characters who present a
number of simple astronomical and meteorological
principles to school children in the 4 to 6-year age group.
This program absolutely requires a live narrator, who
interacts continuously with the children as the program
unfolds. One of the authors (Jackson) has performed this
program on a number of occasions over the years.
Since this program involves a live narrator interacting with
school children, the program does not operate in fixed
time; instead, the narrator or the AV technician cues the
next phase of the program as the discourse between the
narrator and the children warrants.
In this scenario, it is clear that the educational value of the
program would be much poorer had the children simply
been exposed to a non-interactive show in which the
material was simply presented without regard to whether
comprehension had occurred. During the programe, one
of us (Lynch) has often observed the other (Jackson)
essentially "teasing" the answer out of the children before
moving on to the next topic in the program. It is the ability
of (human) narrator to be sensitive to the cues from the
students that helps make this program a success. The
pace of delivery is attuned to the pace at which the
students are able to comprehend the material. Moreover,
at each segment of the programs, the children are in
effect rewarded for correctly completing the segment
before moving on to the next.
One factor that helps mitigate the problems of
information-richness in web-delivered material is the
availability of conferencing tools. These tools help to
restore some (but not all) of the qualities of a face-to-face
style of interaction The one available to us is relatively
primitive, in that it permits text-only communication, and
generally asynchronously, not interactively. Yet this is
better than no tool at all. With a suitably motivated class

it is still possible to get a lively discussion going even
though the participants are required to type their
responses and are generally not able to experience
immediate feedback from other participants. But it is
human-to-human communication nevertheless.
Somewhat more intriguing is the use of teleconferencing
systems such as PictureTel. These are private circuit
television systems with cameras and monitors at each
site. As might be expected, these systems are further up
the richness scale than our primitive web-based
conferencing system. Yet, interestingly, even these fall far
short of face-to-face richness. One important deficiency
that has been discovered is that the inability of a viewer
to control the aim and focus of the camera, much as a
person might turn his or her head to observe another
person's facial reactions, causes the viewer to miss a
substantial number of non-verbal ues. Thus even this
expensive, high-tehcnology system falls short of our
needs.
CONCLUSION
The primary question with this educational form is
whether there is a future for on-line classes. Apparently,
this question isn't as easy to answer as one would think.
Although the ability to apply and take a class from
anywhere in the world sounds exciting and glamorous,
the number of people who do so has proven to be much
smaller than expected by its proponents. In fact, most
people who sign up for one appear to be doing so more
for convenience than adventure.
This surprising fact came from a study by New York
University, which was given $4million from private
contributors several years ago to look into the question of
offering electronic classes in various disciplines. The
class notices reached markets all over the world. The
result: nominal class registration, with most registrants
from already-matriculating students who lived within
walking distance of the campus (Curran, 1998).
Common experience has been that people are interested
in taking the class while being offered the opportunity to
make use of the World Wide Web as an adjunct tool or
central repository of information. When the class offering
is solely an on-line class, interest drops markedly.
At present, several hundred colleges advertise on-line
classes. That number is likely, given recent experience,
to go down. These classes take a lot of preliminary work,
they require vast amounts of working hardware, and the
attraction just doesn't seem to be there. We believe that,
in the future, on-line programming will be largely
concentrated in specific circumstances:
l>
at private, for-profit educational facilities (such as
Sylvan Learning Centers) as a means of teaching
adult technical audiences in a corporate setting
(National Technical University)
l>
in sparsely-populated regions where few opportunities
exist to convene actual classes (eg. the University of
Phoenix, which serves outlying regions of Arizona
using tele-conferenclng
l>
at colleges with large enrollments and insufficient
classrom space - especially those in metropolitan,
high-rent districts such as Manhattan or Chicago.
At this time, neither Brown University nor the Learning

Community itself has plans to offer future on-line
programming. And, by the way, the highest enrollment for
the Learning Community's classes (a result which
appears to be similar to those in other areas) was
Creative Writing, with about 20 students. The Literature
class had about ten, and Buddhism, three students.
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SCIENCE CIRCUS ACTIVITIES IN
NORWAY & SWEDEN
Lars Broman
Broman Planetarium & Falun Science Center
Ostra Hamng 1, SE-791 71 Falun, Sweden

and
Ivar Redd Nakken
Teknoteket, Norsk Teknik Museum
Kjaelsasvaeien 143, N-0491 Oslo, Norway

Abstract:
Three years ago, Teknoteket at the Museum of
Technical History in Oslo, Norway, began a new
kind of outreach activITy: Science Circus. It includes
both a Starlab planetarium and a number of
hands-on exhibITs, and is set up for several days at
a time in a public location. Following the good
Norwegian experiences, Falun Science Center in
Sweden started the same type of outreach
activrties this spring. In this paper we will explain the
concept in some detail. We will also present our
experiences of different types of locations, ranging
from shopping mall to community hall.
Three years ago Teknoteket, a Science Centre in Oslo,
Norway, tried a new kind of outreach activity called
Science Circus. The aim of the project is to stimUlate
interest in science among school children and their
teachers, as well as to the general public. The Science
Circus is developed at the Teknoteket in Oslo, and
supported by the Norwegian government, the Norwegian
Science Council, Norsk Hydro, the Norwegian
Organisation of Employers, the Norwegian Association of
Engineers and local authorities.
The Science Circus includes a Starlab planetarium, 6
telescopes from 4" to 8", about 30 hands-on exhibits
and also some experiments for stUdents and teachers in
the classroom. The Science Circus is set up for several
days at a time at a school or at a public location. The
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exhibition with the hands-on exhibits,
is placed in an appropriate hall of
about 200m 2 ,
The visit starts with a show including experiments in physics & chemistry aimed
at awakening curiosity about natural
phenomena. It is followed by classes on
five different subjects for different age
groups:
1. Light and eyesight for pupils of 6,
12 and 16 years at different levels for
each group
2. Sound and hearing, which is not a
completely silent lesson, for pupils of
7 and 13 years
3. The properties of air for pupils of 8
years
4. Planetarium show and astronomy in
the Starlab planetarium for pupils of
9 and 14 years
5. Electricity and magnetism for pupils of
10,13 and 15 years.
All the teachers get a two-hour course in how to teach
different aspects of science. They also get a lot of ideas
for experiments they can easily use in their own classes.
In addition, they are invited to participate in a more
extended 5-day course later on. Before the teachers
bring their pupils to the hands-on exhibition, they get
instructions about the exhibits so that they can guide the
children.
The general public and parents are invited to an "open
evening" at every school. They can visit the exhibition and
participate in a planetarium show as well as observe
heavenly objects through the telescopes.

lit from one side, a "quatro stagioni" exhibit with four Earth
globes lit from a central Sun, a sunlit Moon orbiting the
visitor's head, and a scale model Solar System, built to
the scale 1: 10 billion and stretching far outside the
Cultural House - the model even included a tomato-sized
model of Proxima Centauri at the National Institute of
Silicon Technology in Islamabad, Pakistan. Astronomia
was set up at several Swedish museums until it finally
broke up in 1992: the Starlab continued as Broman
Planetarium's travelling planetarium, and the exhibits and
models became the new Falun Science Center's base
exhibition.

Since the start of the permanent project in October 1997,
we have had approximately 11,000 schoolchildren and
1500 teachers. We have had 3500 visitors at the open
evening activities. In total, about 7500 pupils, teachers
and parents have attended the planetarium shows.
Everywhere the pupils, teachers and parents, as weI! as
the local authorities, have been overwelmingly positive
towards our project.
We are convinced that it is very important to educate
teachers of young children so that the pupils' interest in
natural phenomena is supported after they have left
school. Otherwise we fear that, although we manage to
stimulate children's interest in sci~nces when we visit
them, it will decline if the teachers don't follow up these
activities.

SCIENCE CIRCUS FROM FALUN
Our earliest experience of a Science Circus type of
activity was in the fall of 1989, when the Broman
Planetarium inaugurated its travelling exhibition,
Astronomia, at Vastra Frolunda Cultural House in
Goteborg. Astronomia consisted of a Starlab
Planetarium, exhibits and several interactive astronomical
models. These included a rotating Earth with tiny sundials
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We have continued travelling activities both with Starlab
(now two mobile ones) and with interactive exhibitions
(Albert and Einstein from 1990, Water Laboratory
H20(x) from 1996, Mathematical Puzzles from 1998). It

was when we first learned from the Norwegian
experience at the Nordic Planetarium Association
Conference in Goteborg 1997 that we realised that we
ought to try to put our Falun Science Center on the road.

the general public. Outside the Starlab we had
travelling hands-on exhibitions Mathematical Puzzles
Electrical Workshop, some exhibits from H 20 (x).
fakir chair (where you sit on top of hundreds of nailS)
a small museum store/reception desk.

our
and
our
and

Just one person from Falun Science Center was in
charge each day, and he spent most of the day in the
planetarium, but librarians took turns in taking care of the
reception desk and looking after the hands-on activities.
Several daily planetarium shows were made possible by
having them only partly live. Thus, the school show
consisted of Broman Planetarium's Journey in Space, a
presentation of tonight's sky, and a question-and-answer
session. The general audience show instead featured
Broman Piane-tarium's Close Encounter with Cosmos.
Both feature programs have been used for a couple of
years in Falun Science Center's Stella Nova Planetarium.
but for this occasion they had been converted from the
original slides-and audiotape format to VHS cassette.
We used a small Sony video projector, and it worked
really well inside the Starlab. The normal drawback of
this inexpensive projector - lack of brilliance - is indeed an
asset in the darkness of a planetarium!

The idea was marketed in the Swedish region Dalarna,
and the first to hire a Science Circus was the city of
Ludvika, where we set it up in the Lingongarden
community hall, adjacent to the library, for seven days in
March. From Monday to Friday we gave six pre-booked
school shows and one show for a general audience in
Stanab. On Saturday and Sunday we gave six shows for

Overall, the Ludvika Science Circus was a great success
with just over 1000 visitors in seven days. Several
planetarium shows were sold out and almost all had a
good crowd - the average was over 20 persons per
show. Both visitors, librarians, and the city official that had
hired us were happy. We got good coverage in the 10caJ
newspapers - the Science Circus was on the front page
twice. The best grade was given by the several young
students who came back with their parents for a se90nd
show.
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KEPLER'S SECOND LAW IN THE
PLANETARIUM
Dale W.Smith
BGSU Planetarium, Dept. of Physics & Astronomy,
Bowling Green State University, Bowling Green, OH
43404, USA

Abstract:
This planetarium exercise demonstrates a form
of Kepler's 2nd Law for Mercury and Mars using
observations of the geocentric sky. Students
measure the longitude of the target planet along
the ecliptic on a set of equally spaced dates.
The dates and longitudes allow first the Earth
and then the planet to be located on a face-on
diagram of their orbits. The planet positions are
then connected by chords whose different
lengths show the variation in the planet's orbit
velocity.

INTRODUCTION
Kepler's second law describes planetary orbits with the
well-known law of areas: a line from a planet to the Sun
sweeps out equal areas in equal amounts of time. So
when a planet is closer to the Sun, it moves faster;
when it is farther from the Sun, it moves slower. This
varying speed is easy to demonstrate from an external
viewpoint, especially for very elliptical orbits like those of
comets.
But Kepler, like everyone else who has surveyed
celestial motions, derived his law from Earth-based
observations. When we explain these motions only
from a god's-eye viewpoint, it is easy to forget that the
laws were found solely from observations made on the
Earth. With the planetarium, we have a marvelous
instrument to show how Kepler's laws manifest
themselves in the motions of the planets in the Earth's
sky and to give our students a hint of how Kepler used
these motions to discover his laws.
In recent years, I have developed laboratory-style
exercises in which students record a series of
observations in the planetarium and use the data to
demonstrate Kepler's Second and Third Laws. The
Third Law exercise (described in the 1990 GLPA
Proceedings) involves measurements of planetary
positions to locate conjunctions and to measure
elongations from the Sun, and these are used in turn to
derive the orbital periods and radii.
The Second Law exercise described here involves
measuring positions in order to demonstrate the
varying orbital speeds of Mars and Mercury. These are
the two naked-eye planets whose real orbits are
enough out-of-circle that a star projector can readily
show the variation in their velocity. This exercise is
more demanding on the star projector than the Third'
Law exercise in that it uses the difference in positions
to determine the velocity, a process akin to taking a
derivative with the star projector.
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The procedures for mo planets are similar, but are
easier for Mars because its orbit lies outside the
Earth's. The procedure for Mercury contains extra
steps that arise because Mercury's orbit lies inside the
Earth's. I will first describe the exercise as it is done with
Mars, and then explain the extra steps required for
Mercury.
MARS - GEOCENTRIC MEASUREMENTS
Kepler's Laws describe the motion of a planet around
the Sun, but in the planetarium we can only observe
the motion of a planet along the ecliptic. So the ecliptic
is the basic measuring tool. You must track the planet
around its orbit by measuring its apparent motion along
the ecliptic. You measure the position of the planet on
the ecliptic for a series of dates, and then transform the
data from the geocentric viewpoint of the planetarium
to the heliocentric viewpoint in which Kepler's Laws are
expressed.
You begin by recording the positions of the Sun and
Mars on the ecliptic for a series of equally spaced
dates. These dates must span about mo years in order
to cover a full trip of Mars around the Sun. The ecliptic
serves both as a calendar for measuring the dates and
as a protractor for measuring ecliptic longitudes of the
Sun and planets.
Since the ecliptic is calibrated in calendar dates (to
show the location of the Sun), your measured positions
will be expressed in dates, but you must convert them
to ecliptic longitudes. The ecliptic longitude is zero at
the vernal equinox and increases eastward. The
conversion from date to longitude is done with the help
of a table that gives the ecliptic longitude corresponding
to the position on the Oth of each month. (The Oth is
the day before the 1st). Using the approximation that
one day's space on the ecliptic equals an angle of one
degree, add the date of the month the planet is aligned
with to the longitude for the Oth of that month. The sum
gives the planet's ecliptic longitude. (This procedure
would be simplified by using a table that lists the
longitude corresponding to every day of the year.)
MARS - TRANSFORMATION TO HELIOCENTRIC
VIEWPOINT
The longitudes calculated in this way give the positions
of the Sun and Mars along the ecliptic, that is, as seen
from the Earth. Now you use them to locate Mars in its
orbit around the Sun.
This transformation from Earth-view to orbit around the
Sun is done graphically. A heliocentric graph in the
exercise packet shows the orbits of the Earth and Mars
superimposed on a finely-ruled x-y grid. The orbits are
the true elliptical orbits in their proper spacing and
orientation. A circular scale of heliocentric ecliptic
longitudes lies outside the orbits.
The transformation is a mo-step process. First you
must determine where the Earth is in its orbit. Begin by
adding 180 0 to the ecliptic longitude of the Sun. This
gives the longitude of the Earth as seen from the Sun
(Since the view from the Sun to the Earth and the view
from the Earth to the Sun just look in opposite
directions along the same line, the heliocentric ecliptic

longitude of the Earth is just 1800 different from the
geocentric ecliptic longitude of the Sun.) Lay a ruler along
the line from the Sun toward the Earth's longitude. The
intersection of this line with the Earth's orbit locates the
Earth.
Now you can locate Mars. The exercise packet includes
a small transparent protractor calibrated in ecliptic
longitudes. Center this protractor on the Earth and orient
it properly with the help of the x-y grid. Use a ruler to form
the line from the Earth toward the direction of Mars, as
given by its (geocentric) ecliptic longitude. The
intersection of this line with Mars' orbit locates Ma
With this procedure, you can locate Mars in its orbit on
each date of measurement.
MARS - DETERMINING ORBITAL VELOCITY
Now that Mars has been located in its orbit on a series of
equally spaced dates, you can calculate orbital velocities.
First, connect the successive positions of Mars with
straight lines. These chords will approximate the arc
length Mars has traveled between measurements. So the
length of the chord will give a dimensionless velocity. To
locate the place in orbit this velocity applies to, place a
dot at the center of each chord and measure the
heliocentric longitude of the dot.
Now plot the chord length vs. heliocentric longitude. This
graph will show how the (dimensionless) velocity of Mars
varies around the orbit, and thereby demonstrates
Kepler's Second Law in a semi-quantitative way.
MERCURY - SPECIAL CONSIDERATIONS
The procedure for Mercury is similar to the one for Mars,
but two difficulties arise because Mercury's orbit is inside
the Earth's. Both are connected with drawing the line
from the Earth to Mercury.
One problem is that the line will cross Mercury's orbit in
two places. Which place is Mercury at? If Mercury is
moving west along the ecliptic, it is near inferior
conjunction, so would be at the crossing point nearer the
Earth. An additional check is that since Mercury moves
counterclockwise in its orbit, successive points must
progress counterclockwise.
The other problem is that the line will cross Mercury's
orbit at a nearly grazing angle if the position
measurement is made near a maximum elongation. At
these angles, a small error irt the direction of the line will
lead to a large error in where the line crosses the orbit, so
Mercury will not be located with acceptable accuracy.
You can avoid this problem by measuring Mercury's
position only when it is relatively near a conjunction.
As a consequence, yOLI will need to take several short
sets of data for Mercury spanning dates of conjunctions.
These sets must be timed so they yield positions that
collectively cover most of Mercury's obit. A further
difficulty arises here because Mercury's synodic period of
116 days is nearly commensurate with the year (it is just
6 days less than one-third of a year) so successive
conjunctions of the same type (inferior or superior) will
sample nearly the same place in orbit. As a
consequence, you will need to use dates around both

inferior and superior conjunctions and at least one data
set must betaken several years before or after the others
so that Mercury's place in orbit at conjunction will have
had time to move significantly. Data sets around superior
conjunction can be longer than those around inferior
conjunction.
FOR
OF
DATES
SERIES
SUGGESTED
MEASUREMENT
All the dates for measuring either planet must be
uniformly spaced. They must be close enough together
to give an adequate number of positions in orbit, but not
so close that the data set becomes too large and
cumbersome.
For Mars, a spacing of 60 days between measurements
is adequate. Since the sidereal period of Mars is 687
days, a set of 12 measurements each 60 days apart will
cover the orbit. One such set runs from January 1, 1994
through October 23, 1995.
F or Mercury, a spacing of 10 days between
measurements is an acceptable compromise, since the
sidereal period is 88 days. These dates must be grouped
in several sets to stay near conjunctions and to cover the
orbit. One quartet of sets which does this runs from April
1 through 21, from September 18 though October 18,
and from October 28 through December 17, all 1995;
and from May 21 through July 10, 1991.
While any 22 months of measurements are probably
adequate for Mars, the dates for Mercury must be
selected with care, and you must do the exercise in
advance yourself, especially to ensure correct selection
of the outlying data set.
PROCEDURE
It is obvioLis that both you and the stUdents must be wellprepared for this exercise to work effectively. A detailed
exercise packet describes the geometry and procedures
at length and guides the student through the data-taking
and the analysiS. Though this exercise packet is selfcontained, the student must already be familiar with the
planetarium sky, with the ecliptic, and with the motions
and configurations of the planets. I give the exercise
packet out a few days ahead so everyone can read it in
advance, and have fine-tuned the packet to address
common misconceptions. Most students catch on quickly
to the data-taking procedure and the analysis.
The measurements can be completed in one class
period of 50 minutes, but you must move the star
projector efficiently through the various dates. It is
probably best to do Mercury first and then Mars. Practice
ahead of time and also be sure the planets are set
correctly on the star projector. During the period when
the measurements are being made, it was my practice for
the sake of time efficiency and a uniform data set to read
the positions of the planets to the class as they watched
them, but other instructors may choose to let the class do
all the reading. I also brought the room lights up dimly
after each reading so stUdents could record the data.
After taking the data in class, the stUdents complete the
remaining work at home, individually or in groups as they
prefer. I would not encourage providing the students with
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Figure 1. Measured Positions of Mars
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Figure 2. Dimensionless velocity of Mars
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Figure 3. Measured positions of Mercury for 1991 sample dates
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Figure 4. Dimensionless velocity of Mercury for 1991 and 1995 sample dates
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a spreadsheet or graphics program that does the
calculations and graphing for them.

TEACHING ASTRONOMY IN CHINA

SAMPLE RESULTS
MARS - The successive positions of Mars are shown in
Figure 1 for the sample times listed above. The positions
are connected to each other by chords and to the Sun by
radius vectors. A visual inspection of the "pieces of pie"
readily reveals the variation in the length of the chords.
This variation is easier to see in a plot (Figure 2) of chord
length vs orbital longitude (of the center of the chord).
Since the velocity is proportional to the chord length, this
plot in effect shows a dimensionless velocity which rises
and falls as Mars traverses its orbit, as you would expect
from Kepler's Second Law.

Lane 186, 11 Shan-xi-nan-Iu, Shanghai 200031, China

MERCURY - The successive positions of Mercury are
shown in Figure 3 for the 1991 sample times listed
above. The positions for the 1995 times are not shown
since they would partly overlap the 1991 positions and
would clutter the diagram. The variation in chord length
is evident in a visual inspection of the "pieces of pie", but
is easier to see in Figure 4, which plots chord length vs
longitude for all four sets of sample times (including those
not shown in Fig. 3) The Mercury data are noiser than
the Mars data, but again clearly show a rise and fall in
velocity as Mercury moves around its orbit.
While neither set of measurements provides an exact
verification of Kepler's Second Law, both show a
variation in velocity which is quasi-sinusoidal and which
gives a quantitative demonstration of the Law. The data
also show that the planet motions on the Minolta star
projector are accurate enough to support such a
quantitative analysis.

CONCLUSION
This exercise provides students with an experience in a
~uantitative and advanced use of the planetarium,
Illustrates some motions of the planets in a concrete way,
and demonstrates the ability of a planetarium to show the
complex motions of the planets as well as those of the
Sun and Moon. The exercise also gives some practice in
techniques of taking and analyzing data such as
graphing and working through an extended analytical
procedure. Finally, though it does not exactly replicate
Kepler's original steps, it does show for one law how the
god's-eye view results we often show are derived from
Earth-view measurements.
A copy of the student's lab packet is available by
contacting me. Copies of the Third Law Packet are also
available.

Nai-Shi Min

Abstract:
I have had a long experience as an astronomical
educator, and have produced a series of
planetarium programmes which have been
viewed by millions, as well as designing and
illustrating a number of pop-up books and do-ityourself instruments
I have been working as an astronomy educator for forty
years. The ancient Chinese space-enthusiasts inspired
me greatly. I was fascinated by the things they did 900
years ago. For example, they invented the Planetarium
Globes to demonstrate artificial starry skies. 600 years
ago, they launched a rocket carrying a spacenaut,
although, sadly, the spacenaut died in the raging flames
of the rocket. Nevertheless the bravery of the man had a
tremendous impact on me as a boy.
I took part in the establishment of the first planetarium in
Shanghai in 1958. The Planetarium was set in the
Shanghai Children's Palace which was to train the most
gifted young in the nation. I produced a series of
planetarium programmes which have been viewed by
millions. We use a ZKP-2 planetarium projector on an 8metre projection dome. I have demonstrated space flight
in a sense of motion, cosmotrip to extragalactic deep
space and metagalaxies.
For the purpose of lessons in astronomy, I have designed
and illustrated Star Charls for Naked Eyes containing
apparent magnitude star charts and seasonal star charts.
The essential parts of this are the eighty-eight
constellation figures, traditional Chinese star charts and
ancient constellation figures inspired by the images from
unearthed silk and stone carvings 2000 to 2500 years
ago. The most faithful copies include the absolute
magnitudes and spectral types.
In teaching, we use both common international terms
such as the Great Bear, the Lesser Bear, the Hunter and
the Scorpion, as well as the traditional Chinese names
created 3000 years ago - for example, the Celestial Wolf
(Sirius), the Old Man of the South (Canopus), the Big
Horn (Arcturus) and the Weaving Princess (Vega). The
characters are fully reflected in my star charts.
In China we put quite an emphasis on having stUdents
master what they learned. The stUdents are asked not
onl~ "to know" but also "to do". For this purpose, I
designed Mnemonic Rhyme of Right Ascension of
Constellations and the Method of Time Determination by
Examining Stars. The do-it-yourself tools enable the
stUdents to determine time by examining how the stars
transit the meridian. I designed the Method of Speedy
Calculation of Sidereal Time - to tell in half-a-minute the
sidereal time on a particular moment and date requested.
In order to create a system to promote astronomy
education in general, I have designed over 150 Oo-it-
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yourself astronomical instruments in the past twenty
years. All of these instruments are made of paper. They
are used to explain, observe and predict astronomical
phenomena.
Here are the most often used:
Biplanisphere - demonstrates the starry sky and their
motions by two star charts for northern and southern
directions (more suitable for beginners).
Sundial with Solar Terms - determines time and solar
terms.
Ursa Minor Star-dial- determines time by examining Ursa
Minor, the Lesser Bear.
Demonstrator of the Earth's Revolution with Solar Terms
- a movable instrument to demonstrate the Earth's
revolution, tropical and precessional motions, solar
positions in the Zodiacal signs and solar terms.
Demonstrator of the Phases of the Moon - a movable
instrument to be used to explain phases of the Moon.
Demonstrator of Lunar and Solar eclipses demonstrates the spectacles of lunar and solar eclipses
Predictor of Phases of the Moon -predicts the phases of
the moon on particular dates.
Predictor of Solar and Lunar Eclipses - predicts solar
and lunar eclipses in the future.
VEMARSJUSA - predicts the appearances of Venus as
morning or evening star, as well as the motions of Mars,
Jupiter and Saturn in the zodiacal signs.
Lunar Globe, Venusian Globe, Martian
Planetarium Projector and Celestial Globe

Chess
POP-UP BOOKS:
I have designed more than twenty astronomy -related
pop-up books. The most recent is Fascinating Starry
Sky - the Constellation Garden. It is the first large-scale
scientific pop-up book published in China. It
demonstrates important constellations for the four
seasons, in the northern circumpolar and in southern
sky, with the constellation figures characterized in both
Chinese and Greek styles.
Fly to the Moon - a little story of myths and scientific
fantasies about the Moon, including a predictor of phases
of the Moon and a stereo figure of the Moon.
Evolution of stars - demonstrates vividly the life cycle of
stars, including a pop-up Horsehead nebula, movable
Chinese Supernova, pulsar and black hole.
Chinese Ancient Observatory - displays the royal
Observatory built 2000 years ago; the Solar Terms
Observing Platform bui~ in 1279 A.D., the Beijing Ancient
Observatory built in 1442 A.D., the Armillary Sphere and
the Abridged Armilla made in 1437 A.D.
Celestial Co-ordinate System and Celestial Globe - a
book incorporating pop-up and movable Altazimuth CoOrdinate, two Equatorial Co-ordinates and Ecliptic Coordinate Systems and an all-round celestial globe, a
precessional Celestial and a Three-Way Celestial Globe,
which is a very useful reference book for beginners. The
book was the grand prize winner of China's Inventive
Educational Tool Competition.

Globe,

To popularize astronomy I also designed a series of
astronomical cartoons, toys and craftworks, as well as
paintings and stamps.
ASTRONOMICAL CARTOONS:
Total Solar Eclipse, Retrograde Motion of Mars
CRAFTWORKS on astronomical phenomena and
myths:
Pop-up
Constellation
Cards,
Glow-in-the-Dark
Constellation Cards, Sundial with Flying-Sun Tree, Lunar
Cup, H-B Comet Crater.
OIL PAINTINGS on astronomical phenomena recorded
in Chinese history:
The records about solar and lunar eclipses on oracle
bones
The comet moved into the Northern Dipper
Naked-eye view of Jupiter's satellites
Appearance of the supernova in 1054 AD
Sun-spots and the Three-Footed-Crow
Ancient Observatories
ASTRONOMICAL STAMPS
Masks of the members of the Solar System, Constellation

DO
PLANETARIUM
SHOWS
CREATE MISCONCEPTIONS?
(Discussion Panel)
Summary by Sylvia Chaplin (Chair)
Jodrell Bank Science Centre & Arboretum
Lower Withington, Macclesfield, Cheshire.
There was a general consensus that misconceptions
exist generally, and that in the planetarium we should
seek to address those that exist externally. We should
avoid inadvertently creating them within our own
establishments, and we can even seek to grasp the
opportunity to explore and explain misconceptions within
our programme, thereby testing and reVising the ideas of
our audiences as classroom teachers do with their
students. There is a great deal of research on
misconceptions in science, informal learning and
children's developmental levels that can inform and assist
our awareness of the issues.
We certainly need to be conscious of the misconceptions
that we can create inadvertently in our programming, for
instance in language and terminology (eg. meteor or meteorite)
technical use of equipment (eg. resetting the sky
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with the stars' motion in reverse; or comet tail
pointing in any direction)
mixed use of images without explanation or
specification (eg. naked-eye observations mixed in
with infra-red, computer-generated images etc)
our use of modelling and conceptualisations - for
example we can fail to give our audience a sense of
their position in space, and we then switch positions
throughout a show without specification or
explanation (eg. view from within the Solar System to
without)

The planetarium is a powerful resource that can arouse
the interest and emotions of our audiences and can have
a long-term effect The experience should be one that
our audience can process through discussion and
debate. What goes on in the planetarium should link with
what goes on in the everyday world.

THE LONGWAY PLANETARIUM
AND INFORMAL EDUCATION '"
HANDS .. ON
P OGRAM
SUPPLEMENTS
Michael Gardner
Robert 1. Longway Planetarium
1310 East Keasley Street, Flint, MI 48503, USA

Abstract:
On July 1 1994 the Longway Planetarium became
part of the Flint Cultural Center Corporation. The
resulting move in the change in governance and
philosophy has changed the Planetarium's role in
the educational process. This, coupled with the
added competition of other venues for "field trip"
options, and the Michigan State and the United
States emphasis on science goals and objectives,
is changing the manner in which the Longway
Planetarium will offer its programs. One such
aspect is in the pre- and post-visit materials. This
talk will detail the reasons for this change, to
include techniques for classroom exercises based
upon the Flint Cultural Center School, in which the
Planetarium participates.
A SHORT HISTORY - A CHANGE IN GOVERNANCE
On July 1,1994, the Sloan Museum, Whiting Auditorium,
Bower Theater and Longway Planetarium were divorced
from the management and control of the Flint Board of
Education and incorporated into the new Flint Cultural
Center Corporation. Without addressing all of the ins and
outs of this move, its primary function was to provide
some sort of financial stability to the aforementioned
organizations. Although they all were part of the local
school district, none of them were supported with tax
dollars.
Financial support came from trust funds
established over 30 years ago. Needless to say those
funds were eroding and the financial future of the
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institutions was uncertain. This move allowed for a
financial campaign to begin. It is currently two-thirds of
the way toward its goal.
A NEW ROLE - FROM PRESENTER TO TEACHER
One of the biggest changes took place last year, the
creation of a Flint Cultural Center School. Due to state
mandates, one of the local schools ran out of classroom
space. Five classrooms of fifth and sixth graders were
co-located on the Flint Cultural Center Campus. The goal
was to have these students participate in a rather heavy
dose of the various Cultural Center facilities, along with
two other privately funded institutions, the Institute of Arts
and the Institute of Music.
The Planetarium's role of just being a presenter of
programs now changed. The Planetarium staff now had
to supplement the work of the classroom teacher, but in
the manner prescribed by the school district and the
Michigan Department of Education. As Flint fell in line
with state objectives, we began to wonder if other
districts were thinking about the same objectives. The
answer was yes.
The term "field trip" has now been replaced by "field
study." Programs had to meet the more specific needs
of the teacher. Perhaps a more accurate statement
would be "that the programs would have to provide
tangible materials and information that will aid in the
process of assisting the student pass the MEAP
(Michigan Education Assessment Program) Test."
THE PLAN - A MUCH BROADER EXPERIENCE
For years we have been accustomed to being just the
provider of programs, with little effort in providing pre- and
post-show activities. Even when we provided those
services, they were rather crude and did not always
conform to the Goa!s and Objectives of any organization.
Now programs have to be supplemented with more
The
specific materials with the "client" in mind.
planetarium experience now goes beyond just the visit to
the "dome." In our instance, we are looking to provide a
pre-visit and post-visit activity. The students need to
become engaged.
Currently work is undelWay for program supplements for
Grades 5 and 6. Working with the faculty at the Pierce
School Cultural Center Campus, both pre- and postprogram activities were suggested and developed.
Although the Planetarium had a file folder full of inquiry
based activities; it soon became evident that we did not
have a suitable menu of activities to choose from. A
search was begun and the attached listing is the result,
the primary reason for this presentation.
The choosing of these activities must follow some kind of
methodology. For us this methodology is governed by
the Michigan Goals and Objectives (Science Education).
Teach for understanding, not content
Make science useful and relevant
Teach so that all students develop science literacy
Promote interdisciplinary learning
Using additional documents from the AAAS and the
Michigan Education Department, the following guidelines
have been established for all Longway Planetarium

regular and ancillary programs. All programming must
address, whenever possible the following concepts:
Constructing new knowledge (asking questions,
investigating, drawing conclusions, conclusion &
commentary and results
Reflecting on scientific knowledge
Judging evidence and reasoning
Seeing connections to other ways of knowing
Understanding the nature of science
Using scientific knowledge:
To describe
To explain
To predict
To design
Whenever possible, in presenting these programs the
following objectives will be utilized:
Use higher order thinking
Students become involved
Observation, reasoning, solving problems, drawing
conclusions
Work with deep knowledge (connected to other
fields/areas)
Make connections to the real world
Substantive communication (discuss and write
about what they know)
Depending upon the program, not every objective or
concept can be addressed. In many cases, all the
Planetarium staff had to do was rework an already
successful exercise to incorporate the above factors.
Other activities will also incorporate the Eight Intelligences
as identified by Howard Gardner.
SOME RESULTS - SCORES RISE
A quick assessment of the program dealt with too many
niceties. The first year had some growing pains but
everyone was happy with the programs, some more than
others. However, the proof came with the results of the
MEAP test scores.
1995
1996
1995
1996

5th Grade Science 17% proficient
5th Grade Science 51 % proficient
- 200% increase
5th Grade Writing 48% proficient
5th Grade Writing 84% proficient
- 75% increase

All within the Cultural Center would like to take complete
credit for this; however, other factors must also be
considered. One of the more overriding factors to
consider were the teachers. All the teachers were new
to the school. And since this was a very visible project,
they were some of the best. But, the member institutions
within the Cultural Center do deserve some of the credit.
Some of the more successful activities were:
Making a star finder
Phases of the Moon and eclipses
Sun clock
Mars stream channels
The Future
For the Longway Planetarium, a rethinking of what it has
to offer is in the works. The competition for that
classroom visit is increasing. The old manner of offering

to be
that "introduction to the solar
revisited. For us, it has to meet
and
objectives. In addition, we hope to
with some tools that will introduce
complement the pianetarium visit.
based
hands-on-activity suggestions for the teacher are a high
priority. But above all, the choosing of an appropriate
show to present to a specific grade level is now based
upon a review process that includes the four goals
established by the State Department of Education.

All of this is crunching an already over-tasked staff, but its
challenges and the ultimate reward of increased science
literacy provide the necessary drive.

TWENTY YEARS ON
E
THE PORTABLE PLAN
DEVELOPMENT&
SUTIONS
TO
THE
ASTRONOMY
Philip M. Sadler
Learning Technologies Inc., Harvard Graduate School of
Education, Harvard Smithsonian Center for Astrophysics,
60 Garden Street, MS-71, Cambridge, MA 02138 USA

Abstract:
From its modest beginnings as a middle school
project, the Starlab planetarium has made inroads
into schools, augmenting the role of permanent
planetariums. Rather than follow an orderly and
simple path of dissemination, these popular
planetaria have been utilised in a wide variety of
ways by a diverse set of users: teachers of
various backgrounds, students, amateur and
professional astronomers. There are many
lessons to be learned from this decentralised
phenomenon; among them how teachers can
build science teaching expertise by concentrating
on a single domain, how interactive teaching
techniques spring from the space of an intimate
setting, how educators' ideas for new approaches
can be spread through corporate involvement,
and how museums can expand their reach out
into the communities they serve.

From its modest beginnings as a middle school project,
the Starlab Portable Planetarium has augmented the role
of permanent planetariums, bringing astronomical
experiences to schools, camps, parks, and temporary
gatherings. Rather than follow an orderly and simple path
of dissemination, these popular teaching tools have been
utilized in a wide variety of ways by a diverse set of users:
teachers of various backgrounds, students, museum
educators, and amateur and professional astronomers.
There are many lessons to be learned from the growth of
this decentralized phenomenon, among them: how
43

teaching innovations can arise organically from
classroom activities, how innovations can spread through
development and adaptation by teachers, how museums
have learned to expand their reach into the communities
that they serve, and how interactive teaching techniques
can spring from the space of an intimate setting.

Students planned out every step needed for construction.
They set up an assembly line in the school shop:
measuring, cutting, drilling, and bending operations to
prepare the 95 structural elements. The efficiency of this
student-run, mini-factory amazed the school director. Our
workshop became the prime attraction for visitors to our
school.

I.
HISTORY OF THE PORTABLE PLANETARIUM
While many consider Starlab the first portable
planetarium, many inventors have built traveling
planetariums of a variety of designs. The Boston
Museum of Science initiated development with a
handmade wooden dome that was transported from
school to school in the early 1950s, prior to the building
of its Charles Hayden Planetarium (Figure 1). It used an
early Spitz projector. The Traveling Planetarium served
the purpose of generating enthusiasm and raising funds
for building a permanent facility (Figure 2). The unit was
effective, but cumbersome, weighing several hundred
pounds and needing a day to set up. Others attempted
to build a more portable dome, using fiberglass or
umbrella-like fabric tents. Yet, it was not until
blower-inflated domes were developed did portable
planetariums finally come into wide usage.

When the day of reckoning came, the dome fitted
together perfectly, but it made a terrible planetarium. Our
projected stars were too frequently obstructed by the
internal metal frame. Yet, my students learned a
tremendous amount from their efforts. Measurement,
machining, and geometry were constantly discussed,
even during free time. Inevitable tool breakage played
havoc with the assembly line, matching the societal
disruptions of the, then current, miner's strike. This
connected well with our social studies curriculum. In spite
of our planetarium failure, our dome, covered in clear
plastic, became a valued greenhouse for the school. We
were able to hold classes for many years in the middle of
winter amidst the snow, snug and warm on green grass
inside our 16-foot geodesic dome.

B. The Inflatable Dome
A. The successes and failures of a class project
In 1976, I brought my seventh- and eighth-grader
students for a field trip to the Boston Museum of
Science's Charles Hayden Planetarium to learn the
constellations of the night sky. This followed on the heels
of our study of structures where my students built model
bridges and competed to construct the strongest. The
planetarium trip mushroomed into a class project. After
building their own structures (and not having the
resources to buy a planetarium for the school), my
students were full of optimism that they could make their
own planetarium. I was a bit less confident. Since my
science instruction centered on student-generated
problems, I was happy to go along. I hoped that even if
we failed, stUdents would still learn a great deal about
astronomy and technology.
I did understand their fascination with the sky. When I
was a youngster, my parents bought a tiny planetarium
projector (see Figure 3). My siblings and I would sit for
hours under the artificial stars trying to identify the
constellations. My older brother was convinced that he
would become an astronomer, and ground his own
mirrors and built several telescopes. I had held onto our
projector and brought it into school, but my classroom
was much too bright to display stars from its feeble lamp.
Yet, my students were undeterred. We dug into
reference books and made models. Many plans for an
opaque dome were considered: tents with poles,
blackening the classroom windows and a cardboard
dome, and a plastic covered geodesiC dome. We
eventually settled on building a metal-framed geodesic
dome, 16 feet (5m) in diameter, and on covering it with
black plastic. We began by making spherical structures
out of clay, then out of paper, and then out of toothpicks.
With steel tubing, we made a 4 foot (1.2m) diameter
hemisphere model that was strong; all 22 students could
stand on it at the same timet A trip to the local dump
secured enough used electrical conduit for the big dome.
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My class was still intent on building a planetarium, but we
were stymied about how to build a dome. The matter
went into hibernation until, one day, ! drove past a big
blob of white that I had seen so many times before, but
never noticed (Figure 4). It held the MIT (Massachusetts
Institute of Technology) tennis courts - a large inflatable
structure supported with nothing but air pressure. I
connected this pillow-like building to our planetarium
project. Soon I was calculating the physical requirements
for fabric and for air power for a smaller version.
However, building something round (a planetarium
dome) out of something flat (sheets of plastic) is not a
trivial problem. The solution resides in the preceding
hundreds of years of map making. Maps are flat
representation of the round globe. Indeed, most globes,
upon close inspection appear to be made from flat strips
of paper. A hunt through cartographic references and a
chat with my geometrically gifted friend, Mitchell Lazarus,
resu~ed in a design utilizing sinusoidal gores (see Figure
5).

Vve graphed out these shapes on giant sheets of paper,
using them as templates. We cut the four gores from
opaque black polyethylene construction plastic, then
carefully taped them together with white plastic glued to
the inner surface. Plastic sheets filled my classroom
(Figure 6). When our second day of reckoning came, we
connected our blower to the pile of glue, tape, and
plastic. The planetarium took shape, filling out into a
spacious dome. Soon my stUdents had learned enough
to give planetarium shows for all the classes in our
school. We were all quite pleased with our success.
News of this invention spread. Our director once again
featured us in visitor tours. Other teachers wanted us to
visit their schools. Some wanted to make their own
planetariums. I refined the design, constructing an 8-gore
model in my living room (Figure 7).

Figure 1.
The Boston Museum of Science Traveling Planetarium. This predates the building of the Charles Hayden Planetarium
as the first planetarium in Boston.

Figure 2. The Charles Hayden Planetarium at Boston's Museum of Science. A visit here inspired the 7th and 8th
graders at the Carroll School in Lincoln, MA, to try their hand at planetarium design.

Figure 3. The Spitz Junior Planetarium Projector. Modified
to correct errors and add stars, this became the first projector
to be used in a Starlab dome.
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gores

used to make globes. A sphere can be covered with specially shaped gores. Only the top half of the
Starlab domes.

Figure 6.
Unrolling the first Starlab
prototype. Tape held the seams together
and glue held white plastic to the inside
surface.

Figure 7. The second Starlab
prototype. This used eight gores
and a black and white fabric.
Seams
were
heat-sealed
together
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C. Projector Development
Although the planetarium dome worked well, I was not
content with the star projector. What had impressed me
as a child, no longer was adequate to the task. I wanted
a better simulation of the night sky, with thousands of
stars. I modified my childhood projector, adding
hundreds of new stars and correcting its factory-made
errors (e.g. it projected only two stars in Orion's belt). But,
I wanted something more to match the effectiveness of
our new dome.

I began to investigate existing projectors. They came in
two basic designs (see Figure 8). Zeiss projectors use a
central lamp which illuminates dozens of plates with tiny
holes, each with a separate focussing lens. Spitz's design
uses a central lamp imaged through a precision-drilled
sphere (larger holes use lenses to collimate the beams).
Each design has its advantages, but both are expensive
to fabricate. I was convinced that another route was
possible to project star-like images at a lower cost
Having solved the problem of constructing a dome from
flat sheet, a similar transformation was now needed to
develop a new projector. Topology teaches that
doughnuts and coffee cups are similar, in that having the
same number of holes, one can be mathematically
reshaped into the other (Figure 9). Similarly, a sphere
can be reshaped into a cylinder by stretching alone. If the
celestial sphere could be reshaped into a "celestial
cylinder," then it could be fabricated more easily from flat
sheets. My earlier undergraduate experiments had
convinced me that photographically reproduced clear
areas in film were optically identical to physical holes and
they could be reproduced tinier and more accurately than
through machining. Two disks and a long rectangle
would efficiently produce "a cylinder that thinks it is a
sphere."
Plotting the proper positions and shapes on a surface
that would reproduce the night sky requires the accuracy
of computers. The top and bottom of each projection
cylinder must be accurate gnomonic projections of the
night sky, while the sides are projected cylindrically,
similar to the familiar Mercator projection. I modified
a Hewlett Packard plotter to scribe tiny holes in
plastic covered Mylar with a sapphire needle (Figure
10). Using this as a photographic master, these
computer generated maps projected amazingly
accurate starfields.

II.

CONTRIBUTIONS FROM THE FIELD

Ideas from the planetarium community helped to fuel
the growth and acceptance of portable planetariums.
Modifications in equipment made the system easier
to use and set up. Lessons garnered from users of
permanent facilities and learned from extensive
Starlab trials were incorporated in written materials.
Training sessions initiated by museums and
educational service units allowed teachers to utilize
Starlab for teaching science in their own classrooms.
Suggestions for Improvements
With a new design for both dome and projector,

was urged to produce similar units for other teachers.
I began Learning Technologies Inc. (LTil in 1977,
taking leave of teaching. Using (as many of my
fellow students have) the MIT hobby shop as an
incubator, I built the first dozen systems, later
securing patents for both projector and dome.
Attending both teacher and planetarium conferences
with this new style of planetarium, Starlab was never
ignored. Along the path of building a company,
teachers and planetarians have suggested many
improvements in the design and features of Starlab
itself, which were incorporated: a self-closing
doorway, more gores for a rounder shape, and more
efficient ventilation. The projector was improved, too:
motor drive, planet and moon projectors, and brighter
stars. Interchangeable cylinders produced an
outpouring of ideas from creative teachers, including:
constellations from Chinese, Lapp, Native American,
Greek, African, Ancient Egyptian, and Hindu cultures;
as well as projections for navigation; weather;
geography, and geology.

B.

Curriculum Materials
who purchased the original Starlab were a
creative lot. They knew exactly what they wanted to
do with it, but as its popularity grew, novices to
planetaria became interested as well. Many wanted
curriculum ideas for grades K··12. Instead of inventing
something completely new, we began by collecting
teaching materials that had previously been
developed and could be adapted to this new type of
planetarium. We found a gold mine in Under Roof,
Dome, and Sky, an extraordinarily comprehensive
manual of planetarium activities for permanent school
planetariums funded previously by a National Science
Foundation sponsored institute. We reproduced large
portions of this manual in our Starlab user guide. This
sourcebook was organized by grade level, so that
teachers could choose age-appropriate activities for
their students.

Tho~e

The first curriculum developed exclusively for the
Starlab, Stars and Skies, was a product of a grant
from the Nebraska Department of Education. It was
aimed at helping teachers utilize the Starlabs supplied
by Nebraska'S county-level institutions, Educational
Service Units. It was developed in 1979 (Figure
11 ).These guides were found to be so effective that
they became part of the materials LTl sent with every
Starlab. As classroom teachers and curriculum
developers began to adapt the Starlab to their own
particular needs, Learning Technologies maintained
an exchange program to distribute these lessons free
uf cost to all interested teachers. More than a dozen
such manuals were developed, often borrowing from
each other, but always containing novel and effective
ideas.
A center for development of new ideas for teaching
with planetariums, the Lawrence Hall of Science (in
Berkeley, California), had begun to return the
emphasis of school planetariums on interaction.
Coupled with a new-found emphasis on hands-on
activities, where children are encouraged to construct
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Figure 8. Two major forms of planetarium projector before Starlab. The Zeiss design (left) used internal plates with
holes and projection lenses. The Spitz design (right) used a drilled sphere with additional lenses for bright stars (Artwork
courtesy Charles Hayden Planetarium)

9. Topological Transformations. A coffee cup can be stretched into a donut shape without changing holes or
folds, just as a sphere can be stretched into a cylinder. Any holes for stars will be moved to their proper location.

Figure 10, Starlab Projection Cylinders. Cylinder masters are drawn on a precision plotter (left) and being cut from
film (right). Each cylinder is made from three pieces of film, two circles and one long rectangle. Lenses are affixed to the
inside surface for collimation purposes.
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Figure 11. Curriculum Materials for the Starlab. Originally portable planetarium users were dependent on
materials developed for instruction in larger, more sophisticated facilities. Then Starlab users began to write and
share their development efforts (left). Lately the Lawrence Hall of Science has undertaken to produce the PASS
Volumes that use highly interactive and constructivist activities for the Starlab (right).

Figure 12. Two Projection Cylinders. On the left is the Biological Cell Cylinder. On the right is a portion of the
Native American Constellation Cylinder.
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their own understandings, the Hall's Holt Planetarium
developed a program of planetarium activities with the
help of the country's stetlar astronomy educators. The
resulting Planetarium Educator's Workshop Guide
became the key sourcebook for all forward-thinking
planetarium directors. It presented activities based
explicitly on children's ideas and included classroom
supplements and simulations. This volume revitalized the
planetarium community, pushing small planetariums to
the forefront of innovation.
Later expanded into PASS (Planetarium Activities for
Student Success) volumes, the Hall's activities were
heavily field tested among expert and novice planetarium
users. They include a "How-To" manual for using a
portable planetarium and a multitude of participatory
programs. Many utilize the changes in appearance of
heavenly objects to teach fundamentals of astronomy.
Students map the motion of Mars against the
background stars. They plot the changing positions of
Jupiter's moons, just as Galileo did, to discover their
orbital periods. They recreate the voyage of Columbus
and learn how to navigate with the stars. Students
discover the astronomical knowledge of ancient
civilizations: Polynesians of the Pacific, Hupa people of
California, plains and mountain tribes of Wyoming,
Anasazi of New Mexico, Mayan people of Mexico and
Central America, and Incan people of Peru.

Astronomy and More is a collection of curriculum ideas
and lesson plans from top Starlab users, who have
created exciting and interactive activities for kindergarten
th rough grade 12, as well as specific curricula for each
Starlab projection cylinder. These contributors are
educators who not only love and believe in Starlab as an
essential educational tool, but have years of classroom
experience. In addition, this collection includes details on
operations and maintenance. K-6 Activities cover many
pre- and post-planetarium activities such as: a horizon
lesson, how to make a star clock, a moon phaser,
constellation pictures, a star finder, and a dipper finder.
Lessons for upper grade stUdents include: moon
features, star color, temperature and magnitude,
apparent motion in the heavens. Also, complete curricula
for additional cylinders are provided for astronomy,
biology, earth science, and
mythologies. (Figure 12)
C. Training Workshops
The Lawrence Hall of Science conducted an extensive
series of summer institutes to prepare teachers to
become planetarium workshop leaders. By the late
1980s, Starlabs had become popular enough for
thousands of classroom teachers to have access to
portable planetariums, yet many had little idea how to use
them effectively in their own classrooms. The Lawrence
Hall of Science, in collaboration with the New York Hall of
Science,worked with teachers to develop workshops
and prepare written materials. Planetarium Activities for
Student Success began with 6 volumes and continued
with 6 more produced in the next five years.
These workshops spurred many other institutions to
begin programs to train teachers in Starlab usage and
lend their units to surrounding schools. For example, the
Newfoundland Science Centre staff now offer training for
50

teachers. All those certified through this program have
access to the center's Starlab for use in their own
classrooms.
Probably the most innovative Starlab programs utilize
students to teach in the planetarium. One is run by Frank
Lucio, science educator in the Ramona Unified School
District in Ramona, California, and funded by the
Medtronics Foundation (see Figure 14). The key is a
team approach, breaking down responsibilities into
elements for which students can be individually
responsible: projector operator, set up and break down
technician and usher. Students learn all these duties
eventually from each other. Each student also begins by
specializing in two constellation stories and this expertise
grows to five over the course of their training. Two
student operators at a time typically conduct a 20 minute
lesson. Students make great ambassadors for the school
system, conducting shows at science fairs, family math
and science nights, for school visitors, and at shopping
malls (see Figure 15).
The Adler Planetarium (Chicago) has also found that
high school stUdents can bring the excitement of
astronomy to younger students. With the aid of Outreach
Astronomer, Charles Blass, these Space Explorers
regularly visit 20 grammar schools in inner-city Chicago.
Astronomy clubs have sprung up at participating schools
and many youngsters look forward to becoming Space
Explorers when they reach high school. This program is
a partnership between the University of Chicago's Center
for Astrophysical Research in Antarctica and the Adler
Planetarium. It has been supported by funds from the
National Air and Space Agency and the National Science
Foundation. Plans are in the works to expand to
Wisconsin's Big Foot Area District with the aid of the
Yerkes Observatory and other sites.
With the profusion of teacher workshops available, Gary
Kratzer (of Sulphur, LA) conducted a survey of
educators' perceptions concerning the impact of the
Starlab Planetarium on their teaching and learning in the
spring of 1997. With 755 returns from a mailing of 3,003
Starlab users in the U.S., Kratzer found that three-fourths
were female, with the majority aged between 41-60. Most
were highly experienced public elementary school
teachers (15+ years) who sought out Starlab as a tool to
teach science. They found it easy to use and
technologically appropriate. Their training experience was
of high quality and greatly valued (see Figure 13). Most
had several days of training. Their confidence in teaching
astronomy increased as a result of training (Effect Size =
0.94 SO). They felt that their subsequent Starlab usage
increased enthusiasm for science among their students,
as well (Effect Size = 0.51 SO).

III. EXPANDING THE OPPORTUNITIES FOR
PLANETARIUM EDUCATION
Planetariums have traditionally been seen as facilities
located within museums. The few that have begun as
free-standing institutions (such as the Adler Planetarium
in Chicago, III) have evolved into museums with their own
collections and exhibit halls. Beginning in the 1960s,
planetariums were built into many new schools in the
U.S. The development of the portable planetarium carried

Figure 13. A study of Starlab training and usage. Gary Kratzer reports that teachers feel more confident in teaching
astronomy after being trained, and this leads students to being more enthusiastic about science after Starlab comes to
visit.
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Figure 14. Stanab lessons are taught by a range of instructors. University astronomers can use Starlab in the schools
they visit, but many teacherrs and planetarium educators teach with them as well, such as John Meader (left). Teachers
also find that students can rearn to present shows for younger students, learning lots about astronomy in the process.

Figure 15.
Starlab brings the Planetarium
experience to new locations. A planetarium show in
the middle of a shopping mall (Courtesy of Frank
Lucio, Ramona Unified'School District, California)
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the planetarium experiences to schools without
permanent facilities and to those for which a field trip to
one was unlikely. Starlab also offered possibilities for
astronomy education in venues that were never
previously associated with planetariums.

A.

Schools and Regional Co-operatives
Public and private schools have purchased portable
planetariums for use primarily to teach astronomy. In the
U.S., children of ages 6-12 traditionally learn about
constellations, day and night, seasons, and phases of the
moon. Often a single teacher at an elementary school
seeks Starlab training and then provides astronomy
lessons for her own and for colleagues' classes. At
higher levels, astronomy may be taught extensively over
a two-month period (as earth science in grades 8 or 9) or
for a whole semester or year (as a high school elective).
These teachers often have extensive preparation in
astronomy and can use the Starlab to teach more
sophisticated concepts. Middle school teachers also use
global projections for teaching about meteorology,
oceanography, geology, and geography.
In many states in the U.S. regional educational cooperatives provide services and resources to surrounding
schools. Such centers have established Starlab
programs that include training and lending programs.
Many Boards of Co-operative Educational Services
(BOCES) in New York State provide this service for their
constituents. Sue Reynolds of the OCM BOCES
(Syracuse, NY) is a full-time Starlab co-ordinator, training
teachers, writing curriculum, running programs for
students in her area. She chairs the Mobile Planetarium
Committee of the International Planetarium Society.

planetarium facility. The Cape Cod Children's Museum
(Hyannis, MA) finds that Starlab's ability to be taken down
helps them make more effective use of limited space.
Loris Ramponi of the L'osservatorio Serafino Zani
(Brescia, Italy), uses the Starlab as both a traveling and
stationary planetarium as part of his extraordinary
astronomical offerings to schools in Northern Italy. The
Louisiana Nature Center runs a van-based outreach
program designed for students in grades K-12. Their new
Adventures to Go! program extends outreach to schools
throughout Louisiana and Mississippi. Students explore
the motion of the Sun, Moon and stars across the sky, as
well as seasonal constellations, visible planets and
current astronomical events. The LNC outreach van is
also available on weekends for school fairs, company
picnics, festivals and other community events.

C. Colleges and Universities
Many institutions of higher learning have encouraged
their faculty, staff, and stUdents to become involved in
promoting science in nearby communities. Professor
John C. Brown of the University of Glasgow (Scotland)
visits local schools with his Starlab. In a project to
increase mastery of mathematics and science, Wesleyan
University (Middletown, CT) conducts institutes in which
teachers learn to use a Starlab. Wesleyan graduate
students and professional and amateur astronomers are
available to assist teachers with the preparation and
classroom teaching. The Oregon Graduate Institute of
Science and Technology, has introduced Starlab to
students and teachers in the Oregon, Washington, and
British Columbia region. Their Saturday Academy actively
recruits under-represented groups and conducts classes
and workshops.

B. Museum Programs

D. Private Companies and Individuals

Although museums have traditionally been associated
with permanent planetariums, many have also been in
the forefront of portable usage. The Adler Planetarium
(Chicago), the Museum of Science (Boston), Hansen
Planetarium (Salt Lake City) and Pacific Science Center
(Seattle) all boast state-of-the-art permanent facilities.
They all offer Starlab loan programs, often with
accompanying museum educators.

Starlab has made the unique contribution to astronomy
education by creating a new occupation, that of itinerant
planetarium director. Many teachers have forsaken their
own classrooms and amateur astronomers their
occupations to go "on the road" with a Starlab, offering
their services to schools, clubs, and camps. Murray
Barber (of Starlab UK) provides instruction matched to
the English National Curriculum and has developed novel
projections and curricula dealing with ancient Egyptian
constellations and mythology. Larry Harrison of SCOPE,
provides night-time star parties and daytime planetarium
shows in Northern California. Broman Planetarium
combines music and video in their Starlab shows in
Sweden. Charles Treleaven of Journeyman Education
provides planetarium shows throughout Australia
specializing in navigation activities and stories of
exploration and discovery. John Meader has modified
Starlab equipment to provide instruction appropriate in
grades K-12 in Maine, including many advanced topics.
Classes Galore offers programs in Minnesota. Headed by
Tim Lundahl, a consulting naturalist and elementary
school teacher, he has taught more than 25,000,
students with his Starlab.

Many museums find the Starlab useful for fundraising
purposes or to boost awareness of their facility during
renovation or startup. The New York Hall of Science
(Flushing Meadows) started its training and lending
program under its new director, Alan Friedman, while its
galleries were being renovated. After training hundreds of
teachers, this popular museum now lends its fifteen
Starlabs throughout the New York City area. The Atlantic
Space Sciences Foundation, Inc. seeks to establish a
new major planetarium/science centre for the province of
Nova Scotia, and has commissioned a study to examine
the feasibility for the Halifax Regional Municipality. The
proposed facility would include a planetarium, a
Challenger Learning Centre, resource centre, and exhibit
halls. To help promote this idea, they conduct one day
Starlab teacher workshops throughout the year.
Teachers are helped to prepare their own shows and
then borrow a Starlab to use in their own classroom.
Many smaller museums rely on Starlab as their primary
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E. Other Groups
Starlab has also been used for religious programming,
such as the creation story, by Pastor Tom Baird
(Christmas, Florida) who is also an avid amateur
astronomer. The Avon Public Library (Avon Lake, Ohio)

counts a Starlab as one of the many resources made
available to their community. Amateur astronomy
associations, such as the Eugene Astronomical Society
(EAS) have made Starlab a part of their offerings.
Portable planetariums make star parties possible whether
it is clear or cloudy.

IV. CONCLUSION
The invention of the Starlab arose from long recognized
need for school classrooms to be able to simulate the
night sky inexpensively. Progress toward this goal came
about by rethinking both the traditional designs of the
planetarium projector and the dome onto which it
projects. Map projections played a key role in the design
of both, with the accuracy of computers insuring
precision in the placement and magnitude of stars.
Contributions from the educational and planetarium
community contributed greatly to the development and
proliferation of the portable planetarium. First of ali,
students helped motivate the invention of the Starlab and
constructed the initial prototypes.
They also
demonstrated the feasibility of student-run shows.
Throughout its twenty-year history, teachers have made
suggestions that have improved both projector and
dome, making them easier to use, more robust, and
incorporating needed features. Curriculum materials were
originally gleaned from previously existing materials, but
early Starlab users were an inventive lot. Classroom
teachers quickly developed activities and guides which
took advantage of the intimate surroundings of a small
dome and the interactivity it encouraged. Professional
curriculum developers soon followed and the portable
planetarium soon became a centerpiece in the evolution
of participatory planetarium shows.
The ability to bring the planetarium experience to sites
further from permanent museum and school facilities was
taken advantage of by many institutions. Established
museums now provide classroom visitations as a popular
offering of their outreach activities, while fledgling
institutions often began Starlab programs as an aid to
recognition within their community and for fundraising
purposes. Private individuals began offering programs in
areas far from permanent facilities. In addition, many
classroom teachers saw ways to integrate astronomical
topics with their teaching as never before. Many
educational co-operatives, museums, and foundations
began offering training courses based on participatory
themes for teachers wishing to use portable
planetariums. The synergy of aI/ of these elements helped
create a resurgence in i'nterest in the teaching of
astronomy through storytelling and hands-on activities.
Over the past twenty years, fueled by the enthusiasm of
planetarium educators and teachers alike, portable
planetariums have moved from being a novelty to
becoming valued contributors to the astronomy
education community. The future for this addition to our
community is bright, as it continues to offer the
planetarium experience in new venues. Its expansion has
added new members to the rosters of planetarium
associations worldwide and is motivating a new
generation to explore the wonders of the heavens.

ENGAGING SCIENCE: A NEW
PARTNERSHIP MODEL FOR
TEACHER IN ..SERVICE TRAINING
John Dickenson
Pacific Space Centre
1100 Chestnut Street, Vancouver, BC V6J 3J9, Canada

Abstract:
"Engaging Science" was devised in Western
Canada as an innovative teacher professional
development and learning resource program,
designed to "jump start" the introduction of a new
Grade K-7 science curriculum. To meet the needs
of the Ministry of Education, a joint venture was
formed between a planetarium, a science centre
and an aquarium. Hands-on and high-tech, and
covering life science, physical science, earth and
space science, the program is now in its second
year. The trials and tribulations of putting together
a partnership and making it work will be discussed
- along with the lessons learned. Programs such
as the "Engaging Science" joint venture offer
planetariums a new model for science education
in an increasingly competitive environment, and
can lead to the development of other enduring
partnership initiatives and create substantial
program
development
efficiencies
and
congruities. They also help planetariums counter
the often-heard argument that astronomy and
space are narrow and relatively modest areas of
the curriculum.
INTRODUCTION
British Columbia has a number of science education and
awareness organizations, comprising what we call the
"non-formal" education sector.
The three largest organizations - the Vancouver
Aquarium, Science World and the Pacific Space Centre
- have a combined annual attendance of almost 2 million
(including over 150,000 school children) and a combined
annual budget of over $18 million (CD). They are all
located in the City of Vancouver, and until 1996, had
regarded each other somewhat warily as "the
competition".
Few, if any, joint programs were
developed, and there was little dialogue between them.
Today, their attitudes are very different.
The "competition" is movies, professional sports, tourist
attractions, etc. It is 360 0 competition out there and our
wagons are circled to face IT. A number of joint programs
have been developed (by far the most successful of
which is Engaging Science) and there is communication
and co-operation at many staff levels. What brought
about this remarkable change?
The answer - people, opportunities and the changing
environment. Through a series of meetings, directors
and senior staff at the three facilities discovered what
should have been obvious all along. They shared many
common interests, problems, and clients, and in some
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counts a Starlab as one of the many resources made
available to their community. Amateur astronomy
associations, such as the Eugene Astronomical Society
(EAS) have made Starlab a part of their offerings.
Portable planetariums make star parties possible whether
it is clear or cloudy.

IV. CONCLUSION
The invention of the Starlab arose from long recognized
need for school classrooms to be able to simulate the
night sky inexpensively. Progress toward this goal came
about by rethinking both the traditional designs of the
planetarium projector and the dome onto which it
projects. Map projections played a key role in the design
of both, with the accuracy of computers insuring
precision in the placement and magnitude of stars.
Contributions from the educational and planetarium
community contributed greatly to the development and
proliferation of the portable planetarium. First of all,
students helped motivate the invention of the Starlab and
constructed the initial prototypes.
They
also
demonstrated the feasibility of student-run shows.
Throughout its twenty-year history, teachers have made
suggestions that have improved both projector and
dome, making them easier to use, more robust, and
incorporating needed features. Curriculum materials were
originally gleaned from previously existing materials, but
early Starlab users were an inventive lot. Classroom
teachers quickly developed activities and guides which
took advantage of the intimate surroundings of a small
dome and the interactivity it encouraged. Professional
curriculum developers soon followed and the portable
planetarium soon became a centerpiece in the evolution
of participatory planetarium shows.
The ability to bring the planetarium experience to sites
further from permanent museum and schoOl facilities was
taken advantage of by many institutions. Established
museums now provide classroom visitations as a popular
offering of their outreach activities, while fledgling
institutions often began Starlab programs as an aid to
recognition within their community and for fundraising
purposes. Private individuals began offering programs in
areas far from permanent facilities. In addition, many
classroom teachers saw ways to integrate astronomical
topics with their teaching as never before. Many
educational co-operatives, museums, and foundations
began offering training courses based on participatory
themes for teachers wishing to use portable
planetariums. The synergy of all of these elements helped
create a resurgence in i'nterest in the teaching of
astronomy through storytelling and hands-on activities.
Over the past twenty years, fueled by the enthusiasm of
planetarium educators and teachers alike, portable
planetariums have moved from being a novelty to
becoming valued contributors to the astronomy
education community. The future for this addition to our
community is bright, as it continues to offer the
planetarium experience in new venues. Its expansion has
added new members to the rosters of planetarium
associations worldwide and is motivating a new
generation to explore the wonders of the heavens.

ENGAGING SCIENCE: A NEW
PARTNERSHIP MODEL FOR
TEACHER IN-SERVICE TRAINING
John Dickenson
Pacific Space Centre
1100 Chestnut Street, Vancouver, BC V6J 3J9, Canada

Abstract:
"Engaging Science" was devised in Western
Canada as an innovative teacher professional
development and learning resource program,
designed to "jump start" the introduction of a new
Grade K-7 science curriculum. To meet the needs
of the Ministry of Education, a joint venture was
formed between a planetarium, a science centre
and an aquarium. Hands-on and high-tech, and
covering life science, physical science, earth and
space science, the program is now in its second
year. The trials and tribulations of putting together
a partnership and making it work will be discussed
- along with the lessons learned. Programs such
as the "Engaging Science" joint venture offer
planetariums a new model for science education
in an increasingly competitive environment, and
can lead to the development of other enduring
partnership initiatives and create substantial
program
development
efficiencies
and
congruities. They also help planetariums counter
the often-heard argument that astronomy and
space are narrow and relatively modest areas of
the curriculum.
INTRODUCTION
British Columbia has a number of science education and
awareness organizations, comprising what we call the
"non-formal" education sector.
The three largest organizations - the Vancouver
Aquarium, Science World and the Pacific Space Centre
- have a combined annual attendance of almost 2 million
(including over 150,000 school children) and a combined
annual budget of over $18 million (CD). They are all
located in the City of Vancouver, and until 1996, had
regarded each other somewhat warily as "the
competition".
Few, if any, jOint programs were
developed, and there was little dialogue between them.
Today, their attitudes are very different.
The "competition" is movies, professional sports, tourist
attractions, etc. It is 360 0 competition out there and our
wagons are circled to face it. A number·of joint programs
have been developed (by far the most successful of
which is Engaging Science) and there is communication
and co-operation at many staff levels. What brought
about this remarkable change?
The answer - people, opportunities and the changing
environment. Through a series of meetings, directors
and senior staff at the three facilities discovered what
should have been obvious all along. They shared many
common interests, problems, and clients, and in some
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areas did not have the resources or critical mass to
deliver quality programs effectively and efficiently.
The introduction of the new K-7 science curriculum saw
us all lined up at the same starting gate - struggling to
align our programs to the new needs of our teachers and
students. Clearly, with so many 'science-shy' teachers,
it was going to be a real challenge for the Ministry to
implement this new curriculum within a reasonable time
frame.
Our own surveys of teachers also revealed the following
facts:

organizations looking for support. Their response was to
encourage partnerships and consolidation where it made
sense.
CHALLENGES AND SOLUTIONS
It is ironic that often the barriers to partnership are greater
for those organizations which seem to have the most in
common. Perhaps it is because the organizations know
(or think they know) so much about each other's
strengths and weaknesses that they are reluctant to
disturb a somewhat comfortable familiarity. In the case
of Engaging Science, we certainly had some factors
working in favour of the partnership that mayor may not
exist in other regions. These factors included:

1. Many, possibly most, K-7 teachers are dissatisfied
with their own methods of teaching science and
welcome participation in well-conceived programs
which can help enrich their skills and knowledge and
increase their confidence levels when attempting
in-class science experiments.

experienced Executive Directors who had a good
working relationship with each other and met
regularly to discuss areas of common interest;
the introduction of a new science curriculum and the
desire of the Ministry of Education to get the
non-formal education sector involved in supporting
its implementation and in delivering needed services
to teachers, which the non-formal sector was
uniquely equipped to provide;

2. Teachers outside the major urban areas generally
have fewer opportunities to participate in quality
enrichment programs.
3. Although government strongly supports the
development and introduction of new distance
learning technologies, the teaching profession is
generally way behind in its enthusiasm and support.
'Science-shy' teachers in particular regard these new
technologies with concern and suspicion. They
would prefer funds be spent on more basic resources
and teaching and learning aids.
4. Most teachers feel they do not have sufficient
resources and equipment to do 'real' science in the
classroom,
The Engaging Science Program was carefully
designed to effectively address each of these issues in an
integrated manner:
1. It was targeted at 'science-shy' teachers and
designed to increase their confidence levels with
science and give them the tools and techniques that
could be applied directly to their classroom teaching.

the realization that with three major non-formal
science organizations active in the market, each with
its own area of science, the likelihood of anyone
being able to dominate was slim. It was also unlikely
that anyone could harness adequate support to
undertake a complete integrated program on its
own.
With the realization that Engaging Science was a viable
project that could only be undertaken by the three
organizations acting together, the next question to be
addressed was how to structure the project and address
the various major challenges that it would face. The key
challenges were identified as:
1.

Co-ordination of different organizational cultures.

2.

Determination of an organizational structure that
was clear about obligations, responsibilities, etc.

3.

Co-ordination with the Ministry of Education to
ensure that both programmatic and political
requirements were met.

4.

Leadership (ownership) of the project. (We knew a
committee would not work!)

5.

Relationship with teachers, and their union, which
wanted full control of all teacher "Professional
Development" activities and sponsorship.

6,

Developing alternative funding sources that would
not compete or conflict with those of each individual
organization.

2. It was designed to be accessible to all K-7 teachers in
the Province of British Columbia, regardless of their
location.
3. It contains technology components which can be
introduced during 'face-to-face' workshops and which
can be adopted by teachers at their own 'comfort
pace',
4. It provides teachers with workbooks, videos and the
know-how to do "real science", with modest and
inexpensive resources.
The external environment was pushing and pulling us
closer together. Government was reducing grant and
project funding, and looking for better programs for less
money. Private sector funders, led by the Vancouver
Foundation (Canada's largest) were developing
strategies to cope with the increasing number of
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CAUSES OF FAILURE
In order to summarize how we dealt with these
challenges, let's turn them around and look at the major
reasons why partnerships often fail.

1.

Inadequate buy-in by the organizations and
their key staff.
Our solutions:
Signing of a legal Joint Venture Agreement that was
reviewed and approved by the Boards of each
organization
Regular meetings of Executive Directors and senior
staff
Strong leadership by Executive Directors and
Project Manager

Insufficient structure such that every issue
threatens to become a "big" issue.
Our solutions:
A strong Project Manager
A well-thought out Joint Venture Agreement that
defines clearly roles, responsibilities, obligations and
the decision-making process
Competent distributed management of key
functions,
eg,
accounting,
booking,
communications, etc.

NOTE: Unlike a Partnership, a Joint Venture does
not involve the assumption of responsibility for the
liabilities of each of the participants; i.e. no "joint and
several liability" issues.
Statements about the obligations and responsibilities
of the participants and of their intentions with respect
to the project.
A description of how the Joint Venture will be
operated, how decisions will be reached, and how
disputes will be resolved.

2.

3.

Confusing messages to clients, so it is not clear
who or what they are dealing with.
Our solutions:
Effective communications and resourceful marketing
"One-stop shopping", with a single information and
reservations number
Co-ordinated communications materials
Careful integration of content

4. Poor "Lowest Common Denominator" product.
Our solutions:
A strong, experienced Project Manager
Individual organization development of program
elements
Establishment of common standards and quality
control process built into the Joint Venture
Agreement
5. Crippling jealousies.
Our solutions:
Effective communications
Regular top-level meetings
Strong leadership
Distribution of key functions to individual
organizations but co-ordinated by Project Manager
Effective methods for solving disputes - either at
Project Manager leve! or Director level, through the
Joint Venture Agreement

THE JOINT VENTURE AGREEMENT
Clearly, the Joint Venture Agreement is a critical element
in the success of the program. It features in most of our
'solutions', but what exactly is it?
A legal and binding agreement formed for the limited
purpose of developing and delivering Engaging
Science, in which each participant has an equal
interest.

A description of how net profits or net losses will be
allocated and how revenues and expenses will be
administered.
A process for terminating the Joint Venture.
It is not a lengthy legal document - only 10 pages or so
and written in clear language. Simple, straightforward
and essential to the success of Engaging Science.

CONCLUSION
It is possible to transform a "competitor" into a "partner",
and by so doing, secure a key role for a smaller
organization in a much larger project. For such a
program to be durable and successful, care must be
taken at the outset to address the likely causes of failure.
A Joint Venture Agreement has proven to be an effective
legal vehicle for this purpose.

A METHOD OF CREATING JOINT
INNOVATIVE SCIENCE CURRICULA
.. MAGIC WALLS AND OTHER NEW
EXPERIENCES USING STARLAB
(Portables Workshop)
Loris Ramponi

Centro Studi e Richerche Ser~fino Zani
Via Bosca 2, 25066 Lumezzane (Brescia), Italy

MAGIC WALLS
We succeeded in preparing new astronomy school
programs using Planetarium projections even outside the
dome. The necessity of preparing such programs is
justified in the following cases:
Projections inside a building that doesn't have a wide
room for the use of our inflatable dome (small schools,
old museums, libraries and so on). We even prepared a
lesson about "Art and Science" for an Art Museum
(Pinacoteca Tosio-Martinengo of Brescia) where our
Starlab Greek cylinder is projected onto the walls of a
small room. This projection represented the final part of
a lesson that describes the scientific contents of an
eighteenth century painting "Newton discovers the
refraction of light". The painting contains different
elements of astronomical interest, such as a celestial
globe with a reproduction of Greek constellations. After
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showing a modern globe with the same figures we invite
the student to follow a spectacular projection of the
Starlab Greek cylinder on the walls and the ceiling of a
dark small room.
With the help of a society specializing in the promotion of
book readings, we prepared a program that also
includes a Starlab projection on a flat screen. This
program is particularly designed for libraries. One of the
two operators reads tales and stories about constellations
and the night, while the second operator shows the main
characters of these story-books by using Starlab
mythological and homemade cylinders and slides.
We have specially planned programs for children under
6 years who may have some difficulties being in the dark,
such as inside an inflatable dome. Our experience
includes the use of Starlab mythological cylinders
together with slide projections onto any room wall (side,
ceiling and floor). Therefore, a fixed screen is not
needed. The room walls do not necessarily need to be
bare. I do prefer to use a normal classroom that can be
transformed during the "Magic wall" experiences. Such
projections in the classrooms are also proposed before
a Planetarium visit under our fixed dome.
These activities are also useful when many lessons are
programmed in the schools. In this case we have time
enough to prepare, for example, homemade cylinders
with the figures of the constellation invented by the pupils
themselves.
Spectacular astronomical lesson-shows where a Starlab
star cylinder can be used to create an amazing
projection.
Spectacular lesson-shows, not only of astronomical
interest, where Starlab cylinders can be used to create an
amazing projection on to the room walls.
Astronomical lessons offered to schools at very reduced
fees. As a matter of fact, using only the star projector
instead of the complete itinerant planetarium involves only
one operator. Our itinerant planetarium activities usually
require two operators: one inside and the other outside
to check the external dome area and to organize some
laboratory experiences before or after planetarium
projections.
Magic Walls only requires one operator and therefore the
lesson becomes cheaper. The dome is sure to have a
longer lifetime. The reduced fees of Magic Walls allows
use of Starlab cylinders more times when many lessons
are programmed in the schools. A special small box to
transport only the Starlab projector has been prepared.

SPECIAL EFFECTS WITH STARLAB
During the IPS '96 Conference in Osaka we described
the use of a double projector system under the Starlab
dome, in particular when complementary cylinders are
used inside the dome. With a "double Starlab projector
set-up" it is possible to work continuously in the dark with
easy transitions made between cylinders. We have also
used up to three star projectors. In fact in the small
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planetarium of Lumezzane (6 meter dome), opened last
January, we used an optical star projector made in Italy
together with one or two Starlab projectors. In particular
we obtain an amazing result with the mythological
cylinders. The non-astronomical cylinders are also used
under this dome. In this way Starlab becomes a special
effects projector for small planetaria.
An example of this experience is described in the paper
The Wonderful World of Shadows under the Dome (see
page 21 ) During this lesson-show, which includes some
sketches with shadows and puppet theater, the Earth,
Greek and Native American cylinders are also used.

IDEAS (INTERACTIVE DIDACTIC EXPERIENCES
WITH ADVANCED STARLAB): NEW HOMEMADE
CYLINDERS
During the IPS Conference in Osaka (1996) I presented,
during a workshop with Susan Reynolds, an introduction
of transparent cylinders and methods of making new
hemispheric images with transparent cylinders and
photographic film. In this workshop I presented the first
three new homemade cylinders that had been prepared.
Our lessons with these homemade cylinders (see the
Proceedings of IPS '96 Osaka, pages 222-225) were
divided into three parts: Introduction (main scientific
content of the lesson); Starlab experience; Culminating
activity (interactive experiments and practical activities).
Below are descriptions of three newly designed cylinders
and some of the methods developed for their use with
stUdents:
a) Sundials
The cylinder compares different kinds of sundials that
contain the hours used in the past (the day begins at
sunset or at sunrise) or sundials made for different
surfaces (flat, inclining, concave, convex). With a white
spot projected with a pointer you can reproduce above
the hour lines the light of the gnomon hole. Using at the
same time two Starlab projectors makes it possible to
show the different heights of the Sun at noon during the
year (starfield cylinder) and the resulting position of the
sunlight above a vertical sundial (homemade cylinder).
For example when the Sun appears high, on the summer
solstice, the Sun light moves low on the sundial. This
program is completed with showing a wide collection of
images about different kinds of sundials that have been
su bmitted in the past for the International Contest for
sundial makers "Shadows of Time" that we have
organized every two years since 1989.
b) Whales.
This cylinder has been prepared for the occasion of the
International Year of the Oceans (1998) and shows the
whale profile of emersion.
The particular species
described are the following: Grampus griseus; dolphins;
Orcinus orca; Globicephala melaena; Physeter
macrocephalus; Balaenoptera physalus). The first part of
the lesson is devoted to the ocean currents (using ocean
currents cylinder) and the "EI Nino" phenomenon (using
slides). The second part of the lesson describes with
slides and the whale cylinder some marine mammals.
The stUdents also listen, under the dome, to the song of
the whales.

c) Fossils
This cylinder presents different geological layers with the
main fossils of each era. We try to give spectators the
idea that they are underground and to help them discover
the main fossils of each important geological era. This
cylinder is used together with the tectonic cylinder. With
homemade cylinders it is possible to deepen some of the
topics described in the tectonic cylinder that are
particularly complex for students. At this proposal we
have already prepared a cylinder about volcanoes. All
these homemade cylinders are prepared by Mr. Mario
Benigna, who teaches geological lessons in our
Observatory/Planetarium.

YEARLY STARLAB WEEK IN BRESCIA AREA
OPEN TO FOREIGN COLLEAGUES
Each year Serafino Zani Astronomical Observatory
(Lumezzane/Brescia), in collaboration with the IPS
Mobile Planetarium Committee and with the support of
Learning Technologies, Inc., will host an American
Planetarium Operator who presents lessons with the
itinerant Starlab to high school students of English.
Transportation from the United States is provided, along
with bed and meals from Monday to Sunday (lunch and
dinner Saturday and Sunday, on your own).
The program for the week is as follows:
MONDAY
Morning: Arrival
Afternoon: Visit astronomical facilities in Lumezzane.
TUESDAY
Morning: Present lessons in a school
Afternoon: Free time
WEDNESDAY
Morning: Present lesson in a school
Afternoon: Free time
THURSDAY
Morning: Present lessons in a school
Afternoon: Present workshop for teachers
Evening: Visit Lumezzane Observatory
FRIDAY
Morning: Present lessons in a school
Afternoon: Free time to visit the city of Brescia
and astronomical sites of the city
Evening: Give presentation about mythology to the
general public in the Lumezzane Planetarium
SATURDAY-SUNDAY
Free time for touring Venice, other cities and/or other
Italian planetaria.
MONDAY
Departure for USA

DETAILS ABOUT STARLAB LESSONS IN A
SECONDARY SCHOOL:
There will be no more than three every morning for a total
of three each day. Each lesson will be at least 60 minutes
in length and can be about traditional topics for planetaria

such as: daily motion, orienteering, latitude motion,
solstice and equinox, consteilations, and so on.
Or the non-astronomical Starlab cylinders can be utilized
for a lesson about such topics as biology, tectonics,
geography, ocean currents or meteorology. The final
part of the lesson could be dedicated to Native American
mythology by using the related Starlab cylinder (or other
ancient mythologies such as Chinese or African).
The morning astronomical lessons may be in Brescia,
Bologna or another nearby city. All lessons and
presentations will be conducted in the American
language. A preliminary text of the lesson is required so
that teachers will have ample time to work with their
students before the Starlab experience. Be prepared to
teach the lesson at either a basic or an advanced level.
Some classes are extremely interested but do not know
a lot about astronomy and other have studied astronomy
in-depth. Most of the students have had two to four years
of English and will understand the spoken word if you
speak clearly and deliberately. They have a good sense
of humor and certainly display the usual excitement about
Starlab.
During the afternoons there are no other engagements,
providing an opportunity for touring the locale and nearby
cities. Lumezzane is very rich in the public astronomy
field with the Serafino Zani Astronomical Observatory,
four small planetaria, the Eureka Astronomical Center
and the National Archive of Planetaria. Brescia province
is very interesting for its natural landscapes and parks,
three lakes and the most important valley for prehistoric
age stone engravings. Important artistic cities, such as
Verona and Venice, are nearby and can be reached by
taking a one or two hour train ride.

ANNUAL WORKSHOP FOR TEACHERS AND
PLANETARIUM OPERATORS AND PRESENTATION
OF NATIVE AMERICAN MYTHOLOGY:
The Thursday workshop is advertized at the national
level. The presenter will demonstrate the versatility of the
Starlab planetarium and all the cylinders. During the
teachers' workshop you will demonstrate how to set up
and use a Starlab dome and projector, and demonstrate
planet and Moon placement as well as all the available
cylinders. We encourage you to also share any other
experiences you have had while teaching astronomy to
students. The workshop participants are people who are
interested in learning how to make exciting and effective
presentations using Starlab.
The Friday presentation is devoted to Native American
(or other cultures such as African or Chinese) mythology
and constellations for general public. The presenter will
provide an introduction with slides and then a
presentation under the Starlab dome.
Culminating documentation:
We request a final report be written by the American
teacher which will include the text of the High School
lesson, comments from the students and impressions of
the experience.
For more

information or for the report of our first
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experience with American Lessons with Italian Students
write to Loris Ramponi at the above address, or Susan
Reynolds at OCM BOCES Planetarium, PO BOX 4754,
Syracuse, NY 13221 USA; E-mail sreynold@cnyric.org

WHY MYTHOLOGY?
HOW CAN
YOU DEVELOP AN INTERACTIVE
LESSON AROUND IT?
(Portables Workshop)
Susan Reynolds
O.C.M. B.O.C.E.S. Planetarium
6820 Thompson Road, PO Box 4754, Syracuse, NY
13221, USA

Abstract:
While focussing on Greek/Roman mythology,
participants explored methods that actively
involve students in ways that deal with the history
and groupings of constellations. We also tried
simulating rituals and discuss why this may be an
important activity.
We know that people of all ages respond very positively
to hearing and learning about myths of ancient cultures.
Aside from simply involving the audience in a visceral or
affective way, we can develop "minds-on" and even
"hands-on" lessons using mythology to capture interest
and motivate extended learning. Listed below are a few
suggestions which were demonstrated during the
workshop.
ARTS
STORY-TELLING
LANGUAGE
TECHNIQUES
Students study and learn a myth; then practice and retell
it effecively. For more specific details about this idea
consult The Universe in the Classroom, No.42, Second
Quarter 1998. This free newsletter is published by the
Astronomical Society of the Pacific
2.

USE HORIZON ASTRONOMY ACTIVITIES THAT
DEMONSTRATE THE ESTABLISHMENT OF
HOLY DAYS (HOLIDAYS)
With papers representing poles or stones mark the
positions on the planetarium dome of the Sun or the
Moon during its cycle. Discuss how constellations and
myths for constellations marking these positions came
about. Vary this by having students invent their own
constellations and related myths. Students could then
present them to the class along with the rationale used.
3.

RE-ENACT RITUALS RELATED TO SUN
CONSTELLATIONS (ZODIACS)
Examine and mark the changing positions of the Sun
(the "giver of life") and then discuss how people might be
said to have "Sun signs". This can lead into a discussion
of the early astrologers' observations vs. present day
astronomers' observations. Information about these
constellations can be found in an article entitled When
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the Zodiac climbed into the Sky by Alexander A.
Gurshtein in the October 1995 issue of Sky & Telescope
magazine.
4. LITERATURE I CREATIVE WRITING I ART
(Dale Smith thought of this. It can be used before or after
reading and discussing the characteristics of various
classic myths). While viewing the night sky in the
planetarium, students create a constellation from a group
of stars in the sky and on a sky-map. They write a myth
to go with it and present the myth to the rest of the class
by pointing out the constellation in the planetarium sky
and telling the myth. This activity can be done with teams
of 3-5 students, where the group comes up with related
characters or objects and a myth. You could also try a
variation on this theme by including diurnal motion and
extend it further by going to different latitudes.
5.

A

B

DEVELOP
GRAPHIC
ORGANIZERS
OF
INFORMATION
GATHERED
FROM
OBSERVATIONS AND RESEARCH
Illustrate categories of air/landlwater constellations.
Information about these can be found in an article
entitled In Search of the First Constellations by
Alexander A. Gurshtein in the June 1997 issue of
Sky & Telescope magazine.
Develop a time line showing the historical
development of constellations. Compare the size, by
actually measuring each constellation on the dome,
with the date the constellation was recorded. See
articles by Alexander A. Gurshtein in the October
1995 and June 1997 issues of Sky & Telescope
magazine; and in his pertinent article The Origins of
the Constellations in the May-June 1977 issue of
American Scientist, the magazine of the The
Scientific Research Society.

6
ARCHEOMYTHOLOGY
(John Meader described the idea of "stellar archeology"
at the 1998 Spring MAPS conference and has a more
complete paper about this in the September MAPS
newsletter).
This activity involves teaching students a process similar
to the process that an archeologist goes through.
Students are asked to imagine they are archeologists
who are trying to learn about a culture. All they know of
this culture is a group of pictures, constellations and the
constellation names (48 Greek constellations)
Students must examine the constellations for clues of the
cultures:
Possible geographic location (eg. Land-locked, by
an ocean? Note kinds of animals etc)
Climate
Technological development
Type of government
This activity can be varied:
A
B
C

Give the myths associated with the constellations
Use 15 (not 48) constellations for younger students
Compare/contrast the Southern Hemisphere or
another culture's constellations with the Greeks
while noting the technology, animals etc.

7.

USE A MYTH OR STORY AS A PEDAGOGICAL
METHOD
The story of a poem itself is used as a tool for teaching a
specific astronomy concept. Consult page 4 of The
Universe in the Classroom, No.42 Second Quarter 1998
(published by The Astronomical Society of the Pacific) In
this publication you can find lesson plans, written for a
variety of grade levelS, which demonstrate how to use the
following poem to teach the concept that, from Earth, we
always see the same side of the Moon.

These activities require that students shift from the
Earth-based view of the Sun to a space-based view
of Earth and the Sun. This is an extremely difficult
task for most people. It takes a great deal of
thought and practice. Beware of asking your
students questions that switch back and forth
between these two perspectives too quickly. Be
patient with them and give ample opportunities for
practice and application of one perspective at a time
to questions that pertain to their everyday lives.

MOON STORY
Oh, glorious Moon!
As I gaze on your face
It comes to my mind
That never shall I gaze
On your glorious behind!
(Anonymous)

REASONS FOR THE SEASONS
(Poster)
Susan Reynolds
OCM BOCES Planetarium
6820 Thompson Road, PO Box 4754, Syracuse, NY
13221, USA

Abstract:
Included in this poster paper are activities meant
to satisfy students' needs for feeling accepted,
significant and powerful in the academic
environment. Added to that is an opportunity to
have fun viewing the changing sky in an unusual
environment, the planetarium as a laboratory.
Even if your students live in an area where the
seasons do not change significantly, they will be
fascinated to learn why other parts of the world
experience dramatic changes that are depicted in
world weather reports.
ESTIMATED GRADE LEVEL(S):
Grades 6-12 (Must be adjusted to the specific grade !evel
and experience of the class)
INQUIRY SKILLS:
Observing, Observing Systematically, Visualizing,
Comparing, Measuring, Calculating, Collecting Data,
Using Instruments,
Recording, Using Models,
Generalizing, Interpreting Data, Reasoning
VOCABULARY:
season; tilt; orbit; rotation; revolution; Equator; latitude;
Southern Hemisphere; Northern Hemisphere; Equinox;
Solstice; Tropics; apparent motion; azimuth (horizontal
angle); altitude (vertical angle); zenith; horizon; Celestial
Meridian
SOME THINGS TO THINK ABOUT
PRESENTING THESE ACTIVITIES:

The Benchmarks for Science Literacy (1993,
Oxford Press, Inc., 200 Madison Ave., New York,
NY 10016, USA) reminds us that "the cause of the
seasons is a subtle combination of global and orbital
geometry and of the effects of radiation at different
angles. Students can learn part of the story at this
(6-8) grade level, but a complete picture cannot be
expected until later." Adjust your expectations
accordingly.

WHEN

INTRODUCTION
Keeping in mind principles of William Glasser's Control
Theory, in an interview by Gough (1987) cited in Burke
(1995), the following activities are meant to satisfy
students' needs for feeling accepted, significant and
powerful in the academic environment - the planetarium
as a laboratory.
The establishment of learning teams and utilization of cooperative learning techniques promote the goal of
meeting students' needs. The students are the workers
and the teacher is the manager and progress depends
on team members working well together (Gough, 1987
interview cited in Burke, 1995). While participating in the
activities proposed here, each person gets to practice
effective communication so that data can be collected in
many forms, making analysis of the data easier for all
learning types.
Another practice that works is visual representation of
information (Burke, 1992).
This is accomplished
throughout by having students complete a K-W-L Chart,
an Observation Worksheet (space view of Earth),
recording outdoor observations (Earth view), recording
planetarium observations (Earth view), comparing and
contrasting data collected through the use of a Venn
diagram (Earth view), building a Solar Motion
Demonstrator (space view of Earth) and completing the
brainstorming list of ideas for applying knowledge
obtained.
Thirdly, what works is to help students assess their own
work and see if it is meaningful (Burke, 1992). They
must check their data for accuracy, keeping in mind that
we used estimates which may vary a bit from group to
group, before deciding what actually causes the seasons.
While students represent their findings in verbal and
graphic form they are challenged to explain the
significance of data collected. Pausing for reflection at
the conclusion of these activities (brainstorming activity)
makes the learning relevant to students' lives.
During these activities students get a sense of belonging
as they co-operate in their groups. Since each chooses
a specific task, students exercise power and control over
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their part of the planetarium experiment and related
activities. They also are provided with some individual
"time to shine" by making their own "Solar Motion
Demonstrator" and discovering on their own how it
reflects what they have learned. Students are engaged
in active learning through collecting and recording data,
making predictions, analyzing results and relating their
findings to applications in their daily lives and future
careers. They are also involved in higher-order thinking
as they try to determine what exactly causes the seasons
on Earth. They must synthesize the Earth point of view
with the space point of view.
Through activities such as these, that satisfy students'
basic needs, misunderstandings and discipline problems
are kept to a minimum. Students work as scientists
actually do in the fields of Astronomy, Physics and
Mathematics while experiencing the methods of cooperation that are essential among disciplines.

ACTIVITIES

Before the Planetarium Activity:
Record group input on a graphic organizer: K-W-L Chart
"The Sun and the Reason for the Seasons." Research
background information as a group. Library tasks are
shared and class "experts" become resources.
Observe the Sun in the real sky and record observations
by drawings and/or written notes. (Use The Universe at
Your Fingertips notebook, pages 15-21, as a guide for
observing safely.)
Set up four globes around a light source in positions
representing the four seasons. Placing four globes in
stationary positions is much less confusing than trying to
move one globe around while keeping the axis properly
oriented. Groups observe and discuss properties of light
on the spheres. Establish our home latitude and observe
the light at that latitude and other latitudes as the globes
are rotated through a 24-hour period. Students record
some of their thoughts on the "Reasons for the Seasons"
observation worksheet.
Establish co-operative learning groups comprised of four
students: Scribe, Illustrator, Mathematician and Navigator
(or Direction Finder).

During the Planetarium Activity:
(Use The Universe at Your Fingertips notebook, pages
30-32, as a guide for a planetarium presentation.)
Students will use the planetarium as a laboratory. They
will conduct an experiment, make predictions, collect
data and discuss some of the ramifications of their
findings. As the class observes the apparent paths of the
sun on four dates (the equinox and solstice dates at their
home latitude), the Scribe will record information on a
"Sun and Seasons" worksheet with the help of the
Mathematician and Navigator.
The Illustrator will
complete a worksheet entitled "The Reasons for the
Seasons" (found on page 31 of The Universe at Your
Fingertips notebook) with the help of the Navigator and
Mathematician. If time permits, predictions can be made
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about the data that could be collected if the observer
went to a different latitude. Then the planetarium
projector could be set and run at these locations in order
for stUdents to check their predictions.

After the Planetarium Activity:
Students will draw and enter information on a Venn
diagram called "The Sun's Path" and come to consensus
about the similarities and differences between the
Summer and Winter solstice paths.
Students will again observe the model, with four Earth
globes, and discuss the Earth's positions around the Sun
and the tilt of the axis at each position while they apply
the data collected in the Planetarium.
Each student will build a "Solar Motion Demonstrator"
(found on pages 52-62 of The Universe at Your
Fingertips notebook) and compare it to what they saw in
the planetarium and to observations of the four globes.
Students will brainstorm and record some ideas about
how they could use their knowledge of the Sun and the
reasons for the seasons in their lives.
Students will complete the K-W-L Chart.
PLANETARIUM ACTIVITY
[Source: Reprinted by permission from PASS
(Planetarium Activities for Student Success, Vol. 2
Activities for the School Planetarium. Produced by the
Astronomy Education Program of the Lawrence Hall of
Science, University of California, Berkeley. Copyright
1993 by the Regents of the University of California.
Available through the Eureka! Catalog, Lawrence Hall of
Science, University of California, Berkeley, CA 947205200; Phone: +1 510-642-1016.)
The description below is a reflection of my particular style
and tips learned over the years. The revised material is
italicized. The words that are not italicized are quoted
from pages 30-32 of The Universe at Your Fingertips
notebook.]
"Engage the students in a discussion about where we
see the Sun in the sky. Ask if the Sun is always at the
same height (altitude) above the horizon at noon
throughout the year. Ask where the Sun rises and sets,
and whether or not the direction of sunrise and sunset
stays the same everyday, or changes throughout the
year.
Tell the students that they will be collecting data on the
Sun's apparent path, including not only the height at
noon, but also the length of the day and the position of
sunrise and sunset throughout the year.
Divide the class into groups of four. (Each group will be
comprised of a Scribe, an Illustrator, a Mathematician
and a Navigator. The Scribe will record information on
a "Sun and Seasons" worksheet with the help of the
The Illustrator will
Mathematician and Navigator.
complete a worksheet entitled "The Reasons for the
Seasons" with the help of the Navigator and
Mathematician.)

Discuss procedures involving the planetarium. (Enter
slowly and sit on the carpet being careful not to lean on
the waifs.) Distribute worksheets and discuss each
person's role. Tell the students that they will have to
estimate (in degrees) the sunrise and sunset directions
(azimuth) by looking at the N (rr), E (90°) S (180°) and W
(27rY') markers on the horizon. In addition, they will need
to estimate the Sun's position at noon by observing its
altitude (in degrees) betvv'een the zenith (90°) and the
horizon (00) (point out the Celestial Meridian).
Pass out pencils, writing boards and flashlights. Have
students record their names at the top of the
worksheets.
Show the Sun's path at the students' home latitude for
the 1st day of fall, winter, spring and summer (using the
equinoxes and solstices to represent the seasons since
the most extreme paths of the Sun are observed on
those dates). In each case, have the students predict
sunrise, noon and sunset before showing the Sun's
path on that date. As the Sun traverses the sky on each
of those dates, the students mark its positions at sunrise,
noon and sunset on their data sheets.
(Use the
Navigator and Mathematician here.) On each date, have
student volunteers mark the positions of sunrise and
sunset on the horizon of the dome. (/ use a Velcro
horizon in my Starlab.) Let the Sun rise to the noon
position. After each 0 day, announce the number of
seconds it took for the Sun to rise. (Teacher or
Mathematician can time this: The Starlab motor is set
so that the model is "ten seconds one hour Sunrise
to noon is only 0 the day so full daylight time will be
double that number of seconds.)
Have the
Mathematicians determine the number of hours of
daylight for the entire day and the Scribes and
Illustrators can write that number on their data sheets.
As each of the dates are completed, ask the Illustrator
to draw the Sun's path for each date from sunrise to
sunset. The path for each season should include a
smooth. curved line through the sunrise point, noon
position and the sunset point.
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summer and lower in the winter. (This can be made
more apparent if the figure has a moveable arm to point
toward the Sun.) .......
Finally. have students use their observations of the sky
and Earth model to explain why it is hotter in the summer
than in the winter, even though the earth is slightly closer
in the winter time. (Average Earth-Sun distance in
January is 147,000,000 km and in June is 153,000,000
km.) One explanation they may think of is that the days
are longer in the summer, allowing the Earth to heat up
more. That is correct, but it is only part of the story.
Another reason is that when the Sun is higher in the sky,
its light is more concentrated on given areas of the
Earth." A simple demonstration with a flashlight can
illustrate this. Shine a flashlight directly (90 degree
angle) to a wall and observe a bright concentrated
circle of light, then shine the flashlight at a 45 degree
angle to the wall and observe a dimmer oval of light.
The light (sunlight) is less intense at the lower angle as
the same amount of light is spread out over a greater
surface area.
Other follow-up activities for
demonstration of these concepts are provided on pages
29-33 of The Universe at Your Fingertips notebook.
REFERENCES
Burke, K. (1992). What To Do With the Kid Who .. .Developing
Co-operation, Self-Discipline, and Responsibility in the
Classroom. Illinois: IRl/Skylight Training and Publishing, Inc.
Burke, K. (1995). Managing the Interactive Classroom. Illinois:
IRIiSkylight Training and Publishing, Inc.
Fraknoi, A. (Ed.) (1995). "Sun and Seasons" in The Universe at
Your Fingertips: An Astronomy Activity and Resource Notebook,
Section B pp. 1-73. California: Astronomical Society of the
Pacific. You can get information about ordering this book by
calling ASP at +1 415-337-1100 or Faxing +1 415-337-5205.

After all the dates are completed, ask the stUdents to
study their worksheets and the horizon markers.
Discuss or explain the terms "equinox"(equa/ day and
equal night) and "solstice." (Solstice=Sun stop, can you
see why?) See if they can suggest a reason to explain
the path and season changes.

(Possible extension: Ask students to guess what the
paths would look like if you were living at the Equator or
the North Pole. Demonstrate these paths using the
planetarium projector. Ask students to think about how
they would draw these paths.)
After a discussion of possible explanations for seasonal
changes exit the dome and again view the four globes
around the "Sun." Tell the class that a long time ago,
astronomers found out that the reason that the Sun
appears to take such a different path through the sky in
different seasons is due to the way the Earth is tilted as
it travels around the Sun ...... Tape a small figure to the
globes (at the students' home latitude) and point out how
the person would see the noon Sun higher in the

61

Worksheet

K-W-L
Name of Students:
Date:

The Sun and the Reasons for the Seasons

Title of Unit:

K

W

L

What We Know

What We Want to Know

What We've Learned

Research Task:

Project:

Reflection:

Signed:
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Explain why we have seasons on Earth.

Worksheet
Name ...................................... .

Date ......................... .

Teacher ................................... .

Grade ........................... .

Sun and Seasons
Planetarium Observations:
Seasonal dates of the Year
Sept. 21
Dec. 21
Mar. 21

June 21

1. Direction of
Sunrise

2. Altitude of
Noon Sun

3. Direction of
Sunset

4. Hours of
Daylight
(10 secs

• • • III • • III • • • • •

II • • • • III • • • III"

.ltwllta • • auu ••

••• "I1"" ••• all

• • 1110111 • • • • • " .

1111111".1111>11111111 •

1I.lIltllalllUllllllDIl

1!tIlI'lIllIla.IlIIII."

=1 hours)

5. Length of
Sun's Path

When you return to class, answer the questions below on separate paper.

1 Which date would be the beginning of our cold season? List two reasons
why you know that date is correct.
2 Which date would be the beginning of our warm season? Again, list two
reasons why you know that date is correct.
3

How would our seasons change if we moved North ? Give some reasons for
your prediction.

4

How would our seasons change if we moved south? Explain your answers
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Worksheet

Name ...................................... .

Date ............................... .

Teacher ................................... .

Grade ............................. .

Reasons For the Seasons

Observation Worksheet:

North

North

If

•
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a
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II
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IJ

After examining the globes in your classroom:
1

On each representation of the Earth, draw the equator and place an "x" on
the spot that approximates the location of your community on the Earth.
The tilt of the Earth and its axis have been drawn for you.

2

Under each representation of the Earth, place the appropriate name of the
season (winter or summer) for your community.
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II

How Can We Use This Knowledge
of
The Changing Sun's Path in Our Lives?

1

2
3
4

5
6
7
8
9
10

11
12

13
14
15
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PROMOTING STUDENT CREATIONS
FOR TRANSPARENT CYLINDERS
(Paper & Workshop)
Susan Reynolds
OCM SOCES Planetarium
6820 Thompson Road, PO Box 4754, Syracuse, NY
13221 USA.

Paper:
Learning Technologies Inc. has made a "clear"
cylinder for Starlab. The cylinder comes with nonpermanent color markers so that you can make
your own projections or create dramatic surround
projections. You can also use the cylinder as an
overhead projector by taping transparencies to it.
It occurred to me, at the beginning of the 1996-97 school
year, that the best way to brainstorm about possibilities
for this cylinder would be to ask students. I had access
to several classes of identified talented and gifted
students at two of the middle schools in our service
region. I approached their teachers and one teacher,
Ms. Symonds, agreed to let me introduce the cylinder to
her students in grades 5-7. I gave the students specific
directions about the dimensions of the cylinder and how
to handle it. We also discussed some considerations
about drawing on transparencies which could be applied
to the cylinder. My enthusiasm was contagious and their
immediate reaction was one of excitement. Their minds
were obviously racing with ideas.
The students immediately went to work designing
projections. The teacher gave them four to six weeks to
work on their projects. I provided one clear cylinder and
allowed them to borrow my projector for a week to view
the image effects. They darkened a closet and erected
a screen made out of a cotton sheet to test their
creations.
This first attempt at having students create their own
projections was a great success. The students enjoyed
it and designed some fantastic visuals which were
augmented by narration, music and other sound effects.
Their teacher sent me all of the comments and materials
with the following note: "Here's a list of projects and kids.
Everybody is agreeable to having you keep the
transparencies and, in fact, they're actually quite
impressed with being project pioneers and thinking that
you might 'need' their work!" On the following page is the
complete list of the 1996-1997 student projects.
The general consensus was that the students had fun
putting together their own presentations and enjoyed
seeing others' creations. They also wanted to do it again.
They thought they could do a more sophisticated job
utilizing the experience acquired from this experiment.
The next year Ms. Symonds had retired and the new
teacher was temporary and not able to try the project
again. I approached another teacher, Ms. Glynn, and
began working with the Talented and Gifted students in
the other middle school thus initiating two new Grade 7
Talented and Gifted groups.
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These students also really enjoyed the experiment and
produced a variety of cylinders. Their projects included
topics such as: Five of the Amazon Rainforest's
Amazing Animals, Indians of North America, Magic-The
Gathering, Take Me Out to the Ball Game, Winston Cup
Series and an Underwater Scene. Again, the general
consensus was that these students had fun putting
together their own presentations and enjoyed seeing
others' creations. They also wanted to experiment with
doing it again. One of the considerations for future
attempts is to try to make the projections more
completely simUlate an environment. Most students to
date used the experience to create an overhead projector
type of presentation. Although the images were sometimes beautiful, the presentations tended to be mainly
didactic. Some students did provide original music,
poetry, sounds, and special lighting which made the
presentations more exciting.
Some of the discoveries students made were
incorporated into my directions. The new instructions
follow.

Workshop:
DIRECTIONS FOR DESIGNING TRANSPARENT
CYLINDER PROJECTIONS
Dimensions:
Height = 10 inches (25.4 cm)
Diameter = 10 inches (25.4 cm)
Circumference =31% inches (80.01 cm)
You can draw on it. Whatever you draw on the cylinder
projects on the dome in reverse. A drawback to this
method is that the bright light leaks through areas where
there is no drawing. Sometimes only the top half of the
cylinder can be used. If you don't tilt it, the bottom will not
show up as it will be below the horizon.
You can make overhead transparencies (four fit around
the sides) and tape them together onto the cylinder
(apply in reverse). The images that project
best are drawn in black on white (bold lines--not tiny
details; 2 mm thickness) then, using a color copier, made
into a transparency that becomes clear on black.
(SOCES uses a Xerox color copier with Thermofax
Infrared Transparencies--IR 1511 [3M 520] "Clear on
Slack.") The "shiny" side of the transparency should face
outto prevent reflections that create double images. The
clear areas can then be colored with markers (very
lightly because this cuts down on the light and the
projection becomes dimmer). "Vis-a-Vis" and "Staedtler"
markers for overhead projection are very translucent,
bright and beautiful but you need to use the permanent
markers and so they must be used on overhead
transparencies which are then applied to the cylinder.
Computer generated trans-parencies also project fairly
well especially if the background is dark. Scotch
"clear" tape is not transparent. If you tape the
transparencies together along the edges, you can make
a sleeve to slide over the cylinder. Tape over "dark"
areas so the tape does not show.

Student Projects 1996-1997

Grade 6

Grade 5

Grade 7

"A Growing Flower" by
Kim Wagoner

"A Single Beam of Light" by
Sarah Benton & Giselle McGraw

"The Circus" by
Katie Sonich

"Animal Habitats" by
Ryan Durling & Robbie Wegman

.iAtoms" by
Tom Donaldson

"Dance of the Dragons:
Unseen Moments in Time" by
Carrie Crawford
(with original poem and music)

"Chameleon Eating8ug" by
Tony Rossi

"Cori's Marvelous Parade of Animals" by
Cori Hanmer

"Everglades Thunderstorm" by
Peter Moran
(with sound effects & strobe)

"Clothing Throughout the Ages" by
Lisa Bort

"Furball & Whiskers in Animal Land" by
Kesia Hammonds

"Fashion Changes" by
Krystel Otto

"Fashions Through the Decades" by
Katy Shepard & Jamie Williams

"How a Bee Collects Pollen" by
Betsy Gang

"Fish Heaven" by
Jill Kennedy & Renee Valentine

"The Growth of a Frog" by
Dan Rooney

"Me" by
Rany EIDewany
(a time line of my life)

"Fish Swimming" by
Christy Panagakis

"Human Evolution" by
Travis Gang

"My Favorite Things" by
Nick Laure

"Football Equipment" by
Justin Simonds

"The Life Cycle of Corn" by
Kirk Schilling

"Our Class" by Shannon Brisson, Gina
Gilbert & Johannah McLean
(pictures with original poems about each
student)

"The Forming of a Tornado" by
Angela Gardner

"Life Stages of a Man" by
Kevin Price & Tim Lusk

"Planetary Revolution" by
Daniel Ross & Michael Lloyd

"Game On!" by
Brad Albert
(hockey)

"Mickey Mouse" by
Jill Tarbay
(evolution of Mickey Mouse)

"Race Cars" by
Matt Luke

"Gentlemen, Start Your
Engines" by Ryan Kinnear
(snowmobiles)

"The Princess & the Frog" by
Nicole Adamo
(original story on tape)

"The Red Fox's Morning" by
Jessica Bitz

"The Goal" by
Erin Rinella
(lacrosse)

"The Stages of a Butterfly" by
Andrea Turnbull

"Seals of Approval" by
Lisa Bain
(underwater)

"History of Corvettes" by
Mike Ku rdziel

"Summer Nights (Grease)" by
Ann Marie Leo & Kelsey Cooley
(motorcycle merry-go-round with
recorded song from "Grease")

"Twisters" by
Danny Leo, Chris Alger & Ryan
Paddock
(tornadoes)

"Military Plane Timeline" by
Jacob Seal & Matt Eidt

"Under the Sea" by
Maria Tompkins & Jessica Krupke

"Ride Through the Planets" by
Matthew Antalek
"Sonic Boom" by
Peter Malelis
"Tornado!" by
Scott Wiedemeier
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No.

Idea Titles

Idea Titles

No.

1.

Weather/Clouds

16.

Inside Earth

2.

Differential Rotation

17.

Inside Mind

3.

Sun Angles/Trigonometry

18.

Holographic/3-D Effects

4.

Scene for Creative Writing/Poetry

19.

Another Planet Environment
(may be designed by students as part of a
report)

5.

Illustrate Poems/Stories/Music

20.

Panorama Views

6.

Under Water Scene/Ocean Depths

21.

Single Cell or Atomic Structure

Maps of Ethnic Groups/Historical

22.

Inside Parts of Body

7.

Development of Art or Costumes
8.

Roulette Wheel

23.

Satellite Orbits

9.

Magma/Seismic Movement Underground

24.

Cave Art

10.

Distribution of Global Vegetation/Ecology

25.

Inside a Forest

11 .

Merry-Go-Round

26.

Dinosaurs

12.

Geologic Striation

27.

Animal Habitats

'3.

Bird Migration Paths

28.

Evolution of Air/Space Craft

14.

Inside a Pyramid

29.

Original Student Art

15.

Bridge Design

30.

Stage Set (for a play)

(with no supports from the center)

You can make opaque masks with "windows" that have
drawn or transparent images in the windows to
berevealed at appropriate moments and changed at will.
The top and bottom of the cylinder need to be masked if
not designed.

Window Examples:
The top of the cylinder has black paper that can
fold back to reveal the clear cylinder and can be
used like an overhead projector.
The sides of the cylinder are wrapped in black
paper that has strategic window flaps cut so they
can be folded out of the way to reveal an image
or the whole mask can be turned to reveal one
image in the window at a time.

Possible Applications:
There is no limit to the ideas that you can imagine. Below
are just a few that were brainstormed during the IPS '96
Workshop in Japan.
Words are inadequate to describe the thrill I felt as these
young students presented their creations. The originality
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of audio and visual effects, the depth and scope of topics
and their presentation techniques were quite amazing.
The exhibitions ranged from lectures, to stories with
gentle humor and sometimes to images and events that
Students displayed respect and
inspired hilarity.
admiration for their fellow classmates and the general
attitude was one of serious investigation along with
playful experimentation.

POEM
"OUR CLASS" - Poems
by Johannah McLean,
Shannon Brisson and Gina Gilbert
To share just one nugget of this experience with you, I
invite you to read some original poetry from a sixth grade
project. Shannon, Gina and Johannah described their
work in this way: "The drawings of kids in our class (&
teacher) go around and we read a poem about them as
they come up. At the end, we take off the black sleeve to
show them all and read the final poem. We all thought it
was fun, we had trouble drawing people, the black sleeve
is a good idea because drawings stand out better."

Mike:

Ms. Symonds:

Mike knows all the answers,
If only he'd write them down.
He has a knack for solving puzzles
And is bestfriends with Danny the clown.

Ms. Symonds is a great teacher!
She gives us neat projects to do.
And as a special note to Ms.Symonds;
We really appreciate you!!

Rany:

Whole Class:

Rany has some very good questions.
He has some great answers, too!
But if he doesn't calm down a bit,
He's going to end up in a zoo!

Our class is extremely unique.
We can get a whole bunch done.
We give help to each other,
And can work together as one!.!

Sarah:
Sarah is a good student
And is on a softball team.
When she is at her cheerleading meets
She has a good, loud scream!

Maria:
Maria has a low voice,
But has a lot to say.
She is small, pale, and pretty,
And unique in every way.

Gigi:
Gigi always has original ideas
And wears a lot of rings.
She is always creative
When making and drawing things!

Nick:
Nick likes to watch TV
But can always figure things out.
He is always very considerate
And doesn't like to shout!

Johannah:
Johannah is very smart.
She really loves the X-Files.
She is the president of Student Council
And is always full of smiles!

Shannon:
Shannon likes to read a lot.
She is nice in every way.
Shannon loves all the fish.
The piano she likes to play!

Danny:
Danny has a sharp brain,
And is the Triscuit Man!
He likes to joke and talk a lot.
Let's have some applause for Dan!
Gina:
Gina is thoughtful and nice
And plays the cello like a pro.
She is a very good thinker,
But her voice is kind of low.

Jessica:
Jessica is smart and nice.
The trumpet is her forte.
She can always solve the problem.
She is helpful everyday!

INTERNATIONAL ASTRONOMY DAY
Gary Tomlinson
Astronomy Day, Chaffee Planetarium
Public Museum of Grand Rapids, 272 Pearl NW, Grand
Rapids, MI 49504, US

Abstract:
Astronomy Day is a world-wide event co-sponsored
by 15 astronomy and astronomy education
associations (including IPS). This talk will define
what Astronomy Day is both in concept and in
practice, discuss what activities can be done as
well as the benefits to the planetarium, how to
enter the Sky and Te/escope Astronomy Day
Award, and a brief discussion concerning past
events at Astronomy Day sites.
Astronomy Day: A day set aside each year for astronomy
clubs, science centers, museums, planetariums, nature
centers, colleges and universities to host special events
related to Astronomy.
International Astronomy Day began in 1973 as the brain
child of California's Doug Berger (1998 was the 25th
anniversary of Astronomy Day). His idea was simple.
Instead of making, or trying to make, the general
population come to remote, lonely, dark sky
observatories or observing sites, why not put out
telescopes where people are already located? Bringing
Astronomy to the People - that's the Astronomy Day
motto. Astronomy Day is always on a Saturday with an
early evening Moon in the sky. After all, Astronomy Day
happens in large light polluted cities and the Moon is
bright enough to be seen anywhere.
Evolving from that idea came concepts for a multitude of
day- and night-time activities. These non-telescopic
events evolved because of what every astronomer wants
to see more of - clouds. Astronomy Day sites started
hosting events that were not weather dependent - at least
many sites did. These sites wanted indoor displays,
exhibits and activities in addition to their daytime safe
solar observing and their night time sky observations.
The pinnacle of Astronomy Day, nowadays, takes place
at indoor shopping malls and like areas. If the sky is clear
at night, then telescopes are set up outside the mall, all
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the while promoting dark sky observatory open houses
occurring at a later date. The idea of Astronomy Day
then is a hook to get people exposed to astronomy, a PR
gimmick to promote the science of astronomy and a
source of one-stop shopping for all the public's
astronomical needs, i.e. involving any and all local
astronomical organizations and institutions in the
Astronomy Day event.
The results of such efforts are:
1. Increased membership in astronomy clubs
2. Increased exposure for science centers, museums,
planetariums, nature centers, colleges and
universities
3. Media exposure for astronomy
4. Gratitude of tax payers, decision makers and the
people on the street
Soon, organizers of Astronomy Day found it was a lot of
work to just have one day, so the idea of an Astronomy
Week was born. Here an Astronomy Day site could have
multiple day events - or at least a whole weekend.
Today Astronomy Day is co-sponsored by 15 astronomy
and astronomy education organizations around the
world. Just recently, the International Astronomical
Union passed a resolution endorsing the concept of
Astronomy Day and encouraging organizations that
adhere to the IAU to arrange for an Astronomy Day or
Week in their own countries.
That is actually why I am here today - to encourage you
to sponsor events in your home area. There are
hundreds of Astronomy Day sites in North America,
some as Simple as a couple of telescopes on a sidewalk,
others with dozens of activities running for several days.
In countries outside North America, celebration of
Astronomy Day is sporadic.
I hope you will make it less sporadic and more common
and I'm hereto help you with that too. Sky Publishing,
publishers of Sky & Telescope magazine, has produced
a wonderful FREE handbook (except for postage and
handling - $4.00 US outside the US and $3.00 within the
US) full of organizational tips, ideas for events and
resources. A publication of the Astronomical League and
written by one of the world's most famous amateur
astronomers, David Levy, it contains almost everything
you need to know. The handbook is also available on the
Sky & Telescope web site which can be accessed
site,
through
the
League's
web
www.mcs.net/-bstevens/a\.
The reason I give the League's web site instead of Sky &
Telescope's is because the League also maintains an
Astronomy Day Registration site and an Astronomy Day
Tip site. The Registration site is designed for Astronomy
Day centers to enter information into appropriate
categories. This information then becomes part of a
searchable database - searchable by country, state (if
appropriate) and city, so that individuals and the media
can find out if any Astronomy Day events are happening
in their own local areas. The Astronomy Day Tip page
lists additional ideas and information not contained in the
Handbook.
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In addition, Sky Publishing sponsors the Sky &
Telescope Astronomy Day Award ($250.00 gift
certificate) for the group(s) or organization(s) that hosts
the best Astronomy Day. Information and entry forms are
included in the Handbook,and are available from me for
a self addressed, stamped envelope (with the appropriate
postage).
So I would sincerely appreciate it if you would help
spearhead the concept of Astronomy Day across the
globe and make it truly international.
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Marie RAdbo
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Abstract:
The summer solstice sunrise as seen from the
interior of Stonehenge has been a recurrent
feature in planetarium programmes and rightly so.
The Sarsen Ring with the Trilithon Horseshoe is
one of the most imaginative projects ever
undertaken by prehistoric man. Computer
simulations employing CAD-generated imagery
have recently unveiled an exciting play of sunlight
and shadows on the monument on the same
occasion. Our attention should perhaps be
redirected from observations of the actual sunrise
to its effect on Stonehenge itself. The new
approach is most provocative and lends itself
admirably to inclusion into planetarium shows.

INTRODUCTION
The history of Stonehenge goes far back in time. It
began to be built around 3100 BC, but we don't know
how long this first phase lasted. However, we know for
sure that it was eventually abandoned for several
centuries. The Stonehenge we know today, with the tall
stones called sarsen stones, is believed to have been set
up about 2500 B.C., and shows the same directional
preference towards the north-east as the old one. Since
early studies in the 60s and 70s, Stonehenge has been
portrayed as a site from which observations of the rise of
the summer solstice Sun was important. The foremost
advocates of this theory have been astronomers, who by
the very nature of their profession, are inclined to
emphasize the significance of observations. However,
the arrangement of the sarsen stones in a ring
contradicts the notion that direct observation of the
summer solstice sunrise would have been the primary
purpose at Stonehenge.

framed the disc of the rising summer solstice Sun as
seen from the centre of the ring. The famous Heel Stone
is one of the stones still left standing. The importance of
this sunrise is emphasized by a 530-metre-long road,
known as the Avenue, laid out towards the same
direction.
At the centre of the Sarsen Ring, five trilithons were
erected at about the same time as the ring of the stones.
A triiithon is made up of two stones standing close
together and crowned by a stone lintel. The trilithons
stand along a horseshoe-like curve with its opening
towards the rising point of the summer solstice Sun. The
innermost trilithon, called the Great Trilithon, is the tallest
one with a height of 7.9 metres, including its lintel. The
heights of the triiithons then decrease towards the
opening of the horseshoe.
OLDER THEORIES ABOUT STONEHENGE
At the summer solstice sunrise more than 4000 years
ago, the first ray of sunlight would have entered the
Sarsen Ring, passed down the line of symmetry of the
Trilithon Horseshoe, penetrated the narrow confine
between the uprights of the Great Trilithon and exited
the Sarsen Ring through an opening opposite its
entrance. The passage of this first light would have been
an exclusive spectacle with strong symbolic implications.
Only by standing on this line would it have been possible
to observe the summer solstice Sun rising along the
centre line of the Avenue between the Heel Stone and
its former companion. However, had the observer but
taken one small step to either side, the Sun would have
disappeared from view behind a stone in the Sarsen
Ring. It must be regarded as highly unsatisfactory that
the high point of an annual event could only have been
watched by fewer than a handful of people.
There WOUld, however, have been a display of light just
as dazzling and open to all viewers inside the Sarsen
Ring. While the huge sarsen stones would have barred
the greater part of the light from the Sun from entering
the ring, turning the interior into comparative darkness,
the openings that faced the Sun would have been
Hooded with light like the windows in a Gothic cathedral.
To this day, the effect is still very impressive in the ruined
state of Stonehenge.

THE CONSTRUCTION OF STONEHENGE
The Sarsen Ring consists of a 31-metre-wide circle,
originally of 30 standing stones, huge sandstone blocks,
linked together by an unbroken ring of stone lintels.
Each stone is about 6.5 metres long, 2 metres wide, 1
metre thick and weighs 25 tons, although today we only
see the ruined remains. It must have been a delicate
work to put these heavy stones into 2.5-metre-deep
holes so that they would reach the same level, forming
a strictly horizontal ring, in spite of the fact that the
monument stands on a gentle slope.

Every year thousands of tourists gather outside
Stonehenge early in the morning on Midsummer Day in
the hope of seeing the first glimpse of the Sun when it
rises on the horizon, as has been described. But
suppose the architect of Stonehenge had something
different in mind! The attention of the tourists should
perhaps be redirected from observations of the actual
sunrise to the effect of light and shadows on
Stonehenge itself, an effect easily open to all viewers,
not just to those standing on the line of symmetry.

Two standing stones 60 metres outside the Sarsen Ring
were positioned in such a way that they would have

We do know that the interaction between light and
shadows was used in prehistoric times. The best
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Figure 1. Overall plan of Stonehenge. Drawing by Curt Roslund
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Figure 2. Light and shadow patterns on the Great Trilithon and its nearest neighbours at Stonehenge at sunrise
(Upper diagram) and a Quarter of an hour later (Lower diagram) at the summer solstice around 2500 Be.
Drawing by Curt Roslund.
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example is the step-pyramid Castillo at Chichen Itza on
the Yucatan peninsula in Mexico. Every year at the
vernal equinox, a shadow in the form of a zigzag pattern
created by the nine steps of the pyramid, slowly moves
upwards along the northern balustrade of the pyramid as
the Sun sinks towards the horizon in the west. It must
have been intentionally planned and not just a
coincidence.

However, the tourists outside Stonehenge in the
morning on Midsummer Day will miss a great event if
they merely stare at the Sun, and do not turn around to
see the wonderful light and shadow show. Of course,
this new approach to Stonehenge as an interplay of
sunlight and shadows, also admirably lends itself to
inclusion in planetarium shows.
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SHEDDING NEW LIGHT ON STONEHENGE WITH
COMPUTER SIMULATIONS
Computer studies by Curt Roslund and Emilia Pasztor
show several details of the play of light and shadows at
Stonehenge after sunrise at the summer solstice 4000
years ago. The sunlight that passes through the Sarsen
Ring would fall on the trilithons in parallel! vertical bands
like the light behind a picket fence. At sunrise, such a
band of sunlight would have lit up the inner face of the
north stone of the middle pair of trilithons to the left of an
onlooker with his back to the Sun. The slanting light
would have intensified the carvings of a dagger and an
axe, hardly noticeable under ordinary light conditions.
After a few minutes, the band of light would have moved
away from the stone and left the carvings in obscurity.
A quarter of an hour later, another band of sunlight
would have reached the south stone of the middle pair
of trilithons on the other side, revealing the blurred
contours of a boxlike carving which has been claimed to
be a symbol of the Mother Earth Goddess. Although
doubts have been expressed about this interpretation, it
is generally assumed that the dagger and the axe are the
attributes of this goddess.
Further computer studies show that the part of the Great
Trilithon that reaches above the Sarsen Ring would have
functioned like a reflector that casts the rays of the rising
Sun into the space of the Trilithon Horseshoe. The
sarsen stone is normally quite dark, but when lit from the
front it changes into a highly reflective surface. The light
that filled the Horseshoe alcove would have stood out in
sharp contrast to the darkness inside the Sarsen Ring.
NEW PERSPECTIVE
The far end of the Avenue begins in a shallow
depression, 15 metres below the monument. As seen
from the Avenue, Stonehenge emerges suddenly in the
light of the rising summer solstice Sun, like a golden
fairy-tale castle projected against the dark morning sky
to the south. In spite of the heavy weights of its stones,
the Sarsen Ring seems to rise from the ground and to
float in the air like a mirage. For a procession slowly
advancing towards the monument in this light, the lowstanding Sun would have created long shadows on the
Avenue of the people taking part in the procession.
These shadows would have been pointing towards
Stonehenge at the same time as they would have
fiickered and danced on the ground with the movements
of the participants, so enhancing the mystic and cryptic
nature of the rituals.
The light and shadow effects described above can help
to explain features in the construction that we had
previously found difficult to understand, but of course we
can't be sure that these effects were intentional.
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THE SUN GOD OF STONEHENGE
Dr. George Reed
Spitz, Inc.
PO Box 9208, Incline Village, NV 89452, USA
Abstract:

The Heel Stone at Stonehenge seems to possess
facial features. The question is whether the face
is there by chance or design. If the face is there
by design, it may be possible the face can finally
unravel the "why" of Stonehenge. It may also be
significant that the Heel Stone faces south, the
direction of the Sun's highest altitude, and that its
pointed features make a sundial effect. The Heel
Stone may represent the Sun god of Stonehenge.
Everyone who has ever been to Stonehenge has looked
at the famous Heel Stone. The Heel Stone is the large
upright rock stationed one hundred feet away from the
main Neolithic stone and earth structure of Stonehenge.
The Heel Stone is unique in that it arguably seems to
possess facial features visible from 180°. The turneddown mouth is quite prominent, as are the eye
indentations and the slightly protruding nose. Of
fundamental importance is the question of whether the
face is there by chance or by design.
If the face is there by chance, there is little to be learned
from it. If the face is there by design, it may be possible
the face can finally unravel the "why" of Stonehenge.
It seems significant that the Heel Stone was one of the
first three stones to be placed at the Stonehenge site. It
also seems significant that the Heel Stone is the only
stone out of the 76 major sarsen stones not to be
hammered and pounded into a rectangular shape. Alone
and outside the main stone circle, it has endured in its
original position to this day. The other two stones are no
longer in place.
The 35-ton, 20-feet long Heel Stone was also not just
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placed anywhere. It was set in position to act as a
marker for the rising June solstice Sun as seen from the
center of the Stonehenge circle.

astronomical reports of how people used the sky
as their great cosmic organizer.

One can only imagine the dramatic effect of seeing its
stone face staring directly into the center of the
Stonehenge formation, with a rising Sun behind it on the
longest day of the year, the day when the Sun reaches
its northernmost horizon rising point But in reality the
view is very disappointing. The·face points to the right as
seen from the center of the Stonehenge structure. This
turns out to be significant, however, because the face is
pointing directly south. This is the position of the Sun at
local noon when it crosses the meridian and the position
of the Sun when it attains its highest daily altitude.

One of the most impressive sites in South America is the
vast expanse of lines, figures and plazas cleared in the
rocky desert surface between Nazca and Ingenio Valley
near the southern coast of Peru. My first visit to Peru
was to learn more about the Inca astronomy and to see
sites first-hand as background for a course in Ancient
Astronomy that I was teaching at Adler Planetarium &
Astronomy Museum in Chicago. I had included a flight
over the Nazca Lines just out of curiosity, thinking that I
would see random land art. To my surprise, I saw a
compelling sense of organization that implied that the
makers had had a grand plan. I wanted to know more
about them. Thus, I completely changed my itinerary and
traveled on to Nazca to meet with Maria Reiche. We
spent a couple of hours together, speaking the language
of measurements and orientations. Satisfied, I continued
my travels in Peru. About six weeks later, I received a
letter at the Planetarium from a tourist stating that Maria
would like to have me work with her. Soon I was back in
Peru to begin a fruitful ten-year collaboration with her.

The southern orientation of the triangular-shaped face
also caLlses one side of the face to be illuminated in the
morning hours and the other side to be illuminated in the
afternoon hours. At noon, the entire front of the face is
illuminated. The Heel Stone acts as a crude form of
sundial.
If it is granted that the Heel Stone was chosen because
of its resemblance to a face, and if it is further granted
that it was purposefully placed as it is seen today, then
an important question arises. What did the Heel Stone
represent to the builders of Stonehenge over the 1000
years of its construction? The answer seems obvious.
The Heel Stone was used as a symbol or representation
of a Sun god and Stonehenge may have been a temple
that took the form of a stone solar calendar that was
dedicated to, or at least commemorated, an all-important
Neolithic Sun god.

ANALYZING THE NAZCA FIGURES
OF PERU
Phyllis Pitluga
Adler Planetarium & Astronomy
1300 South Lake Shore Drive, Chicago, IL 60605, USA

Abstract:
Along the Southern coast of Peru, the speaker
has conducted a ten-year study on the Nazca
desert, where there is a vast array of huge animal
and plant figures, and long lines carved into the
surface. The largest features cleared in the rockcovered surface are the plazas, up to 800 meters
in length. The animal and plant figures are
usually next to the borders of the plazas. Most
figures are about 100 meters in size. All lines
radiate away from mounds and most of the
mounds are at the ends of the plazas. Viewed
from the mounds,the lines extend to the desert
horizon. Measurements of the dimensions and
directions of the lines were made, and grouped
according to like figures. New astronomical
hypotheses were tested using Andean ethno-
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In any scientific analysis it is essential to be able to
replicate the observations of others. Using a hand-held
sextant she had measured the directions of hundreds of
lines. As I repeated these measurements using a
modern astronomical theodolite, I replicated her
measurements but to a finer degree with the more
sensitive theodolite. Her extensive maps, from Palpa to
Nazca, are absolutely accurate and the essential
database of this magnificent site.
In her analysis of the directions of lines, she had the
preconceived notion that many would point to the
sunrise and sunset positions at the solstices. Professor
Paul Kosok, her mentor, had observed such an event in
June of 1940 (which caused him to remark that this was
perhaps the largest astronomy book in the world).
Reiche built a chart of such alignments. When I revisited
these lines I discovered that a couple would logically
work as sight lines for solstice risings/settings. However,
others were a segment of a zigzag pattern or part of a
figure. The few examples are not persuasive evidence
to support this reason for having constructed such a vast
array of lines.
Bordering Ingenio Valley there are 28 figures. I had
noticed that some figures were repeated: 3 whales, 2
seaweeds, 2 lizards, 2 flowers and 14 birds. Might the
lines that repeat figures are attached to point in the same
direction? After measuring the directions of these lines
and plotting them on a circle graph, to my amazement,
they did share orientations. Spread across 15 square
miles lines with the same orientation wouldn't be
pOinti~g to the same nearby land feature. However, they
could point to the same distant sky region.
Learning that Quechua-speaking Peruvians especially
pay attention to the Milky Way and see silhouette figures
of plants and animals in the dark spots, I began to
analyze such a correlation. After a couple of years of
intense analysis, the relationship emerged. Nine different

plant/animal figures create a complete line of figures
across the Milky Way, some matching figures still seen
by Andean peoples in the same regions of the Milky
Way. Juan Polo de Ondegardo, writing in 1571,
recorded that native Peruvians believed that all animals
and birds on the Earth had their images in the sky that
were responsible for the growth and procreation of the
creatures on Earth. The images imbedded in the desert
surface near Nazca aligned with the sky at two
agriculturally significant times of year, the coming of
water to the desert and the harvest time.

If an agriculturaVceremonial motivation (based upon field
measurements and computational analysis) is correct,
then the Peruvians of 2000 years ago established their
own unique observatory. As peoples all over the world
strove to master and weave the natural cycles of the
heavens into the very fabric of their lives, their
observatories and records formed the very foundation of
the science of astronomy.

HIDDEN ASTRONOMY IN AND

AROUND LONDON
Dr. George Reed
Spitz Inc.
PO Box 9208, Incline Village, NV 89452, USA

Abstract:
Astronomy can be found in many places in and
around London, and not just where you may
expect it. This essay will point out the sites and
sights that have been touched by, or
commemorate, the events and personalities in
the history of British astronomy.
Astronomy connections can be found in many places in
London and its surroundings, and not just where you
may expect to find them. ignore the obvious places such
as the Old Royal Greenwich Observatory and science
museums, and concentrate on the less obvious sites
relating to four of England's most famous and
accomplished astronomers: Sir Isaac Newton, Sir
Christopher Wren, Sir William Herschel and Sir Edmond
Halley.
Sir Isaac Newton is buried beneath the floor of
Westminster Abbey and commemorated in the choir
screen. It's possible to "stand on the shoulders of the
giant" . The inscription on his tomb reads, in Latin,
"Here lie the mortal remains of Isaac Newton." The park
in Leicester Square has a Newton statue supposedly
facing the direction of where he once lived. A plaque
marks the site of another residence on Jermyn Street)
south of Piccadilly Circus.
Newton was Warden and Master of the Mint for 31 years
until his death. He directed the Great Recoinage from
the north side of the Royal Mint in the Tower of London.

John Flamsteed occupied the Round Tower while the
Greenwich Observatory, designed by Wren, was being
built.
There are 4000 pubs in London. One is the Isaac
Newton.
Newton occupied the rooms E4 just inside the Great
Gate at Trinity College in Cambridge. His statue, and his
corpulent figure in a stained glass window, are to be
found in Trinity College Chape/. Newton)s death mask is
in Trinity Library, which was designed by Christopher
Wren. A descendant of the famous Newton "apple tree"
story is planted outside the Great Gate at the site of what
was once Newton's alchemical laboratory.
Following the Great Fire of London in 1666, Sir
Christopher Wren designed and oversaw the
construction of 52 churches, including St. PaUl's
Cathedra/. Prior to his architectural career, Wren was a
Professor of Astronomy at Oxford's Wadham College.
He died across the Thames from St. Paul's, in the
"yellow" house that is best seen by boat going to
Greenwich. Wren was buried in the crypt underneath the
cathedral choir. His tomb stone reads in Latin: "Reader,
if you seek a monument, look around you." Wren's 311
step monument commemorating the Great Fire is
located near the starting point of the fire on Pudding
Lane at the Monument tube stop.
Sir Edmond Halley is buried approximately 1 mile south
of the Old Greenwich Observatory across from St.
Margaret's Lee Church. The old tombstone can be
found outside Flamsteed House at Greenwich.
Prior to assuming his position as the second Astronomer
Royal, Halley taught at Oxford. The house he occupied
at 7 New College Avenue still stands and is marked by
a plaque. Today it is a student residence.
Sir William Herschel was an observer and was also
required to be near his benefactor, King George III,
when at Windsor Castle. "Observatory House," the
Herschel residence and the undisputed site of the
world's greatest number of astronomical discoveries, is
located in the town of Slough not far from Heathrow
Airport. The old house was torn down in the early 1970s.
Observatory House today is a modern office building.
William Herschel is buried at st. Laurence Church,
Upton, within walking distance of Observatory House.
Herschel's sister, Caroline, became the first woman to
discover a comet through a telescope at Observatory
House. She discovered a total of eight comets over her
lifetime.
The Herschels are remembered in Slough by way of:
Herschel Park, Herschel Street, Herschel Elementary
School, the Herschel Car Park, Herschel Hall, the
Herschel Arms Pub and the Observatory Mall.
The portraits of Newton, Wren, Halley and Herschel can
be found in the National Portrait Gallery off Trafalgar
Square, in rooms 5, 6 and 14.
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NICOLAUS KONKOLY-THEGE
FOUNDER OF THE OBSERVATORY
AT HURBANOVO
Marian Vidovenec
Slovak Central Observatory
Komarnanska 134, 947 01 Hurbanovo, Slovakia

Abstract:
Nicolaus Konkoly-Thege (28 January 1842 - 17
February 1916) was an important person in the
development of modern astronomy in Central
Europe. After gaining a broad education, he built
astronomical, geophysical and meteorological
observatories, which are still active today. He
made a number of astronomical observations,
and also made new instruments in co-operation
with renowned companies in Europe.
Nicolaus Konkoly-Thege was an interesting person in
the field of astronomy not only as a scientist but also as
a great organiser. He was born on the January 20th
1842 in Hurbanovo (former Ogyla). He was interested in
mechanical engineering and natural sciences from his
youth. He studied natural sciences in Budapest and later
in Berlin, and beside that, he also graduated in law.
After graduation he spent several years in Heidelberg,
G6ttingen, Greenwich, Brussels and Paris where he
worked as an assistant in laboratories and workshops.
He made many contacts with well known scientists, for
example J. F. Encke, J. H. Dove, F. K. Zolner and later
H. K. Vogel and M. Wolf.
After returning home he worked as a clerk at the request
of his parents, but he soon deserted this position and
joined a ship on the river of Danube as a volunteer sailor.
Shortly afterwards he became a shipmaster, thereby
gaining familiarity with the problems of sailing the river
Danube. This knowledge he utilised later as a member
of parliament where he was from 1896 till 1904.
In 1871 he decided to build up an astronomical
observatory at his home town of Hurbanovo, with his
own money. The reason for this was probably that in
1870 his two children had died, and he wanted to create
something that could remain after him. The observatory
soon became one of the best equipped astronomical
observatories in Europe. He travelled a lot in Europe and
enlarged his contacts with renowned companies, from
whom he ordered instruments. He was also skilled
enough to make his own instrurnents.
The first instruments in the observatory were a small
meridian circle, a 10-inch Browning reflector, 6-inch
Merc refractor and 4-inch fotoheliograph. The
mechanical parts made by him were a 3-inch astrograph
and 10-inch Konkoly-Merc refractor.
Soon he found that, although he had enough money to
establish an observatory, its operation would need more,
and so he tried to dedicate it to the University at
Presburg in 1878, and, one year later, to the newly
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established Technical University in Budapest. He had no
success until in 1899, when he utilised his contacts as
a politician, and the observatory came under state
administration. In that year "The Royal Astrophysical
Observatory at Hurbanovo" was established and
Nicolaus Konkoly-Thege became its honorary director.
The fact that in 1890 he became a director of the
Hungarian National Royal Meteorological and Geomagnetic Institute, in spite of not being a professional
meteorologist, says much about his administrative ability.
During this time both meteorological and geomagnetic
observatories were built at Hurbanovo.
Konkoly-Thege was a man who did not confine himself
to the field of science. He was a scientist of the highest
European standard, but not a narrowly-oriented
specialist. He was a good hunter, a devotee of music
and played musical instruments well.
In the field of observations the regular solar observations
started at Hurbanovo in 1872. In the early years it was
the detection of sunspot positions and areas. From 1885
the Wolfs sunspot number was determined daily.
Observation of the Sun has always been the main
scientific program of the Observatory. Konkoly-Thege
was one of the first observers who made micrometrical
measurements of the solar surface. He also observed
planets. His drawings of Mars and Jupiter were of high
quality and accuracy. His drawings of Jupiter indicate
that Konkoly-Thege was a very precise observer. The
surface of Jupiter was dimmed on drawings that
mentioned the possibility that Jupiter's surface is fluid,
despite the generally held contemporary opinion that
Jupiter's surface was solid.
At the time when the Observatory at Hurbanovo started

its activity the development of spectro-scopy was
intensive, and Konkoly-Thege had a big influence on it.
First he bought a spectroscope, later he constructed a
number of them - from wide-angle meteoric spectroscopes, through highly sensitive protuberant spectroscopes, to an ultraviolet one. The observatory had 27 in
total. Later his protuberant spectroscope was made by
Carl Zeiss, Jena for several years. He was a good
photographer, but his spectroscopic observations were
mainly visual. He studied the spectra of meteors and 30
comets.
The staff of the Observatory at Hurbanovo under his
leadership worked in the field of stellar classification.
They participated in an international co-operative project
to determine stars' spectra. The result of this
co-operation was the Spectroscopic catalogue that
contained 2202 stars of Vogel's classification.
Unfortunately Vogel's classification was supplied by the
Harvard's classification soon after its edition. Another
catalogue made at Hurbanovo was a photometrical
catalogue. It was edited in complete form in 1916 and
contained 2122 stars with their magnitudes. It was not
well known probably because of the time of its
publication - during the First World War.
In his own time, Konkoly-Thege was well known as the
author of three books mainly concerned with

instruments,
astrophysical
laboratories,
photo
laboratories, mountings, telescopes etc. The first was:
A practical guide to astronomical observations for
astrophysics, and schedule of modem astronomical
instruments, published in 1883. The second was:
Practical introduction to photographing the sky and
summary description of modem photography and
spectroscopy in the laboratory, published in 1887. The
third was: Handbook of spectroscopy in the laboratory
and at the telescope. Practical warnings for beginners
in spectral analysis, published in 1890.
Nicolaus Konkoly Thege died on February 17th 1916.
He is buried at Hurbanovo.
In my paper I have tried to describe the activities of
Nicolaus Konkoly-Thege, who was very important in
developing astronomy in central Europe. Thanks to him
we have had continuous astronomical activities over one
and a quarter centuries. In the Observatory at
Hurbanovo have worked many well known astronomers,
such as L. Tass, L. Terkan, B. Harkanyi and, later, Dr.
J. Kavan, Prof. J. Malir, Dr. A. Dittrich and Dr. B.
Stemberk. In the 1920s a 60-cm refractor was installed,
which was one of the biggest telescopes in Europe at
that time, and vvTth which the position of planet Pluto was
measured photographically for the first time in Europe.
There are a lot of activities that are connected with
Observatory at Hurbanovo, but that is a topic for another
paper. At present the Observatory, with its planetarium,
is the administrative and methodological centre of a
network of sixteen observatories and six planetaria in
Slovakia.

INDIGENOUS AFRICAN UNDER..
STANDING OF THE NIGHT SKY
Prof. Anthony Fairall
South African Museum Planetarium
P.O. Box 61, Cape Town, 8000 South Africa

Abstract:
Aside from an extensive mythology associated with
the Sun, Moon and stars, African people m,ade
very practical use of the night sky for calendar.keeping. The cycle of the Moon governed many
events. The annual cycle of star patterns in the
night sky was used to manage the agricultural
calendar. Finding that twelve months did not fit
with the year, a system similar to the early Roman
calendar was employed, whereby an extra month
was added every third year. Unlike the Roman
calendar, months were named after star patterns
or natural events. This paper will highlight some of
the recent research work carried out by Dr. Keith
Snedegar - a specialist in African mythology

In this paper, I should like to summarise African
knowledge of the night sky - not mythology, but rather
the pragmatic use of the sky for calendar purposes etc.
In particular I wish to incorporate recent findings by, and
acknowledge the work of, Dr. Keith Snedegar, a
historian who has made this topic his research specialty.
As a basis for his research, Keith has searched out and
synthesized historical and present day sources. He
therefore stands as the leading authority in the field, at a
time when much of the knowledge, previously conveyed
by oral tradition, is being "washed away' by modern
Western cu~ure. Keith is currently based at Utah Valley
State College, but has now made a number of
post-doctoral sojourns to our Department of Astronomy
atthe University of Cape Town. Some of his knowledge
was recently published in Mercury (Nov/Dec 1997) in an
article entitled "lkhwezi is the morning star"
Prior to colonisation by European nations, African
people mainly fed themselves by growing crops especially sorghum and beans.
They were an
agricultural people - subject to the seasonal changes in
the weather. In Southern Africa, where rainfall is low, it
was essential to plant at the right time of the year. Yet
African people did not have a conventional calendar they did not know the exact number of days in a year.
However, they did have superb views of the night sky,
and they extracted a calendar from the annual cycle of
the constellations.
In particular they looked for the "digging stars" "Isilimela" in Xhosa. We know them as the Pleiades.
During the early mornings in winter. they looked for them
to emerge from the morning twilight. Their sighting was
the signal for "digging" to commence - the tilling of the
fields done with hand implements. The hoes would have
had wooden handles fitted with iron blades - Southern
and Central Africa had metal smelting probably back to
the first millennium. Its inhabitants were far from the
native "savages" traditionally depicted in colonial times.
As long as Isilimela were visible in the night sky, so the
agricultural activity was in progress. They are in the
evening sky as the crops attain maximum height and
fade into the twilight after harvest, when the grain was
packed away in storage bins for the times ahead. Other
celestial calendar markers included the star Naka
(Canopus) - its first sighting in the early morning sky
indicated a new beginning. Witchdoctors would throw
the bones to forecast what the year ahead might bring
(much as do astrologers at the time of new year!), and
young men would be summoned to initiation schools .
Many African tribes carry words describing the "turning
back" of the Sun, a reference to the solstices. The Swazi
apparently had identified how the rising points on the
horizon could be used to fix the dates of the solstices.
One of their important annual festivals is fixed by the
summer solstice.
In parallel with the annual calendar came the regular
cycles of the Moon. The reappearance of a young
crescent Moon was generally a time of celebration. Most
African tribes had words to describe the different phases
of the Moon. Full Moon was considered a good time to
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do business, or even go to war. By contrast, the Moon's
disappearance into the morning twilight represented
death - a time to refrain from major activities.

OLD RUSSIAN SUMMER SOLSTICE

MYTHOLOGY
Dr. Eileen M. Starr

Twelve cycles of the Moon were recognised during the
year, each one named like the months we use today.
African people named their months after natural events
that could be synchronised with the annual calendar such as the Wildebeest month, connected with the
annual migration of these animals. Some of the months
are named for star patterns. The names differ from tribe
to tribe, but the names of the Swazi months are for
example:
Bimbidwana - plenty of food
Ndlovana - Elephant
Mabasa - Threshing
Nkwekweti - after Naka (Canopus)
Nhlangula - Leaves blow off trees
Nhlaba - Aloe
Kolwane - Kite
Nci - Wolf
Nyoni - Birds
Mpala - Impala
Lwetti - Insects
Ngongoni - Wildebeests
For the Xhosa, June was Isilimela - the time when that
star pattern would emerge from the morning twilight.
Calendar keeping was accurate enough to reveal that
the years average more than twelve complete months,
and, accordingly, an extra month was intercalated every
third year. The manner in which this was done varied
from region to region, given the obvious limitations in
communication.
Thus, by being astute observers of the night-time stars
and of the natural world about them, African people had
progressed to a level that European scholars would
identify with the early Roman empire. This is no mean
achievement, and one wonders how far things might
have progressed had European colonisation not
eclipsed the old understanding. The African calendar
was replaced by that of a supposed superior culture with months named after deceased Roman emperors,
which no longer matched the cycle of the Moon!
Today, in the new South Africa, we are fighting a
misconception amongst black youngsters that science
is something that belongs to white people. Indeed, one
need only read standard textbooks to see how all great
scientific discoveries were made by Europeans and
Americans. However the language of science is, of
course, universal. The establishment of the calendar
and the understanding of the natural world, let alone the
technology of mining and smelting, show that African
people have just as much scientific skill and intuition.
The level may seem different to that of the colonists, but
Africa can be proud of its indigenous scientific heritage.
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Valley City State University
Valley City, NO 58072, USA

Abstract:
Last summer I spent two weeks in south-west
Russia collecting folklore with an EarthWatch
team. Most images in Russian folklore are based
on ancient Slavic pagan beliefs; only the elderly
remember the general folklore, but no-one knew
any stories about the Moon or the stars. However,
our interviews did uncover mythology about the
Summer Solstice ceremony, called Kupalo. In the
village of Krutitsy, we learned the story of the
Solstice fern, which, according to legend, flowers
only once a year, at midnight on the Summer
Solstice. Modern Summer Solstice celebrations
are the remnants of ritual from a very old holiday.
During July 1997, I spent two weeks with an EarthWatch
team collecting folklore in rural south-west Russia. My
own venue was to investigate the astronomical
mythology of the region which might then be
incorporated into a planetarium presentation. We were
located about 300 miles south-west of Moscow, about
half way between the Russian city of Bryansk, and the
Belarus border. In this part of Russia the peasants are
an almost inexhaustible source of folklore because it
makes up a SUbstantial part of their belief system.
Our EarthWatch tasks included recording - (a) the
embroidery found on ceremonial scarves, (b) the
narratives about witches and wood-goblins, and (c) the
folk songs sung while milking. Most images in the
folklore are based on ancient Slavic pagan beliefs. The
Russian Orthodox church, founded in 998 A. D., tried,
but failed, to supplant the pagan world view. The
Communist regime tried to eradicate the folk customs,
stating that, in Russia's past, there were no cultural or
historical values to be preserved. In addition, the
establishment of the seven day work week on the
collective farm, and the limited personal contact between
children and their parents, meant that folk lore traditions
were not passed onto the younger generations. Only
the elderly remember the folklore. We visited many·
elderly, mainly women in their 70s and 80s, in the small
villages near Bryansk. It was amazing to me that no-one
knew of any stories about the Moon, the stars, or
constellations. At a latitude of 53° the nights were short
in July, but the stars were spectacular without the
competition of lights or smog. There was Ursa Major and
Polaris. Mars lit the sky in the south. However, each
time I inquired about sky lore, I was told that they knew
of none. In this very agricultural society, apparently no
one used the sky as a calendar. I surmise that when the
mud dried out in the Spring, they planted. When the
crop was ripe, they harvested. With the Church or
collective farm organizing their time, the villagers didn't
need a calendar.

However, our interviews did uncover some interesting
mythology about Summer Solstice beliefs. My references
are the villagers in the Bryansk Oblate, and the Principle
Investigator of the EarthWatch project, Yelena
Minyonok, who holds a Ph.D in Folklore from the
Institute of World Literature in Moscow. She has spent
12 years collecting old Russian folklore. The Summer
Solstice is celebrated during the night of July 6f7
because the Russian Julian calendar is now 9 days
behind the Gregorian calendar. It is also known in the
church as John the Baptist Day, or by the festival name
of Ivan Kupalo. The ancient Summer Solstice ceremony
was called Kupalo and expressed the relationship
between the Sun and growth of the crops and forest,
and the reproductive powers of the family. By the end of
the 19th century, Kupalo rites were known primarily in
Ukraine and Belarus. According to Yelena Minyonok,
there was no strict order to the celebration. Young
people danced in the afternoon, sang songs, and
poured water on each other. Water is a symbol of life so,
in the past, the water was thought to increase wisdom
and promote good health. Now water is used as a
greeting.
In Russian Folk Belief, Linda Ivanits mentions that the
primary characteristic of the holiday was the lighting of
bonfires and jumping through them. She mentions that
Kupalo's Day was often represented by a doll or
scarecrow which was ritually destroyed by drowning,
burning, or was torn apart. In the village of Krutitsy, we
were told the story of the Solstice fern. A very brave soul
might venture into the forest at night to visit the fern
plants which, according to legend, flowered only once a
year, at midnight on the Summer Solstice. If one could
see the flower, it was believed, one would have a happy
life, and all buried treasures were revealed to the person
who found the flower and picked it. However, this was
also the night of witches on broomsticks and evil spirits
who lurked in the forest (similar to our Hallowe'en).
Witches gathered on pine trees or linden (basswood)
trees so it was not safe to be outside. People used wild
medicinal herbs to protect themselves from the demons.
Inside the house, near the top of the door, people placed
plants such as the thistle or Scotch broom to ward off
the spirits. One of the village women said that her
mother told her that a relative had seen the flower of the
fern on the Solstice night. The flower was a small flame.
It looked like the fire from a match. But the relative
didn't stay in the ferns for very long because the strange
noises frightened him.
On the Summer Solstice five centuries ago, the married
women organized the celebration, which included ritual
bathing by men and women in rivers and lakes. Sexual
liaisons were permitted among unmarried young people,
and children born from such liaisons were considered
"holy" children.
The modern practices for the Summer Solstice
celebrations are only the remnants of the traditions of the
very old holiday, mentioned in Church chronicles dating
from the twelfth century. Fortunately, Russia is now
committed to recording what folklore remains, rather
than allowing the knowledge of the old traditions to die
out. I was pleased to be able to assist in the recording

of this mythology.
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THE STARS ACCORDING TO THE
VIKINGS
Lars Petersen
Orion Planetarium
Sesvej 36, DK-6630 R0dding, Denmark
Abstract:
Stellar constellations related to Nordic mythology
constitute a major part of one of the current shows
at the Orion Planetarium. In the starry sky the
Vikings found the carriage of Thor (God of
Thunder), Frey (God of Fertility), Frigg's chickens,
and the terrible Fenris Wolf with froth foaming
from its mouth. The show also illustrates our
ancestors' ideas of lunar eclipses, the creation of
the world, and how it will come to an end in the
final fight between the gods and Jcetterne (giants)
called Ragnarok.ln addition, the talk will include a
few words on how the Vikings fearlessly navigated
their open vessels across the stormy North Atlantic
using observations of the Sun.
The planetarium show Viking Skies currently shown at
the Orion Planetarium in Jels, Denmark, covers many
sides of the Viking life, but with emphasis on the Vikings'
view of celestial phenomena as told by their myths and
legends, and through their navigation skills. The show
lasts 35 minutes and includes both video and slide
projection (allsky, panorama and normal projectors) and,
of course, an extensive use of the Zeiss Skymaster star
projector. In this short presentation I will retell some of
the stories and show how we illustrate them in the
planetarium.
Like other religions, Nordic mythology has an
explanation of howthe world was created and how it will
cease to exist. The story about the creation of the world
goes like this. In the beginning there was only an empty
void, Ginnungagab, in the middle of the world between
the ice cold Niflheim in the north, and the red-hot
Muspelheim in the south. There were no men or
animals, or sky, sea or ground. Nifleim and Muspelheim
are illustrated by a red and blue quarter sphere, each
consisting of 3 allsky slides.
But as the glaciers pushed forward into the empty gap
they met the heat from Muspelheim; drops of vapour
became alive and formed the jcette (giant) Ymer and the
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cow Audhumbla. Audhumbla licked the great salt rock
and the rock became a big, strong and beautiful man
called Bure. Bure had a son named BUR, and he again
had three sons: Odin, Vile and Ve. They killed Ymer and
brought him to the middle of the empty void and created
the Earth from his body: his flesh became the ground,
his blood the sea, his bones the mountains and his teeth
became loose rocks. From his brain the heavy clouds
were formed. His skull was put up as the firmament and
four dwarfs - 0stre, Vestre, Semdre and Nordre - were
placed in each corner to carry it.
Sparks still came out of Muspelheim. They formed the
stars and planets that wander across the sky. The Sun
and the Moon were also created in this way. They
travelled so fast across the sky on their wagons because
they were chased by hungry wolves. Sometimes a wolf
managed to catch the Moon, and took a larger and
larger piece of it, until in the end it became completely
red with blood. Thus the Vikings explained a lunar
eclipse.
Man lived in Midgard, while the gods lived in AsgArd,
highest up. Asgard can only be reached by crossing
over Bifrost. This is the rainbow man can see, but
nobody knows where it ends. The red band in the
rainbow is flames and therefore no jrette dared to enter
the home of the gods until Ragnarok, the end of the
World.
On a starry night we can experience many of the star
patterns our ancestors invented thousands of years ago.
The most well-known star pattern in Scandinavia is
Karlsvognen (the Big Dipper), which is really a part of the
constellation Ursa Major (the Great Bear). The Vikings
believed Karlsvognen was the carriage of Thor, the
Thunder God, who gave the name to the fourth day in
the week, Thursday. When Thor rode across the sky in
his carriage pulled by two goats, lightning flashed from
the rims and thunder rumbled from the wheels. Thus,
the Vikings explained the phenomena of thunder and
lightning. Thor's weapon was his hammer, Mj0lner,
which never missed its point and always returned to the
hand of Tor. At this point we let Mj0iner circulate the
planetarium dome through the panorama slide
projectors.
Observing closely we find a dim companion to the middle
star of the pole of Karlsvognen. This is the famous AlcorMizar pair. The Vikings called this star 0rvandil's toe.
0rvandil was a brave hero, whom Thor had helped by
carrying him across a wide crevasse in a large basket.
But0rvandil's toe had stuck out and was frozen stiff. To
prevent the frostbite spreading Thor had broken off the
toe and made it into a star and thrown it up into the sky.
Most of the stars which play an important role in Nordic
Mythology belong to the winter constellations, probably
because many of the summer constellations do not
stand out very well in the twilight of Scandinavian
summer nights.
The male figure of Orion was seen by the Vikings as
Frey, who was God of Fertility. Like Orion, Frey also
carried a sword. But Frey's sword was of a very special
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kind: it was shining and could fight on its own, because
Frey was really more interested in love than war!
Following the stars of Frey's belt to the left we come to
the brightest star in the sky, Sirius, or Loke's Fire as the
Vikings called it. The meaning of this name is not known,
but Loke was a jrette, who lived among the gods in
AsgArd, and he was not very popular, because he could
not be trusted and often put the gods in jeopardy.
Following the belt stars in the opposite direction, to the
west, we find the V-shaped head of the Bull, Taurus,
composed of five stars. To the Vikings this was the
mouth of the Fenris Wolf, Loke's child, a terrible monster
which the gods had to keep on a strong chain to control
it.
In this part of the sky we also find Frigg's Chickens, a
small group of close stars. Frigg was married to Odin
and was the mightiest of the goddesses. Today this
open cluster is known as the Seven Sisters, or the
Pleiades.
High above Frey we can observe a bright star, Capella,
known to the Vikings as Asekampen (the light of the
gods) which reminded them of Ragnarok.
Also the jrette Tjadse can be found in the sky. Loke had
kidnapped Ydun, who guarded the apples the gods ate
to bring them eternal youth, and had taken him to
Tjadse's farm. In the fight to liberate Ydun the gods killed
Tjadse by accident, and to console his daughter Skade,
Odin took Tjadse's eyes and put them in the sky as two
shining stars, almost equally bright. To the Greeks the
two stars were known as Gemini, the Twins.
The Vikings were known as excellent seamen, who
could sail their open and speedy vessels on the large
rivers of Eastern Europe all the way down to Byzans and
along the coast lines from Scandinavia to the British
Isles, France, Spain and into the Mediterranean Sea.
But the greatest achievements are perhaps their voyages
across the North Atlantic to discover Iceland, Greenland
and North America. Here landfall was no longer possible,
and old records indicate that the Vikings used latitude
navigation from Norway to Greenland, keeping their
ships on the same latitude as judged from celestial
objects. In midsummer, when the sea is calmest and
most journeys were made, it is hard to observe the North
Star in the twilight that lasts all night. Instead the Vikings
might have used a solar compass. This consists of a
small disc with a gnomon in the middle. On the disc is
drawn a curve marking the path which the gnomon will
follow during the day on the latitude in question for the
days around the Summer Solstice. If the shadow
becomes too long the ship has drifted to the north, and
vice versa, and the course can be corrected accordingly.

AN EXAMINATION OF THE WORK
OF GUSTAVE SCHLEGEL &
JULIUS STAAL ON ANCIENT
CHINESE CONSTELLATIONS
Dr. Jeanne E. Bishop
Westlake Schools Planetarium
24525 Hilliard Road, Westlake, OH 44145, USA

Abstract:
Gustave Schlegel was a world-famous Sinologist,
who published a very detailed description of
ancient Chinese astronomy in 1875. He found
evidence that the four large celestial beasts, the
dragon, the bird, the tiger and the tortoise, may be
as old as 15,600 B.C. His theory sat dormant until
Julius Staal began the tedious and thorough job of
translating Schlegel, cross-comparing his work
with other Chinese experts, and, most importantly,
using the Zeiss V planetarium projector at the
Fernbank Science Center in Atlanta, Georgia, to
confirm and extend the work of Schlegel. In this
paper, I will describe the evidence put forth by
Schlegel and Staal for the antiquity of the "four
beasts" and other constellations. I will also discuss
some of these constellations.
Julius Staal was a planetarium director whose career
covered three continents. After working in planetariums
at The Hague in the Netherlands, the London
Planetarium, and the Witwatersrand Planetarium in
South Africa, he came to the United States, first to open
the planetarium in Baton Rouge, Louisiana, and then to
direct the Fernbank Science Center in Atlanta. He retired
from Fernbank in 1978 and continued to teach at Agnes
Scott College in Decatur, Georgia with a Spitz Model A 1
that he bought as surplus.
In addition to his long career in planetariums, Julius Staal
was a researcher and writer. He had a particular longtime interest in ancient Chinese astronomy. His
translation of Gustave Schlegel's Uranographie
Chinoise, published in 1875, along with additional
research of his own with the Zeiss planetarium projector,
resulted in his writing an article in the Spring/Summer
1974 issue of The Planetarian and a very detailed book,
Stars of Jade, published in 1984, two years before his
death. Yet another book, with ideas from Chinese and
other cultures, The New Patterns in the Sky: Myths and
Legends of the Stars, was published two years after his
death. I recommend these sources to you.
Over the last two years I have spent a lot of time reading
and adapting his work. I believe that his ideas deserve a
revival. In my school planetarium position, I am asked to
prepare programs for both elementary and specialized
high school classes that stress other cultures. I give
some lessons that include Chinese star patterns and
myths. I am so glad that Julius Staal provides us with
information that allows preparation of detailed
presentations about ancient China.

It should be mentioned that most scholars of Chinese
history have begun with the Shang dynasty in 1766 B.C.
At the time of Schlegel's publication, they were reluctant
to accept his idea that the ancient Chinese constellations
originated much earlier. Schlegel placed the origin of a
very large and detailed set of constellations at 15,6000
B.C. Staal tested this hypothesis rigorously in a
planetarium. He found that the cultural connections of all
the constellations, along with correct rising times for the
four very large Chinese star beasts (Dragon, Tortoise,
White Tiger, and Red Bird) match exactly for the date of
15,6000 B. C. He therefore accepted Schlegel's
conclusion and shared his belief in its truth in his
writings. He thought, and I agree, that the Sinologists
who rejected the 15,600 B.C. date of constellation origin
did not fully understand the strength of the planetarium
precessional demonstration as evidence.
Staal was extremely thorough in describing the
constellations which probably originated in 15,600 B.C.
and those of more recent times. However, I found his
book difficult to follow. He drew no large map which
matched the ancient figures with those we know today.
Using his descriptions, I prepared such a map, which
has been developed by Learning Technologies into a
Starlab Cylinder.
The Ancient Chinese divided the sky into four large
seasonal beasts - dragon, tortoise, tiger and bird. The
following are some of the asterisms which are found in
the portion of the sky known as "The Spring Palace of
the Blue Dragon": the Great Horn (Arcturus), the Horn
(Spica), the Heavenly Fields (part of Virgo), the
Emperor's Mat (Northern part of Bootes), the Celestial
Wheel Spokes (Northern part of Centaurus), the South
Gate of the Sky (Alpha and Beta Centauri), the Great
Fire (Antares with two close stars), the Manuring Tray
(part of Sagitarrius), the autumn Marketplace, and the
Money String (Corona Borealis).
The appearance of each of these star groups, in a
particular location at a particular time, was a signal to the
Emperor or others to do certain things. Further, the
seeing conditions, and the presence of special sky
events, were believed to affect the interpretation of the
person or process which the stars represented. For
instance, when the stars of the Heavenly Fields rose
heliacally, ancient astronomers watched them closely.
They reminded the Emperor that it was time for him to
place a plow in his chariot and perform the first plowing
of the year before others set to work. The Emperor then
ordered all the important officials to accompany him, and
together they plowed 1000 acres designated as the royal
fields. The harvest of these special fields was set aside
for sacrifices in special ceremonies. If the astronomers
saw these stars shining dimly, it was believed that some
disaster might accompany either the ceremonial plowing
or the crops. If a supernova or comet appeared in this
region, again it warned of a calamity. Thus the ancient
astronomy of China fueled a form of astrology.
In winter in 15,600 B.C. the asterisms of the Palace of
the Black Tortoise were in the evening sky. They
included the Weaving Star (Vega), the Pearls (directly
above Capricornus), the Ornate Dresses (Capricornus),
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the Coach House (parts of Cygnus and Vulpecula), a
Footbridge Across the Silver River and the Funeral
Mound of the Sun (parts of Equuleus and Aquarius). I
mention the winter palace after the spring one, as this is
the direction of increasing right ascension, the direction
of apparent Sun movement on the ecliptic.
The most famous of these asterisms is the Weaving
Star. Vega's presence on the meridian at midnight once
announced the time in November when women should
begin weaving indoors. While the men hunted or fought
with barbarians in the winter, the women wove clothing
for their families. A few thousand years later, about
12,900 B.C., the Weaving Star was on the meridian at
midnight in December. Many ancient Chinese marriages
took place at this time, because people were no longer
busy with tending crops and harvesting them. Thus the
star came to stand for marriage. In recent times Vega is
on the meridian at midnight in summer, so a myth
famous throughout the Oriental countries describes how
the Weaving Star Princess visits her husband on the one
date of the seventh day of the seventh month. Magpies
fly up from the Earth to form a bridge so that the
princess can walk across the Milky Way to see the royal
Herdsman. Many Chinese marriages now take place on
the seventh day of the seventh month (usually in our
month of August, as the year begins in February)
The three remaining palaces, the Autumn Palace of the
White Tiger, the Summer Palace of the Red Bird, and
the Central or Imperial Palace of the North, all contain
interesting asterisms. Our Big Dipper is the Chinese
Balance of Jade or the Northern Bushel, a pattern
located in the Central Palace. The Emperor of Heaven
was thought to rule from the Central Palace, a section
that became more important to the Chinese than the
four great seasonal beasts beginning in about 3000 B.C.
Altogether there are 213 asterisms in the ancient
Chinese sky, a number that reveals the complexity of
ancient Chinese sky ideas.
The four large beasts were equatorially-centred
creatures, whose vast bodies included but were not
centered on the ecliptic or the Moon's path. Each beast
contained 7 Moon houses as well as many other "coriser" figures. The beast stars announced the beginnings
of seasons, heliacal risings for the dragon and tiger and
evening risings for tortoise and bird. The heliacal rising
ofthe stars Arcturus and Spica (the Great Horn and the
Horn) originally marked the beginning of Chinese spring
and the New Vear. Now, due to precession with the
elapsed time, the stars Arcturus and Spica are visible in
the evening sky rather than the morning sky. And the
traditional idea of the dragon with the pearl, based on the
full Moon in the dragon's horns near sunset, wilt not
work now to announce a February Chinese New Vear.
Precession work in the planetarium shows this was
possible for about 2500 B.C. Currently the new Moon is
used to mark the beginning of the three-day Chinese
New Year celebration. The sky dragon's horns appear a
long time after sunset.
A knowledge of the four animals, Moon houses, and the
co-riser patterns can assist our understanding of
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Chinese art, occupations, government, social and
military organization, ceremonies and tools. I have great
respect and much gratitude for the work done by Julius
Staal to bring this information to our attention.
Bringing this discussion into the present, the twelve
animals of the Chinese Zodiac ("Vellow Road of the
Sunil), assigned to different years in a 12-year-cycle in
Chinese astrology, and seen today on place mats and
art, was developed about 200 B.C. This set of figures,
roughly corresponding to the Western Zodiac but going
in reverse direction starting with the Rat as Aquarius,
developed very late in Chinese astrology/astronomy. The
figures of this Zodiac have had far less impact than the
Four Beasts and other ancient figures. Further, the
number 12 in the Chinese Zodiac appears to have
gained its significance from the 12 years that it takes the
planet Jupiter to make one 360 0 journey about the sky,
rather than from the number of months in one year.

DO MEGALITHIC GRAVES HAVE
AN
ASTRONOMICAL
ORIENTATION? A EUROPEAN
PERSPECTIVE
(Poster)
Andreas Hanel
Museum am Schdlerberg
Natur und Umwelt . Planetarium, Am Schdlerberg 8, D49082 OsnabrOck, Germany

Abstract:
We have measured the orientation of megalithic
graves in Bretagne (France), Osnabrucker Land,
(Germany) and Catalonia (Spain). These results
are compared with the orientations of other
megalithic tombs in Europe, and possible
astronomical interpretations are discussed.
INTRODUCTION
Common practice in studying the astronomical
knowledge of ancient people is to consider potential
astronomical orientations of buildings. This method is
necessary for civilisations without any written traditions.
Cultures of the Stone Age, especially, have always been
open to speculation about their astronomical knowledge
or even contact with extraterrestrials. Nevertheless it is
interesting to investigate more thoroughly the roots of
astronomy in ancient civilisations because by this we can
learn something what motivates people to learnmore
about the starry sky, including those who are the
planetarium customers.
METHODS AND THE GRAVES IN BRETAGNE
The megalithic monuments from the Stone Age in the
French Bretagne (Brittany) are impressive, the most

famous being the stone rows (alignments) of Carnac.
But in the same region one also finds lots of megalithic
graves, the dolmens. Some of these dolmens just have
a chamber, others have passages or several chambers.
The first were constructed at about 4000 B.C. In about
2500 B.C. more long chambers ("allees couvertes") were
constructed. We wanted to check whether the entrances
of the passages are orientated to astronomically
significant horizon directions. First we tried to use
published plans from excavations. But these were not
reliable because we found different directions to the
north on different plans. This might be due to the fact
that magnetic north is given, which changes with time,
and is generally different from the astronomical north,
which often was not given. So we decided to re-measure
as many graves as possible with a compass. Noting the
date and by using topographical maps, we could
determine the magnetic variation and with this the
astronomical north. As the passages of the graves are
often not well defined, the accuracy of a compass to 2°
proved to be sufficient. About 50 graves have been
measured and most are orientated to the southeast,
some to the northeast. The mean azimuthal direction
(N=O°, E=90°, S=1800) for the NE group is 69°, for the
SE group and most dolmens 130.5°. This value is
remarkably close to the sunrise azimuth on the winter
solstice of 126°. In addition, the most important graves
like the Table des Marchands at Locmariaquer, and the
dolmen on the island of Gavrinis, are very accurately
orientated to this direction.
THE GRAVES AROUND OSNABROCK
In the surroundings of OsnabrOck, and in the northwestern part of Germany extending into the Netherlands,
there exist a lot of megalithic graves. These are mainly
gallery graves ("Ganggraber"). Seldom can the
entrances still be seen, but in those cases where
entrances do still exist, they can be found on the
southern side of the graves. We measured the
orientation of the long axes of 44 graves using the same
method as in Bretagne. All are orientated east-west with
a mean azimuth of 83.3°. Only 12 had entrances that
could still be recognized, so we supposed that all
chambers had entrances on the southern side, rotated
by 90° against the measured direction. So the direction
of the entrances is to the south with an azimuth of
173.3°. Hamel (1985) found a similar orientation for
graves in Mecklenburg (north-eastern Germany). These
orientations are different from the graves in Bretagne
and the entrances seem to be orientated in the direction
ofthe highest position of the Sun during its diurnal path
through the sky.

AN EUROPEAN PERSPECTIVE
During recent years some papers about the orientation
of megalithic graves in Europe have been published and
these results can be compared; Burl (1983) summarizes
the azimuths of chambered tombs in Britain, and Hoskin
and collaborators (1995) have measured megalithic
remains in severa! Mediterranean regions. In most
regions the tombs show to the south-east, in the
direction of the rising winter Sun. Few are orientated in
other directions. So the festival of the rising winter
solstice Sun seems to have been common in Europe.
From the north (Scotland) at latitude 58° to the south
(Andalusia) at latitude 37°, the azimuth of the rising Sun
at winter solstice changes from 140° to 121 0. The
accuracy and the scattering of the data is too large to
find a coincidence in the orientation of the graves and
the variation of the azimuth. For some concentrations of
megalithic buildings, orientations are not yet known
(especially in Scandinavia); from these regions azimuth
data might be very helpful to clarify the picture.
REFERENCES:
Burl, A., 1983: Prehistoric Astronomy and Ritual,
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MEGALITHIC TOMBS IN CATALUNYAfSPAIN
Another concentration of megalithic tombs can be found
in Catalonia in the north-east of Spain. Most of them are
small dolmens ("galeria catalana") and often they are in
remote places, where they are very difficult to find. So
only about a dozen have been measured with the same
method, and these orientations have been compared
with those determined by Tarrus i Gaiter et a!. (1990 and
1996). Both series of measurements agree quite well, so
we used their values for our statistics. Most tombs are
orientated to the south-eastern direction and are aligned
to the same direction as the graves in Bretagne.
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RESOURCES
"WELCOME TO THE UNIVERSE" ..
AN INTERACTIVE EXHIBIT AT THE
CHARLES HAYDEN PLANETARIUM
Larry Schindler
Charles Hayden Planetarium
Museum of Science, Boston, MA 02114, USA

Abstract:
Recently an interactive astronomy exhibit opened
in the Charles Hayden Planetarium Lobby at the
Boston Museum of Science. One component is a
series of "windows" which provide ever-expanding
perspectives of our three-dimensional place in the
universe, rendered in stunning fibre-optics. Visitors
may experiment in a swivel seat and observe how
the phases of the Moon arise, or toy with a
miniature Earth-Sun model to understand the
seasons. "Mystery Star" challenges the visitor to
decipher what causes the changing light pattern of
a variable star (eclipsing binary). At the "Hands-on
Universe" computer station the visitor selects from
a number of CCD astronomy images, enhancing
them with a variety of image-processing tools; a
vending machine then provides a souvenir hardcopy. A true scale-model "Community Solar
System", begins with a segment of a 12-foot Sun
in the Lobby, and bronze planet models on special
kiosks located around the Boston area. Those who
complete a "Solar System Passport" by making
rubbings of the planet symbols at each of the
kiosks, may return it for a special certificate and
Planetarium passes.
On October 30, 1997, after more than six years of
planning and fund-raising, an exciting new exhibit
opened in the Lobby of the Charles Hayden Planetarium
at the Museum of Science, Boston. Planned by Mary
Dussault, designed by Deborah Sovinee of the
Museum's Exhibits Department, and with input from the
Exhibits Department and Planetarium Staff, Welcome to
the Universe follows the Museum's philosophy of
"Science Is An Activity." Its objectives are to: 1) provide
interesting and worthwhile activities for Visitors waiting to
enter Planetarium shows; 2) raise the general level of
activity and visibility in the vicinity of the Planetarium to
draw visitors' interest there; 3) allow for "inquiry-based"
self-experimentation, varied perspectives, and a greater
depth of involvement with certain basic aspects of
astronomical subject matter typically difficult to convey in
Planetarium programs. Specific exhibit components
therefore, center on important themes - cosmic sizes
and distances, geometrical relationships in space and
how they affect the seasons and lunar phases, and how
analysing the light from distant objects helps us
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understand the universe.
Consistent with the Museum's established process of
exhibit development, once the basic designs of the key
"hands-on" components had been established, the
Exhibits Department built prototypes. These exhibit
modules were then installed in an area called, The Test
Tube, where visitors could play with them. By observing
and interviewing the visitors, Exhibits staff could then
note which aspects were successful in terms of
achieving learning objectives, level of involvement, and
durability of the design and construction. In this way,
most - though not all - of the bugs and weaknesses
could be eliminated from the final units.
Specific modules include:
Reasons for the Seasons - A non-scale model of
the Earth-Sun, in which a spinning Earth may be
moved manually around a Sun, demonstrates how
the illumination of the Earth changes with respect to
its tilted axis at various positions. A tiny figure of a
human on a metal rod (internally referred to as
"Rick-on-a-Stick") can be positioned on the Earth
model to show how the shadow (lighting angle)
changes with season and latitude.
Going Through Phases - The visitor sits on a swivel
seat with a 4-inch model of the Moon attached,
illuminated by a small spotlight "Sun" located
several feet away. The Moon is attached to the seat
by a bracket in such a way as to simUlate revolution
about the Earth. A complete cycle of lunar phases
can be observed from the seat by rotating the seat
and Moon.
Mystery Star - The visitor is challenged to explain
what causes the light coming through a translucent
panel to fluctuate in a certain regular pattern. An
oscilloscope trace graphs the light fluctuations in
real time. A knob connected to another light
source, detector, and trace may be manipulated to
allow the user to try to replicate the pattern. After
experimenting for as long as desired, the visitor may
'peek' into the exhibit case to see an
electro-mechanical version of an "eclipsing binary."
Stellar Rainbows - A variety of spectra from gas
discharge tubes may be compared by viewing the
light through a diffraction grating.
Hands On Universe - Based on a project originated
by Carl Pennypacker at Lawrence Berkeley, this
kiosk permits the selection of any of a number of
stored digitized astronomical images captured by a
CCO camera. Image-processing software enables
the visitor to manipulate and enhance the images,
graph density, etc. to learn how astronomers glean
information from such data. A planned further
enhancement will permit a visitor to obtain a print-

out of an image to take home.
Where In the Universe Are You? - An abbreviated,
but three-dimensional version of "Powers of Ten,"
where the universe is portrayed in six steps - Earth,
Solar System, Stellar Neighborhood, Milky Way
Galaxy, Local Group, Large-scale Structure. Each
is a three-dimensional model stunningly and
effectively rendered with fiber optics and black light.
Pushing a button shows our cosmic location in
each of the panels.
Telling Time By the Sun - A static, but elegant
display of antique pocket sundials from the
Museum's collection.
Sky Watchers of the Past - A scale model of
Stonehenge, as it is believed to have appeared in
about 1600 BCE. Pushing a button shows the Sun
rising behind the Heelstone.
What's New in Astronomy - Recent images from
various ground and space observatories, including
some from the Museum's new Gilliland Rooftop
Observatory.
Star Colors - Turning a knob varies the color
temperature of a 'star' (light bulb), from dull red to
bright white.
*

Graphics - Several panels are devoted to a display
of colorful astronomical photographs Featured is
a large, first-generation photographic print of the
Hubble Deep Field.
The Community Solar System - A 1:400,000,000
scale model of the Solar System, centered in the
Planetarium Lobby with a spherical segment of a
12-foot diameter Sun, and extending throughout
the Boston surroundings for a distance of
approximately nine miles. Each of the planets is
cast in bronze, and textured to display prominent
features. The size and texture, along with tactile
symbols and the planet's name in braille, helps
make the exhibit accessible for vision-impaired
people. A complete set of the planets, with printed
and audible information, is positioned around the
Sun in the Lobby. A duplicate set is located at
approximately correct scale distances in various
publicly accessible sites around Boston. Mercury
and Venus are within the confines of the Museum;
Earth is at the nearby Royal Sonesta Hotel; Mars at
a local indoor mall; Jupiter at Boston's South
Station; Saturn at the Cambridge Public Library, etc.
Pluto resides at a Commuter Rail Station, well out in
the Boston suburbs. Each planet is mounted on a
sturdy, vandal-resistant, weatherproof kiosk, with an
embedded bronze symbol, information about the
specific planet, and a map showing locations of the
others. Constraints on the scale were: 1) The Sun
had to frt on a certain wall in the Planetarium Lobby;
2) Pluto could be no smaller than a pea; 3) Suitable
public locations needed to fall at the designated
distances. Somehow, not only did Mary Dussault
and her colleagues manage all this, but interestingly

and conveniently, the scale arrived at means that at
a comfortable, 30-inches per second walking pace,
a person could move along the mode! Solar System
in about the same amount of time that light takes
along the equivalent path in the real Solar System!
Another unique feature is that visitors may pick up
a "Solar System Passport" in the Museum. This is
a small brochure containing not only descriptive
information about the model, but spaces for each
planet, where a rubbing of its brass symbol may be
made.
Anyone completing the entire tour may send in the
passport for a certificate of accomplishment and two
Planetarium passes.
To date, approximately sixty
certificates have been issued.
Welcome to the Universe has indeed proven to be a
welcome and fitting enhancement to the lobby outside
the entrance to the Charles Hayden Planetarium, inviting
a rich assortment of entertaining and educational
astronomy activities and displays for visitors of all ages
and interests.

GETTING TO GRIPS WITH THE
UNIVERSE
Sylvia Chaplin
Jodrell Bank Science Centre & Arboretum
Lower Withington, Macclesfield, Cheshire, UK

Abstract:
Misconceptions held about the nature of
interactivity may lead observers to suggest that
good interactive astronomy exhibits do not exist. It
is often stated that "hands-on results in brains-on",
but, "hands-on" offers no guarantee of learning. A
deeper involvement in the learning process by the
individual is required than just the doing of a
practical task. The success of an interactive exhibit
can only be measured by the extent to which each
individual becomes involved with it.There are
many good interactive exhibits that deal with the
physical concepts of astronomy but the really good
also impart a sense of wonder and wow.
I would propose that good interactive astronomy exhibits
do exist and it is the misconceptions held about the
nature of the interaction that may lead commentators to
suggest that they do not. Intuitively people often
substitute the catchy phrase" hands-on" for the word
"interactive", It is stated that "hands on" results in "brainson" and this is what enhances the potential for learning
in the users of interactive exhibitions. Or does it? In fact,
interactives are no guarantors of learning but they are
powerful tools for the processes of motivation and
participation. Therefore, their quality or success should
not be judged by "what is learnt". Instead they should be
judged by the nature of the interaction and the extent to
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which the users become involved, not only practically,
but intellectually, socially and emotionally.
The evaluation of astronomy interactives according to
these criteria enables us to consider exhibits which, in
the first instance, may not be considered as "true"
interactives. For instance, models are a feature of many
astronomy exhibitions yet their potential as good
interactives is sometimes overlooked, understated or
simply not recognised. The critical factor is that a mode!
should be built to be practically accessible, whilst
retaining the qualities that will stimulate a sense of awe
and wonder in the observer. It must stimulate the visitor
to interact with it and cause visitors to interact with each
other in different ways and on a number of levels.
An example of a simple model with these qualities is
contained within the Pathways to the Universe exhibition
at Jodrell Bank. The model consists of 3D painted
models of each of the planets, constructed to scale in
size but not distance. The planets are not behind a
barrier, they are truly accessible, and we risk what a
hundred-and-forty-six thousand pairs of hands can do to
them ina year, including the type of incident that our
notice alluded to this March, that is "the removal of
planet Earth by an alien life form". This model engages
visitors of all ages well beyond what is the average time
limit for any other exhibit. It stimulates a huge variety of
discussions between individuals, as well as questions
and comments of wonder and surprise. Our objective in
creating the model was to invite visitors to "hug a planet",
thereby encouraging them into a very physical
comparison of planetary scale through body
measurements. "I can just get my arms around Jupiter,
whilst Earth is only the size of my little finger" is the gist
of the conversation that can be heard from youngster to
parent or teacher. Their interaction with the exhibit
becomes personal, relevant and full of imagery, all of
which contributes to a powerful memorable experience.
Other examples of good astronomy exhibits, designed
with the same concept and outcomes in mind, are Solar
System trails or pathways and stand-on sundials. The
solar pathway that I remember so well is at the museum
in Houston. The reason for the impact that it made was
that we became involved with it at a point when we least
expected it, that is before we had even entered the
museum. It is a perfect example of how to lead your
visitor towards a voyage of discovery through the doors
of your establishment l
The impact of interactive astronomy exhibits can be
strengthened by placing an exhibit into a particular
context, that is placing it amongst other forms of
interpretation devoted to a particular theme rather than
allowing it to stand alone in a gallery devoted entirely to
hands on exhibits. "A picture is worth a thousand words"
and what better imagery do we have in science than
astronomical images. Thus, the successful intellectual
synergy that is created between the gravity hollow in the
Science Museum in Sydney, and the images of orbiting
planets and the collapse of stars to form black holes.
Similarly, in Hong Kong's Space Museum, interactives
relating to types of electromagnetic radiation develop a
deeper meaning through their association with
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astronomical images taken in the different wavelengths.
At the science centre at Herstmonceux, the visitor is
challenged to create the cloud belts of Jupiter through
interaction with a sphere full of coloured liquid. The result
of this interaction is visual imagery which deepens the
understanding of the processes. In addition, it stimulates
the user's imagination and creates a memorable
experience, which in turn can contribute to the learning
process.
Memorable experiences are invariably linked with other
responses such as amazement, laughter, excitement,
fun and surprise. These responses are often
encountered around good interactive exhibits. In many
instances they are more noticeable because they are
shared by the participants. The sharing of the experience
can certainly add strength to a memorable experience
and it can stimulate the individual or the group as a
whole to want to find out more. In Singapore the
dropping of weights to create impact craters is fun and
exciting, as is the spinning on the gyro chair at Jodrell
Bank when exploring the effect on a star's spin as it
collapses to forrn a neutron star.
There are many good astronomical exhibits that deal
with the physical concepts of astronomy, but the really
good also impart a sense of wonder and wow.
I can think of no better interactive exhibit in this category
than a telescope, particularly when used for solar
observations, as in Hong Kong and as is planned in the
Exploratory near Canberra. The Internet and Web are
making installations such as these, and robotic
telescopes at observatories, into interactive astronomy
exhibits that are accessible to the public on a world-wide
scale.
In conclusion, I would reiterate my proposal that good
astronomical interactive exhibits do exist. They exist in
many guises and in many institutions around the world,
and their value, in stimulating an interest in astronomy
through the memorable experiences they engender,
should not be underestimated.

EXPLORERS' PROJECT UPDATE
Peter Michaud
Bishop Museum Planetarium
1525 Bernice Street, Honolulu, HI 96817, USA

Abstract:
In mid-1997 the Bishop Planetarium entered into
a co-operative agreement with NASA, called the
Explorers' Project. Among other products, this
relationship will generate two planetarium shows
that highlight Polynesian voyaging and astronomy
atop Mauna Kea to provide a unique context for
NASA's exploration of the universe. These
programs will begin distribution (free) to US
planetaria this year. In this presentation, Project

Manager, Peter Michaud, will review some of the
innovative ways that the WWW and other
technologies have been used to extract
information in the formative evaluation process for
the programs. We believe that these techniques
can be used by any planetarium, and can provide
an important tool for assuring programming that is
both effective and educational. In addition, I will
review the progress of this project and how
planetarians may join in its activities.
The Pacific, Polynesia and Hawaii have a heritage of
exploration that few people appreciate. Probably the
earliest ocean explorations were by Pacific people, and
recent evidence shows that it might have been well
established in Indonesia as far back as 800,000 years
ago. Voyages northward to Hawaii probably took place
from central Polynesia some 1500-2000 years ago, and
represent a feat of exploration unparalleled anywhere on
our planet.
That spirit of exploration continues today atop Mauna
Kea, as the world's most powerful telescopes take all of
humanity to the edge of our universe. Central to both
ancient Polynesian voyaging and modern astronomical
exploration are the stars. Sounds like good fodder for
planetarium programming, doesn't it?
At the Bishop Museum Planetarium in Honolulu, we've
been telling the story of these explorers for decades and
now, thanks to NASA, we have the opportunity to tell it
to the rest of the community.
Called The Explorers' Project, this educational
partnership between Bishop Museum and NASA will
result in two planetarium programs that will be distributed
at no charge to requesting planetaria throughout the US
over the next few years. The first program (which is now
nearing the distribution phase) highlights Polynesian
voyaging and how this spirit of exploration relates to
NASA's missions to explore space. The second program
(due for release in early 1999) will link NASA's
exploration of space with the high-tech astronomical
research atop Mauna Kea. Together these programs will
present a view of exploration that is relevant, exciting,
and, most importantly, engaging.
In addition to these two planetarium programs, each
show will be accompanied by educational materials and
a World Wide Web site. These materials will provide'
more details for participants who want to learn more than
can be included in a 30-minute planetarium show. Each
program will also be designed for adaptability in any
planetarium regardless of size or technology level. We
hope that they will take planetarium programming in new
directions that some might describe as revolutionary!

hope will assure the highest quality product possible.
First, a local and national advisory team has been
selected, who are actively involved in the formative
evaluation of early program flowcharts, storyboards,
scripts and soundtracks. Advisors include everyone from
planetarium professionals to anthropologists and
astronomers. We have found this to be very effective in
the development of programs and to help distill
brainstorming ideas into realistic program elements.
Second, this project has utilized World Wide Web
technology to distribute materials for evaluation
throughout the production process. We have found that
the Web can be a powerful tool for this type of
communication, and is a great way to involve others in
program development. Check out our WWW page at:
http://www.bishop.hawaii.org/bishop/planet/ep.html
The last element of our evaluation plan is to select 3
Beta test sites that will perform the final formative
evaluation of each program and related educational
materials. Each site will conduct formal evaluations with
real audiences, as well as educational end-users
(teachers). Input from Beta tests will then be
incoroporated into all materials before full distribution of
both programs begins in early 1999.
In addition to our rather aggressive evaluation plan, the
programs and materials developed for The Explorers'
Project will be designed to be effective in all sizes of
planetaria. This means developing images, video and a
soundtrack that will focus on the technology available
from portable Starlabs to high-tech multimedia theaters.
We have contacted many planetarians to get input, but
would like your suggestions in order to make these
programs more usable (and adaptable) in your facility.
Finally, much has been writtten about NASA's "Faster,
Better, Cheaper" philosophy, but what does it have to do
with planetaria, and specifically this project? As part of
NASA's educational mission to share and interpret its
missions with the nation, we believe that The Explorers'
Project provides a compelling connection between all
explorers, from astronauts to Polynesian voyagers. By
telling this story, the exploration of space is shown to be
a human imperative, not a lUXUry.
Furthermore, by partnering with museums and
planetaria, NASA has a powerful network of skilled
communicators helping to tell its story. This provides
important leveraging that expands NASA's educational
reach on increaSingly limited educational funding. This
new philosophy should present an exciting new era for
both NASA and the informal science educational
community.
We look forward to seeing other Explorers Projects east
of Hawaii!

One of the concepts that has been incorporated into the
production of these programs is not new but is often
overlooked in planetarium productions. It's called
evaluation. We all know the importance of this, but few'
have the time or resources to use it effectively. This
project has several built-in evaluation procedures that we
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HANDS-ON ASTRONOMY
William Dines
Techniquest
Stuart Street, Cardiff, Wales, UK

Abstract:
An outline of how a hands-on science centre with
a small planetarium has built up a series of
activities outside of the dome to enhance the
support ofthe UK National Curriculum. Our aim is
to enthuse the 11-16 year-old age group with a
varied diet of activities, and ensure that teachers
feel that, in spite of the paperwork involved, the
effort of galvanising a small army, is worthwhile.
This presentation explores the menus on offer for
secondary schools.
Techniquest in Cardiff Bay, South Wales, is at present
the UK's only purpose-built Science Discovery Centre.
With a total area of around 3S00 square metres, an
exhibition with 170 hands-on exhibits, as well as a
Science Theatre which seats 100 visitors, a laboratory,
Discovery Room, Electronic Library and .... a
Planetarium. This has a S.3-metre dome, so is just
slightly larger than a Starlab, of which we have two.
Since January we have had a GOTO ES and Sky-Skan
control system.
The population of Cardiff is about quarter of a million
people and this approximates also to the number of
visitors we have received per year since making it to our
current premises, three years ago. TQ is actually 13
years old, and has gone from 1000 visitors a week to
2000, and now has around SOOO per week. Of our
2S0,OOO visitors per year, about one third are in school
groups and the quality of this experience influences
further family visits as well as repeat visits by the schools.
So how do we maintain these numbers?
For schools in the UK, most visits to an attraction are
driven by the support which can be offered directly or
indirectly to the teaching of our National Curriculum.
Since 1989, guidelines for what should be taught to
what level and to which age-group have been laid down
for all schools in England and Wales. Astronomy, or
"The Earth and Beyond", occupies a small section at
each stage of the National Curriculum, which is due for
review in the year 2000.
To avoid the notion that a hands-on discovery centre is
just a great big playground, we provide focussed theme
weeks. This means that during the 170 days of the year
devoted to schools there is a different theme each week.
Consequently our planetarium is not used every day of
every week. Typical in our schools programme would be
planetarium shows for 7-11 year-olds followed by a trail
of several key exhibits in the Exhibition. For 11-14 yearsolds and the 14-16 age group we offer a more
developed focus. As well as the planetarium experience,
laboratory-based or explainer-initiated activities on the
Exhibition floor are offered.
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The latter are very labour intensive and would be difficult
to maintain week in and week out, even if the demand
was there. They would also be very expensive to staff,
and this is where sponsorship for each theme is sought.
Additionally, the development and production of "work"
or "focus" cards is a key element to maintaining pupils on
track and adhering to the educational objectives. After
all, teachers need to feel that the visitor experience has
been worthwhile, from many different angles, and that
their efforts to make the visit happen and all the extra
paperwork and accountancy are fully justified.
For places like ours, and for science education in the
UK, great excitement and expectations have arisen
since the introduction of The Lottery. The outcome of
this is nearly £SOO million awarded to around thirty capital
projects, which are science-related, and this excludes
the Millennium Dome. If they all achieve their levels of
matched funding then a figure of around £1 billion is out
there. This represents tremendous investment in new
buildings and their contents, not to mention a SUbstantial
income requirement to keep them open. Many of these
new attractions will be registered as educational charities
and so will be actively marketing to both primary and
secondary schools.
Many of the bigger Millennium project are predicting at
least 10,000 visitors annually for every £1 million of capital
investment. Current trends, including our own
experiences, would therefore seem to indicate that, with
£1 billion spent, some 3.S million school visits will take
place. Therefore every child between 7 and 13 will make
a visit to a science-related attraction each year!
Our interactions with schools, teachers and students to
offer and maintain an educational resource are the key
issues facing us in the UK, more so now than ever
before.
References:
1. Johnson C.H. Education in Science, April 1998
2. Millennium Commission, Annual Report, 1997

MARS WEEK AT THE AMERICAN
MUSEUM OF NATURAL HISTORY
(Poster)
Arnie Gallagher
Hayden Planetarium
American Museum of Natural History, Central Park West
at 81stStreet, New York, NY 10024, USA

Abstract:
The American Museum of Natural History and
Hayden Planetarium held "Mars Week" to inform
the public about the Pathfinder landing. Activities
included two live broadcasts of "Live from Mars",
childrens' activity workshops on topics related to
the Pathfinder missions, and several evening

lectures on Mars, Pathfinder, Martian Meteorites,
and the search for extra-terrestrial life. We wrote
a "Mars Gazette", a small newspaper with articles
both serious and fun, and created a web site to
disseminate information. Many people put a lot of
work into an exciting week.
The American Museum of Natural History held Mars
Week to celebrate and inform the public about the
Pathfinder landing in July 1997. Mars Week ran from
July4 to 10. On each of those days, we had two video
monitors set up in different halls continually showing
either a tape describing the Pathfinder mission
(mornings) or NASA Select TV (afternoons). The
Museum also created a Mars Gazette newspaper with
articles both serious, about the missions itself, and fun,
like what kinds of clothes should you pack if you get the
chance to travel to Mars. There were also games like
Mars Math and a crossword puzzle.
Monday through Thursday of Mars Week, we ran
children's workshops each afternoon. Each activity
reflected some part of the Pathfinder mission. Monday's
workshop used balloon rockets to simulate a propulsion
system and Newton's Third Law of Motion. Tuesday's
workshop described the unique landing system that
Pathfinder used. Participants cut a large triangle out of
cardboard and folded it to create a tetrahedron. Balloons
were attached to simulate the airbags. An egg was
strapped inside to represent the sensitive eqUipment on
board Pathfinder. Then we dropped our landers and
checked to see if the egg survived the impact.
Wednesday's workshop was mapping an unknown
landscape. Many educators have used this activity to
describe what it is is like to use radar to peer through the
clouds of Venus. With respect to Mars, we told the kids
that you can take tvvo-dimensional pictures of Mars's
surface from an orbiting spacecraft, but you must use
radar to find out what the topography is like. The surface
may look flat in the picture from orbit, but may actually be
sloping at a steep angle. This information needs to be
determined before you land an expensive spacecraft on
the surface. Thursday's workshop was creating pictures
from numbers. We described to the kids that spacecraft
don't send back photographs. They send a stream of
numbers that we reassemble into a picture. Most of our
participants did an activity from Project Spica, where
they have graph paper and a list of co-ordinates to be
completed in either black or white. A picture of Saturn is
created. For younger participants, we had a poster of
Mars made, then cut it up into two-inch square pieces.
Each was labeled to match a large graph. The pieces
had Velcro on them so the kids could stick the pieces on
to the board and reassemble the picture of Mars.

-

meteorites that have been recovered on Earth
THE SEARCH FOR LIFE IN THE COSMOS
Neil de Grasse Tyson, astrophysicist and Director of
the Hayden Planetarium, discussed the history and
future of the search for life in our universe.

A highlight of the week was that the Museum
participated in two live broadcasts of Live from Mars, a
creation of Passport to Knowledge, which has led other
electronic field trips to places like Antarctica and flights
aboard the Kuiper Airborne Observatory. Live from Mars
allowed Museum visitors to ask questions directly to
people involved in the Pathfinder program like Matt
Golumbeck and Donna Shirley. Each tvvo-hour-Iong
program was co-hosted by Neil Tyson.
The American Museum also created a web page
dedicated to Mars. There you can find descriptions of
our workshop activities, many of the articles from the
Mars Gazette, all kinds of background information on
Mars, and links to a bunch of great places. The web
page continues to be updated. You can find it at
V\I\I'vw.amnh.org/mars

We held lectures on three evenings that week:
THE MARS PATHFINDER MISSION
Michael Allison of NASA's Goddard Institute for
Space Studies spoke about the first mission to land
on Mars in 10 years
METEORITES FROM MARS
Martin Prinz, Curator of AMNH's Department of Earth
and Planetary Sciences, discussed Martian
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UNDER ARIZONA SKIES:
NEW
OPENING
PHOENIX'S
DORRANCE PLANETARIUM
Ryan Wyatt
Dorrance Planetarium, Arizona Science Center
600 E. Washington Street, Phoenix, AZ 85004, USA

Abstract:
The Dorrance Planetarium opened as a feature
attraction of the Arizona Science Center in April
1997. Phoenix's first major planetarium features a
60-foot tilted dome - the largest in the U.S.
Mountain States - with Digistar II, Spice interactive,
five video projectors (two on pan-tilt mounts),
numerous slide projectors, special effects and a
five-scanner-set Laser Fantasy System. In a
market new to planetaria, the Dorrance has
attracted more visitors than the Iwerks 8/70 at the
same facility. Both public and school shows have
proven successful, with an unexpected prevalence
of young families from our rapidly-growing
metropolitan area. We are learning to adapt to our
broad range of visitors using live shows that
integrate the latest technology fluently. Live
programming is the· historical strength of
planetaria. Combining it with the latest technology
can provide a basis for the next generation of
planetarium shows.
The Dorrance Planetarium has already attracted more
visitors than the Iwerks 8170 in the same facility. Several
reasons could account for this. The Phoenix
metropolitan area hosts two other large-format film
theaters (one of which has been open for several years),
so many Arizonans have grown familiar with the
Imaxllwerks medium. Although Arizona State University
has operated a planetarium for some time, the science
center has offered the first high-profile planetarium in the
metropolitan area. When presented with a choice of
seated venues, visitors to the science center have shown
an inclination to select the planetarium. Arizona has a
strong history and involvement in astronomy, which may
also benefit our attendance.
In fact, audiences have demonstrated a preference for
astronomy over other topic areas: of our initial offerings,
PlanetQuest attracted much more attention than
Journey into the Living Cell, with feedback that
suggested greater interest in the planetarium as an
astronomical venue. Arizona Skies, our live sky-show
and technology demo, has proven the hands-down
favorite with the public! In Arizona, it seems clear,
people want to learn more about astronomy.
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AROUND THE WORLD

The Arizona Science Center has attracted both school
groups and the general public. The Phoenix metropolitan
area, from which we draw approximately 70% of our
visitors, incorporates remarkable demographic diversity.
Young families have a particular affinity for the science
center, in spite of its target audience of older (10 to
14-year-old) children. Students in early grades also
constitute a substantial fraction of our school audiences.
And Arizona's large senior population certainly hasn't
neglected us. We have attempted to adapt to our broad
range of visitors using live shows that integrate the latest
technology fluently.
Of the eight shows we opened in the first year (two
specifically tailored for school groups, one for young
families, and five for the general public), six were
produced in-house. We opted for localized production
in order to address our particular audiences and
maintain flexibility.
Initially, one of our primary goals has been to provide live
experiences in every show, thereby further differentiating
ourselves from a passive, large-format film experience.
A planetarium operator engages the audience
throughout each presentation, integrating pre-recorded,
timed sequences wrth push button interactive segments,
informal querying, and brief updates on related material.
We have attempted to make the live sections as visually
and thematically seamless as possible, even
incorporating musical bridges to provide continuity. We
focus on enhancing the planetarium experience without
interrupting the flow of the individual programs.
Our other main goal is to keep the production values as
high as possible. Providing pyrotechnics to rival what
audiences see in sci-fi blockbusters is well beyond our
capabilities or budgets, but we can use the variety of
tools at our disposal to create compelling, accurate
representations of scientific phenomena. Sometimes we
also resort to eye candy. We see high production quality
as a means of enhancing the planetarium experience
without detracting from the content that draws patrons
to the science center.
We have begun to sUNey planetarium audiences and
science-center patrons on show quality and content - to
assess how well we have performed and in what
direction to head in the future. The preliminary results of
these sUNeys are now available.
Aside from the technological glitches one would expect,
we have experienced a smooth first year of operation.
The almost organic complexity of combining the quantity
of electronics present in our facility has caused a few
difficult-to-track problems, but we feel that on the whole,
the equipment has freed us to explore new and exciting
avenues, particularly in terms of integrating live and
pre-recorded sections in a single program - without

sacrificing the visual impact that audiences have come
to expect.

in something reflective.

Live programming is the historical strength of plane,taria.
Combining it with the latest technology can provide a
basis for the next generation of planetarium shows.

THE MISSION OF THE NSSC
To present the excitement and significance of sp.ace and
planetary science, astronomy and technology In a way
which captures and inspires the public imagination.
Through promoting a wider understanding of t~e
science of space, to demonstrate its significance to life
on Earth in the 21 st century.

THE NATIONAL SPACE SCIENCE
CENTRE, LEICESTER UK
Alexandra Barnett
National Space Science Centre
University Road, Leicester LE1 7RH, UK

Abstract:
This paper describes the features of this new
facility in the UK, the programmes it will run, and
its aims and aspirations. It also looks at the
process of putting together a £46 million fa ci I.ity,
addressing such questions as "how to desIgn
astronomy and space exhibits"; "how to deal with
the first Challenger Centre in the UK", and "how to
integrate constant peer review from an academic
panel", and looking at the answers the project
found to these issues.

INTRODUCTION
The National Space Science Centre (working title) is a
£46m millennium project opening in Spring of 2001, in
the heart of England, in Leicester. Leicester is a large,
multicultural city, with two major universities, numerous
schools and colleges, and with about 10 million people
living less than an hour's journey time away. It is within
minutes of major road junctions, just over an hour by
train from London and less than an hour from two
airports including Birmingham International.
The Space Centre is a natural centre for Leicester as the
University of Leicester houses one of the largest
university-based space research groups in Europe, and
has had an instrument operating in space every year
since 1967.
A large amount of the money is to regenerate and
decontaminate a nasty brownfield site (a set of Victorian
storm sewage tanks) and build a suitable landmark
building.
The building, by Nicholas Grimshaw and Partners, will
be mostly below ground with a planted roof, and a 40metre tower to house the larger artefacts, as the UK
does not have the weather to permit easy viewing of
artefacts outdoors all the time. The Tower has a 'skin'
which changes opacity to prevent solar gain and the
whole building is very energy efficient. The Planetarium
is a separate structure within the main building and its
dome protrudes through the roof. It will probably be clad

THE MISSION OF THE PLANETARIUM FACILITY
To provide innovative educational and entertainment
programmes to support the aims and objectives of the
National Space Science Centre.

OBJECTIVES
To support and enhance the teaching of astronomy and
related subjects within the formal education system.
To popularise astronomy, space and related sciences.
To provide a unique and flexible venue for events,
conferences and meetings
The NSSC comprises several key components which
are:
- The first Challenger Learning Centre outside the USA
and Canada
- A satellite programme (funded by NASA) and control
centre
- Research facilities linked to the University of Leicester
- 3000 square-metre visitor experience including
rockets and other space hardware
- Simulators
- Visitor facilities
- A multimedia planetarium theatre.
The key challenge for the NSSC is to produce a visitor
facility that will attract 300,000 visitors per year. This
means that the experience has to be fun and
entertaining. Unlike the USA, there is not a large culture
of doing educational things with your children, and
groups that visit science centres are looking to be
entertained first and foremost. However, as the attraction
is underpinned by the credibility of the Space Research
group at the University, it also has to be accurate and
informative.
To have secured the first licence for a Challenger
Learning Centre (a space-based learning experience see
http://wvvw.chaUenger.orgl) is a real honour, and the
NSSC is working hard to adapt the US curriculum
materials to the needs of the UK National Curriculum.
Our satellite is CATSAT, which is a small student-built
operated satellite investigating gamma ray bursts. From
our control centre we will also be able to access data
from other satellites such as weather sats, comms sats
etc.
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THE PLANETARIUM
However, this paper is mainly about the planetarium
theatre. There are few large planetaria in the UK, and for
schools in a large part of the Midlands,
Northamptonshire and East Anglia, a visit involves a long
coach journey to either London or Jodrell Bank.
The NSSC faced some interesting challenges as it got
off the ground. Firstly, because of the public money
involved, any decision on the planetarium was going to
have to come after an open procedure, as laid down by
EU procurement law, was followed. This meant that
while the project could view and read about different
equipment and manufacturers, the final choice would
have to be made against a set of published criteria and
tender documents that were deemed to be fair under EU
law.
In the case of the NSSC, tile decision was solely going
to rest on what was the best choice for that project's
aims and objectives. Had the aims and objectives and
criteria been slightly different, a different system might
have been chosen. It is great that the planetarium field
has sufficient choice to enable any project to select the
best combination for the job it wants to do.

DEFINING THE CRITERIA AND BUDGET
An examination of the target audiences and expected
numbers revealed that the facility would be best served
by a dome with between 200 and 250 seats. These
calculations are quite easy to do and involve assessing
peak days and peak hours and off-peak days and hours.
The aim is to have the largest facility you can afford that
doesn't look empty all the time. (People wonder where
everyone else is if it always looks empty!) A large
questionnaire was then devised and distributed around
the project and its advisors in order to get a feel for the
programming aims and objectives. It asked questions
like:
"00 you want to be able to use the theatre for live
lectures?"
"Do you want to be able to stage a concert or play?"

This enabled the project to start to get a feel for the sort
of layout and theatre use. Questions about the functions
a star projector must have, the sort of special effects
required and so on to get a feel for the needs of the
programmes were also asked. The questions were
designed to probe the use of the theatre without going
into particular features of equipment.
From the responses, an assessment was made of what
types (not makes) of equipment would be required, what
duplications were possible (for example, many special
effects can be done by video or laser) and then a set of
guidelines were written which stated what was the
minimum requirement for the theatre, what was desirable
and what options the theatre would like if the budget
allowed. The splitting of features into essential, desirable
and optional was based on the expected programming
use. For example, an astronomy professor may have
asked for a very specific feature on the star projector that

92

only she would use with her class once a year. If this
feature cost more to have, then it was considered lower
priority than perhaps the equipment to enable hook-ups
to the Internet which would be used more often.
Using budget estimates from the manufacturers, and in
negotiation with the project, a reasonable guideline
budget was assigned which was felt would allow the
majority of manufacturers to place a bid for the essential
system, and, depending on their costs, for some of the
desirable and optional components too.
These guidelines also contained a set of criteria which
were:
• Degree to which the proposal complies with the
missions, objectives and aims of the Planetarium. Will
it deliver the NSSC programme?
.. Compliance with technical guidelines
.. Technical quality of the equipment proposed with
regard to reliability, versatility and running costs.
.. Identification of the strengths and weaknesses of the
proposal with regard to the various programmes
stated in this document (public shows, education
shows, special events etc.)
.. Cost of the baseline ( Essential) design and cost of
additional options (Desirable and Optional)
.. Track record of the proposer
• Competitiveness on costs
.. Competitive and comprehensive nature of after- sales
service, maintenance and training
A notice was placed in the EU journal and faxed to all
manufacturers outside the EU. It required qualification
documents to be sent that would then be replied to with
the guidelines. The procedure allows about 52 days from
the date of advertisement for receipt of proposals, a lot
of work in a very short time, but five proposals were
received. Two were over the budget, three were within a
stone's throw.
The three shortlisted proposals were invited to give a
presentation to a panel which consisted of three lay
persons familiar with the aims and objectives of the
project, and a technical advice panel of three
planetarium technicians. Also advising the lay panel were
the project's Financial Manager (on issues of payment
terms, budget, forward purchasing currency etc) and the
Construction Manager (on issues relating to the
supplied
on
programme,
project
information
management, contracts, exclusions etc.). The Creative
Director advised on operational considerations within the
centre - eg staffing levels or running costs.
The presentations consisted of open presentations to
the project at which other advisors sat in and asked
questions, and then closed sessions where the panel
asked the candidates questions. The panel had
previously had the three proposals for nearly a month to
study and compare them with regard to the various
criteria.
As a result of this procedure the panel came to the
unanimous decision that the contract should be awarded
to Spilz Inc. The unsuccessful candidates as required by

the EU rules, were then supplied with full debriefings
based on the criteria.
The panel felt that all proposals were very well suited to
the NSSC, but that the Spitz Inc proposal best matched
the aims and objectives of the project with regard to the
amount of the budget allocated to various types of
equipment, and the comprehensive nature of the
complete package with regard to project management
and services. It was also affordable within the allocated
budget - one of the key criteria - allowing some extra
funds for opening show production.

SUMMARY OF THE NSSC PLANETARIUM
SPECIFICATION
- Approximately 200 seats, wider than average,
variable, reclining. One section removable for
wheelchairs
58ft 10° tilted projection dome. Front springline at 1m
from floor.
1024 star projector on elevator
Electric Sky Video panorama (3 or 4 projectors to be
determined later)
2 video projectors on X-Y mounts
Omniscan Laser System
Static AlISky and Panorama projectors (possibly a 2Pi
system from ProDome)
Multi-image slide projectors
Intelligent Lighting
Digital Surround Sound
ATM4 control system
Off-line production suite
Fine details are still to be decided and the contract allows
for decisions to be made at the point of order so that
technology doesn't catch up too fast. The Planetarium
facility is expected to be operational by the autumn of
2000, giving nearly six months for commissioning and
show installation. The NSSC dome is planning to use its
own staff, plus the considerable resources of the three
local universities in show production (two ofwhich have
VR or graphics and animation departments).

CONCLUSION
The EU procurement procedures resulted in a very fair
competition which assessed the proposals on their
suitability for the particular project under consideratio!l.
As the other new UK projects are also predominantly
funded by public money, they too will have to follow a
similar route. Their programming aims and objectives
and budgets are different to those of the NSSC and it will
be interesting to see what their choices turn out to be.
[Further information on request from the author
(TEL: + 44 1933 443628 FAX: + 44 1933 443627
E-MAIL: alexbarnett@dial.pipex.coml)

THE
NEW
BOT
OBSERVATORY AND SCIENCE
CENTER
IN OAKLAND,
CALIFORNIA, USA
Jose Olivarez
Chabot Observatory & Science Center
10902 Skyline Boulevard, Oakland, CA 94619, USA

Abstract:
This new 76,OOO-square-foot, state-of-the-art
Science Center now being built in Oakland,
California, will feature a 250-seat, 70-foot,
multimedia Planetarium with the new Zeiss Mark
VIII (Universarium) fiber-optic star projector as its
centerpiece. In addition, there will also be three
major telescopes on site: a new 36-inch reflector,
and two historic refractors (an 8-inch by Clark,
c.1883; and a 20-inch by Brashear, c.1915!)
Complementing these first-class astronomical
facilities will be a 210-seat, 60-foot, domedscreen Science Theater, a Challenger Center
space flight simulator and two major halls of
exhibits highlighting "Our Place in the Universe"
and Planetary Astronomy. This innovative
astronomy-based science center is scheduled to
open in the fall of 1999.
AN ASTRONOMY BASED SCIENCE CENTER
The new Chabot Observatory and Science Center
("Chabot") will be taking a leadership role in teaching
science through astronomy. Its magnificent facilities of
Zeiss Planetarium, Large Observatories, Megamax
Theater, Challenger Center, and Exhibitions, are
designed to engage visitors in a quest for science literacy
through the science of the universe. At the new Chabot,
students, families and adults will observe the
interconnectedness of the sciences through the unifying
power of astronomy. They will discover not only the
universe and its unified sciences, but that it is all, in fact,
a mirror image of themselves. Further, as a
community-based Science Center with state-of-the-art
equipment, Chabot programs for teachers, students,
and the public will be inquiry-based - spurring questions,
discussion, and interactive learning opportunities that
expose participants to new ideas. Programs will
illuminate the connectedness between our daily lives and
scientific principles.
EDUCATIONAL GOALS
Chabot educational goals include educating teachers in
science content, pedagogy, and new teaching
technologies. Through a grounding in astronomy, they
will learn more effective ways of engaging children and
adults in the exploration of science and technology. The
educational program will further strive to inspire an
interest in science among children and adults through
astronomy, by demonstrating their connectedness to
the Earth and sky.
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The new Chabot Observatory and Science Center
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ZEISS PLANETARIUM AND OBSERVATORIES
Three of the most dominant features of the new Chabot
are its domes, which house the Zeiss Planetarium and
two classic telescopes. The Zeiss state-of-the-art
fiber-optic star projector is housed under a 70-foot dome
and the domes for the 20-inch and 8-inch refractors
dominate the west end of the building. The 70-foot dome
houses the Zeiss Universarium series star projector
whose starfield brightness surpasses all other American
planetaria. The Universarium projects 9,100 stars so
realistically that the seated audience of 250 will be
convinced that they are experiencing the real sky under
perfect viewing conditions. A bright realistic starfield was
an essential requirement for our "astronomy-based
science center" and the specifications were best met by
Carl Zeiss.

Our Place in the Universe will be a 'Hologlobe' acquired
from the Smithsonian Institution.

The two domed observatories house a 20-inch f/17
Brashear refractor on a Warner and Swasey mount, and
an 8-inch Alvan Clark Refractor built for Chabot by the
Alvan Clark and Sons firm in 1883. Both telescopes will
be used for visual observing by students and the public.
A third telescope, a 36-inch reflector, will be designed
and built especially for Chabot and housed under a
roll-off roof unit next to the dome of the 20-inch refractor.
The 36-inch will be used for astrophotography and CCO
imaging while the two refractors will be used for visual
observing and photography of Mars, Jupiter, and Saturn
during the coming oppositions of these planets. These
magnificent telescopes will engage our visitors in
astronomy in a live and personal way that will further our
mission of personalizing science.

L'HEMISFERIC:
THE
ARRIVE IN VALENCIA

MEGAMAX THEATER AND CHALLENGER CENTER
Another outstanding venue at the new Chabot
Observatory and Science Center, will be a Megamax
Space Science Theater. The heart of this 60-foot domed
theater will be an 8170 Cine-Kinetics Projector by
Hi-Tech, a firm on the cutting edge of large style theater
production and presentation. Chabot will be the first
institution in the United States to install Hi-Tech's
revolutionary film gate system which provides the most
stable film image possible.
In a space specifically designed for the program at
Chabot, students and adults will "fly" space shuttle
missions in the Challenger Center. Participatory
scenarios here will include simulating a return voyage to
the Moon, a mission to Mars, and an "Earth encounter"
which focuses on the Earth's environment.

OUTSTANDING ART AND EXHIBITS
Outstanding science and space art by artists like William
K. Hartmann and Ned Kahn will be placed in the
building and in the grounds. Especially significant will be
a $1.5 million gallery of hands-on exhibits by Ned Kahn
entitled Sculpting the Planets: Processes and Patterns
in the Solar System. A second outstanding exhibition will
be a walk-through gallery that will utilize 3-D technology
and is entitled Our Place in the Universe. Here visitors
start their walk-through at the Earth and progress
through the Solar System, the local starry neighborhood,
and finally end up viewing the galaxy. A striking exhibit in

PARK SETTING
The new Chabot Observatory and Science Center
nestles in a park-setting in the Oakland Hills overlooking
San Francisco Bay. From here, visitors can view the City
of Oakland, the City of San Francisco, and the famed
Golden Gate Bridge by day and get closer to the
heavens by night through Chabot's magnificent
astronomical facilities.

STARS

Jose c. Guirado, Sergio Fuster, Inrna Sanchez,
Cristina Santos
L'Hemisferic, City of Arts and Sciences
Valencia, Spain

Abstract:
Ciudad de las Artes y las Ciencias (City of Arts and
Sciences) is one of the most ambitious cultural
projects existing in Europe. One of the most
representative buildings is L'Hemisferic, a 24meter tilted dome theatre that houses both IMAX
and planetarium projectors. Recently opened to
the public, this theatre possesses fine planetarium
equipment including a Zeiss Universarium, an
Omniscan laser, and a four-languages PSE
system. We would like to present L'Hemisferic
theatre to the planetarium community, together
with our experience in integrating all the
equipment, and our plans for the future.
L'Hemisferic, the new projection theater of the City of
Arts and Sciences in Valencia, opens its doors to the
public. Designed to house both planetarium sessions
and IMAX Dome movies, L'Hemisferic has one of the
largest domes in Europe and first-class projection
equipment. Popularizing astronomy is one of its priorities
and its instruments guarantee a spectacular experience.
The City of Arts and Sciences is spread over 350.000
square meters, a huge project which provides a focus
for scientific, sporting and cultural activities in Valencia.
Located in the densely populated urban area of
Valencia, it is one of the greatest cultural projects being
developed at present. It is made up of four buildings
grouped in three areas, that is: arts, with the Art Palace,
sciences with the Science Museum and ,'Hemisferic, and
the sea world with the Oceanographic Park.
L'Hemisferic, the first building to be finished, has its own,
very original, architectural design. The huge 32-meter
dome rises up from a rectangular pond of 24.000 square
meters which surrounds it. The hemisphere is covered
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ideal complement for a planetarium: whereas the
realism of the Zeiss Universarium can lead many
spectators to think that the dome is literally open to
the starry sky, like an observatory, its combination
with the Omniscan system brings even more
spectacular impressiveness due to its capacity to
transport the spectator through space and time,
simulating interstellar journeys at great speed, or
flights over any planet with a spacecraft of personal
design. The creative and didactic possibilities of
Omniscan are enormous. This laser is one of the
unique elements of L'Hemisferic equipment. The
possibilities of the equipment are such that laserium
spectacles will also take place at L'Hemisferic.

by a dome which rests on two tripods in such a way that
between IT and the projection room there is a free space
for promenade and leisure. The force of the building is
evident and tt is intended to remind visitors, with the help
of its reflection in the ponds, of the shape of the eye of
wisdom.

INSIDE L'HEMISFERIC
The inner part of the dome, the theater, the heart of
L'Hemisferic is no less impressive. With a capacity of
its hemispheric screen (24 meters
more than 300
in diameter, 30° tilted) houses alternatively both
planetarium sessions and IMAX Dome movies.
The planetarium projector is in the middle of the theater,
surrounded by seats; it is the latest design of Carl Zeiss,
the Universarium VIII TO, a sphere of stars; each
the stars corresponding to the
Northern and the Southern hemispheres; with two rows
of four
representing the bodies of the system.
Whereas the
of this projector is innovative, the
quality of the stars projected follows the tradition of
mechanic-optical planetariums. It is a difficult task to
describe the
of the field of stars projected by the
Universarium; possibly, there is no projecting system
with a better luminosity and realism, thanks to the
wonder of optical fiber. An innovation of the
Universarium is that the sphere of stars and the
projectors of planets are mechanically independent, and
so it is possible to use the latter as points of light (that
can be programmed). In this way, the Universarium
offers us views of the Solar System from outside,
journeys around it, or through it, or between two bodies
that we can choose. These effects, which only the
Universarium has, are of a great didactic value and at the
same time they increase the spectacular impressiveness
of the planetarium sessions.
The planetarium presentations are completed by other
types of audio~visual effects which simUlate different
astronomic phenomena (supernovae, collisions of
galaxies, surfaces of other planets ... ). L'Hemisferic
possesses the following equipment:
- A set of twelve slide projectors for panoramic images.
Three of these sets of L'Hemisferic serve to increase
the brightness of the panorama and to make fades.
-

Nine additional projectors cover the upper part of the
screen. Two others have wide-angle lenses for
projecting large images. One slide projector is
combined with a mirror to move images throughout
the whole screen.

- Three long-range video
laserdisc players.

projectors with seven

- A Omniscan laser is near the starball. This is a lateconventional,
generation laser that, unlike
unidirectional, lasers, covers the whole projection
dome with a wide range of colours using a wide-angle
object lens. Graphics created and animated by
computer become alive, increasing the possibilities of
enriching the planetarium sessions. This laser is an
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-

The sound system at L'Hemisferic is the one
corresponding to an IMAX Dome theater. A DDP
(Digital Disc Playback) system with ten channels
distributes more than 15.000 watt power across the
room, by means of six loudspeakers plus an
additional bass. However, the sound system at
L'Hemisferic is innovative, since it incorporates aPSE
(Personal Sound Environment) system. The sound
channels, of both planetarium sessions and IMAX
movies, separate the sound track and the narration in
such a way that the first one is emitted through the
loudspeakers and the second one is distributed, via
infra-red emitters, by means of parietal headsets to
every one of the spectators. Narration is transmitted
in four languages (Spanish, Valencian, English and
French) and every spectator can select the
corresponding one by means of a button in the
headset itself. Thanks to this system, the sound
experience is the same in whatever seat in the room.
The Valencian installation is the first one combining
four languages, IMAX Dome projector and first-class
planetarium equipment.

All the equipment above is controlled and synchronised
by means of a computerised control system for audiovisuals, which makes it possible to sequentially program
effects.
L'HEMISFERIC'S CONTENTS
A planetarium's projections are intended to serve as a
instruments for teaching astronomy; the projection
equipment of L'Hemisferic is intended to offer the
spectacular impressiveness which is necessary to
produce an astonishing result. Our opening program is
Journey to Infinity, a vision of objects and phenomena
in the starry night. From the stars and the Moon of
Valencia up to the Big Bang, we witness spectacular
visions of the Solar System, nebulae, supernovae,
pulsars, the fauna of the galaxies ... As usual, the stars
and constellations of the corresponding season are
shown. The stars of the Universarium make this part
specially attractive, but the adding of the Omniscan laser
renders it spectacular; for instance, the mythological
figures representing the constellations are no longer
static, but, for example, Pegasus the winged horse is
capable of riding among the stars, or Sagittarius's arrow
crosses the sky.
I n addition to the sessions addressed to the public in
general,
L'Hemisferic
has special planetarium

programmes and IMAX Dome films addressed to school
groups. These sessions are complemented by
educational booklets for teachers, so that they can
undertake classroom activities before and after their visit
to L'Hemisferic.
L'Hemisferic fills in the absence of a planetarium in
Valencia, a city with a clear sky and keen astronomical
activities, at both professional and amateur level. Its
priorities are both formal and informal education in
astronomy. A planetarium, besides reproducing the
starry night and the movement of celestial bodies
creates the ideal frame which, using first-clas~
audio-visual technology, allows the public to live
experiences in a different way. Television and computers
remain far behind in front of the tremendous might and
flexibility of the audio-visual power of a center of this
kind. And this is a definite weapon for the transmission
of information, the transmission of culture in the suitable
wrapping to make its diffusion effective and at a great
level. Even though the sessions focussed on school
children and university students deal with the didactic
aspect, one must not forget that learning astronomy
need not be boring but entertaining, enriching and funny.
The versatility of the room and the projection equipment
of L'Hemisferic permit other special events, like music
concerts (under the stars, of course) and, even theater
and special presentations. Astronomy courses and
lectures, in collaboration with local institutions will be
accordingly incorporated. For the time' being,
L'Hemisferic has already set off and is marching with firm
steps.

THE

CY8ERDOME

EXPLORATION PLACE
DIGITAL DOME THEATER

AT
A

Martin Ratcliffe
Exploration Place Inc.
711 W. Douglas Ave, Suite 101, Wichita, KS 67213,
USA

Abstract:
Exploration Place is a new center being built in the
center of Wichrta, and is developing one of the first
Digital Dome theaters. The Wichita metropolitan
area has a population of over 510,000; four major
aircraft companies are based here, and they are
significant supporters of the project. The $62
million project will provide 98,500 square feet of
exhibit space and theaters, and a new 20-acre
park. The new 60-foot planetarium theater will
house an Evans & Sutherland StarRider. Since
programming allows a more varied programme
content, we are calling the theater the Cyberdome.
A digital design studio will be a center for new
program production, and a Simulation theater will

provide the public with a broader experience of
simulation via a 24-seat motion-based platform
simulator. I will outline the overall plans for
Exploration Place, and indicate its current status
as we move toward an early year 2000 opening.
Exploration Place is a significant new science center and
children's museum currently under construction in
Wichita, Kansas, USA. Scheduled to open in February
2000, the 98,500 square foot building is designed by the
internationally acclaimed architect, Moshe Safdie.
It was in 1990 that private individuals and city officials
began a plan to re-develop the entire center of the city of
Wichita. A large convention center was to have a new
Hyatt hotel added, which is now open. The city has a
beautiful river setting, and nearby are a number of
museums, including the Wichita Art Museum, Botanica
- a unique botanical garden, and Old Cowtown, a
re-creation of the original city which was the center of the
great cattle drives at the end of the last century.
Now as Wichita enters a new century, hi-tech industry
has replaced the old image of Wichita. Four principle
aircraft companies are located here: Boeing, Raytheon,
Learjet and Cessna. The windy plains are ideal for
aircraft research and manufacturing. Koch Industries,
also based in Wichita, is the second largest privatelyheld company in the United States, a company
equivalent in size to Pepsi-Co or Microsoft.

It was recognized by the city that the need to attract high
caliber employees to the region required a strong,
cul.turally-active city. Following two years of study, a
SCIence Center was selected, the largest single
development project in Wichita for over 30 years, to act
as the principle attraction in the downtown area.
The $62-million project is the crown jewel of the new
development in the bid to attract larger number of people
to the downtown area, and its principle goals are:
$

To offer a variety of stimulating educational resources
that motivate visitors to learn how the world works
and to develop the creative skills that contribute to
their living more satisfying, productive and healthy
lives.

.. To create an attraction, including a landmark building
and park, that will draw several hundred thousand
people annually to the center of the city, that will serve
as a community gathering-place for ongoing activities
and events, and that will encourage development
around the site and additional activity along the river
cultural corridor.
Following the completion and approval, by the Board of
Trustees of Exploration Place, of the Strategic Master
Plan designed by White Oak Associates of Marblehead
Massachusetts, in 1995, the architectural design and
exhibit development began, leading to construction
beginning in May 1997.
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Principle Components
All indoor exhibits will be housed in four theme pavilions.
Each will focus on a broad theme, and exhibits within
each theme will change periodically. The four major
themes are:
Exploring Flight and Design
Exploring our only Home
Exploring the Human experience
Kid's Explore
Three theaters will provide additional learning
experiences. Each exhibit and theater is designed to
improve four human creative processes; inquiry, design,
imagination and expression.
In addition to a 150-seat auditorium, Exploration Place
will house a 24-seat motion-based theater to take visitors
out of everyday experiences and enter the world of
simulation. The Iwerks Turboride theater will present
short movies developed by the new collaboration with
Discovery Channel Productions, created to develop
simulation films for the science center market.
The centerpiece of the land building in Exploration Place
is the 60-foot diameter, 157 -seat domed-theater. Since
our limited and finite audience already think they know
what a "planetarium" is, based on experience in regional
theaters, we have to market our theater as a very
different kind of space.
Regional attractions have affected how the Exploration
Place plan has developed. For example, the Kansas
Cosmosphere in Hutchinson lies one hour away from
Wichita. It is a world-class air and space museum,
which currently houses the Apollo 13 capsule plus many
other space-related craft, also includes an Omnimax and
traditional planetarium theater. Wichita has a small
science center and planetarium with a 30-foot dome and
an early Spitz projector.
As a result, we are calling our dome the "Cyberdome". It
will house a partial Evans and Sutherland StarRider
system that covers an area of the dome equal to 140 x
110 degrees, plus the full-dome Digistar II star projector.
The StarRider system is the most advanced real-time
computer graphics system currently available and
Exploration Place were the first facility to sign a contract
for the system. All 157 seats will carry a 5-button
interactive unit, the first new development in interactive
units since the original ones built in Armagh Planetarium
in the mid-1980s. This 5-button system allows
forward/back/leftlright interaction with the StarRider
graphics, representing a major step forward in the
development of fully interactive theaters.
Adler
Planetarium in Chicago will also install StarRider in their
facility that opens in 1999.
This immersive digital-domed theater will present
interactive journeys of the imagination - from the
experience of soaring through cells of the human body
to traversing the light years between the stars and
galaxies in our majestic universe. The interdisciplinary
nature of our programming means that we will be able to
appeal to everyone in our finite audience in the Wichita
area.
98

Beneath the theater is the Southwestern Bell Digital
Design Studio, a creative studio that will allow staff to
develop shows for the StarRider system. Every image
except for the All-Sky system will be generated digitally.
This space also houses a theater workshop - a space
that can be used in a multitude of ways, from music
recording to digital photography.
A program network wi" link each area of the building.
Cable, Satellite TV and the Internet can be 'piped' from
a central control system in the Digital Design Studio to
any monitor within the two buildings. This will allow
people to watch live events throughout the building while
taking opportunities to explore the other exhibits and not
be tied to a theater.
In addition to this 98,500 square foot facility, Exploration
Place also has a 20-acre park that will offer spaces for
friends, families, groups and the community to come
together for planned as well as spontaneous learning.
It includes a community-built science and arts
playground, a "Science Putt", a unique miniature golf
course exhibit, plus bike racks, benches and docking
facilities that will encourage riverbank usage.
The Cyberdome theater represents the beginning of a
new era of planetaria. The digital domed theaters will
become more numerous in future years - interactive
adventures of the imagination that lift the spirit, trigger
inspiration and help creativity soar will become
commonplace in the 21st century. In Wichita, the
beginning of this new adventure is taking shape, and wi"
become a reality in February 2000.

THE FIRST BIG PLANETARIUM IN
THE SOUTH OF FRANCE .. CITE DE
L'ESPACE, TOULOUSE
Marc Moutin
Cite de l'Espace
Avenue Jean Gonard, BP 5855,31506 Toulouse, cedex
5, France

Abstract:
In June 1997 the first European space park was
opened, in Toulouse, South-Western France.
Presenting to a large public the adventure and
modern techniques of space exploration, Space
City offers permanent and temporary exhibitions
with interactive exhibits, an astronomical garden
with full-scale models of Ariane 5 and the Mir
station, and a big planetarium. With a 15-metre
tilted dome, and 133 unidirectional seats,
equipped with the Digistar II projector and a
modern audiovisual system, the planetarium
presents automated and manual shows using the
great potential of the third dimension for fun as

well as education. The Planetarium is already a
big success and helps to improve the astronomical
knowledge of a large number of visitors.

NEW UK DOMES FOR THE NEXT

La Cite de I'espace in Toulouse, is the first big
Planetarium in the south of France.

Alexandra Barnett

A residential, cultural and educational site, la Cite de
I'espace opened in June 1997, and presents to a large
public one of the greatest human adventures of its time
: space, its purpose and how it works. To the east of
Toulouse, 55 metres high, the life-size Ariane 5 rocket
on its launch pad is a landmark for the 3.5-hectare
landscaped park with a life size model of the Mir Station,
a Solar Sytem model, a 2000-square-metre pavilion for
permanent exhibitions, a big planetarium and services
such as shop and restaurant.
In the exhibitions, visitors become actively involved in
their discoveries thanks to simulations, experiments, roleplays, orthrough access to real space objects. ~he~e are
different topics: from Earth to space, communlcatmg at
a distance, observing the Earth, forecasting the weather,
living in space and exploring the universe.
With a 15-metre dome, the Cite de I'espace Planetarium
is a unidirectional and 10 0 tilted theatre, with 133
seats. The heart of the Planetarium is a Digistar II
projector, used as much for its educational po~ential i.n
school shows as for its spectacular 3D effects In public
programmes.The Astrotec dome allows optimum
luminosity of the starfield. The image projection system
consists of a 180 0 front panorama in 3 screens, an
upper 125 0 front zone in 3 screens overlapping the
panorama, a double allsky system in 6 ~cre~ns, two
single 100-300 zoom projectors and mobile mirrors. A
Barco 808 tritube video projector located at the center of
the theater behind the Digistar allows a 5-metre frontal
image. The sound system (1 Okw) consists in 5 pairs of
loudspeakers distributed all around the dome, an 8channel tape recorder (PCM 800) and a processed
mixing table for production and exploitation.The audiovisual control system is a Dataton trax 3.03; a touchscreen interface allows the lecturer to interact fully with
the system.
Different programmes are given: automatic 30-minute
programmes for the general public at ~eekends or ~n the
holidays, are followed by a 15-minute live presenta~lon of
the sky in Toulouse for that night. A live sky news IS. also
given at week-ends and in the holidays, and 45-mmute
live school shows are given during the week. The
Planetarium is als 0 often used in the evening for private
events or special space events as rocket launches.
To respond to high visitor numbers passing through the
Cite de l'espace, the planetarium has 6 to 8 shows a
day 6 days a week, and 7 days a week in July and
August. The first year we had 220,500 visitors to the
Planetarium
(320,000 in the centre), becoming the
second planetarium in France behind the Planetarium of
La Villette, Paris, a great success!

MILLENNIUM
(Poster)
Barnett Associates, 43 Second Avenue,
Wellingborough, Northants NN8 3PX, UK

Abstract:
The availability of funds from the UK Millennium
Commission has produced a crop of planetarium
projects in the UK. While the majority have not
made it through to gaining funding, the next few
years will see the number of fixed domes in the UK
increase. I will give an outline of the successful
projects to illustrate an approach to planning. and
designing a new dome with particular emphaSIS on
the National Space Science Centre dome.
STAFFING DOMES
Currently the trained staff in the UK consists of those
that work already in the large and small domes, portable
planetarium staff (in the main, amateur or professional
astronomers and teachers), volunteers and a few
'domeless' planetarians (two of whom make up Barne~
Associates!). If it is assumed that these new domes Will
each need a director of some kind, some lecturers, a
technician each and some capability for production, even
IT most is out-sourced, it can be seen that even if existing
staff defect to the new facilities, there is a shortage of
trained UK staff. Add to this the fact that a percentage of
the small number of existing staff are close to retirement
so the existing domes will also be needing some staff,
and the challenge for the UK planetarium field becomes
rather apparent.
One estimate considered that between 20 and 30 staff
of various kinds, including part-time lecturers would b~
needed between now and 2001. While some domes Will
have the budget to relocate trained staff from the USA,
many will not have that cost bui!t in to the budgets.
SOLUTIONS
i.TRAINING
At the last British Association of Planetaria meeting it
was agreed that there was a need for flexible training of
existing planetarians, both fixed and portable, so that
they could improve and add to their skills, giving them an
opportunity of positions in the larger domes. It was also
agreed that there was a need for a flexible training
solution that would enable people with some skills, for
example in audio and video production, or marketing, to
be training in the specific needs of domed theatres.
As a result of these agreements, discussions have
begun between Eva Hans (South Tyneside College
Planetarium) and Barnett Associates,with input from the
planetarium community in an effort to define the
curriculum and modules for a distance learning,
accredited course with condensed practical modules.
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DOME DEMOGRAPHICS
The UK has several fixed domes with 50 seats or more (see below). In addition, there are numerous small fixed facilities
and a plethora of portable planetaria.

Location

Year opened

Number of
Seats

London Planetarium

393

1995 refurbished (opened in 1958)

South Tyneside College
Planetarium

75

1964

Caird Planetarium, Greenwich,
London

48

1965

Armagh Planetarium, N.lreland

96

1995 refurbished (1968)

Liverpool Museum Planetarium

66

1970

Jodrell Bank Manchester

167

1970 (part refurbishment in 1995)

Plymouth Planetarium

63

1970

Glasgow (College of Nautical
Studies)

60

?1977

It can be seen from the above brief list that, apart from refurbishments, the population of large fixed UK domes has
remained constant since the space race ended.

As a result offunding from the National Lottery, assuming all fund-raising goes to plan, we can add the following to the
list:

location

Number of
seats

Year opening (provisional)

Leicester

200+

2001

Bristol

120

2000

Glasgow

?150

2000

There is also a planetarium project with around 60+ seats using Armagh Planetarium's former Minolta in Chichester,
and a project which is mainly an aUditorium with a planetarium capability.

The course needs to be accredited to enable applicants
to receive government grants towards their tuition fees
and materials. Over time, if necessary, a certain number
of modules could add up to become a recognised
qualification. Internships in the UK were rejected as not
practical in the short term for addressing the needs.
However the course described above would include
periods of work placement in small and large existing
domes. Once this course is defined, further details will be
released as it is assumed that it will be of general interest
to more than the UK community.
2. NETWORKING
The three new fixed domes have already begun to
discuss collaborations in show production, production of
schools materials and shows, and maintenance and
training. Given that it is rarely cost effective to maintain a
large production staff it will make more sense to work
together on show content and special event planning.
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Later this year, it is hoped that the decisions will have
been made on the equipment for the remaining domes,
and more serious discussions can take place, with that
knowledge, on the likely production tools needed,
production costs and staffing.
CONCLUSION
The availability of money as a motivator (similar to the
Space Race) is producing a new crop of large UK
domes. There are challenges in staffing and running
these domes and existing facilities. This challenge has
motivated the UK planetarium community to address
flexible training and skill acquisition, and to look carefully
at possible collaborations in all areas. [Further
information on request from the author (TEL:+44 1933
E-MAIL:
443628
FAX:+44 1933 443627
alexbarn ett@dial. pipex. com)]

THE NEW HAYDEN PLANETARIUM
Neil De Grasse Tyson
American Museum of Natural History
81st at Central Park West, New York, USA

Abstract:
A presentation of the Sky Theater, the exhibits, the
technologies and the educational mission of the
Hayden Planetarium and the new Rose Center
that will house it.
OVERVIEW
By the year 2000, the American Museum of Natural
History will open the Frederick Phineas and Sandra
Priest Rose Center for Earth and Space, including a
newly constructed Hayden Planetarium, the Lewis B.
and Dorothy Cullman Hall of the Universe, and a Hall of
Planet Earth.
The Museum's Rose Center for Earth and Space will
re-define the manner in which the museum-going public
learns about the universe and our place in it. The Center
does not separate the teaching of astronomy from the
teaching about Earth and its inhabitants. Through both
exhibition and program, the Center links life, the Earth,
and the cosmos in educational and innovative ways.
BACKGROUND
The Hayden Planetarium, founded in 1935 as the fourth
planetarium in the United States, has been a leader in
astronomy education and outreach. For example, over
the past sixty-two years, its scientific and artistic staff
have written and illustrated hundreds of books on the
universe, and its sky shows have been distributed and
viewed around the world. These efforts notwithstanding,
the continued rapid advance in science is forcing a shift
in our educational paradigms. As we all know, cosmic
discoveries are now reported weekly. And there has
been a transformation in education at least partially
brought about by the advent of new technologies.
The dramatic changes in astronomy can be seen in a
comparison between textbooks published before and
after the 1930s, when the original Hayden Planetarium
was built. The earlier examples identified sky phenomena
as the substance of astronomy. For example, one
textbook, written at the turn of the century by Professor
Charles Young, contains the following ten chapters:
Introduction to the Celestial Sphere; Constellations;
Latitude & Longitude & Time; the Earth; the Moon; the
Sun; Eclipses and Tides; the Motions of the Planets;
Comets & Meteors; and Stars. Compare those with
some of the thirty chapters of a contemporary
introductory textbook by Chaisson & McMillan: The
Interste"ar Medium; Star Formation; Stellar Evolution;
Stellar Explosions; Neutron Stars & Black Holes; the
Milky Way; Active Galaxies & Quasars; Cosmology; the
Early Universe; Life on Earth and Beyond. Indeed, entire
branches of astronomy exist today that were not even
conceived when the planetarium sky theater was
invented.

The mission of the new Rose Center for Earth and
Space is to educate the public of the third millennium
about the universe and our place in it, and to convey
up-to-date, continually evolving information.
THE ROSE CENTER
In the Center, the Hayden Planetarium will be housed in
a sphere, some 30 meters in diameter. The newly
designed, state-of-the-art sky theater, in the upper half of
the sphere, will feature the latest model Zeiss projector,
which will be platform-mounted; an all-dome, real-time,
digital video projection system; a state-of-the-art matrix
sound system; and concentric seating for 400.
The sphere itself will appear to float inside a cubic,
glass-walled building, and will be used as a scaling
reference that will enable visitors to compare the relative
sizes of objects in the universe and where we fit among
them: When presented with a 20-cm model of Earth,
the 30-m sphere becomes the Sun. And when
presented with a 30-cm Sun, the sphere represents the
red giant star Betelgeuse. This exercise continues
around the sphere until the Milky Way and its Local
Group of galaxies fit neatly within a thimble, while the
sphere represents the observable universe. Descending
to smaller and smaller sizes, the sphere becomes an
equally effective scaling tool all the way down to the
atomic nucleus.
In the bottom half of the sphere, visitors are transported
to the beginning of time and space. There they will
witness the major events and phenomena of. the first
three minutes of the universe's history - the Big Bang.
Upon leaving the venue, visitors exit the sphere and
continue on a journey that chronicles the history of the
universe by descending a gently sloping, 100-meter,
circular walkway that passes through 15-billion years of
cosmic evolution, highlighting significant moments and
epochs in the history of the cosmos. These include the
development of structure in the early universe, the age of
quasars, the formation of the Solar System, and the
development of life on Earth. At the end of the ramp, a
thickness of paint spans all of recorded human history.
Again, the place of Earth and humans in the cosmos is
highlighted.
Below the sphere and the walkway is a 1,000
square-meter Hall of the Universe. Four major zones
delineate the formation and evolution of the universe,
galaxies, stars, and planets. Highlighted within each
zone are special topics that have particular scientific and
public appeal. For example, there are major interactive
displays on black holes as the engines for active
galaxies, supernovae as the source of chemical
enrichment in the galaxy, and the search for exo-solar
planets as the locations for life in the universe. The
subjects are bound to each other by scientific themes
that permeate the Hall, such as spectra, graVity, and
rotation - themes that collectively compose the basis for
how we have come t9 learn what we know about the
universe.
A new Hall of Planet Earth will link the Hayden
Planetarium and Hall of the Universe to the Natural
History exhibition halls both architecturally and
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intellectually, thus providing a seamless experience that
takes visitors from the cosmos to Earth and its
inhabitants. Dedicated to exploring the processes that
shape the Earth - such as plate tectonics and climate
change - as well as to the phenomena and
circumstances that impact our fragile ecosystem, the Hall
of Planet Earth will integrate the universal view of the
Planetarium with the biological and cultural exhibits
throughout the Museum.

A PARTICIPANT'S PERSPECTIVE
ON THE 1997 CONFERENCE ON
ASTRONOMICAL
EXCHANGE
BETWEEN CHINA AND OTHER
COUNTRIES
Dr. Jeanne E. Bishop
Westlake Schools Planetarium
24525 Hilliard Road, Westlake, OH 44145, USA

Abstract:
In September 1997 an historic conference was
held at the Ancient Beijing Observatory and the
Beijing Planetarium, organised by Director, Cui
Shizhu. In addition to meetings at the Ancient
Beijing Observatory and Planetarium, we travelled
as a group to visit other sites, including the Beijing
Solar Observatory and the historical Temple of
Heaven, where the Chinese Emperor once made
sacrifices on the winter solstice. What follows is a
participant's view of this outstanding meeting.
I was privileged to attend a very special conference this
past year. The Ancient Beijing Observatory, under the
direction of Prof. Cui Shizhu (also Director of the Beijing
Planetarium), and Lin Qiao, Deputy Director of the
Observatory, hosted the "International Symposium on
Astronomica! Exchange between China and Other
Countries" from September 15 to 19 1997. The
conference Organizing Committee consisted of top
Chinese scientific officials. Attendees were about 25
people from China and the same total number from
other countries, including the United States, England,
Hungary, Italy, India, Sri Lanka and Japan.
The time change between Cleveland and Beijing is 12
hours, so I did not need to re-set my watch. It did feel a
liffie strange to be starting the conference on a beautiful
sunlit morning in Beijing knowing that it was the previous
night at home in Ohio. After tea, the Vice-Mayor of
Beijing welcomed guests to the city. Beijing television
captured this and subsequent events of the morning,
including opening speeches by seven people. The
opening activities underlined the importance attached to
the meeting by the Organizing Committee. The
ceremony and graciousness made all participants feel
very special.
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I was very impressed with the ancient instruments found
on the roof of the Ancient Beijing Observatory, a 555year-old, four-storey, large trapezoidal building, and in
the adjacent courtyard. Exact reproductions of beautiful
large instruments built between 1450 and 1700 have
recentiy been made and placed there. Some instruments
used by Tycho Brahe in Europe were very similar to
these, as Jesuit priests brought information of his
instruments to China. After Tycho's death his
instruments were left to rot by an indifferent European
king. Therefore the Chinese instruments are not only a
window into Chinese astronomy of this time, but also a
concrete way for us to see instruments like those that
Tycho· used. During the conference, Prof. Cui Shizhu
gave a very interesting paper on the process of
producing these reproductions.
The Ancient Beijing Observatory courtyard is surrounded
by a museum and other long rooms, entered through
two round openings, called Moon gates. All paper
sessions were in the Purple Hall, which has glass cases
around its perimeter filled with photographs and artefacts
relating to the history of Chinese astronomy. A
reproduction of an intricate water clock of the ninth
century is part of the exhibit.
Paper sessions took place over the first three days. Dr.
Sun Xiaochun, who is co-author of a just-published
book on Han Dynasty astronomy, served as the excellent
interpreter. Papers were presented in both English and
Chinese, but the interpretation was only from Chinese to
English. I was very interested in the variety of papers
presented by the participants, including history of
astronomy of China and other countries, modern
astronomy in China, and astronomy education in China
and other countries. I was very interested in papers on
ancient Chinese constellations, such as the one
presented by Lin Qiao, as this was the interest that had
brought me to this meeting to give a presentation.
I presented a paper on my work in designing a detailed
Starlab Planetarium Cylinder, based on research by
Gustave Schlegel and Julius Staal. Because it was not
possible to darken the paper presentation area, my
demonstration of the Starlab Chinese constellations was
delayed a day. On Wednesday afternoon we visited the
Beijing Planetarium. There I projected the Starlab in
different orientations on a section of the Beijing dome.

On September 15, we were guests at the Autumn
Festival celebration in the courtyard of the Ancient
Beijing Observatory. This was the night of full Moon. We
had a wonderful buffet meal, saw an excellent Children's
Palace opera performance, danced to a band and joined
in Karaoke songs. After Prof. Cui Shizhu and other
participants sang Karioke songs individually, a group of
us joined to sing "Happy" Birthday" to the Observatory
(555 years) and the Beijing Planetarium (50 years).
Later that night a group of six participants went by
subway, taxi and foot with Ms. Li Bing to the middle
school where she teaches astronomy to 200,000
students a year. We observed the beginning of a lunar
eclipse shortly after 1 am along with another teacher and

students, who were photographing the eclipse on the
school rooftop. We toured an almost-finished large
observatory added to the school roof, and saw a
teaching lab. and materials. Li Bing had given an
excellent paper about her work and the new observatory
during that day's paper session, making the trip to this
school especially interesting. My pictures show Dale
Smith illustrating principles of a camera to a student. I
was interested in the large portraits on the walls. Chinese
inventors that I had read about were featured, along with
American Thomas Edison and great scientists from
other countries.
The subway station near the Ancient Beijing
Observatory, where we started and ended trips many
times during the conference, is magnificently decorated
with mosaic pictures relating to astronomy and related
sciences. A square with spoons represents a very early
Chinese compass. The wide part of the spoon moves to
point the handle to South. The spoon represents the Big
Dipper (Large Bushel). I bought a small working model.
The Big Dipper (Bushel) mosaic shows the ancient
concept of its holding the Heavenly Emperor's retinue.
Modern astronomy ideas are depicted side by side with
the ancient ones.
Two days were devoted to sight-seeing after the three
days of paper sessions. On Thursday we visited the
(modern) Beijing solar observatory, and the Badaling
section of the Great Wall. On Friday we visited the
Forbidden City and the Temple of Heaven. In one of my
photographs a Chinese child stands at the exact location
on the top bf the circular mound altar (Yuanqiutan)
where the Emperor made his annual winter solstice
sacrifice to Heaven in a Grand Ceremony. Once there
were adjacent shrines on the top of this altar to the Sun,
Moon, Stars, Clouds, Rain, Wind and Thunder.
One participant from the Beijing Planetarium told me, for
her, that the altar with the magnificent building of
Qiniandian (Altar of Prayer for a Good Heaven) is the
most significant place in all of Beijing's historical
buildings. She led us to a slightly remote place in the
Temple of Heaven to see the Seven-Star Stone, seven
carved stones on a platform said in legend to be the
seven stars of the Big Dipper fallen to Earth.
Somehow time permitted visits to a store with a tea
industry demonstration, a cloisonne factory, and some
very fine restaurant meals. On Monday night we
attended the famous Beijing Opera where we sat at front
tables and were served tea and pastries.
Through all of this, the feeling of camaraderie that
developed amongst the participants was very strong.
One of the manifestations of this was the amount of
picture-taking that occurred. Cameras rotated as we
took picture after picture of different groups of people in
all locations.
We were housed in a large, modern Western hotel, the
Jin Lang Asia Vision. An American breakfast was served
each morning, as well as a Chinese breakfast in a
separate location. In the rooms, hot tea was always
waiting in a thermos, and many small items were

provided, including slippers. The many lights and
television were controlled from a button-console (looked
like part of a planetarium console!) beside the bed. It was
one of the finest hotels in which I have stayed.
On the last evening Cui Shizhu and Lin Qiao came to the
hotel with pictures for each of us, taken by the meeting
photographer, showing us at memorable moments
during the week. Each participant also received a gift of
books, all-group photographs at the Ancient Beijing
Observatory and the Planetarium, and a beautiful vase
which commemorated the conference. Before my early
Saturday-morning departure, it was time to pack the
gifts, papers, gift photographs, quite a few rolls of my
own film, and souvenir purchases from this inordinately
memorable week. My heart-felt thanks go to Prof. Cui
Shizhu, Lin Qiao, Li Bing, and many others for this very
special experience.

PLANETARIA IN INDIA
Piyush Pandey
M. P. Birla Planetarium
96 Jawaharlal Nehru Road, Calcutta 700071, India

Abstract:
Out of the 30 planetaria in India that are listed in
the IPS Directory, there are twenty that hold
regular public shows. India's first planetarium is
the one where I belong - The M.P .Birla
Planetarium in Calcutta, earlier known as the Birla
Planetarium. It was opened in 1962 and has a Carl
Zeiss Universal Planetarium projector. There is a
marked preference for dome sizes between 11
and 17 metres in my country; as out of the twenty
only two are of 23 metres. The Carl Zeiss Jena of
the erstwhile GDR shares the maximum number11 out of these twenty public planetaria. Gato of
Japan comes second with 8 instruments, and
there is only one of Spnz; Digistar is yet to make its
entry.

You might be wondering from the title what is so special
about Indian planetaria that one needs to read a paper.
After all planetaria in India may not be any different from
planetaria in Indonesia. There are just five major
suppliers of planetarium projectors in the entire world,
each country is thus expected to present a slightly
different mosaic from the other. Agreed. I, therefore,
propose to trace in this paper - with the help of some
statistics - how the planetarium movement, if I may call
[SO, caught on in India. I used the word statistics in this
sentence on purpose. Statistics can be used to change
the complexion of the end result even though it may
essentially remain the same.
My first chart demonstrates this fact. I have plotted on
this the total number of planetaria in India versus time. At
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first glance we get the impression that, starting with our
first Planetarium - M. P. Birla Planetarium in Calcutta in
1962, we have been adding planetaria at a regular and
steady rate with the final tally in 1994 being 17. However,
a closer look at the horizontal axis reveals the fallacy.
The data is not evenly spaced in time. Those who have
done periodogram analysis of solar neutrinos or other
such data must be familiar with this problem. We have
plotted the actual year of addition of a planetarium to the
scene on the x-axis, and the corresponding total number
of the planetaria by that year on the y-axis. If we divide
the data into intervals of 5 years we get a much more
realisTIc figure, which correctly shows the history. For 15
long years had to elapse before someone thought of
adding another one. Our hosts, the London Planetarium,
had opened 4 years before us in 1958. For the following
three years London and Calcutta remained the only two
planetaria in the Commonwealth, until the Museum of
Victoria at Melbourne in Australia decided to go for its
HV. McKay Planetarium in 1965. It is a 10- metre dome
and. if make a distinction of size as the IPDC 1 does, you
have to wait for one more year until Montreal, in Canada,
had its Dow Planetarium in 1966 with a 20-metre dome.
Let us get back to my country - India. By 1980 the tally
rose to 4 and doubled to 8 in the next 5 years. So we
see here that 1985 to 1990 was the period that recorded
a sharp growth. It would have been even steeper had a
combination of misfortune and bureaucracy (the latter
alone would suffice) not befallen on the Lucknow and
Gorakhpur planetaria. I have added these two to the
2000 bar with the hope they will be in operation by then.
Who knows, the millennium bar may turn out be actually
much taller than shown here as many more new
planetaria, I am told, are slated to open.
The M. P. Bina Planetarium in Calcutta which, until three
years ago, used to be called just the Birla Planetarium,
has played an important role in furthering the
planetarium movement in the country. It has inspired
other town planners to do it in their towns. Nothing
would better describe its role than the fact that in most
countries people can be seen asking a question - Does
this city have a planetarium?
In my country for several years - till the number of
planetaria rose to more than ten - the question people
would ask would be this - Does this city have a Birla
Planetarium? The total number of Birla Planetaria in the
country has risen to 4 - with the opening of the three B.
M. Birla Planetaria at Chennai, Hyderabad and Jaipur.
The House of Bina, industrialists and philanthropists, has
thus contributed in a big way to increasing the number
of planetaria in India. After Birla it seems the most
popular name that the planetaria have adopted is Nehru,
after the first Prime Minister of India - Pandit Jawaharlal
Nehru. You have a Nehru Planetarium in Mumbai, again
in Delhi, a Nehru Planetarium in Ludhiana;a Jawahar
Planetarium in Allahabad, and a Jawaharlal Nehru
Planetarium in Bangalore - a total of five named after one
person. The trend of naming planetaria after Prime
Ministers seems to have stopped after Patna had named
its Indira Priydarshini Planetarium after another popular
Prime Minister of India - the late Mrs. Indira Gandhi. We
have a planetarium that gets its name from an illustrious
Indian scientist. It is the Meghnad Saha Planetarium at
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Burdwan near Calcutta. And, there is one named after
an astronomer .. the Pathani Samanta Planetarium at
Bhubaneshwar.
Figure 3 is a pie-chart which shows how various dome
sizes are distributed. A maximum of 32% of planetaria
have their dome diameters around 17.5 metres. The
next categories are 12.5 metres and 8.5 metres - both
share 29% each, and the smallest segment is of the
highest dome diameter category - 23 metres, which has
a share of mere 10%. We may thus conclude that dome
diameters from 8 metres to 18 metres are all equally
popular, and these provide seating capacity from 80 to
350.
We have planetaria of just three makes in India, namely,
Can Zeiss, Jena; Goto of Japan and Spitz of USA. The
next pie-chart shows the share of the three
manufacturers as a percentage.
Fifty-seven percent of all the installations are of Zeiss
make, Goto comes second with 38% and the single
Spitz installation shows here as 5%. I have not included
here several small planetaria that are owned by schools
and colleges, if we consider them too the Zeiss share
rises to 67%, and Goto and Spitz shrink to 30% and 3%
respectively. The real reason behind the late entry of
Goto (1985), and the preference for Zeiss in India, is
that, until the unification of East and West Germany, my
country enjoyed the facility of importing from East
Germany (or GDR) on a Rupee payment basis instead
of foreign currency. With the facility now gone, people
go ahead into the vast open market, choose the product
that suits their needs and pay in hard currency. Sensing
this, Goto Optical opened an office in India.
Unlike Zeiss, Goto offer many auxiliary projectors and
special effect devices, and also the Astrovision. They
also supply the complete show production kits to their
clients. All this weighed heavily in favour of Goto. The
planners of planetaria realized that, if they chose Goto,
they would be able to cut down on salary by not
appointing any astronomer or scientist. Having one
administrator, a couple of technicians, booking clerks
and ushers would seNe the purpose. Let me point out at
this stage that in my country the salary ratio between an
astronomer and a qualified technician may be 3:1 or
even 4:1. Thus it PAYS not to pay an astronomer. It
would not be proper for me to name these
astronomerless planetaria but it may suffice to say that
there are at least three where a simple query - like "which
is the smallest planet of the solar system?" - may
sometimes go unanswered or yield incorrect answers.
If we look at the map of my country (overleaf) we find
that either the planetaria are located either in the big
cities like Calcutta, Mumbai, Chennai, New Delhi and
Bangalore, or in state capitals. We also find that the
planetaria are arranged typically along the boundary of
the country with central India almost blank, having just
one planetarium at Nagpur. Perhaps these dots which
represent planetaria also give us an indication of the
relative prosperity index of a region.
Architecturally, we have in India planetaria having a

Figure 1. Growth of planetaria in India by year of opening
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variety of shapes.
range from pure
hemisphericais, variants
of hemisphericals to
monstrosities like a pyramid. There is one that is
shaped like Saturn, located in the city of Lucknow. This
Saturn seems complete in all respects - with bands and
rings. "Just as the real Saturn does not have any
planetarium equipment in its belly, this one too does not
have one. The equipment is yet to be installed. This
magnificent building was completed in 1995.
Another aspect unique to Indian planetaria is that we
live in splendid isolation. There is no interaction, there
are no confederations or associations of Indian
planetaria. We at the M. P. Birla Planetarium tried to
bridge this gap by organising seminars every alternate
year, starting in 1993. These seminars were weI!
attended and we had
from almost all the
major pianetaria in the country. This was the case
because we had ensured it by extending full travel
support and local hospitality. The seminars in 1995 and
1997 were similarly well-attended. So far no other
planetarium has come fOlward with the idea of
organising such meets. While I am eulogizing my
planetarium - the M. P. Birla Planetarium - I must also
mention certain other features that are unique to this
institution.
We have a free evening course in astronomy that we
have been continuing for the last 30 years. The course
is free in two ways, number one - there is no fee, and
number two - it is for all those who are free in the
evenings. Every year 150 persons enroll, about 25 to 30
drop-out and the rest finish the course and are awarded
certificates. In the year 1993 we started a Post
Graduate Diploma Course in Astronomy and
Planetarium Sciences. We are now through our fifth
course. The duration of the course is about nine
months. The enrolment figure has mostly varied
between 15 and 25, though in a particular year it went
down to 5. Out of the fifty students who successfully
completed our course and were subsequently
employed, only six have found employment in trades
that may have any direct relationship with the training
we gave. These six persons are serving in planetaria or
science museums. So the year 1993 was important to
us. We started our National Seminar of Planetaria and
the P. G. Diploma Course. In the same year we also
instituted an Award - called the M. P. Sirla Memorial
Award - to be given to an astronomer or space scientist.
We have thus had three distinguished
Awardees so far.
The Award carries a Citation and a cash amount of
Rupees 100,000. How much is a hundred thousand
rupees you might wonder. It would be equivalent to 6 to
8 months salary of the highest paid planetarium director
in my country, or about $2500 US.
Our annual attendance varies from 550,000 to 600,000.
Last year's figure was 557,000. Since the planetarium
remains open on all the days of the year (except just
one holiday - the festival of colours called Holi) - it
attracts an average of just over 1500 visitors per day.
Our other activities include lectures by our scientists in
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schools and colleges, popularization through articles in
newspapers and magazines - something that all
planetaria are expected to do. We also have our
in-house journal. Four issues are brought out every
year. But in addition to this is a research wing in the
Planetarium with six full-time scientists. in earlier years
the research work was mostly being done in the area
of history of astronomy and analytical work, but in
recent years, with the acquisition of a 14 inch reflector
equipped with CCD camera and other accessories, a
beginning has been made in observational astronomy.
That, ladies and gentlemen, is what the scene is like in
my country.

IPDe - International Planetarium Directors'
Conference, a grouping of medium- to large-size Zeiss
planetaria

PLANETARIA IN
Dr.M.Sargufumoorthy
Tamilnadu Science &
Center
Gandhi Mandapam Road, Chennai- 600025, India

Abstract:
The Tamilnadu Science and Technology Centre
has established the 8.M. Birla Planetarium on its
campus at Chennai. The Planetarium was
on the 11th of May 1988.
opened to the
Wrth a dome diameter of 15 metres, it houses the
fully computerised GOTO GMI! projector, along
with a host of accompanying special effect
projectors. Since its inception the Planetarium
has produced more than 20 programmes on
various themes of astronomy, some of which
relate directly to the Indian context. As a part of its
expansion activities the Centre is setting up a
planetarium in the city of Tiruchirapalli. This
planetarium will incorporate the computerised
GOTO GS projector, and will have a dome
diameter of 9 metres. Another planetarium has
been proposed for the city of Coimbatore. Both
these will playa useful role in the popularisation
of astronomy in the southern state of Tamilnadu.
The planetarium movement in India in the last two
decades has been very encouraging. The first major
planetarium facility in the country was the establishment
of the Sirla Planetarium at Calcutta in the early period of
the 1960s. For sometime this planetarium continued to
be the only such facility of its kind in the country, apart
from a very small installation at the National Physical
Laboratory in New Delhi. It was decades later that the
Nehru Planetarium was set up in the city of Bombay,
now called Mumbai. A few more planetaria were

established in other cities, such as Baroda, New Delhi
and Bangalore. It was, however, in the 1980s that the
planetarium movement in India received a boost with
the establishment of large numbers of modern
planetaria in various state capitals. Today, India has
nearly 30 large and medium sized planetaria spread
across different parts of the country.
The Union of India is made up of 25 States and 7 Union
Territories. The country has a population of around 950
million with states of varying areas, such as Madhya
Pradesh, the largest, with an area of 443,446 sq.km, to
Goa, the smallest, measuring 3,702 sq.km. The state of
Tamilnadu is situated on the south-eastern side of the
Indian Peninsula. It is bounded on the east by the Bay
of Bengal, in the south by the Indian Ocean, in the west
by the states of Kerala and Karnataka, and in the north
by the states of Karnataka and Andhra Pradesh.
The first planetarium to be set up in the state of
Tamilnadu was the B.M.Birla Planetarium of the
Tamilnadu Science & Technology Centre. It was
established by the government of Tamilnadu in the year
1983, and functions under the chairmanship of the
Honourable Minister for Education. This planetarium
was dedicated to the nation on the 11 th of May
1988.The planetarium at Chennai houses the fully
computerised Goto GM-II Projector, and was set up
with a generous donation of Rupees Two Crores
received from the B.M.Birla Group of companies. The
planetarium forms a part of the Periyar Science &
Technology Centre, which houses various halls of
sciences on themes such as Transportation,
Electronics & Communication, Physical Sciences,
Material Science, Life Science, Innovation and Energy.
Besides these, the campus also encompasses outdoor
facilities such as a Traffic Park, Science Park, Model
Meterological Observatory, Energy Park and Eco Park.

has commenced and it is expected that it will be
formally inaugurated towards the end of this year.
TowardS the setting up of the planetarium at
Tiruchirapalli, the Tamilnadu Science & Technology
Centre received the instruments system, as a donation
by way of a cultural grant, from the government of
Japan. The Tiruchirapaili Planetarium will have the fully
computerised Goto-GS system. Future expansion
activities of the centre include the setting up of regional
science centres at Coimbatore and Vellore. As in the
case of Tiruchirapalli, the proposed centre at
Coimbatore will also include a planetarium and halls of
sciences.
The Tamilnadu Science & Technology Centre is also
considering setting up district science centres at various
locations in the state of Tamilnadu. These will be
equipped with portable or small planetaria. This centre
has also been helping various schools in the city of
Chennai to set up observatories and mini-planetaria on
t.heir campuses; and has been permitted by the
government to receive donations from philanthropists.
In conclusion it can be said that the establishment of
the B.M.Birla Planetarium at Chennai has acted as a
catalyst for the future potential growth of Planetaria in
the state of Tarnilnadu. This will go a long way towards
familiarising the students'
with the science
of astronomy.

Timo Rahunen
The planetarium at Chennai (previously Madras) has
various activities which includes the regular conduct of
seminars, workshops, quiz competitions and interactive
programmes using the Mini-Planetarium. These
activities have proved to be very popular with the
students community. To encourage the active
participation of students in various astronomy
programmes, the Tamilnadu Astronomy Association
was set-up. This conducts regular meetings, and has
collaborated with the centre in hosting the National
Amateur Astronomers' Meet in 1996. Though the
planetarium has been regularly conducting outreach
programmes with the help of the Mini-Planetarium, it
has been felt that it was not possible to meet the needs
of various sections using the Mini-Planetarium alone.
There was the need to establish more planetaria in
Tamilnadu to help disseminate information on
astronomy to large numbers of students.
With the main aim of popularising science & technology
principles to students and the general public, the
Tamilnadu Science & Technology Centre started work
on the establishment of the regional science centre at
Tiruchirapalli. Here it is proposed to have halls of
sciences on various themes and also to have a
medium-sized planetarium. Work on the planetarium

Tampereen Sarf<anniemi
Sarkanniemi Fin -33230

Finland

Abstract:
The Planetarium in
opened in
1969, and
attracted more than
million
visitors, During the last year, the planetarium has
undergone a major renovation. The earlier
concentric seating has been changed to
unidirectional, with the number of seats reduced
from 161 to 139, The Minolta MS-1S star
projector (nearly 30 years
is still in good
condition, It is mounted on a new elevator
construction so that it can be lowered about 1.5
metres below the horizon. The old 6-projector
aI/sky system has been replaced
a double
fish eye projector designed and manufactured by
the Finnish company Prodome
The shows
are mainly based on new multimedia techniques
including brilliant allsky
as well as highquality digital video and 3D animations, which are
played directly from computer hard disks.
The Planetarium of Tampereen Sarkanniemi Oy was
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opened in 1969. It is the oldest medium-sized public
planetarium in Nordic Countries. The diameter of the
dome is 13 meters and originally the planetarium had
concentric seating with 112 seats.
Ten years ago the planetarium was renovated. The r
was raised 50 centimeters and the old seats were
replaced. The number of seats was increased to 161
but the seating remained concentric.
Last autumn the planetarium was closed for two and
half months during which it underwent a major
renovation. The seats were replaced again and new
seats were installed in a unidirectional system, with the
number reduced to 139. The floor is partly level and
partly tilted - the last three rows are tilted about 12
degrees. Now the planetarium is like an auditorium and
every seat has a good view, making it suitable for
traditional skyshows and also for meetings and
seminars, as weH as music and theater performances.
Tampere Planetarium has been very popular right from
the beginning. During its history of 29 years it has been
visited by more than 2.5 million people. In view of the
number of inhabitants in the Tampere area, and the
size of the planetarium, it can be considered as one of
the most successful planetariums.
NEW CHALLENGES - THE REASON FOR
RENOVATION.
Planetarium programs are nowadays very different from
whatthey used to be in the sixties and seventies. Thirty
years ago it was enough for the audience to see the
stars, constellations and the movements of the Sun, the
Moon and the planets in the sky. However, present
visitors are used to seeing and hearing magnificent
audiovisual simulations and computer animations about
heavenly bodies and phenomena in the universe.
These can be experienced every day in cinemas, on
TV, video, pes, CD-ROMs and lately on the Internet.
Planetariums are facing big challenges because
planetarium shows are compared to this new media
revolution.

During the renovation the planetarium was totally
rebuilt. The loudspeakers which were installed in the
dome were removed, the dome was fixed, coated with
glassfiber fabric and painted all over. The floor was
opened and rebuilt because new air conditioning ducts
had to be installed underneath.
The acoustics were given special attention during the
renovation. A thick layer of mineral wool was installed
under the plywood floor which was covered with a thick
carpet. Acoustic absorbing materials were used
everyvvhere when it was possible. To the surprise of
everyone involved, the result was better than expected
in comparison to the earlier situation. Post echo is fairly
short and the previously problematic resonance
locations have almost completely vanished.
The sound system has also been totally renewed. Due
to the old construction loudspeakers cannot be installed
behind the dome. Instead a pair of high-quality stereo
speakers has been installed below the horizon in front
of the audience. Lower frequencies are played through
a sub-woofer which has been installed under the stage
floor. Included in the sound system is a Dolby Surround
effect processor and a pair of effect speakers at the
back of the audience.
The old Minolta MS-15 star projector has been
mounted on a new elevator construction so that it can
be lowered about 1.5 meters below the horizon. The
elevator is hydraulic and nearly noiseless so that it can
be operated during the shows. When the projector is
the lower position it does not cast any shadows on
video or allsky images.
In the renovation the horizon of the dome has been
lowered about 25 centimeters. This results in an illusion
that the dome is larger than before. Instead of the five
video projectors used previously, only one projector has
been installed, in an aperture at the rear (north point) of
the dome. There are also two prebuilt apertures in the
dome at the distance of 60 0 (from north) for two extra
video projectors to be installed in the future. With such
a three-projector system about 180 horizontally and
60° vertically could be covered with three different video
frames or one seamless high-resolution video image.
This system could project 3D animations rendered with
special techniques, or video images which have been
recorded with three video cameras simultaneously,
making new kinds of planetarium, multimedia or virtual
reality presentations feasible.
0

In Tampere Planetarium the original concentric seating
made the planning and production of the shows very
difficult. All the still images and video sequences which
had an up-down direction had to be projected with
several projectors simultaneously so that everybody
could see an upright image. This was confusing for the
visitor who saw the same image in 2-4 instances in
different places in the sky and some of them upsidedown anyway.
In the present planetarium everyone is looking in the
same direction and this makes the use of the
planetarium more versatile. The phenomena of the sky
can be simulated more easily so that they will be a
much stronger experience for the visitor. It is also
possible to show different kinds of multimedia
presentations which were difficult or impossible to
produce previously. Now we have plans to produce
new music and theater presentations in which we are
going to use the space and technical possibilities in an
unique way.
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The newest investment in Tampere Planetarium is a
double allsky projector designed and manufactured by
Antti Jannes, Pro Dome Inc. This high-resolution
projector, which makes use of fish-eye lenses and
special large-format slides, has recently been installed
on the north side of the star projector. It replaces the
previous six-projector allsky system and is far better in
image resolution and brightness. Projectors based on
similar techniques, delivered by Pro Dome, have been
used for many years e.g. in Verne Theater (Heureka
Science Center, Finland), Cosmonova (Stockholm) and
Calgary Planetarium.

The old U-Matic video tape recorders and players have
been replaced by a digital hard disk video system,
Perception Video Recorder (PVR). All videos and
3D-animations are recorded, edited and played back in
the planetarium with this system. The quality of PVR
videos is equal to, or better than, Betacam SP and
there is no loss of quality even if they are edited or
played back countless times. This system has been in
use for two and half years and it has been very reliable.
Most of the videos and 3D animations are produced
in-house using Softimage 3D and 3D Studio MAX
software.

BUHL PLANETARIUM 1998
James Hughes
Henry Buhl Jr. Planetarium, Carnegie Science Center
One Allegheny Avenue, Pittsburgh, PA 15212-5850,
USA

Abstract:
This paper will provide details on the latest
developments at Buhl Planetarium, including
show production, distribution efforts and our new
observatory.
Just four years ago the staff of the Buhl Planetarium
came before this organization to offer to host the 14th
Annual International Planetarium Society Conference.
We were unsuccessful in our bid and since we are
meeting this year in London, I wanted to give you an
update on the state of affairs in Pittsburgh.
STAFF CHANGES
Many of you are aware of the staff changes which have
taken place in Pittsburgh. Martin Ratcliffe has moved
on to The Exploration Place in Wichita, Kansas. Paul
ales now heads a complex of museums in San
Bernadino, California. And John French is now the
director of the Cook Center in Corsicana, Texas. By the
time this paper is presented, a new Planetarium
Director will have been appointed and a new era in the
history of Buhl Planetarium will begin.

animation, space toys, web sites and even David
Bowie's Space Oddity all helped to give this show a
mass appeal.
In March Flashback was replaced by Mars: Return To
The Red Planet. This show renews our affiliation with
Terence Murtagh's Triton Productions. This 29-minute
presentation chronicles our affinity with our red
neighbor in space. Working with the latest computer
graphics artists, Terence has assembled some of finest
visuals ever created relating to the planet Mars. As this
show would be distributed to other planetariums, we
decided to negotiate for a well known voice to narrate
the show. With a limited budget and a rapidly
approaching deadline, the services of actor Mark Hamill
were secured. Mark is best known for his work in the
Star Wars Trilogy. An interesting note to this process
should be related. After trying to contact Mr. Hamill
through the usual channels, to no avail, we finally sent
an E-mail of our intentions to his "Official Fan
Homepage" on the internet. Much to our surprise, the
next day we were contacted by his Voice Agent, and an
agreement was quickly made.
Production planning proceeds on our next major
"non-astronomical" program, Tracking The Human
Brain. This is the sequel to Journey Into The Living
Cell, our cellular biology show, which was created in
conjunction with Carnegie Mellon University (CMU).
The partnership continues on the "Brain" project
through the continued support of The National Science
Foundation. With an estimated budget of nearly $3.4
million dollars, the "Brain" show will be our most
ambitious project ever. The two-year project wiillink
practitioners from cognitive psychology, psychiatry,
biology, computer science and art. This interdisciplinary
team envisions a multimedia planetarium production
which will summarize basic brain biology and will
explore such topics as brain region specialization/coordination and brain plasticity.

But in the meantime, let me review some of the recent
accomplishments since we last met.

One major innovation currently being explored is to
provide interactive audience control of Digistar models.
Using the Cinematrix Interactive Entertainment System,
which we incorporated into the "Cell" show,
programmers are establishing a real time link to
Digistar, which will allow for a new dimension in
immersive visualization techniques. After premiering in
Pittsburgh, the "Brain" show will be available as a
traveling program to similarly equipped facilities, and will
be distributed through the Association of Science and
Technology Centers.

PROGRAMS
1998 started with a revival of our tribute to the Space
Age, Flashback To The Future, 40 years of space
exploration ... and counting!. Marking the anniversary of
the launch of Sputnik, this program was an in-house
production and covered the highlights of the Space
Race. Originally opened to the public on October 4th,
1997, the show returned as our primary public show
after a short hiatus during the run of our Christmas Star
show. In addition to the traditional aerospace video
footage, the program featured popular culture
references to the Space Program. 1950's Disney

The recent installation of an AVI Omniscan projector
has created a new vehicle for increased planetarium
revenue. AVI have been presenting their 3D Laser
Shows in the Science Center's Omnimax Theater for
apprOXimately four years. With a commitment to
update all its installations to the Omniscan hardware,
AVI chose to change the laser show venue to the Buhl
Planetarium to fully maximize the Omniscan experience.
A very smooth installation occurred in March 1998.
The Omniscan shows are impressive and audience
response has been favorable. Our staff is very excited
about the new system and we have
plans to
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incorporate Omniscan into our planetarium show
effects repertoire.
OBSERVATORY MOVED AND UPDATED
A newly refurbished and relocated astronomical
observatory is serving visitors at the Carnegie Science
Center. Originally opened in 1991, the observatory
program of the Buhl Planetarium suffered from the fact
that we were one of the unfortunate few to have
purchased an AutoScope Robotic Observatory System.
After numerous attempts at repairing the unreliable
control system, it was decided that an entirely new
instrument would be required to replace the original
telescope. Through the generous support of the Buhl
Foundation and the Emma Clyde Hodge Memorial
Fund, a new 16-inch professional grade Meade LX-200
reflecting
telescope
was
Schmidt-Cassegrain
purchased. Our original observatory location on top of
the science center roof proved to be a challenging
location as it required visitors to access it via a series of
ladders. In an effort to improve accessibility, the entire
observatory structure was relocated to our fifth floor
overlook, which is easily accessible via an elevator.
A renewed commitment to astronomical observing
sessions is underway. Public viewing and observatory
demonstrations are being conducted daily. Saturday
evening tours offer guests the opportunity to bring
along their cameras to partake in astrophotography.
Numerous adapters have been purchased for most
popular camera models, which allow our visitors to
couple their equipment to our telescope. In addition to
the main telescope, ancillary instruments can be set up
including a vintage 6-inch Zeiss refractor which was
purchased in 1939 as a part of the original planetarium
equipment. Also on display is a 4-inch brass Brashear
refracting telescope.
PROGRAM DISTRIBUTION
Continuing the tradition of providing quality planetarium
showkits is a prominent goal of the staff of the Buhl
Planetarium. tn the past 18 months, 118 planetarium
showkits have been distributed worldwide. Mars:
Return To The Red Planet is the latest in a successful
string of programs which our colleagues have adapted
to their individual theaters. In the months ahead we
hope to announce some new materials which will be of
value to other planetarians.
INTERNATIONAL COOPERATION
Rounding out the report on the activities of the Buhl
Planetarium, I would like to relate a personal experience
of international co-operation. From December 13 to 22,
1997, I had the opportunity to participate in a technical
exchange program, when I was invited by the Tianjin
Science and Technology Museum to assist them in the
installation of Through The Eyes Of Hubble. Located in
the third largest city in China the museum opened three
years ago with an Iwerks 870 movie theater. A recent
equipment upgrade, including the first Digistar 2 in Asia,
allowed the museum to begin programming
astronomical shows. Accompanying Steve Savage
from Sky Skan, who was co-ordinating the upgrade, I
was able to install the show with minimal effort and the
staff did a marvelous job translating the narr~tion into
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Chinese. With my new friends in China, I was able to
experience the pride of cross-cultural exchange and I
even had an opportunity to traverse a section of the
Great Wall.
In summary, the Buhl Planetarium is alive and well in
Pittsburgh, Pennsylvania. I would like to take this
opportunity to thank all of the delegates who have given
us a chance to share their joy in the world of astronomy
and hope that those opportunities can continue in the
future.

LOST AND FOUND IN AN "ART"
MUSEUM
Juliann Gaydos Muller
Dreyfuss Planetarium, The Newark Museum
49 Washington Street, Box 540, Newark, NJ 071010540, USA

Abstract:
The inscription engraved in stone above the main
entrance of The Newark Museum reads,
"Science, Art and Industry". The Newark Museum
has changed since its founding in 1909. Eighty
years later, architect Michael Graves designed a
major renovation and the Museum opened its
60,000 square feet of exhibition space. A general
brochure invites the public to enjoy its outstanding
collections: American Painting and Sculpture,
Decorative Arts, Classical Art, Africa, The
Americas, The Pacific, Asia, Numismatics and ...
Science. The brochure dedicates two sentences
stating that the Museum has an excellent Natural
Science Coliection, a Planetarium and Mini Zoo.
Science moved from first place to last. The
reasons behind the change involve expertise,
leadership and priorities. This talk shares the
journey of how The Dreyfuss Planetarium went
from being the best-kept secret to the second
most popular attraction at The Newark Museum.
The founder of The Newark Museum was John Cotton
Dana, head Librarian of the City of Newark. His primary
goal was to educate the community. Newark was a
thriving city of many immigrants. Mr. Dana was a
progressive thinker who thought knowledge was
important for people of all economic and ethnic
backgrounds. He wrote, "A good museum attracts,
entertains and arouses. Curiosity leads to questioning
and thus promotes learning ... A museum should also
reflect our industries - be stimulating and helpful to our
workers. The Museum can only help people if they use
it; they will only use it if they know about it and if
attention is given to the interpretation of its possessions
in terms the people will understand." Dana discovered

that the power of an object was the catalyst he needed
to educate.

took a distinguished local institution and brought it to
international acclaim."

Mr. Dana exhibited material gathered from private
collectors, galleries and other sources. He began
collecting objects of culture, art and history. The first
science collection was that of Dr. William Disbrow, a
Newark physician. In 1904 Dr. Disbrow moved his
collection of minerals and plants to the fourth floor of
the Library. He worked hard to expand the collection to
over 75,000 natural history specimen by the time of his
death in 1922. These collections were the focus of
many programs for the public and schools.

As instrumental as Mr. Miller was to the Newark
Museum's growth, he did not aggressively promote
science. Because of the Dreyfuss Fund, the
planetarium remained active. In 1971, in response to
the changing technology and the fervor created by the
Apollo missions, the Spitz instrument was replaced with
the Minolta MS-8. There were four full-time staff
members, and six part-time instructors, who served
30,120 people.

In 1923 Louis Bamberger, a department store mogul,
erected a new building for the museum at his own
expense. Four years later, Mr. Dana and Mr.
Bamberger expressed interest in building a planetarium
for the City of Newark.
At the time, the sale
manufacturer of planetarium equipment was Carl Zeiss.
Unfortunately, acquiring such a facility for Newark was
impractical. Armand Spitz of the Franklin Institute in
Philadelphia, set out to find an alternative to the large
costly instruments in the 1940s. By 1947, he had
succeeded, allowing institutions to obtain small
planetariums.
In 1952, the Museum fulfilled Mr. Dana and Mr.
Bamberger's vision by purchasing a Spitz Model A-1
planetarium projector. The Dreyfuss Planetarium was
named after its donors, Alice and Leonard Dreyfuss.
Dana's successor, Mrs. Katherine Coffey, stated, "It is
evident that a great service can be rendered to the
citizens of Newark and the vicinity by this new
acquisition, which is another instrument at our
command to create a better understanding of the
universe around us." In 1953, after its opening, the
planetarium served 32,862.
Again, through the generosity of the Dreyfuss family, an
observatory was built on the roof of the Museum in
1960 and the Planetarium was refurbished in 1962.
The original canvas dome was replaced with a modern
24-foot diameter perforated aluminum dome which
remains in use today. In 1963 the planetarium reached
the highest attendance in its history - 38,026. Space
exploration was popular because America was on its
way to the Moon with Project Mercury in top gear.
At the same time as the Space Race, the Civil Rights
Movement occurred across the United States. On July
12 -16, 1967, twenty six people died in Newark during
riots that left large tracts of the city little more than
vacant lots. Commercial districts were devastated and
the population plummeted. The Newark Museum was
untouched.
In 1968, a new museum director was hired - Samuel C.
Miller. He was an authority on art - contemporary, fine,
decorative and anthropological. A year later the
Newark Museum faced the threat of closing within a
devastated community. Mr. Miller led a campaign to
save the museum. Recently he was described by our
Chairman of the Board of Trustees, Kevin Shanley: "By
the sheer force of his intellect and personality, Mr. Miller

In 1982 the Observatory was suffering from neglect.
The dome was rusted, the telescope was obsolete,
pollution limited viewing and there was no safe public
access. When the roof was re-done the Observatory
was demolished. A portable Meade with accessories
was bought in its place.

A major renovation of the Newark Museum began in
1986 and the Natural Science Gallery was closed to
store the Science Collection. The science storage was
used to house the art collection. When The Newark
Museum re-opened in November 1989, the Natural
Science Galleries remained closed as they are today
twelve years later. The planetarium was excluded from
renovation until the Year Counter Syncro mounted on
the console caught fire in 1991. A second flare of
sparks forced the planetarium director to explain the
grim situation to Mr. Miller. The museum's architect
designed a new theater interior. Joe Hopkins installed
a new automation system. The year after the opening
the planetarium attracted 32,604.
While considering a position as planetarium director in
1992, I viSITed the Dreyfuss Planetarium hoping to blend
in as a patron at a public show. I arrived at the Newark
Museum and was unable to find the planetarium. Two
solid 10-foot doors hid the entrance from apparent
view. I was the only one who purchased tickets for the
show. In fact, I was one of four people who went to
shows all day. I accepted the directorship with one fulltime astronomer, Kevin Conod, and three part-time
instructors. In the past five years, the astronomer and I
have become a team. Our attendance has increased 26
percent. The solid doors now have glass window panes
and remain propped open. The entrance hallway was
transformed into a gallery for exhibits. Programs are
chosen on the basis of quality, curriculum, interest
surveys, special events, collaborations, museum
collections, exhibitions and public impact.
The planetarium takes advantage of the richness of the
museum's collections. The art of Africa, ASia, the
Americas and the Pacific are featured in planetarium
programs.
Appropriate objects with astronomical
significance are photographed and featured in
planetarium shows. The current planetarium gallery
exhibit, Destination Mars, displays a Martian timeline
which uses objects from our Classical Collection. A
photograph of a Greek column crater from 600 B.C.
depicts Ares the god of war. A Roman coin from 200
A.D. reveals a figure of the Roman war god, Mars. In
1997 Destination Mars was even featured on the front
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page of the museum newsletter. The Planetarium offers
35 various programs for the public, schools, starlab,
teachers, community outreach, adults, children, scouts,
groups and camps. Attendance reached the second
highest total ever at 37,492.
Newark today is a regional transport hub. Its airport is
the busiest in the United States. Millions of dollars
worth of construction contracts are being completed,
including an enormous performing arts center and a
science park. Crime reports are dipping to thirty-year
lows and the population is slowly increasing. Newark
advocates can confidently say that the city is on the rise.

Upon his retirement, Mr. Miller left a mandate to "make
the museum whole" by completing the Natural Science
Galleries. A new museum director, Mrs. Mary Sue
Price, has embraced this philosophy.
A new
planetarium brochure was designed and printed after
five years without one. In 1997 a new Director of
Science, Ismael Calderon, came to us from the
American Museum of Natural History in New York City.
A capital campaign for the science department was
launched on April 15, 1998. Discussions to replace the
27-year-old star projector are encouraging.
Partnerships with local universities and the Newark
community provide us with challenging projects.
Planetarium staff are assisting with the renovation of
Rutgers University Observatory. We .are collaborating
with four astronomers at New Jersey Institute of
Technology, who operate the world renowned Big Bear
Solar Observatory. The increased public interest in
comets, eclipses, asteroids and the planets keep local
and national television and newspaper reporters coming
for interviews. As the new millennium approaches, the
sky is the limit for the Dreyfuss Planetarium at the
Newark Museum.

WELCOME TO THE PACIFIC
SPACE CENTRE .. NEW TOOLS
FOR AN OLD DOME
Paul Deans
Pacific Space Centre
1100 Chestnut Street, Vancouver, BC V6J 3J9,
Canada.

Abstract:
Take a 30-year-old stand-alone planetarium,
pour a modest $9 million Canadian into it et voila:
the H.R. MacMillan Planetarium is transformed
into the Pacific Space Centre. This tour of the
new PSC will look at the new additions (including
exhibits, a multimedia theatre and a motion
simulator), but will focus on the changes made to
the planetarium (stage, video, automation,
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computer graphics capability, etc) that are
designed to provide greater programming variety
and flexibility.
Welcome to the new Pacific Space Centre in
Vancouver. Some of you may know it as the H.R.
MacMillan Planetarium, site of an IPS conference in
1982. We've just undergone a $9 million (Canadian)
refurbishment to upgrade the Star Theatre, and add
new facilities to the building. For those of you unable to
get to Vancouver in the immediate future, I thought I'd
tell you what we've done.
As well as upgrading the planetarium, we've added
three new components - a multimedia theatre called
GroundStation Canada, a small exhibit gallery called the
Cosmic Courtyard, and a Virtual Voyages Motion
Simulator.
GroundStation Canada is a 90-seat multimedia theatre
in which we present both pre-recorded shows and live
programmes. On stage, the facility mimics the "mission
control" room in NASA's Johnson Space Centre.
Overhead is a 1 to 1 replica of the Canadarm found on
the Space Shuttle.
Our first programme in this theatre was RocketLab, in
which we describe and demonstrate Newton's three
lam of gravity in a "light" manner. The show combines
video clips, a "rocket cart" and demonstrations using
volunteers. The "grande finale" is a spectacular
bottle-rocket blastoff - it looks suitably dramatic and,
much to my delight (and the chagrin of some), actually
contains a modicum of danger. Its fuel is the vapours of
isopropyl alcohol, and upon ignition, we've found that
there's a small chance that the bottle itself will flame out
and melt - sort-of like the rockets during the early days
of NASA!!
Our latest programme which opened just last month is
Living in Space. We have a stylized set consisting of
selected segments from the International Space
Station's Habitation Module. Again, the presenter
interacts with volunteers from the audience and video
clips, as well as using props to illustrate certain
problems inherent with living in a micro-gravity
environment. And due to audience demand, we
answer THE most frequently-asked question about life
in orbit, which is ... how DO you go to the bathroom in
space? In the Cosmic Courtyard, we've got videos,
computer games, artefacts, and models. The gallery is
divided into a number of subject areas: Home Planet,
Our Solar System, Travel to Other Worlds, Robots and
Simulation and Imagining the Possibilities. Naturally,
the computer games - of which there are 5 - are
extremely popular.
Tour the Solar System is what its name implies
Mars Odyssey requires players to successfully plan,
as well as execute, the first manned mission to
Mars.
Dock the Shuttle simulates the manoeuvres
necessary to dock the Shuttle with the International
Space Station.
Alien Encounters is a morphing programme where

you select a planet, learn what conditions might be
like on it, and then have your face morphed into that
of an alien living on that planet
Finally, Perpetual Forest deals with how to sustain
a renewable resource in the face of various
economic and other pressures.

video routers. Controlled by the automation system, the
video routers let us change sources and projectors on
the fly during shows - we can even seamlessly crossfade video images from different sources in the dome,
not just during post-production.

Virtual Voyages is the name of our Motion Simulation
ride. Developed by SimEx, a Canadian firm, the
experience consists of a Preshow, Act 1, and a ride in
the 30-seat cabin. In the case of Mars, our initial
feature ride, the pre-show features video clips
illustrating science fiction "predictions" that came true.
In Act 1, a 3-screen show sets up the storyline upon
which the ride is based. Finally, the ride itself sends the
audience sweeping around the Sun, through a
meteoroid storm and on to Mars before returning to
Earth.

We also have the ability to edit video imagery and
create computer graphics. We didn't acquire an editing
suite as it seemed like overkill for our needs. Instead,
we use a Pentium with a software package called Video
Action NT, which turns the system into a non-linear
editor. In addition, a Perception Video Card lets us
capture both video imagery and computer graphics into
the computer. To generate computer graphics, we use
lightWave, a 3-D animation programme - the same
software package that creates imagery for such shows
as Star Trek - Deep Space Nine. The only difference
between their show and ours is that they have umpteen
high-powered work stations, and we have one Pentium.
But the end product is impressive nonetheless. Much
of the imagery we use was created in-house by staff
member Erik Koelemeyer.

Upstairs is the H.R. MacMillan Star Theatre, with a
revitalized entrance that focuses on the Hubble Space
Telescope and some of its great images. Inside the
Theatre, we spent roughly $1 million Canadian on
fixing, replacing and upgrading. We repainted the
dome, recovered the seats, recarpeted the floor, and
installed a stage. To do this, we removed seats from
one quadrant of the theatre - a quadrant conveniently
defined by our entrance and exit aisles. We didn't
replace our Zeiss Universal star projector; neither did
we re-configure our concentric seating.

While it's nice to have ail these toys, it's what you do
with them that counts. For us, the single most important
change has been the addition of the stage. It has
allowed us to turn ordinary, multimedia shows into
theatrical experiences. The appearance of an actor in
an astronomy show likely comes as a complete surprise
to our audience, and probably causes them to wonder
what else new and exciting is going to happen during
the program. And it gives us greater flexibility, and
more appeal, for corporate specials, rentals, and other
special events.

However, we did do major upgrades to our electrical
system, installed a new automation control package
from Commercial Electronics in Vancouver, improved
our laser projection system, replaced our old slide
projectors with Kodak 701 O's, upgraded our console
and added new audio and stage lighting fixtures and
controls. And we installed a pair of video projectors.
One is a large-screen DLP-machine from Electrohome
called the VistaPro Plus, located in the cove opposite
the stage. Its projected image is as wide as the stage
and rises about 30° off the springline. It's not a super
bright light-valve type projector, but it does give us a big
image that's bright enough for most of our applications.
The other is a 3-gun CRT machine from Sony
(VPH-G70Q). As with others of its type, the Sony
projects an image that goes to black and therefore
gives borderless planets, etc. But the best thing about
this projector is that we installed it on an XJY motion
platform from Conic Instruments, and located it as close
to the center of the theatre as possible - between the
Zeiss and the stage. The, ability to reposition or fly video
images around half the dome has given us incredible
programming flexibility. In fact, I'd venture to say that
one CRT machine on a moving platform is superior to
having 3 or 4 video projectors in fixed locations.

In our astronomy show Night of the Martians, we have
an actor who plays four parts: Percival Lowell in 1903,
the reporter from Grover's Mill, New Jersey in a War of
the Worlds segment, a JPL scientist of today, and a
future scientist involved in terraforming Mars. Running
the show involves costume changes, different sets and
some interesting choreography between the actor and
the usual compliment of planetarium effects,
panoramas, slides and so on. Our family show - Where
in the Universe is Carmen Sandiego? (which, by the
way, is an 8-planetarium consortium production
spearheaded by Bill Gutsch) - also features a live actor
as the "game-show host" who
helps the
"audience-gumshoes" track down and capture that
villain Carmen Sandiego. This show is different from
Night of the Martians as it has only one costume, one
set, and lots of audience participation.

In addition, we have over 20 different video clips, ail
short, and aU dealing with various topics in a very
humorous - and sometimes off-the-wall - manner.

The image sources for our video projectors include a
Betacam and SVHS deck, plus two Pioneer laserdisk
players, a computer graphics server, and options for
additional sources. But the key features here are two

But there is a price to be paid for this type of show.
Actors are expensive, an artistic director to work with
the actors is a must, the "care and feeding of actors" is
time-consuming, and programming shows with live
actor components is challenging. But because the
audience reaction has been so positive, we plan to do
more "actor- driven" shows in the future. The stage
and all our new equipment in the Star Theatre, plus our
additions on the main floor, have also made us a much
more popular venue for special events. Lately, we've
played host to everything from music concerts to rock
video shoots to major parties, including the wrap party
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for the X-Files.
So there it is - the new Pacific Space Centre. If you're
ever in Vancouver, please drop by and we'll be
delighted to give you a personal tour of the facility.

This year, in preparation for the eclipse of 1999,
Professor Agnes Acker set up a co-ordinated effort with
the aim of informing the public, and of creating a special
show, and setting up observations and exchanges with
European planetariums affected by this eclipse.
The headquarters of APlF are located at Planetarium
de Strasbourg, Rue de l'Observatoire, 67000
Strasbourg, France. TEL: +33 3 88 21 20 42, FAX:
+33 3 88 21 20 45. The magazine is produced at
Planetarium de Montpellier, address above.

THE
FRENCH-SPEAKING
PLANETARIUM MAGAZINE
Dr. Jean-Michel Faidit
Association des Planetariums de langue franc.;:aise
(APlF), Planetarium de Montpellier, BP 1088 34007,
Montpellier, France

Abstract:
The French "Association des planetariums de
langue franc;aise" produces an annual review of
planetariums, which contains all kinds of papers
about planetariums, and an annual address list.
The APlF has edited an annual magazine since 1995.
This contains all kind of papers about planetariums:
education, technical aspects, planetarium activities, and
about the Planet-Arium: current events, new
planetariums, announcements of new shows, synopses
and times of programmes, portable planetariums, and
meetings like IPS conferences. Every year there is also
an address list with a resource directory and a map of
planetariums in France
The APlF, like every planetarium association, aims at
the promotion of planetariums in France, Belgium,
Switzerland, Tunisia, Canada, and louisiana, among
others, and to develop exchanges between them.
It includes about a hundred planetariums of all sizes,
either fixed or portable, professional or amateur, open
to the public or devoted to school audiences only.
Among its main activities, apart from an annual meeting
and the editing of the magazine, APLF aims at the
creation and exchange of shows between planetariums,
training sessions for planetarium staff, educational
materials, the production of postcards and slide sets,
help with new projects and a joint purchase network.
20 years ago, there was only one planetarium in
France, installed in 1937 at the Palais de la Decouverte,
Paris. Now there are 15 with domes between 6 and 21
metres, and using different projectors:
ZEISS (Palais de la Decouverte - Paris, Reims, Nantes,
Nimes,
R.S AUTOMATION (Capelle-la-Grande,
Sainte-Etienne, Nanc.;:ay Villeneuve d'Ascq,),
EVANS & SUTHERLAND (DIGISTAR) Vaulx-en-Velin,
Cite de l'Espace - Toulouse, Pleumeur-Bodou), SPITZ
(Cite des Sciences - Paris, Strasbourg, Poiters), and
GOTO (le Bourg€t)
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MANUFACTURERS' UPDATE
ELECTRICSKy(TM)
IMMERSIVE
MULTIMEDIA THEATER

full-dome special effect devices to exploit immersivity by
"working the dome."

Ed Lantz

Film formats can cover a dome with all-sky images. No
such format has been available for video, however.
Video is directly compatible with electronic information
and graphics formats and has a fast production
turn-around time making it ideal for planetarium
applications.

Spitz Inc.
P.O. Box 198, US Route 1, Chadds Ford, PA 19317,
USA

Abstract:
A new vision is emerging for planetaria. We will
soon be able to graphically control the entire
surface of a dome screen, in real-time, with highresolution images from a variety of sources synthetic, remotely sensed, filmed, painted or
drawn, videotaped and photographed. This new
video-based
technology
transforms
the
planetarium into a general-purpose immersive
visualization environment or "digital dome". Digital
domes breathe new life into planetaria and
empower planetarians to educate and inspire in a
way that no competing medium can. Spitz's
ElectricSky theater, the first of these new facilities,
is a proven multi-use, multi-format theater.
ElectricSky supports a variety of community-based
activities including corporate galas, video game
tournaments, movie theater presentations,
multimedialweb
presentations,
concerts,
interactive 3D programming and next-generation
laser shows in addition to traditional planetarium
presentations. Digital dome theaters· will enable
planetaria to disseminate the latest scientific
discoveries to a sophisticated media-savvy public
BACK TO THE BASICS
Th ere is an ongoing debate regarding the utility of
planetaria in today's world. Astronomical images are
adequately presented and discussed in television
documentaries. Films such as the Star Wars and Star
Trek series have entertained millions with futuristic
visions of deep space. Desktop computers running
inexpensive software simulate the celestial sphere with
pinpoint accuracy. And stunning panoramas of Mars are
downloaded by millions directly from NASA's website.
Aside from philanthropy, how do we justify the cost of
building and maintaining a modern planetarium?
To help answer this we revisited the original purpose of
a dome theater: to simUlate spatial presence. A
spherical image provides the greatest visual field-of-view
of all projection surfaces, nearly filling the viewer's retina
[Figure 1]. Such images have a powerful psychological
impact on our sense of space and balance, the
opto-vestibular response. Images mapped onto a dome
surface therefore induce the greatest "sense of
presence" of all presentation media. Planetarians have
recognized this for many years, resulting in a plethora of

IMMERSAVISION (TM) VIDEO PANORAMA
Spitz has pioneered a new format for dome video
production called ImmersaVision(tm). ImmersaVision is
a universal, open and evolutionary format for full-motion
spherical video productions. Its simplest and most
robust embodiment is ImmersaVision 10:3, a
partial-dome cylindrical panoramic format. As shown
below, Immersa-Vision 10:3 maps a rectangular frame
with a 10:3 aspect ratio onto a spherical section which is
200 0 horizontal by 60 0 vertical. Prior to projection the
panorama is broken into three overlapped sub-frames.
Standard 01 video (CCIR-601) sub-frames (720x486
pixels) resutt in a 1800x486 pixel frame. Each sub-frame
is soft-edge masked and spherically warped so they
blend seamlessly on the dome to reconstruct the original
panoramic frame. With digital video playback and
processing, the result is a visually compelling, full-color
wrap-around video image - an exciting new medium!
Two techniques are available for performing the
edge-blending and spherical warping. The first and
most obvious approach mimics the process used for
allsky multi-image projections. We call it pre-rendered
edge-blending and mapping, or pre-blending. Each
video frame is digitized, and using a custom Photoshop
plug-in, an edge-blend mask is applied to the image. The
plug-in also applies spherical warping according to the
particular dome geometry. Pre-blending requires show
customization to a particular projector type and dome
geometry for best results.
The second technique is used in most flight simulators
which employ CRT projectors. Edge-blending is applied
in real-time using an electronic video edge-blend
processor [Figure 2]. Spherical mapping is also applied
in real-time using a special CRT dome video projector
which allows extreme geometric correction. The result is
a better edge-blend and a more flexible, general purpose
system. The edge-blend is better because it is adjusted
interactively to achieve the ideal blend for a given theater
configuration. As CRTs age, the edge-blends can be
maintained to look their best. And because the
edge-blending and mapping occur in real-time, the
additional expense of pre-blending is av6ided. This also
allows a real-time image to be projected across the
entire panorama, such as a computer desktop or a
panoramic video camera. This feature is crucial for a
true multi-use faciHty.
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Figure 1 Cylindrical equidistant mapping for ImmersaVision 10:3
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Figure 2 Dome Coverage of ImmersaVision Video Panorama
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ElectricSky Theater

Figure 4

ImmersaVision Video Panorama

Spitz is presently recommending pre-rendered systems
for theaters with smaller budgets who are more
concerned wtth playback-only operation. Systems using
real-time blending can easily accept pre-blended material
and can actually switch modes under automation.
Shows which are produced using the ImmersaVision
format can be adapted to either system. This is
because ImmersaVision is a spherical format which is
independent of projection means.
Higher resolutions are easily obtained up to the
maximum projector bandwidth and scan frequency
(2500x2000 addressable pixels for CRT graphics
projectors). Greater dome coverage is possible by
adding more projectors, allowing up to a full hemispheric
video display.
ELECTRICSKY(TM) THEATER
Spitz has combined the ImmersaVision Video Panorama
wtth allsky multi-image, a standard star projector, dome
laser projection and standard digital audio (5.1 format) to
create a powerful immersive multimedia theater format
called ElectricSky. The first ElectricSky theater was sold
to the town of Watson Lake in Canada's Yukon Territory.
In its first year of operation, Watson Lake's Northern
Lights Centre has become one of the Yukon's largest
tourist attractions. Offerings include feature shows on
the Northern Lights, laser shows from Laser Fantasy.
feature films from DVD, and Saturday morning video
game tournaments on the dome. Multi-use capability
has contributed to the success of this remotely located
theater.
The philosophy behind ElectricSky is to exploit video and
laser projections and eliminate many of the less reliable
planetarium special effects and slide projectors.
Multi-image is reduced to a set of allskies and three
dissolve pairs. Multi-image panoramas are eliminated by
using video for moving panoramas and by digitally
mapping still panoramas to the allsky projectors. This
consolidation of planetarium equipment results in a more
reliable theater and more transportable shows. An
extensive astronomical graphics library and feature
productions, developed in-house by Spitz animators and
others, will facilitate the use of panoramic video.
The use of allsky slides and a star projector provides a
full-dome effect which supplements the partial dome
video. And Spitz's new Windows 98-based Theater
Control System provides a single, elegant user interface.
The resutt is a streamlined and well documented theater
format which is much more user-friendly and accessible
to local media professionals. Shows produced in
ElectricSky format are easily transported to other
ElectricSky theaters, resulting in near plug-and-play
operation.
SHOW PRODUCTION
Perhaps the most exciting thing about the
ImmersaVision format is the ease with which original
graphic material can be produced. Graphics are created
using a wide variety of source material, and
post-produced and edited using standard desktop
computers. Shows are downloaded digitally and played
back under automation using synchronized digital
players. Source material can be generated from 3D

computer graphics using software such as Lightwave,
3D Studio Max, Softimage or AliaslVVavefront.
Traditional painted panoramas can be scanned and
used as compositing backgrounds. Slit-scan panoramic
photographs also make excellent source material. Still
artwork is brought to life in video using camera pans,
tilts, zooms and other special effects. Compositing is a
powerful tool allowing many simple, inexpensive graphics
effects to be layered to produce a visually rich and
compelling sequence.
To facilitate ElectricSky show production, Spitz is
developing a family of ImmersaVision software plug-ins
for the Adobe software suite. These software tools
of Photoshop,
After-Effects,
empower users
DeBabelyzer and other desktop graphics applications to
produce quality ElectricSky shows. Effects include
geometric transformations and spherical special effects
which are essential to dome video productions.
Asset management of digital video is handled by the
theater control system. Since shows reside on hard
drives, new show material can be downloaded
automatically from
FTP sites overnight and
drop-replaced into the show. The capability to rapidly
display timely scientific data and late-breaking NASA
images differentiates the video-based theater from film
formats.
REAL-TIME COMPUTER GRAPHICS
ElectricSky is also capable of Real-time interactive 3D
presentations. Spitz has demonstrated such a system
using their ElectricHorizon(M) Virtual' Reality Theater [3].
ElectricHorizon is powered by a Silicon Graphics Onyx(r)
Infinite Reality(TM) computer, and uses three
edge-blended Electro-home Marquee(R) projectors to
produce a panoramic video display on a 28-footdiameter partial-dome screen. A seating deck includes
32 interactive audience responders each containing 3
lighted push-buttons which are read by the Onyx
computer. ElectricHorizon was first demonstrated as a
temporary theater installed last year at Pittsburgh's
Carnegie Science Center.
ElectricHorizon show programming included Virtual
Pompeii, an interactive walkthrough of Pompeii in 79
A.D., and Robotix Mars Mission, a VR Cinema
experience funded by Learning Curve Toys. Both
programs were developed by Carnegie Mellon
University's SIMLAB.
ElectricHorizon was also a group telepresence test site
for NASA's Atacama Desert Trek. Carnegie Mellon's
Robotics Institute tested their Nomad rover last year in
Chile's Atacama Desert, in co-operation with NASA
Ames. Equipped with a unique "panospheric" camera,
Nomad beamed back real-time panoramic images to the
Carnegie Science Center which were displayed to
audiences in the ElectricHorizon theater. Using the
push-button responders, the audience could rotate the
panoramic image by a full 360°, This demonstration of
real-time telepresence in a group environment paves the
way for future planetaria to accept live panoramic feeds
from planetary rovers. Red Whittaker, director of the
Robotics Institute, believes that immersive displays will
playa key role in future robotic missions to Mars and
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Figure 5.

Group Telepresence

other planets.
Basing a theater entirely on real time 3D graphics
capability, while exciting and full of potential, is still
unproved. Pre-rendered shows rely on time-tested show
production models developed for film and video.
Pre-rendered material can exploit a wide variety of
inexpensive desktop video production techniques
including compositing, live-action and off-line rendering.
Since computer graphics do not have to be rendered in
a fraction of a second, photo-realistic rendering
techniques such as ray tracing are possible. Real-time
3D programming requires an entirely new show
production model requiring expensive, high-end
computers, specialized simulation programming and
innovations in audience interactivity. While we welcome
the chance to provide real-time 3D systems to planetaria,
such systems should be considered experimental in
nature and approached with caution.
THE FUTURE IS BRIGHT
We expect ElectricSky to quickly become a new
standard in planetaria worldwide. The introduction of an
immersive computer graphics display into the
planetarium will elevate planetaria to a greater level of
quality, utility and respect. The new potentials opened by
such theaters are far-reaching. Immersive video will
attract the art, computer science, and astronomy
departments of local universities, colleges and
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high-schools to participate in show production. Laser
light shows will be propelled to new heights by the
incorporation of full-color video imagery. Planetaria within
schools will have the opportunity to work synergistically
with other departments outside of astronomy or physics
who will want to share the dome. Spitz is working to
provide a pipeline of scientific data from government
agencies and research institutions for use in ElectricSky
theaters.
In summary, digital dome technology is now a viable
alternative for planetaria and dome theaters. The added
capabilities may hold the key to the future success of
planetaria - both as a vehicle for scientific outreach and
a self-sustaining, profitable special-venue attraction.
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VIRTUARIUM TODAY
Kimberly Ayers
GOTO Optical Mfg. Co.
12 Champagne Drive, Nashua, NH 03062, USA

Abstract:
May 1997 marked the opening of the first Digital
Theatre in Japan. Minami Makimura has been
running shows on the Virtuarium for over a year
now. In this paper GOTO would like to present an
overview of the shows run during the first year of
operation, the response of the general public, and
what our production department hopes to create
for the coming year. Advances in Virtuarium
technology and production, as well as information
about the newest Virtuarium theatres will also be
presented.
INTRODUCTION
Two years ago GOTO Optical unveiled the world's first
all dome, full-color, real-time, 3D computer-graphics
theater system. A number of IPS delegates visited the
GOTO facilities in Fuchu to see a special presentation of
this trend-setting system. In the short time since our last
meeting, many similar systems have entered the
marketplace, making it clear that digital dome theaters
will be an integral part of the planetarium industry in the
years ahead.
GOTO Optical has over 40 years experience in the dome
theater projection arena, offering traditional optical
projection systems, large-format motion picture systems,
video and Virtuarium. Along with supplying a wide range
of theater equipment, our services also include dome
theater design consultation and show production.
THE NEW ERA
Virtuarium is a powerful new production tool,
complementary to existing projection equipment, yet
versatile enough to stand alone in a theater. The
Virtuarium's SGI based computer graphics system
generates all-dome, full color, dynamic CG images which
are projected via super high-end CRT projectors onto
the dome, creating a totally immersive environment. The
result is a virtual reality experience unlike anything else
today. Due to the wide popularity of the Silicon Graphics
platform from the studios in Hollywood to the research
labs of Stanford University, a diverse range of existing
material can easily be modified or supplemented for
dome theater productions. The digital dome theater
really can teach everything about the universe; from
astronomy & physics, math and chemistry to biology,
archeology and art history,
SHOW PRODUCTIONS
The theater at Minami Makimura currently runs a live
planetarium program, The Sky Tonight, which changes
every 3 months. A 20-minute "theater-original" play-back
show teaches the importance of agriculture to society;
the main theme of this museum. Finally, each program
also includes a tour of the Solar System, which is
basically a fly-through of the standard Virtuarium
database.

In the year since the Minami Makimura theater opened,
our production department has learned that the most
significant difference between Virtuarium and the
traditional theater is the true 3D nature of the objects
being presented. No longer is Saturn just a spinning
globe in front of the viewer, now it can be explored from
above, below and behind as we pass through the rings,
fly beyond it and look back. The key to imparting the full
effect of the 3D images is to frequently change the
audience's line of sight, subjecting them to perspectives
not usually found in a traditional theater presentation.
GOTO currently has two new productions underway.
One is a documentary about a casket found in an
ancient tomb in Nara believed to be that of a powerful
leader of 7th-8th century Japan, mostly likely the
Emperor. Researchers have found images of four gods
on the walls and, somewhat surprisingly, constellations,
the equator and ecliptic depicted on the lid. The
astronomical drawings show detail and understanding
beyond the scientific knowledge of the native people of
that time and the casket is thought to have been brought
from China. In order to preserve the casket from the
detrimental effects of Japan's high humidity, the casket
has been left unopened. Only a super-small camera,
developed by NHK, inserted through a narrow pipe has
been used for photographing the images inside. GOTO
hopes to work with archeologists and NHK to reproduce
the casket's exciting images via computer graphics for
further study and use in Virtuarium facilities.
The second production is for the new Water World
theater, GOTO's third installation. The overall theme will
be rivers, directed by the world renowned interactive
media artist, Mr. Toshio Iwai, and produced by GOTO's
artists and programmers.

TECHNICAL INFORMATION
1.
Graphics Workstation - Virtuarium utilizes the
world's fastest graphics workstation, the Silicon
Graphics ONYX2 Infinite Reality. As computer
technology continues to evolve so will this crucial
Virtuarium component, but GOTO carefully
considers cost performance versus new features
when upgrading.
2.

Projection System - six projectors cover the entire
dome with a single image, free of seams or
distortion. The unique feature of the Virtuarium
projection system is that all of the image distortion
correction and edge-blending is carried out within
the projection system, thereby completely freeing
the computer to generate high speed, high
resolution graphics.
These projectors are GOTO's patented design.
GOTO is constantly evaluating the evolving
projection technology in order to provide the end
user with the highest resolution and brightest
projection equipment available.

3.

Control Terminal- the Virtuarium system controller
is a PC which allows the user to operate the
graphic workstation data remotely through a
simple GUI environment.
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4.

Show Control System - the system which
manages the Virtuarium and surrounding
projectors, theater illumination, sound system, etc.
The Virtuarium control system is compatible with
most control systems for other theater devices
such as laser system, film projection system,
sound system, etc.

5.

Sound System - consists of cutting-edge digital
devices capable of suppyling "sound on demand"
i.e. sound synchronized with the Virtuarium
imagery.

SHOW PRODUCTION SOFTWARE
Virtuarium's standard software package includes the
VP3, which includes all standard planetarium data such
as the stars and planets mapped in 3D space. It is also
the tool for mapping databases onto the dome screen
environment.
Future upgrades will enhance the planetarium features
of the software. GOTO's software library continues to
grow as we add productions.

INSTALLATIONS
Minami Makimura Cultural Information Exchange
Museum
Matsue Labor Welfare Center (on order)
Fujikawacho "Water World" River Museum (on
order)
Shibuya Gotoh Planetarium, Tokyo (2 month
lease)
GOTO Demo theater, Yamanashi factory

EXPLORE PLANETARIUMS
THE 21ST CENTURY
Ori Yardeni
International Tourist Attractions Ltd., ITA-Explore
13 Krinitzi Street, Ramat Gan, 52453 Israel

Abstract:
Explore is a new product which has already
revolutionised the way planetaria impart
knowledge to their audiences with successful
installations in planetaria in the Middle and Far
East. Whilst enjoying a thrilling ride viewing rare
footage of neighbouring stars photographed by
NASA satellites, one is also educated about the
visual marvels of the Solar System, thus
combining Explore's philosophy of Education in
partnership with Entertainment. Two Explore
experiences are based on the world's most
advanced and cost-effective simulation and
production technologies. Simulation of Explore's
remarkable journey through the universe is
achieved with the unique, revolutionary E360
simulator (the first simulator capable of 360 2

rotations). Images are projected onto the ceiling
and surrounding walls via computerised slide and
video projectors. Also notable is Explore's unique
MVP (Motion Video Projectors) enabling
movement of video projectors along all three
spatial axes synchronised with the motion
experienced by the audience. A working model of
the new planetarium will be displayed.
IN THE BEGINNING
It all began on a cold winter's morning sometime in 1990
when, like any good parent, I took my 1O-year-old son,
Leor, to the local Planetarium in Tel Aviv, Israel so that
he might learn something of the universe's origin. We
entered a small, domed celling auditorium with some
200 wooden seats tilted back for easier viewing. At the
center stood an old spttz star projector. Slowly, the lights
dimmed. The operator pressed a button activating the
sound track and the show was under way. The
beginning was impressive. Orange lights gave hint of the
sun slowly sinking beneath the horizon. And then, in an
instant, the domed ceiling transformed into an awesome
tapestry of the night sky twinkling with bright stars. The
audience sat expectantly as the music of Pink Floyd
wafted through the auditorium. But that, folks, was it.
From that moment on and until the show's end some 35
minutes later we experienced nothing but bitter
disappointment. The slide projectors, occasionally
projecting images onto the ceiling, failed to exploit the
situation. The attempt to teach us about the North Star,
the Great Bear or the Wagon - not to mention a plethora
of other stars with mythological namesakes - was a
dismal failure. My son Lear, his face registering an
expression of utter boredom, soon dozed off for the
duration. I myself experienced a sense of parental failure
even as I began by blaming the boy for not being 'mature
enough' to appreciate the wonders of the universe. I
rapidly discovered however, that many of the adults in
the audience exhibited similar signs of boredom, and a
number were occasionally heard emitting strange,
alien-like snorts.
As I left the show, I exchanged impressions with a few
members of the audience, all of whom, in one way or
another, expressed disappointment at a missed
opportunity. I decided to do something about this and
scheduled a meeting with the director of the museum. I
told him of my failed expectations. My main point was
that in this age of the 90s it was quite possible to convey
the wonders of the universe in an educational yet
exciting manner. At a time when American and Russian
space craft journeyed among stars hundreds of millions
of miles away, all the time transmitting data and pictures
back to earth, we could do better than to simply project
dots of white color onto a Planetarium ceiling. After all,
long gone were the days when we required knowledge
of the sky's map to chart a course at sea or navigate the
desert's terrain. True, such knowledge was useful for
hobbyists or for soldiers learning the science of
navigation. But the great majority, exposed daily to
dozens of cable-TV channels or interactive computer
games, deserved something more sophisticated. The
essence of the idea I hit on was this: instead of peering
into the stars from below we ought take off and travel
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toward these celestial bodies. Look at them up-close.
By the beginning of the 90s vvithin my organization, I had
succeeded in demonstrating that education and
entertainment are not necessarily enemies. The trick, I
believe, is in the mix. I described my ideas to the curator
of the Tel Aviv Museum where the Planetarium is
situated. He, incidentally, had previously ordered three
highly popular shows featuring educational content.
Within a month I had plans on his table. The central idea
was a journey to the stars of the Milky Way. For this to
happen, our proposal was to transform the auditorium
into a launching pad using a circular motion base
capable of motion.
It is clear that many planetariums around the world are
concerned about their planetarium being turned into a
Disneyland-type institution for commercial reasons, and
being steered away from the purpose for which it was
built. I understood, and stili understand, this situation,
and for this reason
that my idea to integrate
a simulator into planetarium would only enhance visitors'
educational intake as well as clearly adding to their
enjoyment. Repeat visits to the site would add to the
benefit of having a state-o·f-the-art-tool in a planetarium.
Due to the fact that the Tel Aviv Museum Planetarium
was, and still is, a publicly funded body. close attention
had to be paid to the budget. The new design of the
planetarium had to fit certain criteria:
1)

It had to fit in the existing building.

2)

It had to be powerful enough to draw crowds to
the building - the planetarium is a walk of almost 1
kilometer from the main exhibit area.

3)

It had to be produced on a shoe string budget.

My ideas and proposal were passed by the Board of Tel
Aviv Museum and I began work with my team to
re-invent the Tel Aviv Planetarium for the 21 st Century.
THE TECHNOLOGY
Designed and built by Amos Yardeni, formerly head of
the prototype division of the Israeli Aircraft Industries, the
E360 Simulator, as IT is known. is the only simulator of its
type. The Simulator is capable of a 360 0 rotation
together with its superior tilting action. It is capable of
motion along six axes. In addition to the old star
projector, whose functions were now controlled by
computer, we added two video projectors capable of
motion along an axis. In fact, this was the first attempt
World-wide to move two 3-lens video projectors along an
X and Y axis. Here focus was critical. Because I located
the projectors at the center of the auditorium, my hope
was that focus would be maintained at all times. And
indeed, this proved to be the case. Finally, 27 slide
projectorswere strategically located behind the domed
ceiling projecting synchronized images through holes
drilled in the structure. The overall effect was two-fold: an
ALL SKY perspective and Surround Sound delivered
through a quintophonic sound system (5 channels).
For the project at the Planetarium in Israel, the 11.2meter-diameter metal platform stands approximately 60
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centimeters off the ground. It was assembled inside the
existing dome (which is 13.8 meters in diameter) without
the need for structural changes.
The platform rests on 6 hydraulic lifts that were sunk into
the floor and is rotated by 3 servo-hydraulic motors. The
pumps and power-plant for the system are located
outside the planetarium structure, ensuring quiet
operation and facilitating service and maintenance. As
mentioned the platform was designed to:
move up and down slowly or quickly
rotate clockwise and counter-clockwise at 2
speeds
vibrate
tilt from side to side
tilt and rotate in a wave-like motion
The platform was designed to be safe, reliable and easy
to maintain. Unauthorized access to the motors and
hydraulics is prevented by a fence surrounding the
platform. The system's operation is monitored and
controlled by computer and the platform is visually
inspected before each performance. Emergency cut- off
switches can halt the platform at any point during the
show.
The platform is computer-controlled using software
developed in house. The motors, lifts and hydraulic
equipment are off-the-shetf components. Because of the
number of shows per day and heavy usage during each
show, the entire system was designed for fast and
simple maintenance and repair. Indeed, in the seven
years that the Explore Planetarium has been running,
just two stoppages have been reported, which were
corrected within hours.
Visitors enter the planetarium auditorium and climb a few
stairs to the platform. Once the show has started, the
entrance doors are closed and the stairs pulled back. A
lift platform has been installed for wheelchair access.
Each member of the audience sits in a comfortable, high
backed chair equipped with a safety belt - provided for
fun not safety. These chairs are tilted at various angles
with the angle increasing as the rows get closer to the
front of the platform.
Prior to the audience enjoying the show on our special
E360 simulator, we created a pre-show in the lobby of
the planetarium. Visitors enter into total darkness,
punctuated by twinkling stars and eerie music. Suddenly,
they see live Skylab footage on a closed- circuit
television screen and walk by brightly lit 3-D displays like
the birth and death of the Sun, the Moon, the secret of
the Moon's rays, history of astronomy, map of the Solar
System, the Voyager probe series etc.
As the audience approach the entrance to the
auditorium signs flash to warn them about the impending
"Space flighf'. Suddenly, the doors open and they climb
the stairs and are seated on the platform.
At the time of writing, this type of motion-based simulator
has been successfully installed in planetarium in the
Middle and Far East. Together, this advanced
technology - which really 'takes the audience' on a
journey to the stars - in combination with the educational

yet entertaining films, the Explore sites have proved to be
major draws for school parties, tourists and serious
astronomers alike.

THE EXPLORE SHOWS
The first show, a journey into the Universe, takes viewers
through the Solar System and from there to nearby
stars, the riddle of quasars and, finally, a Black Hole. To
produce the required script I worked closely with the
professors at the Astrophysics department at Tel Aviv
University, Israel, where it was subjected to a veritable
nit-picking review and amendment. As passengers of a
spacecraft embarking on a journey through the universe,
viewers experience both the launch itself and motion in
space. They are moved in different directions as, from
time to time, a map of the Solar System is projected onto
the spacecraft's viewing screens. Valuable materials
presented to me by NASA for this production, and used
in conjunction with Silicon Graphics-generated
simulations, make for an educational, fascinating and
thoroughly convincing journey. The second of the
Explore shows designed specifically for planetariums
considers UFOs. The objective is to understand and
learn something of enigma surrounding the possible
existence of life outside our Planet Earth. The show is a
serious, scientific production confronting both questions
and doubts swirling around this controversial issue.
All in all, the outcome was indeed impressive. The
Planetarium has become the main drawing point for the
museum and its number one money maker. During the
holidays and vacations it is difficult to book seats to the
show, while tens of thousands of students from
throughout Israel visit the site in organized tours.
Since the inauguration of the world's first motion-based
planetarium, we have seen a veritable technological
revolution in the field of simulation. Also, since then, I
have seen through to completion dozens of additional
attractions in the field of edutainment, among which is
the new, and much more sophisticated, planetarium I
buitt in Malaysia. Still, the Tel Aviv Planetarium continues
to excite tens of thousands each year and will no doubt
continue to do so in years to come.
Before completion, each one of my productions, the
planetarium included, is presented to focus groups
whose reactions and impressions enable us to learn and
draw necessary lessons. Each production is also served
up in several versions: a 35-minute instruction version
for school outings, a standard 25-minute family show
and a short 15 minute production for holiday and
vacation periods. While, in the past, a domed ceiling
was de rigueur for any planetarium, today we are able to
simulate space journeys
in standard flat-ceiling
auditoriums. And, aided by a fiber-optic system, we are
able to replace the standard planetarium projector, as
pictures and video clips are projected onto the
aUditorium's walls and ceiling (projection encompassing
a full 360°).
The success of Explore Planetariums is undoubted. The
cutting-edge simulator technology turns the most
mundane and tedious planetariums into an exciting and
scientific places for teaching and informing youth and

adults alike of the marvels of space, the galaxy and the
universe.
For further information on Explore Planetariums please
contact
Michael
Barnett
via
E~mail:
mbarnet@ita-explore.com.

75 YEARS
Wilfried
Planetarium Division, Carl Zeiss Jena GmbH
0-07740
For 75 years now,
industrially. During that
astronomical education
and attractiveness.

have been made
this extraordinary tool of
gained in publicity

The astronomical instruments department at Carl Zeiss
was 16 years old when Oskar von Miller, the founder of
turned to Zeiss with a
the German Museum in
special request. The museum wanted to have two
and its motions. One of
models 'for illustrating the
them was finished and supplied in 1924; it was a kind of
orrery illustrating the Copernican system. The other one
w~s to show the Solar S~tem according to Ptolemy, but
thiS seemed to be too difficult to make, so that Zeiss at
first declined, replying: "Works of this kind do not fit into
the scope of our manufacture".
But von Miller did not give up. He was convinced that a
perfect solution must be possible, and so he insisted that
Zeiss should do the job. The efforts were resumed after
World War One. The breakthrough came with the idea
to project all celestial objects from the centre. The result
of almost five years of development - the first projection
planetarium - was something to be proud of.
Credit must be given, above
to Professor Walter
Bauersfeld, who was then on the Carl Zeiss board of
management. Although the projector was not finished
yet, von Miller pressed for a demonstration at the annual
1923.
meeting of the German Museum on October
Today, this date is regarded as the birthday of the
projection planetarium.
After the demonstration, the projector was brought back
to Jena for completion. A 16-11'1 dome was specially
erected on the roof of a factory building. The first trial run
there aroused strong emotions even in the Zeiss staff
who had worked on the
When the German Museum opened its newly erected
building on May 7th, 1925, the Zeiss "Modell" projector
was the undisputed star among the 60,000 exhibits.
~aue~sfeid very soon realised the prospects of his
invention. Therefore he had another projector made at
once, which was also installed inside the dome on the
facto;y roof. From August 1924 till January 1926, the
world s first planetarium shows were attended by more
than 80,000 people.
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While Uie first projector is still on exhibit in the German
Museum, the second one can be seen in the lobby of
the Omniversum in The Hague. It suffered damage from
a fire, but has been restored and is in perfect shape
again.
What was then called "The Jena miracle" became a
world-wide success story. Today, 535 Zeiss
planetariums on all continents provide entertaining
education (or "edutainment") about the universe.
Considerable investment, primarily in development, has
ever since been needed to secure and strengthen the
market position of Zeiss planetariums. With ever new
ideas, Zeiss has continually set new standards, which
others often tried to emulate.
Let me just mention three highlights:
In 1940, the first small-dome planetarium was
launched.
In 1967, an automatic control system was
introduced as a standard planetarium feature.
In 1987, the glass fibre projector was launched.

in this. Cheap showmanship is not what our customers
want, and therefore it is not what we want. To give you
one example: We are convinced that, for a foreseeable
time, there will be no star projection system of better
quality than our analog glass-fibre system. Therefore we
will not replace this with electronic systems, although
these may be "in" at present and cost less.
We do use electronics, however, where it can make the
advantages of our star projection more transparent. We
use digital techniques for the control and drive systems.
Instead of the traditional analog principle of long gear
trains with all their drawbacks, we use state-of-the-art
computer engineering. The user will be pleased to use
the geocentric and heliocentric Solar Systems mapped
and stored in a computer, accessible by a mere
mouse-click in a Windows NT environment. Within
seconds, the projector can be driven to show the sky
from any vantage point within the Solar System, or to
demonstrate the play of the planetary orbits from a point
far outside the Solar System, in a realistic, live, real-time
mode. Just as easily, the vantage point in time can be
changed - between 10,000 years B.C. and 10,000 years

A.D.
WHAT IS CARL ZEISS DOING TODAY IN THE
PLANETARIUM LINE?
To put it in a nutshell, we are developing equipment that
is versatile enough to satisfy the varied requirements of
many users - equipm'ent based on tried-and-approved
soluflons, but coupled with innovative technologies.

Users busy with program compilation will like the
possibility of consulting our specialists across thousands
of miles: we simply load a user's current program file on
our monitor and can then discuss possible errors with
them. Telediagnostics is one of the key terms in our new
product strategy.

What users can always expect from Zeiss planetariums
is this:

AN EXTRAOARDINARY PRODUCT
Even within a high-tech company such as Zeiss, a
planetarium projector is an extraordinary product for two
reasons:

A highly realistic appearance of all projections.
Capabilities of both fully automatic and fully live
presentation, with all possible intermediate stages.
Great ease of operation despite real-time control.
Simple communication with other equipment.
Projectors for horizontal and tilte-d domes.
Projectors suitable for both entertaining
astronomical
education and mere show
programs.
State-of-the-art technology.
Flexible design concepts that can be adapted to
specific projects.
High quality.
World-wide service, with the possibility of remote
trouble diagnosis.
Unrestricted collaboration with any supplier of
planetarium equipment world-wide.
Readiness to contract for project management.
Moreover, we plan to equip future planetarium systems
with facilities to make shows more up-to-date, such as
by including relevant information from the Internet,
current astronomical events, or live transmissions from
space missions.
We wili use latest technology, not for the sake of
technology and not at all costs, but wherever this means
a gain in quality, either for the visitors or for the users.
Recently there has been an all-out effort to digitize
everything, mainly for cost reasons. We will not take part
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1. No other Zeiss product so intricately combines
engineering skills and know-how from many fields - from
heavy engineering to precision mechanics, from
projection optics, glass fibres and optical coating to
top-grade
electronic
components
and
the
self-developed, dedicated software. Not forgetting, of
course, mathematics and astronomy.
2. The daily public performance of the planetarium
projector contributes considerably to the image of its
manufacturers. Considering that most visitors are
children (including pre-schoolers) and young persons,
you will agree that hardly any other technical device
advertises its manufacturers in a softer, less obtrusive
and more lasting way. This is something we appreciate.
The planetarium has long ago become an institution and
a medium in its own right. Before the term "multimedia"
became fashionable, the matter existed as a decisive
element in the planetarium. The popularity of the
planetarium is proved by impressive figures. Annual
attendances in all Zeiss planetariums alone total about
30 million world-wide. Over 75 years, the total number is
three thousand million. A single planetarium draws
annual attendances of up to 500,000 people. It is evident
that the demand for high-level astronomical edutainment,
and for the technical devices providing it, is as strong as
ever.

In many cities and regions, the planetarium has always
been the number one cultural and educational attraction
also for tourists.
When the projection planetarium was invented, nobody
at Zeiss, not even Bauersfeld, anticipated the enormous
boom of the invention, to say nothing of the fact that 75
years later, adult people still discuss and dispute, in a
positive sense, about what a planetarium should be or
could be, now and in the future. I am referring to all
those who attend the many national and international
meetings such as ours.
It is a matter of course that Zeiss speaks its mind on
these issues. Our view may perhaps be proved wrong in
one detail or the other; but it cannot be wrong altogether.
This is shown by our success over 75 years, and
especially over the past five to six years.
I may point out here that we have sold as many as 35
planetariums since 1990. This includes 25 projects
involving our ZKM model for dome diameters between 8
and 11 m, two planetariums for medium-sized domes,
and eight large-dome planetariums.
We are particularly proud to say that these projects are
distributed all around the globe, including not only
Germany, Austria, France, Spain, Portugal, Denmark,
Slovakia and the CIS countries, but also the USA,
Mexico, Brazil, India, Malaysia, Australia and New
Zealand.
Special highlights are Universarium projectors installed
in Jena, Rio de Janeiro, Sao Paulo, Valencia, Munster,
Jakarta, Oakland and New York, and the Starmaster
installations in Wolfsburg and Paris.
PRODUCT DESIGN CONCEPTS REPRESENT
POLICY.
Quality, the concern to simulate nature as perfectly as
possible, and close ties with our customers will continue
to be decisive elements of this policy.
A star projector for a hemispherical projection screen
must satisfy very specific and very exacting demands in
order to serve its purpose. Similarly, the planetarium as
an institution must set itself apart from today's often
overstimulating electronic media. In their proper place,
these media certainly have their advantages, and we do
not intend to compete with them. What we want to do
with our technology and with projections of peerless
quality, is to recreate under the planetarium dome the
emotion created by the natural sky. Besides education
and entertainment, we see our challenge in making the
depth and beauty of the starry sky an emotional
experience for everybody. This is - believe me - only
possible with high technology, in optics, mechanics,
electronics and software. There is no compromise on
that.

recent developments?" The answer is clearly NO. To be
sure, a company like Zeiss, with its clearly defined image
and its focus on other priorities, can hardly lead the way
in all-dome video projection. However, we do not close
our minds at all against these new, attractive media.
Our engineering capabilities and our creativity are
challenged on two counts:
- One is the quality of projection. Once more, high tech
is being employed to set new standards. Once more,
Zeiss is involved in the development of a completely
innovative projection technology, which is not far from
marketability.
The other is the production of relevant pictorial
contents. Only if a standard of world-wide validity is
established, all-dome video projection can advance
from the present beginnings into a successful
product, with genuine advantages for the user, that is
all of you here, and of course for your visitors.
WHAT IS THE FUTURE?
In view of the astronomically high manufacturing costs
involved, collaboration between planetariums and other
types of institutions, as well as with equipment
manufacturers, must be raised to a new level. Carl Zeiss
is open for such collaboration on a broad scope.
The planetarium is predestined to counteract the
growing trend of lethargy and superficiality in the
education of young people, and in their way of living.
Awareness of this among politicians is growing. We do
not insist that the classical sky theatre is the only place
where the brilliance of an artificial, projected sky can be
experienced. Imagine yourself at a table in a restaurant,
with subdued light and subdued background music,
discussing with your friends over a glass of wine the
constellations and motions of the stars and planets
projected overhead.
This, too, is what the future may hold for the planetarium
- as an alternative way for the planetarium to tell the
world's greatest story - the story of the world itself.
We should be pleased to celebrate our anniversary with
our Zeiss planetarium family in October. Invitations will
be mailed in due time. There will be a one-day
symposium in Jena and a reception at the German
Museum I Forum of Technology in Munich.

Nevertheless, 75 years after the invention of the
planetarium there is a digital revolution in the sky theatre.
Videos, digitally stored and played back, or rendered in
real time and projected seamlessly all over the dome, are
already the state of the art, as we all can see here. So
someone might ask, "Has Zeiss been sleeping during

127

TECHN LOGY

u

NI

MO ILE
M

Takayuki Ohira
2-18-25

Minami-ikuta,
Tama-ku,
\:::I(1::::!\N;~.,KI;m 214, Japan

Kawasaki-shi,

OUTLINE
Ever since I was a boy, I have been developing many
One of them, named "ASTROLINER"
(completed in 1991) is a computerized mobile
which can reproduce 45,000 stars from the
system, This is the same model
optical star
that I had the honor to present at the last IPS conference
held in Osaka,

future line of larger projectors, and as a prototype for a
whole future of new technologies yet to be developed.
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Figure 1. Star Projector

In London,
presented an improved version of this
planetarium, created by introducing various new
technologies. The new model will be completed soon.
My new projector boasts the ability to reproduce a very
real
maintaining its mobility. A whole grand
planetarium with the most fantastic stars ever, can travel
around the worldl
STAR PROJECTOR
The Star Projector, [Figure 1] is designed for domes of
8.0 to 16.0 meters in diameter. If necessary, it can be
adjusted to be projected in domes up to 5 meters in
diameter. The main element, "star ball," is structured by
two hemispherical projectors which look like a single ball.
The diameter of the star ball is 450 mm, It can
reproduce extremely real skies via high performance
optical projection devices and precision star plates, Yet
rt is so small and light in weight, that a single person can
carry it around the world, The three-axis motion, light
adjustment and other functions are controlled by the
internal computer.
PRECISION STAR PLATES
The 32 star plates are the source of the artificial sky.
These star plates were manufactured with my unique
laser-lithograph technology. The plates contain about
one million stars of each and every size. The smallest
holes, for magnitude 11 stars, are sub-micron in
diameter. They construct the constellations and Milky
Way just as in the natural starry sky.
OTHER FUNCTIONS
The Planet, Sun and Moon Projector is interlocked with
the star projector by real-time computer control. A
twilight projector with automatic direction control, and
other special effect illuminators, are also available.
FUTURE PLAN
This new planetarium will be completed by the end of
1998. I am planning to travel around with my 10-meter
inflatable dome. I would be most happy to accept your
invitation. Although this projector in itself is a great
achievement, I consider it just another step toward my
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Figure 2.

New Projector's general specification

Dome Size
Weight
35 kg
Size I
Height
650 mm(26 in)
Weight
480 mm(17.7 in)
Width
1.34 million star
Fixed star
Projector
Function
16-bright star
Bright star
Diurnal
30 r/min
Motion
30 r/min
Latitude
30 r/min
Azimuth
Incorporates a CPU, controlled by an
Control
external host computer
Required
2.5 kVA
Power

PLANETARIUM MAINTENANCE ..
PROTECTING YOUR INVESTMENT
John Hare
Ash Enterprises
3602 23rd Avenue West,Bradenton, FL 34205, USA

Abstract:
The
electro-optical-mechanical
planetarium
instrument has been the mainstay of planetarium
theatres since their introduction in the 1920s. This
basic design continues to dominate existing and
new facilities and has particular maintenance
needs. All too often, these needs are not
adequately addressed, resulting in impaired
operating parameters and shortened equipment
lifetimes. This paper will provide a strong rationale
for ongoing service, provide various tips that will
allow planetarium staff to perform limited
maintenance procedures, and furnish criteria to
identify and remedy equipment problems. The
presenter has over 35 years of experience in the
planetarium field, having worked for Spitz,
asTechnical Director for the Abrams Planetarium
as Director of Bishop Planetarium, and now a~
President of Ash Enterprises, a service-oriented
planetarium company.
There are a lot of 20 to 40 year-old star projectors
presently in service. In fact, the majority of all planetarium
projectors in use fall into that category. Some of those
projectors have exceeded their useful operating lifetimes
by performing at levels far below what the equipment
was originally capable of doing. Many others will be
approaching their useful operating lifetime point within
the coming years, some sooner than others. Eventually,
of course, every facility will face that situation. In many
cases, the projectors do not need to be replaced but
simply repaired or perhaps refurbished. And, eq'uallY
important, most projectors can be maintained within
acceptable accuracy and reliability standards so as to
postpone their replacement for many years.
To some extent, the operating lifetime is determined by
factors beyond the control of the user. This may occur
when a company goes out of business, when a
particular model is no longer supported by a
manufacturer, by a lack of critical parts, or by the lack of
knowledgeable service personnel. In other situations the
operating lifetime is limited by user-caused or ~ser
determined factors. Misuse, abuse, vandalism, or a
number of other factors can be responsible.
Often it is difficult to determine the point or condition at
which a planetarium projector needs to be replaced.
Refurbishment or corrective maintenance, perhaps
extensive in nature, is sometimes a more practical
solution than projector replacement.
~o matter how ~ell your projector may be performing
:Ight now, ongol~g preventative maintenance is a very
Important conSideration and investment. Each

manufacturer has developed maintenance procedures
to address the needs of their particular equipment.
Unfortunately, some of the critical needs are dismissed
as not important or worth the expense, and
consequently go unaddressed. Most typical in this area
is (lack of) maintenance of optical systems. More
alarmingly, just as you don't see your automobile's motor
oil getting dirty and breaking down, you also don't see
those slip-ring brushes wearing, or the hardware
gradually loosening on your star projector!
Therefore, just like your automobile, the planetarium
projector that is properly maintained from the day it is
purchased, is very likely to be one that continues to
function at a time when many of its unmaintained fellow
projectors are suffering a worse fate. Whether you do it
yoursetf, or contract with the factory or another qualified
source, PLEASE, see that your projector gets the
attention it needs and deserves. When you consider
that a new planetarium projector usually costs from 2 to
10 times the cost of your existing one, the amount you
~eed to commit to service will pay you back handsomely
In the long run through more reliable and long-lived
operation. You, your successors, and your audiences will
enjoy the long-term dividends that will result from such
an investment.
The following is a rough guideline dealing with a variety
of technically-oriented situations that face planetarium
theaters. This is not intended as an all inclusive
compendium on these matters. Indeed, I hope that it
fosters a continuing effort towards further clarifying the
procedures and situations expressed.

PROBLEMS

Equipment-imposed problems and limitations:
Know your planetarium design parameters/limitations. Is
the projector capable of doing what you expect? Many
"problems" are simply the projector being expected to do
more tha.n what is possib~e. For instance, the horizon
cut-off height for the stars In most older Spitz projectors
varies with the latitude setting of the projector. This
results in stars being projected below the dome horizon
when the operator changes latitude.
This is a design limitation (that has been resolved with a
newer design) that often is perceived as a "problem".
Ad.ditional problems are often caused by adjustments
being ma.de to remedy situations that are caused by
unrecognized factors or equipment limitations. If a
particular planetary conjunction is off by time or position
the "solution" is often found by the planetarium
operator~s} turning an adjustment screw or loosening a
mechanical coupling to reposition the image(s). The
long term consequences of such "solutions" always
results in increasingly out-of-adjustment conditions.
~hile there may be a perfectly valid problem causing the
Incorrect planetary alignment, the correct solution isn't
always the most expedient one. It's also possible that
th~ planetarium i~ doing exactly what it is capable of
dOing and a particular planetary alignment cannot be
presented any more accurately.
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Keep in mind as well that some tolerances will increase
as the equipment ages. Knowing these distinctions will
give you a much more informed perspective to deal with
or avoid actual problems.
What can you do? If all else fails, read the directions! In
the case of most planetarium
projectors, it is
essential that you familiarize yourself with the
manufacturer's
literature that should have been
furnished with the equipment. This literature should
contain locations of controls, use of controls, projector
specifications, locations of fuses/circuit breakers, and a
wealth of other useful information.

Typical human-induced problems and concerns:
poor/no training procedures
showoff "gee whiz/impress member of opposite
sex" operators
I-can-fix-anything type (staff, volunteer, friend)
unauthorized users/abusers
custodians/maintenance personnel
other staff
contractors performing other work
VIPs (museum director, board members, etc.)
vandals

SOLUTIONS
Develop your own facility's protocols and policies. See
to it that there is a way to limit access by unauthorized or
untrained users. If there are multiple operators, make
certain that there is sufficient formal training for all
concerned. You also must be assured that all of your
operators are behaving within authorized guidelines. An
operator's manual should be developed that clearly
defines all of the operating parameters that you deem
necessary.
Areas that should be covered in facility operator's
manual:
locations of controls
operation of controls
allowed operator usage/disallowed operator usage
locations of necessary fuses/circuit breakers/spare
lamps, etc.
procedures for reporting problems
procedures for fixing problems
Basic checklist of criteria for recognizing projector
problems:
look for frayed wires - especially important near
moving parts
does equipment shift due to loose hardware?
wires near gears/projector protrusions - is there
adequate clearance?
has focus or brightness changed on any image?
Spitz star (arc) lamp users please note - The
condition of the star lamp degrades slowly with use.
Look for "fuzzy" and dimming stars near the zenith.
Replace the lamp when this becomes pronounced.
light leaks
star projector
auxiliary equipment
external - under doors, around ducts, etc.
do all controls work normally?
are instrument readouts synchronized?
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are instrument motions smooth?
unusual mechanical noises - identify location if
possible
louder than normal
higherllower pitch than normal
ciickinglintermittent noises
stains/discoloration from external or internal sources
interna/lubricant or other
external drip from above
over spray
water in elevator pit
electronics
odor
scorched components
In-house maintenance procedures should be formulated
and carried out based on a number of factors.
Sometimes technical staff will be able to provide most of
the maintenance. In other cases, one person may be
the only one available for the entire planetarium
operation. In these situations it is important to recognize
what can and cannot be done as well as what must be
done. Any maintenance deficiencies must be provided
for in other ways such as periodic instrument service by
outside sources. In either case, the frequency and
extent of instrument maintenance will vary from facility to
facility based on such differences as type of equipment,
amount of usage, amount of dust accumulation, amount
of abuse, etc. Also, some procedures will need to be
performed more or less often than others. Your checklist
should specify the frequency of specific maintenance
procedures.
Basic checklist for in-house preventative maintenance
procedures:
periodic inspection - visual inspection based on
previous criteria list
dusting starball
mirrors
lenses
geartrains/other
cleaning mirrors
cleaning lenses
cleaning other surfaces
lubricating projector components
replacing/aligning lamps
Miscellaneous considerations:
provide correct climate control
instal/light in elevator pit to help with humidity
maintain HVAC and/or humidity control
provide adequate dust filtration
provide adequate security
surveillance of theater at all times when in use
alarms when unoccupied
safeguards from unauthorized use
security codes
key switch
breakers turned off
preventative maintenance procedures most often
beyond the scope of in-house staff:
cleaning slip-rings / replacing brushes
cleaning first surface mirrors
cleaning internal projector optics
lubrication of projector component
recalibration of electronics

precise alignment of star projector optical systems
setting of ail projection systems including annual
motion
Finally, regardless of who performs the maintenance on
your planetarium instrument, you should maintain a log
of all problems and fixes. This will be especially helpful
in identifying systems or components that are prone to
failure and can significantly reduce analysis time and
repair of certain future problems. It can also help in
rectifying ongoing problems that can only be fixed by a
process of elimination. Additionally, if you contract for
outside maintenance, a long-term record of problems
and repairs can be a valuable reference for improved
service.

A NEW
COULD"

"LITTLE

STAR

THAT

Michael Gardner & Ryan Ekleberry
Robert T.Longway Planetarium
1310 East Keasley Street, Flint, MI 48503, USA

Abstract:
Conversions from digital format to 35mm slide
format is not that difficult nor expensive. With the
easy access of computers and discounted sources
for software, this presentation presents three ways
in which the Longway Planetarium used digital
means to enhance a program. The first examines
the reworking of a very popular children's program
from St.Louis, entitled The Little Star that Could.
The second details the work involved in "touching
up" commissioned artwork for the Longway
Planetarium's production of Sky Myths of Ancient
Greece. The final example shows how public
domain images from the Internet can be formatted
for either lecture or program use.
Four years ago, the Longway Planetarium dropped from
its menu of school programs a relatively popular
presentation entitled The Little Star that Could. The
program was purchased from the McDonnell
Planetarium, St. Louis Science Center in 1989. For five
years this program was run without any modifications to
its original production.
The Little Star that Could was a rather simple program
about a relatively "ordinary" star. This "little star" traveled
throughout the universe looking for something that
would give him some identity and make him special.
Along this journey, the "little star" encountered various
other members of the stellar family. While attendance to
this program vvas popular and stable; it was decided that
the visuals looked dated when compared with our other
programs. In fairness to the original program, since its
original installation, 24 additional computer.. controlled

Ektagraphic projectors had been installed along with an
automated slewing projector.
The visuals were produced in rather a crude fashion.
The "stars" were nothing more than circular Kodalith
masks sandwiched with a colored gel. The faces of the
"stars" were taken from a PMT and Kodalithed twice.
The first Kodalith image would give us a positive of the
PMT. We then duplicated that image to get the desired
image. This was then sandwiched with the circular mask.
Registration was critical since we used a crude form of
animation when the "stars" spoke. The images were
rather flat, but that was our technology in 1989. Since
both the story line and the audio track were acceptable,
. it was decided to only re-work the visuals.
At about that time we had heard that Michael Chesman
of the Bays Mountain Park Planetarium in Kingsport, TN,
had done some reworking of Little Star. After contacting
Mike, we decided that his system of reworking the
images on a computer and then photographing them
directly from a flat screen monitor might not work for us.
In addition, at a time of tight budgets, the production cost
would be too high. The two primary parts of the
program production were too pricey. The computer
program to enhance the images and the production of
digital images by a service bureau would render the
re-working of Little Star cost prohibitive.
Little Star was placed into the Planetarium's rotation of
future shows for production. Each year, for four years,
the program was always relegated to the bottom of the
list. This was in part due to the anticipated cost of
digitally producing a program and the additional task of
reworking the artwork.
One of the primary hurdles in the project was the cost of
the computer program required for production. It soon
became evident that there is more than one way to buy
computer programs. Adobe, the manufacturers of
PhotoShop, had an educator's buying program. This
drove the $550 price of the primary production program
down to under $200. In addition, the cost of producing
digital slides also declined from $10-$12 a slide to just
under $5 a slide. The reworking of Little Star now
became a financial reality.
To prevent the program from slipping in our production
schedules, it was published in all our program brochures
and flyers that it would debut in January 1998.
Using a Microtek Scanner, all the images were scanned
into Adobe Photoshop 4.0. These images looked no
different from the original images. They were then
"touched-up" to give them some personality. These
images were then layered onto a color-graduated "star".
Little Star now had a new look.
In the original production of Little Star all the characters
in the program had faces except the planets. When the
planets spoke to the audience, the audience only saw a
visual of that planet. In keeping with the caricatures in
the rest of the program, it was decided to give the
planets "faces" and have them animated in much the
same way as the stars. A local artist was commissioned
to draw the faces that matched the personalities of the
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planets as they were presented in the soundtrack.
With all the visuals reworked in PhotoShop, the files
were resized and converted to the industry standard
TARGA files. They were put on ZIP disks and sent to
Imagers in Atlanta, GA. Imagers seemed to provide the
fastest and most reliable service. They also had been
used by our parent organization's marketing department.
Since all the visuals were created on a computer, the
Images were easy to set up for registered mounting.
Imagers was notified of this so that all of the same type
images would be shot on the same film recorder.
Registration would be an important production factor.
Within three days, the finished product was returned to
us. Images can be uploaded directly to Imagers, a time
consuming process, but works well for last-minute
changes.
Once the choreography of the speaking images was
established, the slides were duplicated (we do not use
original slides in a show) and double-mounted. Doublemounting was chosen as the opaquing method since the
slides were already registered and the images would be
bright enough to hide any imperfections, should they
occur. Since we have six sets of four dissolvable
projectors, duplication of animated faces was kept at a
minimum. The images would be played back and forth
among the four projectors. This kept the number of
slides to a minimum and also prevented the slide trays
from becoming over crowded. Two years previously we
were able to purchase a Nikon pin-registered camera
(slide). An extremely important item if one is to produce
registered slides for animation. This camera is attached
to a ChromaPro slide duplicator.
The task of double-mounting the slides was made very
easy by using WESS pin-registration mounts. Little Star
has a total of 128 digitally-produced slides. The
Planetarium's first attempt at digitally-produced slides
was an unqualifed success.
As a result of the success experienced with Little Star,
we got a little bit bolder. In the Planetarium's most
recent production, Sky Myths of Ancient Greece much
of the commissioned artwork was reworked in
Photoshop before it was incorporated into the program.
Photoshop allowed the production team to rework colors
and contrasts for the desired effect. Again, the slides
were all registered for double-mounting. In many cases,
Photos~op allowed us to double-mount an image rather
than uSing LPD4 or develop a Kodalith mask. Although
Photoshop would allow us to make Kodalith masks this
would only be productive for the mass distributi~n of
slides.

USING AVAILABLE SOFTWARE TO
COMPOSE PANORAMAS AND ALL
SKIES WITH A COMPUTER
Fernando Jauregui
Astronomer, Planetario de Pamplona
C/ Sancho Ramirez sin 31008 Pamplona, Spain

.Abstract:
Photography is important, and it can allow us to
represent scenes (panoramas and allskies) in the
dome, but digital processing opens a new universe
of possibilities. In this paper we explain how to
compose and create scenes for a planetarium
dome, using the computer as a tool for the
photographer. For panoramas, we have
constructed a strip in which we put the entire
panorama, which is useful for colour processing,
sky masking, cleaning up etc. Without specific
software, this is not possible for allskies. Finally we
explain how we create synthetic panoramas
beginning with a single image from above. This is
very useful to create scenes of planets and other
bodies of our Solar System.
Since 1993, the year of our opening, the Planetarium of
Pamplona has been experimenting with a new way to
make the most of photographic work with the aid of a
computer. Five years ago, one of our main problems
was that the sizes of images we were working on were
too big to be able to process them in a reasonable way.
Now, the increase of processors' speed and the capacity
to deal with great amounts of memory (hard disks of
several Gb, RAM of more than 100 Mb, ... ), allow us to
work with bigger images, and much more efficiently than
before. During these years we have produced slides and
~cenes for our shows, and we have realised that great
Improvements can be achieved if you apply computer
techniques instead of photographic ones to some steps
of the process. This is our experience until now.
ABOUT RESOLUTION
The basic unit of information for a photographic film is
what we call "the grain" of that film. The equivalent
concept for a digital image is the pixel, whose density
determines the quality of the image. PC monitors usually
work at 72 pixels/inch, ink injection printers at 300 ppi
but photographers need much more resolution to
approach that of the photographic film. In fact, it's no use
trying to get the resolution of a photographic film with a
digital file. On the other hand, such a huge resolution is
not needed for most of our applications. Table 1.1 gives
~ome important data about resolution, pixel sizes and
Image file size in RGB mode, for five useful resolutions.
In columns 4 and 5 we give the size of one pixel at the
correspondent resolution, once it is projected in our
dome.
The parameters of our planetarium are:
Dome diameter = 20 meters
PAN array: 12 projectors. Focal lenses 104.1 mm
AlS array: 6 projector. Focal lenses 35.4 mm

=
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Table 1.1

Practical image resolution data

# pixels

Resolution

PIXEL SIZE (mm)

(ppi)

Single

PAN strip

slide

PAN

AJS

image size

size

500

708x472

0,051

9,3

26,5

O,9MB

8,8MB

1000

1416x944

0,025

4,6

13,3

3,8MB

35,3MB

1500

2124x1416

0,017

3,1

8,8

8,6MB

79,6MB

2000

2832x1888

0,013

2,3

6,6

15,3MB

141,5MB

2500

3540x2360

0,010

1,85

5,3

23,9MB

221,1MB

Table 1.2 Theoretical image resolution and image sizes.
Resolution

# pixels

(ppi)

PIXEL SIZE (mm)

Single

PAN strip

slide

PAN

AJS

image size

size

3000

4260x2840

0,0085

1,54

4,41

34,6MB

320,2MB

10000

14172x9448

0,0205

0,46

1,33

383,1M8

3,46GB

Diagram 2.1 Position of every individual image inside a panorama strip.

2.7

5A

8.1

10.8

13.5

16.2

18,9

21.6

24.3

27,0

29,7

32,4

Diagram 2.2 (right)
Input data for the parallel-meridian
mesh generator program
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From the table you can see that the size of an AlS pixel
on the dome is big enough to be taken into account.
Nevertheless, the AJS lenses projecting at 20 meters
have problems of focusing and definition. These make
it impossible to see pixels under 10 mm in size. So we
usually work at around 1500 ppi for AlS scenes. For
panoramas the limiting factor is the size of the PAN strip
Most of the photographic retouching programs need an
amount of hard disk space of between 3 and 5 times the
size of the image they are working in. So a panorama
with a resolution bigger than 2000 ppi makes the
computer work with a swap file too big (over 700 MB) for
today's PCs.
If we take the angular resolution power of the human eye
to be 30", and the distance from the dome to the public
10 metres (half the diameter) we conclude that the pixel
size shouldn't be bigger than 1.45 mm. So image
resolution should be bigger than 3000 ppi for
panoramas and around 10000 ppi for AlS. This means
that the image sizes would be those of Table 1.2, and
therefore absolutely out of memory range for today's
PCs. Nevertheless, our experience tells us that
panoramas between 1000 and 1500 ppi in resolution are
good enough for our dome, and nobody is able to
decide if they are digitally-processed or not.
For allsky, we recommend working between 1500 and
2000 pi, since you don't have to work with that huge
strip, and that pixel size is almost three times bigger than
those in panoramas.
2. PANORAMA
Above we mentioned a panorama strip. By this we mean
a unique file containing the whole scene, with an
overlapping of a quarter of a single image at the end.
This file is almost 9.25 times bigger than every single
image and this is the limiting factor for the maximum
resolution we can work with. Nevertheless, we have
found some interesting facts which make the
construction of the strip very much to be recommended.
First of all it is very easy to modify colours, objects, the
sky, the general aspect of the scene, cleansing, etc.
without worrying about overlapping. Moreover, it is quite
simple to create new panoramas based on one strip, by
making changes in colour, moving objects, applying
filters, effects, etc.
So you can, for example, create a four seasons
landscape starting from a summer panorama, or a
sequence to show how a comet nucleus activates
beginning with an iced landscape or artwork, or simply
adjust two panoramas, taken in the same place at
different day or time, to assure a precise "cross-fade" in
the dome. The construction of this strip can be a
complicated, tedious job if the individual images were
taken without care, and if the scan process introduces
differential factors. Nevertheless, the Quick Time-VR file
format used in Internet, has provided us with a tool we
didn't have before: a program especially designed to
make strips (partial or complete ones). This tool makes
the work easier and quicker because it takes care of
irregularities in position, geometry and colour densities of
every individual image, while making the strip. The
method used by this program to join two images
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("blending") isn't always the best one to pass from one
image to another because it introduces a kind of blur in
the transition area due to differences in the position of
the same objects. Sometimes a sharp transition
following the border of an object - a detail etc. - is more
precise. For photographic panoramas, masking the sky
should be one of the last tasks to do on the strip. The
top of the strip (and of course of every final single
image) must be black, so you have to make a transition
to it. Having selected the entire sky in the strip, we
recommend a linear transition from transparent to black
in order maintain the texture of the original sky. This
transition can be more or less sharp depending on the
scene and the desired effect.
Once the strip has its final aspect, we proceed to extract
the 12 individual images following Diagram 2.1 (units are
cms). The overlapping is a quarter of one slide (as we
have already mentioned) which is enough to assure it in
the dome, but if you need more than this, it is very easy
to change these values, remembering to modify the total
length of the strip due to final overlapping (the right hand
border must be equal to the left hand one in a length
equal to the overlapping you have chosen).
So far, we have made distortions in the traditional way,
with a tilted plan in the Oxberry. We first pin-register the
filmed slides; the distortion process is very simple and
quick, due to the fact that now all the twelve images
come from the same strip and are free of irregularities.
Of course, we are sure that we will soon be able to do
everything on the computer, and we could even make it
without the Oxberry and the soft panorama masks
construction. All we need is a slide printer with electronic
pin register capability, and a morphing routine to distort
our flat Pan images as a function of our dome
characteristics.
Now, we use a "home made program" to adjust the
position and pointing direction of our projectors. This
program asks for your dome characteristics: radius,
projector position, projector pointing direction and
projector focal length (Diagram 2.2) and draws a
meridian-parallel mesh, as seen by the projector
(Diagram 2.3). This mesh contains the information that
morphing programs require to distort every flat image.
Furthermore, it corrects the height of the projection
centre over the dome base, to adjust the slide base to
the dome bottom and the projector roll angle to adjust
both directions. This information helps us to create a 3D
model of our dome.
Our last attempt to get the panorama projection images
is to map the entire strip over the base of the dome and
catch what 12 cameras, placed in the same positions as
our projectors, see.
3. SYNTHETIC PANORAMAS
One of the biggest advantages of using computers is the
capacity to recreate artificial, realistic or half-invented
scenes. We recommend using a 3D program to
introduce some effects in the scene such as lighting,
atmospheric blur, smog, etc. in order to create a more
realistic environment.

Diagram 2.3

Parallel-meridian mesh as seen by a panorama projector at the Pamplona Planetarium
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The steps we follow are:
a) We create a 3D mesh of the terrain we want to
represent. This can be made in several ways:
digitizing a map and elevating the terrain, starting
with a b&w image and interpreting the greyscale
levels as heights, drawing the terrain you have in
mind, etc.
b) Once the mesh is created, we map over it an image
which corresponds to this place. A very typical
situation is to have satellite images of the Moon,
Earth or other planets and moons, which we would
then map over the mesh.
c) Now the geometry of the scene is created. Our next
action is to add some effects to it: we introduce the
light source (coherently with the shadows of the
image), we modify several material parameters'
(mainly those related with how the light affects that
materia/) and we decide whether to add some
atmospheric effects or not (mainly to avoid the
synthetic aspect of the scene). Now we decide
where to place the camera, taking into account the
height from the soil and the distance to the nearest
border of our synthetic scene.
d) Before rendering every individual image we always
try to find some details in other images (rocks,
mountains, valleys ... ) in order to have objects in
greater resolution near the camera. This gives a
more realistic 3D effect to the scene.

These panoramas fit very well in the dome and allow us
to cross the frontiers of our province, country, continent
and planet without moving from our planetarium.
4. ALL SKY
The main difficulty we've found working with allskies on
the computer is the unnatural way of creating a unique
file containing the whole scene. To compose a strip like
the one we make with panoramas, we have to introduce
huge distortion on every single image; in fact one point,
the zenith, has to be transformed into a straight line, as
long as the length of the file. So this means that a strip,
which is a good intermediate step for panoramas, is not
the best solution for allskies.
Maybe a more natural way to do this, could be to use a
hexagon (inscribed into a rectangle), instead of a
rectangle (Diagram 3.1). Every single AlS image has to
be transformed now into a triangle, and the zenith
corresponds with the centre of the hexagon, i.e. with a
point. The six triangles compose the complete AJS file,
which can be colour processed, modified, etc. as a
whole.
Another possibility is to use a circle instead of a hexagon
(Diagram 3.2). In this case, the AlS image should be
transformed into a circular sector. The zenith is again
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transformed into a point (the centre of the circle) and the
dome parallels are transformed into concentric
circumferences. The correspondence between these
circumferences and the dome parallels should be
carefully treated, and different solutions could appear
depending on the scene under construction.
These are some ideas for the future, but at the moment
we are working on every individual image following the
same processes we did in the Oxberry: magnification
and rotations, and sometimes small distortions. To
adj ust overlapping, we use a meridian-parallel grid, as
seen by the allsky projectors (Diagram 3.3). We first fix
the zenith (the same point for all the six slides) and then
all the processes we do, rotation, magnification or
distortion, are periormed taking into account that the
zenith has to be unchanged in the same position.
The last action we do, once the all sky is adjusted, is
masking. Based on the theoretical limit on the dome of
every projector, we make a soft allsky mask which we
add to every single image. The resolution of these masks
must be that of the images, and the three corners of the
limit border have to be slightly modified to avoid rounded
soft corners.
We have dealt in this paper with processes that can be
made with standard software. The use of specific
programs, i.e. software specifically thought for
planetariums allows us to create more effects, slides or
scenes to help in the search of the magic that lives inside
our domes. Computers are a tool for photographers that
bring us an open window of possibilities. Here the main
limiting factor is our imagination.

Diagram 3.1 Hexagonal image for an AfS unique
file. Straight lines correspond with parallels on the
dome.
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Diagram 3.2 Circular image for an AfS unique file.
Circumferences correspond with parallels on the dome
and the image file centre with the zenith.

Diagram 3.3 (Right) Parallel-meridian mesh in the overlapping area, as seen by an allsky projector at the Pamplona
Planetarium. We use this to adjust adjacent allsky images.
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Abstract
This work shows the Planetarium Project, a software application what running over PCWindows platform, would be parametrised to any planetarium geometry. This software has
the following features:
II
Automatic generation of All Sky scenarios: Planetarium accepts as input masters
images as well as and dome shape. The application calculates the images overlapping
and performs optical corrections, just as color corrections. As output, Planetarium
retum six files with a format allowing the storage in a photographiC camera.

.. Automatic generation of Panorama scenes: Planetarium accepts as input masters
images, domo shape and projectors geometrical placement. As output, the application
retums the final images to film (to each projector), with the adequate overlapping, and
optical corrections performed.
This article studies the Planetarium project status nowadays, showing the algorithmic
procedures used. It describes as well the application itself and it shows the results obtained,
the problems observed and future lines of work to be implemented.

1. Introduction
A correct computer manipulation of the master images obtained from real scenes can help the
planetarium technician to resolve all the problems faced in the acetates photographs in a dark camera for
the composition of the All Sky scenes as well as the panorama. The proposed fusion by a computer
application, which solves the problems of projection, has been called Planetarium 1.0. This application
relies on additional characteristics which permit, not only the photographic image file, but also the
synthetic images generated by computer.
The Planetarium project has been developed in various phases. Divided into two major sections:

•

Adaptation of the projection of synthetiC scenes and photographic All Sky scenes to the dome. This
procedure is comprised of procedures for the composition of a 2D strip with the master All Sky
sequences, in such a way as to eliminate the dependence on the lens of the camera (real images) as
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well as the geometry of the vault. In this section we do: corrections of the errors in the barrel, the
adequate correction of colour between the images and masking. As for resolution, the strip is
segmented, and each individual image is given the appropriate characteristics of the planetarium of
where the image is projected. In this way, the computerisation must be able to adapt the universal
scenes of 2D strips to the intrinsic characteristics of each projection system, using the focus of the
lens of the All Sky projectors as the characteristic parameter, the diameter of the semi-sphere of the
projection, the position of the centre of the lens in respect to the dome of the projection. (distance
"Y" below the dome and distance "X" from the edge of the same towards the hall or outwards- see
figure 1,

•

Automatic composition of a panoramic strip for the adaptation of the original photographs and
synthetic scenes to be projected onto the dome. In this section, the application automatically
compiles a universal panoramic strip independent of the lens that captures the images, processing the
colour corrections, carrying out the contour mixtures, and adjusting the colour corrections. At the
moment work is being carried out on the adaptation of the process of segmentation of non-diametric
characteristics of a typical projection system for panoramic scenes.

The final result of the process of each section is especially important because a negative of 36 x 24mm
will be projected onto several square metres of the dome. The slightest error in the calculation of the
deformation or in the process of the final segmentation will be amplified many fold.

2" Adaptation of synthetic scenes and AU Sky photographic
scenes to the dome of projection
2.1 Capturing the scene. Methodology
The computerisation process applied to the All Sky scene, means the planetarium technician can recycle
the entire existing photograph file without having to alter the way of capturing the images. This implies a
computerised process agile enough to have the lens for the taking of the images independent from the
geometry associated with the planetarium.

As a result, an adequate image for computer processing implies the generiC use of a fish eye lens which
guarantees the inclusion of the zenith of the complete scene and the overlapping of scenes. The
planetarium of Pampiona use in the traditional process of scene compiling lenses of 16 mm: !6 mm lens
at 60 0 intervals allows the overlapping of continuous images and an almost direct projection on the dome
with the images conveniently masked.
Hence forth "master imageN is defined as each of the six
images in bit maps which come from digital cameras or the
digitalisation of photographic negatives in Kodak CD format
or Similar, taking into account the mentioned restrictions
from which the typical barrel distortion of the fish eye lens
has been eliminated.

2.2 Composition of the All Sky scene.
Instead of working with the individual processed images
over the dark camera, proposing enlargements."rotations and
reductions on Oxberry templates... the proposed automation
develops the concept of continuous composition through the
generation of an All Sky strip.

Figure 1. All Sky scene

The All Sky strip is based on the following philosophy: If we
try to overlap two master images without any process,
displacing the x and y co-ordinates, you won't find any
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dominant overlapping zone, due to the spherical nature which is produced in the image by the fish eye
lens. It is there fore necessary to retouch the master images with adequate transformations to isolate the
produced effects by the lens/and in this way produce a continuous sequence of the transformed images.
For this reason, the process of the generation of the All Sky strip is based on the same transformations
that are applied in the obtaining of the All Sky template (traditional method). An All Sky template is the
projection over the plane of the slide on the geometric position of the points A of the dome illuminated by
a projector, whicrypassing through the optical centre of the lens, complies with the following condition:

To obtain the All Sky template on the negative of the projection, we arrive at the following algorithm of
transformation f , which takes as the parameter of entrance the geometry of the planetarium and the
variables 1, j (8, the polar points of the semi-sphere) returning as exit the cartesian co-ordinates x and y of
the slide.
f

-4

(x,y)

B I (i,j) = f(x,y)

E

B,

f(x,y) == transf
if double j, double* X, doubie* y, t_geometry Geometry)
{
-Calculation of point of coordinates i,j in semi-sphere
-Calculation of t_geometry, accorqing to optical center of lens
-Equation of segment R, which pass by ij and optical center of lens
-Calculation of plan, P, of the film, according to angle and focal of lens (t_ geometry)
-x,y = intersection point of the segment R and plan P
}

If the reader has understood the process of the construction the template, it will be easily understood that
the AI! Sky strip is based precisely on applying the transformation f(x,Y) on the master images. For this we
deSignate a zenith over the master image and we apply the inverse transformation, to convert the pixels
of the image written on the All Sky template into a rectangle of pixels. This transformation will be called
All Sky template --7 Rectangle.
If successive distorted master images from the All Sky template --7 Rectangle are overlapped in the
attempt to find an overlapping zone, you will find that you can achieve a position that minimize the
coincidence between points.
To understand the transformation All Sky template --7 Rectangle one can think of an application which
expands longitude horizontal pixel lines as well as the width of the rectangle in the master image. /ls a
result the base line of the template hardly undergoes distortion, however, the zenith of the template
expands (so an inter-poiarisation of pixels is necessary as the transformation is a suprayectiva application)
in a constant width line formed by the consecutive repetition of the same point to the point of filling the
width of the rectangle.
For this transformation to be valid it must be remembered that for each geomeby of the planetarium,
there exists only one AI! Sky template associated with the capture lens bearing in mind this equivalence
one can compose in the editing screen of the computer application a horizontal strip independent of the
lens used to take the six master images.
The correlation between the images from the transformation to compile the strip is a procedure which can
not be automated and must be done by the operator manually. Experience has shown that the application
of algorithms of automation are not valid with images where the erroneous correction of the barrel or the

Figure 2. All Sky strip
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false election of the zenith can be decisive when obtaining the conversion of the algorithm.
It can easily be deduced, that the strip must maintain the following proportions to be processed correctly.
hightwide => 36: (24·6) => 1:4

2.3 Blending
To simulate the sensation of continuity between the images on the All Sky strip one must implement a
blending algorithm. The fundamental consists in degrading the intenSity of the overlapping zone in image
A from the unit (maximum intensity) to zero intenSity (black) with lineal degrading. In the overlapping
zone in image B the inverse of the process is realized: starting at black maximum intensity is achieved.
With these conditions of image, the sum of the normalised intensities of both images is assigned to the
mixture.

Figure 3. blending algorithm

As known, variations in the intensity of the RGB format- a
format which is used at programming level for the
individual manipulation of the pixels- the same factor is
obtained from the three image channels separately.
Continuing this scheme, the blending process has the
following algorithm

For all (overlapping zone)(x)

{

*

*

Blending_R == imgA_R fact_degrad_imgA(x) + imgB_R fact_degrad_.imgB(x);
Blending_G = imgA_R * fact_degrad_imgA(x) + imgB_G * fact_degradjmgB(x);
Blending_B == imgA_R * fact_degrad_imgA(x) + imgB_B * fact_degrad_imgB(x);

}

2.4 Generating the individual images.
Once the continuous All Sky strip has been generated, each projector must be assigned the proportion of
the strip that it must project in addition to the adequate transformation for each geometry of projection
and dome.
In reality the transformation, which we will call Rectangle -7AII Sky coincides exactly with the
transformation f(x,y) previously described to achieve the All Sky template: an All Sky template delimits
exactly the sector of the dome which corresponds to each projector. If this transformation is applied to
each and every one of the points of the rectangle corresponding to the strip which is seen by each
projector, a reliable representation of the deformatiOn which each point of the negative of the photograph
has, will be obtained when it is projected onto the spherical dome.

2.5 Overlapping of the image
The automated solution to the problem of overlapping, is derived from the modification of the traditional
photographic process for the construction of the mask for the projection. From the contour All Sky
template it is graphically easy to construct a mas~ which in an interactive manner progressively adds the
new contour to all the overlapping areas degrading the intenSity of the previous curve until it reaches
black in the number of steps selected by the operator. Once the mask has been constructed, the image
will be super-imposed (using an AND operation) onto the image which will previously have been treated
with a Rectangle -7AII Sky correction.

2.6 Filming the images
Once the slide has been generated in the memory with its corresponding mask it will be transferred to a
photographic negative. For this transfer, a slide film capable of registering the images must be used to
obtain satisfactory results.
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3" Composing the panorama scenes
The compilation of the panoramic scenes is not as complex as the compilation for All Sky. The planetarium
can start from a perfectly segmented panoramic strip. In the dark camera the images are masked and the
adequate deformation for the lens of the planetarium is applied.
The procedure of automation described therefore refers to the compilation of the panoramic strip. In a
parallel manner, working on a procedure starting with the strip, the poSition of the projectors and the lens
of the projectors generate individual images suitable for projection.

3.1 Capturing the scenes. Methodology
The same as the ones defined for the All Sky scene, for panorama scenes, each one of the twelve images
digitilized in maps or bits or obtained from the photographic negatives in Kodak CD format which have
been taken with a 50mm lens rotating the camera at 30° intervals, are called "master image.
/I

3.2 Composition of the Strip and automatic correlation.
To compose a strip automatically, starting with individual images, an algorithm has been chosen which
allows the identification of a group of points in an image (template) which are the most similar to the
group of points in the consecutive image of the series. Initially derived from the usage of the correlation
1D was considered. The 10 correlation is defined with the following equation (POR88):

g(x)

= f(x) oh(x) = Lf*(k)h(x+k)
all k

One of the best known applications of correlation is the search of image templates in a complete image.
However, the 1D correlation is very sensitive to light changes.
To minimize the disturbance caused by the changes in light, a variation of the standard correlation was
used in the identification algorithm called normalised correlation described in (VIS93).
The normalised correlation is reliably defined by the following relation:

NU) =

E(q q ) - E(q )E(q )
1

2

1

2

a(q )a(q)
Where if f(x) and g(x) were image and template respectively, the points of the template and q the image
searched, E is the hope operator and (J the standard deviation
The normalized correlation is less dependant on the local properties of the image, although it is still quiet
sensible to noise. Fortunately, the images to be correlated, have very little noise and this procedure gave
very good results in the examples it was tested on.

3.3 Development of a procedure for the correlation of two images from one panorama series.
The adequate operation to make correlation known, a procedure which allows the comparison of the
image and the template is needed.
The procedure chosen is the following: if A is the image template over which a common area of overlap
with image B is sought. Then in B a window of variable dimensions by the user is taken, consisting
between a range of 4x4 pixels up to 16x16 pixels, over the theoretical area corresponding to the overlap.
The normalised correlation is applied to image A.
The result of the correlation, is the value of the displacement of the template on the axis

x e y.

These offsets allow the adjustment of image B, overlapping it with image A. Once superimposed, Blending
is done to conceal the effects on the edges of the image.

142

At this point, it is important to highlight that the correlation I done using the green channel of the image.
This channel masks effects which are difficult to correlate such as leaves and grass in landscapes.
Correlation is an operation which has a high computational cost, this is why there is a reduction of
channels over the complete colour space. (one channel, channel G instead of the three RGB channels).
c

3.4 Choosing the correlation template
Choosing the template is a crucial part of the operation to obtain good results. If small template does not
offer the hope for continuation, increasing the value of the window (in pixels) can be tried. Bear in mind
that an increase in the template will result in a decrement in the speed of processing the identification
algorithm.

If, in spite of having increased the resolution of the template the required overlap has still not been
obtained, it is almost certain that the algorithm is processing a badly chosen template.
As the majority of the panoramas projected in a planetarium are natural scenes, like landscapes, a small
algorithm can be deSigned to look for a template in the interface zone of the sky and horizon. In this way,
one can be sure that the template does not choose homogenous values in the whole extension. To
calculate the zone, from the top of the image along the length of the vertical the gradient is shown. Those
pOints, which have a clearer variation in gradient, are taken the centre of the template.

3.5 Rotation and minor corrections
The procedures described above assure the correlation, if it exists, independent of the inclination of the
tripod. However, the complete strip generated with the above algorithm will be sensitive to the inclination
mentioned as it is necessary to rotate the same to find a new correlation between the extremities of the
strip.

3.6 Segmenting the strip into images adequate for projection.
At the moment an algorithm is being worked on to segment the panorama scene into twelve masked
images and adequately deformed for non-diametric projection. It is hoped that the algorithm will be
completely integrated into the application in the last quarter of '98.

4. Planetarium 1.0
Planetarium 1.0 offers all of the above mentioned characteristics to edit, segment and process the All Sky
and panorama scenes. Intuitive menus, work aSSistant, tool bar for frequent options, in the style of
Windows applications, the planetarium technician will be guided to compile, without the necessity of any
additional knowledge, sophisticated compositions with a level of precision as exact as desired.

4.1 Characteristics of the Planetarium
Planetarium is Windows 32-bit application, designed integrally in language Microsoft Visual C++ 5. O. At
the moment it is compiled for wrntel platforms, but it could be, without major changes in the original
codes, compiled for computers Alpha and MIPS with the object of improving the performance of the
application on more potent machines.
Planetarium can be used under the operating systems W7ndows 95 and Windows NT4.X/S.x. It is a multifunctional application, that can be used with other processes, while a transformation of a scene is being
done, it can be commuted to other applications in the background. If planetarium 1.0 is executed on
Windows NT, the load of application when doing the operations can be distributed among the processors
present in the system.
Planetarium works at a minimum resolution of 1024x768 pixels and with a depth of true colour. The
section of the manipulation of the bit maps has been realized using the commercial graphic libraries of
leadtools.
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4.2 Uses of Planetarium 1.0
Along with the functions of processing and segmentation All Sky Planetarium includes a complete graphic
editor which does not claim to substitute photographic retouching packages, but can be used to make
minor corrections: contrast, free rotation, softening, speculative images and the conversion to a gray
scale. Cutting and pasting operations with a notebook are also implemented in planetarium 1.0 with a
level of "undo.
If

Another interesting option of planetarium 1.0 is its capacity to auto-generate All Sky templates (according
to the cOITesponding geometriC parametric values of each planetarium) this is an important tool for the
techniCian when making a precise calibration of the projectors. The fonnat of the exit images can adjust
itself to the majority film projectors presently on the market with an option of rotation of final images if
the insertion of an image film projector with landscape were necessary.

lines of work
Although All Sky seems to be an interesting solution to the automatic processing of scenes,
of distortion introduced when the transfonnation All Sky -7 rectangle, is applied, as well as
difficulty to select the zenith in each master image,
revise the posterior revisions the composition of the
on strips.

the high level
the additional
has made us
scenes based

In its place the implementation of a process which uses the
concept of 2D sectioning as an alternative is being used.
Sectioning is the composing a continuous 2D circular scene with
the six master images from the digitilization. The sectioning
coincides exactly with the projection to scale of the resolution on
screen of the visual scene on the dome on a parallel circle on the
base of the same.
To generate a sectioning the operator edits on an electronic editing
screen each one of the images individually in a defined container
by a circular sector of 60°. The master image can be manipulated
manually on the container: displaced rotated, enlarged or reduced.
The manipulation of the active container does not modify the
images of the adjacent containers.

Figure 4 simbolizes the sectioning process.
Figure 4. sectioning process

With this process, the minimum distortion possible can be assured
in the master images as well as the exact selection of the zenith of
the scene. To generate the adequate images for projection
the inverse projection to recuperate the All Sky template is
applied.

Version 2 of Planetarium will include this process. Figure 5
depicts the result of this process.

6. Conclusions

Figure 5. sectioning process
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Visualization of All Sky and panorama scenes on the dome
of the planetarium occasionally needs more control when
giving continuity to the individual images than that which is
offered when using 3Smm negatives. A methodology of
working has therefore been defined to substitute the optic
process of the dark camera by digital processing of the
images with the aid of a computerized support using the

following techniques:
•

Implementation of universal algorithms independent of the geometry which allow the preparation of
2D transformadons independent of the capture lens and the representation

•

Implementation of a process concredon and masking, when applied to the strip, after the prior
transformation generates a series ofsix slides whic~ conveniently registereci will be directly projectable
in any set ofAll Sky projectors.

Besides, a base has been established for the complete digital processing of panorama scenes. For this an
algorithm has been created from the twelve images which optimizes and automizes the process of
composing the panoramic strip without any intervention by the user.
All the previously described have been fused in a computer application called Planetarium 1. 0 which being
easy to use (WIn tel enVironment) is an effiCient aid for the planetarium techniCian. At all times, the
programming philosophy has been to find the best compromise among computer power, memory used,
and the quality of the final image. Even though this programme should not completely substitute the
traditional optical for editing, Planetarium 1.0 is constituted as the starting point to introduce digital
processing of images in the small world of planetariums.
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PROGRAMMING PLANETARIUM
SHOWS OUTSIDE THE DOME - 2
YEARS' EXPERIENCE OF USING A
PLANETARIUM SIMULATOR
Jan Sifner
Observatory and Planetarium of Prague
Kralovska obora 233, CZ-170 21 Praha 7, Czech
Republic

Abstract:
In 1996 a new control system for the Cosmorama
Planetarium was installed. The ability to create a
planetarium show outside the dome, i.e. without
any need to use the planetarium instrument, is one
of its most important advantages. Part of this
software is a planetarium sky simulator. It allows
you to create a complete show on the computer in
your office, and could work with any electromechanical planetarium system. This paper deals
with the disadvantages, and especially the
following advantages:
.. Time-saving - with the new software we
created a complicated show in a few hours,
which previously would have taken several
days.
in
Exact synchronisation with tape
programming it is issued directly from the
point in the tape.
" A generated timecode is universal. This
means that supervising of the show (i.e.
making changes, exporting into another
planetarium) is very simple.

In teach-in programming the machine alone stores in its
memory particular instructions step by step, in the same
way they were given from the control console. At play
back the machine carries out all memorized instructions
including the errors made during the recording. 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 instructions are stored. The
programming of the show needs always to be realized in
the planetarium theater. Teach-in programming requires
a very handy person, fully concentrated when
programming.

In 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 simpler shows. It puts large demands on the
experience of the programmer. The special supporting
system in our case is a planetarium simulator.

In 1994 it was decided to replace the control system of
our planetarium Cosmorama. One of the main objectives
was to be able to do planetarium programming outside
of the dome, without any need to use the planetarium
device itself. The new control system was introduced in
1996. Since then several dozens of shows of various
complexity have been created in our planetarium using
this new control system.
In principle there are two ways of programming: teach-in
programming and direct programming.

Creating a planetarium control programme means not
only programming itself, but, for the majority of the
shows, it is necessary to have a very accurate script for
the planetarium device, especially for the motions. Firstly,
it is necessary to find and try many positions for
individual parts of a show, secondly, to determine the
speed of the motions between positions. With the old
system it was usual to spend a lot of hours in the dome
spinning the planetarium device to find these data.
Then it is necessary to bring a sound recording into
harmony with technical parameters of the planetarium
device - the device cannot move at infinite speed. The
experienced author, of course, prevents the majority of
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speed is set up. It is possible to combine different
motions deliberately.

difficulties, but sometimes the judgement is not accurate
enough and it brings other hours spent in the dome.
Furthermore, when writing the show the author usually
does it in the office where the planetarium device is not
at hand.

The simulator is able to work the following motional
problems without any difficulties:
the motion from the point X to the point Y at a set
time
the motion from the point X to the point Y at a set
speed
It automatically checks the feasibility of demands
(including maximum speed, acceleration etc.)

The preparation phase for both ways of programming
(teach-in and direct method) is the same length. But the
main difference is that in direct programming you can
work mostly out of the dome, but only if you have a
simulator accurate and clear enough. Our simulator has
two levels. The first one displays the state of single
projectors (motion, light) in real time and, thanks to the
artificial horizon and other indicators, the real position of
the star sky. If necessary, it is also possible to use the
second level and find an accurate sky position with the
help of a star map which contains the main
constellations, as well as accurate Sun and planet
positions, and information about the
position of
important projectors towards the star sky.

On the other hand the simulator is not able to work the
task "the motion in speed v during the time t" - the final
position has to be always known in advance. This is
mainly the case when the sky motion forms only the
background of the recording.
But the parts with
completely free motions should not appear in automatic
shows at all, because then the initial position for the
following motion is not defined. An author with some
experience is able to set up the final position in advance
(one or a half of a turn ... )

When programming, the author changes the state of
projectors in time determined by the recording, and
switches on and off the lamps in projectors and the
single purpose projector drivers. Of course, changes to
the light level, speed of motion and the speed of
brightness are possible. When programming the main
motions, the end motion positions are set using the star
map. The simulator automatically counts the time
necessary for the motion when the initial and final
positions are set. The user compares the motion time
with the time determined by recording.

I would like to demonstrate the simulator using the
following exercise. In one of our planetarium shows it
was necessary to demonstrate the Moon phases from
new Moon to new Moon while keeping the Moon at
culmination point above the south. Originally the text
accompanying this motion would take 53 seconds. But
during the simulator test it was found that it is not
technically practicable. The diurnal motion cannot reach
such an acceleration to be able to compensate the
annual motion and so keep the Moon in the same
position. On the basis of the simulator data the time was
prolonged to 115 seconds. The motion was divided into
four parts (the first quarter, the full moon, the last
quarter, the new moon). But because the text length of
every part was different the motion speed was adjusted
with the help of the simulator to correspond accurately
with the text length. The result of the motion realisation
is seen in Graph 1.

The simulator works with trapezoid speed profiles. The
user defines the end position, acceleration, constant
speed and deceleration. The acceleration is defined in
eight steps, the speed in 100 positive and 100 negative
steps; this was proved to be completely sufficient. It is
possible to set up the speed motion profile of more than
one trapezoid so the end speed of every single trapezoid
except the last one need not be of zero value. The
system requires the other motion set up till the zero final
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It would be very difficult, maybe impossible, to solve such
a task with the teach-in system. Algorithms in the
simulator take account of the inertia moments of the
planetarium device so the starts and finishes are
optimalized and the planetarium is very accurate in
reaching required positions. Then there is the absence
of both overswings and slow finding of final positions
which are usual in teach-in programming. It is valid, of
course, only in the case when the simulator corresponds
exactly with the real planetarium device, and the
planetarium control system is totally exact in
adaptation of a control code for the planetarium
generated by the simulator. Both these conditions
are met in the case of our planetarium and the
control system has very good results.
The simulator accuracy together with the control
system was found to be very good. If there is any
inaccuracy it is caused by mechanical problems in
the gears. Only the error in the Moon position is
significant because the gears are very complicated.
So it is necessary to demonstrate the conjunctions
with the Moon not statically but in motion. I think an
animation is more practical.
Our two year experience with using a planetarium
simulator to create the show has demonstrated that
this method is fully applicable and gives good
results. This programming philosophy is a little bit
different from teach-in system. But replacing the
teach-in method was without problems for majority
of people.
We can summarise our experience in the following
points:
the simulator is able to solve tasks difficult or
even impossible for a teach-in system
the simulator makes the best use of the
potential of planetarium devices, the position
control is very accurate
the simulator accuracy together with the control
system is sufficient and always found to be
very good
using the simulator shortened the time
necessary for show preparation in the dome and
so the show expenses are cut
thanks to experiments,it is evident that the
simulator is applicable also to different types of
planetariums and various control systems.
Recognition of real technical data of a
planetarium/and creating a conversion module
between the simulator software and the
planetarium control software, precedes the
usage of this system
if it is not possible to transfer data from the
simulator into the planetarium control system
directly, they can be used as an itinerary for
teach-in programming
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INDIGENOUS DEVELOPMENT OF
AN AUTOMATION SYSTEM AT M. P.
BIRLA PLANETARIUM, CALCUTTA
Piyush Pandey
M. P. Birla Planetarium
96 Jawaharlal Nehru Road, Calcutta 700071, India

Abstract:
The first stage of in-house development of an
automation system was completed recently,
achieving automation of all slide projectors and
special effect devices. Work is now in progress on
the second stage which will control all the
functions of our Carl Zeiss Universal Planetarium
projector. Our automation device does not use any
microprocessor. The pre-recorded timing pulses
from one channel of an audio cassette are sensed
by an audio cassette interface (in-built in our
system). These pulses advance the address of the
two Memory Chips RAMs (lC2114) which together
constitute two digits of data in HEX code. The
output appearing at 1/0 pins of the RAMs is
interpreted by decoder circuitry built around
several IC 74154s. The decoder is hard-wired to
interface circuits, which toggle whenever the
same data output appears from the RAM. Battery
back-up is provided for the RAM data, which is
stored in hexadecimal code through a keyboard.
At the end of each presentation slides are restored
to their initial positions.
Way back in November 1991, when I joined the M. P.
Birla Planetarium, my management stressed the need
to enhance the visual content of the planetarium shows.
I surveyed the situation and found that all we had was
the Carl Zeiss Universal Planetarium Projector and one
slide projector. The Carl Zeiss Projector and its
accessories were being used for what they are capable
of and occasional slides of planets or nebulae would be
thrown in (max 10 or 12) during a live presentation. At
that time the Planetarium did only live presentations.
Immediately we acquired 20 slide projectors (of which 10
were simple single-slide manual projectors and the
remaining ten were multi-slide automatic projectors), a
number
of
small
synchronous
motors,
slide-cassette-rotators and good front-silvered mirrors.
With these we rigged up our own special effects devices
that included - a more realistic sunset (or sunrise),
rotating galaxy, Oort cloud, Big-Bang etc. The multi-slide
projectors were loaded with panorama slides and other
slides relevant to the theme of the presentation. I ended
up being the lecturer's assistant for a/l the seven shows
of the day as no lecturer could memorise the long
sequence of operations and render it show after show.
Even with me there, many times a wrong slide would
pop-up or sometimes a blank frame would loom large
on the dome. We immediately put a stop to these
presentations and engaged ourselves in the task of
developing an Automation System tailor-made to our

requirement.
My eartier experience in electronics came in quite handy.
I decided that each device, be it a projector, motor or
something else, would be assigned a hexadecimal code.
So I have my projectors named as 08, 09, OA, 1C etc.
The two digits of the hexadecimal code allow you 256
unique designations - much more than the number of
projector/devices I can hope to acquire or may ever
need.
In view of the large distance between the Planetarium
Console and the device to be controlled - that could be
located anywhere along the 72-metre long periphery of
the 23-metre dome - we decided that the automation
unit should be made in three parts. One part (having the
start button) should be located at the console. This
would contain the main 'brain' of the automation system
(memory chips & other control circuitry), manual override
buttons, display for data and programme counter. The
data display means the hexadecimal designation of the
particular device that is turned on or off. The programme
counter that counts in simple decimal system could have
a maximum of 999 steps, each step being the serial
number of the operation.
The second part would have the interface circuits which,
since the console desk could not accommodate the
entire system, had to be placed some 6 metres behind
the console desk - close to the peripheral wall. Our
projectors used 24 volt 150 watt or 250 watt halogen
lamps. This meant currents of the order of 6 amp or 10
amp. We decided it was not advisable to carry such
large currents all the way up to the lamp from this
section. Therefore a section of the interface card had to
be located near the projector so that only low voltage
(TTL 5volt) control signals would be required to travel
from one section to another. The power handling had to
be done at the projector end itself. We actually placed
this section of the interface inside the projectors!
The schematic diagram of the automation system is
shown overleaf. The large rectangular box shows the
section one that contains the 'brain'. Let us assume that
we have a pre-recorded cassette containing the
narration with music on one track and programming
pulses on the other track. We also assume that the
complete hexadecimal code for the entire programme
had been loaded into the memory of the system
previously. As the audio cassette starts rolling the
commentary is played by the audio system while the'
programming
pulses
are
sensed
by
the
audio-cassette-interface (a part of our system) as and
when they appear. The audio-cassette-interface converts
these pulses into TTL voltage compatible rectangular
pulses. These pulses advance a 12-stage binary counter
which along with some buffer ICs is named the Address
Generator. Each stage of this binary counter is wired to
the address pins of the two Memory ICs. We employed
the 4-bit IC 2114 RAM for this purpose, that can store
upto 1024 bytes. The two Memory ICs represent the
two digits of a hexadecimal number - the MSB (most
significant byte) and the LSB (least significant byte). The
data from the Input/Output (I/O) pins of the two RAMs is
sensed by the decoder that is essentially built around IC
74154s. We have used data multiplexing to keep the

number of wires running from one section to another to
a minimum. IC 74150 has been used as the multiplexer.
Section One of the system also contains a 32-key
(expandable to 256) keyboard. Each key is an SPOT
micro-switch (push-button) with an LED in it. These keys
provide the manual override - just in case something
goes wrong. It is obvious that the state of LED in a key
cannot be a function of the state of the switch as the
switches are push-buttons. The LEOs rather tell us
which devices are on at a particular moment. To do this
we had to bring back to this section the information
about the 'on' or 'off state of the devices from the
interface end. Once again, to keep the number of wires
to a minimum (actually 6), we used multiplexing &
de-multiplexing.
The multiplexed output of the memory decoder and the
manual override switches is combined in a section
shown as the controller, which finally passes on to the
flip-flop bank. Whenever a particular data, say 1F,
appears on the output pins of the RAMs the
corresponding flip-flop toggles on. And if it had been
turned on earlier it would now turn off. Thus a device
connected to a flip-flop would remain on for the period
that lapses between two pulses from the programme
that result in the same message.
The flip-flops are, however, not connected to the
projectors directly as the two run on different types of
voltages. The interface cards bridge this gap. Our
interface cards are built around the ubiquitous IC LM
324. Whenever a flip-flop goes high the connected
interface circuit begins to discharge a small capacitor.
This is achieved through CMOS switches controlled by
the flip-flop output. The voltage at this capacitor is
compared with a 10 millisecond RAMP voltage
(triangular wave train), the result is a train of rectangular
pulses with progressively changing pulse width. This
pulse train is used as the 'trigger' to 'fire' the TRIAC that
controls the power to the 24 volt 150 watt or 250 watt
lamp of a slide projector. The lamp gradually lights up.
The rate of increase of brightness and also the fade-out
rate are adjustable through trim-pots and operational
amplifiers. The level to which this capacitor is allowed to
discharge is controlled by small potentiometers and
operational amplifiers and this decides the final brilliance
that the lamp will achieve. Once the associated flip-flop
turns off, the charging of the capacitor starts through
another CMOS switch, resulting in gradual fade-out of
the lamp. The triangular ramp voltage has been
generated by sensing the zero-crossing point of the AC
mains voltage.
There is another section to these interface cards that is
developed in keeping with another requirement of the
Automation System at M.P. Birla Planetarium, Calcuttamutti-slide projectors. The requirement is that the slides
should advance but the process should go un-noticed.
To achieve this we sensed the change of state of the
flip-flop in such a way that a low-to-high transition alone
would trigger the relevant circuitry that activates the slide
advance mechanism. Thus the slide advancement takes
place the moment a flip-flop goes high long before the
lamp has had time to light up.
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Call it ingenuity or improvisation, we have used the same
interface circuitry to control the single slide projectors as
well as the synchronous motors that do various odd jobs
like turning mirrors or rotating slides. In the case of single
slide projectors, the slide-advance section of the card
was left unconnected. And in the case of synchronous
motors, the fade-in and fade-out rates were adjusted to
the maximum by turning the pots in the right direction.
However, these mouse-power motors (2 watt or so)
have the bad habit of getting turned on by even the
leakage current of a triac. To avoid this we connected a
15 watt lamp in parallel to the motors. These were
housed in specially designed covers that would keep all
the light in while still allowing for ventilation.
The data is fed into the RAMs through a key-pad. This
key-pad is also used to generate and record the
programming pulses in the cassette. At the end of the
data sequence we put some extra data, just sufficient to
return all the slides to their initial positions in the various
projectors. Since a RAM is a volatile memory, battery
back-up has been provided to preserve the data. The
system has been working successfully for the last three
years. We are now in the process of bringing under its
control the various functions of the main planetarium
projector. Its completion may take another year or so.
We had our share of troubles too - not everything
worked as planned all the time. One such interesting
problem was faced while we were trying to install a labtested interface card in a projector for the first time. The
projector was located some 20 metres from the console.
The moment the interface card was plugged to the
wiring the opto-couplerMCT2E would blow up. This was
repeated two or three times, sometimes with the power
switched on, and at other times without it. But the result
was the same. Later I traced the AC pickup as the real
culprit and a small by-pass capacitor across the LED
legs of the opto-coupler solved the problem. All the
PCBs of the system were designed in our electronics lab
but the etching work was done externally.
My colleague, Mr. Swapan Oasgupta, was closely
associated with all stages of development and was
particularly responsible for laying components on the
PCBs, the entire wiring and assembly work.

ELECTRONONIC UNIVERSE
Jon Elvert
Lane E.S.D. Planetarium
2300 Leo Harris Parkway, Eugene, OR 97401, USA

Abstract:

A

partnership between one of the largest
observatories in the north-western part of the
United States and our planetarium makes it
possible to perform live observation from inside
the planetarium. An attempt will be made here to
make a real-time observation through a 61 cm
telescope nearly half a world away. This remote

..

alloWS audience partiCipation in
pro.gratm d is used in our school/public
selecting obJec S, an
programming.

Imagl~g

The Internet has long been a source fo: accessin g and
.
. I data events and Imagery. s ome
sharing astrono~lca,
ted Internet access
major observatOries have even crea
enabling users to download images alre~dy on file. The
focus of this presentation has two goals.

v:

1)

to activate a 61 cm telescope nearly half ay
around the world by remote control and project
an image in real-time

2)

to present the overriding teaching strategy of
such a program.

The Pine Mountain Observatory up in the Cascade
Mountains in central Oregon, has ~e.veloped a
participatory observing program where partiCipants ha~e
remote access to <a 61 cm telescope. Th~ strategy of thiS
program is to get real data and analYSIS tools Into the
hands of students, and promote the exciteme~t a~d
spirit of discovery that is the very core of sCientific
research, but rarely communicated to stud.ents. The
Internet is used to acquire digital images while the u~er
is then guided through the scientific process of ~nalYZlng
some observations asking questions and making more
observations. The goal is to stimulate the curiosity of the
students and to engage them in participating in the
scientific process, while at the same time allowing them
to gain familiarization with modern technologies and
techniques.
The Planetarium can use this program by projecting
images onto the dome during an evening viewing of a
celestial event, or it can have students access images on
tile.
Two modes of acquiring images are possible. A user
can request an image of a specific target in advance,
which will be made available in SBIG and/or GIF format
on a directory of archived images at Pine Mountain.
These images can then be transferred to the
Planetarium's host machine and projected onto the
dome. The second mode is when the user actually
performs remote, interactive live imagery with the CCO
camera. The user needs to run Timbuktu software on
an Internet machine that will be controlling the camera.
Timbuktu is what allows your machine to "see" the
graphics of the camera control software that is running
at Pine Mountain. The computer must have WIN 95 or
MAC Systems 7 and a CD-ROM drive. The user also
needs to select objects which will be visible at the time
of viewing.
The user then connects to the
observatory's computer where remote control of the
camera's function is then available. Pointing the
telescope is currently accomplished manually by an
operator on
site,
who is
in
continuous
communication with the user via a message
provision on the Timbuktu software.
Images
acquired are then saved to a user's directory at Pine
Mountain, and can again be transferred to the
Planetarium whenever needed.
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The ultimate goal of this hands-on, virtual astronomy
program is to permit a greater access to the
observatory by involving students, educators and
providing information to the general public. It also
allows students to effectively duplicate the steps of
the professional scientist.
This represents a
significant departure from the way astronomy is
usually taught, namely by memorization of
constellations and positions of planets.

SHOEMAKER-LEVY 9 .. STARTING
A NEW ERA: 4 YEARS'
EXPERIENCE USING THE
INTERNET IN A SMALL
PLANETARIUM
Andreas Hanel
Museum am Sch61erberg, Natur und Umwelt Planetarium, Am Scholerberg 8, 0-49082 OsnabrOck,
Germany

Abstract:
For 10 years, the Planetarium in OsnabrOck, has
used slide projectors with Dataton automation; and
5 years ago we integrated a video projection into
this multimedia system. Though demanding higher
costs at that time, we decided to purchase a
multiscan projector which is also capable of data
projection from a PC. In this way we could show
Internet pictures of the Shoemaker-Levy 9 impact
only a few hours after the observations had been
done at the large observatories world-wide. Since
then we have used this method for all actual
events, and we will report on our experiences.

THE PLANETARIUM
OsnabrOck is a city of 160,000 inhabitants in the northwest of Germany. The planetarium was inaugurated in
1986 and is part of the Museum am Sch61erberg, a
natural history museum with ecological objectives. An 8metre dome with 68 seats is integrated in the ground
floor of the museum and the planetarium has about
20,000 annual visitors. The planetarium projector is a
Zeiss ZKP2 Vv'ith many additional auxilliary projectors, like
Solar System, Jupiter with moons, meteors. Eight
panorama slide projectors and two dissolve projectors
are controlled with Oataton control units and software
(formerly Micsoft for PC, later Trax for Mac). In 1992 the
main motions of the planetarium projector (daily, annual
and latitude) have been exchanged for stepping motors
so that these motions could be integrated into the
Dataton automation. This has been done very costeffectively within two diploma theses at the
Fachhochschule in OsnabrOck. In 1993 we considered
integrating video technique, and we decided to purchase
a video beamer that can be connected directly to a PC.
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THE VIDEO TECHNIQUE
After testing several models we decided on a three- tube
beamer from Sony (VPH-1251QM). This beamer
connects three input sources: a video tape recorder
(VTR, Panasonic S-VHS), a laserdisk (LO) player
(Pioneer) and the PC video card through RGB
connections. After some initial problems we now achieve
a dark field when there is no input signal, and all
components can be completely controlled automatically
Vv'ith the Dataton system, including the VTR and the LD
player. However for live presentations we also control the
components manually.
THE SHOEMAKER-LEVY 9 IMPACT & AFTER
Just in time for this event all components had been
installed. There was an enormous public interest and the
problem was how to show actual pictures from Jupiter.
That was the time of the rise of the World Wide Web
and, Vv'ith the help of the physics department of the local
university, we got access to this new information
medium. Fortunately, many activities were co-ordinated
at ESO, so their Web pages were very helpful for finding
further information. Without the necessity of taking
photos, developing a film and opaqueing and mounting
slides, we could present actual pictures from Jupiter's
surface. Sometimes we showed the pictures only a few
hours after they had been taken at some of the large
telescopes in Spain, the United States, Chile, Australia
or Antarctica - an interesting experience.
One problem was projecting the computer data in a way
that is well adapted for the planetarium, i.e. preferably
without text or disturbing windows frames. The first
problem can be solved with one of the many image
processing softwares. The second problem can be
combined with the problem of all the different data
formats used in the Internet. Images are mostly available
in GIF-, JPEG-, TIFF- and, for some time, in PDFformat. Animations or small video sequences use AVI,
QuickTime(MOV), MPEG or animated GIF Format. To
show these data in the planetarium context and
preferably using one program was, and is, problematic.
To date, the freeware MSDOS program Display,
developed by Jih-Shin Ho from Taiwan, and found on
many ftp-seNers, is our favorite because it fullfils most of
our requirements. Unfortunately it has not been updated
for some time, so that animated GIFs, in particular,
cannot be displayed.
In the meantime the WWW has become an important,
and even indispensible, information medium for
planetaria: besides spectacular pictures for the public,
we get from it thorough information which is needed to
inform the public reliably. Furthermore - and I think this
is nowadays very important - a planetarium can compete
with the news media, with the advantage that we can
give more in-depth information and the personal contact
to answer questions to the visitors. So it was very
exciting to follow the great astronomical highlights of
recent years, like Galileo, Hubble Space Telescope,
Hyakutake, Hale-Bopp and Pathfinder on the Internet,
and to bring the fascinating pictures and results to
thousands of interested people.

ASTRONOMY, EDUCATION AND
INTERNET .. LIVE COVERAGE OF
THE SOLAR ECLIPSE
Tadashi Mori
Media i Corporation

3-2/20 Motohongo-cho, Hachoizi-shi, Tokyo 192-006,
Japan

up a mountain to show the Sun to the world.
Due to the weather the Mongolia team could not
successfully send the solar image, but the Siberia team
sent us a wonderful corona image. And the weather, on
the eclipse day in Japan, was fair, so people could enjoy
several images of the Sun from different places at the
same time.
3.

Abstract:
Images of the total solar eclipse on March 9 1997,
observed in Mongolia and Siberia, were relayed to
Japan and to the world via the Internet. Many
Japanese Internet viewers "saw" the eclipse as
well as TV programmes. In 1998 the eclipse was
expected to be relayed again, from Venezuela.
There are programmes to control remote
telescopes and capture images via the Internet so
that schoolchildren can watch heavenly body
images. I will discuss this kind of Internet project,
its significance and use in school classes.
1. PREFACE
The Internet is a powerful tool. Its functions, such as Email, World Wide Web and discussion groups, are well
known and accepted by mainstream society. But like all
technology, the Internet is constantly evolving and recent
new applications of 'Live Internet Technology' are
bringing people even closer together, beyond the barrier
of space and time.
Last year I founded Media i Corporation. We offer IT
solutions to people and work hard to promote Live
Internet Technology. Astronomical phenomena, such as
eclipses, are highly suited to live Internet coverage. And
through Media i, I have been involved in eclipse
broadcasts twice already. I'll describe the live eclipse
events in more detail now.
2.

LIVE BROADCAST OF TOTAL SOLAR ECLIPSE
ON 9 MARCH 1997
This total solar eclipse was obseNed in East Asia from
Mongolia and Siberia. The world's first live eclipse
broadcast via the Internet took place during this event. A
huge scale of organization was required to make this
LIVE ECLlPSE'97 succeed.
LIVE ECLlPSE'97 was organized and carried out by
Astronomers, Researchers, Educators and Volunteers
in Japan. There were four teams such as the Mongolia
team, Siberia team, ObseNatory team and Mobile team.
The Mongolia and Siberia teams carried an INMARSAT
satellite data transfer system and planned to send
images of the Sun to a seNer which would, in turn,
provide the images to the world.
Several obseNatories in Japan also had equipment to
capture the solar image which they sent via regular
phone lines to the SeNer. And the mobile team carried
a system called "TRANSCAM" which allowed them to
capture the video image and send it to the Internet by
using a cellular phone. One of the mobile teams climbed

LIVE BROADCAST OF TOTAL SOLAR ECLIPSE
ON 26 FEBRUARY 1998
The 2nd total solar eclipse, which was seen in Middle
and South America, was also broadcast via the Internet.
This time there were several independent teams working
to make a live event, such as Live@the Exploratorium,
ECLlPSE'98 by Staigerland Entertainment, LIVE!
ECLIPSE '98 and last but not least, ECLIPSE LIVE '98
(this was my team). ECLIPSE LIVE '98 was a joint
project by three Japanese companies, Fujimic Inc.,
Fujitsu SSC and my company Media j Corp. Also, we
carried out the project in co-operation with COVESOL
'98 (Comite Venezuelano Eclipse Solar 1998), CANTV
(telecommunication company in Venezuela) and T-NET
(Internet Service Provider in Venezuela) and the
Embassy of the Republic of Venezuela in Tokyo.
CANTV captured images of the Sun which they stored
on to their seNer. Fujimic Inc., an Internet Systems
Specialist in Tokyo, picked up the images and mirrored
them on to their server so that Japanese and Asian
Internet users could access them smoothly. Also T-NET
took a video image and
supplied it by
ReaISystem(ReaIVideo). So we could see the eclipse
simultaneously.
The number accessing Fujimic's server hit a new record
during this event. This shows that many people are
interested in astronomical phenomena and will utilize IT
to "see" the events on the opposite side of the globe.
4. SIGNIFICANCE OF THE INTERNET "LIVE"
A live broadcast makes a vivid impression and leads
people to consider the phenomena more deeply then
they may have otherwise. If they are students, they could
ask questions, get answers and understand clearly. If
they are ordinary spectators, they could enjoy and
appreciate the event.
Ifyve introduce a bi-directional system, people can "talk"
with each other. They can hear the opinions even of
those who live on the opposite side of the globe.
A live event has great audience 'pulling power'. By
carrying out a live event, people will be attracted to a
particular project. And after watching the 'live broadcast'
they will have an interest in learning some more about
the project and its contents.
NASDA (Japanese Space Agency), YAC (Young
Astronauts Club in Japan) and NTT (Japan's largest
telecommunication company) jointly carried out an event
in which a space shuttle crew onboard on mission
STS-87 and kids talked with each other. Pupils around
Japan (at over 600 points) could watch and listen to the
astronauts simultaneously. And some of them asked
questions of the astronauts directly via the TV
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conferencing system. They seemed to be excited and
impressed with this event. These kinds of events can be
very effective in education.

5. LT. IN THE PLANETARIUM
If you have video projectors, you can project images
downloaded directly from the Internet onto the dome
without any pre-processing at all. These days video
projectors have very become popular and their
specifications, such as brightness, sharpness and
contrast, have been well adapted to the dome screen.
Also there are several video software packages which
you can utilize for your programs.
Also, if you have computers, you can do image
processing, and access the Internet. It is an essential
tool for educators and researchers. And you can project
figures and pictures which you have made or captured
directly onto the dome screen.
In order to access the Internet you need to set up a
contract with an ISP (Internet Service Provider - Public
or Private). Further technological progress may soon
enable you to show a "Live Skyline" of a panoramic
scene far beyond your facility. Some researchers and
educators have began to use Remote Telescopes to
show the front line of astronomy. If you have a creative
idea, you can do almost anything using IT in your dome
space.

6. CONCLUSION
In conclusion, I repeat that many efforts are being made
to broadcast astronomical phenomena via the Internet.
Realtime events, such as the ones I described today,
provide a vivid impression and attract spectators. I
strongly believe that a live astronomical event captured
on the Internet is effective both for education and for
ordinary people's enjoyment. IT can introduce dynamic
and exciting applications to your dome space.

"WHAT A TANGLED WEB WE
WEAVE"
Tom Callen
Cosmonova, Riksmuseet
Frescativagen 40, SE-10405 Stockholm, Sweden

Abstract:
It seems that everyone everywhere is either
browsing, or creating, web pages. But just what
exactly are some of the considerations one must
take into account when trying to make web pages
that are easy to navigate, contain useful content,
and can be read by the widest number of users?
This paper by a member of the IPS Publications
Web Sub-Committee offers some thoughts and
insights on the subject.
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INTRODUCTION
Each year Hterally thousands upon thousands of web
pages are posted to that portion of the Internet known as
the Wond Wide Web. In 1995 alone there were 10,000
new pages posted every month, according to one
survey. And anyone who has spent any time browsing,
surfing, or wading their way through this vast amount of
information, knows that there are good pages, bad
pages, and ugly pages.
In this paper I will try to offer some pointers to help those
of you who are just starting out with writing your own
web pages so that, in essence, you can avoid some of
the many mistakes that many of us have already made,
or that you have already seen in your own hunts for
useful information on the web.
While this will not prove to be an exhaustive study, my
hope is that it will provide enough of an overview to help
you start thinking web-wise.
GETTING STARTED
First and foremost, always consider who your audience
will be and what the message is that you are trying to
convey to them.
Next, what kind of an approach are you going to take;
formal, informal, a mix, highly graphical, mostly text, a
mix? Once you decide, stick to it so that your web pages
will have the same overall feel to them.
Take into consideration what the majority of your
audience will be browsing with. Most will be using
modems, not so very fast computers, perhaps older
versions of browser software, etc. As much as it would
be the ideal situation, not everyone in the world has a
direct, high speed Internet connection. With that in mind,
remember one of the informal rules about the web: most
computer users are browsing web pages at an actual
transfer speed of about one kilobyte per second, and
plan accordingly when creating graphics and page
layout. For example, IT you have a web graphic that is 15
kilobytes in size, a reader could expect his computer to
take about i5-seconds to display it.
There is nothing wrong with looking at other people's
web srtes for ideas, or to see what's possible, especially
when you are just starting out. What is it that you really
like about a particular web site, what do you really
dislike? I looked at literally hundreds of web sites before
I started wrth the first major revision of Cosmo nova's web
site in 1996 (from two web pages to 56).
Once you find a feature of a particular web page that you
think fits with what you have in mind, use your web
browser's "Document Source" feature to look at the
page's Hyper Text Mark-Up Language (HTML). Better
still, use its "Save As ... " feature to make a copy of the
HTML for yourself. Study it and see if you can
understand why the web page ended up looking the way
it did based on how the HTML tells the browser software
to display it.
Since not all browsers use a variety of plug-ins (ActiveX,
Shockwave, etc.) it is best to eliminate any features on
your web page that require using them. The same holds

true for people who are using older computers that may
not have the ability to use extensive graphics, or other
multimedia capabilities, such as audio.
Remember, the idea is to spread information from your
web site, not show how "neat" you can make it. Sell your
web site on its informational content and great graphics,
not with gimmicks.
Never create a page that requires anyone to download
a particular plug-in application to view it. In most cases
this 'Nill only encourage visitors to move on because they
don't want to bother with adding the plug-in, and some
readers may not even know how to add the plug-in, or
feel confident enough in doing so. Besides, when was
the last time that you added a plug-in and you found that
it effected another program that you use that was
running just fine before?
Unless you happen to be selling music professionally,
avoid any tunes, fanfares, or music jingles on entry to
your web site. It's just a lot of wasted bandwidth and
many web page readers find it very annoying, especially
if they are already using the CD-ROM drive on their
computer to listen to something already. The only thing
worse is loading a web page that starts playing music
and there is no way to switch it off other than exiting the
page (which is obviously not why they created it in the
first place).
LAYOUT AND DESIGN
In starting to consider your web page's layout and
design, does your parent institution, such as a museum
or a science center, have a standard look that they use
for their web pages? If so, you may have to follow their
guidelines, though my personal preference would be for
your pages to look as distinctly different as your
organizations are. You can always include some
elements from the parent institution's web site, like a
graphic used as a Return link button, or some similarities
in the overall color scheme, to show that there is some
continuity between their pages and yours.
To help make your web site easier to navigate from an
informational point of view, limit the hierarchical structure
of your pages so that everything can fit within three
levels, leaving no one page more than two levels away
from the "Welcome" page.

PRIMAR~

The first, or primary, level has the most general
information while the third, or tertiary, level has the most
specific information.
For example:
"Welcome to Our Planetarium" page - primary level
"Summer Show Schedule" page - secondary level
"The Whiffle Ball Moon" page - tertiary level
Sit down and decide what are the main types of
information that you are going to provide, and do so in
terms of planning on using the three levels mentioned
above. Make up a simple flow chart showing which
pages will link to which, starting at the primary level and
working your way down to the tertiary level.
You don't have to be an artist to draft a sketch of the
pages to help you lay things out. Once you are satisfied
with that, then try to make the HTML do what you've
drafted. This is far easier than going the other way
around and trying to predict what the HTML will do.
Visualize it in your head and on paper, then realize it in
HTML.
Consider your web page designs carefully and try to go
for a consistent look in the overall approach. Try to keep
backgrounds and colors consistent, maintain similar onpage graphics and keep the layout design the same
throughout so that readers feel they are looking at a
unified approach to the site, not something that was
thrown together on the "spur of the moment."
Make navigational devices the same throughout your
web pages so that readers find it easy to get around. For
example, include common devices, such as your logo,
on the top of every page, so that readers know they can
click on it in order to return to the "Welcome" page no
matter which page they are on.
As far as I'm concerned, the less said about frames the
better. The confusion they create in trying to navigate
around a web site - particularly when you are trying to
go backwards through a site, or trying to identify a web
page's actual address - is just not worth the trouble.
Since not all browsers are frames-compatible, you
usually also have to make up a non-frames version of
your pages as well so that everyone has a chance to
browse your material.
Never use proprietary HTML elements from
manufacturers such as Microsoft and Netscape as not
all brovvsers can interpret these codes intended for those
companies' own brovvser software. Instead stick with the
"plain vanilla" HTML standard currently in force that is put
out by the World Wide Web Consortium (W3C). All
browsers should be able to correctly interpret those.
Always include a statement on the very first line of your
HTML document (before the <HTML> and <HEAD>
elements) that is known as the DTD, or document type
definition. This is read by the web browser software and
tells it what kind of page to expect when it interprets the
HTML document The follo'Ning HTML example is typical
of such a statement:
<!DOCTYPE HTML PUBLIC "-/NJ3CIIDTD HTML 3.2
Final/lEN">
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One of the biggest problems with the HTML standard is
that it can be difficult to get a page laid out the way you
want it. The mark-up language is just not flexible enough
yet to get it to really do exactly what you want it to do, but
there are ways to work around it to help you get close.
For example, tables (with their borders turned off by not
having any width specified in pixels) are very good in
helping with page layout, in that their rows and cells can
be "filled" with text and graphics, giving a rudimentary
form of layout. By specifying the properties of the table's
elements, you gain a form of rudimentary control of your
layout.
A very simple graphical device called a spacer GIF can
be used to help position text and graphics where you
want them to be on a web page. A spacer GIF is nothing
more than a one pixel square graphic whose color
(usually black) has been set to be invisible. You can
adjust its vertical and horizontal spacing so that it acts as
a way to control space, for example as a way to indent a
paragraph of text, or to make a small space between two
graphics placed side by side. Spacer GIFs can be very
effective when combined with using tables.
Until a more advanced form of HTML that aliows you to
specify exactly where you want to place web page
elements becomes available, the combination of using
tables and invisible spacer GIFs is about the best way to
realize an effective web page layout.

sorts of programs people use in creating their web sites.
If you like something you see, let the web author know,
and if you have questions about how they did
something, it never hurts to ask. Not unlike the
planetarium profession, many will be happy to tell you
how they achieved their results.
COLOR ON WEB PAGES
Choose colors for backgrounds and text that work
together, not against each other. Light text works against
a dark background and vice versa. Combinations like a
bright electric blue with red text are not only impossible
to read, but they certainly don't encourage anyone to
spend any time looking at the page no matter how
worthwhile its contents might be.
PC and Macintosh computers use different color
palettes, though they do have the majority of their colors
in common. Personal computers, when using 8-bit color
resolution (GIF images use this format), display 256
colors. Macs and PC share 216 of these, with the
remaining 40 on each platform being proprietary colors.
The browser safe color palette eliminates these extra 40,
leaving colors for graphics so that your pages will look
the same on both PC and Macintosh displays.
Avoid making links the same color as the text on your
web page as some browsers do not indicate links by
underlining.

If you have a page that has white text (for example
superimposed over a staffield), provide the reader with
a text-only version of the page written with black text.
Some printers will not substitute white text as a darker
color when they print, so your reader will only get a
printout showing your web page with some scattered
graphics, perhaps links indicated, and no text, which is
the most important part of the page.

How many times have you browsed a web site and
found that, for example, visited links turned a very dark
gray displayed against a black background? Do not
make link colors that become almost, or completely,
invisible after they have been visited as your readers may
want to come back to them again. Remember also not
to make them change to something that clashes with the
background color.

A'Nvays conclude the information portion of your page by
providing links back to where the reader has just come
from - if you have a host institution, include a link back
to their "Welcome" page after you have listed your own
return link.

TEXT ON WEB PAGES
Treat text for web pages as you would for any other form
of print media. Be specific and to the point, avoid jargon
and over-long sentences. Try to write as if you yourself
would have to read the final result.

If you include links to other sites outside of your web
pages, it's always a good idea to inform the reader that
they are about to leave your web pages, and they can
return by using the "Back" feature on their web browser.

Try to break up text into manageable chunks of relevant
information. Avoid making links within the same
document (sometimes known as "Chapter," or
"Bookmark," links) that lead to explanations or
definitions. Otherwise, readers will be jumping up and
down through the page as they read, which can become
tiresome after a while. Write the text so that concept is
clear and well defined at the outset to avoid this "yo-yo"
effect. On the other hand, using such within-document
links can be useful in accessing specific parts of long
documents.

Include an authorization/valic;iation area at the very
bottom of your page in order to identify the file people
are browsing, the last time that it was updated, who is
responsible for it, plus where they may leave additional
comments if you have a host institution (the underlined
text indicates an e-mail link):
http://www.nrm.se/cosmonova/welcome.html.en
Latest update: 3 February 1998
Comments about this page to: Tom Callen
Comments about the NRM Web site
Include a credits page so that people who visit your site
have the opportunity to find out who did what on your
web site. Some web authors list the HTML authoring
and graphics software that they used in creating their
pages, which can be useful IT you are curious about what
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Check your text against the background on which it will
be displayed. If you have trouble reading it yourself (be
honest) then there is a high chance your readers - who
are not familiar with the material- will too. Here are three
ways around this: make the text a size larger with the
Font HTML element, change the color of the text to one
that stands out better, make the text bolder by using the
"Strong" element (see below), or if necessary, all three.

Text that is written with a font that uses serifs.

the little lines extending horizontally from the to
~d b.ottom edges of individual letters like this _P

~as'~r to follow. than a type font that does not use
senfs (I.e. n~n-senf). This applies more to those of you
wh? are s.tarting to use. what are known as Style Sheets,
wh,?h will make their official appearance in the 4.0
version of the HTML standard. Such Style Sheets force
the we~ browser to adapt your type faces, colors,
form~ttIn.g, etc., as defined in the Style Sheet. If your
organizatIon uses "Gill Sans" in their printed material for
the type face, then you can use a Style Sheet to make a
web browser use the same on your web pages when
and where you specify, providing that that type face (or
a member of that type family) exists on their hard drive
At this point in time, however, not all web browser~
support the use of Style Sheets, but more will do so in
the future.
IS

A good crash cou~se in how to use text and type styles
whether they be In a web page's written content or
graphics, can be found in the book "The N'onDesigner's Design Book," by Robin Willia';'s. There are
a wide variety of examples offered, plus an overview of
all t~e various types of type face families, and how to mix
whIch ones together.
Bear in mind that not all web browsers interpret the
:'Bold" and "Italic" HTML elements the same way. To
Increase the chances that the browser will interpret these
as you meant them to be, it is better to use the "Strong"
(for "Bold") and "Emphasize" (for "Italic").
L.ast, but certainly not least, never ever under any
circumstances, make any text on a web page blink using
the "Blink" element. This one HTML element has
probably drawn more flak than any other that I can think
of. It has proven to be so universally disliked that it has
been dropped from the next version of the W3C's draft
HTML standard.
GRAPHICS ON WEB PAGES
Try to use the same graphics, such as icons,
backgrounds and buttons, throughout your web site as
the first time they are loaded, they are stored in a cache
on your computer. The next time that the reader's
browser soware calls your web site to look at another
page, it checks the cache first to see if there is a copy of
the graphics needed for the new page already in
storage. If so, it takes them directly from your computer
rather than transferring new copies from the web server.
This speeds up the loading of the new page
considerably.
Graphical elements for web pages come - at least at the
present time - in two file formats; GIF files and JPEG
files. Both have their strengths and weaknesses:
GIF format
~IF images are limited to a total of 256 colors per
Image
GIF images are best for non-photographic images
GIF images can be made with transparent
backgrounds so they can appear to float over a
background

GIF images can load in successive waves - called
interlacing - so that the image builds up and the
reader can see the image quicker
care needs to be taken in creating GIF files - the
greater the number of colors used, the larger the file
size, especially if the image has been anti-aliased, or
it uses interlacing, and the longer it will take to
download
GIF images can be sequenced together to make a
crude form of animation
GIF images use what is known as lossless
compression, so their file sizes are reduced without
any loss of the original data
JPEG format
- JPEG images can contain up to 16 million, or more,
colors
JPEG images are best for photographs
a variety of compression schemes can be used in
their creation in order to make the final file size
smaller, though a balance must be struck between
loss of detail at higher levels of compression
there is currently noway to make a JPEG image with
a transparent background
there is currently no way to make a JPEG animation
equivalent to a GIF animation
a JPEG image can be made to load progressively,
which helps to speed up the amount of time before
it can be viewed, though not all web browsers
support this feature
JPEG images use what is known as lossy
compression; how much compression is used on the
file determines how much it resembles the original
image, since some data is thrown away on purpose
in order to achieve massive compression ratios
If you have an active link that is indicated by a graphic,
always make sure that the link is also duplicated as text
so that those who have their graphics turned off on their
browser, or who have a text-only browser can find the
links on the page. Also include alternate te~ information
with graphics so that those who have their graphics
turned off on their browser, or are using a text-only
~rowser, have an idea what graphics have been
Included. Some web authors include the text content of
a web graphic in the alternate text information so that it
s~pplie~ the same information. For example, a graphic
displaYing the slogan "Welcome to Our Planetarium"
could have the same thing written in the alternate text so
that the message remains the same whether the
browser'~ graphics are turned off, or whether a text-only
browser IS used. If the graphic was linked, the alternate
text can then also act as a button and you do not have
to make up a separate text link.
Always include the horizontal and vertical size of a
graphic in the HTML when writing the image's element.
Many browsers read this size information and
automatic.ally calculate a space for it on the web page,
then ~ontJnue loading the rest of the page, rather than
stoPPing and waiting for the graphicto be displayed. It
m~y seem like extra work for you when you originally
write the page, but it will help your pages to load faster.
~o~e web-authoring software will automatically write the
sIZe In for you when you place an image on a page you
are working on.
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Use GIF animations sparingly, if at all. Not all browsers
are capable of displaying them in motion, and not all
printers are capable of printing out a web page that has
a GIF animation displayed. One way to try and get
around such a printing problem, however, is to try and
end the GIF animation's cycling by pressing the STOP
button on the web browser. Press it and wait to see if the
STOP button "turns off," or changes color. If it doesn't,
try pressing it again. Once the STOP button is indicating
that nothing is active, try printing the page.
Believe it or not, but those same web browsers that do
not normally display GIF animations do not even display
the same static image from the same animation. Some
display the first image of the animation sequence, while
others display the last. One way to get around this is to
make sure that the first and last image of your GIF
animation are the same, since in theory your first image
may be the most important. This may require thinking
out your animation so that the first image is in fact the
most important one of the series.
Interlacing GIF images, while making for a slightly bigger
image file to transfer, allow readers to see the image as
it develops in successive waves, allowing them to
comprehend the content of your web page faster than if
they had to wait for the entire graphic to be added to the
page. The same holds true with the progressive display
of JPEG images (though they do not display in waves
like an interlaced GIF does).
Try to provide JPEGs in a smaller size on the web page,
and make them linked so that they can then be
displayed in a full-sized version if the reader wants to
view the photo to see a particular detail. Many web
authors list the size of the larger image alongside that of
the smaller one as a texted link, so that the reader can
decide whether to take the time to download such a
large image.
Do not make the common mistake of assuming that
scaling down an image by specifying how large you want
to see it (by just setting its horizontal and vertical
dimensions through the HTML image element) will work
on all brovvsers. Better to actually scale down the image
than to have a person's browser display it at the full size,
which will destroy your layout.
N#ays re-sample an image down in size rather than up,
as scaling up is very noticeable since pixels can't be
created "out of thin air" to make the image larger. To
help the image get back some of its original sharpness
after re-sampling to a smaller size, use your "Sharpness"
(typically 25% sharpening of the overall image), or "More
Sharpness" (typically 75% sharpening) filters in your
graphics program, but check first which one will give the
better result before saving the file at its new size. Usually
one pass with the "Sharpness" filter is just about right.
When re-sampling an image down to a smaller size, be
sure that you keep the proportions of the image the
same, so that it doesn't end up looking unnaturally
squeezed in either the vertical, or horizontal axes. If you
have a size limit on one of the two axes that makes the
image work in your layout, re-sample the image with that
in mind. Having the "Keep proportions ... " box checked
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in your graphics program will maintain the same aspect
ratio as the original, no matter to what size you resample it.

HTML EDITORS
Having an HTML editing program is no substitute for
understanding Hypertext Mark-Up Language. There will
always be cases where you must fix things after they
have been checked by a web validator, and you should
have a basic understanding of HTML so that you can
see what's wrong with what you've written so you can
repair it.
Ifs best not to start out using an HTML editing program
right away. You will find it more beneficial later on to start
out using a text editor, then graduating to an HTML
editor. In my particular case, I started out with a text
editor, switched to a word processor (I had a lot of
foreign characters that had to be coded specially that
could be handled quickly with the word processor's "Find
and Replace" feature), and then on to an actual HTML
editor.
When using an HTML editor be careful that it doesn't
stick in any particular browser software's proprietary
HTML codes. It should only output the current HTML
standard codes from the W3C, and you should have an
option switch that actively sets which browser proprietary
HTML codes, such as Netscape's, or Microsoft's, it uses
(but you should use none!). I once had a series of web
pages that would not validate because it said that there
were Internet Explorer (MSIE) proprietary HTML
elements present. Sure enough, when I went back and
looked with a text editor, I found some that were related
to table elements that were strictly Microsoft's. When I
went back and looked at my HTML editor, I found that
these documents had been set for MSIE codes by
accident. After these proprietary elements were removed
- while still retaining the table features that I had wanted
to include from the beginning - the web pages validated
just fine.

WEB SITE MANAGEMENT
Once you have created your web site, you need some
way to keep track of your files, the links they contain, get
your HTML and graphics files to the web server, and
remove out-of-date material. This is known as web site
management. Some HTML editors have management
software modules built into them that allow you to check
for broken links between pages as well as update links
on whole groups of pages at one time. They can also be
used to post files directly to a web server once you have
finished creating, or updating, a page.
You can also find web site management software that
allows you to check your links on-line after the pages
have been posted on a web server. This has the
advantage of being able to check any links you may
have to other web pages not on your server, though
there is a price. You can expect that your web site will be
tied up as the program checks the links interactively,
which for a large web site, could take some time. If you
have a lot of links to other web sites on your pages, this
is an efficient way to find out if they are still on-line or not.

WEB PAGE VALIDATION
Always check your web pages against a web validation
service and then - after the page passes the validation
process - indicate that you have done so on the page.
This shoW'S readers that you have taken the time and the
effort to make sure that your page(s) comply with
accepted HTML standards as recognized by the W3C,
the organization responsible for the creation and
maintenance of the HTML standard.
Some web validators allow you to check you r web pages
once they're in place on your server. This is all right to do
if you haven't opened your site to the public yet. Once
you have made your site public this isn't such a good
idea as any mistakes you will have made - big or small
- will be visible for all to see on the Internet while you try
to repair them. After launching your web site you will
want to check your pages interactively by submitting the
HTML to the validator from your computer by copying
and pasting the page into the validator's submission
form.
Some of the web validation services - e.g. Web Techs
- have a validation feature called "Web Lint." When this
is switched on during the validation process, it makes an
educated attempt to tell you what your HTML mistakes
are on a line by line basis.
CONCLUSIONS
Th eon Iy way to really get proficient at creating web
pages is to jump right in and start writing them. Outside
of using bad HTML (which can be checked when you
use a web validation service) the web's the limit when it
comes to what you can create. Over time you will find
that you will develop your own, unique style when it
comes to making web pages for your own site.
There is a set of web page guidelines as used in
constructing the current International Planetarium
Society web pages found under the Credits section (at
http://www.ips-planetarium.orqlips-credits.html)
with
suggestions on how to make web pages.

SOME USEFUL REFERENCES:
Publications
Weinman, Lynda, Coloring Web Graphics, New Riders
Publishing
Weinman, Lynda, Constructing Web Graphics, New
Riders Publishing
Weinman, Lynda, De-Constructing Web Graphics, New
Riders Publishing
Siegel, David, Creating Killer Web Sites, Hayden Books
Williams, R. The Non-Designer's Design Book, Peach pit
Press
Web Links
Lynda Weinman's site on coloring web graphics ...
http://www.lynda.com/
World Wide Web Consortium (W3C) ...
http://www.w3.org/
The Elements of Style - the on-line version of the editing
classic ...
http://www.columbia.edu/acis/bartleby/strunkl
Web Techs - the web page validation service ...
http://valsvc. we btechs. co m/
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